<190 -

PR 5 2017 4E 2 A5 30 45545 2 1 China J Orthop Trauma,Feb.2017,Vol.30,No.2

. LY
I\

A FRICIER AR T~ i i ]

XL KE LA TR
(LopEPER B R ER, dLat 1007005 2. 2= 8B PGEES & IEE R, dbat 100142)

[(BE] ARABUIARSEEYAFRARAEL T EZ —, TR TG RBEF ARG S RE, JFH iz
ETEEy MG A m oA WL FRE G A8 97 2R I, EFAEREREGHT T, ARALE
BAL T T MR EAL B A FAH AR R R BT FRGAER 3 TR & ST Nk F 5 % &, h A48 X R L6
BRE IR . A R IE T VA LR AL ST 09 A 9R B AR WA B F R AN AN ST SAT IR G £ R R T
MNP EEENMEFFZERNRR, S0, oML AR N R AMEGRY —HRA
BHARARRGEES L, ARAFEREBRIFOBEML L TALH , L FLHREEGEAFBRFE RitF.
BERFEF S TR RS EA GG A A xT Bk 0 T

(X R] AR HhE: 2SN FAE

DOI:10.3969/j.issn.1003-0034.2017.02.020

Application of finite element method in spinal biomechanics LIU Qiang, ZHANG Jun™ ,SUN Shu-Chun ,and WANG Fei.
*Wangjing Hospital , Chinese Academy of Chinese Medical Sciences ,Beijing 100700, China
ABSTRACT

cording to the needs to simulate the various states of the spine, calculate the stress force and strain distribution of the different

The finite element model is one of the most important methods in study of modern spinal biomechanics, ac-

groups in the state,and explore its principle of mechanics, mechanism of injury, and treatment effectiveness. In addition , in the
study of the pathological state of the spine, the finite element is mainly used in the understanding the mechanism of lesion loca-
tion, evaluating the effects of different therapeutic tool, assisting and completing the selection and improvement of therapeutic
tool,in order to provide a theoretical basis for the rehabilitation of spinal lesions. Finite element method can be more provide
the service for the patients suffering from spinal correction,operation and individual implant design. Among the design and
performance evaluation of the implant need to pay attention to the individual difference and perfect the evaluation system. At
present, how to establish a model which is more close to the real situation has been the focus and difficulty of the study of hu-
man body’s finite element.Although finite element method can better simulate complex working condition, it is necessary to im-
prove the authenticity of the model and the sharing of the group by using many kinds of methods,such as image science, statis-
tics, kinematics and so on.
KEYWORDS Finite element analysis;
Zhongguo Gu Shang/China J Orthop Trauma,2017,30(2):190-194 www.zggszz.com

Spine; Biomechanical phenomena

ji.

ALY T2 — ] LA BERIRIL AR S BT 5
A e G B Ja 45 ) A W e e A D 2 LR A R
THRREA B i i) 56 R 2%, B B E R A4
0 3l ok S B AR R AE A, DR AR AT g A A TR
A BE X X 2 58 4 5 A R R R B BT RO K
HEo K 80% HY N AR AE S BLI 5] A H B 2o M
REAR , e 59010 8 W 23 2 Jee O A8 A R IR
[l I A1 209%~44% B K S 1 NHETE 147 P 32 B

BT H 22010 4F [ K B ARG (405 :81072824) 52014 4F [H 5K
A SRR B 5 (4 5 : 81373657)

Fund program : Supported by National Natural Science Foundation
81072824)

WIE# 9K % E-mail : zhangjunmd@163.com

Corresponding author: ZHANG Jun  E-mail ;: zhangjunmd@163.com

( No.

PEIRREAR o T A B T X A AR W 2 S 4
(1M, A BEAT ST AR DR AT O T~ R T T A
0l PR TR 5 A 2R ) 0 2 T S R o DL A 33
R Rt AT FROTAEAL ™ BB AR 5 12 A B DL 2 A
SO A WA A PR OT S R BB S B vk S8 e B ik, (5
ZREFEIBEEN—DEERBITE TR, JFAA
FAE G RN A BRI o A Gl 41 E
SIS AEA BROCHE T, BE5A ROGIEfER AR R
Py 735w B A9 58 BODR R 488, 5 A S o T A
AL 9 A= 3 2 DL e AR DTS R a3, i
B ARG AL S . WA N A A 45 5 T 1 2
Ak
1 BERETEEFEVNFIHRE

A RICIEAE N —Fh o 87 1%, R A



PR 5 2017 4E 2 A5 30 45545 2 1 China J Orthop Trauma,Feb.2017,Vol.30,No.2 <191 -

o R R A sk T H . Hi R B T
RS, JEREE T MBI ARMN LR, AT
2 BeE RRESE SRR, A T T ARG,
F B 15550, A3 Tt 22 R A BROGTE i o g
Yy 12 R A G R] 8, Brekelmans 55 5F 1972 4F 1
VKA BRICHES ACE R , 22 )5 Belytschko 45 16'{g
WA BROT IR N T A 12, T AR ISR L 45
PN LR T RO AFE [00] 385 17 g 43 A I 2 i o A BR G ik
PEAE T —Fh A U P R 7 0N AR T AR AR
HHEZ G =T IVET P a A SR . W&t — 4k
B Je B R Lo Mk ) = 4EREAY DA Sk Y32 B B
WF7% 2 B SRR R 5 A 0F 9T, DA ) B 4 A
T R B0 B ME R 4% L B FUUL IR A5 B AL 2L o B
BT, A RO I 0 K R R BB A AR ) ) 24t
FEHPOR AT BB AL 5
2 ERTESEEMHZFDHNA
2.1 HHARICERIRHE T

A A BR TR Y ) 7 A R B R SR
PR | I A AL R B R 4 ANy T A RE AR A
EANA S RN NP S (R RB R e bt 7 |
AT DL A X 1 1 B B A AN (R T BE I 2 R
IEH BERUAT B F T ff B AR AR R W] T80 F 19 7 2 )
IE A AR 1 T B AR A S % e BHLASERY  w] L R
Y Aff b S B S S B T 2E AL, BN [RDG
7 F BORER I HAOR , i A8 (035 97 $2 AL PR IS K 3 o

2R 2 S TR e,
AL A B SR R AL R IR S 2 —
I, A MR K 2 20t ik, B E LA o4l
B, B E A B A AR A AT Zhu SE5E T
e A R TRIIR 5T v S ST 118 M JR) B A R 2 i — A o 2
[ A BROCEL AR , 1] Lalonde 257/ R F T — o
B0 2 E B AT B R R Rl R AT B AR K
— U S AT AL O 10 5 F1 82 4 1) [
SRR R e T UL BB B 4 A R AR R (1 g S
A1 16a] 2R R BIT H AKT S A A R 0 A7 4 e s R AR T
T X T AL AR I B 37 T Al 4 I 1 F 55 57 A
O 5L mh [, JCAIEAT o 2 500 G i B d
FUE R, DL 4 B 98 J8AS o

FEJR TR A ST b, T S0 RN M A 25 5
BRI PR Tm) AT, DR I A TR ) S St 22 4 TP X A
AL o [FE A WG B R R B B Ak 1
f R S5 R O B 2k K T IS W RTIAR YT A ME R, 40t
AR T CT B0 #ESr 17 IE 8 804 A\ #0045 4 3
1) = A AT BROC AR, 58 2k A S0 AR g 2 i 50 X A5
RUMEAT XS LG TIE o Jeg A 76 5 S EORS 200 b 2R B0 M
S L LSRR SR A T B R SE R I R et (L2

Ak B T AR S T A 3 A N 0 S S 5 A A SRS
1)L S PRAE I &2 426 W R BB R AE 2 AT g —
AP AR o BR T2 /i 5 4G R 0 N T
I, V2 5 38 1 o B A R A 25 4 AR RN A A Y
RO, DAY 3R B0 A 38 19 A R OGO B UL
FEFT B

SECERETESS R . AORVRIZ ) L) S5 T R
SR AEGEW R W) F1 2 05 1 32 BT S R A I 4R B
T A PR G D0 ] B X AN ()9 A8 5 0 E AT RS0, AT A
SRR i PR3 — [, Vergari 46V A PR OGS AU Xt
10 {15 A1 0 25 58 35 E AT TR SEIR YT TG A AR
A, 4% UL I A R Tk R L v ) B A0 A AN S
YEFT, A4 Ja o i 8 B TR e T 4Rt T B S

LEARTIAA BTG, KR4 B HERL AL F CT
o, MRI $94# , 75 A1 il BT 57 A0 AR 4 T Y
o] T XA AR R s, A R L B L
P RPEATEE G o 22 ) a8 a6 1 4 R 30001 ok
SEASEHY S AE LI A T A AL SUAS TR B R E
I Ja 85 A 09T B0 X iR AL e AR Aar A B R
B TE VA AS [ 8 A A A8 A A2 2 A S5 R T Y 1 2
Wi 7 o PRI, 5 R A B OS50 N7 1 o P S R A 7
J1. REARS BT LA, HEEUE T RAEIE R AR
B, T AR g ST S R R I T A AR R — R
N BR G 78 1 FE 1 S5

MEPE A BRT AR A LRRY, — 2
B 78 B TP FE R B AT 1, i R Dt g
0t At A 0 B, L R R R e = T R IE
BRI R R 1 T LR RS AR U RE G A &
Fa A BURE MR 0 TR, H BUE R AR 1Y
B 9], 5 5 o R b, R IBOAN () 4 1 Bt AR ) A A
P R | 4 FON A PR AV R, A R KA R
JCTEE A 12058 v i i TS B o 55— i, K
Z A BT SE T AR R S, A RS A
AR ME S W R AR R AR, ST K S IR X 4 AR TR X 4
e R A3 TAE = 56 %%, W g ~r A R
PRI A A B A BR TR R B 10, MR
EEROIShRIBUR VA A DI 2N RiLE: AV b S N
P 55, K G T R AR R R A B e Ik &5 A mT T
B LA M B B R 44 TR B R R R AR SR A o
2.2 HHAHSEEBOIAEA O M S 20 5%

YEFFEHRE LA &5 R A i H R &
TN FE 25 44 0z sl i B A vkt s T 045 41 43 )
A EAE AT E . 250 0E A BR TR A 4% T 1%
G 12 b, T ARSI A5 i S R A R G 5K
B THL A, A5 BN R 00T AH S5 44 16 i )
AN AR I IO, AT A A A S 8 B & AR L, 32 T



192 PP 2017 452 A2 30 555 2 ] China J Orthop Trauma,Feb.2017,Vol.30,No.2

SR g 1 B B AR LR AR i

2.2.1 HMERAEATE ORI 24098 HERAEAL
P F R R, A B TR G e R 2R LA T
TRV S50 50 110 235 A 2H B B M R AR R MEAAAT BR JT B
G W1 A [6) G far 2807 2CRE IE 4 FE Ak
MEAA B 52 1], 8 25 8 JoT 1 4% Jo Ak 7R 28 9 far R R, DA
o T 43 A 6 R AR T R 9 5% i . Tsouknidas
P T CT Bodis g 57 WEME A BR TR A, I3 K 21 ir
FERSRUIN- 0 EP S (OB R 1PN I 2 S SR SR BUREY - RiA
i 0 JEAE YT B e B 2% 3y T LB 1o, A A 26
ST T AL EME B AR b i A BT AR I
I i3 BT AR FE BT, A R AR B i i A [
7 1) 18 28 A AR E 7 T, VT S MEAAR 8 057 B8 RN T 6
B T HEMR B SPREPEAS [R5 BN ) 5% AR Ah At AH 4
BBV AR 2 X HE AR b R )3 SR ), A AE ST A A
S7AFE [) 2838 T 0 5 A () 28 45 R ) AR B 3 A
A i 1 g AR AR

2.2.2 MEWMEEAEAR THT B #0577 M) &
(A 3R A S 5 | A AR ) A ) = D R DR T A
() 5 79 3 2 07 A By S T BT A ] 59697 i
RN, HEN BEAE A 0 2 AR ORI 5] 45
PE L Z A1) i BT % H 7 A ALURE X R L F 2 iF 5
WA AR R AR ILAT I rE, mEETES
TR AR TR R % R ME 8] 3% 1 Al L BT U0 R I 4 4 R
PEN TR EF EAZ 0 A B AR T 2T 4 A 1 2T 4 A JE A5
PRI 28 10,25 5 M A ] 85 X 8 4ey (g g 1, 0F — 20 5 B0HE
[E] #5975 45 o Hussain 852G ST 1 3 F 272 £ B 1) A 7]
FEAT PR TR RY  IF AL i 45 77 A ) T G
I ERE AL T Qe IR R ) A 4RSS ) 1 S8
UESE T 21 4 £ B WA ) 20 B 1A 0] DL RRAIRET 4 25 % ) Al
HEAZ R K (R AR U o [R) R, 3 57 €8 005 8 AL ) S i
b, A R ITE: SRS S IR T B R R
UL T 1] o VE 55 4R 55 2 A ST R[] ff B2 T X S 2
TSI PHRTT R, @S TG0 AL 4L 2010
FHUAE 42 Y7 BOASE AR | 38 Aok O S A R B A o ) AR Ak
P& 67 SRS 30 E O I A A 5 A

2.2.3 XWHEAFETHTWI2E0E BHEXT
1A BROT 7T 22 46 v AR B X0 51 s s i s |,
DL 3 H A /] 300 565 /9 3% 309 B R A 1k
AW 5 T A AT IR oA R it Jn A O A6 ROt Ak Y s 4
o I, ARPCAR B AR 1 28 far 23 5 | S ME ] OG5 K
PRI 112 32, Eichenseer 45 58 o B AR M 2 F
GBI OG5 7 S A RN % sl 2ofer N 9 0 g B F A
W 5T A A SRR OC 1T B4 T U R 2 G TiT a8 3y
FEREAR AT AL R Sy o FIAETETE S R E P o, o
VRIS IE W A2 51 A B SR AT T HEMRIAL OG5 L

B S R AL [ A 20 A

S BR BeF e al LUK B, A BROC I RE % B4
MR 2 0 O AC 1, SR At 9200 1 AN R L%
I PR S ) RSE A o AEL phy T A PR 46 A A
B ZRME, A5 T A 28 0 249 SRR R M AR
B, A BRITHE 58 P e B T 00 RE AR 52 P AR N
TR EATVE I, B AARIRIE R 1 2 B TR
FHB 0L A AT S (A R R A1 R DYk, AR SR BF 5
KA IR IT IR 5 N 32 8l 2 A0 8y 2 AR 25
B, BRI EARARIOL IR T AT SR,
A N AR A 2 A 52 P4 BV D 01 55 2% P A 2
A FA FROCEERL, DL S T 00, IR AT LR
A X L AT I AN AR B AT S S BRIk o R 2
i N BF 5O 2 AL T CT S F #3451, B 4
L A8 AR MRI 25 AR 56 T B4 AR I, 12 >R ]
AN TR R BT BEAT AN, . FL IR — 7 i AT fiE i T
MR 14 AR B 57 , 75 — 7 T AE X MR 148 8008 1)
Wl G bR R A PEOR BB AR R,
MRI #5750 ZH 2R 2 W R 3 390 2 A 99 A 4 A
MERE o (LB VR S5 R A R B A A — S B MR
ZE5r, S HCRALLUR 1 BE ME R Y 20k HAR PR A
Bt — L 125 AT o R, 45 B 2 230 ]
ANTR] e ) 9 MIRT A1 48 el S A 8] 8 LD 0 25 4
AT T 3k, LA 3R A B SRy R & 1) 7 g A0 A2
4R
2.3 MR BARAS 19 ) SRS

TEF FERT BRSBTS b, A BROT R Z R0 T
iR AL L B R 7 S BILER AN PG AN [ 3R T T B AR
S DR 5 A7 7 SRR 5 B, A A S
AR Y RS PR AL BT HE A

5 A WL B BEOIR S , — RS BRIT
FEB THRITHEA . HEEARTT F Bk Y
SEALHR 2 2 AR O 25 A AN ] B R B, A R
TG AT DUAT XS AN [ BLE AT B0 A, [N A T2
S AT By B R A LR, e e X A [ I
BORBIRLL, AT AR 555 1E 1 1] 5 37 B A 1 oK/
P A RAE o AR IR MAE (5] 25 5% 1t AR
WL AR BRI ST, ANy S HE R R AT
VERCAE A o B A 8] 5518 22 I IF 78 22 4 R AE U
N TR A3 R AR P T AR AR A ] 8L A IS T L AR
At W TEIN AL T 40 25 il A5 28T 1 B A HE 18] 28 19 35
Iy B 3 A2 AR O 3 0 SR TiT i ] 23 B 22 £y
AR ZE SRR, R BB BT 5t B 2 ) 2 A
A S 1R AR R A AR R AR R AE LT AR B PR A
B (EHES AR 3 R A A LRI A 0 e o B
TR AT BROTIE I AR AL BRI AL B 5



PR 5 2017 4E 2 A5 30 45545 2 1 China J Orthop Trauma,Feb.2017,Vol.30,No.2 <193

I R b 3 AT A X A A At S S o R S P B A PR TR
B, T B s A A X i AT AN R R
(ARG I E S

XF T BURZS T B A 1221015, TR
BRS¢ 1A FEAR A OUHOR LEF75 D AF 9 hR AR ) HE
BINE, A BROCE AT BN T — Bl 5 S8l HA
HRIBFTE TR . SR ITA BRITIE s 2 i 25 R A 7
— N BB, N BT A SRR A (R
ARG, ISR R FIAE 55 — A J8 3 e 28 2 1 1t
A RE B AL, X R A BRI L A R A
Fe b —> B o NI, B A BROG IS HUER R — - %
FEA R IR 7 B b 8 U0 A BT B A R T
Xk T A A R R AR A 2 1) 2 X i E ) LR R
A Ja T A FROTHTZ Hh 5 236 A R A ] AL
2.4 HFHNTHAYBIT KAIEREITAL

A BRIC A HE T A8 RS R G A BAIG,
TeAFRAA N T AT B8 B KU, R )
Z T A A THA BT AR REPEAG P o B
AWETE N A B AR T N ] 5 A AL P [ A
[F) il i 3 AN T

N T HE 8] 28 8 i T A o M ) 208 728 4 19 R
T o 16 B2 71 B B RS P AN Bk o N T ] 28 1
AR RLHER AT BE X B AL 45 A e, D e FL AT
T AP TER AR BETT 12 5 A P 18] 5E B oz
T LS B B RG89 [ R A AR e O
AL [ E AR GE 0 1Ak e RO T AR W) ) 2
PEFIE A BRI 1140 1 g BEORE, AL 2l sl 4R T
RESC M E AR E L . — LERT T 1 A BR TR B Al
[ 72 WU AR B A5 AR 1 0 5 A g 24 PERE A S i, A
SRt B [ E P B, IR N T AR
P T A AR AR 27 HE ) il g T LA R
A ) 25 JEE IR RE A R B, B L A3 Y B A AR A
P 22 5 B T R RS ARG T AR AL . T
A S BT AR B L, A BRITHESE 28 X T P
AV AR X AR BCR B2, Ak
P 1 s PRI

A FRITHE N T AW B AP AL 5 2R
PR, — SR AR BT B TR A A ) 22 5, — R AT
SEHINGERE AR R o AR ZE SRR AT IR OTIE
TAMRBEFE A 5 R BRI 2R, K o 2R e 2 A
A J5 BIBIESE P 8BS T Ay R S B AR AU
AR TR [ st 8 KA [ 45 g R BA S 2R ) 3t v T
DU 298 (9 F 58 5 0 S BB X TR 8 IR A
Py B o XA AP BT PN, & 2R a5
R AW AR08 AT T A 1) % 2l Y R B e A TN R X
HLER I R 3 b A S 9 F 5 e PR AR T —

BR SER VRO AR IR AR AT IROCE T
GE—PPAl bR o, DT S A 9 55 1 PR 25 4 o
3 ARTESEEVMNZRNRBRERYE

AT FRIT B FAE T AT AR 5 5 SR A DL A 1Y
FFARZS, I RAZOIRAS TS £ 4123 18] (4 1z g A8
G RGEH T 22 B AR OB AR T RO . HAH
LT A8 T 1%, A IRTTIE & 2 B D R KU
M, ELAT SO g R85 vp Ok B 0 A [
I, A PR AR S A RO B g ] A
BEXSPERY R R AL RO IE . TR TR A
BT HEAT S o

SR, A FROCEE AT e B B i Joy BR A, A R 3
T AR 7 B R 5 AU A HE RS T A
S TR L 14 B0 ST 2 2 i A5 LA R0 ) S B TN
R o MRS RBE RN PR O 52 2%, BLRY B3 B T
10 S HRTE — s PRI B DASEORS 20 i RS 1
SR XL T TR B S IR AT T R
A PRI (A R0, b B AT TE AR Bl s R 1
R, i 2 0 R AR UL R i R A7 X -5 R o i
FLSCPR SARMERE Y — LR IR ) 00251, 3 A
T A BROCARE R R 14 S — R &R TR, ) AR
— AR BT S A9 A BR TR Y i SR LA A AU R —
FEVRRYZEH ] 29 1 LTS8 45 R 1 1 3G B
4 RE

A FRITELE SO I 5 FE A W) ) 27 AN AT Bk
Jiik, TEWTSEE Ry 2 A L o 2 T AR
Flo A HERA BROTAE B SRS 40 1L = 24k, X 4%
o 00 A R A4 R 7 AR 23 M SR A T A A A A B
BIF S A S A, [ B B P 1 6 5, 358 SR L REEAE L IE
ST S R N Rl N A i - B R o £
FELR IR ARG T . A AW DA BE R 5 A A1
FHE PR

n ey 4 T DABR 2 o il B8 1 A BR T T REAL
PRI J oA o BATAE O IR U L HSOF HL
ARk BRI RO 58 TR N R K A I T 1) o A
(9 TR SOANAE T AR S5, i A T X 2l A R
o B REAREA IR 55, R8N ) e e 1 2 B AE A [R]
A TR L R 54 T2 AR A o A S R ) 5 45 1
AL TG LG A IR AR o BB BGTE R R AR A
PR HRURFAE | B PPAG IR T T iE A A DI RE Y
PP SF R IR M o A PRI AR AW ) 2 i T
— RGN TR, M T AR R TR L
AW e Gt 2 MoOnikGi i, B
D E B R AR I A AT S BIL A 1 TR A SR
BWAa LR OME, A R B LR S A o R B Y
iR EA, HAE BT IE F6 ST RS o



- 194

[10]

(11]

[12]

[13]

[15]

PR 5 2017 4E 2 A5 30 45545 2 1 China J Orthop Trauma,Feb.2017,Vol.30,No.2

2%
Adams M A ,Dolan P. Spine biomechanics[J]. ] Biomech,2005,38
(10):1972-1983.
AU B RPRA AR TR OCIE RAE S ). b 4 ,2013,26
(3):179-181.
LI M,CHEN Y. Discussion of complication of spinal operation[] ].
Zhongguo Gu Shang/China J Orthop Trauma,2013,26(3):179-
181. Chinese with abstract in English.
Freburger JK,Holmes GM, Agans RP et al. The rising prevalence of
chronic low back pain[J]. Arch Intern Med,2009,169(3):251-
258.
Panjabi MM. Cervical spine models for biomechanical research[]].
Spine (Phila Pa 1976),1998,23(24) :2684-2700.
Brekelmans WA , Poort HW , Slooff TJ. A new method to analyse the
mechanical behaviour of skeletal parts[J]. Acta Orthop Scand,
1972,43(5):301-317.
Belytschko T,Kulak RF,Schultz AB,et al. Finite element stress
analysis of an intervertebral disc[J]. J Biomech,1974,7(3):277-
285.
Lalonde NM, Petit Y, Aubin C,et al. Method to geometrically per-
sonalize a detailed finite-element model of the spine[] ]. IEEE Trans
Biomed Eng,2013,60(7):2014-2021.
Zhu R,Zander T, Dreischarf M, et al. Considerations when loading
spinal finite element models with predicted muscle forces from in-
verse static analyses[J]. ] Biomech,2013,46(7):1376-1378.
THIRC, SRAEMG YU A R SN 45 S (Ce-T)) = 4547 BR T
R £ 57 J A BR T 4347 [0 ] 147, 2010,23 (1) : 5-8.
MA X,GUO JP,LIANG KH,et al. Establishment and analysis of a
three - dimensional finite element model of human cervicothoracic
junction (C¢=T,) [J ]. Zhongguo Gu Shang/China J Orthop Trauma,
2010,23(1) :5-8. Chinese with abstract in English.
Dreischarf M ,Zander T, Shirazi-Adl A et al. Comparison of eight
published static finite element models of the intact lumbar spine :
Predictive power of models improves when combined together[J ].
J Biomech,2014,47(8) :1757-1766.
Vergari C, Ribes G, Aubert B, et al. Evaluation of a patient-specif-
ic finite-element model to simulate conservative treatment in ado-
lescent idiopathic scoliosis[J ]. Spine Deform,2015,3(1) :4-11.
Dong L,Li G,Mao H,et al. Development and validation of a 10-
Year-old child ligamentous cervical spine finite element model[J ].
Ann Biomed Eng,2013,41(12):2538-2552.
Campbell JQ. Population-based methods to evaluate the effect of
anatomical variation on lumbar spine biomechanics[D ]. Colorado
School of Mines,2015.
Jones AC,Wilcox RK. Finite element analysis of the spine:to-
wards a framework of verification , validation and sensitivity analy-
sis[J]. Med Eng Phys,2008,30(10) : 1287-1304.
Tsouknidas A ,Michailidis N,Savvakis S,et al. A finite element
model technique to determine the mechanical response of a lumbar
spine segment under complex loads[J . J Appl Biomech,2012,28
(4):448-456.

[16]

[17]

[21]

[22]

[23]

[24]

[26]

WIAE BB U . T 0 T A R R B b 2 A
AT BRI 1 23 A7 [T 1. P B 45,2012,25(7) :582-586.

HU H,XIONG CY,HAN GW. Finite element analysis of lumbar
pelvic and proximal femur model with simulate lumbar rotatory ma-
nipulation[]J ]. Zhongguo Gu Shang/China J Orthop Trauma,2012,
25(7) :582-586. Chinese with abstract in English.

Mabe I, Weiss C, Goswami T. Locations of initial failure in the lower
cervical spine:a finite element investigation[J ]. Biomed Phys Eng
Express,2015,1(2):25004.

Adams M A ,Dolan P. Intervertebral disc degeneration:evidence
for two distinct phenotypes[J . J Anat,2012,221(6) :497-506.
Nerurkar NL,Elliott DM ,Mauck RL. Mechanical design criteria
for intervertebral disc tissue engineering[J]. J Biomech,2010,43
(6):1017-1030.

Hussain M, Gay RE, An K. Reduction in disk and fiber stresses by
axial distraction is higher in cervical disk with fibers oriented to-
ward the vertical rather than horizontal plane : a finite element mod-
el analysis [J]. J Manipulative Physiol Ther,2010,33(4):252-
260.

TEDFAR B, RN | 55 T L AN [ A7) B2 42 5 IR 7 SR A
HIRITA BT LT ]. A E B 45 ,2014,27(7) :592-596.

WANG FJ,WEI W,LIAO SH, et al. Finite element method analy-
sis of anteflexion traction on various angles for the treatment of
cervical spine[J]. Zhongguo Gu Shang/China J Orthop Trauma,
2014,27(7) :592-596. Chinese with abstract in English.
Dreischarf M,Zander T, Bergmann G, et al. A non-optimized fol-
lower load path may cause considerable intervertebral rotations
[J]. ) Biomech,2010,43(13) :2625-2628.

Eichenseer PH,Sybert DR, Cotton JR. A finite element analysis of
sacroiliac joint ligaments in response to different loading condi-
tions[J ]. Spine (Phila Pa 1976),2011,36(22) : E1446-E1452.
Wang W,Baran GR,Betz RR,et al. The use of finite element
models to assist understanding and treatment for scoliosis : a review
paper[J . Spine Deform,2014,2(1):10-27.

Jacobs NT, Cortes DH, Peloquin JM , et al. Validation and applica-
tion of an intervertebral disc finite element model utilizing inde-
pendently constructed tissue-level constitutive formulations that are
nonlinear, anisotropic,and time-dependent[J ]. J Biomech,2014,
47(11) :2540-2546.

Faizan A ,Goel VK,Garfin SR, et al. Do design variations in the
artificial disc influence cervical spine biomechanics? A finite el-
ement investigation[J ]. Eur Spine J,2012,21 (Suppl) : S653-662.
Chen CS,Huang CH,Shih SL. Biomechanical evaluation of a new
pedicle screw-based posterior dynamic stabilization device (Awe-
some Rod System)-a finite element analysis[J]. BMC Muscu-
loskelet Disord ,2015,16:81.

Postigo S,Schmidt H, Rohlmann A et al. Investigation of different
cage designs and mechano-regulation algorithms in the lumbar in-
terbody fusion process-A finite element analysis[]J]. J Biomech,
2014,47(6):1514-1519.

(W A 407 :2016-04-11 A% S04 48 - 22 11)





