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The Study on the Biomechanical Effect of the Vertedal Body

with Dynamic Stabilization System

Student : Hung-Ya Chen Advisors Jui-Pin Hung
Department of Mechanical Engineering

National Chin-Yi University of Technology

ABSTRACT

Traditionally, spinal fusion arthroplasty followirige disk discectomy has been the
major surgical methods for treatment of low back @ad lumbar degenerative diseases.
Even though with high success rates in clinicatficas, there are many problems to be
solved after the lumber stabilization, includingcelerated degeneration of the disc
adjacent to the instrumentation. This can be asdrito the fact that the high rigid
stabilization device causes the great variationamtentration of the mechanical stress
on the adjacent discs.

In recent years, many non-fusion surgeries Wit use of different dynamic
stabilization systems have been proposed to ovex¢bendrawback of the rigid system.
Because these new surgical methods of postoperfatiosv-up time are not long, so
many effects of clinical biomedical mechanical hane yet been to understand and
clarify. Therefore, this study aims to assess @nbilomechanical effect of the vertebral
body with dynamic stabilization system. The mainngo of the research include
evaluation on the range of motion and restoratibrthe stiffness of the vertebral
segments instrumented with non-fusion stabilizatitavices, the side effect on the

adjacent segments. To this end, we first condsetrigs of the compression and bending



tests on the intact and instrumented vertebral satgn According to the experimental
results, we have evaluated the difference in tleenbchanical characteristics induced
between the vertebral bodies instrumented with ayoatabilization systems and rigid
pedicle screw fusion system. And then, three diffefinite element models of vertebral
body instrumented with different devices were a@datThrough the finite element
analysis method, we can evaluate the stress statesed within instrumented vertebral
bodies under different loading conditions. The gsial results are used to compare the
biomechanical stability associated with adjacergnsents caused by the use of the
different instrumented devices. The results of thigdy are expected to provide
valuable information for the evaluation of the beshanical effect of spinal non-fusion

surgery with various dynamic instrumented devices

Keywords: Lumbar spine non-fusion surgery, Dynamic stabilizaibn systems, Rigid

stabilization systems, Activity
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2.1 ¥{afal2 2R Tl

S E A2 R k- did 206HLF fRle s> ¥ W R A 5 ¢ fhd 42 (axial skeleton)
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HwHEITHERNYE 7Tlemy d F 3 T ik E ¢ 3550 fa(cervical vertebrae)®il ~ 3t
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FEHE sacrum

2 coccyx
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Cervical ‘curve (formed by cervical vertebrae)
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Lumbar curve (formed by lumbar vertebrae)
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Sacral curve (forfped by sacral vertebrae)
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fo5 (archyid M s St @ & > Aol 2 bt ks Fldsk o f25 24 -
¥Ea fe 2 18 5 13 (pedicle) & B a T 2 faix (laminay i~ - et & 4 s 2 3
4 5 123t (vertebral foramen) #75 84 2 3t i 4% & - A= P H & {2 ¢ (vertebral
canal)) ¥ BT x>t H P o a5 22 b ~ T HBF - B gl pE
1P AR 2_ 48 5 4322 7 B2 & 42 [ 3¢ (intervertebral foramen)— B g EF 3L G - F A A 5
i #g[50] -

53 - B(zfA) R4 (1)K R (transverse procesp)- ¥ £.d a5 124 ¢
2. B jeee A Pl R A2 o (2)#R R (spinous procesE)d R Ar s T2 H - R
Az o U A FARAGRGIVE 2 F R Hisw B RACH] Y k& Ap ARz F ) Bl
g o (3)F B & R (superior articular proces$)¥t » &2 4p k2. =42 F A5 B & o (4)
™ B & % (inferior articular process) ¥t » £24p 482 T imfg kA M & o B E R A
=M a2 g fs M E e (Facet) pQ) -
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{Superior articular
process) T

(Transverse process)

JJVEDR

(Facst)

e
HERE (Spine)
(Body) MEFL

{Vartebral foramean)

HE LT3
{Superior articular
e process)
HE =z

wiRzE

{Inferior vertebral (Spine)
notch)
i TRAGRZR
(Inferior articular
(Facet) process)

B 2-6 & A2 fa4d 5 (@)t & & ()= RIE[49]

213 R %

4@ 2-7 #7704 A & J g% (nucleus pulposug) & a3k (annulus fibers)
AR S R Y & SR 7ok e R (hydrophilic gelyR & &% R A 4
(collagen matrixjrie= > @ % Bl T @ @k re f o RAa%Id R e
(collagen fiber} ™ s-E 2 = 74 - I ¥ F & b 3 -k £ 5 5 80% Hgpi <

BRpE s RA B nd P BED PR AR B BKPRA i c AR HH 2 & A
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REndem " MH Y BT 4 g [bl] - AAME R AR TSR RZ WA

* KR 20%[B2 0 B A& R F L R 2 R A chin g 2 BTk ) R

# 2 443 B9 (viscoelastic creepy i > ¥ J5d § e A R LIRGRIEE £ % R ([33-

a B (Anterior)

e
(Nucleus pulposus)

R
(Annulus
fibrosus)

214 ) & M &

@l 2-8 Tl B B E LA RER RS 2 B 2 A 28T 4 (shear
force)x e 42 4 (axial torsion) @ F 2L A4 KX R4 5 o] 5 B & TG0 KX 20%:5

&4 [52] > FIHBE & 5 LB INA ST A E-F 4 % ¥ 225k G (coronal plane¥: 45
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it 4 0 AT kdn O H ORI PR 45 4% i 2000N sk F 4[5

e E
1622 AVl {Whole facet)
{Facet on trans- \
Varse procass) 2 NVE)

(Demitacet)

HEENAR
(Intervertebral
disc)

FEEE
(Whole facet)

B 2-8 | & B &[53]

215 %

A AFTY RIS FALERERFOI T RN 0 A T TR
KRS @ @EAZRA o doR] 2-9 7 0 FHEEF G - iEpd 0 AR L EFF

(Anterior Longitudinal Ligament) %¢ & &7 # (Posterior Longitudinal Ligament) ¥ &
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# (Ligament Flavum) #& /¥ &7 % (Interspinous Ligament) #& } & % (Supraspinous
Ligament)~ -] & % # &7 % (Facet Capsular Ligament)# % & &7 & (Intertransverse
Ligament)- “f—% AR S s SRR HeeL §d W R 4 a(collagen fiber)

AR o

WEEE
{Ligamentum flavum)

LR
{Supraspmous ligament)

qREw

{Interspinous ligament)

=k e
[Aanterior langiuding! ligeyment)

g

{Supraspinous ligamont)

R

(Interspinous ligament)

ERIERE

{Lett intertransverse ligamant) (Laf ligamenturr flavurm)
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221 % Fenfla

Bt A G R R P 372 2 Bl - & FER £ (osteoporosis)y 134 1
2 e (World Health Organization WHO)*: 1994 2 i = & 4 4 Jgi R eh 2
%?r—ﬁﬂ%i%“ﬁ%%&%@ﬁ%%%%@%ﬁ%iﬁ@ﬁﬁ%’gﬂﬁ
SR BERE AR DR AT E G P B F ) [5G -

FEERRRS - B RTRRE NG L F L FATL A AR UL
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FPHRBREEINALGT AT TR 2 L2 F E054 > ERFELSHE

MG REREnF [ RERE R R ETFRL I AFTEAIPE
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R THRA RS REFTEER SRR S 0 F AR - 2
XL eiEfE e - BAGEF ? g hp ARG TR SR s R g TR -
L P F R AR LT FRELSBRRE L G FRR A TR

M E
chig 2 [59] -

Left: normal bone, right: osteoporotic bone

B 2-11 # Fin4 7+ £ R[56]
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\4

Re Lm0 AF H I P PF LR G F"f‘#‘wj‘ s A E SR FREE SR

AFRC A PR ERORIBEAES 1Y FART TR RES ¢ R TR
BEom 0 2008 » SR RILARAT B AR S FR 65K T 2 LS F
20.0% = 5 - B bz A aRERE T, TR 5 1840 TR AR RAR
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B TR R 5 30% A TR S R S0k L S
A FERRORZETY F X 5 T 1 1.63% 4~ 4% 11.35%- fe i iR TR IR A AL

¥ 37(hip fracture} F4r i 2 FA B H 2% - ¥ L& Frrbp H - o

\

£ 2[59] -

AR EFFTA 65k 0 T E EHIRF 479 5 50006~ 4R 5 7000
B o E ik 20068& SHETaE LG 808K T M TA6KIGEA 2 0 1 9= A
2- SRR A AP g - AR AR A e F 355 T e 9
b Zo— Mo TR FlEE A T2 LW gy T E o c BERY A pE
TR 7 5 R ([56] o

PR ERET RAEZ SR FF B A L R (primary)? = 3¢ 2 (secondary)
AR REWY FaiE ik A4 - & X RS TR R R 27
B Ln i g d Fondor, fo T X80 Fardn o g% Fan gt
RN ©p Tl Fankd V- fEApiIAec » T IR Fhorig s o BT
B o dep A (23R RR S TR R E T EREAREY)
FEP A S rpp s FPUE R L ppE R RFIAL[ST] -

e fop e * 4 F 7 £ (bone mineral contend) £i# & % A& (bone mass
density> BMD) FEROMG PRI BT IELS 0 F TR & (bone
density)@r“s 2 o o ’ﬁ WEF ©

FHERRBPEERE T D0 G F RPN 75 2 FHP TS Iop) o P e
BlEE Y ¥ 1 T & f(T-scoreffr Z 4 #c(Z-score)s f& 4 fic k3= F ik Bk in
fep 8 d Fonfm o T A A Mpbent FRAg e @A 4 ¥ TR

PZ AR AR F R TR RS - R REERA T LA E B
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X RERE A 4prt o ke WHO {2 W F Farfim 4 £ ¢ (National Osteoporosis

Foundationyt 2 372 & p] » ¥ 12 Eﬁ’f‘p Dded 2-2 % Fan R o

2-2 % }Frlln Jf‘ﬁ}
Classification T-score
I ¥ (Normal) -1~1
¥ &4 Z gz (Osteopenia) -1~-2.5
¥ 5 5r 24 (Osteoporosis) <-2.5
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HBEEEFE RN FaTA L

ERT i Pk o AR PR AR b
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Je g A EnTlpa AL AR o A BRI RE > A R 2ATFERIND

HEFGRIRRDRR -ETF > X L2 ik (MRI)[58 g% 4T » Tk
¥

JORE AR A - LR -
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Bt A MR P S > P AR B RS X TR FR S LR
Bicidh ~WE AR~ 2FVR BT EERHRE S G- R TR AP
MR R BT FEARIFR IR FERAET AT RIS &
FEFAEEER[6 Ay mRGIR Y AR S FREA Ty A
MAHEAT R - Ff Z2P 0 NEFIFHE DS o R L LR
Biv B TmELYIIRE Y > ME A3 100~120 2 T 2 FAhoB] 3-4 977 o B2 R
BEAME A MM ABBRET S T3k LSBT RFEFRBIETL S R
FoRFEZHAAFEI 2 HTRAE S AR R LR ET G SR AR
AR 1A S
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2L o Ao 3-6 47 0 B S ¢ BE R F IR 72w & 3¢ DansysEs i fE Tk st
Z A r e Bl 37T WL A SRR R RSN YR

(AR o % AALR A A2hoB] 3-8 41 o
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dONZ E R R ERRAOLRGERY RFEL - > Sy ALY
AU RER % 0 an F oz L p sl S gEr F FAcR] 3-9 17 0 XAET Y
15mm £ B3 F &R ¥ @ FoREE TaE § 2 %4 8 FH T A4oB 3-10
AEIR o Bk A 2 B & 2 S AR o B 3-11975F o

4ol 3-12 #r7 » AR 7 AT v 2 RE 5 Stryker & @ 474 A& 2. Surgical
Simplex P 7 1% &4 % -k & ( Radiopaque bone cement} p 7 4+ ¢ 7 3 409 2
PMMA ¥ & @ 2% 20mIsg X H 48248 > H 2 & = (pdok 3-1977 o

g f AN LD e R P S SRR g R RS ] g
Bz £ A A 2 ARl 313905 o i A A2 A) SN 4geat s i S e R LT
2GR Al R RAS A B2 A E o

BB ARSI S Rt 4R ¥ 200 LR 0 BT - X M
2R~ ACLARE R, > F5%y A RBEBDLRE BN ERTI SR

@

P FREALY L YF e RS R RS TS Bk oL R kR R

# 3-1 Surgical Simplex B ¥ -k ik i & = i»
> A A2
ek
" AR AL fig(Methyl methacrylate) ¥ 48) 19.5ml
N,N = 7 A& 47 % 9(N,N-dimethyl pare toluidine) 0.5ml
¥ ¥ = p=(Hydroquinone),USP 1.5ml
B x
T AR R fig ¢ % & R4 (Methyl methacrylate-styrene copolymer) 30g
BT AP ALY fa(Polymethyle methacrylate) 69
Fr ik 47 (Barium Sulphate) E.P. 49
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edica
OSTEONICS

f Polymethyl methacrylate, Methyl methacrylate-
\e-copolymer and Barium Sulphate Ph. Eur)
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B 3-15 A2 4 B f 2 7
Hos 4 ghefa i dh s — HhE 80mMmEEdtie® 3-15977F » Flp b % & $ia el
At hhe 4 B8 4 M AR T HIRARE RS HATY R T2 f
forcfls o FHBAT BES LR R Besnd 2 HPEiF o B R
BERVE BRI AL CHM AT RERMEY RS PR -
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s o f1 FoREREF RN S oo
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3. 1 Smm/minz i Fre T H B4 R TR L Il RIA L REE K
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# # Model

1 3-17 0 AHEAER W S02 HOA) 8 E R AR IO 2 M
321 HF|BAFE

FREAARBFHISEY - Art A2 &84 J 1 Tapd e oy
Eaotad xH =B ¥ A 5§ e (cervical vertebrag?7 & - 3342 (thoracic vertebrag
12 & > "4z (lumbar vertebrag5 & - f& 4 > & - 7 T {303 - 3P AL T
% (vertebrae body 4-®] 3-18 #7771 o {248~ & & H P FMEF - BT H DL FH

(cortical shell) » # ¢ Bl % 3 it enf s %+ (cancellous bonge &t # s
= Bl E4e 5 (vetebrae archy 3 #cfd R 4= > 4B &+ R (superior articular procegs
ebf & % (inferior articular process-

ﬁ%ﬁﬁ%i@ﬂd%ﬁ&%@%#ﬁﬁ?ﬁoﬁ%ﬁﬁ%ﬁ#i
b &R 5 F AR AR A L3-L4-L5 F Sz et LA & P A

2z g o
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AERAFELAG A ERE S AL BT B f 4 IS T &
2 RRETR TR B SR GAIEHI SR RZ R 22N EH - A fEs T
G2 ARERT T &2 % EHCE o Rt A ANCR] o TaEfE S LLLS 24
A B 3-19 977 0 £ ECRE TR R et BB B £ 02 iR o W

VEE AT 2 A 1717 L3-L4-L5 ja k8 F & > 4o 3-20 75 o
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FHAEhe 2 AR B s IR E > A F Rk
37802: & BLifc s 4224344 3-24757 o F e SRR 0 B2 ;’%\?
BE? B R A2 A WK TRR ~ B AT 2wt -2
FAARF AR~ BEP2 Gl vt  dod 339757 997 o

A A Fh s et B G T2 E e R (orthotropic material) =4
FEF RDIG Eo il o R 228 > Bl F S5 3 a5 iip
b Avdh ¢ BN R G L s 0 G e e 7 a et B
FL- AT T g R Rl | W £ 0 B R Y = 2 3 & (perfect bonding} 3
B FE ol T % P AP SR frf ek L4284 &9 i
BRIV TR o

MEERDFFEEP T EXRS AREHE B RPEEHEL o a ]G
Ma e g d BART AR - NPT pF  HEVF 3P
FowmEFd RIpFIRRFF L4 FAaRR S g oo

ARPEAP A e B L TRt 50 2 F 2 A

WAl B~ B BARE R 2 F S 40A] - 4gE » RIPAERL ¥ S0 -
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328 A B2 AR R B B

Model type ~ k& L3S

FOF LR 37802 42243
HEFLZI 32942 41860
Rigid stabilization 33013 42205
Dynamic stabilization 33013 42205

# 3-3H# L& %8 (For normal, healthy and osteoporosis )

Material Young's modulus(Mpa) Poisson'sratio  Refance
Posterior bone 3500 2345(67% Normal) 0.25 B3 [62
Cartilaginous endplates23.8 15.94 (67% Normal) 0.4 [33][62
Cortical E=11300 7571 (67% Normal) v ,,~=0.484 [34] [62]
E,~=11300 7571 v x=0.203
E,=22000 14740 v y,~0.203

G,=3800 2546
G,=5400 3618

G,=5400 3618
Cancellous 140 47.6 (34% Normal) v ,=0.45 [34] [62]

E,~=140 27.6 V x,=0.315

E=200 68 vy~0.315

G=48.3 16.422

G,=48.3 16.422

G,=48.3 16.422
Ground substance 4.2 0.45 39
Nucleus 1 0.49 359
Cement 2280 0.3 30l
PEEL Cage 3500 0.25 63
Pedicle screws (Ti) 110000 0.3 64
Dynesys PCU 800 0.45 27
Rigid fixation

_ _ 11000 0.3 64

device (Ti)
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(D) de= Fe s F & 1503
—Be T A R AT SHE P R PRt S gy
ity d ez st fUrated FHEeErds c 287 ki
L3-L4-L5 = &fad ¥ & A 203 > & F L BR LA 2 TR 2 A IEAl R KTl 5

g‘ﬁ\‘.ﬁl’i‘fi » TR A A 740 B 3-20 577 o

(2)F Farftiatd ¥ & 503
1395 Polikete® A [6247F » % FHM G2 A S TR AT T MM i
Rz s AT R DA R TR AR - - a5 o HE Faiema 5 o
FRRAE MR 2 E A ¥ B PO iz 670 0 m AR~ e R EN

> 2 s B A ¥ R R ez 3300 0 F]ut o SR AR U S | B

-rx\:\.

e b g R A E LIV L Gl TE A 4 R Taniea et &g e
(©)) 36" SCALERR L5 5
MEFIC G RF e Rt gFEe L REEAFTESI LR g
o RAEE B 2 RSB RS > A RT A RicA 2 R EEZ R
B B{RFAEZRTE o g 40 R m;};«jf;é o 4% Rohlman% A [62# 7 > 4B 433
CRERERRERV LG ARG PRI VR o ER Y REEAHR
g g AH@ 8 &< 7% 20% » 40% 60% - @ 11 B P 4 7ok i 4
FOOF)m AL T R BSR4 dofe ¥ R RTR . G R L3-LA RS R R
MG R L3-L4 2 BB R iﬁ/)\%\' 60% - H ¥ L3R+ AL B M R BCGR T E B

Bz > WEMGES 42MPa it 5 0.450 5 R Z A4 B 3-21 47T o
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Degenerative
disk
50% reduction
in disk height

/iy
/7

5
=
—

S

A7 fry Z

-~

(A)F AR T LR BRI T2 AT

AR E L ¢ gHHEFES G je(discectomy) ¥ 45 » HF H T E 2 ¥ R
# 0 F LR TR R vt o AAT S # L3-L4 2 B EAL L 0 5 R
A R B g R o A B R E 2 B F R F LA L34 &
LA o HRBI R (45 &) R AR TEE (R FP% 8 R fia-
& AAFL PCU¥E ) & BiafBcd] - 458 £4%400d 2 Gd 425 nizg » 2
B o 4eR] 3-22 477 o A ff A THCA uE g 0 A AT 3 R % SE4 beam & & Hik
a4 B9 4S5 47255 Bmme £ B F 40mme 485 e fo i ot 2 7
B AR E R LK (fully bonded) B3] o B AR R A E 2 458 £ @ * beam

~EfHtez o @ B R T XY  PCU (Polyethylene Terephthalate PET-PCU

M

HEp g L2 o 2S5 6mm £ B S 36 mm HE < h#kc i 2.4GPa

At 5 0.37) B BIHLET R 2R QARHE B AR 40T
K,=EA/L 61
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Pedicle screw

Dynesys spine system
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3.2.3 f 45

AT ARENEMERALBERT S X4 RN 2 5w §d (forward
flexion) ~ 5 {4 #= ¥ (backward extensior) - Fpt » ¥ L g F L L £ F & 4 dho B
BAPE R FEY B R E R A S 2 §AE o AT RIS R RS
(1) b BSgf I > 55 & Adams ¥ 4 [64] and Goel & 4 [65]# § » $hre B35 5
A400N:> gp g3t F L EE§ (292N) g0 1.37 & o (2) » %4 f j7 > /L PFigd -k
A00N e /B 4 82 7TENM & 48  (3) 18 Mris P f j7 » 1248k 400N #h B 4 &2
BENMEAE oyt f 3035420 L34 & i b - R FR A AR LA L4 2 L5
T atpaie 2 g > BH 2L HT 0 0B 3-23477 o

AR kg R L AT A B & AR TR NG g B

B EpE o A 4 Dt B RA TR FRLER AT R 2 B

400N«

7.5N-m r/ 3.5N-m

Constrained suface«

B 3-2342 88§ et 2 g 2 eI IE R
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o] 4196 5 AR ERERA 1T 0 A L A SRR R
A 240 0 A4 B AR AR L e R SR 0 5 A @I -
B0 M RACR 4-2 907 > S B T 4 GEE B &R 2 W M Fl4o )

4-3 407 0 PR M- B RBEF UAE A A -

HAERLGXSHERLT % % Dansys Z 8-

Lk 4:H

BAROGABHUBT ZHZHER
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& far-fi 12w (% e
5 — RS
50 ¥
—_ y=09411x-15399%% + 13.2824~ 0.7087
Z w0 |
<
5 20
0 \ i i
00 1.0 20 30 4.0
Displacement [mm)
B 4-2 f jm— A AR 2B
(AT i) - B AR A (& {0 feb) o E- B RE RR A
60 | = JEEIE AR R - — RS ARG
>0 | y=00062:3+09982x- 00535 T 0 [ 2006716 +03242¢40.2756
240 260 |
=30 | ; 5.0
fo i
f10 50
00 1.0
Im,uo 20 40 60 0.0 - ) :
000 200 400 A00 800 1000
Degrees (8)

Degrees (8)

Bl 4-34 B8 & B2 & M %H
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4.1.1 AR s S0 K1

SR A et R 8 I iR R Y & & R 8 - L

FRGRR e 0 WE LR R LRI R P A SR AoR 4-4 47

Tk 2 250 (4.1) (4.2 43t E A EE S AR 2T H A N 4T

=F x¢
M=F x 4.1)
tan® ¢
ant = -
& (4.2)
U 4
tan (<) =0
§ (4.3)
L 4 RE

HeYe M 54238 =52 25-F(N-m)> F i é,fgﬁii%ifﬁ(N)’?
Lo

ERHE L OB(MM);tand 5 e £ 22 1 E 0L RV EHE =3

(mm)> % F = & SfeTe REFRLERO -

W 4-4 2 3% i 4 )
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412 BRFRHRE*

YRl 42 T M AR AN AR T AR IR AR R TEE AR
HgeAs ALY AT f - MM e s 4 AR g & R 2B Ao R 4-3 977
AW AR S T u G A RN R R S e R o BT 3
B s SR B AR EE 2 BRI E 23.9267 N/mme @ 0 K42
0.9870 N-m#) » {5 #r i |4+ 5 0.8928 N-mb ; fadfe » fb & N W] L 2 B
k1M s 29.5650 N/mmy & ¢ K|{: 5 1.3604 N-mb > @& ¥ i k]2 5 0.9442

N-m/6 > 4o 2 4-1 4557 o

ZALEMEABERFERIXE IR A TLERR
TYPE Compression Flexion Extension
Load / Moment / Moment /
displacement Degrees Degrees
ErERRTRE 23.9267 0.9870 0.8928
xR TKE 29.5650 1.3604 0.9442
H i+ : (kgf/mm) H = : (N-mp) H = : (N-mp)

ol 4-4 977 0 HE N B 6 PRLLEHMY &0 3 B e B0
WS 2 B BT B R AR 2R S 8 F LW R B

A E L B B R A B A5 R NER R T AR RETEE R

A S22 B h RIEE A BRI R 2 8 -
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Compression Flexion Extension
TYPE Load / Moment / Moment /
displacement Degrees Degrees
XS T Y L2 R%&E 23.9267 0.9870 0.8928
Braw 2 N 24.2160 0.9941 0.8920
o R AL T e 29.5650 1.3604 0.9442
B288  rpe 29.8680 1.3250 0.9447
¥ = : (kgf/mm) H = : (N-m/0) H = : (N-m/0)

2043 RS PO RIEARE G UAE AL R RS

by
TYPE

Compression Flexion Extension

P LKL 2 a0 1.1947% 0.7142% -0.0897%

BT EE 2 a0 1.0145% -2.6717% 0.0529%

Hix . %

BB TR AR T AL L R S8 B ek 429970 T R
* B drd 4-3477) o L BP0 B e A ECT] 0 F A
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Po-pd R (0) BFFEmEB-VRKY SREHICLRY
Model type Flexion #2 or K #A oor *Eid
R R 13.0279082 0.00% 58.29%
fF I 8.23022096 -36.83% 0.00%
Rigid stabilization 12.22952743 -6.13% 48.59%
Dynamic stabilization 12.53314304 -3.80% 52.28%

3 A5 iR ER N2 AR AT R

$d¥-pd R (0) SFFmB VRS ZREFPLEICRY
Model type Extension #4 or *Eid #H oor *Eid
L ETE 4.172109236 0.00% 80.73%
B SRR 2.308478009 -44.67% 0.00%
Rigid stabilization 1.078011653 -74.16% -53.30%
Dynamic stabilization 1.571233899 -62.34% -31.94%
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Flexion
Extension
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Load TR HERE 258k Rigid stabilization sysiem Dynamic stabilization systen
Compress g
Flexion g
Extension . g
B 4-15 & & BHNT o LA/LS 2 F 45 2. &+ Von-misesig 4 4 i+ [§l
Load =T iR SR A Ripid stabilization swstem Dynamic stabihization system

Bl4-16 &t BHAT > LA/LS 4 F 45 2 B+
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%4-6 LREE BN BN e T o L3/LE M2 gk W

B+ ¥R+ (MPa) Load mode

Model type Compression Flexion Extension
LR 5.1893 9.3103 6.3853
FLR AR 19.204 15.146 34.7694
Rigid stabilization 8.3201 9.3216 13.1322
Dynamic stabilization 5.2092 9.3020 5.4959

47 BR&E - wgd el i T 5 L3/L5 {e 482 von-Mises J #

von-Mises &+ (MPa) Load mode

Model type Compression Flexion Extension
LS 5 10.1840 21.6194 5.72479
F I 16.6535 20.9216 31.7389
Rigid stabilization 10.1837 21.6266 14.5281
Dynamic stabilization 10.1959 21.6164 9.66215

%048 BRAE S BN LR § Y T o LANS T B A

B ¥ R4 (MPa) Load mode

Model type Compression Flexion Extension
* ?ﬁxtu L 0.5268 0.9019 3.1499
A 0.1166 0.1129 1.3108
Rigid stabilization 0.5285 0.9019 3.1557
Dynamic stabilization 0.5304 0.9019 3.1508
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% 4-9 LR &G~ m g 2SN f JE e T LA/LS fa i 4 2 von-Mises &

von-Misesi # (MPa) Load mode

Model type Compression Flexion Extension
* ?ﬁxtu L 0.9019 3.1499 2.5376
1t F"* Fig i 0.1129 1.3108 1.7427
Rigid stabilization 0.9019 3.1557 2.5376
Dynamic stabilization 0.9019 3.1508 2.5376

7\410 @ﬁﬁ\g\l%&ﬂ] b%fblkpjdé/f‘?l‘lfq"’—r’L5T1*QLF'&-E_£7§& j‘“ld)ﬁé‘—

B~ R+ (MPa) Load mode

Model type Compression Flexion Extension
R R 1.3437 2.0206 2.7233
LR A 0.6174 1.5442 1.9190
Rigid stabilization 1.3437 2.0206 2.7233
Dynamic stabilization 1.3437 2.0201 2.7233

ZALLBRYE ~ @ g S W fjFier T L5 T 2 ¥ 2 von-Mises/g #

von-Misesiz # (MPa) Load mode

Model type

Compression Flexion Extension
¥ %‘rm. £ 34 0.9117 1.3437 2.0206
R LR 0.5281 0.6174 1.5442
Rigid stabilization 0.9115 1.3437 2.0206
Dynamic stabilization 0.9124 1.3437 2.0201
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