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ABSTRACT

Vertebral disc degeneration and resulting complications were commonly
seen in recent years. The treatments for the degeneration included physical
therapy, medicine, and surgery. “Fusion” was one of the surgical techniques for
severe degeneration, using autograft or fusion cages implanting into the
degenerative level to provide stability, and relief the pain resulting from the
compression of nerve roots. “Fusion cage” was the device designed for fusion
surgery, and the type of cages which were implanted via anterior approach was
called ALIF (anterior lumbar interbody fusion) cages.

In present studies, the clinical use of traditional stand-alone ALIF cages
could not provide lumbar spine with sufficient stability in extension unless
supplemented with posterior fixation. However, the extra approach for
supplemented fixation increased operative morbidity and complications.
Therefore, the new stand-alone ALIF cages were developed, expecting with
special geometry designs to provide sufficient stability for lumbar spine without
the use of posterior fixation.

The purpose of this study was to use the validated finite element model of



L1-L5 with follower load to mimic the muscle traction, to investigate the
biomechanical differences of the newly designed stand-alone ALIF cages
(SynFix-LR and Stabilis) versus the traditional ALIF cage supplemented with
posterior fixation. Based on the parametric measurements such as stability, facet
contact force, and stresses on the annulus and implants, the influences of new
stand-alone ALIF cages on implanted lumbar spine were assessed.

The results revealed that the stability of SynFix-LR cage was similar to that
of the established fixation, and for reducing the risk of extra approach for
supplemented fixation, SynFix-LR cage was recommended to be used in clinical
treatment. However, Stabilis cage was not favored for its insufficient

stabilization in extension and lateral bending.
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15.&""/\2»

ié%—4f”%ﬁ@?ﬂ&ﬁﬁwﬁ%ﬁ@;w%%ﬁ@@iﬁaam
Pkt r At k& £ e ALIF 87 fie & % > #5734 @ 50 ALIF f &
k& 0 LR AL H KA B 44 BhenRTA] stand-alone ALIF f & F
YR AP TR GO G R T D S A g T
stand-alone ALIF f & 3340 » 4= ) $HHEAR 0B 58 (7 2 0 4 F P e
R R R L L a LT EE RE EF E R St

FEG BB $HF PR R AR 2 ainAn s B R 2 SRR R R
RS = S R LR R S-S R I A VRS
B ¢ GO REBTESEN et A4 2 AR

FoRTRE EHEINNDEE ST 3L AP 2850 AKEY .
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¥-F ¥ P om

21F fLenfRl g s A f 4 S

FHREALE RO RES S ERNEXEFRSNT £ 22 o e
Bl 2-197m 2 d 33842 ¥ 22 23 B 4 912 = & X B m (sagittal plane )

b gt *’f?— AR o e FHEHEE G ARE DA
B w2 ivdia {584 (flexion-extension ) » ip]%* (lateral bending) % f=
# (axial rotation) & (F o 2% ZH S @Ak v L ez B A koo A G
5% % & 7 1% t(cervical vertebrae )7 & ( C1-C7 )~ 59 f&( thoracic vertebrae )

12 & (T1-T12) ~ *&+& (lumbar vertebrae) 5 & (L1-L5)~ & +& (sacrum)

frk 4t (coccyx ) £ ¢ Efifrk fid Hob o drand g & & - B o JSE 1 T
et 24 B b 2 /> - Hd gk = g 4 (intervertebral disc) %

wE f’vﬁw}uﬁﬁﬂfrigﬁ AR R R o A £ Y 2 B
FETARA S AL R P EHEE - AAT 2 i kR hE
FARL > RS EBE X o 0 0T 2 P S R R 5 R
LD F - SRR Ry 2 5T NI p R e Flh AR Y P

| % -
ke ARS8 s p A '1'“)]*”@1‘&“71‘#33 PR T o
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B 21 % i34 [17)
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211 rERfERefEdEg el F 4 g

- @ L AR Ao R] 22 97 0 ¢ 7 e ( vertebral column ) ~
¥t &_ (pedicle ) ~ #24% (lamina )~ % &% (spinous process )~ fv# % (transverse
process)e = 1 KX £ F o Ef et n T P B Rl o Miga] o M & (facet
joint) “ %K frfg*» & (transverse plane ) 7% & Rl4cf@] 2-3 #77 > & 9
> 90 B& A4S Rendk B - M {ca A S F 0/ 6 fL 5 21 (end-plate) » &_
- RS A o B ez BFA) 2 hjdt (vertebral foramen) R
HAEAA CE BT F o et AP d bkl FH (cortical bone) frpt
B R F ¥ (cancellous bone ) 4= 5 d **RAFH ¢ ek | 22 5w 25 (R

2-4) ¥ Avja 48 A & i KX R4 (compression force) [18] e

W 2-2 £ AEfe i
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B 2-4 {4 s 25 4R [18]

212 fFLEORIEEELF I L

HEGE XA 5A A3 (B 25): ¢ &d § 3 -kaaky i
(hydrophilic glycosaminoglycans ) T = R (nucleus pulposus ) ; @ & R
A iy otk (annulus fibers) ¢ % 0 % %+ (annulus laminates ) o

BY gamkp 73 T 2308 R A (collagen fiber) -
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A CE R 4 FA A0 ] 2-6 fr 0 REPUE R T LR 4 155

2
@

Bl 2:6 {11 45 5 B4 [18]
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213 "R ¥ hfEdpg el F 4 g

A REERA D FIMRS R T oY e 7 v

# (anterior longitudinal ligament, ALL ) ~ {4 4% & % (posterior longitudinal
ligament, PLL) ~ % # # (ligamentum flavum, LF ) ~ ¥ & & # (interspinous
ligament, ISL ) ~ # }* & % ( supraspinous ligament, SSL ) ~ # R &r *
(intertransverse ligament TL ) fv-]- & B &% (capsular ligament, CL) ° & 7

b Mg AR A T o] 2-7 o

Bl 2-7 "EAL ¢ #r A i 5 [18]

214 Fgei@d 3 50

BEFHEfr—RHRFEDEEH S — RS (motion segment) > @ —
Bira @ s > N 4e@) 2-8 0 ¥4 A% Kk o (Sagittal plane) F enggds fiL 5

@ {5 %% (flexion, extension ) ; &% & (frontal plane) * & f 5 = +

19



] %% (left/right lateral bending ) ; @ %45 *» & (Transverse plane) _+ i #:

AIFE 5 = + 3= (left/right axial rotation ) o # & & @ #pF > 1 & d 48 F 4 K
XBA dpF KRR ARG MEFIZERDY G 2 2T
ACE KT IR > AT U A e ] o 2 2-1 BN - EfRF] %
- @B P E R AP VR AT S 8

PRRS A 62 R L 5

B 2-8 ¥ friFd > N [18]
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F2-1 AR & AR & E & 4 F[18]

Interspace L1-12 L2-L3 | L3-L4 | L4-L5 | L5-S1
Limits of Range
5-16 8-18 6-17 9-21 10-24
Combined (°)
Flexion/Extension | Representative
12 14 15 16 17
Angle (°)
Limits of Range
3-8 3-10 4-12 3-9 2-6
One Side *)
Lateral Bending | Representative
6 6 8 6 3
Angle (°)
Limits of Range
1-3 1-3 1-3 1-3 0-2
One Side (*)
Axial Rotation Representative
2 2 2 2 1
Angle (°)

225 g = (follower load)

BN B A AR A R do i 2T g 4 EA[19] - 4 &

Sl B
yic

R
A

21

244 B g A F EERaw  [20][21]

AT A YR M4 > B LS AR E ch T 4 B4 ST R
T do] o gt SNt e g L1 B8 A B 4 B L@ AIE f (B 2-9(a))

PEATE MR 4 ) 0 BT L BBl 2-9 (b) im0 P e A g
/




"Curve of the —
Lumbar Spine", L1 Center of
o) Rotation

L2
Follower
Load

L3

L5

(b)
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SR AT ECS eI % Pavlov[10]f= Kim[22] % * &0+ gt fs o
4 %|4e ~ SynCage-open f & % # e BPSF ~ SynFix-LR f & %22 Stabilis
EXRWR-fAT & T AR S ERETE RF
(annulus) 7= fi5+ & > 35 F L afe » e & B A W3t 5 %4 - g

el (vT 2 54 F7 5 FREFESRE B~ 3 (surgical level )

Pz’"‘év’ﬂ%’ﬁ%ﬂa\éUT%b,ﬂ? H(1) xR F R R RN R
el

G5 A FHE] S (2) W g R e f e S (3) &iF2

AR Y hdd AR EF R MR 2 YRy LA R
WA o H iz 2 AR d § %A 4 (Computed Tomographic Scanning, CT )
EE- 40 ko fa e 2o S Pﬁé‘.’ﬁ ed® ik Amira 3.1.1

(Konrad-Zuse-Zentrum fur informationstechnik Berlin, Germany ) » 3 » CT

¥4 DICOM 4% (M 3-1)> gd FEEGA ArsEeng Bk BE g
Rlaaws o £ EE R ot AR (B 3-2) 0 2 (883 R A i g A
5 &) = DXF (Drawing eXchange Format) % #3% > S a2t » 5 2

<=

% # 48 ANSYS 9.0 (Swanson Analysis System Inc., Houston, TX, USA) %

2 LI-LS enT & %45 "I~ 2 #3) (B 3-3) AP f2 & intact -3 -
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A INT $53] -

"Bl RO TR S REFFZE 2R B A e BELFn

o

%

S &S 0.5mm o i & fd Goel & A [18][23][24][25]5%~ 5 % ~ &
R BHR6)E: D e e Fd AR b
¥R F MRS AR e s PR AT RRSY
EAR SR B RS RY R A LN SR [27] 0 A HEA AR e
LAERAEHE S RIS I RTH ok 31 AR BT AR
£78 ~ % (contact element) ~ 7 %2 =~ % (solid element) ~ 748 =~ 2% (fluid
element) ~ 2 58+ % (link element) o 3§ ~ 2 * > ikt | & M & 2 57§ -
FIL R LEABE G pIT I A BAeA L k4 hdk s §
AHPE S NGl B SRR RS S TR o A F S R R
T RFF P REFSRI 2§22 i~ L
B A F R ER S i > TP E 4 BRP I ALk
A 4R BRI A R R
PUEEREE W ARG VAR BAIAY S Sz Bk A e 4 B E

Brie A o XL & 32 84592 B E > 94,162 1B &2 o
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¥

fAh % ~ Amira

’
7
7

hs )
=

-1 DICOM

® 3

e AT

|35 Dolly

Zoom «| |

RotX RotY
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£l H A AR R A AR
= e Baf | ~EA
3] TN L
ik (MPa) T (mm®) | &
E, =11300 -
E o100 | Vo =0.484
E, =22000 - .
A 28] G as00 | Ve =0203 ; Solid
G, =5400 -
G =sa00 | Ver 0203
E, =140 -
£ =140 Vyy =0.45
, E, =200 _ .
£ 4 [28] TR v, =0.315 ; Solid
G, =48.3 -
T vy, =0.315
5 F o E [25] 3500 0.25 - Solid
o F %
8 [29] 1666.7 i i Fluid
Tﬁﬁ*fé‘%%%ﬁ/} C10:O.42 ) ) .
[30][31] Co1 = 0.105 Solid
{045 TR S A [26]
Outermost 550 - 0.76
Second 495 - 0.5928 Link
Third 4125 ] 0.4712
Innermost 3575 i 0.3572
B ¥ 2 [25] 24 0.4 i Solid
i+ [25]
W 427 ¥ (ALL) 78 - 24
s%iser4 (PLL) 10 - 14.4
¥ 24 (TL) 10 i 3.6
24 (LF) 15 i 40 Link
B ¥ (ISL) 10 ] 26
% &% (SSL) 8 i 23
| % B &% (CL) 75 i 30
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32% B HEA 2 bR R e %R

PO bR EELEES . AT MET U A AL S = A
B A R wea iRl = BRI A B 5 ()RR (4,750 ~ % /4,960
a2k ) (2) & % A (27,244 ~ % /30,630 &°2L); (3) # mi-d] (84,594
% /94,162 #-8L) 4o@] 3-4 A7 o AT S EEA T F S S8 R 2
e g mE T i ] (range of motion, ROM) 1% % 3% i 5 & »
SEE VRN EH oA NER LB E 04 R (4.03%) 4P > 4R
3-5 975 o Ft s AAT G M 84594 B A G LA B kT
T Rehs T o

WAk 2 5 0 B M) (a) 280N 2 5§ f =4 b 7.5N-m
z 4485 (b) B T5N-m 2 4 &3 faf R ik o gt 9 5] e ] e
B E S plE b e A4 26 (FF 5H5ROM » 1 fr Rohlmanm[21]% 4 #7
RAERE b B B R B AL B EF RS A b el Fa i o

HE%40B 3-6 #7770 e AERIEEKRRT 5 AT T AR ¥ AL
#3] & & & 1€ &9 ROM B35 & Rohlmanm([21]% 4 #7 i *F §F 5 5 5 §

Flo P AP R B S F R AT E S T R R
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Elements=4,750 Elements=27,244  Elements=84,594
Nodes=4,960 Nodes=30,630 Nodes=94,162

Bl 3-4 JoaeRIE AR ¥ = B PR F R
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Flexion Extension
18 12
17.5 — 115
17 11
Z 165 vl Z 105 =~
2 / 2 \
5 16 J %10
2 3
15 9
14.5 8.5
Elements=4,750 Elements=27.244 Elements=84,594 Elements=4,750 Elements=27.244 Elements=84,594
Nodes=4,960 Nodes=30.630  Nodes=94,162 Nodes=4.960 Nodes=30,630  Nodes=94,162
Lateral bending Axial rotation
18 12
175 115 /\‘
Y _n
7 ]6.2 7 105 /
%ﬂ 1 %“ 10 rd
15.5 — 95
15 9
14.5 8.5
Elements=4,750 Elements=27,244 Elements=84,594 Elements=4,750 Elements=27.244 Elements=84,594
Nodes=4,960 Nodes=30,630  Nodes=94,162 Nodes=4,960 Nodes=30,630  Nodes=94,162
Bl 3-5 Jeacli Bl %
45
0 B Rohlmann (pure moment
with follower load)[21]
35 I []
30 | B Present model (pure
) | ] moment with follower
® 25 load
&
B
g 20 - —— [JRohlmann (pure moment
& withoutfollower load)[21]
15 4 —
10 4 — [ Present model (pure
. moment without follower
load)
0 _
Flexion-Extension Lateral bending Axial rotation
Bl 3-6 AA7 3 2 AR B  pRL RE




321 AR ERE B HB o >

REZHERE B2 ’ﬁ“i’f’u'?%s—"‘] PAPRERERAS T &4
12 CAD k4 S8 2 B fe b A48 ’ﬁ%] 4t = IGES( Initial Graphics Exchange
Specification ) #h & #.5% > £ %= » 3] ANSYS 9.0 = H 5 "I~ Z 4] - @] 3-7
EAET R *2 2 fFHFReE R (a) SynCage-open f & % 5 (b)
SynFix-LR g & % ; (c) Stabilis & & % -

kG U AR S A D R AT EE RO 0 50
gt E g 2 54 BRE > EF T FFFRIP 5 < o hg

EXRONURBMEFEDT T L T UEMFIEYF o AR WHKHAST

)

#Lo25 SynFix-LR & & B L4804 5 PEEK # ¢ > A 4kiiz e 2
SynFix-LR f & Bl T3 5% 245 & EHF - (% 3-2)

% ALIF = =g 427¢ > f% UL > & 4% Pavlov[12] v
Kim[22]e0#7 3 16 - 1% # 4538 5 833 7 # TR BB s B~ Tl
FEZ B 4R~ ihfe s 5 L3-L4 2 B o * sk fe SynCage-open i £ % i &
W4 5 kLo §d BT 6 mm i X 4% 40 (pedicle screw ) e % (rod) #1i
SO MRERTLEEEMT & 325 F e A IS E sk Sk
ferd s e n B e B P RDEFI LK T o BERN

(surface-to-surface contact ) [32] » & i B # (i #ck <5 0.8; SynFix-LR f

LB R4 AR BB R 22 245 (bonding)

31



SynCage-open SynFix-LR Stabilis

Bl 3-7#7i¢ * 2 e gk & BT HME - CAD BI 2 #1222 e =3 +

i% & & SynCage-open ~ SynFix-LR {r Stabilis f& & %

32



%32l Bl mp AREAE Y H Rl < F A

" X ik . _ e
1 (MPa) b ~ % A4
g & & B SynCage-
PR = & SynCage-open 110000 0.3 Solid
( Titanium alloy )
fs i F B pedicle screw .
( Titanium Alloy ) 110000 0.3 Solid
1o g £ F SynFix-LR '
(PEEK) 3600 0.2 Solid
B %% 4 locki .
§ %4% 3 locking screw 110000 0.3 Solid
( Titanium alloy )
g & & B Stabili
R = & Stabilis 110000 0.3 Solid
( Titanium alloy )
33# R 5 4% T

331 #AEE

Lie (7 @5 ALIF f & B3P (s ) BB 2377 0 ALIF f & B ot
B BAHA A s L 248 0 (1) £~ @5 ALIF i & % SynCage-open 44
fe B pl4e 4% 47 % 2ienT & 43 07 (SynCage-opent+BPSF, B 3-8(a)(d));
(2) #77] stand-alone ALIF f& £ % SynFix-LR 77 & %42 #°3] (SynFix-LR,
B 3-8 (b)):(3) #73] stand-alone ALIF f& £ % Stabilis <17 & it -7
( Stabilis, B 3-8 (c¢))-°
# SynFix-LR #-73]# - “,% TOAREIRA S ¥ o EA IR e %ujq‘}\ PN
s TRFE R (B 38 () 117 FHREE B4 2 4 %
AR BHE AL TR~ A RSk 0 B 2k RN Se 2 i

TR S 5 EERER AR > F L4385 dmme £ 25mm >



WEL R s BAM KT &4 42° > HPe & & 307 o

Stabilis -3 P & fk & B T A G ST SRE (R 3-8 () 17
#ﬁEE%Ti%ﬁﬁﬁégmm g fed A4 R EE MR &
SRR A G ZHRF R G 5 ABRA - R E P AT Stabilis f

FRHBT A g g o

B FEOF I AT ERY e AR T SRR AR

BEA 171

Bl 3-8 & o s B~ chivg

332 @R ERLf i iEe

AT R R E A BRI TG o A RS HlEand B R AR
4 18 0T & J5 1% {8 ¥ 4 (flexion-extension )~ ip] ¥* (lateral bending )
frdz #& (axial rotation ) o F PF35 e WAEf o> WA BB = P> B4R F B

SN I a—
LIl fJm e
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e fad ®H TRl 2 > HE LS AMA ety pd R famiEiE
e Ll GEIREA R o AW S RIS RS 5 A %3 10N-m
54 4 o U JF ik i s R 4395 Yamamoto[31]#7iE {7 k8 b 3Rk > 2 o
I0N-m ¢4 B E g~ B 22 $ 2 G T andt [ 7o a s kaw g
3L PRIy AR F A7 F o TR TN de s RS M) RN aRT
10 N-m % Ja RI[33][34][35][36][37] -

ARE f dr A% i 2F ¢F 3 4o thermo-isotropic truss element #7.5 € i o K-
truss element e B BEE 3T 2 dp &P S BRHIT > @ H BRGNS
BTN F LG PRy o E R A G DI RS (R
3-9)c FEHE LN L FF o BIE I F p T truss element VR e 0 T
BRI O HUE R E M o ot TV B ERIRL HFAOEY > L fruss
element ¥ 55 iF "EAa %5 S BREGIEHF 4 o & d 30R 54 T * § 0 F truss
element hihE 4 o F 1* BB EAR Rt 84 %) 18 gk i o truss element

2 FEHMEARA A B AR A AT ST 2 RS AT A AR O] i

=

# % 400N[38] -

r] 3.0 & "xiﬁ /{‘g%w%g :;\]

35



344 4 35

;uqzm\,b_%m%*ﬁgzg;g_@g,;,,g ‘;; Eﬁg,}%«fr’—l;}wf‘?'*m&
a’&%%iﬁﬁﬁéﬁﬁ%°$%ﬁﬁ%ﬂéﬁ’ﬁﬁﬁipfipi

F52)FBA TR 24 (3)

C o,

PR ARTE LR ch Sl 451 (1) 48 %
TR B EE D (4 B

341 fRTMTA

i’éf‘ﬁé@izﬁ%é’&ﬁﬁ@#vﬁﬁﬁu&%ﬁtaﬁ £ TN & BB e B K o
FAL AP AETNET G FREZARSTLEL > RHEEmE ,T*ué
2 F e LR e FIMRIRILATLREL AR L o - LTRAE
> 41* ROM (range of motion ) i¥ % 3% g & + jiFts 48 TR ik » ROM
REFLI B2 S LR DB [2] F ROM 4] B> A 4E & chfd
TATR AR o

AFr? S ROMenZ & 55 BREL I HEmep gt g 22082
;Y5 % Leivseth[39]% A ey » Bot T A fa g v B 2% chwe
BB iSpR TEINE - 25 5 ROM- 12 B 3-10 2 & * 12 & & 57 ROM

TEaspALDEHE
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B 3-10 ROM h#_%
342 HBA MK

WA 2 B0 X T ORI A o A TR IR
A - T g AL G]L‘LT&H‘PRFW *wrﬂﬁmibiﬁtrﬂ?»gaijﬁaﬁg,a
ERFFOFGRT AT O AR FOVER FT IR
H AR RA DA SRS B DA R A F R R
A\g’ﬁﬁjﬁ,a»iﬁq;g A BRI BRFERFICA I EIGT 0 T
BERBRF TR 2 A > T F s BEF LA P 0 4 T 12

BT 4 60 B

—

343 ] & B E 2
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Ft > BB R M E RS ] 0 FURBRER A RS BN

I]} ’ %%.|1 7 ﬁ';ﬁﬁg Eg}-li—%"ﬂg_ﬂ}:a %i}i ﬁj—%ﬁ,fgﬁ o

tt—:g»'ﬁ]gﬁgi%a o R L BRR T T TR Al
TATE DR > SERE PSS E
Gikof o L fRREE B CRRAE @ ) £ R TR

stand-alone ALIF g & B onfFsk 8 R T 3 # Y RO - R ik

AL A R -
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BEINpEL H S g7 (1) #77)] stand-alone 2 & ¥ ALIF

fR & B ) F L FE 2 5 (2) #73] stand-alone ALIF & £ £ 7 F
FRART2Z Ve 8- AL —EL%EE’ FEAair e A4 12 S iR INT #i0
Alefim™ > ki {7 stand-alone j f& T HA73] stand-alone ALIF & & %
( SynFix-LR §v Stabilis ) £2 i# st SynCage-open+BPSF #-73| 2+t fix o % = 3K

& B 44} SynFix-LR fr Stabilis # #6403 7 b F ¥R AT o (5§52 ] 3

BITPF R R R T 2 e

413738 B ALIF @ & B2

411 RIS

Bl 4-1 F o B>t e ~ 32 ROM %% > 27 INTH#HE2R £
¥ A BPEL 7] 0 SynCage ## % i & SynCage-open+BPSF 7] » SynFix ##
‘8 % % SynFix-LR #-7] » Stabilis 3 % 4 5= Stabilis #°3] 5 @ # & &b A &7 5]
BT LF S QP E e B2 RE 0 Fle AL 5 HAL
.T‘%fﬁ Fm P E R e E 2% o d B 4-1 51 SynCage-opentBPSF
B AR RS INT $03) > A2 4 326 (57 3 a3 i 2 o 2 (R INT #¢

2 rE A=
LI

A1z ROM T % 77.8%—94.1% ) ; SynFix-LR $ic3] e 4% & & 4 32 &+

—_

Pk g g T (ROM T %8 53.4%—73.6% ) ; @ Stabilis $-3] fw $*fr
PR ITT L B3k B A TN (ROM & BT ' 61.2%F0 36.2% ) 1L {8
B2 pgE T Pl & (ROM 4 W T "% 15.5%F0 24.9% ) »

Bl 4-2 5w B A3~ T ARIT & 2 ROM g % vb e e b ARiT &
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PR 2 MR M P HCAIE T B g OE (ROM # 4 15.8%—16.9% )
reks i B $s 5T HIROM fo INT 03] £ B 584 8%14 o T ARIT &2 &
Z e EqEde ~ FRCA] e $F # T T ROM 4p #03 INT #2313 40 9 11.9% —
13.4%> @ 13 5% & (TP *% 1 9.6% — 14.8% > ] %* &2 3= & & it T 55 ROM v INT
A2 R pn e 8% L -

FEE SV U R SynFix-LR & & fd 4 19 187 9 it 59 4% ik &9 o &
M3t 4E = o Stabilis BER m FHfr @& T T R ERE T CAZHEL
AL RS B RIFRITT A R o AITEINA  BERE L A BHIET
ROM #p s INT $03] & 5 A=k > e BER @ o > 7 s B b ARIT & &4 57 44T

SRR S S R ST E X ] P

ROM of L3/L4
6
5
W INT

4
@ H SynCage
@ 3 - = SynFix
o

P o M Stabilis

1 -

0 -

FL EX LB AR

B 4-1 2 fd e #5073 48 » 22 ROM +*t #1%
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ROM of L2/L3
6
5
®INT
) m SynCage
L
s m SynFix
o
M Stabilis
FL EX LB AR (a)
ROM of L4/L5
mINT
@ M SynCage
L
= M SynFix
[
M Stabilis
EL. EX LB AR (b)
B 4-2 » AR (a) FART & (b) T AT &2 ROM i

412 BZFBA VR

ﬁ«‘

Ay
[

Bl 4-3 & IRehE e A HC AT S ik X Bt B
g

% MPa o 4p#*t INT #3] > SynCage-open+BPSF #-%] & & 4 12 # i

Y
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o NI B4 ("M 74.4%—93.1% ) ; SynFix-LR #3424 12 & 1T
T WA FortE IR B4 (' M 58.8%—70.1%) ; i Stabilis $3]%% 1 e

‘—h

B TR A EE M 702% 0 vt HAeRR FT R A BN K 35.8%
—45.5% -

Bl 4-4 £ 5w AR s TIITERFTRLIZE SR ER
oo AT E G o APRSY INT 03] = e iEjide » 03] s §4 8 0%
PRRE A B X 12.3%—13.6% ° RI¥frz @ ivT Rl o w A 30 17.0%—
22.4%%r 13.8%—23.6% {5 448+ (£ 7 Jig 3 @R INT $3) 2 % £ B & 5%
Moo TTARIT & PR A o ApgRAY INT -3 0 = R dE ~ ) AR S ok
e (T A4 EA BH A 21.0%—29.6% 1 17.5%—23.2% {5 ¥* & (TR *F i
717.0%—224% > 5 FFT A B INT B3] 8% L8 & 10% 2 p o

d ik % 7 4o SynFix-LR & 2 fa 4 12 & (87T 3 L § s MjE ~ 2Tk
F 4 o Stabilis BEARA AT FHH T T R AARAERS R B0 2 A s - Y
MR PR ET > B R B KX RE P o MRITEINA R A

EAEIET RS EAPERSY INT 03] L 3 AR > R AR A % 0 7 3 A1 48

(3{\

BT AGTE e P RS AP LR
Bl 45 5 =84 » #4073 G il $ 2 IR (T bk 4 A
Flo B %87 0 BRER B B0 BRFBRAN R ET
Tt B € $TRA S RURIN R )P A IR R (7RG o
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MPa

1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

The maximum annlus stress of L3/L4

FL EX LB AR

mINT
M SynCage
M SynFix

m Stabilis

Bl 43w fREALACAE » AT R bt Y B R
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The maximum annlus stress of L2/L3
1.40
1.20
W INT
1.00
W SynCage
o 0.80 y 5
m SynFix
2 0.60 ¥
M Stabilis
0.40
0.20
0.00
FL EX LB AR (a)
The maximum annlus stress of L4/L5
1.40
1.20
B INT
1.00
B SynCage
s 0.80 y 8
= SynFix
2 0.60 4
M Stabilis
0.40
0.20
0.00
EL EX LB AR (b)
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