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Abstract

Spondylolysis occurs in 6% of the general population. Although the etiology of
this continuum of conditions is uncertain, genetic predisposition and repetitive trauma
have been strongly implicated. Sports in which participants are subjected to repetitive
hyperextension across the lumbar spine pose a risk for such injuries. If the lumber
spine was imposed to a large force after the occurrence of spondylolysis, the lumber

spine might become listhesis and result in spinal instability.

A verified finite element model of L1-S1 was used in this research to investigate
the biomechanics of spondylolysis in the early stage. The lumbar spine can support a
compressive load of physiologic magnitude without collapsing if the load is applied
along a follower load path. The numerical simulation will analyze the stability of
spondylolysis, forces of the facet joints, shear forces of the endplate and stresses of

the disc.

This study established lumbar spine model (L1-S1) using the follower load. This
study found the loading pathway in the lumbar spine with double pars defect was
transmitted form the disc, not from the facet joint. The fracture would be initiated at

the endplate in the lumbar spine with pars defect. So the endplate shear stress and the



discal stress near the fracture site remarkably increased. The lumber spine might

become listhesis.

Keywords: Spondylolysis, Biomechanics, Finite Element Method, Follower load.
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ENIVAS TG AL A S A W xl] ;\: y 7RPE L %f#g{fgm)}; %o % T &V
L)L A P XL EFanizy » v LS &7 §%fy ? LS
2o fpd i B G Lde L2 g LS L R 5 > LS
B & PR P4 Y B B F en(B] 2-8)[56] -

WO G 7 - B @R g i iR afie i HEF
(W 29 =+ 25 - B EBIME- RS AFRFT R E RS
R o - M EFMAE VAo o e e REZRIE

3k S cEaF: gt rﬂ”“ﬁ’*%ﬁ%lgé_i °

Bl 2-7 *E4n¢h et %'ri,zéfﬁ(Lateral buttress) [56]
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B 2-8L2 & LSm;g,ﬁ_ ::'_ |
¥ EHEA e

|| =
Facet '
J—
en
Pars
Pars “\_____‘

Defect

L

B 2-9 B & IRz BRIV T R
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215 R a3l 4
%ﬁﬁﬁ@$6%1M¢ﬂ’ﬁggdb%%&i%%%
* o 4eR 2-10 - M4z Er F ¢ 3 3 W %P & F (Anterior longitudinal
ligament, ALL) ~ {$ % & # (PLL) ~ & # # (Ligamentum flavum, LF) ~
# B % (Interspinous ligament, ISL)~ % F & 7 (Supraspinous ligament,

SSL) ~ # % & & (Intertransverse ligament, TL)%# |- & & & % (Capsular

ligament, CL) » 2 A f8¥ iz pd A R A4 %4 B4 Fest ¥l

RER Y FR A e R R A GRS B

L ARFBESRFRES R G

X3 T e

BR B
) . o) B R
% 4¢ & 3 CL
PLL
B By A
ISL
¥ EHw
L A0k Ik & SSL
ALL

B 2-10 &7 & & 0w
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2.1.6 ¥ {wegugd > ;N

T aRK e e S w (e §* 4 (Flexion/extension); 5
mo P ehEg e S =+ % (Left/right lateral bending) ; & &ik *7 &
(Transverse plane) + = 4& & P £ 5 = + 4= #& (Left/right axial
rotation)(®] 2-11) o #F{e @& > L Ed A LEKIRA4 > d
KEES m M G M ST L AR G A T RS KT
JRA 5 T R e e [

oIS - SRR FE @R E R 22104 £
PV AT L A S S P i@ e RlR s 0n A v AR T

K'ilﬁ;lj E'j/’j o

22



Eﬂgh:llia'l.aml AL
n W
iy

posterior

ghear "-,
left lateral
bending

Blo2:11 A {aidd = N

4 2-1 EfEREIE B 5 F[21]

Interspace L1-L2 | L2-L.3 | L3-L4 | L4-L5 | L5-S1
Limits of
Combined Range(°) 5-16 8-18 6-17 9-21 10-24
Flexion/Extension i
Representgtlve 12 14 15 16 17
Angle(®)
Limits of
One Side Range(°) 3-8 3-10 4-12 3-9 2-6
Lateral Bendin i
g Representgtlve 5 5 8 6 3
Angle(®)
Limits of
One Side Range(°) 1-3 1-3 1-3 1-3 0-2
Axial Rotation i
Representgtlve 5 2 5 2 1
Angle(®)
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2.2 FALFRYL ORISR
2.2.1 ¥ {apRipentypl
P Afpdk P A XA LY ZERE RS SR -

FREATRE, A HFATRAXK PWRE S BE o A BT UM
FEH A PSR FEE R R SRR i3
Voo EXRP AL T RTINS I - Eo) fenhA] o AR
WR AT L AR AL FEALE 4 A AXRETHER TV U g T
| ¥ % 5 & 377 7 (Scotty dog) ¥ (B 2-12)[47] -

T "w %1 & (Computed tomegraphy, CT) ¥ 7% 8 f# 43 # FEg » I

P FERE § e E SRR ERE AR £ 24 ik [48] - .CT

—~

g7
,‘]‘-!/

b FRRM B L F RIS AR £ I Bk A

ITE KT W s B & 4R i (Magnetic resonance imaging,

MRI)EHE 5 f24EF 7 4 87 it 4 [48] - MRIT 12 A B & 275

6

o

g4 F R e A MRS | 8282 th 7 -&(rCT*)%’- » &£ H § 490 eh

s ¥ LB

24



Superior articular process
{ear of Scotty dog}

7~ Transverse pracess (nose)

{foot)

-

4

T 37 AR

Pedicle (eye)

Defect at pars interarticularis
fcollar or broken neck)

Inferigr articular process

Fe s AF g R AR 0 L i R R e
B P RRL B CRBELREIERLZ B AL P
7RISR
ERTey BRI AR RIS R R AT S A0 gt S R ]
RS R T - S0 K R KSR e FE R e BT
EP P REEBTE L P LT ELA G L EBRE >
AdmT P EALERBEREAL o
WL EAEA - REERERDEE R V- AL BB DI
GRS o B Y F L 4E S 2 5 Buck screw ~ Hook screw £

Wire % 7% 5% [45][46] -
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Buck f1* Screw *™i{r & 35 B2t £ 4 F B 24
BEGAT o TR A Screw F i (S 0 H fRdp ki B X BT
B hRéPIRIINPE -

Morscher 3% 2+ 1 Hook screw 2 hook 4 Eifg4x » £ 12 Screw 7 i

hook 4 » -] m B &2 ¢t % > B2 2R 7 2R3 e F £ fFooied

[a]

i

AS
b

|

Th
big

An'S
o
W

o Screw ZE Z VLA P o A b4 BRI kg o A
p_‘]

e EOTTRAR Y 0 SR ALET BB PRS-
Bradford 41 * Scott wire $ i » 12 wire 7 iES Rl RZ 6 0 £ R

CHENE R o pga 2 e Epa 0 H A D P

™

FRRERI R AR REESHOL > BRI 2 ERG S
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d

PAidded B2 45 A REFEFHMA TR EHHGE
BIE 3 Uo7 W FHRA T RETHRARTI 3L A 8

RRERT B R L g BRLB AR L et ¥

—_l
*‘m‘\
TR
g \
\ N
=)
.
2
I
e
;‘u‘
ik
~Fq‘\
N
g
A
m

BET FL R AR R A
FRIFIRF 20 FAAE AT AT % S E R
P R BRI SR 4ok 31 50T o

AR FEN G R adfpd o s THI (L) E21
¥ oA S A B R G YA ARl Q) e B R iE 2 ik

7

25 QEFAY S B AT AR 4o B 3-1 977 o
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3031 R FHEG LA F AR

%4 *} 5 2 (Cadaver or animal)

B
L ¥ F %R0 RRE B

2. ¥ R A7 AR LR AR

Eal

1. ¥ Aspr g

2. A BHMARP < (EH T A
BRodPRR)

3. % {gtﬁﬁ.ﬁlf%‘é;@z! * 5B

4. 5 P AR Tis SR

(F & B o7 Bk R

2. WAB%ESR 2L > B2
P - TARRFA

MR E A T4 &
B R

4. 2% - 2B BXEH

¥

1
=

¢’

L a2t s LT 4

Al

LS

1)

;
15’

|
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-

& 2 A R

-

2

R
i#
£3
i

*

s
[had

73

*
é}/ﬁ—
;1;17
Sl
£

Y

Iz

M 3-1 =%
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3.1 Mt rUA R AR 2

311 & ¥y A E Al

\

7O F A 2 AR BI[L7][18] 0 Aol 3-2 Ao o i 2 AR AL
d TRETE s (CT)EE - = 40 A& 9 et > o B i 5d F
8B @ gt Amira 3.1.1 (Mercury Computer System, Berlin,
Germany) > # » CT # 1§ DICOM # % (#] 3-3)> 5d FF R 417
Bt BORBRENEMRE 3 ®E o L LR R G Al B AR 2
{8 M2 2R (> @f@%ﬁs@l ' = DXF (Drawing Exchange Format)#§ % 12
V(B 3-4) o £ & DXF #% % %r T Poufes X 3+ (Computer-aided design,
CAD)4#ix %2 Soild Works 2004 (Solidworks Corp.) ® # $% = IGES (Initial
Graphics Exchange Specification)# = ¥ :5(®] 3-5) - & {& £ # IGES #%
%8~ 5 T % #c ¥ ANSYS 9.0 (ANSYS Inc., Canonsburg, PA) » j& 17
Btz g Aot 31 (B 3-6) » T i — 9 R E o g riF et ¥ (R
3-7) » "3 H & 12 APDL(ANSYS Parametric Design Language) 4% ;¢ #5
(B 3-8) 22 = I 1 (S H-A|(B 3-9)F &2 A9 % FE2 B E DI &
Ak Bee T g gz 2 ) L1-SL T SR E - SR Lo
# #31(R 3-10) -
PRl FRMBOL T S REFR 22 A E A e a2
Frendp i 2 5 05 mmo» &y = i % Goel & « [20][21][22][23]
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Fyr:AMEBH2E ket c BEEyd RS
FRoF - Fod  BEi2vd o MaEE FHFese 2
RGP PSRRI 2 fifa 29y &g aonid ot AL
o [25] - EUREE = EE I LR ER S E'J%‘i‘%”@i,%’%?
Ao dod 3-2 #17 o R F e £ ¢ J23f ~ % (Contact element) ~ F
8 < % (Solid element) ~ /= %8 =~ % (Fluid element) ~ 2 4 =~ % (Link
element) - 3 ~F * > HE ) R M a2 B T AT REF A B
A W U Y S STt BV IO A SPAR. - 3: A e
BOMERRLES P e g A R T BT
Fogh B RMEPERIEE S R AP ot~ ARG
Prenddid o A F B EH L i 0 FlPL H 4 B4R F 4 Lk 4
42 B A R R

B BRI O¥ M4 'L E H0A] (Intact model, INT) £.d 6 & 444 2
fg3MAtfr 5 BHFHF TN o X ¢ 7 121,508 # & 2-(Node) %

144,617 i# ~ % (Element) -
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CT# 1%
DICOM##% %

EZ 83, g/
BE2%

1% 5 38 Bk gE

Amira 3.1.1

CAD # 7%
Soild Works 2004

B DXF4g & 8244 7y,
IGES#% %

FE AT B AR5 Br 3B R B
B B B

BEE B RS

32
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Zoom 4| | [ 45 " Dolly

Fl 3-4 R §F 2 2 DXF f 55 6 ek
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EED BEE WH0 BAD TRAD WEGD W e
CFEAED &0 - oG Em LY T NRAAGL O AP0 dO

Wi e ek an B R el sl T ®

i

5 ATLTLLLLRLL LA L LY

B 3-5 # DXF # ;% % Soild Works 2004 ¥ ## 3% = IGES ﬁ%l 4

AN

O 1E zoon
17:0&: 47

LINEZ
TY¥PE MM

B 3-6 # IGES % # » ANSYS9.0 ¢® - #F 5| Eitdh

i
-~
>
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21 SPINE AMALYESTSE

LIKES
TYPE WRI S
7 ir T
F— rﬂ-\_\-L H"""-\-\.
i o~ B ’l"‘x\.
i e —
— t — A
= i e N
ll Tl Tl
g
by
A

AN

O 1E zoon
17:09: 43

T
ERE) RN B Bl N
/PREPT

FTITLE,S1 SPIHE AHALYSLS
t

' ELEMEHT TVFE

ET,1,50L10185
ET.2,LIMK10
ET,3,500 10185
ET, 5, FLUIDED
ET.5,BEAM1ED

UERTEDRAL DODY, ANHULUS GROUMD,
AHMULUS FIBER, LICAHEWT

GROUHD SHESTANEE

HUCLEUS POPULSUS

SCREW L3-Lh

POSTERIOR CLEWEMT

T REAL CONSTANT
N By

AHHULUS FIRER

R,5,0.78F-4 1,23

R,51,0.502HE-& NS0 AMHULUS FIRER

RS2, 0471204 7.8,9 AHNULUS FIDER

R.53,0.35720-4 t LAYER 10,11.12 ANHULUS FIBER

B9, 2466 T-=== AHIERIUE LIAGHEMI WR={ZHE-6)/1=2HE-b
R AD 14 hE-6 1 POSTCROR LIGAHEHT WRls (1l BE-6) /1= 1h WE-4
R 0.9E-4& 1= TRAHSUERSE LICAMENT WR={3.8E-6) /h=0.0F-4
L] T0E-6 IGAMENTUN FLAVLN W= (ROE-0) /=10 -

R 5.2E-0 T = IHIERSPINOUS LIGAMENT WH={26E-0)/5=5 .26
R 2006 SUPRASPIMOUS LIGAMCHT WA= (23E-6)/1=23E-6

R 10E-6 = FACET CAPSULAR WR={JOE-8)/I=10E-6

" WP LBPSPE-S 6. BUEOE-11, 6. 3NE6E-11, 0. 086, 0. 006 T--—— SCREW L1-13

t HATERIAL FROPERTY

WLEX, T, TII00E G ¥---- CORTICAL BONE Drthotropic Material
eV, 1, 1100006

W EZ,1,2200008

WP GRY, 1, 3R00E

WL GRE, T, SH00ES

2!

EeT At
BRE) WHE B0 B0 NEH

JPREPT
TFACET BSPLINE=F8 388 n— /)5 B asii o1 ven

Fi=20000

HuuEE CREATE LAVERD? nupessuuipessuynesuanul
te USE LOOF B ARRAY TO CREATE MEUMHER
=DM, X%, ARRAY , 15
=DIN, Y9 ARRAY 15
=01H, 29 . ARRAY 15

BODY

KP(1)=25.722 ,29.563 ,3n.300 ,36.063 ,N2.373 ,50.%04 ,S5h.000 0hE.432
KP(9)=42. 276, 30,590 ,30.758 WA 000 ,39.000 ,31.900 .28.100

VO(1)=-30.077 ,-31.822 ,-97.012 -42 BRM -6 0V7 -GH.TIF -30.0M6 ,-YV.561
NO{0)=-20.500 ,-25.708 ,-22.745% ,-35.212 ,-02.642 ,-20.812 ,-26.512

Z9(1)==148. 549 ,~1NB.SHY 148 582 -
29(9)=-108.509 -1NE.550 - 1NB.549 -

LHHZ L -TNH.SHE - TNELSHE WH L SEE

V1,15 THody no Goncave
K, B,X9({1)=0.001,¥9(1)=0. Z9(1)=n.0m
*EHDDD

1,9 THodY have Convace
SRPCT) =000 NPT ) =0, 001, 29 (1) =0. 001

JEU MO, VU( 1) e0. 001, 7901 )0, 0o

1a00,1,19.27
Y, T+FE,E0(1)
TeENDDO

L801,¥9{1)=0.B81,79{1)=0. 001

|

SSSM L STREOSSD STNELSS S IRHLSSR o

2!

B 3-8 £3 E & APDL 425\ 75
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B 3-9 & 11(S1)Hc)

Bl 3-10 = & = & % 42 (L1-S1)eh4 2~ % 52| (INT)
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F03-2 AL B A AR R Sl &R R
Hf Bk [ e [ B | AR
(MPa) (mm?°) =
2 [32] E, =11300 Vyy =0.484 - Solid
E, =11300
E, =22000 Vy, =0.203
G, =3800
G, =5400 vy, =0.203
G, =5400
B [32] E, =140 Vyy =0.45 - Solid
E, =140
E, =200 Vy, =0.315
G, =48.3
G, =48.3 vy, =0.315
G, =48.3
s> % < 2[23] 3500 0.25 - Solid
e
F17%[26] 1666.7 - - Fluid
AR I Ci10o=0.42 - Solid
[27][33] Co1 =0.105
R A2 TR W g 2 [24]
Outermost 550 0.3 0.76 Link
Second 495 0.3 0.5928
Third 412.5 0.3 0.4712
Innermost 357.5 0.3 0.3572
# ¥ =51 [23] 24 0.4 - Solid
w7 % [23]
= 48w &7 % (ALL) 7.8 - 24 Link
is 4% w7 F (PLL) 10 - 14.4
¥ %ar % (TL) 10 - 3.6
+ & % (LF) 15 - 40
¥ B ar & (ISL) 10 - 26
% &7 % (SSL) 8 - 23
o B & 4 (CL) 7.5 - 30
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3.1.2 Follower load f§ 4
ERH2FFY A AR frd BRI F > B ¥ KX R E
1000N /&8 4 [36] o 72 i@ Luk e F 2% < 5 @ * gho 3f § L7

WE A P T PR B AT § A ST 4 KRR

A A4 AR d ek L g

=

‘f?g‘f”]){;}?" ’ rg‘g\”}"?‘%}%@‘-{ct:}'ﬁ é\ g\.j»"‘: ;\4 ’
L B W ) 80-100N & 2 3k By (Buckle) » 1 & F &3 T A
FE o 71999 £ - d Patwardhan % A [35] L4k J1j2iA- ix o v AR

#

She

TRl bR B B EAE A il 4e 4w & (Cable) ks 4R 0 518
ik 2% 5l 4@ /&é{ﬁ% <o I AR ey S AL Follower load (]
3-11) -

"Curve of the —
Lumbar Spine"

Rotation

B 3-11 - A @ sighe 55 § 5 LB B. Follower load -+ &, B
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3R 1% Follower loads it #% = %8 *F 7 2% "E4d cnfE TR >
WAOTEAL 2 REEA T 0k F 3 1200N @ A g s 0 4P Y
B p #2457 - Bdmieh €K cnE P f 47 o @ Rohlmann
¢ % [49]4; 4135 4 Follower load e 5 = 5% 2§ Host fp 389 vp 18 % 2

A AL N4 -

R s SR R A L R L
EERE M FIPL A RPN IRIER 4 hd 4 S %R AN A

=1

Wi L E g ? o (B 3-12A) - p fER 55 & 4 T & Patwardhan
Z A 913 d e Follower load o8 #% Follower load = = & 28 & *7 3t 4 47
WAL ATIL R AR E AR g O Rl AT B AR AR o S B G

AR R ot B P A_A— BLICLS g4 S )i AR R 11 B S £
F % 4c Follower load (B] 3-12B ~C) o 22 @ - fihe 4 PR (T1L
#oo o phe 4 7 iE 100N pF > *E4a 603F § § ] (Range of Motion, ROM)
@ g8 i 10-15° > 4p ¥+t 25 40 1200N 2 Follower load § §%p¥ > "&iir
ke 2 Tk e AR FETET O Follower load i & b

B R AR BE P RA TP SiEr o
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B 3-12 Follower load - & Bl 7 % = /% [35]

3.1.3 Follower load = )f?ew")éﬁ

Follower load 2_ %8 *+ # %3t
Rohlmann % « [50]: Patwardhan[35]=§ & & % iz A # > { &
— HREFEET B4 B U ET 0t F 4 22 7 %5 e Follower load
AAEAL A RS 2 Rl A B R o F B AL T4 ERE
R AR A ) ¥ L 497X 2. B4 > %5 4 Follower load 3 B
v T ¥ R4 <] o Follower load & j\ﬁ&{ﬁt%%% IRIUR AriE T
SR T L LA Ptk o d A0 Sog e eniEr 4L 50, ) Q;};J(
B3k T 280N 4 Y HF - B 66 > TE2Z A FEANLLZ FIRiGHEE

019 P4 e & ondg 4 22 Patwadhan[35] <0 1200N 4p e > 7
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@B 3-13 Rohlmann % * =1 Follower load ¢ 2% % ®][50]

D M43 403] & chfs AL

12117 % AuEIRiep chie

4031»%~}§g%}‘§ﬁ : q;:%ﬁ-ﬁ_{j@_};&-_@_
300N o §* 4442 IN-m ¢ %3¢ T_F jr e E £ 10N P & 4 A L1
2525 w o AR E em iR ¥ ¢h 4 b 200N 0§ FARD
T12 w = 100mm> fickt < 4F 200N ¢ & ek o3l i 2 1 & <1 Follower
force~ § 4 felf &4 a0 & p i€ > B E e N e
Modified follower load « 4= “fif p % 2 § % < peigd 7 i
Follower load 72 7 it 3 4v "4t K2 f et 4 o GIRF 2 78 aF §
kSR U e) S L &+ AVE = LR éiﬁ’%%iﬁé\%‘r’f«"«’ﬁ’ F &
Frep 3 E 0 0E* 4 e Follower load path i & 2 8 & T 4 sk > E4p
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FAE ST 0 & JF A Y e 24 R 3 Modified follower load #23) o

Shear force

Follower force

Shear force

Follower force

Bl 3-14 Kim #72& = enx k& + 12D #4857 [51]

Patwardhan % 4 [52]7 7 & * 14 & k¥ & & & L5-S12 @ {2 »

% {# Threaded cylindrical:cageys Ffe &- Follower load i@ * (]

3-15) » & e BRI 0 A 1200Ni& 45 3 4e » 2 L5-S1 (9 ROM 7
mELE (S AR TR BTINTR A bR o PR E B R RS
F0 4 3¢ =% 4& T Follower load =% 4o P? &g e & 7 MEAd enfE 2 1

(& M4 & ROM) - & ® % 33| Follower load %+*+ 3 2z % Cage =k

¢ F R ek o A ¥ Follower load 3 4r H 48 2 svc & 4%

¥ o
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Preload (0 to 1200 N)

Bl 3-15 Patwardhan z_ 4§ % 7+ & BI[52]

Follower load 2. % *2 = % it
Shirazi-Adl % + [53}F] *y A 7358 o 82 E 1 Wrapping
element » % P& Follower Iqad R P - AT RS o 4 8
b e LR %:‘éﬁt@g HIO R G o it T AR U o5
g 3% - Wrapping element F] €3¢ L1 09 oo B> SRS 8 & g &t
T o ZREST SR A 2 4 % B erfiER Follower load 4% ¢
B e A5(B 3-16) - Wrapping element = ¥ ¥t 4 2 &6 3 3 e e
B Gldodtt L1 s 80% F £ 0 Flaf R T L B 4R
oo DR E S AR ERT 4 B RSP Do B

Wrapping element #75 3% 2k i % 1T 03048 H 9 2% > * SRR 0
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Vertebral Centre

Wrapping Elements

=

Applied Forces

—

S1

B 3-16 Wrapping element j& * »* L1-S1 7+ & BI[53]

Renner % 4 [28]1¢ * 7 * #ic48 ADINA &= & "% g 4a i3] ¢
(L1-S1)z= = Follower load 4 +7 #=74] » I 4c +} T ¥ = & 2L D
Thermo-isotropic truss element (Follower lead truss) » & *&+i ced ip)id
BARiT e & g g ¢ o (B 3-17) - 10 RF OB R e 2N R R R
A ooom Do REES L FTIUSS b ris o TN g 4 A

Ao gt gk der T AP B RSB E IS TN ET

F_&

Z /%% + Follower load 7z § # 14 3 % " ia chff T2 o o ¢
Follower load ##% 4 B gz sp enie® 4 > F) by FRE P S5z

e S AR RE R A
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B Vertebral Body

[ Endplate

H Disc

[J Facet Joint

B Ligament

M Follower Load
Truss

>»Z—-0>

kv

Bl 3-17 Thermo-isotropic truss element J& * >+ L1-S1 z_ p|4R ] [28]

Rohlmann % 4 [49]41* MSC/PATRAN % ABAQUS i * — 3 3

A (L1-LS) o & Rt - D T -

212

= w2 4 5 gk Follower load #-4(B)- 3-18) » %6 4 2 7 [ en%* 4B 1Y
Zoaup (8% 4 f ;Le‘:’? B B fTgr e 1] T ek % %7 Follower load
% A VO RS Bk enkh fReepg 8% 45 Trunk muscle 4

& RE BT T 2 PIEEF G R EAR Y FIEE o
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30 mm Vertical Preload
40 mm (Upper Body Weight)
’. »
[+ 4
153 mm
Rectus
Abdominis
¥
Erector | =
Spinae G‘- —
A\
Er X i
[
L7J
oI
(]l L2
Follower Load

(Local Muscles)

B 3-18 Rohlmann % 4 z_ Follower load + &, B[49]

o

314 *## 3% Follower Ioaﬁi s’wc 30

. =5 ¢ Follower load # % 3

1 + Q/§&§;f'* Bairp »";ﬁ_
Follower load #3 Z_ FIFRE R B2 24 2 f {5/
ARITH RS ) IR B (In vivo environment) s B 3E o k= A A 2
FRERA 24 3-37¢ 4 i3 hE R R L HCA] S AT SR R
PR EE (5 AT 7 #3 ¥ Renner ¥ 4 [28]: Follower load %% -
;v 3 %3 Renner i ta %8 ip]3F v 2. Follower load » A7 7 i &
Eqra o Bl B Link Element > &5 7 3 Follower load 2. *5 4¢
V0 4o@ 3-19 i o BlY 2 RIEEGE e S B2 8

2 ¢ FIBEF e iz d 2 SR 5 Follower load truss - Follower load truss
46



AR A A4 34 ¢

B 3-19 ~# 7 2z Follower load *5 4r = ;X 7+ 3, B

% 3-3 Follower load 2 4 2k #1

@;Fﬁe

Shirazi-AdI[53]

Renner[28]

Rohlmann[49]

Follower

load &

ERER

Wrapping element

Thermo-isotropic
truss element

A

R Sk AL

# 2 B 2

fAg s L %

o BRI &R

%02 Truss # £ &
pralE e 4 2

SRRE T




#. 3-4 Follower load truss 2 4 44 &

# = % dc(MPa) 14.0
O 0.3

# 5 % (mm°) 0.003

~ % AN Link

rh

i A F AP ERE D A R ik %5 400N 2 Follower load -
Wi- B 80 &7 A& L e XA U BITAE T A
Kb g (85 RGP folig e B 23K § 2 18 H b F(ROM) -
PLFRFE ol FiEEr YRR FIEF Y EEy LR AR
% ¥ i 4e Panjabi & % [44] %7 taendl b B 2 FRA&GT v g 1 E B
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® Renner et al. (2006) FEM L1-51
[28]

B Panjabi et al. (2007) In-Vitro
ProDisc T12-S1 [42]

® Panjabi et al. (2007) In-Vitro
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von Mises Stress in the Central pars
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