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Abstract

Owing to needs of biomechanical comprehension and analysis to obtain various medical treatment designs which are related with the spine
in order to cure and diagnose LBP patients, the FE modeling and nonlinear analysis of lumbosacrum including a partial ilium and iliolumbar
ligaments, were carried out. First, we investigated whether the geometrical configuration of vertebrae displayed by DICOM slice files is
regular and normal condition. After constructing spinal vertebrae including a partial ilium, a sacrum and five lumbars (from L1 to L5)witn
anatomical shape reconstructed using softwares such as image modeler and CAD modeler, we added iliolumbar ligaments, lumbar
ligaments, discs and facet joints, etc.. And also, we assigned material property and discretized the model using proper finite element types,
thus it was completely modeled through the above procedure. For the verification of each segment, average sagittal ROM, average coronz]
ROM and average transversal ROM under various loading conditions(+10Nm), average vertical displacement under compression(400N”,
ALL(Anterior Longitudinal Ligament) and PLL(Posterior Longitudinal Ligament) force at L12 level, strains of seven ligaments on sagittz]
plane at L45 level and maximal strain of disc fibers according to various loading conditions at 1.45 level, etc., they were compared wit
experimental results. For the verification of multilevel-lumbosacrum spine including partial ilium and iliolumbar ligaments, the cases wit1
and without iliolumbar ligaments were compared with ROM of experiment. The results were obtained from analysis of the verified FE mode]
as follows: 1) [liolumbar ligaments played a stabilizing role as mainly posterior iliolumbar ligaments under flexion and as both posterior and
anterior iliolumbar ligaments of one side under lateral bending. 2) The iliolumbar ligaments decreased total ROM of 1-8% in total model
according to various motion conditions, which changed facet contact forces of L5S level by approximately 0.8-1.4 times and disc forces of
L58 level by approximately 0.8-1.5 times more than casewithout ilioligaments, under various loading conditions. 3) The force of lower discs
such as L45 and L5S was bigger than upper discs under flexion, left and right bending and left and right twisting, except extension. 4) It was
predicted that strains of posterior ligaments among iliolumbar ligaments would produce the maximum 16% under flexion and the maximum
10% under twisting. 5) It's expected that this present model applies to the development and design of artificial disc, since it was
comparatively in agreement with the experimental datum.,
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Fig. 1. The procedure of finite element modeling
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Table 1. Used the finite element and material properties

Young's Poisson's Material
Modulus(MPa}| ratio Bement tyoe reference
Cortical bone 12000 0.3 10 node shell
Cancellous 100 02 |20 node brick |15, 6, 22]
bone
Bony posterior 3500 0.25 |10 node tetra
Endplate 23.8 0.4 |20 node brick [5. 21]
Ground 4 0.45 |20 node brick [42]
Annulus |Fiber  [Nonlinear (Fig. 2), 2 node nonlinear
. . [24,27]
Tension only spring
Nucleus 1 0.49 |20 node brick [27]
Facet joint Friction resistant Surface to surface
stiffness ;8 node contact
Ligament Nonlinear(Fig. 2), 2 node nonlinear
) ) [28]
Tension only spring [28]
¢t PLL(Posterior Longitudinal Ligament), 331t}

LF(Ligament Flavum), &3 =g <ltf JC(Joint Capsule
Ligament), A+=-21t] SSL(Supraspinious Ligament), =7+t
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{(WO)sped A

L45(Left angle 54: Right angle 49)

134(42:39)

112(32:27)

EN
@x

L
]
s 123(35:33)
*
X

L55(70:58)
—e—Vertical cxdis

R
i

- o load point

by sd

0

=1

Fig. 4. Facet angles of superior articular surfaces of facet joints at various levels, inner DICOM file shows a schematic diagram to calculate typical clearances and

a tropism (the vertical axis is inclined toward 3° left side})

peao) sege. AA 2 e
R

B. EMi 9 A= #4
4L ¢ % ¢l T ZHDICOM) CTH
x}sa %i o] Asi] Hol, CT G449 A8 B4 4
A 8 ax 249 9 25 Foiel YAZA B
A A1) LA E 8l e,

g HReE 4

>
>
g
=°~.
=
Yo
)
-L

@

HQ.

2 (2)5 AH83LA 5628 AR © #2 A EA 2] 20~60 ©]

(BT 50)7} A3 }%1‘4-

24 54
A9 A A AT @119 2 A5 2
o A% vk i ol 4] R 4 o] olefick Kim 5

o] A|eteH31] BHYE AR ”1.‘ H]g(wedge compressmn
ratio), %&(biconcavity ratio)@} ¢#¥]-&(crush ratio)& &
Sohe 243} 2L 7194 8182 Bskanh T, Jr—ﬂ*

400 | J. Biomed. Eng. Res.

5 2 cres)7} el 1f sl Ak )

g el BAHQ Y S BBAT BN L T
3ol T azwe $TYT S T 9% 2 4
235t W34 FEelA ek

FHREAREOF

to] F A 2HE dojd £ o4 mude] FuH T4 F
olel AN FH € FHHE 9 A e a2 49 2ok F
A olhdo] Hohs FHA ofeE HEo] HEWo] o] R 7
%9l #aL), HaR) thFzke] A}o|(tropism)= L5SE A ¢l8k 1
ESE otk AR og A% o 3x Hx 7 goA] JES
BoErh 334 Ztes AYA 8534 1457 7V 21
L122 255 3k 2ol e A 84 Aee B3t L1dIA LS
7HA ] B e B $ FAY S B Fe A9 v Z=rtS
E o[RS L5SE o7k ol @ HEEH FYo] Zo] Boft ¥
go1led Az Ael7l 525 |t CT the| & gl &

mlo

.‘_4

4

rir

o oﬁ oh‘,

I

o g fv Lo

}.

Of

2. T2 2o FF 7= 8l &10f
Table 2. Contact gaps and differences of facet joints at right and left side
L12 123 L34 145 L5S | Sacroiliac
CT Right gap 1.3 1.78 2.25 2.32 1.3 |no check
DIC Left gap 1.38 1.67 1.61 1.82 1.32 |no check
M Difference | 0.08 | 011 | 0.64 05 | 002 -
) bony
. Right gap | 0.50 0.23 0.99 1.1 0.7 impaction
Model| Left agp | 090 | 066 | 087 | 075 | 02 [ POV
impaction
Difference | 0.4 043 | 012 | 035 0.5 -




e =g d
Ho|x 3
glatA =9 0.2-1.1mme] 7h=52. 2 zfo| 7} HAYsIA T -9 A}
o7} ImmE ¥ A7t o2 ok 2 st B 24 152
24319 1, A4 B3 (sacroiliac joint) = Zelo) 11831tk

2o 2A2 2331 ?%E’_ Lvil 3-2. 32mm——

tjo] & 5} 7l $8 QL 2 o] A 2fo]

thol g st ol A L4o] 4 34 Fol& 31.5mmeo] 1
W A wole 33mmo]u} a3 1438 AR & %
(smoothing)&¢] & & & 118 3¢9} e 3o A RS
S )27} L4 24.5mm L5 25.7mme 222% 24
E ettt old et £AE A3 Hdte] A3l Pt
d 949 FA & 39] Imm 12]3le] F7F X549 2ko] & 10%

_‘]oa\[—%{L

e Ay oot

OSL
ol

S.K.Ha, JW.Lin

Z

A 2de A3 A%

a4 (Singlejoint)

7 2o Hled, A S FPote BE £%
(FSU : Functional Spme Unit)2l L12, 1.23, L34, L45, L5S°1|
e BT g2 E g o2 Aeste] 17 5o A@A] 9} v el
1, 87 B g2 2 60 A9} vl wste] YEbdT: 5 a)
= A& H(sagittal section)2] Mx, £10Nmol| W& 3¢ 5215

€ BT Az HdEASE Holx 9len 7] dxd A3
x| 9} GARS HodZr) of #3]2 6° o) AL 5] 33le o #3]9]
2/38] 24291 4° o] 31E Ykt O Sb)= O}"é‘oﬂ e Bl

coronal section)] HT+FYHE Yepl= A2 AEAQ
A%2 B 480 ( )9l BT = 52
% (-4 v E -3 -~
i > i
4 Schultz(1979): L1-5 A a2 ; 6
Tencer(1962):12-5 ; . *
& e N
» Visarius(1994): L1-15 B
w Wilke(1995) : 14-5 i L.
smAverage of FSUs(L1-81) - / o
o - b T g
® =
Q [O B
) o
o -6 "5 .8 o
R -8 10
: Schultz(1979): L1-5
? 4w Tencer(1982)12-5
. Wilki(2001): L4-L5
- Visarius(1994) : L1-L5
| i AEIQIGE Of FSUS(L1-S1)
Moment(Nm) Moment{Nm)
(@) ROM under flexion and extension (a) ROM under right and left bending
a 08 - :
* Markolf(1972) : T7-L5 1}
# Panjabi(1977) : T12-L5
Schultz(1979) : L1-15  -2-+ %
Visarius(1994) : L1-L5 L 0.6
—+—Average FSUs(L1-51) ¥ -
& g L
i o I %
Q
- 3
g 8%
2 .40 s - o =
o g
= « Brown(1957) : L4-L5
i 02 | & Nachemson(1979) : L1-L5
# ! Goel(1989) : 135
+ Wilke(2001) : L4-L5
e Average of FSUs(L1—51)
? 0 &
N 0 100 200 300 400 500 600
Moment{Nm) Compression(N}
(c) ROM under right and left twisting (d) ROM under compression
07 5. F0/7 315 Z2iolM RE 2He| BF 25 ¥ 8T

Fig. 5. Comparison of average ROMs of all segments under various loading conditions

vol 28 | June, 2007 401



Finite Element Modeling and Nonlinear Analysis of Lumbosacrum including Partial {lium and lliolumbar Ligaments

ok 5° Brhe vhd 22 4.2°9] ghg VERA| T v A 5o
e o) FARITE 28 5 o) a5l e e P
49e HAEth ud¥gAES vehin] Mz, +10NmojjA]
Visariuse] A #x]¢1 2.9° ¢} dx)&+e Helth 08 5 d)= g
315 400Nol| U] g 29l o] BF S Al g o vt Aotk
31 72239 txFo) Uig A A7 Goel#} 43 t] 230 of
g A3l Wilke Bk F3t A =98] 7€ Bo|= Nachemson
o A7e} & Aot 952 AT

L12 B4 & 53 A 35 Arhe| ¢t #E(ligament force)
7 H ZE AL AZAv AU FH S AT v n g AE 29
6 a)¢} b)ol| Al 2 Uebdth. T 27} 25 Schendele] W]1E A
FE Hol= Tl Al A32 7 9 o ghe] dgS BAFE
o} 10Nmol A & FPA] TFAt = 5.22%¢lA] 52.4N2, H &
F1A] AEQN Y = 4.48%0) A 494N VER) 3 gith. 18 6 ¢)=

offt od

(N)POOT JUsWRBITTIV

L45 Ao Al shzol ek Q1o A3 &-2 ekl
YA AFA, 95 FAH o, 0 8%
27k H6%, 2-4%& Holu, & Al A=, S, &
Ao, A, F8d =), Aldle 22 23%, 22%,
16-18%, 5%, 2%, 10%% BRIt} o] A7}+= Panjabi 5] 4 ¥
A3 FollA 4 taa A M e AFT 2 dA@15]. 1
g 6d)e F A4 AfrEs 7% g stolue] Ao U
&5 3R Hehlon, &Y sl5e Ae AYAs vn
Sttt @3 7 H AY 2 1.5-2.3%01 2% 5L 1.5-2.2%
|3 2 HEHL2.5%-3.9%F Hole uh v EH| 7P 29
Fes oM

Greenapple £& 2&d|4 30°2 zte 97} HR-FoA
+10Nm 53}A] HZ319] 2.5%, A|dHunloading)A] 4%S H.Ql
v}, 2] 88 2.5~4%2] M9 g2 Bolvkn Bgir). wEkA

140 [#] S_; (Schende 1,1993)
oS3
120 . 8
e |12
100 i &
80 <& <

4
Moment(Nm)

6

{(b) ALL force under extension at L12 level
o

~a—Flex—Extn

~z-|—R Bend

e | R Twvist N

-Tyist Experiment (Greenapple)

JOADINO IO UIDIJS [OUIXDIA

60
50
R
Q a
% 30
g_
g o
a 90 } Ean
£ o)
€ 51 (Schendet,1993)
10 O o :‘i
w S4
gy §_5
0
0 2 4 6 8 10
Moment{Nm)
(a) PLL force under fiexion at L12 level
25
et ALL
i PLL
—e—IFl
e LER 2
5 JCcL
[s] JCR
3 L meegm— ¥1:4
@ *_ls 1y
= mennn 88
g m.L
3. 10
&
p 5
3. -Tae- -0 -2
-10 -75 -5 -25 0 25 5 7.5 10
Moment(Nm)

{c) Ligament strain at L45 level

Ol 6. ot 2HolM 2F

-0 -75 -5 -25 O 25

Moment(Nm)
(d) Maximal strain of anulus collagenous fibers ot L45 level

5 75 10

OlthstEnt ME g 3 M5 St slolte| Zof HAS AE

Fig. 6. Verifications of lumbar ligament load, ligament strain and maximal strain of anulus collagenous fibers at single segmental level

402 | J. Biomed. Eng. Res.



yus
i
M
)

o] Bl &9 A YEhl e 2 Ao W& 3£2.2~3.9%

e FH9 vAIAE 413 BHTH32].
o T3] e 23%E TE A =Ro)A) AA3E2.1% [27]9
T Attt B d2a AR-E ol =4.0%E d= 4§
oA Fde] MACZ 6.57%E dE 35 o 2 gusie g v
Ed0] 71 f@sivta wae 5= el 1, 24].

=B (multijoint)

o)
- 599

54, Yamamoto 5o] A9 & 2702 FF3} 835 ole I
(iliolumbar ligament)Z A ACAN) g 2 L1 A A~ 3=714] t
A A 8E 7 3L o] &5 ZeA £10Nme] 35S FHA
A Aoltl12]. 0|9} T 2o 2dg g Ao] 1Y 3
oM 23 AUE AAG B2, 8157 $ES 1Y 3HP A
E3te] A& AHE A7) A vjmdt Ao] 27 7o|t} AEe
229} g FA| BolE F4 o= 599 d(neutral zone)H
FEFAAE 1T SE4ES AU GEGH B =57 ¢
ol /¢4 732 Ak W Yol slek F 2g e 28°
2 A3 9] Hgil 25.9° 50} AYA T FARIT L B
ok B EE 2 13°5 A euh Ao AR 11.5°8 tha glojd
o e fAF AE FolA A 2R W2 g He
White A3[33]€ @ AA3E} AHNH 2 13% Y& ghe B
Itk & White J3 <] ¥]E7 13°9} v wE w) A2 zho]= gl
ot w2 & 2de] SE5H A= Ad A7 gkl B e gltka
s o)

F8F Ao -5l B2 AA 2o LEYL(ROM) 22

= 28 79 37 EATSHATE o3 Azt sle A fle A ¢

35
30 | Bintact FE modet
@  @FE model without ilioligamen
25 ¢ oBxp.{Yamamoto,1990)
20 - .-
15
10 ¢
5
g
Q 0
8 -5
=10 ¢
-15
-20
-25
-30
Flexion  BExtension Lbend  Rbend Ltwist Riwist
Motion

O 7. ZeF Qe 7ol mE el znt M x|ete] 5 2T W
Fig. 7. Comparison of ROM of the intact model according to with and without
iliolumbar ligaments with the experimental data

S.K.Ha, JW.Lim

T

o wslel £5FGol LaPS Bl Eoh A o) o
2 9F2A N Y, ¥ FYL %, A 2L 2% 453
A2} 4%, 3% I3 49 ¥ YL 1%8) $FGo] 7k

HojE.

o
'

o o oot

il ol
)

T 3ol 218 A¥= Yamamoto So] 2U 3 845 22(2 &
T o] £10Nm Rl E)ol| M F 23 At & 2H= L1-S39] A&
ZHE AUl A A w2 L5Se] B9 sl v}{34]. 3 &3t
A ASE Y3l o] RuH e F dje] ZHols} fARRE 7
o](H%:30mm, ¥ 13mm) ¢} Y| & A g8te] 17 347 2y
7 3FATH3S, 36]. 17 8.2 F a3 Qo] f-F-of wEL5S9] §-
5999 7+4H|Z Yamamotoo] A% ZAzte} vimat Aol
L1-S @4 & L5SEA T ¢hx] LS v#d o] 25 ¥iglE 3t
gste] VR

T 1589} AA R L5S+ 599 74 E v F3l0]
TEA BAE = AU = G 2ol & Hola ). vk
L5Se] A e Qvf A= thadde o3 QAuzt & 5
A 31.2% t) 36.9%, &, > FEA] 14.2%, 10.1% 7} 28.1%,
21.2%2 717} $29d o) 7rar Y Ax = AHE Bg) o]t
© ol AAE H A3A] 24.9% o) 10.8%, #, ¢ v EHA
10.8%, 11.7%71 5.6%, 10%= 21z} 28 & Jep) ok ot
Ao e Ay e Ae g el Aldoy ajad &
A gAY 4 vkl 9152 Taf 2o} g2 A0 B oS 3
o] #|A 2 A AR o} v A R T AR 2 253 A7) S
< 3 = Aotk

4 T3 271 Yamamotoo] A Ante} L1-S5 L1589 A

o lr

¢

50
158 single level
aLss of L1-S
40 3.8 BExp.(Yamamoto, 1990)
3 a1
(c‘: 30 1
§°- ’ 24.9
= ik 20.4
& 20| Hi -.
g .
52 ; i
& gg ws 1 07 KB
00
0 L. 3 i
Flexion Extension Lbend Rbend Ltwist Rtwist
Motion

J8 8. ZH FaF cloie| 7ol whE L5S thEA D HA ZHE 158 23
of cheh M3 Zatete| Z4E REFH U H| W

Fig. 8. Comparison of ROM of single L5-S and L5-S among multilevel L1-&
according to with or without iliolumbar figaments with the experimentz|

data

vol 28 | June, 2007 4¢3



Finite Element Modeling and Nonlinear Analysis of Lumbosacrum including Partial lium and lliolumbar Ligaments

o} F 2408 2599 v vwstan). 2% 332 28.1% 1)
32.5%9} 21.2% o) 24.4%2 ) $ FAE 23S HolFq Qi)
Yamamotod] 222 F$ A $83 & 31 UoF
HoEt) ol9jd ¢ FIE 36.9% ¢ 23.0%5 F28 48
Heshe 478 B33 glok H 232 10.8% o 20.4% 3, F-
H| B L 5.6%, 10%7} 11.1%, 23.5%2 212} oF 10% 9] <] 2}
olg Hojth et o2 gt 25 A, UGt v B FE T
T e A= HES A & =8 A= 93¢
BHL "ol gELS ojgln ¥} 238 L5-S3E A¥%
Leong?] 2342 37]9] 27} v &) 47, 20%9} 5%
748 E Holed B =79 9k L5SL 24.9%9} 5.6-10%2
% fA1e AHE Holr] s o] x 3t AE84 o2 7 23
3 2 uEP L F Q5 A L5S £ 5952 10%
Ax AFele 583 98-S By o & § itk

B. gz 84 nd9 A}

fjx3

39 = 7t % Wkl £10Nm 2Hl E 815 sfol|A] 48] 2} A
FES 2L e F9 oA g3 e ey & v
ehinh LSS tlaae ok 138 Al 718 £ 815 225NS vl
HIEY, 92 53, 9 2o ue} 22 g& HolFrh 145 f &
AE HEYPA 250N 2 71 A3 H 2, o 53, 5 =Y

o & FolAr). &5 2 2u & 78, 4 §3 A L5S9) 3%
o] 714 Hol Zelx 15U Y W 145 t237t At Hof
Fu 9t} A 28 we o 7R t 231239 4Fo] £ L5S
H2se S ot

e

28 10 & 7} $% Wk +10Nm B EE, ¢3A] 400N<]

300

250 |

200

150

(N) @104 0510

100

50

Extension
Motion

Flexion

a8 9. 2t 2o tlad o5k
Fig. 9. Disc forces at all segmental levels

404 | J. Biomed. Eng. Res.

% dtolA] 2 ¢ FHA HEY L FAEE JET: H 2
Al FdiskEE L2314 183N, B]EE A] | s}5-2 L1244
200N, 9 &3 A] HetES L1204 125NS Belth w3t 5
e Ag, 9 #ARE ASH 39 ¥l 27N26N,
72N:184N, 129N:29N, 100N:36N, 19N:60N © 2 273 315
& BF3 itk £ sk 7IEeE HIEE AAEH, 4%,
61%, 78%, 64%, 68%2] F-2 515 3t & Uehl 3 gtk 27
92 380l A% 95 95 W] BF HEo] WAslw 2L
ARLI2OIA L7 W 223 0 2 53] Hek 335 $5
£ 60-90NZ, =L 20-130Ng Be 331 9lth. v 5P L 55
o} 77} L5S2] 159N, L459] 192N, L34 o}z 22 187N 1
23 L232 199N, L12% 204N7H%) A2 205 E 298 1
oz,

ZIefolc]

I3 11 709 Al FaF Aol 2709 et E2A(Z
&% ko] £10Nm BRI EE, §}35A] 400N)ol| i} 2 Ry &5
Rt & 38 OdeA et #E 538, A5 HE 1
A=A 2E Qo] WE &S ¥t Yehith AEdle
YA 5% (LA5)~22.5% (L12)o]H o] ZollA gL, F5<
e & FEA 4%(L23,L34)~ 6% (LSS)=A o] ZollA Hrhgk
g, sraeltE o F3A] 11% (L5S)~22% (L23)EH o] oA
HulgS, FHE g Qe HER 54 6% (L45)~16%
(L23)24A o|XolA Hulghs, RItle & I8A 13%
(L5S)~29% (L12)ollA HugtE, A3Qde & =234 15%
(L5S)~35% (L34)elx Hdas, e 4 a3/ 8%
(L34)~14% (L45)ol A Hizke o) Foh Y A8 3 Aus
& 7 16%2 Hgke, A FeF Al G 5341 2.8%
o] Hoigtes vehdt). o 132 AW (16% W8 8) F a5

S I

[+

250

G112

Bl

200 S 78 23
150 g“
o g
Q
a 2
>
g 100 ; g
= H T
Z 50 o i
F

Flexion Extension

Motion

JEA0. AL SR P oF
Fig. 10. Contact forces of posterior facet joint at right and left sides



S.K.Ha, J.W.Limn

o getel Eol AVEL H FYL Azt wokEe) Y AP Dol Bof Y AFANS FRF APARE G W
(2~3% WE8) 3 L (5~9% ¥P L) FoF oo e AP omz MY L}E}Ur%l A Qe AR
Aok B S A (0.7%) % FHRIT (9%)7 HPEA R F2 82 Uehdo) vl § 23] 9) 79, Aol 5 A Zolu)e) 2}
Flrhe] Z-gol ejete] ebgatgm, A AP e MR A aF AU T8l T shdel)e ¥R eS Yehank 3
A (1.6% B8&)7F G8E-S a8 118 R} #3.94 SHYY A FZo] Folxmg Z4—7=°1EHE 23 5 3ol
£ 3 FU% A9 5L ol RGBT MEAYAA o), 95 B4, $5 2 25 594 Thgeln) T2l 7 93 %
Aoiel MRS BAFL 58] FAFARE LSFA A0e] 4 2% FVY QU 2 APDS AT 92299 B, A3
Hop ol o] AE712RE 5 olge) FB2 ololA Qe V18 AUE Tl HZ YU, HS FA, FE2 P 0= T
A o] Q71 AFA AGE Ho] Foh AoFAhE vl 29 m B2 403 FHE Al 2 APES 82
T B 5.3%(F2):9.6%(FZ)N M Aol Ago] ByE - o} $2uED] AL AFAY} TFAYE o} ZLe AAE
5 V1EoR 44%e] Aolg Hols|, APUEYA 94%(F Mol Fe ol F2 95 AU, 95 Y AR 52 2
2):6.1%($2)9 Hul(FHHF LS Holn] $2 7124 35% A, HE A2 Tukolgy} AR-L Bl HEH|EAo) AL
o) Aol @ et £EHE Adje] B9 S LA, e a0 Hold the AEFFANE e e F29 Ay
B3 ZEoStE o e s @F ol Halg
Table 3. lliolumbo and lumbar ligaments according to all loading conditions
ALL PLL LF L LFR | JCL | JCR 1S SS IT_L ITL_R AL AR PL P_R
L12 53 20.5 20.1 8.7 1.7 29.3 35.5 11.3 13.8
123 4.3 18.4 225 4.0 10.7 27.5 32.3 10.0 11.2
Flexion L34 4.3 18.5 20.9 9.0 0.0 24.6 37.1 8.6 9.4
L45 5.1 17.0 18.7 2.2 0.0 24.1 22.8 9.6 10.9
L5S 6.2 11.4 11.2 15.9 6.6 12.9 15.9 0.0 0.0 0.0 0.0 15.2 16.5
L12 23.2 24.3 17.7
123 7.0 1.5 1.7
Extension L34 6.0 0.9 4.4
L45 53 1.8 25
L5S 13.0 0.0 0.0 1.6 1.0 0.0 0.0
L12 104 0.0 0.6 8.2 2.4 11.0
123 6.8 0.0 2.7 2.2 4.2 9.8
L Bending | L34 7.6 1.4 2.2 1.0 1.0 9.1
L45 6.5 1.9 0.7 7.1 0.3 2.0 52 4.0 0.0 13.2
L5S 1.7 0.8 0.6 3.9 3.2 2.1 2.8 14 0.0 0.0 2.8 1.9 9.6
L12 12.7 0.7 1.0 0.0 3.9 6.3 0.0 0.0 9.6
L23 8.2 1.2 2.8 0.0 3.9 1.4 0.0 0.0 10.0
R Bending | L34 7.1 0.6 3.0 0.0 3.9 3.6 0.8 0.4 8.9
L45 4.6 1.9 8.1 1.3 6.8 0.1 4.5 4.5 13.7
L5S 4.8 2.7 5.5 0.6 14.2 0.0 2.8 3.4 0.0 1.9 0.0 5.3 0.5
L12 6.0 1.0 4.9 0.6 14.0 53 4.0 4.8
123 0.6 0.5 6.2 0.7 10.6 7.1 3.1 4.2
L Twisting L34 0.0 0.2 2.3 04 13.1 2.8 0.2 2.3
L45 0.4 0.0 2.1 0.0 20.3 6.2 0.1 1.5
L5S 1.9 0.0 0.0 2.5 12.3 0.0 0.0 0.0 0.8 0.1 0.0 6.1
L12 2.5 1.0 0.5 6.0 11.1 6.2 3.7 7.4
L23 2.6 0.3 0.5 53 16.7 3.0 0.9 4.9
R Twisting L34 0.9 2.6 0.6 3.0 11.1 2.7 0.3 2.4
L45 0.9 1.2 0.2 1.5 6.2 1.8 0.2 1.9
L5S 1.1 0.0 0.1 0.0 111 0.0 0.0 0.0 0.0 0.0 9.4 0.0
L12 3.0 4.7 4.5
L23 2.1 1.3 2.6
Comp L34 2.2 0.4 5.3
L45 0.8 0.8 0.3
L5S 0.0 0.0 0.0 0.0 0.0 1.6 1.6

ALL T2, PLL=FF2ICH, LF L=%f% HAUOITY, LF R=QZ= HMOILY JC_[=XI= T

S==212I0H, SS==2ILy, TL_L=X15 YRIM, ITL_R=
'U‘%r 0”:“, P R= 2 o* %rox 'U'%r o||:“

L YoM, A L=%E ¥R23F

[

= yarm any ey,
[2F XY oIy, PL= B FRF
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