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Effects on the Adjacent Motion Segments according to the Artificial Disc
Insertion

YoungEun Kim* and Sang Seok Yun’

ABSTRACT

To evaluate the effect of artificial disc implantation and fusion on the biomechanics of adjacent motion segment, a
nonlinear three-dimensional finite element model of whole lumbar spine (L1-S1) was developed. Biomechanical
analysis was performed for two different types of artificial disc, ProDisc and SB Charité III model, inserted at L4-L5
level and these results were also compared with fusion case. Angular motion of vertebral body, forces on the spinal
ligaments and facet joint under sagittal plane loading with a compressive preload of 150 N at a nonlinear three-
dimensional finite element model of L1-S1 were compared. The implant did not significantly alter the kinematics of the
motion segment adjacent to the instrumented level. However, Charit¢ III model tend to decrease its motion on the

adjacent levels, especially in extension motion. Contrast to motion and ligament force changes, facet contact forces were

increased in the adjacent levels as well as implanted level for constrained instantaneous center of rotation model, i.e.

ProDisc model.

Key Words : Artificial Disc (¢! &37+#), Fusion (8 &%), Motion Segment (2 ¥ 2), Finite Element Model (%
8.4 % ), Facet Contact Force (383 F£9)
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Zo] WA, Ao wtE WY YA ¥slsn
Ack? FRwS 2T 8.3 £ JAF ¥
o 2§ 8% A&HE BAE F EAY oY
of ¥k2-3lx] G ZALE ez 2 X FE
A xgygol AlgEHY sith 2 F YEAHQ Ao
[ BEAdo Fe&(fusion)d FHZ B MEFA Al
53 Qe UF FAP(artificial disc) XNTFEE
F Atk Aol (cage)s S 14 §FEL &
# ARE @AAR FE3] APHL e o]
g Aade i Aok FE AF FUH
dalME 10 9@ 3o 3§ Aoz BT dn
ol % Aytss Asst EAst Qloh wepA o]
o g 98y FHE A8 o2 A FEH
HE 4% dMo] Ax HAUNYG. 2 F HEH
9l AOE in-vitro APE B3 EME & F AUtk
EAQ AFE Bitter-Janz % 3, Lemeire
Cunningham 5 3¢l ol A 3d gL
E-3] Cunningham 59 A3 Z3c oi¢ /68 3
BE AFstn Aok AP AHAY 2 FEH(L2-
sacrum)S o] &&ted A 4-5 &5 SB Charité, BAK
cage & AU A$, 231 BAK cage 9 ISOLA
pedicle screw/rod fixations & 25 F A0 7 ¢
e A9 5% W3E 2] 3350 8Nm
FF414, & A, & 24 ZAdE=EE % A+
SB Charit¢ & A Ys ZlA &F5F] 5
Ao} 44 %, BZAH ZAENM F 3% F F
HollAM 15% F7Hete RE BHAAFUch A A
Al W og: HFQA R o]fF HHo]
dutd oz ALRE 0 Jul Y EF 22 Dooris
Rohlmann 5 7, Goel 5 %, 93] siAg A7}
2 AFAEN YgHME ojv] UAF FLEY
FAHY 1A R BE EFEEY F
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AFAAY dF AHEL FE AT FUH9
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th. 28y Aolx] & ol&F #AF: §de A
A B g UKol & 5 EHAAY LFF W
e AA &5 2HdA Y WEE of71stn Utk
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A& 29& ARste] QF F4E HEol wE
A EF EdoAMy ¥HIE AN stn ok
2. 84 E’;Ei'

2.1 MA FEF0 oigt fétes 2E Y

838 AA|(whole lumbar spine)oll g =4
Mg A & AFAEd s ALHUD A
4-5 239 F¥aL 2d ° & 7RO 59 &
B2y g g Aastd Al 1 2F@LDAA A 1
AE(sacrum)d] A EHF-EAE T =S
A Aot 2 AL FZZT2aHQ Hyper-
mesh {Altair Engineering, ver.7.0)8 A48} t}.

A 2 839 FA(vertebral body) FEI HEF
Arro] o]F= AT Zh(lordotic angle) 4919 H
e 43° 207 HEE Fon, ol Hsid &
FA9 &, & =o] AE Table 1| I} Zo} HA 3
At

Table 1 Dimensions of vertebrae

VBW | VBD VBH PW PD
0 A 79
50 | 37
L2 321 37 87
52 | 38
54 | 38
L3 94
6 | 39 | 25 51
La |6 | 39 94
60 | 40
s e 4 o8
63 | 40
S | 6 | 40 o8

VB: vertebral body, P: posterior
W: width, D: depth, H: height

o9 ge ¥ol AZ Aste] Fig. 1AM ¥ 4
e vkt 2e FAY ZES YAHUG B
2FRolMel AW Ze FA B ohiz F0%
o gol Aol M= BAHD ek olsh ge
AolE A B9 A zeisgon 1R ¥
F 9%l old] wet & FPVAME ZE ol
7 ¥4 HES Stk & £5 23 Aole) 9
Ag RRWE clUBoT 93 T4 2 2707}
ZFAstn Uk 299 A Fuwe 3z @
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Agol 7 Fwe 24 AuolM g dfi A
4 HE 2ZF 16 %2 RES 4F s o
datd 7t F3W HHae GHEAL Table 2 o
Zo] th2A Hgach

235 X FREL 7t HEHE HA
wel 71¢0ld ZEE 22 stz Yok 29 A
384 W9 ZEE Fig 2 oM} 2L H2 2
g °g F3sle ol £HE2 245 o He 7
2 ZEE Ao

22 8% £ =24
Al 45 2F ¥ BHAA FF e 4o
2 2d& 1415 Atolo] X% Frge] £y

Fig. 1 Lordotic angles of at each vertebra and disc 239 AFH L SGAAST 100 Mpa, T%
B 02 & e 2A(CIDYE thA FHAT AlE
Table 2 Dimensions of annulus at each lumbar level Aol Ao)lA Y AR F& o) 8o §F AR
Annulus ] T 2 gol dold Fole o] XA AUFY &F
Volume Annulus Fiber Zo] oo A7 HE Mo Aolx S BE 1
() | Lergth (mm) ¢ 29 gad B mdolAg go] e AU
L1/2 | 8775348 5835.00 2dE AHgsa
L2/3 | 8775.348 5835.00
L3/4 | 10053.685 5907.79 23 o3 FZtpo| H8E =9
L4/5 | 11366.150 6068.16 A LE A Colre wgez 4
Ls/S | 10720.568 5930.68 Ao} ¥&F R EH FYFE AASA A 45 2

- LEVEL ANGLE A (dogroes)
L1-12 25 (15-47)

L2-L3 28 (17-51)

13-L4 37 (16-87)

\
| \
N\

L5-81 53 {36-70) Fig. 3 Whole lumbar spine FE model with SB Charité

I artificial disc at L4/L5 level (Half of

Fig. 2 Inclination of facet of the lumbar spine in the vertebrae and discs of L1-L4 were removed for
transverse plane '° clear view)
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2% atolo] QIF 3F7+¥ ProDisc 9 SB Charité IS
A 24 2] A &9t Fig 3 oA SB
Charit¢ T E@o] HEE ALE RAFH Qi
o] ¢ AWIiE AAlel HSoMe Zo] BF
AA At

24 83 ¥ A=Y
A2 8539 AF Z8E FHAYN HPFES
AR8gey AF g WY FHES nAHAMA
ot} £&A5FE inwvitro 48 " 3} FLEHA 150 N
o] A &F(preload)yS A 1 8FA Ao HAHd
BE¥3HFo2 Folod 939 T 3 29 2 X
Ae Aoz AZXY 100 mm 2 beam L4AE @
o} 1 ¥ AP IF F & 718l9 2~12 Nm 9
2 -2 A (Flexion -Extension) EAE7} WA ESR
o=

3.814 &2t & nHE

3.1 2He EEM HE

2499 e1944E A5387] A3t Chen T 29
A 1.5 &5 3 FForEde] AFAdse
Yamamoto 5 '' 2] A 1-5 5F o]43 in-Vitro A
d3 vl 2E A G (Fig 4). FZAL 7129 d74
Hel Hm ZEE Y& Lol &I vt
< FYT 2P L 23T A A 2 A
Aol Wl 7|&9 AYH 3 A9 FA
& g Bojn dden, 1 IJEe A
oA 2d 4 Axe T e Holm g
RAch of g 4 25 EHoM FAFE oy

[=2]

H»

Angular motion (Degree)
N
1

[

(A)
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(] Present study
S Chen et al.(2001)
{71 Yamamoto et al.(1989)

L23

(B)
Fig. 4 Angular motion in sagittal plane at 10 Nm of (A)
flexion and (B) extension moment with 150 N of
compressive preload

Angular motion (Degree)
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Fig. 5 Angular motion under sagittal plane loading with
150 N of compressive preload at (A) L3-L4 (B)
L4-L5 (C) L5-S1 motion segment

p———

L5/31 Angutar motion{degree)

=

FLX10

g
2

EXT12
EXT10
reload

g 3 8
5 85 3 2

2
8

A3 29 nf@rlR R o] 25 HH FFL F
A3 24 =Ho AR &5 BH(L3IL4, LS5/S1)

A4 Hgmdel s HAFol 56 % FHEL
84D itk 2ey olRTh AFol YAY &3

126
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Fig. 6 Capsular ligament forces under sagittal plane
loading with 150 N of compressive preload at (A)
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Facet contact force (N}
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EXT02 EXTo8

©
Fig. 7 Facet contact forces under sagittal plane loading
with 150 N of compressive preload at (A) L3-L4
(B) L4-L5 (C) L5-S1 motion segment
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