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ABSTRACT

Although several artificial disc designs have been developed for the treatment of discogenic low back pain,
biomechanical changes with its implantation were rarely studied. To evaluate the effect of artificial disc implantation on
the biomechanics of functional spinal unit, a nonlincar three-dimensional finite element model of L4-L5 was
developed with 1-mm CT scan data. Biomechanical analysis was performed for two different types of artificial disc
having constrained and unconstrained instant center of rotation(ICR), ProDisc and SB Charité III model. The implanted
model predictions were compared with that of intact model. Angular motion of vertebral body, forces on the spinal
ligaments and facet joint, and stress distribution of vertebral endplate for flexion-extension, lateral bending, and axial
rotation with a compressive preload of 400 N were compared. The implanted model showed increased flexion-extension
range of motion compared to that of intact model. Under 6Nm moment, the range of motion were 140%, 170% and
200% of intact in SB Charité III model and 133%, 137%, and 138% in ProDisc model. The increased stress distribution
on vertebral endplate for implanted cases could be able to explain the heterotopic ossification around vertebral body in
clinical observation. As a result of this study, it is obvious that implanted segment with artificial disc suffers from
increased motion and stress that can result in accelerated degenerated change of surrounding structure. Unconstrained
ICR model showed increased in motion but less stress in the implanted segment than constrained model.
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Table 1 Material Properties’

Young's modulus . . Crgss
(MPa) Poisson's ratio  sectional
area (mm?)
Cortical bone 12000 0.3
Cancellous 100 0.2
bone
Bony posterior 3500 0.25
elements
Annulus
(ground 2.0 0.45
substance)
Annulus fiber 175
Nucleus 1.7 0.49
Ligaments
ALL 7.8(<12%) 20(>12%) 10
PLL 10(<11%) 20(>11%) 10
LF 15(<6.2%) 19.5(>6.2%) 8
TL 10(<18%) 58.7(>18%) 05
CL 7.5(<25%) 32.9(>25%) 0.25
ISL 10(<14%) 11.6(>14%) 5
SSL 8.0(<20%) 15(>20%) 10

ALL : anterior longitudinal ligament
PLL : posterior longitudinal ligament
LF : ligamentum flavum

TL : intertransverse ligament

CL : capsular ligament

ISL : interspinous ligament

SSL : supraspinous ligament
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Fig. 1(a) Geometry of SB Charité III artificial disc
used in the simulation

(g9 :mm)

Fig. 1(b) Geometry of ProDisc artificial disc used in the
simulation

178

ProDisc 2@olA ol Fgo] AHH
Zag Nk gele] FAT ERUS

st ol

master =

A HERES slave 2 AAAY FEAE 94
(surface contact element)® A4 FH o9, SB

Charit¢ I Edd= 381 FAF9 UL
master 2 G834 FATF ofHAAE ZH7] slave
842 AAHUY. 4, ¥ nFJEINE AF
sRon, AF FRwY A, sy HFYEI
FA Fw  HHY Aol 2)7EE &
(kinematical constraint)Z & H 18t AFFNH2
A, &gl FA9 §¥(fusion) HEF YT F
UEF FUEZ F¢ A 2L 2o HEE
AU FHE(nucleus)t 25 AAGILH,
Fig. 2 oA BE& 23 Zo] &ddies A% 44
Al Ha g g AAS.

UF FAVY A= HF FAFA A
HEE g on 5 FA AloldAe 509 Aghz
(lordosis angle)o] EASEE 319 t}.

A)

®

Fig. 2 Developed motion segment FE model with SB
Charit¢ 1III(A) and
conditions(B)

loading and boundary

23 35 o A=A

A 45 23 AfolellA] 5° 9] AT G {50
A 4 259 AR F@o] THHY HPHEES
AAANFA LR Fig. 2B)lA g} Zol A 5 2F9
d F8 FREY FUEE FE WFo
I AZ T

A 4 8F FA Ado] A FA AGEE

TAYFT 400 N & TUEIFoE 71 F
FHHo2 2, 4, 6 Nm 9 FZF-AlA(flexion-
extension), &3 H(lateral bending), %3 H (axial
rotation) 2 EE 71313 ¢},



q9e -

34 - A7 BFAYIEEA] A B A4z

3. 804 Azt

31 2 8 stExHo| g He

RBAAe) @ SB Charité I, ProDisc Q&3%
& AT TFEEANAMY E5F S vy Fig
39 AIE Itk 2FolA EXT 2, 4, 6 & 7]
2,4, 6 Nmo AA 2AE} shsjA ZA$olv, FLX
4,6 & gL A7) 24 BHAES} A S
etz 2k 400 N o A3 (preload)S 713}

2,

=1
=

4 4 R Intact
[JProdisc
@R SBcharite

TEXT6 EXT4 EXT2Preload FLX2 FLX4 FLX6

Loading Condition{Nm)

A)

1 (B ntact
C—JProdisc
44 B SBCharite

Angle(deg)
~N

2Nm 4Nm 6Nm

Lateral Bending Moment(Nm)

®)

Ladads

BB Intact
C—JProdisc
W SBCharite

Angle(Deg)
OOOO0O =42 2 aNNNN
oNrmmONEDRONMD
R NRRTRTRT

Nm

4Nm
Axial Rotational Moment (Nm)

©

Fig. 3 Predicted angular motion in (A) sagittal plane, (B)
lateral bending and (C) axial rotational moment
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Fig. 4 Ligament forces generated at (A)flexion (B)lateral

bending and (C)axial rotation loading condition
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contact forces at (A) extension (B) lateral

bending and (C) axial rotation loading condition
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