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Biomechanical Analysis of the Artificial Discs

Young Eun Kim, Sang Seok Yun(Dept. of Mechanical Enginnering, Dankook Univ.)
Sang Ki Jung(Dept. Neurosurgery, Seoul National Univ.)

ABSTRACT

Although several artificial disc designs have been developed for the treatment of discogenic low back pain,
biomechanical change with its implantation was rarely studied. To evaluate the effect of artificial disc implantation on
the biomechanics of functional spinal unit, nonlinear three-dimensional finite element model of L4-L5 was developed
with 1-mm CT scan data. Two models implanted with artificial discs, SB Charit? r'["rodisc, via anterior approach
were also developed. The implanted model predictions were compared with that of intact model. Angular motion of
vertebral body, force on spinal ligaments and facet joint, and the 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 and increased force in the vertically oriented
ligaments, such as ligamentum flavum, supraspinous ligament and interspinous ligament. The increase of facet contact
force on extension were greater in implanted models. The incresed stress distribution on vertebral endplate for
implanted cases indicated that additinal bone growth around vertebral body and this is matched well with clinical
observation. With axial rotation moment, relatively less axial rotation were observed in SB Charit? odel than in
ProDisc model.
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Fig. 1 Finite element model of intact L4-L5
geometric data

Table 1 Material properties of human lumbar spine
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Fig. 2 Finite element model of intact L4-L5
) geometric data

Fig. 3 Finite element model implanted with
artificial disc. Prodisc(left), SB charitelll

(right)
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Fig. 4 Predict angular motion of intact, Prodisc & SB
Charitefl lodel.
EXT : 400N preload+extension moment
COM : 400N preload
FLX :
LAT :
ROT :

400N preload+Flexion moment
400N preload+Lateral bending moment
400N preload+Axial rotation moment
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Table 2 Predicted facet joint(FGAP) & ligaments
force(N), Intact model(up). Prodisc(mid), SB
charite {lj lown)
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¥ ALL: Anterior longitudinal iigament
PLL: Posterior longitudina! igament
LF: tigamentum flavum, ISPL: interspious !igament

SSPL:. supraspinous ligament, TPL: intertransverse |igament
Z2Adle £3F AoirL), A% A, FFE7]
e, SE7IZE duh, 4 Ao} & dF-29 Aol

N Aol AguE dol b sk



w&

| Charit? Zo] s]ub ol A3
17F oll, &4 A s Rl 9l
ool A *ﬁ‘%&)% dol 7 wskeh

BAe) §=bo] g A L}E}M—"} N A
W= Charit? 2 rodisc 2@l &

tol A ZEolA] vlgt 2 BAT

34 A4 Prodisc 2L vl 5F
Qo) Charit EEL H3oa]el &8

88 B o
e, 3 d/\H %3‘3 AR l-:ﬂ] = :q;]oa

EA FA o ] 7}6}]1] ° Figure 5
A BE vie} QO] g A

A RdAs FERE FHos F2 $Ho| T
HAth F AF F48 Fole SB Charit oA
Prodisc 2Th H&% S¥o] w4t =544 2%
Al S BXE FIAloE Awoz AFAdE
IHom olFdte A2 B ¥ F dnoew,
Prodiscoll A1 SB Charit Xt} %o} ©}& $& ol%

o o) EAFAT.

Fig. 5 von Mises stress on the 4th and Sth
vertebra. EXT6(left), FLX6(right), Intact
model(up), Prodisc (mid) SB charite i

(down).
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