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Abstract

Many recent studies suggest that the posterior dynamic stabilization(PDS) can be a more physiologically-relevant alternative to the rigid
fixation for the patients suffering from low back pain. However, its biomechanical effects or clinically proven efficacies still remain
unknown. In this study, we evaluated kinematic behaviors of the lower lumbar spine with the PDS system and then compared to those of the
rigid fixation system using finite element (FE) analysis. A validated FE model of intact lumbar spine(L2-L5) was developed. The implanted
model was then constructed after modification from the intact to simulate two kinds of pedicle screw systems (PDS and the rigid fixation).
Hybrid protocol was used to flex, extend, laterally bend and axially rotate the FE model. Results showed that the PDS systems are more
flexible than rigid fixation systems, yet not flexible enough to preserve motion. PDS system allowed 16.2~42.2% more intersegmental
rotation than the rigid fixation at the implanted level. One the other hand, at the adjacent level it allowed more range of motion (2.0%~8.3%)
than the rigid fixation. The center of rotation of the PDS model remained closer to that of the intact spine. These results suggest that the PDS
system could be able to prevent excessive motion at the adjacent levels and restore the spinal kinematics.
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Fig. 1. A3-D FE model of the intact lumbar spine with the intervertebral discs
and ligaments (L2-L5)
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Table 1, Material Properties Used in our FE Lumbar Spine Model [16-19]
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g's modulus

Bony Structures

Cortical bone 12,000 0.3 -
Cancellous bone 100 0.2 -
Posterior element 3,500 0.25 -
End plate 25 0.25 -
Annulus ground 4.2 0.45 -
Nucleus pulposus 1.0 0.499 -
Annulus fibers
Layer 1/2 550 0.3 0.50
Layer 3/4 495 0.3 0.39
Layer 5/6 413 0.3 0.31
Layer 7/8 358 0.3 0.24
Ligaments
Anterior longitudinal 7.8 (<12%) 20 (>12%) 0.3 63.7
Posterior longitudinal 10 (<11%) 20 (>11%) 0.3 20
Ligament flavum 15 (<6.2%) 19 (>6.2%) 0.3 40
Capsular 7.5 (<25%) 33 (>25%) 0.3 30
Intertransverse 10 (<18%) 59 (>18%) 0.3 1.8
Interspinous 10 (<14%) 12 (>14%) 0.3 40
Supraspinous 8 (<20%) 15 {>20%) 0.3 30

(strain)o] AR o] wbe} €43 Al $(elastic modulus)7} Z7}et w2
ARk A2 s dHdY B EAL g s
ATHE 1).

B.Aed a3 fotasb nd 13

2 A7 E HF i Al e 2] As e e wf
2} PDS system} rigid fixation system, 2}2} & £F4 S )
ST PDS system 22 FujoilA fEse] Algs 1 e
BioFlex Pedicle Screw System®(Biospine Co., Ltd., Seoul,
Korea)2 2 7319111, rigid fixation system-< titanium 2.2

AzEo} A de] AHEHI e A4 AFoR AP

(a) (b)
HFH LR A AR o] fEle4 2Y: (a) PDS (posterior dynamic
stabilization) system, (b) Conventional rigid fixation system
Finite element representation of the pedicle screw systems: (a) PDS
(posterior dynamic stabilization) system, (b} Conventional rigid fixation
system

Jd 2,

Fig. 2,

BioFlex Pedicle Screw System®™2] ZHe-& 7|29 A5
g2] 4719839 A &2 Nitinol(Elastic modulus : 75 GPa)
S AMESIE R, A7 4 mme] 3 A 22 FE 2 fAdE
i3} 3 4= UA YARIE ) Rigid fixation systeme] 7488
217 6 mm<] Ti6Al4V(Elastic modulus : 114 GPa) A2 2 Uk
A9 Bo] ez AN AT 2373 YARRE Ti6AI4VE A
2 97 6.5 mm, Z°| 40 mmQl FE g Ato] =22 TiRIRIES
o 7 eol Als 2 Felel| B A =0t 4530 Al o e
7he g mdg o) Thest Bl s A ke] T el {3
ARRO] AR} A7) REE 11 29) o] TEglsiiTh
THE B HF 2dY A 3859 A 42.59] HFH o YA}

Anterior

Posterior

h : vertical height of transverse process
(@) (b}
a2 3, HEZ LIARe| 4] 2 (inward method) : (a) A1) ZHE (top view),

(b) &2 21X (posterior view)
Fig. 3. Inward method of screw insertion : (a) Insertion angle (top view), (b}
insertion location (posterior view)
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Fig. 4. Identification of the center of rotation of a vertebral body in the sagittal
plane
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Fig, 5. Stiffness of the intact lumbar spine under various loading conditions



L3 Vertebral Body

Intervertebral Disc

|

1 3

Y. H. Ahn, W. M. Chen, D. Y. Jung, K. W. Park, S. J. Lee

@ (ARs of Intact
& IARs of PDS system
@ IARs of rigid system

FrIRE,

A\ t )

L4 Vertebral Body
Anterior \

T 1

33 6, MFZ LA A[ABI(PDS U rigid system)| Al X - &, 3|H

M N

Posterior

ZAlo| bz}

Fig. 6, Change in the center of rotation for the intact spine, PDS system and rigid fixation system
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Fig. 7. Intersegmental rotation at L2/3, L3/4, and L4/5 before and after surgeries (PDS and rigid fixation) under: (a) flexion, (b) extension, (c) lateral bending,

(d) axial rotation

voi 29 | April, 2008 143



Biomechanical Effects of Posterior Dynamic Stabilization System on Lumbar Kinematics: A Finite Element Analysis

V.

3P 23 A5 Ao X5 E ¢ /lEE PDS system} 7]
&9 rigid fixation system2 -3+ 2. A S o] &-3t k3t ek
o 2 93] AF E4E vwge 2 PDS system?] &3}
£ A8 sksith

B Aol AdE HA 25 rd e 7|Ee) A A3Ed 1)
wel v, BE ] LFAA HAXCE L RS B
o 2eiv ol stF A A3 o] AA AU A% A
o} ¥l 7 B o) 37 vl gol TUT ATFS Vo B
AFllA Mg P4 A5 Zdo] kinematics Q7o T &4
7Fs’d€ BFth Zander ${14]2 71& 4@ E<] FAoAA
AdE9] EAA = vhekata 3 9lahy] W&ol thakdt £ &9
HA W E2 Tt AHs = dota sisick wel B o
TolX AgE 2538 A5 2] ZHTE Qv -3 24
A 247 AL ¢ & Azt 7€k 34 29 oy rigid
fixation system©] A€ A& 2de] £5 #9712 A722]
oA EEH A7} v v &E Bo] FQTh

At o 2 £ ¥ 9 (range of motion) 2} 3)A 4l (center of
rotation)- 3 3-9] kinematics A7l A 2.3 W42 L# A 9l
o} AR B Aol A rigid fixation system-S £ & 3
FA o R AAQ] FEe] 88T vt 7Pl 5 2
o] 2 QS A= F AHE AT o] 21 ol A rigid fixation
system 78 1 E & o] &3] & 27| Ale H99 B2
< 951, PR 3 5o mares o) Qo) A3 &
g2 ddste dlof ®ol AMEE] sith AT 7140
oA 7 2 o2 Qlgk Q1A F9l9 H3 7i&3t E 1y 7]7)
o] stk Soll g FA17F A71 53 itk PDS system rigid
system7= €8] 859 AAL F A 9] v]F A SFHTIE
HFAQ 8k AE V1A o2 sHg e, B Bl 7hhe &
T2 3 53te v 28 Fa gri24].

2, kinematics 7oA =23 M2 3 A9 )3l o
77t 23] o] FoiR) a1 gtk 3 S T $F Y ol
2} &5 e AF 29| 51F A 7|A = #3o] di24].
PDS system®] 7ol me, 319 B34 35 AgS 93t
o A 2dH 7L A FAS 2k Aol ol o3 n &
& 9lem, PDS system$ H713le $23 Lot} 25]. 7|&
FHES 24 229 3 41 Fhe] T 3|5k, 1
HE o} YA B3 25 e} o] ST SFHATH26,27). B AT
oA 74 2dle] 3 Al dig dne 7)1 E FREY AR
748kg Ho] Fth PDS systeme 34 2dld]| v 34 $4]
o] Fo 2 o] FAAIR, 2L L A &% Al I F4l9 o] F
73%o] B4 B v)5=3hE Bl F9)v). 121 rigid fixation
system®] 7-F-, 5 Wkl BAIglo] FH $4 o) 3 B 22
o 2785 & & & F UAT 3| T4 25| A
L3 BAVE A} 3] $EL va3, 3 5] B4,

2k

144 | J. Biomed. Eng. Res.

2 o) Fold ged, o] F Hart by 2 B 42E A
R4 A% 37 FAL U tl2a B 93 ik
2 28 240] 4 B7] REow o AT AL AP P
o MYt 33 37KHE Irlsel, Al ${13]0] 478
ol 3 43 23717 A F 43 L 237109 95 A
54 Avis A1 FL volFock oAt Aok 7129 AT 2
Sl BEH 22 W Al me AP AFA) FLF

(osteopenia) === 3 174 7]7]9] Fek(failure) 2 32 (loose-
ning), 7} (pseudoarthrosis)¥ ##Heo] Y& A2 AlRHET}
[13,28]. YA BHAA A FAHL 25 9 AW LT
88 uE /AN, SF 4 & A EFAN e i A
ok FEE D) o]of] whet B Ao e Al Y] SFolARE B4
Sk

220 in vitro A A A 5 A7tk WHe 3Rl load
control protocol> B 3 o F- 3o el B 2l R Al =
4 o] A3 A3t Aot < &71% hybrid protocol A
& 299 oY F9of A& J3S BT o A e
2N A BT 2L o] $ESIIEE BHEE FE AR
LA UTH12,23]. ¥ ATolX = g4 Zdoll 150 N9 ofv] &
% 3157 10 Nme| BHEE A831911, F 71X 9] Ale 2d
(PDS system, rigid fixation system)oll & A4 Zd# & 25
< A4317] 98l 242 o & 4o ERES} I7HE AT

Chow S{9]°l 2]8}9 rigid fixation systemS ©]-&3 <4
oA Al F-919] 1§ 733k £ 3H(too rigid fusion)2 A& 5919
TES At oo tig B} AFHE AP FAANME 23]
50] T7HEE R £ A4 PDS system rigid
fixation systemol] H]&] A& H-919] S5& T FI/MIFCE
A AR 799 L& AT o] 2 Q15k] PDS system
1% Hejol B=dt 5ol mtE HIPA st L &3S A AAIA
Z Ao = Atg "t} &3 PDS system< rigid fixation systemo]]
vl A& o] wlER A4 mdld 2 o) A 25 & 5
ATk o] A= Ale ¥ B 35 7|7 B AZ Tl B
< Sz 7|Ydd

£ AoA Ade a5 Ae Zdse g5t | e FH9] =
o] ohd A 830 4o] YH AT A2 HFE VAR
Al 2glo] Akl s & BAES] 85 HIYsUL A F3A)
9390 BART Ge B4S 72 ") FF A ofAE ol gt
g Botaia], 2 3e] Ho] 2Pd AL AR A 83519
Ale dol ek Beto] o AR AlRHTL

V.2E

£ AT e #3e A4S o] 83}, PDS(Posterior Dynamic
Stabilization) system ¥ rigid fixation systemo| A|&¥ 85-9]
313 Z4)(Center of Rotation)?} 2% *H ¢l(Range of Motion)&
v - $4338199th PDS Systema A|gHe] &% A 3A F49



o1F B 27 AR REH H| 53 B S HoyF| nhe} 339 A
23t £5 S L e AL /1A SANIHA Haa a7
ol thg YA A8 3AE 712 Aow AleHth 18 PDS
system =%, A4, 2, % 349 BE % Wk i rigid
fixation systemBEt} 3} 2o 7}71e- &5 WS Bl o 2x
AR 7919 &4 7HeA 2 B3 714531 ZoiFo] 7] 2d)| AMEE)
o] 2 A|2HIS BAMES Bl 5 91 Ao Alady)

e

[1] A.S.Hilibrand, N. Rand, “Degenerative lumbar stenosis : Diag-
nosis and management”, J. Am. Acad. Orthop. Surg., vol. 7,
pp.239-249, 1999

[2]1 V.M. Taylor,R. A. Deyo, D. C. Cherkin, W. Kreuter, “Low back
pain hospitalization: Recent United States trends and regional
vatiations”, Spine., vol. 19, pp.1207-1213, 1994

[3] K.E.Johnsson,I. Rosen, A. Uden, “The natural course of lumbar
spinal stenosis”, Clin. Orthop., vol. 279, pp.82-86, 1992

[4] J.M.Cho, S. H. Yoon, H. C. Park, H. S. Park, E. Y. Kim, Y. Ha,
“Surgery of spinal stenosis in elderly patients-Bilateral canal
widening through unilateral approach”, J. Korean Neurosursg.
Society., vol. 35, pp.492-497, 2004

[5] S.ISuk,W.J.Kim,S,M.Lee, J. H. Kim, E. R. Chung, “Thoracic
pedicle screw fixation in spinal deformities”, Spire., vol. 26, no.
18, pp.2049-2057, 2001

[6] L Oda, B. W. Cunningham, G. A. Lee, K. Abumi, K. Kaneda, P.
C. McAfee, “Biomechanical properties of anterior thoracolumbar
multi-segmental fixation”, Spine., vol. 25, no. 18, pp.2303-2311,
2000

[7] T.Akamura, N. Kawahara, S. T. Yoon, A. Minamide, K. S. Kim,
K. Tomita, W. Hutton, “Adjacent segment motion after a simulated
lumbar fusion in different sagittal alignment”, Spine., vol. 28,
pp.1560-1566, 2003

[8] C.Chen, W.Chen, C. Cheng, S. Jao, S. Chueh, C. Wang, “Failure
analysis of broken pedicle screws on spinal instrumentation”,
Medical Engineering and Physics., vol. 27, pp.487-496, 2005

[91 D.H. Chow,K.D.Luk,J. H. Evans, J. C. Leong, “Effects of short
anterior lumbar interbody fusion on biomechanics of neighboring
unfused segment”, Spine., vol. 21, pp.549-555, 1996

[10] W. Schmoelz, J. F. Huber, T. Nydegger, L. Claes, H.J. Wilke,
“Dynamic stabilization of the lumbar spine and its effects on
adjacent segments : an in vitro experiment”, Journal of Spinal
Disorder & Techniques., vol. 16, no. 4, pp.418-423, 2003

[11] D.K. Sengupta, R. C. Mulholland, “Fulcrum assisted soft stabili-
zation system”, Spine., vol. 30, no. 9, pp.1019-1029, 2005

[12] M. M. Panjabi, V. K. Goel, “Adjacent-level effects: Design of a
new test protocol and finite element model simulations of disc
replacement”, Roundtables in Spine Surgery; Spine Biomec-
hanics, St. Louis, MO: Quality Medical Publishing, 2005, pp.
45-58

[13] Y.H.Ahn, W.M. Chen, K. J. Kwon, D. Y. Jung, K. Y. Lee, K. W.
Park, S. J. Lee, “Comparison of the load sharing characteristic
between semi-rigid and rigid pedicle screw systems”, 15th

(14]

[15]

(16]

f21]

(22]

[23]

[24]

[25]

[26]

(27]

(28]

Y. H. Ahn, W. M. Chen, D. Y. Jung, K. W. Park, S. I. Lee

Annual symposium on computational methods in orthopaedic
biomechanics, San Diego, CA, US, Feb. 2007, pp16

T. Zander, A. Rohlmann, J. Calisse, G. Bergmann, “Estimation of
muscle forces in the lumbar spine during upper-body inclin-
cation”, Clinical Biomechanics., vol. 16, pp.73-80, 2001

K.K. Lee, E. C. Teo, F. K. Fuss, V. Vanneuville, T. X. Qiu, H. W.
Ng, K. Yang, R. J. Sabitzer, ‘Finite-element analysis for lumbar
interbody fusion under axial loading”, IEEE Transactions on
Biomedical Engineering., vol 51, no.3, pp.393-399, 2004

V. K. Goel, B. T. Monroe, L. G. Gilbertson, P. Brinckmann,
“Interlaminar shear stresses and laminae separation in a disc:
Finite element analysis of the L.3-1.4 motion segment subjected to
axial compressive loads”, Spine., vol. 20, no. 6, pp.689-698, 1995
S. A. Shirazi-Adl, S. C. Shrivastava, A. M. Ahmed, “Stress
analysis of the lumbar disc-body unit in compression: A
three-dimensional nonlinear finite element study”, Spine., vol.9,
pp-120-134, 1984

M. Sharma, N. A. Langrana, J. Rodriguez, “Role of ligaments and
facets in lumbar spinal stability”, Spine., vol. 20, no. 8, pp. 887-
900, 1995

T. H. Smit, A. Odgaard, E. Schneider, “Structure and function of
vertebral trabecular bone”, Spine., vol. 22, pp.2823 - 2833, 1997
M. Aebi, C. Etter, T. Kehl, J. Thalgott, “The internal skeletal
fixation system; new treatment of thoracolumbar fractures and
other spinal disorders”, Clin. Orthop., vol. 227, pp30-43, 1988
I. Yamamoto, M. M. Panjabi, J. J. Crisco, T. Oxland,
“Three-dimensional movements of the whole lumbar spine and
lumbosacral joint”, Spine., vol. 14, no. 11, pp.1256-1260, 1989
S. Vishnubhotla, V. K. Goel, M. N. Shaw, “Kinematics Analysis
of Dynamic Stabilization System for the Lumbar Spine”, 52nd
Annual Meeting of the Orthopaedic Research Society, Paper No:
1278

V. K. Goel, J. N. Graver, T. C. Patel, A. Biyani, K. Sairyo, S.
Vishnubhotla, A. Matyas, I. Cowgill, M. Shaw, R. Long, D. Dick,
M. M. Panjabi, H. Serhan, “Effects of Charite artificial disc on the
implanted and adjacent spinal segments mechanics using a hybrid
testing protocol”, Spine., vol. 30, no. 24, pp.2755-64, 2005

A. G. Viscogliosi, J. J. Viscogliosi and M. R. Viscogliosi,
“Beyond total disc, The future of spine surgery”, Spine Industry
Analysis Series, Viscogliosi Bros., LLC, New York, May. 2004,
pp-131 - 198

D. K. Sengupta, “Dynamic stabilization devices in the treatment
of low back pain”, Orthop Clin North Am. Review., vol. 35, no. 1,
pp.43-56. 2004

F.F. Buechel Sr, F. F. Buechel Jr, M. J. Pappas, J. D’Alessio,
“Twenty-year evaluation of meniscal bearing and rotating
platform knee replacement”, Clin. Orthop., vol. 388, pp.41-50,
2001

S. D. Gertzbein, K. H. Chan, M. Tile, J. Seligman, A. Kapasouri,
“Moire patterns: an accurate technique for determination of the
locus of the centres of rotation”, J. Biomech., vol. 18, pp.501-509,
1985

B. Dahl, P. Gehrchen, P. Blyme, T. Kier and E. Tendevold,
“Clinical outcome after spinal fusion with a rigid versus a semi-
rigid pedicle screw system”, Eur. Spine. J., vol. 6, pp.412-416,
1997

Vol 29 | April, 2008 145



