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— Abstract —

Study Design: Finite element models of the thoracolumbar spine with various techniques used in spinal fractures were devel-
oped to investigate the effects of fixation techniques on spinal stiffness.

Objectives: To develop finite element models of the thoracolumbar spine with various fixation techniques to compare their
spinal stiffness characteristics.

Summary of Literature Review: Various anterior and posterior instrumentation options have been applied to stabilize unstable
burst fractures of the thoracolumbar spines. The biomechanical effects of different instrumentation options on spinal stability
are still unknown.

Materials and Methods: The 3-D finite element model of the human thoracolumbar spine (T12-L2) was reconstructed from CT
images. Various anterior and posterior instrumentation techniques, 1-rod and 2-rod anterior fixations, anterior fixations with
posterior fixation, and posterior fixation only, were virtually performed in the developed model with a long cage after corpecto-
my. Five loading cases, axial compression, flexion, extension, lateral bending, and torsion, were applied up to 1000 N and 10 Nm,
respectively. The axial displacement and the rotations of T12 with respect to L2 were measured to analyze the stiffness of the
spinal segments.

Results: The posterior fixation technique increased the stiffness of the spine the most. The addition of an anterior rod from 1 to
2 increased the stiffness significantly without posterior fixation, but little effect was found with posterior fixation. Among all
fixation techniques, the inter-segmental stiffnesses were similar to those of the intact model in torsion cases. In the other load-
ing cases, the inter-segmental stiffnesses were much greater than those of the intact models.

Conclusions: Finite element models of the thoracolumbar spine were developed with various fixation methods. The intact mod-
els were validated with in-vitro experimental tests. The posterior fixation technique had a more significant effect on spine sta-
bility than did anterior fixation. And anteroposterior fixation techniques provided increased spinal stiffness
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with different anteroposterior fixation techniques were

developed. (A) One-rod anterior fixation with posterior fix-

ation(1R-M-P). (B) Two-rod anterior fixation with posteri-
or fixation(2R-M-P). (C) Posterior fixation(OR-M-P).
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gtA et HItE flsted F TR el AEA B Sste AolE SAE RdE Aok Qoo A ¢
95 NEst vk WA A G o] Al F-A128 5 A = A8 AT AAE ol §et iy
A12FF-A225¢ F2 3 Zd(Intact 1L, Intact 2L)=
AEEE, g A B FE AFIASINLL R 5 ot xup @ S8 METIHS0| A[BE B9
95 Jh sk A th(Fig. 1) ool Jjet
1. MAF EQ=0| 25l apd JHgt NEE e FoF Bl thekst HF 1SS Al
sate], $u H 37 AR S AREA] &3, 1709 55
HARY Aol ot FF A Aol o) HFol ¥ g ol g A XAz Al EY(IR-M-NP)Z} 2
Hol e Ao E Rl A% 175 cm, o] 214 9 7 Mo w5 S ol &3 A x Azl Al E B (2R-M-
AAAE 1mm HACE HAFH G HFY(CNAL NP), 17§ 8] 545 ol &5 AW Y& 257 YA
H, AL 2y zg 780] 3D-doctor®(AbIe software £S5 o] 83 S A% o] A Al d LE(1IR-M-P), 2
Corp., USA)E o] &3ate] 334 e Y& s ds) Nel &8 o) &g At ¥¥ e £ A s &
Atk o, FLF R AT AFHE FHCE EH A NG R (2R-M-P), 123 T 7Y ETho] Al
Aol HeE gk AL E T B 8 ¥ 29 (O0R-M-P)& 7t7} 7idstdieh BE Aol F
oA g wdg T2 7989 FEMap® V82(Elec- HE 2R HAFAUWAA S A AAA G%
tronic Data Systems Corp., USA)E o] &3} §3 Q41 (no midcolumn decompression®. 2 X &). o], 3 F14
g2 HEF AT FFo A S g FA L T o] AlglE BE B AW AFF a9 559
AE, WS, AT, 193 7 HECE 44 AFlol Al H ATHFig. 1). # Aol A AR 5 &t
A AHES FHOE L mm A 9 A F WSS B HEHE Al Ei 7Hgst o, e A
ol FHl & ML J o™, FA] ¢ Aol = 0.5mm 77GPa, 13 M 53 7= Yo 3 st Wk
Ao A& Fool A Ak /M A 0. 7H2t e HEYE] U E o5& Lot 03 A&t
FAE 712 AT Aol 94—6104 A12FF o A1 A, F A Eol ALE BE B, A A 59
%E 0.8%, A1 A28 5+ 2455 9] 2t & 7}HA] AR S AT A4 Fd 5T AL S BAS A Al
S AEH AT T3 7H7} e —iriﬂ ?—?4_%7191 J?{r’f:i!% 183 FA o AFHE FASAHANA A, &%, 5
7] f%v‘f—t oF5mm FA S AFE Mo JAEF A O F 7}z ok 10mm, 183 HS5 WO T = 3] A
Roy, A& AF Aol = 019 wpAAFE 7HA & Aste, AA Q2 AFHIF 2 JEHIL HEF THE
A B Y HHF O R 7H 8 T stATH A AE FA o Tl Fol 27 20mm o] 557
WEE FA G FA Abolol & F7h BE S s Est of AYEHATH F&H FH B shE W 7H7 A2
of gt #1432 FI& FHOE A H 9 7] T3 st A28 F 9 AR HelEs F2
Z (Ground substance) 3} 7} 714 ] QF&%: 3} upg-Z o] A aRdo] JpH AT S5 T3 ALR2FF F A28 F 7
st AM Ao EY A F2E 7HAE AfE(Annulus Hote A 2579 dud ddd A1LF9 AF
fibrosus) © 2 4] =] L Thed. o|uf] F7hat T A o] oF H2 3k H A %‘ji O = HASA T 55 A
43%7t HE s 3o g S AR, AFE St vhe el HE2 089 £ npEAASTE AEE,
o] A A o] F7k yEA A o] 19%7} HEE A& &7 U HES 014 A FE S B
GHA S A AT B EH A FXR AFES T o /N ATH A18F AFHo M A A= FERHF
JHo] thate] Hat 0= A4EE o] FEE /HTHU F7kke] 714 (ground subatance) HAFES AAHIA
T}e0, 7k 7k o] 7k A frES 24 Qs ol vk vk o, A2FF-A12F % A1 F-H28 F Ato] 7+
< 3te AlolE SAE AEHJOH, F3 S HgFA o] F3 2 hHs] AAEJT Azl A5
ANEAFE 7= B4 E 738t e "] 7Rkl M= 37HA] QITN (S 1o, = 7F 1o, <ITH)
2 AFdME Ay e Fo iAW T, F 7F AAE AT gE5 o] ol X B A% 2 53 v A
WEQ, FE7I7 Y, S, HEF S, S a2 A 71719 A= AAE oste] A4 = A
A0, S E FA S5 128 nen,
Zhzhe] Qlgje] R A= T4 P AP AF =7 9 3 5t =7 2 HH =A
g e -5 JH e s AR AT, ZH7He] A o
Al F7Re] A i viR7EA R Q1 el| o shef vk 2 BEE Rl A22.5F9 vtatH S S 3] TG AIF
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oM, A12F 39 Ao o] 100 mme] “+” el 7}b 125Nm/°) ©] QL tH(Fig. 2)25,
MRS GIESNmE =23, 204, % =23, 2L v E 2 2 A (Intact-2L) 29 B35k B stz of &
d 8= 7tatdeh. FAV AT w9 AT L2 B A s dEt AT 235 s A EE
Z}z}o] A vl o2, el B 3s] 13177 ol ok 1.86 Nm/° (1.61 Nm/°-0.81 Nm/°) 2. &2 413 & 03_% A3}
oA e A7 7P e A Z Al 3 of Hls AA Vet o, & xfolE itk A, 59
= " #e T tiste] gt Ekel de & Edl =3 2 HIEE = 72 1.6 Nm/°(0.77 Nm/°-2.00
74O 2, Sl A=A 2] YA A#Gle] 5Nme] & Nm/®), 1.09 Nm/° (0.45 Nm/°-1.42 Nm/°), 3.89 Nm/° (1.25
o] M H L stATh & Aol M e 7H7He] atFoll o Nm/°-6.67 Nm/*)=, 712 A A AFo A g 7
st A48 fFa8 s A AZE A ABAQUS® QXS] RS Qtoll EA g ke,
(ABAQUSINC., USA)E o] &3l &) 4] & =3 5} 3 ot
At Rl AAGEA ool wer $AL FHES ) ot zmms0| Al Dol CiEt 24 vlm
FoAX s s JH AR Ur o E Ao, ol
olgste] A4 R AW gl Iy Yzo] AEH K 5744 ¥4« 242l 1IR-M-NP, 2R-M-NP, 1R-M-P,
9 ] k= H ke 2R-M-P, OR-M-P 2. &l o] tjate] 74 s A& st
Bt A o] A= Intact-2L3} 4 35 W] 23513 tH(Table
1). o}=¢ 747452 TR Y A5 7he] oA S v w3}
z ot of AW gl ) sl HFo b A= FF
= A AT 234, A-, SH F3d A= 2
1. MAF XMZE gdlo] = Agd EE Bdo] 4 X Hle] =2 AAHEE E
Atk HEE st5 9] 7%, IR-M-NP2} OR-M-P &g of
2 Aol s B g3 AFstr] 918t M ARG R AAEE B FATh
of F4 ka9 =23, A, 594 23, I EH o T IS Al ek e S 209 & Eel o
38 AHE 7S AMAE ol §F 7= AFH %%94 Ay Aol U o] w4l ogh 4ol Hlal 11~354%
AT A vk A4 14 (Intact-11) B2 o] A S7HE BEew, 3 S A 73 270
o AAEE BE ot 2ol tiste] A2 9 IH o] &8-S o] &% A I & Ul 5550l ¢
of ZAstAth Z=ol ek Y =+ 2.67 Nm/°(1.36 gk 1 %ol Hlsf 5-50%8] 7 S7HE B itk whebA
Nm/®-2.94 Nm/*), 2174 734 £+ 2.83 Nm/®(2.08 Nm/° - T 7RSS N E AL E A T Ao ALEH
37TNmM’), ZH 23 AT 212Nm/ (L75Nm°-27  F489) S/ W 349 S/t 2388 B
Nm/®), 18] 3 v Ed A4 =+ 6.89 Nm/° (4.6 Nm/°- T IRES AN A AL E G455 ol A
HAQlol BE ot 2210 A A St & G
Aok Uh e 2553 219 2555 o &3 A 14
7.00 — oA, T IHES FIIS et A= 747
6.00 97~724%, 62~258% =7}stuth 1) o] & ES o] &3
5.00 A 1zl $9 x| FrrdE W, A5 23Ut
' W F5 ¢ AATHTable 1).
4.00
3.00 —
2.00 1 nl %}
=1 [ [
0 : . . A 2 euk Ay gz tate] A AT, A
Flexion[Nm/'] Extension[Nm/] LateralBending Torsion[Nm/ ,
ronnf ) ExensinhnfLatraitr Tosonn] Agoled AWA A7 5 BE APE0 $94 7 3]
& 1 Level Intact Modle m 2 Level Intact Modle A vk, 24zt o] A W Eo] HF 9 AFd vA = A
A eta Gl sl A= o 7kA] S 3] WE A A
Fig. 2. The stiffness of 1 level intact model (Intact-1L) and 2 OYorrl T &k 2= o] O b 2e2e mbw o] ool -
level intact mode I(Intact-2L) for flexion, extension, lat- Bl & 5 om, 2 S e el ool
ATAE Abololl A A2 QY F4-5 Boli gl

eral bending, and torsion were validated with previous
in-vitro experimental studies*.
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Table 1. The finite element analysis results showed that the stiffness with various fixation instrumentations were changed in flexion,

extension, and lateral bending cased compared with those in the intact model (Nn/° )

L eft-torsion

left-lateral
bending

Stiffness
Construct

Right-torsion

Right-lateral

bending

Extension

Flexion

3.85
3.67
3.02
6.19
4.14
7.32

3.85
3.78
311
6.12
4.21
74

1.09
9.63

12.71

1.09
10.12

16

1.87

34.00

2 level intact
OR-M-P

9.56
2.2
18.13

6.08
16.56
6.74
17.39

4.57
36.12

1R-M-NP
1R-M-P
2R-M-NP
2R-M-P

30.73

21.24

34.49

9.99
27.16

11.96
42.7

OR-M-P : 0 rod-no midcolumn decompression-pedicle screw instrumentation
1R-M-NP: 1 rod-no midcolumn decompression-no pedicle screw instrumentation

1R-M-P: 1 rod-no midcolumn decompression-pedicle screw instrumentation
2R-M-NP : 2 rod-no midcolumn decompression-no pedicle screw instrumentation

2R-M-P : 2 rod-no midcolumn decompression-pedicle screw instrumentation
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