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Three-dimensional finite element analysis on different implant fixation for L, segment burst
fracture

Liang Ning*, Kang Yi-jun?, Chen Fei?

Abstract

BACKGROUND: Thoracolumbar burst fracture is a common injury in clinic. Inner fixation surgery through anterior and
posterior approach is the commonly used method to rebuild the stability. The stress distribution has not been reported in
literature.

OBJECTIVE: To investigate the stress distribution of internal fixation materials in titanium mesh reconstruction
screw-rods system fixation and posterior approach screw-rods system fixation for the treatment of L, segment burst
fracture by three-dimensional finite element analysis, and to compare the stability of these two methods.

METHODS: One healthy male volunteer was selected to establish the T1,-L, segment three-dimensional finite element
model through CT scan and finite element software. The L, segment burst fracture was simulated on the effective finite
element model to establish the anterior approach L; segment titanium mesh reconstruction combine screw-rods system
fixation (model A) and posterior approach short segment screw-rods system fixation (model B), the load was applied on
the models in order to observe the stress distribution and compare the stability.

RESULTS AND CONCLUSION: A Ti2-L, segment three-dimensional finite element model was established. In the loading
experiment, the stress of model A was mainly in the titanium mesh area and the stress of model B was mainly concentrated in
the screw-rod junction. Both model A and model B could gain valid stability in reconstruction of L, segment burst fracture, and
the former was better than later. Mean stress in T;, plane of model A was less than that of model B, and the difference was
statistically significant (P < 0.01). Titanium mesh deposition after anterior approach and screw-rod fracture after posterior
approach may relate with local stress concentration. The anterior approach titanium mesh reconstruction combine screw-rods
system fixation has the better stability than posterior approach screw-rods system fixation.

Liang N, Kang YJ, Chen F. Three-dimensional finite element analysis on different implant fixation for L, segment burst
fracture.Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(44): 8212-8217.
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Table 1 Material constants of model in the

experiment (e : Strain)
Material Young's modulus  Poisson's  Unit
(MPa) ratio type

Vertebral cortical 12 000 0.3 3-D
bone brick
Cancellous bone of 345 0.2 3-D
lumbar spine brick
Endplate 12 000 0.3 3-D
brick
Posterior structure 3500 0.25 3-D
brick
Nucleus pulposus 1.0 (In compressible 0.499 3-D
fluid state) brick
Fibrous ring matrix 4.2 0.45 3-D
brick
Fibrous ring fibers 175 - Truss
Anterior longitudinal 7.8 (<12%) - Truss
ligament 20 (e>12%)
Posterior 10 (e<11%) - Truss
longitudinal 20 (e>11%)
ligament
Ligamentum flavum 15 (£<6.2%) - Truss
19.5 (¢>6.2%)
Intertransverse 10 (e<18%) - Truss
ligament 58.7 (€>18%)
Interspinous 10 (e<14%) - Truss
ligament 11.6 (e>14%)
Supraspinous 8 (€<20%) - Truss
ligament 15 (e>20%)
Screw-rod system 110 000 0.30 3-D
brick
Titanium mesh 110 000 0.30 3-D
brick

FERAU Ly HER SRR - A BT |,
S T B Ly T A o T S T e A ] 2R (R
PR A) R it R BOME 5 AR e P[] 2 AR (52

'Department of
Orthopedics, the First
Affiliated Hospital of
Tsinghua University,
Beijing 100016,
China; 2Department
of Spine Surgery, the
Second Xiangya
Hospital of Central
South University,
Changsha 410013,
Hunan Province,
China

Liang Ning%, Master,
Department of
Orthopedics, the First
Affiliated Hospital of
Tsinghua University,
Beijing 100016,
China
liangning1984@
hotmail.com

Corresponding
author: Kang Yi-jun,
Doctor, Professor,
Chief physician,
Department of Spine
Surgery, the Second
Xiangya Hospital of
Central South
University, Changsha
410013, Hunan
Province, China

Received: 2012-02-25
Accepted: 2012-04-24

8213



Cﬁ% WWW.CRTER.0rg

BT F APAEARE L RERIEA IR =Y RC b7

#B).

BERIARHE N AERERICIYSERE b, DIBR L ME A
Taol Ly Ry M IR A TR B A S AT R0 JG A Bs . R
FEhb b, ANINERIN . BT R BRI, IR AR A
o AR L R A

MBI ERRICH LR |, DIBRL MEAR.
Tl Ly Ry A (RIS A TR i A% S AR 0 JG AP . fE)S
MR INT 120 LoXUAE 5 HEBRAT | SR AT

BRI AR B iR BT 5 ME R B ful b, K 9 5 A A4
P dl, WRET | R AT MEAR B Ak AL 2 v B R S ] 5
ARSI 06 B0 T % N [ 2 ) AO Mathys A ] (1)
Ventrofix 5] AL R 48, AT HANT7.5 mm, KN
35 mm, EHZEEES N6 mm, KEF 40 mm, fIH
BJvevh e BAIR, BRI B e AR, AR B AR R
25 mm, WIREZHN24 mm, =% 435 mm, B8040
HAE4 mmMIR . 5 A [ E 29 4 Depuyspine 23 w] 1]
Moss-Miamifft 5 HRISE] R4, BRETHAE, H7 mmK)E
H60 mm, YhAEEEE AR5 mm, KEH80 mm,
B ERAE HAA N3 mm, K30 mm, IR LR
A BV AT IR o S 56 P [ S SR FHAH [) PRV A G
FSRVEAS S . P ] ) R FH Sl T S AR A,
SR HEAT MRS R K1

ik

X SRR NS LA R R AT S AR
T R 800 NAEH Jy e H 344 gk T T Midk B3R
FA . @FETEE N800 NI, K116 N+ m
(0 S R AT AR T T AR BRI &35 5 L, ai e S5
iy Zetafue . SO @WK LHEAE
N A e A, RILy NERH A S S AN
[y 19t 3 2,

BB AT LUG U AR R A IS
E) AR VA AP 1 A RV 9T & 2 = S (VAP € 2 V= K
P R 418 14D 95 1 R R I A A P ) 280 R0 7 A o
PR HE T b 7 TR DG 5 DT R I 5 AT ) 8 DG i
P, HAFRAHNIIET 5 A FIME S s . AT
REFAAL 2 RE S W7 5 AT R AR A2 40 00 2 R Ak 1)
H/NNRESAT, BRI AR ) PR AT 1 S 4L,
KL LU RED RS AR SR A ST LU HE D)
RE LA A FEAWF T 5

1257, SKRIANEKAEMRN DT WEBABANEE
BZET RN M (1 Von Mises 1 43 i R o AR P, KFARAT
BRI R4 K B3 73 BB, R B ATIE L3045 AL,
SRIGHE RGBT, VST SNy, UL

8214

1 RZBEIN H7 o

MEZEHINGERAMMAMB(EEEAE)FITEEDS
HIhEE R R FHNIE

T o Lo 17 BOHE A4 57 5 e £ 1 (0 U . DMK T,
HEMRTTZ— 45 A, TR ER RSB EA, A,
ATETE FLI0 22 T B R4 VT R RS (. @K
ORI T MERR FRTRT. G4 M A, B, MR UAB
Bk, HEfRJE i EUR DR R EA . B,
JoABELLE, A T 3 A A IR 1 B £ FE
AB L FIAB HLL 52 fi o, @RT 1o MEV IR s I 22 4
W riC. D, EHNCDHELZ, M A JIHAER 5™
HBEC. D, ACD EL, WHEENIM LB, It
e i B0 B HTL G 9 4 A P A e .

SFFE D s 2L 10 P RISy e TR L i 9 (g
) R 7 1] 1B s (G #7056 0 LU AR . 1 357 R 2.
e JE4ENSHLF (100 Nfmm): 846 INem/()].

EBWMEIGHF: B ISR S e,
4 BT 4 L A A TR T 0 10 [ — P T P A4 5 T
Mises /3 {H (AN P4 50N, A4 s B 6145 —
Y, ST BB LB O/ 1 T Mises J AR —
LK

Gt 4T SRS 27 2 W e Ak B

2 #HR

21 EFT LR fh RUER B A SR E
B A CT R KA IR S TR T LB =
AT BRICSEARREAL, AR S AR B AT R RS R 03 fE 15
FUAAR (AR, DL L

b: Mesh model

a: Three-dimensional finite
element model

Figure 1 Three-dimensional finite element and mesh model
of normal Ty,-L, segment
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a: Stress distribution of T1,-L; finite element model

b: Cloud picture of displacement of T1,-L, finite element model

Figure 2 Stress distribution and cloud picture of displacement
of Ti2-L, finite element model under test
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Table 2 Comparison of functional spinal unit mean stiffness of
the finite element model and the specimen

Loading Flexion and Lateral Torsion Vertical

(N-m) extension bending (800 N)

Markolf 16 2.01 2.01 6.01 9.89
Panjabi 16 2.89 2.88 2.98 12.20
Tencer 16 1.10 1.88 4.95 4.95
This 16 2.22 2.47 5.73 10.53

experiment

a: Finite mesh model

b: Stress distribution

c: Cloud picture of displacement

Figure 3  Finite mesh model, stress distribution and cloud
picture of displacement of anterior approach L,
segment titanium mesh reconstruction combine
screw-rods system fixation
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a: Finite mesh model b: Stress distribution

c: Cloud picture of displacement

Figure 4 Mesh model, stress distribution and cloud picture of
displacement of posterior approach short segment

screw-rods system fixation
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3 ERMTENE ) Von Mises {8
Table 3 Von Mises value of titanium mesh under Ioading2
(N/m?, x10%

Posterior Left Right

extension bending bending LCEE S

Segment Anteflexion

First 501 465 321 228 659 577
Second 511 502 440 279 720 558
Third 530 546 402 165 626 445
Fourth 574 456 342 224 686 457
Fifth 586 545 277 257 512 422

*8 JElk LWRETTEINE ¥ Von Mises {H
Table 8 Von Mises value of L, screw under loading in posterior
approach (N/m?, x10%

Posterior Left Right

. ) . Torsion Vertical
extension bending  bending orsion vertica

Segment Anteflexion

First 122 128 150 153 72 348
Second 392 398 165 173 97 510
Third 489 480 177 181 149 940
Fourth 846 838 188 188 207 1030
Fifth 942 Bb5 201 205 260 1470

K4 T RET/EINEK Von Mises {H
Table 4 Von Mises value of Ty, screw under loading in anterior
approach (N/m?, x10%)

Posterior Left Right

. . . Torsion Vertical
extension bending bending orsio ertical

Segment Anteflexion

First 174 351 850 790 212 323
Second 492 490 1240 1190 571 599
Third 583 541 1390 1320 608 590
Fourth 627 591 1560 1450 717 610
Fifth 963 963 2770 2680 946 987

24 WAFAELZFXNTFTpPE&MHVon Misestbin 1k
AU AL O . WEESINEAER N, Ak E
sEMfIMises StressfE Y/ T Ja Bl 2, 7 &R
X(P < 0.01), FEAVERENRE. WAL R,
TE T 6 B 100 B T b P ] o RS BRE 5 iRET FE RN
] X PR 2, TEAE) ) T I e AT S
P, BEIRTS BE AP B R e Ik, WER9.

#5 I L IRETLEN#E 1) Von Mises i
Table 5 Von Mises value of L, screw under loading in anterior
approach (N/m?, x10%)

Posterior Left Right

extension bending bending Torsion  Vertical

Segment Anteflexion

First 866 801 992 957 609 702
Second 869 833 1620 1700 605 859
Third 978 906 1640 1750 808 913
Fourth 1020 988 1780 1800 860 1010
Fifth 1450 1220 3330 2 850 1050 1610

6 B RERAEAE AT K Von Mises {H
Table 6 Von Mises value of rod under loading in anterior
approach (N/m?, x10%)

Posterior Left Right

extension bending bending EERURC

Segment Anteflexion

First 114 114 368 368 179 180
Second 152 170 634 654 238 270
Third 224 199 541 492 206 262
Fourth 123 141 481 666 219 199
Fifth 223 195 428 499 190 286

KO T WEATT I INEAEH R R J5#K A [ 2 5 K Mises
Stress {H
Table 9 Mises Stress values of T1, segment under loading from
different position in anterior and posterior approach

(X£s)
P Antengr a_pproach Posterl_or gpproach
fixation fixation

Anteflexion 0.56+0.06 1.46+0.45

Posterior extension 0.65+0.31 0.83+0.24%
Left bending 0.60+0.05 0.92+0.22%
Right bending 0.7040.07 0.85+0.06%
Torsion 0.61+0.05 0.96+0.04%
Vertical 0.63+0.07 0.85+0.05%

P < 0.01, vs. anterior approach fixation

3 itie

KT JE T BET/EINE K Von Mises {H
Table 7 Von Mises value of T, screw under loading in posterior
approach (N/m?, x10%)

Posterior Left Right

. h . Torsion Vertical
extension bending bending

Segment Anteflexion

First 260 262 148 152 172 110
Second 311 310 170 175 192 307
Third 540 546 174 176 206 399
Fourth 630 623 190 184 245 672
Fifth 899 920 197 196 255 801
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