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Biomechanical finite element analysis on bone graft fusion of bi-
lateral articular process combined with spinous process to pre-
vent postoperative correction loss after thoracolumbar fracture

surgery
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Abstract: Objective To develop a biomechanical model of bone graft fusion of bilateral articular process
combined with spinous process using 3D finite element method to explain its preventive role on postoperative
correction loss after thoracolumbar fracture surgery, and to evaluate the effect on preventing postoperative cor-
rection loss better than that of bone graft fusion simply in bilateral facet joints. Method Computed Tomo-
graphy (CT) scans were performed on L1-2 motion segment of the fresh spine specimen of an adult male ca-
daver, and mechanical model of functional spinal unit of L1-2 with vertebrae fracture affiliated disc serious
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damage were developed by defining injured material properties. From simulating dismantle internal fixation in
patients who were dealt with bone graft fusion either of bilateral articular process combined with spinous
process or simply in bilateral facet joints, two digitized surgical models were established by finite element
method in Ansys 11.0 software platform. Four load conditions containing compression, anteflexion and retro-
extension were added on digital fusion models on the basis of three-column spine theory to compute stres-
ses/strains in bone graft and endplates and compressive displacements in damaged discs. Result Under
the action of compressive load, anteflexion moment or post extension moment, the vertical compressive dis-
placement and strain of disc annulus fibrous of the new fusion model (FSF) reduced significantly by 20%-
35% than those of the old one (FF); and the stress level of bone graft of articular process also decreased a-
bout 55%-13% . The bearing capacity of the interspinous bone graft increased markedly up to 25-12.3 times,
or more than that of and supra spinous ligaments. Conclusions After the fusions between the bilateral facet
joint and the spinous process, the load bearing function of the spinal column is carried out mainly by three
points of the spinous process and bilateral facets in three - dimensional space, and a new strengthening
tension-band is formed by transplanted bone between spinous process. It can increase the three-dimension-
al stability of spinal segments, effectively relieve the stress concentration on the bone graft area of bilateral ar-
ticular process, and reduce the vertical compressive strains and displacements of the acutely injured disc,
which could prevent the loss of postoperative correction after thoracolumbar fracture surgery.
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Fig.2 (a) Only bone graft fusion of bilateral articular process was

done (Arrow 1-articular process bone graft area); (b) Bone graft
fusion of bilateral articular process combined with spinous
process was done (Arrow 1-articular process bone graft area; ar-

row 2-interspinous bone graft area).
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Fig.3 (a) finite element model of single-level bone graft fusion of
bilateral articular process (FF); (b) finite element model of bone
graft fusion of bilateral articular process combined with spinous
process (FSF) (Amrow 1- articular process bone graft area; amow
2- interspinous bone graft area).
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Fig3 The FE model-produced vector diagrams of the isostatic
stress flows in lumbar under the compression load (mode II ):(a)
FF model; (b) FSF model. The arrows represent the transfer of
compression (—«blue) and tension («—black); The length and
density of arrows signify the magnitude of stress flow, the align-
ment of arrows signify the orientation of stress flow.

2.2 FF #FSF MR AR EEEEEEH
WESE LR JEGE R (RS A AL

L1-2 HER =B 45 0 B B 2 WAEL BT
NHA BT ESSR R, 548 AT 5 )5 45 4
MABEMEAENT (I VIV V), PR & R
IR RAE XM T B AL, b AR
B 16 ~22 4%, FSF [0ME B] 85 1 1] FR 45 (7 4% 5 R 48
BEAEEE FF B s/, /N 2904 20% ~35% 5 KT
FAEE KK von Mises Jif Fj tL 2 g/ NS, ot/ M it
795.5% ~ 13% ; FREE [B) A DX AR HH R g EE R R]
SR B R iR, S B AE 2.5 ~ 12,3 fF LA B

BRA SR IR R AR N 7 L) BH B 3 i, #E 400 N
B AR T, B A AR SRR A
F14yER R 117: 283, T R Ak A ALl 168: 232, 5
SN EEEFGAEE (L) BEF, Bra & s
(FSF) [ b &N 7 48 R Rl A B (FF ) 2380/0
B OHE L2 B L 2R TR L1 R 44k 5
R, NIEIR(EZI 0 24% ~28% , %2 i T FF
1 FSF @& MORI7E 4520 A 0 A0 4 FH T B0 R g
AR TN B HE
2.3 FF 0 FSF MRS ERNEHRERK I E
MAhRERSHHILE

FF 1 FSF Wifh g A BN 7E gk il T L 0L 10
ERT 2B B AT 2 3h, FF 3R K 5 3845
P32 Bk E) 5 0 0 Ry AR hr, FSE A ) S5 BE 4
M2 B A B R A hr, B R 5B/
PHEFIAR— B TR B R ) R B U, THR R SR R R
TRIGZE RSO TN R ZN, B SR BN A7 1 % B T A
SLEER HE R, WWE 3(a) Fi(b) . TESFMHEEE(IV)
T, FF @A RS A RRIE] S50 B30 B AL st T R 2
Br, SRR HBLIR BN 1K B, {H 2 FSF A
RIF BRI B AR AT 32 BV FE 22, B T 324
BIFR BN T R B

3 itig

UEEESR , 6 THE S AR BT T M EHE B ARG
R IE B4 BT R U AN, H 2, B TR R IE 5 45
MR R R, BEA AR, R, 6 BR b MR
SE—MARERI TR . BT, IR IR LE R
WA FFYY M SARME R A M S ARIRAT
B JE Bk AR IR R A TR 4,
H LR AR T B F ARSI R A R B R LT
MTREE AR G5 IEE K PER, T & B S FARRE
iR FAREETMAEE KR,

James 2" IRIA G RERAE BB, A NG AL
PR AR AR X PR i, B R B R R B
IR G R T+ R, M EISEER B, A
SCHEFAR M T —FEr B9 BB 01 (FSF) , 3 FARJR
A5 B IEE K 04 H B A SRR AL R
r Rz FH S i R A P 2R () P R B S A,
BIVZE XU 6 5 ST B A b, 48 T R A B Ry
I35 RERR R TR L BB T AR5 B IE B4

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

EREMHE $£24% H£3H 200946 A
198 Journal of Medical Biomechanics, Vol. 24 No.3, Jun. 2009

F2 ARMBEXTEAEBAARXNNENIRES EBLILE
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