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Comparison of biomechanical properties of different posterior
fixation methods with crosslink for thoracolumbar fractures
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Clinic Medicine, Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

Abstract: Objective To compare the biomechanical differences among 3 posterior fixation methods with or with-
out crosslink for thoracolumbar fractures to find the optimal treatment. Methods By using the validated finite ele-
ment model of T12-L2 segments, L1 vertebra burst fracture was simulated followed with the superior 1/2 cortical
bone of T12 segment removed, and the superior 1/2 cancellous bone was assigned with the material damage
property of cancellous bone. Then 6 thoracolumbar fracture models by using intermediate unilateral pedicle screw
fixation without or with crosslink (Model A1, A2), traditional short-segment pedicle screw fixation without or with
crosslink (Model B1, B2), intermediate bilateral pedicle screw fixation without or with crosslink ( Model C1,C2)
were established, respectively. The range of motion (ROM) , the maximum Von Mises stresses of the pedicle
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screws and rods in the 6 models under various physiological loading conditions were compared. Results The
ROM under flexion-extension and lateral bending in Model A and Model C was obviously smaller than that of Mod-
el B. Under flexion-extension, no significant difference was found in ROM between Model A and Model C; under
lateral bending, the ROM of Model C was smaller than that of Model A. The stress was concentrated on the root
of upper screw and rob located between upper screw and intermediate screw; the maximum stress of upper
screw in Model C was smaller than that in Model A and Model B. The crosslink could increase the stability in all
fixation groups under axial rotation stress condition, and decrease the maximum stress on upper screw and rod
under axial rotation stress condition, but no significant difference was found under flexion-extension and lateral
bending. Conclusions Additional pedicle screws at the level of fracture vertebra can achieve the better biochemi-
cal stability. The additional crosslink not only increases the torsional rigidity, but also decreases the maximum tor-
sional stress of the screw and rod, which is a better choice for thoracolumbar fractures treatment.

Key words: Thoracolumbar fractures; Crosslink; Internal fixation; Mechanical properties; Finite element analysis

Wi PR DAL ) B REEAE B 7 240 o 5 A - T 90% ,
R ET A 10% ~20% TS RHAYT 1 H
AOTE TR BT 200 BF IE 5 (e, O 45 4
HESRBE R A AOTE 2 1, IR T B4 KR 5. F AT
TR I ME A AR SR 3 A LR BRI 22 Al B
KUMBRET 3 R R B P T 7 3o w6 R B [
E BB IE T T SR AL RN AR E 1 (R A
R UL 73 9] 728 i 1 B T R S 8 A 25 O L 2 A
WAL o DF T @A MK A T =S
WA PR I AR I R AR T B34 A
FER VAN AR E P 4 e K9 2R P 3 R o8 3 DX el
AR T R S T S [ A
E 73 SR I I P I RE A AR ) T A AR E TR A
Je IEME S ARBRET A 1) 15 72 Ak, Al A7 SR
i SIERS

1 #RKRFE

1.1 L3~5 EEFRTEREET

VEHE 1 A A A% ny fil R B AT T12 ~ 12 75 B¢
CT REWr -4 (64 HE, ZHE 1 mm, P§ ]/ A, 14
), 2H DICOM #% =014, I 5 A Mimics 15. 1 &
S EAT B WA MR RS R T12 ~ 12
B =4E A PROCHIAY, PR RS 1Y T12 ~ 12 =4E A R
TCHEMARAE AL G A Geomagic studio 12. 0 HifE 4756
LhH $:25 L IGES #% 2 3 5 A %] Solidwork 14. 0
Hh R AR Y LT 454 o ME ) 35 e BB A% N 4T 4R R A
B, H PR 2 S HER] 5 43% 21 4RI R 2T 4E
S AP YE IR FE AN 1, AR AE AT T 29 5 19% o T4 T
FAEAERT A (ALL) JE\B)H (PLL) [ #17)
A (LF) B0 (SSL) (i) )47 (1SL) | A 28 (1]

A (ITL) | OG5 28 (CL) M7 E 35 2 2% AH 5C SOk
[13-15 ], DRSS 40L e ) 6 B 254

A BRSO A Y A FEAE AR A BT 2T A FE T
WA, A8 L A5 ) [ PE R AR E v A
AR JB B L O R R B A R E O L
0.5.0.5 mm7e T, £F 4 IR EF 4 S AT SR F A
28 (truss ) FRITHERL, B2y R 3Z 5K J7 10 26 S0 1
RE M . B A% R AR B A R e A
A 1 MPa, JHFA LGSR 0. 499 5 £F 4 34k [m] 5 58 5 f
LRI R 2T 2 3k 6 e SR AT 4k D 38 OB X
HEFN 5 )2, S HER 0 R 30089 Je M. AN
i %Ak ( General Contact ) #5540, B0 R FREE 152, FiE
PERECR 0.002 6, T12 ~ 12 1E A FRITAR A 3L
PEE A AT P AS 2R Y (AR 1) .

1 TI2~12 HRTEB A REE
Tab.1 Material properties of the T12-L2 finite element

model 1315
M2 R PVERIEL/MPa JARALL  BEERE AL/ mm?
R R 12 000 0.200 —
L/NpiNZS 100 0.300 —
W JE A 67 0.200 —
2t 1 000 0.400 —
A% 1 0.499 —
LY 500 E| o6 —
27 Y BT 4.2 0.450 —
P K 20 0.300 60.0
IEEN ki 70 0.300 21.0
BT 50 0.300 60.0
B 28 0.300 40.0
SR 28 0.300 30.0
1 € ] 1) 7 50 0.300 10.0
KT 26 0.300 67.5
PN 110 000 0.300 —




EREMAE $£31%5 $2H 201654 A
144 Journal of Medical Biomechanics, Vol. 31 No.2, Apr. 2016

1.2 EPEEARNNEEHER

FEIEH T12 ~ 12 4 BROCAARL P FeAl T, A4l L1
HEERZLME BT, B bR L1 MEAR R R 1 172 1)
B T 2R R R 12 A R R 4
JEARHEE (WL 1) o FI A Solidwork 4% {2
LA M 2 B S T ARG 0 P [ 5 R GE
JCARRREE , 322 SCHk [ 18 ] i i3l , 1 IR AT
S5 ERE N 6 mm, BE BN 4 mm, KRG
PR AT FIRE JE A A B i1 52 7 5K, 43 A4 3 A
IFi) J 45 A 1 2y =X R A TE R 3 (9 A PR OTASE AL (AL
2) (D 2 A5 A PN R AT P R A (G IR A AR
Al R A2) @) H R B [ 5 4 (Jof
XA Bl AR AR B2) , (D) LM SLIMTIR T N
B2 (ToREMEREA C1 AR C2) |

gt A
P IR A

REWA: 1 mm/E R E

1 B L1 AR RGBT R
Fig.1 The simulated model by L1 vertebra burst fractures

(¢) B4 C

B2 3WMAREEHENEEAXNREFLEE T12 ~ L2 &5

Fig.2 T12-L2 models by three different posterior fixation methods
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(¢) Model C
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Fig.5 Stress contours of the pedicle screw and rob under flexion
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Fig.6 Comparison of the maximum Von Mises stress on pedicle

screws in models by three different posterior fixation

methods with or without crosslink
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