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Finite element study on stress distribution character of vertebral
cancellous bone in lumbar burst fracture
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Abstract: Objective To simulate the process of lumbar burst fracture by finite element method, and investigate
stress distributions on the cancellous bone of lumbar vertebrae under axial compressive loads. Methods The 3D
finite element model of normal human thoracolumbar motion segments ( T12-L2) was established. Stress at dif-
ferent levels (0.4, 0.6, 0.8, 1.0, 1.2 kN) was applied on the surface of T12 thoracic vertebra to simulate the dif-
ferent axial compressive loads at the occurrence of lumbar burst fracture. The ligature between concave vertexes
of the inferior and superior endplates was divided into 7 portions, and the cancellous bone of the L1 vertebra was
then divided into 7 layers with each layer separated into 6 statistic zones. The average stress on 18 statistic zones
at 3 layers (Layer 1, 4, 7) of the cancellous bone was calculated, respectively. The average stress on 3 layers
under the same loads was analyzed by one-way ANOVA, and stress distribution on the cancellous bone of lumbar
vertebrae under different loads was also analyzed. Results Under axial loads at 5 different levels, the average
stress on Layer 1 and Layer 7 had obvious statistical significance compared with that on Layer 4( P <0.05), but
no significant difference between Layer 1 and Layer 7( P>0.05). The stress on the middle layer (Layer 4) was
the minimum compared with that on Layer 1 and Layer 7. Conclusions Under axial compressive loads, the stress
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concentration occurred in the cancellous bone of lumbar vertebrae. The stress at adjacent vertebral endplates
(inferior and superior endplates) was larger, while the stress on the middle layer was relatively smaller. The phe-
nomenon that vertebral stress concentrating on inferior and superior endplates was consistent with the biomechan-
ical mechanism of broken endplates caused by lumbar burst fracture, which indicates that the damage to lumbar
structure may be related to the stress concentration on lumbar vertebrae.

Key words: Lumbar vertebra; Burst fracture; Stress distribution; Finite element analysis

FECHE AR LB 47 2 i PR b UL 1Y 1 A A AT R
3, DR A B AP A, 8 T U R R
EANTRE , T H A SO 2 S BB R B R
FHEA s AR 122 W I I I S IEME R R AT Y
KA, G B TR G ) I R A 4 A B
2% . A RICIEREMS HERR AR AFAEIY PN 25> a5 5L - 17
TR HRTE T2 0 TR 2 4y
BRI, 1t A A 1 T % 2B 1 5L, Roaf ! A
SRy R 1 AT A T M PN T3 v, AT
SRR 24 ; Ruth 255 D B 41 & 2R 1, A2
TAHEAP T 5 T BB T, TR A% A P R
FUBIE 7 B A PG MEORBE 22 T H AR SSHEIR I
OB 7 5 0 AT VR T MEAR A T o A S
IS 33 A R AT LB Al 0 3 734 5 R HE AR 22 B
P A E A JoK Z , AT AR DL A B A HE . A3
iz FH = HEA FROGIE g s AP B B HE 1 BEiY g2
HE T RADU B MEAR SR T , 20 A7 REEHEAFE (A 571 B
73 BE AR DL , 45 7 A A PO R 0 A B AR AR , P
JS7 73 53 A e AT S

1 HES 7%

1.1 =4F/RuTERET

TEHL 1 2 il Bl S5 PR IR (AR I8 27 % B i
172 em K3 65 kg) B HE T12 ~ 12 iz 8 15 B b
FERGR o 2 H BEAE TCMEHE B 3T 18 PR R A TR
X Lk A HE SR AR AT PR AR S B AR . (]
GE 164fF Hispeed CT/ I BRI JiEH#HLA R E A
TI2 R E & 2 12 HEAR T %A7)2 )8 1 mm E 2047
IR G ESE W E S S i e A '8
( Sunmagraphics M #Y) FHEAT8CF AL FE, & 57 B A
T12 ~ 12 By ik Auto CAD RGEXTIXTE 81
BerpOR [l BARARR P 00 24 53 ) gk A 7 3 Y, 45 2 1
AR LA D), IE AR R 75 235 4] 4 A | BT
B T12 ~ 12 36 8755 Be 4 449 CAD #R RS 5 FEoR
ANSYS 6.0 B f4F CAD A 546 1 A R I0 53 7 B

B, ASE R AL AN TR B 2= 2R i 2L 0] 5 K
JEE IR AL, AR5 TI2 ~ 12 15 317 Beiy A R
JURRE Y s deJ AEA T BRIy Lo/ NS 3, HA
AT 1) 38 3 5% B W A 5T 2 % SOk [4-5 ] 15 .
T12 ~ 12 45 Bt = 4iA7 BROTRR A SR AL A AR H0L
1 @S RO | R

1 BRTADAHSHC

Tab.1 Material properties of the finite element model 7]

il WOt H PR i/ MPa bEL/NE4
MER I B 528 12 000.0 0.30
HEVRAA BT 1920 100.0 0.20

2 408 25.0 0.25

FAR4 BTN 528 92.0 0.45

% 288 0.2 0.49

Jr RS 750 3500.0 0.25
B B /N 362 28.0 0.30
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Fig.1 3D finite element model of the thoracolumbar vertebrae
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(a) Anterior view, (b) Posterior view
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Fig.2 Comparison of ROM under pure moments between the finite
element model in present study and the experimental model

reported in literature [ 6]
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Fig.3 Schematic diagram of stress statistical zone for the cancel-
lous bone of lumbar vertebrae (a) Division into 6 statistical

zones, (b) 6 statistical zones in the middle layer ( Layer 4)
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Tab.2 Average stress on the cancellous bone of lumbar vertebrae

at 3 layers under different axial loads

5 11/ MPa
R A/ kN
T2 2 T2
0.4 2.718+0.521* ™ 1.165+0.286  2.861 +0.283 "
0.6 3.857 £0.663 " ** 1.547 £0.626  3.929 +0.583 *
0.8 4.477+1.136* ™ 1.869 +£0.654  4.331 +1.249*
1.0 4.603 £1.012*-* 2.200+£0.431 4.446 +0.962*
1.2 4.614+1.323"-* 2.387+£0.466 4.657 +1.377*
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