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Three-dimensional finite element modeling of whole lumbar spine

and its biomechanical analysis

QIN Ji-sheng', WANG Yu’, PENG Xiong-gi', JIANG Yu-gang' (1. School of Materials Science
and Engineering, Shanghai Jiaotong University, Shanghai 200030, China; 2. Pediatric Department, Southwest
Hospital of the Third Military Medical University, Chongging 400038, China)

Abstract; Objective To develop an accurate finite element (FE) model of human L1-S1 spine segment for in-
vestigating the pathology of annulus fibrosus rupture of L4-5. Methods Based on CT images of a healthy adult,
three-dimensional (3D) model of vertebras and intervertebral discs of lumbar L15 and sacral S1 segment was re-
constructed by Mimics 10.01 and Geomagic 10. 0 software. The 3D model was then imported into Hypermesh for
meshing. With adding various ligaments and assigning material properties of all components, the FE model of L1-
S1 segment was established to investigate its biomechanical responses under various loading conditions including
axial compression, flexion, lateral bending and extension. Results The global stiffness of the model under flex-
ion, lateral bending, extension with 10 N - m load was 0.61, 0.7 and0.75 N - m/(°) , respectively, which was in
good agreement with the experimental results. The strain of annulus fibrosus between L4 and L5 was higher un-
der axial compressive force and bending moment; annulus fibrosus showed obviously stress concentration under
any of the different loads. Conclusions The stress concentration and higher strain in annulus fibrosus between
L4 and L5 could be one of the reasons leading to rupture. The developed 3D FE model of L1 ~ S1 motion segment
demonstrated to be effective in reflecting the biomechanical response of spine and could be used for further spine
biomechanics study.
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Fig.1 FE model of the lumbar components
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Fig.2 FE model of the intervertebral disc



FitE, %5 2EE-HEARTENELREGREEIE

QIN Ji-sheng, et al. Three-dimensional finite element modeling of whole lumbar spine and its biomechanical analysis

323

LR EE R 1 mm, MERSLF4E 82 8] )
SR Z ()38 SR T . HEVR R AT A0 21
JE BT 1) A 2 ) Al L B ) SR 6
TR BATT , 2 (o T i 252 2T 2 4% 98 b R A A 7 72
FERTT % o BEHESR FE Shell Bt i H 32 1 RS 5 H:
T WA S P, AN 25 SR LR ) S AR o 4 AR I A
R DL 3,

B3 2REEMEEDR
Fig.3 FE model of the whole lumbar segments

I A REEE (8T Ak R 25 ) [R) P A4k, FH i A
A P o A S5 A . BERZ IR RS e SR
0.499 9, FE3T 0. 5, A Al JE45" . B ME I 32 % 6 45
AN EF YRR AR T /0N, A 4 3R b 1 41 4EE A
N BRSSP AR B o 250 40 B A R )
BH MAPESEOLZER 1 RS0 A SCHk[10-121]

®2 3MIATHEZENBETW

Tab.2 Angle change of intervertebral disc under three conditions

#1 ARTERGHETHERMBSH
Tab.1 Element numbers and material parameters of finite element
model
6 Tk 4R FERIL/ PSR,
2N %72 NI NI AV I
dpigEs 70 470 12 000 0.3
B i378 21 124 4.2 0.45
P 1 164 555 100 0.2
A 26 582 1 0.499 9
2t 17 016 500 0.25
i Nk 6578 7.8 0.3
Ja I 2304 10 0.3
skt 1734 15 0.3
BEH 1502 10 0.3
BERMBH - 2520 10 0.3
kA 11836 12000 0.3

1.4 BRE5HHEEH

LY SCHCAE R LA ST H B, R A
HEHER T A H R R 248 29 3, BIEME 5 L 0 A 240
R NI, X LU B A s 5 H b
TR — R A M 3 4 el LA AR ) Y
1 HT B (H 5795 A % Y BT =22 i) ] LR AR TR Y
N5 o A3 IR T sV Z Bl X X
B 10 N - m (4 740, RO B A0 0025 | A A A
Z 3 NEE 150 N (R S15 10 N - m (9 S35 AE4DUE
HEZ IE 8 TR

RO

2.1 EFEBEHEDHTRARTERENEIE
TIN5 SCRR [ 13-14 ] v )R pdy ey T REEHE , P 453
iz B~ 2 A RN R 2 R .

2

HiJE/ () Jaf/(°) M/ ()
AR SCER[13] Scmk(14]  ABCRD SaEk[13] Scmk(14] AR Semk(13] e[ 14]
L1-12 3.2 3.05 4.2 2.8 2.64 2.8 3.5 2.85 3.3
12-13 4 3.28 5.4 3.6 2.32 3.3 3.3 3.31 5
13-14 3.9 3.58 6.1 3.7 1.18 2.3 3.7 3.33 4.3
14-15 5.3 4.49 7.1 3.3 3.89 4 3.7 2.08 3.8
RIEEL (N -m) - (°)"'] 0.6l 0.69 0.44 0.75 0.99 0.8 0.7 0.86 0.61




EREYWHE $£28% #H3H 2013F6 A
324 Journal of Medical Biomechanics, Vol. 28 No.3, Jun. 2013

Hop: B2 shAR 1k B AR BT Dl 16. 40, 5 fif
Ry 13,40 QS Sy 14,20, BRI B2 3T T S0 A0 5
BT 2Z 8] 1 ff B AR Akl 5 52 56 25 R W)
A N ER AU TR AR, R 2 T,
FERT R LR AR ST B R iE sh AL A
HHEA T 14 ~5 A1k M R A K
2.2 FEHMT THREZARN NS

A SCH 3 it in A 1) R 7 AR TR ) [a] 6 7S R AR
TEAE 5 L3z By, IR He b —Fh T 00800 #r . 78 L1
B 0V % gy 150 NOFE J7, SR JE i hn
10 N - mf{ s 25, HL 1 AR (B a6 3 i .
H e 3 AT, AR TR] T BT 4R IR A I I (B 2 AN K,
{H 14 ~5 Fl LS ~ S1 2 8] 2] 4 R 1 )07 28 W B . Kk
FHABLFGEIR X AT RESE [4 ~5 FI LS ~S1 Z [ 474
KoM REH Z —
#3 BESHMBENHMEENTS T

Tab. 3 Peak stress and peak strain distributions of lumbar
segments
BB N 3 AE/ MPa AR AR
L1 8 —
Ll ~2 43R 0.97 0.23
12 11.19 —
12 ~3 4R 0.9 0.2
L3 8.02 —
L3 ~4 438 0.87 0.2
14 8.45 —
14 ~5 T 434 0.67 0.35
L5 8.64 —
L5 ~ S1 £F 4k 1.38 0.32

H P&l 4 21 AEBR MR AL 1 1V 3 3 A Al AL 2 4E 2R
£ S 50 7 000 S B ) 8 g 0o T B o, S ECHGR AT

WA, B S PRET HER I SR AW A, UL 2T 4EER
7 S 8 R S R IR N 2 —

MARTYHEAAR R F) 53 A KA, W ) BRI 862 14
AbTFHECR L, B i I R RN T Y AR HE S AR
LA i AL A B R L ) A3 A (025 e R
H BUAEAE S AR R M Ze A W (UL 5 ) 5 FE T |
Ja A S I 5 R A AR R A2 BOR N Ty, ELER
RO ISR RN SV E S A S DN 7 Nz
PR SR WD o DAZT 2 A A A 8 o A 7 A8 3 A1 Of
A S B R i, AR B A R S Ak TR
AEFR S PO (LR 6) 5 552 B REEAE 1) i 114 3 A0
AW, LT GERR N AL 22 H R JE AR 14 ~5 45
B HE 3R Gy RN I N 2 — o Xt A SE 1 07 T ik
TR A R

3 it

ASCHAT CT #9484  Mimics | Geomagic i i
T L1 ~ Sz 17 Be ) 10 4 BEAE = 48 L7 A i, ff
E T LA B e S (A 1 S LAy R T i A AR
LN, R A BROCHE R BETE T R4 A R

ARG 8T MEA BROCEE R I A L Z AL,
TR FROCASE IR ) BRASE 8] 255 MEAACAS L 0, al o
BCE AR A5 UG , B T ROR s A A R
TT AR AR IR 73 F B2 4 TR BRTT , WA R
R A WA S5 R B B R LA 7, BB 0KG
FEREAR ; KU 57 1 /0 Bk 1 A AT FROT AR
B o ARSCHEST R HE B AT BROTES L B B )
A EFAERRAFE AT 6 TR BATT , A6 TR 2 B 4 TR
LA, 4 TP B C S B 5 e R 1Y) i O BEfiE
UEAT FROTRE AL 5 A B AL [y W) 5 1, SCRE B = A R
JCHH RS

B4 FHIRFGEZE D
Fig. 4  Stress distributions on the annulus Fig. 5
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