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Finite element analysis on scoliosis lumbosacral vertebral structure

and its deformation trend
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Abstract: Objective To study the correlation between the deformation and displacement trend of the lumbosacral
vertebra (L1-S1) for two typical scoliosis spines under vertical loads, so as to provide the mechanical basis of
treatment and prevention of scoliosis in clinic. Methods The X-ray computed tomography ( CT) images of two
typical scoliosis spines (Lenke-4AN type and Lenke-5CN type) were converted into 3D models, and their finite el-
ement models were then established and verified. The internal stress distribution and displacement variation of the
models were calculated by the finite element software; the correlation between the lumbosacral vertebral structure
and displacement of the spine was analyzed. Results Under the same boundary conditions and load cases, the
stress and displacement for two kinds of lumbosacral vertebral models showed different trends. Due to its left-
leaning and forward convex bending deformation as well as the relatively large lordosis angle (60°) and smaller
left-leaning angle (17.37°), the Lenke-4AN type lumbosacral spine produced slightly small forward convex dis-
placement (8.18 mm) and relatively large left-leaning displacement (0.97 mm). The Lenke-5CN type lumbosa-
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cral spine showed left-leaning and forward convex bending deformation as well, with relatively large lordosis angle
(59°) and left-leaning angle (26.97°), so it produced more severe left-leaning displacement (20.65 mm) and
forward convex displacement (9.22 mm). Conclusions The deformation trend of lumbosacral vertebra is closely
related to its structural characteristics, and different scoliosis lumbosacral vertebral structures will cause the corre-
sponding deformation trend. The research findings are important for the prevention and treatment of scoliosis.
Key words: Scoliosis; Lumbosacral vertebra; Finite element analysis; Deformation trend; Lenke classification
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Fig.1 CT images of two kinds of scoliosis spine and finite element model of normal lumbosacral vertebra (a) Lenke4 AN type scoliosis spine,

(b) Lenke-5CN type scoliosis spine, (c¢) Finite element model
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Tab.1 Material properties for finite element model of lumbosacral

vertebra
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Tab.2 Structure properties of the main ligaments in finite element

model of lumbosacral vertebra
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Tab.3 Comparison of average stiffness between the models in the

study and in the literature
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Fig.2 Stress and displacement nephograms for two kinds of scoliosis spine (a) Stress, (b) Displacement

3.3 EMEEIEHNTRERE SR

B RIS R 1% 7L AE 57 B TR 0 T A
(R SEE DR T 2 AT £ 22 ) 14 5% 2R R I B 45 4 5 A
TR IO FR o 32k X P A AR AE AR AL f) A8 T

ARG HEA T e v 0, 7 A ) i 3 B4 VT,
Lenke-5CN AU "™ A4 fr) R SEAE 5 e 0K 0k A0 A2
T t5c ke, AT LA RE PEIA A Lenke-5CN 140 ™ fiZ2
HCHESE T 5 AE TE o



RO % HEMNOERESHNARTS N RETRESR

JIA Shao-wei, et al. Finite element analysis on scoliosis lumbosacral vertebral structure and its deformation trend 239

R = 2R AIRARASL L rp g A AT SR T A oL
MBI I — 25 DR BR AR, LA AE (R o0 A
) REDSWNE RS- Sl S B T o 2 W B e PR Y
(DL 4) 19 A7 D 1 HRORK) 25 HE A 2 T Y P
(VAR RS R R e s LT U N

x4 FHERBERENTOBETANE
Tab.4 Location of the center path nodes for two lumbosacral

vertebral models

. HEES/mm
Lenke4AN #1 Lenke-5CN 7
S1 ki 0 0
15 T 12 18
L5 |- 32 45
14 F# 40 63
1A 3R 64 82
13 T 71 96
13 |- 95 115
12 T 103 127
12 3R 126 149
Ll FM 132 161
Ll 20 153 169
N g 2, A% R SRS (UT) |

JAMREN(U2) R EHI(U3) MRIAS, IT3RAS T s
S5 BE R M (WLIE 3) o Hod B AR A
T BIRIIR T R ARE R AR RS T RS

Lenke-4 AN FU ™45 5 () FEREHEZE 200 N 25407
T AR 3 (a) FiR, 783 N L,
H R A1 s RS B S0 b1 s B R A
TR0 38 Ko L1 AR B b 32 1T AP O i 78 e IR A
(UL) J5 7= 1 0. 97 mm fe KNS , 76 SR il
(U2) Jrim = 8. 15 mm f KATHN %, 76 1 B
(U3) Jyfa =i 1.15 mm e KEGE0 A5 o

Lenke-5CN B ™Y A5 A3 A o0 5007 8% il 26 n
5 3(b) iR . 73 A5l LB AR IE AR+ o0 i
H T 459 5 A Bl S50 1R T SR S A S i
B, L1 AMER e vt s s A e R0 8
FESEER A (UT) J7 =4z 20. 65 mm S5 KA WA RS,
FEGARE (U2) J7 =4 9. 22 mm S KRS , 78
T A (U3) = 9.49 mm i KRS o

A A AT X A5 M (A O a5 7R 3 AN IESS Ty )

2
R
\E | 12 4 71 95 103126132153
R
T
i =8| --U3
-10
RIE R SEEE R /mm
(a) Lenke-5CN HIful ™44
g 3 ----- Ul e
g -vu2z
3\3 -2|--u -
i;[ —4 e -
;Ué _g 18 115127149161 169
P_ -—
-10

VR FE B /mm
(b) Lenke-5CN AU ™A%
B3 A#HUOEFNEREFOEBEEIYTRNESTAMNBX
#=E

Fig.3 Node position-displacement in center line of lumbosacral

vertebra for two kinds of scoliosis spine (a) Lenke4AN

type scoliosis spine, (b) Lenke-5CN type scoliosis spine
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