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Abstract

Research objective: This study aims to reveal the biomechanical properties of the lumbar and sacral
regions of adolescent idiopathic scoliosis (AIS) patients with osteoporosis (OP) under gravity loading.
Research method: Based on CT images of the spine in normal adolescents and AIS patients, a three-
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dimensional model of the L3-S1 segment vertebral body was constructed. By adjusting the Young'’s
modulus of the models to simulate normal bone quality and osteoporosis, we employed finite ele-
ment analysis technology to compare four models: the normal model, the OP model, the AIS model,
and the OP based AIS model, thereby assessing the internal stress distribution and displacement of
each model. Result: Under the action of gravity, 1) the displacement of the lumbar sacral vertebrae
with OP will decrease, but the stress will increase; 2) AIS patients have greater lumbar sacral dis-
placement and stress than normal adolescents; 3) AIS patients experience stress concentration in
the lumbar and sacral regions on the concave side of scoliosis. Conclusion: Compared with normal
adolescents, AIS patients with OP have more unstable lumbar and sacral vertebrae. OP significantly
increases the stress level in the lumbar and sacral regions of AlS, exacerbating the uneven stress
distribution in the vertebral bodies, making the vertebral bodies of OP more susceptible to fracture
risk under high load conditions.
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%2579 0.625 mm, K HAFik )y DICOM # A ST,
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YRR, ANSYS 2021: A R TG4BT ik A
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Table 1. Material parameters of various parts of the vertebral body

1 MRS BOMRESE

JR HE(FLAL) PR (Mpa) VAR EL
B g 12,000 0.3
NN 100 0.2
LGz o 10 0.4
% 1 0.499
£RYEIR 4.2 0.45

R BAA B 8040 0.3
B AL 34 0.2
i Na R 2 5 0.45
Qe A 9 0.4

Table 2. Parameters of various ligament materials

® 2. BEEMHESH

s HEITH YL RIBE (N/mm)

B E rEvati 8.74

P E &AL 5.83

L/ GE AL 15.38

e rEvati 0.19

R EAN &AL 15.75
BB B r&Evati 2.39
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R 1: T BOIE, GEHL L4-L5 T, SEAZ LS MEMR TR, 1E L4 MEfA EER T 10 Nm )
Gl ) R RAS RO AT J5 iR A A ) JeE AN [ e A% 2 B0 W AR S A T ol R RTS8 5 U7 B R [10], Schultz
[11], Tencer [12]H)=E50 45 FBEAT UL, SRIGIEZATY A 2 1

BERY 2. fHTAREAY 1 MGIE A, & T AR R B, Y 2 (1 L3-S1 BRI By, ANEH,
BRI A FH 22 A O JE A2 X GBRAIE . B AR 2 f T1-S1 F5BE, % T4 HEACO T InAa 24 KN KF Fy, i
T1 MEMAR IR — MW B, ShnEi Jaefs T1 B0 8L X O b T1 ksl 2 iR s s, )ik A AR
FJHE AR BFIPE R 710 AE/ A ME X 26 A0 BRCALAY | 53 7 W42 L3-S1 Ak A4 o Co A G Bk R 1F o 2
LRINPER, BT CERIE[13].

24. BFRFHSEHME

S1 fEAM I FomlE e ER, LOREANAN TR EBE. £ L3 MR EiEINE DA . AR
%A 24 10 SH/VFE, WREHE 33 kg A4, REHGASZ ARFER 2/3, BIZ14 220 N. %} L3 #
P BR300 220 N 1 #E 8ai[14]. A R A mAE N A 1 Fos.

= v Bt R RS0 IE
Figure 1. Basic flowchart of finite element analysis of spine
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Figure 2. Displacement cloud map of L4-L5 of Model 1 under a torque of 10 Nm
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Figure 3. Comparison of L4-L5 activity levels of Model 1 with relevant literature
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Figure 4. Model 2 left tilt and X-ray verification
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Figure 5. L3-S1 vertebral body shape transformation diagram
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Figure 6. L3-S1 vertebral stress distribution diagram

[& 6. L3-S1 #EAR 1 FR Bl

4. #hig

TEH JJ#AG T, 6 OP HIREAY e KALRS & KT OP MY, RUATEARRE AR, JEMERE I AR
AR BRI RENE. R, X T8 S RE B, JUH AR IR O R I AR e AR B
T AR AN RT BEARRI S » SXKAESE 1 B A A S 2 F1 55 HEEME PO R 8 M DR 3 0 37 KU [15]) 0 2N 3 90 A1
Brh AIS S8 IR AT IS g 3 S rh T 00 T ) [ A A A REE R AR A A T I ANAR E - [ OP & B354 AIS
RIS BN F17K - IRMEVR AN ST A3 o0 A, ARASAE R AT 260 T, OP AEAASE 5y he 2B 4 XU

AHIFCRESL TS B FaBUE s B8 ZR4EM. ST 12 R 1 AR AR L3-S1 AT BR i
M, RIC T A N MR R e e R . SR, IR S LA A B SRR, JF BB
RIREA AT R, DA AR BT AL A A (S T 44 32 10 OB A . ROR T TR I AR (it
Fo BEAh, ARELEHARLE M AR W B LS AE AR B TR IR AT

DOI: 10.12677/mos.2024.136544 5966 RS R


https://doi.org/10.12677/mos.2024.136544

&5k

(1]
[2]
(3]

(4]
(5]

(6]

(7]
(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

Honig, S. and Chang, G. (2012) Osteoporosis: An Update. Bulletin of the NYU Hospital for Joint Diseases, 70, 140-144.
Haete, FE, i, . RRME DT BUEAAER SR R[], T EE B Ak, 2022, 28(6): 916-921.
Ionite, C., Rotariu, M., Osean, V., Mitran, C. and Condurache, 1. (2022) Scoliosis Incidence and Treatment Methods.
Balneo and PRM Research Journal, 13, Article 504. https://doi.org/10.12680/balneo.2022.504

Karimi, M. and Rabczuk, T. (2018) Scoliosis Conservative Treatment: A Review of Literature. Journal of Cranioverte-
bral Junction and Spine, 9, 3-8. https://doi.org/10.4103/jcvjs.jevjs 39 17

Peng, Y., Wang, S., Qiu, G., Zhang, J. and Zhuang, Q. (2020) Research Progress on the Etiology and Pathogenesis of
Adolescent Idiopathic Scoliosis. Chinese Medical Journal, 133, 483-493.
https://doi.org/10.1097/cm9.0000000000000652

Sgolastra, M., Chiarici, A. and Caraffa, G. (2021) Rehabilitation Treatment for Idiopathic Scoliosis: Theoretical Basis,
Major Schools and Literature Evidence of Efficacy. Minerva Orthopedics, 72, 258-2609.
https://d0i.org/10.23736/s2784-8469.21.04043-1

R, RS A IR IC A WA TE B A AR i B A ], Hh EZH 2R TREARF 7%, 2023, 27(18): 2921-2927.
W, BURTL, T, % HOERER MG M A RO R L S 0 TR IR SO R[] P EAHN T
WF9T, 2023, 27(27): 4393-4400.

Goel, V.K., Kong, W., Han, J.S., Weinstein, J.N. and Gilbertson, L.G. (1993) A Combined Finite Element and Optimi-
zation Investigation of Lumbar Spine Mechanics with and without Muscles. Spine, 18, 1531-1541.
https://doi.org/10.1097/00007632-199309010-00019

IR, BECE, R % 5T CT EURIEHE LALS B RGN T S AW, R AR TR,
2014, 33(4): 487-492.

Schultz, A.B., Warwick, D.N., Berkson, M.H. and Nachemson, A.L. (1979) Mechanical Properties of Human Lumbar
Spine Motion Segments—Part I: Responses in Flexion, Extension, Lateral Bending, and Torsion. Journal of Biomechan-
ical Engineering, 101, 46-52. https://doi.org/10.1115/1.3426223

Tencer, A.F., Ahmed, A.M. and Burke, D.L. (1982) Some Static Mechanical Properties of the Lumbar Intervertebral
Joint, Intact and Injured. Journal of Biomechanical Engineering, 104, 193-201. https://doi.org/10.1115/1.3138348

Mrugom. Lenke 6 HYHr & MAFEM A PR G I 5 B =4 2 AW 122 5 [D]: [ s]. Kb o
K2, 2010.

SR, ARG, VAR, 4. A O B 45 44 B A BROT /0 i R AR A 34 3. BRI A 0%, 2017, 32(3):
235-241.

FEREHE, T AT BRICHIU I AR £ 77 2200 FU S A [ € 20 M [D]: [t 22418 30]. dbat: Abstfb TR, 2024

DOI: 10.12677/mo0s.2024.136544 5967

e
dr
:_[
m


https://doi.org/10.12677/mos.2024.136544
https://doi.org/10.12680/balneo.2022.504
https://doi.org/10.4103/jcvjs.jcvjs_39_17
https://doi.org/10.1097/cm9.0000000000000652
https://doi.org/10.23736/s2784-8469.21.04043-1
https://doi.org/10.1097/00007632-199309010-00019
https://doi.org/10.1115/1.3426223
https://doi.org/10.1115/1.3138348

	青少年特发性脊柱侧凸与骨质疏松的生物力学分析
	摘  要
	关键词
	Biomechanical Analysis of Adolescent Idiopathic Scoliosis and Osteoporosis
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 数据及软件
	2.2. 有限元模型建立
	2.3. 验证三维模型有效性
	2.4. 边界条件与载荷

	3. 结果
	3.1. 模型有效性验证
	3.1.1. 模型1验证
	3.1.2. 模型2验证

	3.2. 椎体形变及分布情况
	3.3. 椎体应力分布

	4. 结论
	参考文献

