Modeling and Simulation E#E51jE, 2025, 14(6), 342-352 Hans )
Published Online June 2025 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.146502

ETAMERENSHEETSRNBRTERGN
XN F R MBS

REX, £ &', XL%, HEHR

VR TR S TR, Bl
gt 5 (il ol VREE U i TR S VYU bt

Weks H . 20254F5 260 S ER: 20254F6 190 KA H: 20254F6d26H

H E

FH/ER R I E M ™ (Adolescent Idiopathic Scoliosis, AIS){EN—Fp #iR f = 48 HEW T, HRIRHL
Bl 5EY B TR, BV, BNA RTINS THSMR IR ML R E EE N
fH. HEl, RTHERTEEL XNEDBEREN R R TAVBNARZ . AFAET BERRECTRA
AR, BOHIFHR T AMARNAERTBEST SR, 2ERRERTRA(GREIT S LA $5T). HEg
Wi S5 (VU iR 55 TH AR) R g E A T A S 5HE, 2P T & FRERERE. 8
BRI BT (A . RS M) T HRRAER . FRER, REANTHGTRERA
i@ B3R REF—20E, #5577 RAERERWE B (s KA BN A X ) EFERE
ER . RAZSHAEM A R8> BT E g5 v B 5], SE BB G 4 20 E BN R A,
T e A o AR FE SRETHE R I FIRT, fRIET I8 B HE MR . %8 FiAAISH FROT B AR HIAR
5 SHEFRM T RENBIE ST SR .

XA
BENE, FRTO, £WI%E

A Study on the Influence of Finite Element
Modeling Methods Based on Six Vertebral
Segments of Scoliosis on Biomechanical
Properties

Lianggui Dail, Liang Cheng!, Chaomeng Wul, Junlin Yang?*

1School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai
2Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai

EHEE .

XESIH: ARRSE, fBr, BB, B LT ISP M HE A B BR T 85 7 200 2R 7 2 1 BE 2 1 Tt
F[]. B 517, 2025, 14(6): 342-352. DOI: 10.12677/mo0s.2025.146502


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.146502
https://doi.org/10.12677/mos.2025.146502
https://www.hanspub.org/

AR5 4%

Received: May 26%, 2025; accepted: Jun. 19, 2025; published: Jun. 26%, 2025

Abstract

Adolescent Idiopathic Scoliosis (AIS) is a typical three-dimensional spinal deformity, and its biome-
chanical mechanisms are crucial for optimizing conservative treatment strategies. At present, sys-
tematic research on the influence of finite element modeling methods on simulation results is still
relatively scarce. In this study, six distinct patient-specific finite element modeling schemes were
developed based on CT imaging data, incorporating variations in cortical bone representation (shell
vs. solid elements), intervertebral disc meshing (tetrahedral vs. hexahedral elements), and verte-
bral modeling precision. The performance of each scheme was comprehensively evaluated in terms
of mesh quality, computational efficiency, and biomechanical response, including vertebral dis-
placement and stress distribution. The results showed that all six schemes produced consistent pre-
dictions of overall displacement trends, while notable differences were observed in local biome-
chanical responses such as peak displacement and stress concentrations. Hexahedral meshing of
intervertebral discs significantly reduced element counts and computation time without compro-
mising model accuracy. Solid elements provided a more detailed representation of bony structures,
whereas shell elements simplified the modeling process while maintaining acceptable degrees of
freedom. This study provides systematic data support and optimization guidance for the selection
and standardization of finite element modeling approaches in AIS research.
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Figure 1. Overview of the modeling workflow. (a) CT images of the subjects; (b) Reconstruction of STL model; (¢) Entity
model generation; (d1) Extraction of cortical bone; (e1) Modeling of annulus fibrosus, nucleus pulposus and articular cartilage.
(c2) Finite element model of the vertebral body; (d2) Finite element model of the intervertebral disc; (¢2) Finite element model
of the vertebral segment
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ANIEI T A 240, MR R0 T A% /N A 1 mm, MRS A BCE 9 0.5 mm,  MEMZEATSR A DY T A4 .7t .

T3 BUE SRR eER, EEEN 1 mm, HEAX SRR, B35 N HyperMesh, /i
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HE4: FFERHTRICER, HXOHER 3. Geomagic )5 T N\ HyperMesh, 5 H i
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Table 1. Material properties and element types used in the FE models

= 1. ARTRERANMRBTS B xE

FE S Mpa TARALL W N/mm B
FEREIE L, 2) 12,000 0.3 Solid185 (VYT {A)
FERET%R3, 4) 12,000 0.3 Shell 28
MEH 3500 0.3 Solid185 (VU THif4%)
/N 100 0.3 Solid185 (MU T 14)
FYEIR 42 0.4 Solid185 (75T f4)
HEt% 1 0.49 Solid185 (FNTHi1A)
EE 276 50 0.3 Solid185 (/STHIA)
EN ki 8.74 Spring
JENBH 5.83 Spring
HRIEI B 15.38 Spring
pgvikite 10.85 Spring
MR T 0.19 Spring
BERTTES) 50 0.3 Beam
HEMI AL 58 6) 100 0.3 Solid185 (/ST 1A)
YT AT X 4K ® A7 1A

(a)

(b) (© (d) (©

Figure 2. Boundary conditions of the FE model. (a) Fixed constraints on the lower surface of T4; (b) A vertical compressive load
is applied to the upper surface of T1; (c) Flexion/extension moment; (d) Lateral bending moment; () Axial rotational torque
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Figure 3. FE models constructed using different strategies
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Table 2. Number of units and nodes for different modeling methods

®2. AEERAENETESTREE

BT W R
ED! 47,266 93,280
UE Y 1,130,098 1,745,076
HE3 76,138 37,205
EX 260,603 86,638
E N 255,581 79,342
VEX 255,581 79,342
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T2 WRVE S R B R E R B X3, MR 3 5% 4 BURVE W B0 A0 T80 o0 A IR 48 X3,
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£ 1000 N HE B /EFH T, ANFART@ES T R EIH A FE R RRE, 1 4 frs. &7
FH BRI ER RN HE1(2.96 mm). /7% 2 (3.00 mm). 5% 3 (2.81 mm). J5& 4 (2.76 mm)-
HES (291 mm)FIHE 6 (097 mm). (i B AR, a8 AR A % o i U A — 3,
FARERDN:
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Table 3. Mesh quality scores evaluated in ANSYS Workbench
%% 3. ANSYS Workbench i B9 #& RE1F 5

A&V wE S 54y P2 AR
ES! 1 0.54 0.19 0.03
E W 1 0.81 0.11 0.06
HES3 1 0.82 0.13 0.23
VEX! 1 0.78 0.13 0.13
E 1 0.77 0.12 0.13
HE6 1 0.77 0.12 0.13
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Figure 4. Displacement distribution under vertical compressive load. (a) Model 1; (b) Model 2; (c) Model 3; (d) Model 4; (¢)
Model 5; (f) Model 6; (g) Comparison of peak displacements among the six models
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(1) T1 HefR 2IEAR T UM RS HRFE, &ALALFE R EIIIR I 7
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XA o3 AT 22 S ml el T DL AR ) AL

(1) T1 MEAR H T B ot i 1) v W B2 AR 1 (VAR 24 12 GPa), il [m] T ORI A A4 1) [F) 12 5 5

(2) T2~T3 MEAKAIAFLEME A] AL 45 M (PR R L) 3.5 MPa), HoRG s MR 1% 15 Bt T 3 Kiissh
H R, AT AR AR T # e e 1) 52 S A A A

£ 4 N-m JJFAER N T1~T4 15 BATJEIZ i, & @A 5 I H AN E 1R J1 2% R E . T1
HEAARI A WEAE R ON: T 1 (3.19mm). T 2(3.23mm). /7% 3(3.39mm). HE4(1.21mm). HES5
(1.75 mm)FI 7% 6 (1.47 mm); K FTJE 5305 (Range of Motion, ROM) 758 5.2°, 5.3°, 5.1°. 5.8°.
6.2°F1 5.5°, WIS Fram. BANE T RN RS WM 22 57 B 35 (Fe K 22 514 2.18 mm), {H ROM ZE S5 A%
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Figure 5. Displacement and range of motion distribution in flexion/extension movements. (a) Displacement distribution of
Model 1; (b) Displacement Distribution of Model 4; (c) Comparison of flexion/extension range of motion among six models
5. B/ RREIHFNMBEENESF. () RE 1 ABSH; (b) RE 4 UBSH; (o NMEEEr/RRE
EEXTEE

W—B K, AFETTRERTBMBRHE EAAER R ZES . fla, 7% 1 PEE R m A ik
F| 2.4 mm, MHTRE4MN1.07mm. XFZERAREIET UL N ER:

(1) MHRHE M AT 77 2 2 57

(2) PRSI 73 SR AN TR

(3) HFFA AL FE T =

TEAM T T 5 4 BEIRBEARRL RS B/ AR HAT RS AURL 3R 805, 1X —RRAIE T REMRE 1 N1 07 221 ROM
5.(5.8°) 1M i T &8 A FS B R BT % 3 19 5.1°)0 X—IHREM, fEEM A IR e RVERERS, 752
LRGBS o A R AN TG B FE 55 2 AN R ) 48 hw
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4.98
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221
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Figure 6. Displacement and range of motion analysis in lateral bending motion. (a) Displacement distribution cloud map of
Model 3; (b) Displacement distribution cloud map of Model 4; (c¢) Comparison of the lateral bending range of motion of the
six groups of models

6. METHEHPOMNBSEIESN. (1) RE 3 UBIHEE; (b) RE4MUBIHEE; (o) /REERNE
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DOI: 10.12677/mo0s.2025.146502 348 5 1 A


https://doi.org/10.12677/mos.2025.146502

AR5 4%

3 (498 mm). FE 4 (1.21 mm). FTE 5 (6.47 mm)FIJ5E 6 (4.75 mm); AN E 550 (ROM) 2354
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Dimm D FR6 M—
3.52 3.59
313 319 vESE 00
2.74 2.79 ETE ]
2.35 39
195 1.99 HR3 I
1.56 1.59 FE2 I
1.17 1.19
0.78 0.79 FE
0% 0> 6 65 7 15 8
ROM/°
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Figure 7. Displacement and range of motion characteristics in axial rotational motion. (a) Displacement distribution cloud
map of Model 5; (b) Displacement distribution cloud map of Model 6; (¢) Comparative analysis of the axial rotational range
of motion of six groups of models
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M 4. 2 JE A2 B [

TR SR 2 W R B, R & i K[ 14] MR E @R, BA15% T Tomasz
MIRESE, RAFER TR A, DU =g s il FE[15]. 1% A T R o> 4R %, SR
PERE X, ToFRWEETT AT WA o3 o B P& 3 R BB R /N THER K R S 9 R, 8 T S ) i B
SEH, MCEBURISE— e FE R F A GBI SR, AR R IRAE TR B G R TR RE 7 Tl R AR K
A B SRR EO RS R B I R S B IR, TRV A TR R B T M I AN IR, R R TE R
firk DX 3B R ) B R X 4 5 5 R O S R

T % 4 WHEET Guan SE ANMIRFTT, XPHEEAFE X0 T 7 AR R EE 8], 125 14 fAUE
T RE AT S AT A — € % 5, AL H TR, Bom R (g — 3k
FLBAEARIAAE T 5B XIS M J5 30 2 5 W 2 [ Al oG R I B RE AR . 7EM R S 80k 7, 2
JRE N 12,000 MPa, J&EB4EMIN 3500 MPa, 3CEA 50 MPa. HTJE il XIR&E BN E 4, MR T5EHm
JUEBEEL R 1 57 2 il [ N IR SRR I R TEAS, %52 AR B L S A R S S LAATRFAE,  [H)
42 el T S IR . DR, TR AR S S B B RS R T T R — . L
TEHF TR A 1) 4 Jm A AT B R 5 A

77 % 5 3T Bavil 5 AT, KA Beam HLIGE T E [14]. @I E MBI H, AT
BCE R EEST, (HR TR IUK A T4 L, BRI BT Rl R ), B TC VR B,
FIE7E ROM E 5 RRIEA X H], wfReEdihideiim s, SR “Bib” . BHRKREN T
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TR 6 BT HEXMERHI, MRS R TS MM S516]. %7 ZEBE S, @i
BA RS E 3 m, AT FCE FOAE T AL S AE B, 1% 05 YRR AEAE T 18] S 1 [ A A 11 T Ak A 1
B TIERAREAT 0 H B PR ERRKNZES, HEE LGRIEIAEE, & — MR G165 09258
T

B B3R D5 ERAN, UG 22 R @ RS IS AR o 9 0, Karimi BF 7056 T 2296 A IR T B R 5+ B 2500 17].
ESRZIT MR Z F RV AEY S, EIERE RA 56 A M REE LR KN, B 5 BB
LB o 53 3 A T SRR B S0 AT AR IR th O B R e e, ERORME R B SR ) B
T M e 2 R 28 J8 2 R IE AR, (HAEIGIERY B, M CHE FLIR AN T IR SR AIE H A 0F 70 2 [18]
TEEMTF BT, AR RO MER[19]. ZBEHE 5 AR K B [20]. R 4 SR T &
RERE21]. 1RV R SHERIB T, B2 N HERI B 5] NS5 R 50 IR T A F AR 25058 [22], iX
BETTIELERR A SOk C 3RS R A1) H HEERRE, R R — PR A Gk . S utiiEd
Wk TG A ¥ I 7 45 SRS ARG R, (RN T B RG50S, (0 A 7S AR RS 2 18 35 0 n i 5 i
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