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Abstract
BACKGROUND: With the innovation of examination technique, the number of patients with spinal metastases in different stages is increasing year by year.

Percutaneous vertebroplasty is an important treatment for spinal metastases; however, there is no report on the biomechanical effect in different stages and
different activities after operation.
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OBJECTIVE: To simulate thoracic T, bone stress and displacement of the different locations of the tumor metastasis based on the three-dimensional finite

element model.

METHODS: According to thoracic three-dimensional CT images of a 30-year-old healthy male, Mimics software was used to construct a three-dimensional
geometric model of thoracic vertebrae (T,—T,;), including ribs, ligaments and intervertebral discs. Three-dimensional models of T,—T,, vertebral bodies and
different parts of the posterior thoracic vertebrae invaded by thoracic metastatic tumors were simulated, including the control group with intact vertebral
structure, unilateral metastasis involving the vertebral body area (experimental group 1), unilateral metastasis involving the vertebral body and pedicle area
(experimental group 2), unilateral metastasis involving the vertebral body, pedicle and transverse process area (experimental group 3), and bilateral metastasis
involving the vertebral body, pedicle and transverse process area (experimental group 4). Abaqus software was used to create a three-dimensional finite
element model. The von Mises stress distribution and the displacement of the model were analyzed under the loading condition, buckling condition, extension

condition, and rotation condition.

RESULTS AND CONCLUSION: (1) In the study of the maximum total displacement of loading points in different experimental groups under loading, flexion,
extension, and rotation conditions, with the increase of metastatic tumor invasion site and invasion surface, the total displacement of loading points increased,
and the overall stiffness decreased, especially the total displacement of loading points in experimental group 4 was the largest. (2) Under flexion condition,
the maximum Von Mises stress value increased significantly after vertebral body and pedicle destruction, while the maximum Von Mises stress value was
almost unchanged when the thoracocostal joint destruction was added. (3) On the basis of finite element analysis and simulation of bone tumor model, the
elements in the bone cement region were set as a single set, and the bone cement region was set as the corresponding material properties to simulate bone
cement filling. The results showed that the maximum total displacement under loading, flexion, extension, and rotation conditions was less than that of each
experimental group. (4) The maximum stress values of the simulated percutaneous vertebroplasty patients in the loading, flexion, extension and rotation
conditions were significantly lower than those of the femoral model. (5) It is concluded that the three-dimensional finite element model based on thoracic
T,—T,, conducive to the biomechanics characteristics of thoracic vertebrae tumor metastasis, and on the basis of the thoracic vertebrae tumor metastasis model can
accurately simulate load point after percutaneous vertebral body under different conditions of total displacement and the maximum Von Mises stress situation.
Key words: spinal metastases; percutaneous vertebroplasty; bone cement; finite element model; biomechanics analysis

How to cite this article: XIA GR, YU H, JIANG SF, PENG X, FU X, CHEN Q, YANG LZ, WANG TF, LI H. Biomechanical characteristics of thoracic T,, bone tumor
metastasis at different locations: three-dimensional finite element analysis. Zhongguo Zuzhi Gongcheng Yanjiu. 2024,28(36):5759-5765.

0 3| Introduction

A TR (100328 A % R 1 A A T AL 2R e 1) 2 SR A
BHEBAESE ., URT MR, HAgiEsgrmsEigm 7
BFIEGFE Y. BRI 2 R FE AR
T, R 2 BOME R I R 98 503 IR HIT PPA 32 245 AR A7 SN
T o SATT, PR A AT SR ). 28T AR 1 VT e 6
AR 8% F 2 5 B 1 30 s T 3 R 1 79 B Rtk
FUA R R I A OC B R S MEAR A=) 7 2 i, AR
FAREBHLAESR A EZRIGAR T FE L.

H AT ] AR T A A 1 T T R R 2 IS T —
SUERE . LS5 O R LR (AL R R T R LA 5 PR
MESpT AL S8 0 LA e ey, AT 73 LR AR A 5 A8 8 ) 122 28 Ml i Afl:
WAL, FRAZ VIS, BRRESAREEEN SR
TR G, Horh Ay AR B Rk SR ]
CAUR I AR A 98 By 12 22 i EAE R A, SR T AR A AR 7
AR A, H AT PR A R = 0 A A7 1R % A% 08
HAMBI 1. RN, HRRERBAMER. HESR. W
oAb B e ML f U, B Rl TR
FERS AR R AL (04T PR TR R TR Fe i /b . b, cun &
WESE, K4 i HER B TE R (percutaneous vertebroplasty,
PVP) B& FH 2 OB A e R TR0 R MEAA 1 7 F8 35 IR I 950
ThAERERS, Rk K S 3ERE. AMORETTI 4% U2 §Es, G4
IR ALE PVP IRYT J5 A B MG R RO o2 et . A2 A
b, SRR T T B CT $df, SR A Mimics 20C1F A4 82 i
ME (Topy) =4EA R G LAY, [FIBSBLHL S PVP R 5 HEIR
Tyo EANR AL N K ZE 7 (Von Mises) W ) 73 Aii S B2 ) 437
FAB L, NG IRAS [F) e A IR A 2 I AE ) F RIGIT 52 it 2% .

1 ##F1755% Materials and methods
1.1 kot =Y RR G LAY KA BR G A EL o A B R
EZNEE AN et AL LI C

5760 | DEHERTIEHR | 5528% | 5365 | 2024F 128

1.2 BflEASeE RIS T 2023 47 1-6 I 7E E R G AE
S I Bt B R 52 R
1.3 st P ERREEBE S AER R 1 44 30 2 (iR B
HME =2 CT s, HEF AR 80 kg, £ 175 cm,
AR TEERIEES R ERE BT EANRE,
HARAT A R B A T e Rg 5 e A0 B 23 SR it (A5
PJ-1$2023-010).
1.4 ## Mimics 21.0( ELFH} Materialise /A7) ); Geomagic
2017( AR E R AL BE 2 3D ALK 4 N H T H., Geomagic
AT ); Hypermesh 13.0( = ZE AL IR, IAERAF );
Abaqus 18.0( 7 FR G A, AR AA] ).
1.5 Fik
1.5.1 ¥R

Bt CT 3355 HMN 300 mA, HIRN 120 kv, 2
JE£40.625 mm, 1424 0.363 mm, [aj#Hi}y 0.625 mm. F

FERAGWZ KM 526 5K, T LL DICOM #4 AR A7, 70 F N
512x512,

1.5.2 JUBE R A xb R HEAT CT 8, K IRE I
DICOM 4% 2\ JFL A K% S N Mimics . i3 Mimics 244
1] “New project” fiy& N CT G C:, wE MK 51,

732 = LR TH DA R A B . B okiEid “New Mask”
DA% 2 1) HU AP0 BBl o) 2 P8 AP 7 i TR AR M 26 e SR i, )
BB Sk SR SRR R A FURRE (1, [
FEAEMEFS fi. 255, 1@id “Region Grow” Zidsi 5 S ANAHIE
(RN s, FRFIA “Split Mask” £E/NGTTAb o3 TS X35, K
[AE kI, EEEEAE. BT CT IR E. BN
Gl HU (A #0025 A =, B Sk 2 A 2D 23l 5
HLAEY, THENG A L 2 & 2k, “Edit
Mask” £ 45— JZ Dicom [ F %6 B [f 47 B HEA T3, 50 IR

IUAE NG B 78 07 1) 5 fROZ /N 64T “ Caleulate part” SEARAL, 4=
FRSAR, AR JE R A BRI SR G O st SCAE . B Mimies



HAREE

PEERTERAR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

AR R st SO SN 3-matic 1, B RFE R BIALEE, AR
FRAEASR (VA [ SR/ OGRS oA stl SO A

FIIF 3Matic B {44 = 4 A5 7L o of 7 14 At 35 57 B V2 A
R, FReadl b b S B N A, R
DR g BT . IR SR . BB, MR A, i
I IR G N = R TS T

MR A FEE H 98 Tomita 437 K EBIHARA 2 ™1 i 7y 48
U005 R 980 12 B AN [R) o B 1) = R R T 20 B 5 4. b
WA TE RN IR, B R IR R MEAR X S0 40 1, #
MR B AMEARFIME 5 AR X i dl 2, S8 B A
HE S RIS S X N SZa0 20 3, XU EE RS B R EfR . HE 5 HEAN
RER X AL 4,
153 =4 HMRICHE A #ET Fstp =4 T A
Hypermesh 1, E47 W% &1 4, 36 4% DU T A4 B e R 47 %1 47
BRI C3D10, WA NS 0.5 mm. WIS B B E RN
361693 K A% SO D inp S

7E Abaqus B R BV ER B F1 o ATk, IRk inp SCPE S
NFE S, R @A AR, B SR A truss HLOG. JF
F A AL Assembly BEHLH AT .

Xof i AR AR, K R DX Sk ) BT R O — N U
M) set B6 o Ja SR 1 e X ok 8 B 6F I (1) 4 ) I 1 DAASE AL
PR RANE 1 FR.

SR 1( SRS R AR ) SR 2 (BRI BRAME AR A S AR X )

S 3CRONERS B R, METRUIBE ) S2es 40XIEERS ZURHER . HE S AR )
E1 | TRSHAEHEBE=HHRTER

Figure 1 | Three-dimensional finite element model of spinal metastases in
different stages
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Figure 2 | Three-dimensional finite element model of spinal metastases
filled with bone cement in different stages
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Table 1 | Finite element model material properties

M LR (MPa) VARALL
HHEE
AW 100 0.2
Fe I 12 000 0.3
HEM T T AR 4000 0.3
R AR 0.17
HE SR 3500 0.25
iAEES
% 1 0.49
IR A4 Neo-Hooke
WRE Neo-Hooke
KA 3500
W
GG 15.6-20.0 0.3
JEP I 10.0-20.0 0.3
i BRIk 12-58.7 03
vk 13.0-19.5 0.3
) 9.8-12.0 0.3
L 8.8-15.0 0.3
RS R 0.01 0.4995
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Figure 3 | Loading condition of
three-dimensional finite element
model of spinal metastases in T,~T,,
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Table 2 | Maximum total displacement of patients in each group under
loading, flexion, extension and rotation conditions

2053 i et il fiif gk
IEHH 0.204 7 0.806 0 0.9312 1.4840
SEEGAH 1 0.204 7 0.806 5 0.9316 1.4840
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Figure 4 | Displacement nephogram of patients in each experimental
group under loading, flexion, extension, and rotation conditions
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#3 | HAERERE, Bl MR, FELATRANNER (MPa)
Table 3 | Maximum stress conditions of patients in each group under
loading, flexion, extension, and rotation conditions

2H 51 i i e JiE#
EHEA 2.607 0 12.8400 15.340 0 18.900 0
SEGAH 1 2.608 0 12.960 0 15.460 0 18.9100
SR 2 13.950 0 24.960 0 37.2400 101.1000
SR 3 38.2300 110.800 0 142.900 0 277.200 0
SEYGAH 4 111.700 0 112.000 0 736.600 0 810.100 0
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Figure 5 | Stress nephogram of patients in each group under loading,
flexion ions, extension, and rotation conditions
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Table 4 | Maximum total displacement of patients in each experimental
group under loading, flexion, extension, and rotation conditions after PVP
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PVP+ SEEG 4 1 0.2045 0.7897 0.9116 1.4830
PVP+ SEEG A 2 0.2045 0.7956 0.898 7 1.4830
PVP+ SEEG 4 3 0.7427 1.5440 1.8100 5.3840
PVP+ SIG 4 4 1.9230 3.0770 3.3000 13.940 0
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Figure 6 | Displacement nephogram of patients in each experimental
group under loading, flexion, extension, and rotation conditions after PVP

B Ty BRI A 43,380 0 MPa, ek T F HH T,
S50 57 9 11 {E 49 69.270 O MPa T 28 JE e 4 o A

RISEER 2 4 550802 3 LB, BB E TN Ty, MRK
N 77 {E 48 B0 8 A 15.850 0 MPa, Ji il T30 F 5% T, i KM
JIE /N 36.310 0 MPa, it J&& L0t T & Ty B KR fE 3
1N 44.880 0 MPa, JiE#: T30 T &3 Ty B KR JJE I IE N
114.900 0 MPa, .35 K& 7.

#5 | SLWARB PP RGERE. Bl MR, FEIATHRANS
g (MPa)
Table 5 | Maximum stress conditions of patients in each experimental
group under loading, flexion, extension, and rotation conditions after PVP

A5 1 i fife el
PVP+ SEES4 1 2.5870 9.0620 11.1700 18.760 0
PVP+ SEES4 2 8.1690 9.1330 18.040 0 59.2300
PVP+ SEER4 3 17.7200 22.360 0 61.4200 128.5000
PVP+ SZUS 4 4 33.5700 58.670 0 106.300 0 243.400 0
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Figure 7 | Stress nephogram of patients in each experimental group under
loading, flexion, extension, and rotation conditions after PVP
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