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Abstract

BACKGROUND: It has the great significance to establish the finite element model of the rib vertebral unit of the middle and lower
thoracic vertebra for more mechanical analysis.

OBJECTIVE: To establish the three-dimensional finite element model of the rib vertebral unit of the middle and lower thoracic
vertebra through the CT scanning combined with reverse engineering software.

METHODS: One case without disorders of spinal and osteoporosis was selected from the Video Branch in the Second Affiliated
Hospital of Inner Mongolia Medical College. It was used to establish the human integrity three-dimensional finite element model of
the rib vertebral unit of the middle and lower thoracic vertebral and intervertebral discs. The data were extracted directly from CT
image by the means of the medical image processing software Mimics, and the model was modified in the visual interface by the
means of platform of reverse engineering technology Geomagic.

RESULTS AND CONCLUSION: The three-dimensional reconstruction of the rib vertebral unit of the middle and lower thoracic
vertebral of human was performed through the reverse engineering software including Mimics and Geomagic, and combined with
the technology of CT scan. This way reproduced the characters of the appearance and anatomy accurately, and achieved fine
distinguish of the internal vertebral structure. There were 132 649 tetrahedral elements in every rib vertebral unit of the middle
and lower thoracic vertebra. It suggests that this method can improve the efficiency and maneuverability of the modeling, and can
successfully establish the finite element model conforming to the experimental requirements.
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X220i, CPU, 2 GINff); Mimics 12.0%fF
(Materialise, Belgium); Geomagic Studio 9
(Raindrop Geomagic, USA); Ansys 10.0
(Ansys, Inc., USA); CT(GE Light speed VCT
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b: Latter coronal position

Figure 2 Different perspective three-dimensional
reconstruction map of the rib vertebral unit
of the middle and lower thoracic vertebral
and the intervertebral discs (modified
reconstruction map)
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b: Latter coronal position

Figure 1 Different perspective three-dimensional
reconstruction map of the rib vertebral unit
of the middle and lower thoracic vertebra
and the intervertebral discs (unmodified
reconstruction map)
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a: Three-dimensional reconstruction of lower thoracic disc

b: Meshing of the coronal plane

c: Meshing of the horizontal disc body

Figure 3 Three-dimensional reconstruction of middle
and lower thoracic disc and finite element
meshing
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Figure 5 Finite element meshing of rib vertebral unit of the
middle and lower thoracic vertebral and
intervertebral discs (horizontal)
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Table 1 Reference of the material property assignment

Young’s modulus  Poisson’s

Site Element type (MPa) it
Cortical bones 8-node solid 12 000 0.30
Cancellous bones 8-node solid 345 0.20
End plate 8-node solid 12 000 0.30
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Figure 4 Finite element meshing of rib vertebral unit of the

middle and lower thoracic vertebral and
intervertebral discs (coronal)
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Table 2  Finite element meshing of rib vertebral unit of the
middle and lower thoracic vertebral and intervertebral
discs (ID)

Site Amount
T 11 114
T45ID 1847
Ts 12 424
Ts-6ID 1952
Te 13 847
Te7 ID 2063
T, 14 280
T ID 2258
To 15 358
Te-10 ID 2424
Tio 16 912
Ti011 1D 2 656
T 18 245
Ti12 ID 3214
Tio 19 925
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Figure 6 Comparison of average rigidity between the present
study model and previous models

K6 ORI L DU SCHR-F- 2 I b AR

3 itit

31 ARAEBGES  HErs Nz EG
& <, H Digital Imaging and Communications in
Medicinefx {1, EIDICOM £t =X i) UG AL BRER AT,
BN CTH U it s SO, AEfde v, m H
A DL CTEMG s . DICOMICAER4E T A5 R 4
2l g e A B0, CTHRE e T LU i CTHL A 5 10
AR ES = 7 A Mimics, Simpleware®5 41— 4k % 4
ARSI AT TG, HAR R — 2R R 1%
RE AL S WOME B IR B I A o 0 28— 07 At v o] DAAR i
=R R IR FE LR FIcp B &, BT
TS CTHREE AR A kA& 248 ka5 A HER I A
BT, Tk e B A CT =i g it
FORM =LEAT BROTH T EOR, Tl CT =48 A HOR
BT AR = A PR R,

32 #wmIA JMRCRTRE, R a7
o R S R T T St e e ] G e W S A G
AR IR . AN S R oA Y e Sl N ) R
535 RN CAFAE IR SEAAR (R A D AR 50 S IR £ 45)
T A A R R, PRl ) AR S A
B A5 B A S YERRY, gk AT A R T 4 T Bl

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

CAD/CAM.

3.3 FIAEA 4L Mimics 12.0/2—/CT. MRIK]
BRI R E TR, R DO R 3 T 3D AL, 7
P2z b, AUk T2, FARIM RIS . Geomagic
4 CAD# A parasolid S AR AR E A, e b (i 2k
T 5 AR s R, b T R A, R R
FrAA PR BT B, SR A 2Ry T, R AR
Jiik, SRR, WK AN A .

SIEU0 3 T 5 A A R B 2 B G A R AR A Mimiics 8K
ILMNCT B G B B s v rb T A JU AfE B e B AfE )
B, C R 530 ) TAR AR A ), R H Geomagic
SRR IEATAE G, B i T ], S T R
SRR ERAEE o [, Kl ) TR AR 5 Ny 2t
S RS T AR T B AP B AL R AR A S AR —
BRI, BATEipyoess, 23 m g5 e IS &, ook
Iy KEAN RS 55 . SR AELISTL, IGESEE S, LA
M ENAR BB OB A BRI T35 S
WL, ST HdE R . AEE A MR IR, IEA
A g E— 2 IS Y e T A

{HSEIIRAFAE AR, WL R, JURE X
ST AT BN S U, 5 B SRR A e 1 220
MEAR . HENISE 25 g 2 R b 53 2100 sl A 7 5]
FEM IS HdE, ST R A RERE AR A
W25 RE R A AT s I BT 1) — LS TR R A 45 1)
GHIWATHE. MRS, HETMIGIE ST E, B
R ) ECAR R S 1R A PO ME B 0 B A ) 2854 B
TR R T AN W (1) CSOdE R

4 sEH

[1] Boccaccio A, Vena P, Gastaldi D, et al. Finite element analysis of
cancellous bone failure in the vertebral body of healthy and
osteoporotic subjects. Proc Inst Mech Eng H. 2008;222(7):
1023-1036.

[2] O'Reilly MA, Whyne CM. Comparison of computed tomography
based parametric and patient-specific finite element models of the
healthy and metastatic spine using a mesh-morphing algorithm.
Spine. 2008;33(17):1876-1881.

[3] LiuK, VanLandingham MR, Ovaert TC. Mechanical
characterizationof soft viscoelastic gels via indentation and
optimization-basedinverse finite element analysis. J Mech Behav
Biomed Mater. 2009;2(4):355-362.

[4]  Chen L, Ashton-Miller JA, DeLancey JO. A 3D finite element
model of anterior vaginal wall support to evaluate mechanisms
under lying cystocele formation. J Biomech. 2009;42(10):1371-
1377.

[5] Zhongguo Xuesheng Tizhi yu Jiankang Yanjiuzu. Beijing:
Gaodeng Jiaoyu Chubanshe. 2002.

o 2 A RS i EIT S0 20 4. 200045 H [ 22 A= R 5 5 i e TR T
A IMLAE 5 =SS 20E L. 2002.

[6] Little JP, Adam CJ. The effect of soft tissue properties on spinal
flexibility in scoliosis: biomechanical simulation of fulcrum bending.
Spine. 2009;34(2):E76-82.

[71  Nagasao T, laobayashi M, Tsncbiya Y, et al. Finite element
analysis of the stresses around endosseons implants in various
reconstructed mandibular models. J Craniom axillofac Surg. 2002;
30(3):170-177.

[8] Ao J,Jin AM, Fang GR, et al. Zhongguo Linchuang Jiepouxue
Zazhi. 2008;26(4):429-432.

B 22 B, T [ 5 A i MM A ] R 75 )5 B8 O 3 S IBAT ol s
ARARET 3 (A BRITHEF[I]. R I PR A% ) 27 75,2008, 26 (4):429-
432.

3999



@ 2752 wncrrenon

B G IR = RO

[9] Kim HJ, Chun HJ, Kang KT, et al. A Validated finite element

analysis of never root stress in degenerative lumbar scoliosis.
Med Biol Eng Comput. 2009;47(6):559-605.

[10] Eswaran SK, Gupta A, Adams MF, et al. Cortical and trabecular
load sharing in the human vertebral body. J Bone Miner Res.

2006;21(2):307-314.

[11] Scbroeder Y, Wilson W, Huyghe JM, et al. Osmoviscoelastic finite
element model of the intervertebral disc. Eur Spine J. 2006;15

Suppl 3:S361-371.

[12] Nararajan RN, Williams JR, Anderson GB. Modelling changes in
intervertebral disc mechanics with degeneration. J Bone Joint

Surg Am. 2006;88 Suppl 2:36-40.

[13] Rohlmann A, Bauer L, Zander T, et al. Determination of trunk

R

muscle forces for flexion and extension by using a validated finite

element model of the lumbar spine and measured in vivo data. J

Biomech. 2006;39(6):981-989.

[14] Woldtvedt DJ, Womack W, Gadomski BC, Finite element lumbar
spine facet contact parameter predictions are affected by the
cartilage thickness distribution and initial joint gap size. J Biomech

Eng. 2011;133(6):061009

[15] Galbusera F, Schmidt H, Neidlinger-Wilke C, et al. The effect of
degenerative morphological changes of the intervertebral disc on
the lumbar spine biomechanics: a poroelastic finite element
investigation. Comput Methods Biomech Biomed Engin. 2011;

14(8):729-739.

[16] Jackson AR, Huang CY, Gu WY. Effect of endplate calcification
and mechanical deformation on the distribution of glucose in

AR

REALBEFNEZEE—

(EZ T LI AT Rk, R RRARE, =
, RAPRGE A £4E, BRERL, EHE. ¥
FhR. MFEFR, REFLEAR.

FYZS/H55: FRAAR I BALAT ] READ K o £ REMLEF
20 47 B4 KA 09 R R A B 4GB

EEERK. HRBIFZRA G RER &,

AXEYFTIE FRE TR A e B 5 B AR AL B AR
Mimics I CT B4+ 3RIREIR 2 5 F T ML T
B fE, FARIKIE L 6 TAZ KA 6 Ak, AR
Geomagic sTAER AT, BF454E T EAENE, RS T
HA B R AT AR, RloF, % &) TR R AR 1
EIY, RAEZT R 54N AL LEMARL FHR—F
R, BA R R, BRI SHERES, LN HEm

intervertebral disc: a 3D finite element study. Comput Methods

Biomech Biomed Engin. 2011;14(2):195-204.

A=

@2 7:62 ISSN 1673-8225 CN 21-1581/R 2012 “EMRHIT (1 AR TFWIL) G

HIE

STROBE Statement-Checklist of items that should be included in

reports of cohort studies

STROBE &=HR: BASIMARIRESEFREOX . WE. 515,

TEMBEEX

I. Title and abstract &g
1 (a) Indicate the study’s design with a
commonly used term in the title or the
abstract

B H A ARGE AT Ao A 2 45 A R0

(b) Provide in the abstract an informative
and balanced summary of what was done and
what was found

EAEY s RERBEATYAPT LI

II. Introduction 3%

Background / rationale # &M= xa

2 Explain the scientific background and
rationale for the investigation being reported
A AL T AR A

Objectives H#)

3 State specific objectives, including any
prespecified hypotheses

Mhik BAK B 69, QIS TR R T A9 RIX

M. Methods 7

Study design A& &t

4 Present key elements of study design early
in the paper

RS I ARIT LR RE

Setting 2R3

5 Describe the setting, locations, and relevant

4000

dates, including periods of recruitment,
exposure, follow-up, and data collection
WA, wEREY, Gk, RE, |
A RN IE B
Participants #4e#
6 (a) Give the eligibility criteria, and the
sources and methods of selection of
participants. Describe methods of follow-up

5k Ak e inl, RRAed ik, H
ol ccRr

(b) For matched studies, give matching
criteria  and number of exposed and
unexposed

Bext F R 46k Bexf A7 e, AR EAER
FF
Variables &%
7 Clearly define all outcomes, exposures,
predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if
applicable
wHTA SR AT AR, RE, TN, BAER
B E, ZRER., WRTH, 2R MRk
Data sources / measurement 3% & FR&
8 For each variable of interest, give sources
of data and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than
one group

P.O. Box 1200, Shenyang

AT FA B FMGNEF ik, FRL
— AN, FEIRAEIE) 69 E 7 A T etk
Bias k£
9 Describe any efforts to address potential
sources of bias
G AAEAT 2 M LA F T 48 5 A AR £ 69 R B
Study sizeAF R HAE
10 Explain how the study size was arrived at
fEAE S AT R B AR
Quantitative variables ¥ % ¥
11 Explain how quantitative variables were
handled in the analyses. If applicable,
describe which groupings were chosen and
why
REENIT Y R EL T WATEE, wREM,
F i i AF 6 LR ST R R B
Statistical methods %#t7 %
12 (a) Describe all statistical methods,
including those used to control for
confounding

FRPTA it 7 ik, Q4EA RIEHRER
Fahgk

(b) Describe any methods used to
examine subgroups and interactions

LA & T LA B AR BAE R 6 75 ik

(c) Explain how missing data were
addressed

fil A de AT 4 28 K 5 A

(d) If applicable, explain how loss to
follow-up was addressed

o RER, B TREMT &R

(e) Describe any sensitivity analyses

HG RAFATEC AT

(F#F R R F Google g 4 & F= #32)

110004  cn.zglckf.com



