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Research on mechanical property and tooth canal structure of
tooth after RCT

YAO Yuan', WANG Qi', SUN Zhe®, YANG Lin®(1. Rapid Manufacturing Engineering Center,
Shanghai University, Shanghai 200444, China; 2. Department of Stomatology of Shanghai Ninth People's Hos-
pital, Shanghai 200011, China; 3. Shanghai Gaitech Scientific Instruments Co. Ltd., Shanghai 200030, China)

Abstract: Objecive To investigate the mechanical property and tooth canal structure changes after RCT.
Method Three-Dimensional Finite Element Model of tooth and centerline of tooth canal were constructed to
research into the mechanical property and tooth canal structure, respectively. Result Three-dimensional finite
element model and centerline model were separately constructed and made the comparison for the changes
of mechanical property and tooth canal before and after RCT. Conclusions The method could be used to fast
set up three-dimensional finite element model of tooth and centerline model and used for all kind of tooth to
analyse their biomechanics properties.

Key words : Tooth; Root canal therapy; Root canal preparation; 3-D reconstruction; Mechaical properties

WREVRTT AR R B I — A T,
REMERREGT AP REZNB B, TEZM

RE ARG ERE PSRN =4 R RE B B) =
AR R T ILAE T I IR S A S

WA ALY KRS R MBAE . AT
B SEMARE RGN, BTG/ %
PERERIRE Mz R At . TERE PSSR
FAAFM T RANT; AT A3, 58 46 11 1 <A vk R A
HRAE G AR (KR At 2 A [ A, W R B A AR o X
AR THER BIPEAT o

FEIE RS B P , 45 U7 2 31 i 80 0 2t S

W5 H #7:2008-10-24 ; §&[E HH:2009-01-04
VEE R Bk (1978-) , YU, B 1)« 40 AR TR 4R BT3RS,

EIESE ki, Tel : (021)66133157-8016 , E-mail : yaoyuan@ shu. edu. cn

ST B ARSI N IR . B IRA T Ak
5 P RE AR G5 44 IR AR 1k, B Ak RES TR M
W ER R I SEER B O, 1T & BA RUKIG ST , B
PR L& JJR SEIRYT I ™ o A, 8 5 B
FEOIHT I AR R I i T2 P RE R AR B 45
AR , T B AS SR WS 2R 6 Y B S8CR R BT
FARMES WA B , R EFEPIA ST T

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

EREYMAE $£24% F1H 2009528
60 Journal of Medical Biomechanics, Vol. 24 No.1, Feb. 2009

Higs%, Wik, SRR G B G A% 1 112
RERRE 254 B ZE L3S SR G B Tr A B R T
SCPPFE B0 2P RE RS O 454 = T L
SN BEIAYT TR MR

1 #RFZE

1.1 MERRFIE

W RIRB S8 07 B 2 R A /Y CT S 4,
N FRAZ G0 (05 1) BT 4R A SR AR 24 U ) = 4B AR R
RIGH =R A S A A b, 64T 1 e #e
B0, 45 CT R EE A @A R AL A BB
AT, B T Mimics BPFEE 2 145 #Y Micro-CT 5
WBEE AT B =48, B i Geomagic Studio
SRR T U5 4141 NURBS i, p LA
SR BB AT R AR R R X
TR T VR AT 1530

T A NGRS T ¥ AR ERE NS
K, HA B AP BRE S, B k18 BRI A K 1, B
W AR ST S SR BN A R CT 4
TEE B AR B A B, SR 5 X A S A B HE A T
Fi2 o T, 30 VR LS AR R 25 K20 I 27 i o = 4
SRR F LB IR B B i, BE Y T 2 o
BIFERA I F R e R ARG ST
T, Peters 2" Ff] “ Marching Cubes” %5 £ L = 7 T
MRS E WA RE LB SRR, 4
TRETE .y i LR AR B IRR
TR 2 2 2 0 PR AR B T B ML 2R T2 48 5 R F
FARETEREEE L™

RS R RE WM RS, & AR
A 77— R BRARAR I 1 (R T B 15 B AR
IR RBUGHY , Tovk SR8 T th B AR B AR R i At
RO TR R AR A B T B AR R,
BTN . R 2R IR
RUTE SR op B AR 4, R EUE 2R , M
TR EE ™ o i FRT Micro-CT iR H A ) 4R
BB BIER A JUARE R 2 R, A
=AM 2 AR R S, T &R 2wl T
B BRI, 2R IR BT R PO 2R
R BS540 50 e Ae A R R £ 1B B 4% R LA 330
THIOEER ; ST 11 ] il T B RS WA TS
RGOS B AL T s B B T =4

5] P A Rl B 5 AR SE BRI R
1.2 BIXHARAZE

2% SCH A Simpleware = 4k BAR S {4 TR RO 7
T F 0t F % MR8 R E 888 Ik, 78
WHRARE T AT S R 2 -7 s Bl
el TRE LR R K =485 H) BT R, 7
AR SE I T 1 ) 2 RE S A BIF 53 (A
OB E SR RERLN S, BE
TR LU 15 1 Micro-CT 4 58l b 2 Atk , {52
JH Simpleware FR {445 B2 A 7 RE I AL A& 19
T 4R RO —— (R RIS AR B, SR J5 R AT 1 2 1
RER AT B9 . i TR ALA B i1t (CAD) 284k
B RAE 0L, IR R AR E WA TS MO
LB, BRI EER .

S RATE IE # FEVR T RERY L 56 | BB P RR %
JIREBERRAL, W32 B 5 1 7T BB 1R R T HAth 2F U5
AKX R I A 2k B BBtk BR & 4 E
eS| B, KGR E BT T R, R 2
WEEMTEE, RN HATRSMRE B4R S 1 2F
VARAHELT Micro-CT 134, Hiim R T K3 5
KAERVAT, SRS EEE, #7815
TR EMEEE. PHRNA, M s,
ARG B JE A If 2 2 AR

XF B ARA AT Micro-CT 4348, {3 O 47 5F
BRESKAER T, SHBTEEE, Hi#Z2E
[FJFE 0.2 pm, FE3RAGIF U5 M B4R 485 3K DICOM
R BEZ RS, £ HP ETE LAEL (Tatel(R) Xe-
on(TM) CPU 3.60GHz, 3.00GB 7F, WindowsXP
%) BN b, i3 B Simpleware3. 1. Imagewarell Fll
UG NX 4.0, Ansys 11 &4 28 4 15158 AR B o
DT T 53 HT

2 WREWMERIENFERE

2.1 FiEZHENMEERHHE

A SCREH Simpleware B HE A IF Bl FISE
FEE A VR, I ST AR B E
B R AT, AT 1. BAATAR
K1 R, B 3148 B 2F 5 Micro-CT 14 #U il & A
Simpleware X # ScanlP 5k i 47 47 B B AL
B, 32 F 3 25 B A Floodfill 3 78 % Tl BE E L 54 15 11
=HEREAY ) 7F ScanCAD #iiAp 5 A ScanlP #E L7

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

iz, % REMEE T E TR ERMBESMNHR
YAO Yuan, et al. Research on mechanical property and tooth canal structure of tooth after RCT 61

SLIAERREL, R A UG NX 4.0 BRI
BT R EEH B stl AR T AR 4 21 L S
KI7EBEEHATF I ICHE . 18 ScanIP e, X
P ) 215 R T (R T R 47 A K08 50, R B0 2 o
AR BRE, i 2 fi/R, 4E Simpleware 1)
ScanFE LB, Xof 4 B i 700 FE 47 00 1 S5 B 4F, A
JELEE N 2 S A B ) L T A0S TR AR A 1

14 ) Micro-CT ScanIP #HL
BRI e BG A5 44

LT FE B PSR ScanCAD #ik
Pl STL #3030 Fih. FHESHHE

E1

TRPIRGAREY , PRI 5) R, NI 3 o 56 1 AR
IS B E R PR D 75 991 A, Y KA 17 823
A3 AHE B I RIAE S 208 007 A, 35578 141 4~ #f
HE S A R A% R A S 32 1 S TR A T TG, ans A%
A, FIRHE AR 1 S HO8 S 3 A 1 BB i
TEMRHE P BB B T 52 1A 8 A T B
FE RN FE B G A T =4 FROGAREL,

A
Ansys
N AR

B A Simpleware G BEHRITHEBHRRE

Fig1 Process of creating FE model with Simpleware

B2 MEFiE rEesn
Fig2 Constructing tooth and alveolar bone

3 EREME
Fig3 Creating the mesh

®1 HREX
TabA Material properties
R
PR/ (GPa) bEL/N 14
FARP 18.5 0.31
T 13.8 0.26
2.2 N1FESH

FERR{FE ANSYS 11 A7, 3 AHFA 5F B R T Al
B SR, B A IR R B4
SR AR R BRI 5 RN
LT, XY BRI AN IE IR 77 100 N, ARG 24T
IR . A STWRFT AT T BA0ER 1 e
B E TR E B S B R B AT A R A T
ZHER, 53 3 YARE WA 5 J1 2 RE 0 BT i %
TIZTEIE . Nl 4 w5, 7e A R BN E A TERAE
BT JEE R RRS T2 A IER

BTSSR 28, & BT A R 1%
PeREZE AR X EAHEE | A AR E )G
T ERERIBT TS 04, SF 6 T B ERE &G,
TR RERHIER TR . ST mas R, W
PAVEREAR ST P B IO i A R & B, 20 A
SRR TERNE S U
HOHE A S R R R B A B S UG =4 FROC Y
FRAR Ly L P T A 5 K ) 2 P R A IR A Y

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

EREYMAE $£24% F1H 2009528
62 Journal of Medical Biomechanics, Vol. 24 No.1, Feb. 2009

B4 FRZJAEHE
Fig4 Deformation figure of tooth

3 REGHIM

3.1 WREPOLHIE

ASCEL B LA 1 B ERE RS 5
LR AR ST RS 54, TR T
AR oS B = 4 1B LB . AR EEBE 4R LAY
[l — Rt 58 B AR S B4 1T J5 19 3K Micro-CT

4 , 7€ Simpleware H B I U AU AR 1 stl AR5
B = HERIAY B stl A A RIRL SR T A B3 ) 3
B R 5t -Imageware H1, ZF 15 1 2 1 57 11 A5 B 048 hy
MR (B S5t a, Rz W&, AN s
AR, BRHEAR G IRELTNES
(E5%b),

5 FREHROLEHEE
Fig5 Construction of centerlines of tooth canal

HIEEH R R K PRI N S TEEY]
H IR E K 29 10. 8 mm, B B ARE A 1.2
mm , L 10 AT R = (A Se, el RLF
ShAIUE A, AR R L. 4 SCE 10 AT
RE) o RIFFEII N ZHEAT 0 B B R, B AU
REUEZEM ML, 2P TRED A (IE 5d)
e IR LAl B2 AT T R Lol (A
Se) AREMRE IS FATEA B2 b, DL
DR BLE FLER(UNE 5E) o BTEMZ , Hu st At

Z , FL RIS PR B R
3.2 REPOLESH

HERE L ERMERTTE, o IR Ak
Al — AR RE M BERT JE 02, A,
LB 2 PR, RO LERRETE
HITEY DR AT EUBR Y REMELR s B B 2R
BT B D Mg LB R, AT R
Wik BIRMNA NEREISE REHLL
B A Al 80 = [ A B A A . PR, AR L% 2

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

iz, % REMEE T E TR ERMBESMNHR
YAO Yuan, et al. Research on mechanical property and tooth canal structure of tooth after RCT 63

FHLEL XX 2 S L R IET = 4R =S A LB
BEAT LU, R GE B sy bR BRI, A
PHATRER ERM L, WRR R R G rR
WA B ABUE 5 B DA T B AT & Bl AR
[6 R  A A, 3  8 9 4 2% T A 0 25 ) B A/
(ILIE6)

E6 higH=#=EitE

Fig6 3-D distance comparison of centerlines

HWEAREMAAR .G | FREPOLMEZE
M= LR AR 2, Horb ™ MR e A7 =m
SHL EWRL " AT Rt B 2 R L
2 LR Wk R TEE 1 LB A B, ds
Al —ARE O SR E e SRE TAERTA
LIS A kB R B EE. “ir
Z"FRRE AR ST OAE— 1 L
JZT L (40 : NO00000001 ) .y 2 3 >3k ] L B (i #%
PR TR EEREN A, RTETHHR
P mm, @I T EARE O RNERER G
fr BmBE L, FEMARTEREEWNEL, I
ARUEARE G A4 IR AR A TAG AR AT PSSR B L I
TR, LRJykdnl jlF BT R R ERE B
BT BRE P LA IE L.

FEAREI AR I AL, X B 4y 8 O S0
BEBESR AR , S A5 2 14 1) Micro- CT 1 Th 44315
WREARE P LLAH LTI, FPFLE Micro-CT
FARFN Simpleware 2845 WL A A AR 9 21 15 14
CT Ffatlysd T RAE g, HEX T TG T R
BHODEHET T =4 A L 45 T BRIt
AR Tl R T A stl A% A AT B
BE, Rz U6 i 2 (RO BE A Al 2 2T 48, A T 1A

RRRE DN EL, [l 2 B o R 0 28
U 7: S L
2 REREESREREMATOLSREAEROLE

Tab2 3-D distance comparison of two centerlines

LA A [ R W Rz

INO00000001 1111
X 12.4802 | 12.4736| 0.0536( 0.0067| Lo liin
Y 10.2529 1 10.3699-0.9359(-0.1170| Quuiliin
4 97.2500 | 97.29321-0.3455]-0.0432| Lol
INOO0000002

X 12.4770 | 12.4757| 0.0112] 0.0013| oo
Y 10.0377 | 10.1492|-0.9523|-0.1115| Qupaliii
Z 97.9000 | 97.9358]-0.3050{-0.0357] [yl liiuy

4 tig

FRARBEGERBUDN FEESRN AR J1
SRR 2 SR SR L, AT S8 (9 g S RE A
AR LE R S BT I ST S S A B 2 BB RIS
B =4 — R — R BT, 5%
BAARE B AR BT RIAR G B2 2A  Hr do IR AR 3
Bl HET, ENSME Rt A RE T I BT S 7E
SV I B SE R AR BN iy, A i/
PSS A LR S M AR E 251 . XS T
RE LR, A RPE D A HATE A R
REARAE L2 A s Dl e AR R BRI, A — e X
Ko AEEARKMFRE, R — MR T AR
EREAMDTI RTINS

ATy RIETH— BB T B Micro-CT {315 %¥s , [
Jil Simpleware EK{4 A% i) B RIEK A7 BIRE T 2
9 =4EA FROTAR TR 5P AR B P S, SCBL T
CT BG5S =4 RO B, D ST TS A
BT ST I R TR B S IR =R FROTAL AR
Bk, LS T XREEAT B L,
ARAE T RIS R, 3R R T A A AR A AT R AR
VI AU =46 IROTEE R A AR Y P o SR 2
ANBCAEHG SERE, T LABE AT S R b AR B R
B N R IE . N IREETr R AATT T
H PR IRBORH R LT 5 1t R
BRS%

S E WK

[1] Ismann Michael Hi, Peters O, Dummer Paul MH. Me-
(T#% 78 )

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

