58

Snenansiuauwnemaasur3nendeuauuniu « UA 25  adui 3  AugBU - SUDIAL 2565

N15ILATITHNITNTZINYAIIULAULAZAITUAIVD
Hudnanesiilasunissnennasssinilu wazldsunis
ysazdaoiissiunasunuiuvialanziniss uag
inagunaulndntasudule saunuasaunusidn
A2875 I luntaduus 3 46

¢ aw

gl Tiwugawiddve* gans Uszyuiade adl sengavsar

UnAnea

msAnwImsnsyareRIAuLarawa uiuiaa 19T lATUnITnwIRaeITInTuUAL A U Ty sRuraedaeukasunuiTuaile
lavsuries uazifoeiupanlnamasuauly susunseviuesiin se3sinluieduns lnggrenmsidlauiuneuiiuneslnlunsinyes
Huinarsiiaseupasssinituiio sudeeiuuazunuity inisaunuuvuistuveadeeiuasunuiivinlansmies foeiunoulnn
wsudule uazasouituesiln e luaiiuuusiaes 3 94 ielddnvinisnsyarennusuazaud Faelusunsuiins 1zl
luitedusiuousaisauud lnedrasusadsuazusatngagaisumiaiugn aum 65 Doy uaz 176 o amaiy lagliuseivae
AU ELEINYIwY 30 09AIAUUNY WRI380IM305ERIBAIAULALAIAI AL IB UTlaL AL TR LT INIUTE USULSIBRITY HANUT)
(Aanusueudawagigauiaaareeseuiiussindnsuivinluynlues luituilssunisysushedosiuuasunuitvadalany
wisanunIsnszarenAugeUsalnds s teveasae iy wasiuiilasunIsysasaaeoeiunauinanasudulenunisnszarenany
Wuvstaiinareiy mwdivesituildsumsysasdeosiuussunuituiiaesia lununisidemenielinissuusaniaes ayuilusa
aitlasunisysasaeiosiuasunuiurinlavenisuasysasmeioeiuneulnanasudulysausy unuituneulwaadnisnszaty
avnAuiiuana ey Tagluwumarudemenieliusauisaunfuazussingegn uasmmanisaianluiinnaudumasinaaudrn el s
Uuvining

arlysvia: anuey AuaY siseitupeulnamasuale/ iweeiuuazunuiurinlansnies/ Wudnarilasunsshwinaesini

Received: Oct 10, 2021
Revised: Jun 06, 2022
Accepted: Jul 07, 2022

UNi

Aunlasun155ne1RaIsIniuwals i udas

aydenalnnisnevauesausiunfed Sududnams

Iesunsysagivngay dweliaansaldnudeldldesn  wilsiiviiliiAnnsuaniinvesilufiiiunisshuinaessin

flusransnmuasiinnuaisny daiviiliauTRvesiiui
HunsShwraessniluuandeniuiitiefe Ui
dloiluflvdeey Fsdiauduiuslaonsstuaudiumy
nsuandn’ ﬁuﬁlﬁ%"uﬂﬂi%’ﬂwﬂﬂaaqsmﬁuﬁnqayﬁaLﬁa
fluidesanituy gofivg issunsysazINAey 910N
Wadaanaudigaasesinily uazainnszuiun1ssnm
AaosINdu’” uaﬂmﬂﬁymiqzyLﬁmﬁmﬁ'duﬁuﬁﬂﬁ

i’ mmimzﬂuﬁlﬁ%’uﬂﬁ%’ﬂw’mammﬂﬁuﬁwﬂizau
awdSalddutufuUsyansnmuesnisinyinasssn
HunazMsysagraenssnwAaesInily
Uadeiimsadafslumsnauaunisysasily
Toun USunandeflufivde PRI EL RN IRC KA
USunauusafinssihsiaiiy wazemuansay WWudu® nsdi
iundhaapdeidefiulunnn wu fuidusuiulifidedty

* dheiunnssulsinerviagudanauns enneides Jmiaanauns

* guelnaluladlavzuaz Sagunsnd grenIngimansussmalng eunenassmals Wiauyusid
% g1 IYIIUANTINUTEAYT AsIURkWIEmIanT U InetagYeuuny dunailied Saninveuunu



59 | snenansriuauwnemaasuridnendeuauuniu » UR 25 » adui 3  AULIBU - SUNAU 2565

ogldladeuily fufigydeduaoiludn vieifluifing
uaninuIadaiy #Ieddgmiaiuaiualsau aas
ysazdeasouiiy oundedlassadrsvenionui
wieay wireUSinueieiluiindesyos vivlid
JyvsensBasgveaunuily Sainsldifosily (el
nsBneguestannounuitutuideituiviens’
WosiiulsiazUssnniiveniasantunisidenly
waneaity Wesiluuasunuiluwdislanswios (Cast post
and core) gnitasuiduinasgilunisysusiiuii
nmssnmeasssniluuniunaiuiu® IneRarsanldnds
nawIeniiudmiuaseuiiuiazidnlassadiaiuid
AMUMUITEENI 1 Hadwnseonudl wuinlilaseaseily
tov Fedndudeafinanuudsludiuneiiy Wewdosnm
yoamsysny’ uenanidslifevsidmiuiuiifininge

Y

Aalusunianligndenazdeanisusuyuvesunuiiuli

€

v § v

uusiuiludhaies wazsnldluituiifivunagn?
wesiunsulndniasuduly (Fiber-reinforced
composite post) assaniduleelanefiudauss Tneidu
1813 99A 2 UIUAVLAUAILLUIBNIVD LA DO U V1A
aunsanseensslumuseefiulas’ n1sysueiieifos
Huneulndnasudule dhsauiunsasisdiuunuiunie
aoulndn fansundenldiiieriniseIoudusailuLay
dnlassassiluiisounssanud Smaillaseadneudiom
AaTlugs 2 Taduns Filassadrafludruianunsoduns
Jawdenifntuainuseunieale®
Hudnaraduiiuiidvuadniaalugosn &

sUsulunwilnanas-lnanans MiliniswSeugesing
dmsuiiesiturilden uazaisliauseinsyYuileri
nsysugmemeeiiu’ lneweeiiuuazunuiiuvialans
LﬁmL‘ﬁ‘wﬁa‘u'ﬂiﬂumiyjimsﬂuﬁﬁimﬂa%ﬁﬂLﬁaﬂumﬁa
oy viofluvwiaan wu fudnans Wi udlutagiud
Anudenldifesiunsulndaasudulysiuduwnuiu
poxlwdn Losnildwegdanudavgulndifssdeiiv
mmsamzmsmmﬂﬂgiﬁaﬁuimﬁ’a FrwangUinisainig
wanvinueIdIiukazsInily
fruanfinsAnwiluiiudnansiildsunssnu
Aaps Nl ukazysaealefoaffuliuin waziinidu
nsAnwImIeiesdfuanis wiludaguumiiugmig
Amnssumansladunuinlunisdnwwariiasigitlym

NI AINTTUAIENS WAL INYIFNAASUINT U TABANS

Ansrznedsinluiieduud  awnsalddiaszidym
SieE1N13088NLUUITNINAFRULATAINTA I ELUINN
a1usnuunlglun1simsgiauAuLasA1uAS R
u,azmmmmmmemﬁummﬁamﬁmﬂfuuuﬁuﬁa%a
ysnziiu Ifosduszneunanvansuazfudon’
Faduuvesnsfnuiluaded Tnefingusvasd
WefnwinisnszaeauduLaza i luiludnaned
H1unsinwAaessInilukazlasunisysugmeisios ity
wazunuilurdalavsmios wasifesilunulndnasudy
Ty saudvwnuitupeulnga laglidslnlusieduwus 3 4@

ATk umsedunsvesniuliidesvedy
NINTUITUFITUNITIVG AINAULNATTUNITITYTITUNIT
Adelunywd unInedevounny (HE612270) Tagiiu
Husegrsaniludnans Alasunisasuiilsameuia
NUANTTY AUETUALNNEANEAS NI NYISBVDULNAY
$1u2u 13 n1s¥nwinanisinily antumdouily
gmsusessuaseuiuesiiin (Al ceramic crown)' "
UaLAIBNYDIINEMTULRBETU (Post space) FETuLNDS
(Reamer) dsuidosiluaiinidule (FRC Postec® Plus
No.0, Ivoclar Vivadent, Schaan, Liechtenstein)
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(Duralay, Reliance Dental Mfg.Co., Worth, Illinois, USA)
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(Micro CT Scan, Skyscan 1173, Bruker Company, Belgium)
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Medical image processing (MIMICS version 11, Materialise
NV, Belgium) 4 sazeglugUuvuuiludeyanesfinnes
uana *stl (Stereolithography)
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auaiu Taeldinsesauny 3 9@ (3D optical scanner,
ATOS 3D Scanner, GOM, Braunschweig, Germany) wag
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software (Geomagic, 3D Systems, USA) LLazLﬁU‘ijaiﬁa
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file; Standard for the exchange of product) 9ntuth
Inddayaidglusunsudniaguledaisasu 2017
(Solidwork version 2017, Dassault system, France)
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All-ceramic crown
Composite core
| Cast post and core

Fiber-reinforced composite post

Lower central incisor
PDL

Bone

Model 1

U1 uanwuudaeslwluviediuud
Figure 1 Finite element modelled components.

Model 2
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(Finite element analysis software, ANSYS Workbench
Version 20.0, Inc., Canonsburg, Pennsylvania, USA)
aulasssnameiegusimssdnii (Tetrahedral) wagnse
nANU1 (Hexahedron) 9119 0.5 TadLuns 91U2U
2,991,105 tedLuud wagimunautinianavesian by
wuuiaes lnssadrsituuasYanitomunduidutanid
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(Orthotropic)'® (15197 1 uag fN5137 2)
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aseit 1 wansauiimisnavesiagiitlanifiulelelnsln
Table 1  The mechanical properties of isotropic materials
Materials
Dentine®
Periodontal ligamen
Bone®
Gutta-percha®
Resin composite?*

t47

All ceramic crown (IPS e.max CAD, Ivoclar Vivadent, Schaan, Liechtenstein)*’

Ag-Pd alloy®®

M15190 2 @udAvanavesTagidiaudRdueeslonsela
Table 2 The mechanical properties of orthotropic materials

Materials Elastic modulus, (GPa)
Fiber-reinforced composite post™* X=37
Y=9.5
7=9.5

fuuadeulvreuin (Boundary condition) wa
oulunsliuse (Loading condition) Inguuudnaesgnase
Tuyniiensusnunsegnuinssing Iaeussadn (Static
load) fivaneflugmuuiivindninvanedlu 1 fadwas v
1131 30 pernfuunuitu lnednesusuAn (Chewing force)
w19 65 T U’ wazusaingaan (Maximum bite force)
yum 176 Taiu® (Uil 2) ldlunaiivinnisveaeu 4 laaa
Tngluea A uaz luea B LLamﬁué’mdwﬁlﬁ%’umigims
saesilusazunuilusialanewies edusannseyid
65 Hadu laz 176 1adu muaiau duluea C uag luea
D uamsilusinansiiléisumsysasieieniluneylndniada
dlesuiunnuiiunenlnds wasduswnnssyind 65 Sasu
wag 176 49 muaIsu

nsanseideya delusunsudinsiedilnlug
audkeudadsauud Tugduuunmsiasgiuuuada
(Static structural) FsuansegluguatmnuAureud als
WAITUINIINTTAIYAAVDIAULAY (Stress distribution)
WagAAINIALEER (Maximum stress, Oy,,,) Yasilufnang
s suraemniluiiefudiesfiunasunuily Weeiluuas
wnuilurilalansuiies desiluneulndmaduduly wnuily
pewlndn pseuiluesifin nszgn uazduBaUIviu

TATI21 AN (Fatigue life) 13 0N193LATIZY
mmﬁwwﬁuaﬁaﬂﬁLﬁmﬁuwé’amﬂ’?aqlé’%’uLLiammwTﬂ
YesuuTaeuiosiuazunuilueilalansiiies uaziios
Huronlndsasudulosuduunuilunoulnds v1n1s
tufindumisuazAnaanAugan wasA1Auudge
(Minimum stress, O,;,) TulfazesAUsznau AnUAIAI
Wulade (Mean stress, Oye) HATAIUBNNAIAVBIANY
WU (Stress amplitude, Opmpiiuae) FaaunsT 1 way 2

Elastic modulus, (GPa) Poisson’s ratio

18.6 0.31
0.0689 0.45
13.7 0.30
0.14 0.45
12.0 0.30
95 0.23
95 0.33

Poisson’s ratio Shear modulus, (GPa)

Xy=0.27 Gxy=3.1

Xz=0.34 Gxz=3.5

Yz=0.27 Gyz=3.1

o OMaxtOMin
UM 1 Opean = f

OMax—OMin

FUNIIN 2 O-Amplitude =

U2 uanadeulunsloiuss
Figure 2 Load condition

ANUIMANN1TANNA IR eTUTHATHT AT ER b
luvieduAweudaisaluud m1uauni15389 Goodman

2.2 fNafuin

waz Gerber feaun1s7 3 uag 4 AU
A1 Equivalent cyclic stress (Orqaien) $82UIURIITN
Tunsavluansmudusiusues Equivalent cyclic stress
wazsuauseuiiviliiiaaudenis wie s SN
(Stress versus number of loading cycles to failure, S-
N) weaiioitu® (Uil 3) Fauansdeduausoudesiignd
vlmAnanuidoms mniuhsuseutiosiiaaiivinli

Weanudsmeludunumaangnisldnuvesan
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AUN159 3

OEquivalent = 1—

O Amplitude
9Mean
dUltimate strength

AUn15N 4

O Amplitude
GEquivalent = 1— OMean 2
OUltimate strength

K
£
i
3

gﬂﬁ 3

Figure 3

W&

1000 10000 100000 1000000 10000000 100000000

Number of cycle to failure, Ny

N9 LERIAUFUNUS VB9 Equivalent cyclic stress Wag
Srnuseuihlidnanudemeveuieity

The relationship of equivalent cyclic stress and number
of cycles to failure of dentin.
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Wunmdusneneiu sumisideanudugsaauanadud

wed laelalna A way Luna B wansiudnaned e sung

1 = = N =~ o
yjimzmamaaﬁuuammuﬁu‘uuﬂiaw&m U3 YU LI

ASEVIN 65 AU LAy 176 939U Aua1ny d@uluma C

waz luaa D uansiludna9ilasunisysaeaigioeily

paulndnas uidules uAuknudureulnds waginsen

nsevini 65 T3 uay 176 Ty muddiu (U7 4) laeen

P ALgEnlulsiazduUsTnouveding (115191 3)

19846 Max
20

20011
00012097 Min

Figure 4

MM1519% 3 wansAAuAwsuliawageanvadluea A luea B luwa C uas luwa D
Table 3 Maximum von Mises stresses of model A, model B, model C and model D

Ceramic crown®
Cast pos‘[36

Fiber reinforced

Material ‘ Yield strength (MPa)

composite post37

Composite core™
Tooth™

PDL**

55
Bone

Model A
500 169.35
552 20.63
950 -
185 -
275-300 18.19
6.8 1.85
69 3.28

wanensnsEeaNUduvesinallluiteduud luna A flu

o v Y - o
mmaNwimsumsu‘jim:maLmaaWuLLazLLﬂuWu%uﬂIﬁmme
i o - o o o anwe
Adusannszyi 65 Gaau luwa B ‘Wummawlmumiyﬁmz
Y - 4 e . -
feiosiulazinuiluriinlanznes Adlusennseyir 176 92
fu e C fudnansitldsunisysaemedosiiunoulnga
wsudulasuiunnuiturenTnds Niuswnnseyin 65 Gafu
wazluaa D fludnaeiilddunisysaezdioiesfiuneulngs
sudulesmtuwnuilureulndn Nduswnnseyin 176 iy
Stress distribution of finite element models. Model A:
mandibular incisor teeth restored with cast post under 65
N loading, Model B: mandibular incisor teeth restored
with cast post under 176 N loading, Model C: mandibular
incisor teeth restored with fiber-reinforced composite
post and composite core under 65 N loading, Model D:
mandibular incisor teeth restored with fiber-reinforced

composite post and composite core under 176 N loading.

Maximum von Mises stresses (MPa)

Model B Model C Model D
462.15 147.13 404.52
55.75 - -

- 2.88 7.75
- 26.33 51.18
60.64 25.05 84.54
4.60 1.90 4.66
8.15 3.28 8.44
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ATEUN WY N NUAMULALIBUT dlwad 9a0
UihaaeaseuiiudmBiiuinlunnluina dadusiumis
A¥uussnsesin (3U7 5) lneArmnuidueuiiaiwagqely
lutna A luwaa B, lutaa C way tuwma D Juuin 169.35
MPa, 462.15 MPa, 147.13 MPa Waz 404.52 MPa Alanu

wasnunazunuiy thssWuuazunuuyie
Tanzuissmunisnszareanuiulaeiudesiuiesnin

4001

0.0012097 Min

gu‘ﬁ 5

v
a =

Jarudesunazunuilududwdedrtu Inenuainudy
Joulawageaauinveuiidudatudiuuugaueaiiuly
Tuna A uaz luma B au1a 20.63 MPa Way 55.75 MPa
puanu dululuna C wag luwma D nun1SNTEANY
AUAUUS AR NaIme L esiiy LarnuALA LIy
fawagaaauinafinataiesitufuaumn 2,88 MPa
uaz 7.75 MPa auadu (U7 6)

B

462.15 Max
4

91767
45303
0.22085 Min

WAAINTINTEBFIVDIAIILAY LazAnTIAIBuTiaagsgnuuAToUTugEn

Figure 5  Stress distribution and maximum von Mises stresses of ceramic crowns.

U 6
Aoulndn

UAPINNINTEAEAIVBIAMUAY UazAmieulaaggnvefissiluuasunuilusialavewies WesiureulndnidSuduly uaswnuily

Figure 6  Stress distribution and maximum von Mises stresses of cast post, fiber-reinforced composite post and composite core.
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waz uipa D vu1n 1.85 MPa, 1.90 MPa Uz 4.66 MPa
puay dauliieg B uansAinfeulalageand
Uhaaenilu vunm 4.60 MPa (5U1 8) 1ilesannitud
I§$unisysuedeiosilunasunuiiuwdelavzmiosd
n1INsEgANAUgUInMduUaevauiayiiulng
Uanesnilu Weldsuussunideiiigadu vilhiAnnis
nsreANUuINUaeTIniulUgusuBaUT gty

98607

082585 Min

00 5000 £20%0 o)
— —
2t S50

UARY NMINTTINLRIVDIAILAY UazAAIALBUliawaggauuiudnaswSsuraasniluie Sulieslulas unuily

45977 Max
40993
36009
31024
2604
21085
16071
11086
06102
011176 Min
o0 .

20 2000}
— 1

sUn 7
Figure 7 Stress distribution and maximum von Mises stresses of endodontically treated mandibular incisor teeth.
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Figure 8

Stress distribution and maximum von Mises stresses of periodontal ligament.
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nsean wummﬁmauﬁawaqaqmﬁﬁnfw’dma
sinfululuiea A wazliing B aun 3.28 MPa Way 8.15
MPa Awd1fy wagnumuiRuoufialagsaniusom
vouvaunszaniuLidlulieg C uag luiaa D Yu1n 3.28
MPa LAz 8.44 MPa MU (3UA 9) dalgunuunis
nszeARumilauiuluynlieg lnenseateaua
mndsuivndaduduiiiulduusdlugduauiadu
AUNNA

AMMMULT5IVBINUSY (Bond strength)

Tnevhlunumsazauanuiugeuinaseulios
fluluynluea Faduduidrasmsdadnduseminadies
flunaziiieiiy (gﬂﬁ 10) ieR915a1A1A7UT sus a0
fuszanAwsRdluLd s nvesTan 2 Ussnniiduda
fu wuAusaslunuadaansywinadesflunasunuity
sialansnd sefuid oty Wesilutasunuiiusdalane
wisstuAseUTluesfin uaviieilufuaseuituesiiin lu
laiea A 91 5.07 MPa, 3.49 MPa wag 2.55 (gﬂﬁ 10 a, b,
o) warluluipa B A1 13.64 MPa, 9.43 MPa way 6.76
MPa MUAIRY FUAIANNLT LTI DIRUSENALTIRT Y
wnRsnsewinafesiluneulndnasudulefuidodly
wnuilusenTndnfuaseuiiuwsiin uavoilufuasouiiy
w5190 Tulaiaa C JA1 0.84 MPa, 0.79 MPa way 3.57
MPa (5U7 10 g, h, ) waglulaiaa D fiAn 2.22 MPa, 2.11
MPa tag 9.43 MPa Aua1Ay

gﬂ‘f/’i 9
Figure 9

wuilaiiuildsumsysaeseiiesitunesln
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msysauzsofesiiutazunuiluvialavewios sniu
Ausaislunuadsannsywiad eflufuaseuiiuesdinly
luaa D dengendnluluea B wansIAlESULSIURLAEN
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Figure 10 Bond strength. (a, d, g, j; between post and endodontically treated tooth) (b, e, h, k; between post and ceramic
crown) (c, f, i, |; between endodontically treated tooth and ceramic crown)
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Figure 11  Equivalent cyclic stress from fatigue criterion of Goodman and Gerber. (A; Equivalent cyclic stress from fatigue criterion of
Goodman from model A, B; Equivalent cyclic stress from fatigue criterion of Gerber from model A, C; Equivalent cyclic stress
from fatigue criterion of Goodman from model C, D; Equivalent cyclic stress from fatigue criterion of Gerber from model C)
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Three-Dimensional Finite Element Analysis
of Stress Distribution and Fatigue Life of
Endodontically Treated Mandibular Incisor
Restored with Cast Post and Fiber-Reinforced
Composite Post with all Ceramic Crown

Vivattanakulpanit T* Pratumwal Y** Yodsuwan D***

Abstract

The study of stress distribution and fatigue life of endodontically treated mandibular incisor restored with cast
post and fiber-reinforced composite post with all-ceramic crown. Endodontically treated mandibular incisor underwent cone
beam computed tomography assessment. The resin pattern for cast post, fiber-reinforced composite post and all-ceramic
crown were scanned and converted into three-dimensional parametric solid models, then generated finite element models.
A linear static structural analysis was performed to calculate stress distribution and fatigue life in different restoring
configurations. The load of 65 N and 176 N applied at 30 degrees from vertical tooth axis on labial surface of the crown to
simulate chewing force and maximum bite force. Recorded stress distribution was presented as diagrams and numerically
as maximum values of von Mises stresses, then calculated fatigue life of endodontically treated mandibular incisor. For all
models, the maximum von Mises stress values were found in all-ceramic crown. Tooth restored with cast post demonstrated
greater stress level near apex of the post, while tooth restored with fiber-reinforced composite post showed stress distribution
around cervical area. The study of fatigue life found no fatigue failure for both post systems. That means that,
endodontically treated mandibular incisor restored with cast post and fiber-reinforced composite post with composite core
demonstrated different stress distribution patterns. No damage was found on both types of post under chewing force and
maximum bite force and could predict that fatigue failure under cyclical loads will not occur.

Keywords: Stress/ Fatigue/ Fiber-reinforced composite post/ Cast post/ Endodontically treated mandibular incisor

Corresponding Author

Danai Yodsuwan

Department of Prosthodontics,

Faculty of Dentistry, Khon Kaen University,
Amphur Muang, Khon Kaen, 40002.

Tel.: +66 43 202 405 #45145

Fax.: +66 43 202 862

Email: danai@kku.ac.th

* Dental Department Sakon Nakhon Hospital, Amphur Muang, Sakon Nakhon.
** National Metal and Materials Technology Center, Thailand Science Park, Khlong Luang, Pathum Thani.
*** Department of Prosthodontics, Faculty of Dentistry, Khon Kaen University, Amphur Muang, Khon Kaen.




