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ORIGINAL ARTICLE

Fracture Resistance of Flared Root Canal Teeth Restored with Different
Post and Core Restorations

Napapa Aimjirakul* Jarupat Jundaeng** Amornthep Vachrangkura***

Abstract

Objective: To evaluate the fracture resistance of flared root canal teeth restored with different
post and core restorations.

Materials and Methods: Thirty human maxillary central incisors with periodontal reasons
were selected and stored in distilled water. Endodontic treatment was performed. The teeth were
randomly divided into five groups: direct composite core (group 1, control group), cast post and
core (group 2), fiber post and composite core (group 3), fiber post relined with composite resin
(group 4), and composite resin reinforcement with cast post and core (group 5). After that they
were embedded into PVC tubes with periodontal simulation. The specimens were tested at com-
pressive load to 135 degrees of palatal aspect by universal testing machine with cross-head speed
of 0.5 mm/min. Fracture resistance (N) and mode of failure were recorded. Data were analyzed
with one-way ANOVA and post hoc Tukey HSD test (0=0.05).

Results: Group 5 had significantly highest fracture resistance. The control group had sig-
nificantly different from the others (p<0.05). The fiber post relined with composite resin had no
significantly different among the fiber post and composite core and cast post and core (p>0.05).
All specimens in group 2 and 5 were classified as non-restorable failures. Most of fiber post and
composite core and fiber post relined with composite resin had restorable failures.

Conclusion: The composite reinforcement with cast post and core group had the highest
fracture resistance. No significant differences were found among cast post and core, fiber post
and composite core and fiber post relined with composite resin. In the clinical application, fiber

post relined with composite resin could be an alternative choice for restoring flared root canals.

Key words: Flared root canal, Fracture resistance, Post and core, Composite resin reinforcement,

Failure mode
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Fig 1. Post and core restoration in each group.
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Fig 2. Diagram representation of root embedment and periodontal ligament simulation: (A) maxillary central
incisor tooth; (B) root covered with wax and X-ray film; (C) position of film with plastic cylinder over a
perforated wood plate; (D) tooth removal from plastic cylinder without wax; (E) removal of excess polyether

and complete root embedment.
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Fig 3. Static loading test.
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Table 1. Fracture resistance means (N) and standard deviation (SD) of each experimental group.

Group Mean SD
1. Direct composite core (control) 161.27° 33.58
2. Cast post and core 370,81b 68.39
3. Fiber post and composite core 270,05b 42.04
4. Fiber post relined with composite resin 321.00b 78.26
5. Composite reinforcement with cast post and core 561.49° 80.01

BNHINFNAUUTATINANINUANFNDE WL T ATYNINEHA (p<0.05)

Different alphabets indicate significant difference between the groups (p<0.05)
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Fig 4. Graph shows fracture resistance means (N) and standard deviation (SD) of each experimental group.

asuanvind lissnsausasndle
(Non-restorable failure)

@
]

sansaysauznadl

a

nsuanyini

(Restorable failure)

Alsigansaysasld (337)

wni

) uae B: n1susn

18,

(

@

]

Tnail
Fig 5. Failure mode A: Restorable failure (left) B: Non-restorable failure (right).

HANAINITAYTUE

ar

A: msuan

ar

ANBAUSNITHANTN

sUA 5
Y

79



2.Aua.uAD OA 9 auud 1 w.A. 2559

fmsunsiwsidneusmauaninuaaslugy
7 5 UWALA3DUAZTBINNBUSNITUANTN (A5 9 2) 7
snsoysuelmilduaznsuanviniilianansaysaslé

Fowudnguil 2 uaznguil 5 Fanwuznisuanvindlal

A997 2 %ﬂﬂﬂz‘ﬂaﬁﬁ’ﬂﬂmzﬂ'ﬁllﬁﬂﬁﬂiﬂktﬁiﬁtﬂ@:ﬂﬂ’ﬁﬂﬂﬁﬂ\‘l

snansaysnisld uaciouar 66.67 Taunguil 3 uar
nawil 4 ddnsauznisuaniinfismnsoysaslnald
Tunguaupuwuhddneuensuaniniisansoysue

Tyall v

Table 2. Percentage of failure mode in each experimental group.

Failure mode Group 1 Group 2 Group 3 Group 4 Group 5
Restorable 100 0 66.67 66.67 0
Non-restorable 0 100 33.33 33.33 100

un3arsal
innadnsassdufiasaunfgiudnafuunas
sqliAesiuusiazaialuiiundesnmsiniidaans
sinflumefid1ussdumunisuaniniiuansieiu
Tnelunguidpsuazunuiilansiiasusdunoamadn
faussdumunsuandingeaniingadug  uazngs
muauiiunguisBuneamefalnunseiiauseiumu
nMsuanvineiige sudnsuzsuAninoaengaion
wazunuitulany uaznguiosuas unuiiulanziasy
isBureawadn Wudnwuemsuaminilisnansoysue
16 wu uaninuuadseufimsiunaesn §aungs
ppaiRepiiuliivasuazununrsanedn uaziiowiiy
Twesntuisdureuneds dulnadudneucns
wanvinfisnsnsoysousld
Tusfinmslfidiesuazunuifulansysuciuihimgs
Snmsndifaasssnitumnedudifon iasanitugay
idelaseadluann wazdhuauasiRvasslans wand
fiduanaaanmdangugennn Huwalifesiiuinge
Tsennlunniziouse sihlifenaudousegs uenaini
ArpITINTUN By Apsuas unuulave funalva
wasVImaUTRReeIINY Fovhlidusefuniu

MsuannuInnIhesaznuiulancluaaayIniiu

nadnn Tunsddeaseiinuh Wesuasunuihlans
fiausedumunisuandingeningsidesiiulnives
URzUNUABNNERA FEAANDINUNIUITEDBY Yoldas
uarAusANEIULLLLISATEATUHUMASNENINT
faapesniumenysusimoppeiugduuusieg fu
o @ = o o = @
[4] woipglsfiona issandataglansfianuudennn
Jalsiiiannsdasuazazanuseilésulige sufuudi

2 a '

fafnarSuussaniieeiiulanzann LLazLﬁﬂnwsﬁﬂlﬂag
(adhesive failure) afauhpeiiulanslifiafinfiuiiu
wasfianmifumiioudnmenitu vliAansuaninzay
nHuls “’r’ioaaﬂﬂﬁaaﬁumu%’ﬂﬂ%ﬁﬁﬁwmwnﬁjuLﬁaﬂ
wazunuiiulanzuaznguiiesuazunuilulans sy
Liﬁuﬂauwaamﬁﬁnum:msLmnﬁnﬂ\lﬂmmingim:
fald unnanfinsfnenees Fokkinga uazAmziie?
ﬁumﬁmsﬁ:ﬁgﬂu,mesLmnﬁnmamﬁaﬂﬂuﬁhwﬁm
Tuediln wudndesilansildysauslufiundesnm
aaadInuilanainsnrdensauiiunaninielon
Az 13.2 [19]

aglsfimn fafinswaudesiiulvuas
ﬁﬁmuaqé’aﬂmwﬁwwﬁﬁLLazﬁmmmmsﬂum‘s
nsrBusIllnannANETBdReERY  vinl¥iRae

ﬂuﬁﬁmﬁmminmﬂmmLLiaaﬁnLﬁaﬂﬂulﬂngsoa%wo

80



SWU Dent J. Vol.9 No.1 2016

Lﬁaﬂuﬁmﬁaaglﬁ dunsaansasaaussiisaiiay
uanaﬁnﬁﬁaﬂ@mauﬁﬁmaﬁﬂ@LLa:wé“nmigsm:ﬁLfJu
dnwausluluudan (monobloc) fitnudenanuss [20]
fM1I0aANMILANTNE9TINTUlY Fenanadaeiueu
Av289 Ferrari LLﬂ:ﬂmtﬁﬁﬂH’lLﬁi]’)ﬁ’i_lﬂ’]‘jyimtﬂu
fhedapiiuluiues [21]
Tuns@nenilfsdurssmefasiamaddodios
Hulwwes Lwié’nwm:gﬁs"mﬂaaoiwnﬁuﬁmﬂLLa:ﬁﬁao
FTEinfesiiuLazniisaasn Seihidlanain
EWEuw%awgommﬁmnﬁwagﬂuLﬁai’aqmn %ou“;luqm
doufieziinsouanidnsiunarannistafezagfiosdiu
[22] Lﬁmﬂ%'tmLﬁﬂuﬁunﬁjuLﬁaﬂﬂulmua%‘jmﬁ’msﬁu
paawadnlasaaniaBudNEuzMeluAaess T AR
ANNLUUETINIBYRaThLasmIsraaeT NI hinavinli
ﬂ"]LLiar%l"mmumiLLmnﬁnmmn@;wﬁaﬂWﬂwmaimumu
ﬂauwaﬁm‘i’wn’hm\juLﬁaﬂﬁu‘lmua%‘jwﬁ’uLiﬁuﬂauwaﬁm
a9AARDIAUNIANEITEY Chieffi uazAMe [23]
RlsznavaaasBurauneaRaUsEnaLMmeLamn3nG
(matrix) waz Yandaunan (filer) vlifiananTinig
naﬂéi'mﬂﬁaﬁuLﬁaﬂuu,a:mmiﬂiﬁqsaﬁumugim:
4] Foumassuanuudeusdaseasunelunass
iwnﬁuﬁw‘mqﬁﬁmmLﬁﬂﬁ’u‘lﬁﬁmﬁfﬁlﬂu%mm:au
ninaunuiishefesiiulansfifisuenaasnmdemeu
godoilifuwliusnuanvinléidne [@] Wumawai
v‘iﬂﬁmﬁuLﬁamtatLLnuﬁuTaw:‘i?‘iLa‘%mifiuﬂauwaﬁmﬁ
mLLi\aﬁwumumsLLmnﬁngaﬁquunwswmaaﬁ lagan
Lﬂumﬂﬁﬂmiyamzﬁiﬁ@mauﬁﬁmaﬁaqaawﬁmw
fufie 13BuADNNaRATILESNNITIARDITINTHULAL T
nsranpusdieuaA [25] fudeiilanciifianm
udege wasiinnuuuuainiuaaeeniiu tieaney
uTstusdudng desenadesiunsinssed
Lui [15] UBNANNHEWU T S LR e auMa
L@3NARBYTINTIUAITYSUE BB HUNSIBUULALS
sunaduruguinaaies  wszazlinisiafinuas
ANNLdsLssNINn AR RuNSIRa LA SIUAL U

audnawivg) [26] sgalsfimanislfifesiiulanzas

WansazauANNAssmiinseLanserinfae
ulane 1sBurenwadn uazwivaapssniu g
mmmnﬁnﬁ\lsjmmanyimﬂﬁ [27]

NN3ANEN09 Kimmel l@lvidaRatsanns
ysnuzitunasinuasessniiumneifosiu dsisds
Tassaswlusufimely fndnesil weeiufininauuy
ainifuaaessnity ddnileitufiniesglitioniign 4
anwudeuse Aawenasanwdanguilmnzausens
AATULANTEBUTY LE3NANNLDILIITRITINTY &
madamaie uazannsadusssasunnlallignany
TuSeusnaudofoUsig 28]

mafnsfsundiinudn nslanseuiiuens
uatawazasmadiansysusfosua unuiluiuansng
Auld [29] Tuuddoiinudn usedumunisuansin
yaviapituinspilaiuaysenine 270-570 dadu B
NoARBITUNAN1IANENZEY Dikbas WarAMy Aivin1s
NANDULIIFIUNIUNITUANFNTDILADYLAL LN UNUTIN
funslaasauiiu [30]

MIRnsineaaaLBuURIBLIIRER (static
loading test) FesnlFUszfuALIIFIUMIUNTULANTIN
ypafpeiiuluiiundesnmeaaesniiu [31] feudii
w3siidaee iinTuiazassanwusenszunndiiin
mnqﬁ’ﬁmqmoﬁmw%am{lﬁmuﬁﬁmﬂnﬁaa"mmiuau
oty [28] waiviuysauslunivadiin lildiinanudn
wamdsniwiud sedumnfinsfnsindisdne
i msezinmegauusswaia (dynamic loading
test) Lﬁammaaummé’waﬁaqLLa:ﬁiﬂaaoamwms
THoulugashnadauaiedie [32] msfnsuanne
(in vitro study) fifasnfanaiuataisniunissnasy
ouljiansiimiioutiuanmade 1wy §n1azges
110 wssnaRziluaandiuaie WlEfidsoudusena
80 (compressive strength) WAIHLIIDDU (shear
strength) LLAZWLIAY (tensile strength) e ﬁdﬁ’:u
Tuauan msfnslunie (in vivo study) Fefiana
ffiefusunan s feildnnassilnasnasesiu

n3ala

81



2.AuA.UAD UA 9 auul 1 w.A. 2559

unagy

meliisnzsiassnsmaasst wuiitunds
%’nmﬂaaoswnﬂumﬂﬁysm:ﬁm Wosuazunuitulany
17‘iLﬂ%uLﬁuﬂauwaﬁmﬁmLLiaﬁmmumiLmnﬁngaﬁqm
mapnguissuazunuiulave Wesilulwiuesson
fusBureamedn WWesiulWiuasuazunuasNwadn
LLa:n@;uﬁysmzﬁaﬂLsﬁumauwaﬁﬂmﬂmo ANNRIAL
atlsfion dnsazmsuanvinoesnguiiesiulviues
TIWAVLIBUADNNDRA L‘fluﬂ’]‘iLLﬂﬂﬁﬂﬁﬂ’m’]iﬂyimﬂ@]’
oty Wositulniwesiniuisduneunedasafiunie

LﬁaﬂTumiyimzﬂuﬁﬁﬂaaaiwnﬁumﬂ

ONA1981989

1. Santos-Filho PC, Verissimo C, Soares PV,
Saltarelo RC, Soares CJ, Marcondes Martins LR.
Influence of ferrule, post system, and length on
biomechanical behavior of endodontically treated
anterior teeth. J Endod 2014; 40(1): 119-1283.

2. Tait CM, Ricketts DN, Higgins AJ.
Weakened anterior roots — intraradicular rehabili-
tation. Br Dent J 2005; 198(10): 609-617.

3. Tjan AH, Whang SB. Resistance to root
fracture of dowel channels with various thicknesses
of buccal dentin walls. J Prosthet Dent 1985;
53(4): 496-500.

4. Yoldas O, Akova T, Uysal H. An experi-
mental analysis of stresses in simulated flared root
canals subjected to various post—core applications.
J Oral Rehabil 2005; 32(6): 427-432.

5. Morgano SM, Brackett SE. Foundation
restorations in fixed prosthodontics: current
knowledge and future needs. J Prosthet Dent

1999; 82(6): 643-657.

6. Coelho CS, Biffi JC, Silva GR, Abraho
A, Campos RE, Soares CJ. Finite element analysis
of weakened roots restored with composite resin
and posts. Dent Mater J 2009; 28: 671-678.

7. Silva GR, Santos-Filho PC, Simamoto-
Junior PC, Martins LR, Mota AS, Soares CJ.
Effect of post type and restorative techniques on
the strain and fracture resistance of flared incisor
roots. Braz Dent J 2011; 22(3): 230-237.

8. Teixeira CS, Silva-Sousa YT, Sousa-Neto
MD. Bond strength of fiber posts to weakened
roots after resin restoration with different light-curing
times. J Endod 2009; 35(7): 1034-1039.

9. Maccari PC, Cosme DC, Oshima HM,
Burnett LH Jr, Shinkai RS. Fracture strength of
endodontically treated teeth with flared root canals
and restored with different post systems. J Esthet
Restor Dent 2007; 19(1): 30-36.

10. Santos AF, Meira JB, Tanaka CB, Xavier
TA, Ballester RY, Lima RG, et al. Can fiber posts
increase root stresses and reduce fracture?
J Dent Res 2010; 89(6): 587-591.

11. D’Arcangelo C, Cinelli M, De Angelis F,
D’Amario M. The effect of resin cement film
thickness on the pullout strength of a fiber-
reinforced post system. J Prosthet Dent. 2007;
98(3): 193-198.

12.Grandini S, Goracci C, Monticelli F,
Borracchini A, Ferrari M. SEM evaluation of the
cement layer thickness after luting two different
posts. J Adhes Dent 2005; 7(3): 235-240.

13. Boudrias P, Sakkal S, Petrova Y. Ana-
tomical post design meets quartz fiber technology:
rationale and case report. Compend Contin Educ

Dent 2001; 22(4): 337-340.

82



SWU Dent J. Vol.9 No.1 2016

14.Grandini S, Sapio S, Simonetti M.
Use of anatomic post and core for reconstructing
an endodontically treated tooth: a case report.
J Adhes Dent 2003; 5(3): 243-247.

15. Lui JL. Composite resin reinforcement of
flared canals using light-transmitting plastic posts.
Quintessence Int 1994; 25(5): 313-319.

16. Pires JA, Cvitko E, Denehy GE, Swift EJ
Jr. Effects of curing tip distance on light intensity
and composite resin microhardness. Quintessence
Int 1993; 24(7): 517-521.

17.Mezzomo LA, Corso L, Marczak RJ,
Rivaldo EG. Three-dimensional FEA of effects of
two dowel-and-core approaches and effects of
canal flaring on stress distribution in endodontically
treated teeth. J Prosthodont 2011; 20(2): 120-129.

18.Silva GR, Santos-Filho PC, Simamo-
to-dunior PC, Martins LR, Mota AS, Soares CJ.
Effect of post type and restorative techniques on
the strain and fracture resistance of flared incisor
roots. Braz Dent J 2011; 22(3): 230-237.

19. Fokkinga WA, Kreulen CM, Vallittu PK,
Creugers NH. A structured analysis of in vitro
failure loads and failure modes of fiber, metal, and
ceramic post-and-core systems. Int J Prosthodont
2004; 17(4): 476-482.

20. Ferrari M, Cagidiaco MC, Goracci C,
Vichi A, Mason PN, Radovic |, et al. Long-term
retrospective study of the clinical performance of
fiber posts. Am J Dent 2007; 20(5): 287-291.

21.Ferrari M, Vichi A, Garcia-Godoy F.
Clinical evaluation of fiber-resin forced epoxy-resin
posts and cast post-and-core. Am J Dent 2000;
13 (Spec No): 15B-18B.

22. Clavijo VG, Reis JM, Kabbach W, Silva AL,
Oliveira Junior OB, Andrade MF. Fracture strength of
flared bovine roots restored with different intraradicular
posts. J Appl Oral Sci 2009; 17(6): 574-578.

23.Chieffi N, Chersoni S, Papacchini F,
Vano M, Goracci C, Davidson CL, Tay FR,
Ferrari M. The effect of application sustained
seating pressure on adhesive luting procedure.
Dent Mater 2007; 23(2): 159-164.

24. Wiliiam JO. Dental Materials and Their
Selection. 3rd ed. Chicago (IL), Quintessence
Publishing; 2002. p.113-131.

25.Boschian Pest L, Cavalli G, Bertani P,
Gagliani M. Adhesive post-endodontic restorations
with fiber posts: push-out tests and SEM obser-
vations. Dent Mater 2002; 18(8): 596-602.

26. Mattison GD. Photoelastic stress analysis
of cast-gold endodontic posts. J Prosthet Dent
1982; 48(4): 407-411.

27. Anusornsuwan S, Limlawan T. Restoration
of flared root canal. SWU Dent J 2013; 6(1): 66-76.

28. Kimmel SS. Restoration of endodontically
treated tooth containing wide or flared canal. N
Y State Dent J 2000; 66(10): 36-40.

29. Al-Wahadni AM, Hamdan S, Al-Omiri M,
Hammad MM, Hatamleh MM. Fracture resistance
of teeth restored with different post systems: in
vitro study. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2008; 106(2): e77-83.

30.Dikbas I, Tanalp J, Ozel E, Koksal T,
Ersoy M. Evaluation of the effect of different ferrule
designs on the fracture resistance of endodontically
treated maxillary central incisors incorporating fiber
posts, composite cores and crown restorations.

J Contemp Dent Pract 2007; 8(7): 62-69.

83



2.AuUA.UAD A 9 auun 1 w.A. 2559

31.Hu S, Osada T, Shimizu T, Warita K,
Kawawa T. Resistance to cyclic fatigue and fracture
of structurally compromised root restored with
different post and core restorations. Dent Mater
J 2005; 24(2): 225-231.

32. Krejci |, Lutz F. In-vitro test results of the
evaluation of dental restoration systems. Correlation
with in-vivo results. Schweiz Monatsschr Zahnmed

1990; 100(12): 1445-1449.

ARFADUNAN:

HANWIY.AT. UUN LDENIINA

&

mﬂﬁmﬁummimﬁnﬁua:ﬁumni‘mﬂsxﬁm

a9

AUSTUALNNEAINAS NANEIaBATUATUNTILal

§7NIN 23 1WATAUY NTINWAIUAT 10110
Tnsdnei 02-649-5212

a & a 4
NNNILBLANNTBUNN napapa@g.swu.ac.th

Corresponding author:

Assistant Professor Dr. Napapa Aimjirakul
Department of Conservative Dentistry
and Prosthodontics, Faculty of Dentistry,
Srinakharinwirot University,

Sukhumwit 23, Wattana, Bangkok 10110
Tel: 02-649-5212

E-mail: napapa@g.swu.ac.th

84



