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Evaluation of Bacterial Leakage of Root Canal Fillings
over Time Using Modified Bacterial Leakage Model
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Abstract

Objective: To evaluate the bacterial leakage of
root canal fillings over time using the modified
bacterial leakage model.

Material and methods: One hundred and
seventy mandibular premolars were divided into 6
experimental (n=25) and 2 control groups (n=10).
170 leakage apparatus were set up using Enterococcus

faecalis as a microbial marker. The models were
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observed daily for turbidity of the broth in the middle
and lower chambers for 7, 10, 15, 30, 45 and 60 days.
The scanning electron microscope (SEM) was used
to observe the presence of bacteria at the interface of
the root canals.

Results: All six positive controls leaked after
day 1, one obturated tooth of the 45-day group
(5.26%) leaked, while the others showed no turbidity.
The SEM images revealed bacteria accumulated at
the interface between root canal wall and root canal
fillings as well as in tubular dentine in all groups.

Conclusions: The modified bacterial leakage
model showed only 1 obturated tooth leaked in the
period from 7 to 60 days. However the SEM revealed
that E. faecalis was present at the interface along the

root even when the model did not show turbidity.

Keywords: coronal leakage, microleakage, bacterial

leakage model, Enterococcus faecalis
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Figure 1 The modified bacterial leakage model consists
of 3 chambers. The upper chamber is filled with

E. faecalis culture, the middle and lower

chambers contain the BHI broth.
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Table 1  The leakage of the obturated root canal after exposed to E. faecalis over time.
Control/ test Observation N No leakage (%) Leakage Range
group Period (days) (%) (days)
Group 1 7 days 18 18 (100) 0(0)
Group 2 10 days 19 19 (100) 0(0)
Group 3 15 days 19 19 (100) 0(0)
Group 4 30 days 17 17 (100) 0(0)
Group 5 45 days 19 18 (94.74) 1(5.26) Day 44
Group 6 60 days 17 18 (100) 0 (0)
Negative control 60 days 8 8 (100) 0(0)
Positive control 60 days 6 0(0) 6 (100) 1,2,5,22
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Figure 2
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The SEM images show E. faecalis (white arrows)
present at the interface between the root canal
wall and the root canal filling as well as in the

dentinal tubules (black arrows) of the coronal
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(a), middle (b) and apical (c) parts of the root
of Groups 1-6, the positive control and the tooth
that had turbidity in the lower chamber. The
SEM images show no bacterial present in the

negative control (5000x magnification).

drsdsaslany Jauansfanisiiszninesessieveuuy
Sranseuuuddide £ faecalis WaZWUUTIRDIAIUNAN
Suau 13 3u Anduosas 9.56 uuudassiinunsaiu
lunaennaaeINagnNAneenNIINNITNARSY

wan1svaaealnguuuIansfaulainisiady
wuAfiise wudtlungud 1, 2,3, 4, uaw 6 uaznAuAIUAN
au ewnsiasadelunasanaasinatuazansdndla
PABATTEYIATIVINNINARDI WUNISTUYBIDTNILADS
eluvasananosadlungudl 5 Sefnnunailuszes
a1 45 Fusuu 1 Judadufenas 5.26 luvasiingy
muaNuIndaganasssnilulaglilignazuuadaiass
funuimasamnaeEsuiaiadous Ul 1 auds
Fuil 22 Fapadt 1

SloAugmsrozinafinnuma thewnadisndelu
wuuaesdunasuara LNy LTIy 9Nt
neaeufsnsteuunsuwarnaaigluewadsaie
Afindeduduiosas 6.5 nmeldaniziifieandiau
91 TABLTDINLUUS DI ITRINGLATUAL
vInuazuuUsIaesiiinisulunguil 5 funudeiady
Ui ddnwaizlalalidvndAeutianay deudn
fihe wavanansasyldluemsidsadeiiinde
Huanuasifvesdo £ faecalis usewnaiieudean
vaganaassdunasitlatulinuideuuoimsiuae
dmfunaumuANaULALNgUMAADINMADT 8111
Foatedindanaensveraifinmuna hiWUL%yaLaﬁng
vuoTutuiy Tuueiuuudiassiivasnviaaes
nansuBsgndnesniu easnimimedenuinde
Aadyuuemsiulidnvasrudeaiutuiinulungy
ATUANUIN



@y, VUAENT 191 39 arTudl 3 2561

HAN1IATIVEBUAIBNABIANIIAUBLANATOU
WuUdeInIIA

wé’qmﬂéuqmzwnmﬁﬂm guitulunquauny
U NEuAUANaUBs Ay 1 3 nauvaasinguay 3
A3EOULAENNENBIINNERIRANTIAUBENATOULUY
dosnsianunuafiesustsroutananoguuiiuy
duia (interface) seninantiananssniiunas angaly
ﬂﬁcjummmmmmznejwmaamﬂﬂfjuIma%wm%ama
Aszdunanasinilududunazdrunas dmfu
paessnudmUaenudoituierfuusdosni
prosTInTludinuy Saviadavuidediviaidefiudutng
vosuifanaosnniluiaaesdnedie dmsuituiided
msFushueenluuendanesnituiiunuuuaiiGenaon
rasssniluludnvazifoaiuiuiinulungumaass
drunquatuauavlinukuailisenaonnasIsinily
fhnsnsaaaey (U 2)

a (3
UNINITU
= dy = a a 1

N13AN Y IMARIHANITUNINTUVDILUATIS BN Y
Tanaarasssniiuleglduuudtaesinulainissizy
wupTiSeTisvezaIfawe 7 3 60 Ju fuiigalaglaly
snAziuatamesiundunluaNuINNUeIMTAEATa Y

° | o Y o oA =’ A o
wuudaesduadnsyuauiun 1 dudunstudu
Nan15An®Nued Torabinejad wazane" uag Khayat
warAnls” MInAzuuaTao TBliuANILUUATIVIVDS
N"358AAaR3INTIY (apical seal) Tuvausiinguaiunuay
Faluilunldldnsedamadidaasssiniiulifinnsyu

& & ° 2 Ao
yasmsiasaelukuuiaes WWunsduduituuy
. = &
aetliinsuuleunasnnisnnaes
= = M v -

NsANYINITITUVRIATRITINTIUNIATUN TR

AU Tl UUT88IN S TURUATIS BUUUABD I

161821 1 1999710015

wiaznsAnulnafiuanaai
@E]ﬂLLUUﬂTﬁVIWaENfIﬂ’J’mLLG\ﬂG]INflgﬂULLd‘UEN’?aQLLaﬁg
nsgaeaessnity uwuafiSeilldvagey Tastewanis
naaesilafimuuanmetunnuastunUssuiisutu
IGen msnumusgraduszuunuinnisaassfiniu

wdadiniseaniuungurivAuauliiinzauis e

110

CM Dent J Vol. 39 No. 3 2018

LagNITUNINTFUDILUATILSETUAIINAAIAINITD
APTUN U EA ST NI 19 LLAYLUUS a0 d UL
uenwdeandnumseaasnituildsunisgn Snv
mama%"a%mﬁlé’mamei"laaqL‘ﬂumawm;a%ﬁwm
(microbiology) Faduisildeniseaeumnnninisng
M9ganeIn1AAIans (histology) Wagnuinligenndes
Funan1sdaunafinunieaain?
msanilduuusaenuUansHduLuaiise
AINN15AN©®1989 Lertjantarangkool™® 941
nMsUfuUsLUUaesUUaewies Taaiiuuuudians
d7una19 (middle chamber) S¥®IN950UFDYBILUU
SrapsduULLaTaIUas lanTeTunsvemuaTiSy
NUTDUADTENINNAATAADIEIUUUAURY Nan13ANEN
dnuinuuusiasssaulainissdunuaiiseaunsa
nRTuNsYuluvaoanAaeIEIuNa1e 13 FuNUUY
$raesviavun 136 Tu Anidudosar 9.5 waswun1atu
vosewnsdsatelunuuaesudadios 1 Julundu
finamumaszaze 45 Yu Andudosas 5.26 denndos
fuwan1sAnw1ves Lertjantarangkool™® fi@1unsa
as9UNsPTuiuuuaesdunadldtosay 11.11
wazfinisyuresemnaidsadeluuusiaosdiniies
1% ($ovay 6.25) TunaessnituildFuniseadsdinng
Suiadeduszorna 60 Ju dauinnisanend lale
YNN5NAaBLUTI U UAULUUIADILUUAB IR AN
uinsnuesiAssdeluuusiaesdiunatstulu
snfiuuusassdinandsndlangiu wandifiuin
LuusassdanUaiannnsansaasunisavenuy
dnavsusndinuls denndesiuni1sAnyiIvea
Rechenberg wazamzdanunuaiiiefisosnasyning
FudeuiiutasinamionlddaiufuLuusasuuy
aoaries Tnenuideiiusinivlundumnaosuasngy
muqmau%qLLamdﬁmi%’Waqmei’ﬂaauﬁmsﬁuﬁ
mMeusnsIniu®
dlefiansannisinwnsundafifinseanuuy
n1sneassiindefy Aelduuusiaesuuuaedios
prvaeuNMIhiuvesTangaaanssnituinnnesy,

uugnazLuatanesyilaeleNTaN e nATUaIe



@y, VuAENT 191 39 atiudl 3 2561

E feacalis 614171 HAN1SANYINLIIHUNTYULD
LUUINABIAIUAIRILFS DAY 25 Aude 100 Tussey

(17182930 a1y N15ANW1VOS Timpawat

1387 30 LA 60 U
WAZANENUNNSYUVBILUUTIARIEIUA NN ENAT TR A
AaRITINNuLINSAuEATRSaray 25 Tuseaziian 30 Tu
uazsosay 31.3 Nszuziian 60 " Yiicel Wazany
‘W‘ULLUUﬁTwameﬁmﬂﬁ%juﬁawai’uﬁ 3 TAYNUBUU
o al 1 ¥ o a
avdin1syuseas 85 luszeziian 30 Tu uaziinns
YuvaLUUaesEINaINIaluTTEza1 60 T
ALUINITIUIUSDUALUDILUUINADILUUABITTDIAUN
gIMTAgRBIinN1sYUINANIINTVIRae 1N
NuUUIResfaLUasildanansansiadunisyures
YADANAADIFIUNANLATANBDNIINAITNNADS AILY
HaN1sANYINMITITvRsiiunlasunsealneuuudaed
LUATHLS W UUEDIVBINHIUNIDIANADINATIITUVD S
LUUINABINBEIUNTY hAENITTATUMNIUARDITINTHY
NV93991NATULBENINNTIEIU
HaN13ANYINIITITUVDITaNRAAABITINT U
TR UUI1a9N15TULUATIS 8NN UL LT uNTaaLNe
HAN199879718191NN15Y UVBIBINITLAY LT
TuwuuINaIdINa1s LAAINNANYBINITUNSNTUVDS
o o L X L X .
wuaisen U Turelafutiuduiusseznatlunisuy
(incubation time) 535U AVDIAINU (nature of dentine
o o & Hueo 2
surface) haranzvaaviavlaiu®’ J990nkuunIs
naaadlagliiuinsduladaluss oL IaNwWANANaIY
LAEAIIVADUNITHNINTUVDNYDIINAIUAIH LU
AuUa1951nH Ul ULA ALY SLELLIAIAIFAIND 8RN
Nd049anIIABLANATOULULADINTIN NAIINWUY
1899 UNSANIRNUINTNTWNTNTUVDILUATIS SR
Tanaanaoanniluniinsdudaioiios 1 Fuauly
SEELNANPAMUNARILE 7 D9 60 TU 819 LBIU1RINNTT
= & o v aa %
Anwilidenldianegiluninisganasssnilulauuy
@19 (hermatic seal) TINTIFADUMILNMNANYSIFNIAIUY
Thdnana-lnanana wazmulndawnu-1nday @runsny
a a = 1 o ¥
wUATSELNINTUEURantULanUagsINHUwaLYIN LA
gmsideatelunasanaaedIuaYUIINIY 1 Fiu

anuflenanenuliduuvainvesianganasssnily

111

CM Dent J Vol. 39 No. 3 2018

uazsnazuuatalans dslaiamnsansraeulaain
aneanededvildifingosinedeomsidendouas
wuAfiSaunsaunsndunutosinama feenlud
usnUangsinitula®”
mwmamﬂﬂﬁaa@ammﬁ%Lﬁﬂmaumaqﬁu%qﬁ]u

GT’aLmuﬁuaqLLﬁiazﬂquﬁﬁiwznmﬁmmma 7 9960 U
Ty wuwuaTiSovuiiuindudandnasisiniluLas
amelunedlofiudrudrsvesnanssiniluadudy
drunans wazdiulany Bawiflufivhuinsieaey
wlinumsguuatemnaidsadeluuuusiaosdiuds
fana wanslifiuimaanuuusiaesmsduuuaiise
wagNan1egadIInen luduiusiu wan sAnuIil
#OAAABINUNISANYT Y89 Brosco wagmuzlul 2010
FaRnmumansiaduludanesiniuweade £ faecalis
Tuswerina 120 Yu nuuuushaesdiudsguiioug 50
Fuan 154 du Gevay 32.4) wiidlevnluasiadeums
FATIINNIENTTBNEUTIILLBUAUTUY (Brown and
Brenn) ndunuuaiiselupasssinilufie 188 daedu
pray 76.6% warn13fnuIves Kwang waz Abbott 84
TduwuudnanuuuaninIfnnIukNasyeziIan 90 1y
WUTMUURIRDIEIENTY 8 Furnteuun 16 By
(3ewaz 50) wiiileniadeunuaiise Streprococcus
gordonii s nglunasssnilufiendesganssm
3L8nAsEURUUARINTIA NULUATISETIREURETEIINg
HTlaAaBIsINHULAzIangn sstviaidefiutades
$1u9u 9 Fanilufithuasivaeu 10 3% wansuuy
$raesiilaifimsduresonmadsatedsdonriuuuy
TraeslununisTuntuvesuaisesenliusniany
sty waluanuduasadifamunuaiiiSeanely
AABITINTILIINNNIATINERUREIENTBUC? NsHULe
vuitufnrasssnitutasviereiiud oA uan sl
WiwrndlenuafiiSeunsnduluniusessaszninens
ARRITINTHULAETANDAAADITINTULAT FLE1U1T0
unsndudn e efudradsdld® daniswu
Lﬁ'?‘?al,mﬂﬁﬁsﬂuﬁaLﬁaﬁuﬁumwﬁqmaLﬁaqmmﬂmi

o w

mammamai mmsﬂﬂmwmwiuﬁummmsmm

“lJuﬁLiJEJ'iuu LSUE] E. faecalis 9% AUNTOUNINTUN



@y, VUAENT 191 39 arTudl 3 2561

aasssnludnluluwiadedluld 300-400 lupseyu®™
pg19lsfimu MseaseukuafiSslunaassInilusie
ﬂé’mamsﬂﬁéLéﬂm'ﬁauLLUUdaaﬂsm?}aﬁﬁwé’wmsqa
mmsam’maaugﬂiwé’ﬂwmz (morphology) ¥4
wualseladniauniinisnsiageulanenislvadeu
wiaesisAdldannsavendenuiiiinveudod
wuld® Fadudillanunsonsiulduuaiiderivsng
Tunaessnilulunrazsyovnarivihnsanwdudu
wuafiBefdsdTinegvidolsl

Tunsmddin Ricucci wagmue Tul 2009 wuanity
ftnstaduludrusiluduiusiunsnuideuuaiiise
Tunaossiniludiugy wilisnduinssdomuidelu
AasssInilugruUaneanun Tnefluiiinnissaduly

wimilullesniluvseanusuzuaninusoinnig

1%
o

d

wandunaiuiudiuiu 49 G NULUATLIYRELANE
Whamilsduauvesnasssinilududuuasvierieiiu
Fradins fiftes 1 FinunuefiZeiiraossniludutasy
P8 LANUNIADUAUDIRONITONLAU (mild inflammatory
response) luilaifouanesnitulddamiduanuveity

D uReIAUINNISANEIVDY

finsr9aounanun
Ricucei waanizlul) 2003 wuituvesifinedifinssady
Tughusnitudaus 3 Wevuduld $1uau 32 Fnunueiiide
Firaosrnitughugiusiuiuinn uinudelunassinily
dunansuazaUaneiiios 2 St usegnslsinn
fifludiuau 7 Ffmuwadsniausnyansiuegiuiiim
Uanes1nilu®® Faudilunnsrddnugs aasssnilud
’J’a@qmﬁﬂ']ié’uﬁal,%aiwznamﬁwzé’ﬂu’wumi
Wasuudasweaiedaseuuaesinitulunmdneded
wagldnunuafiSeunsnduludimasssinilugiulane
winoanuanUatesinilugafinulunisfneinissdu
#19  fimna widasmuiifinuafiSefegluieidefiud

3520 UL UATILS S WA

1%

a a & a = o A oA a
NanAnM U URYanawnsnaIulUguiladausiiuane

Insindialuusudufes

snflusaznabiinn1senauvasiiedauatesinilulu
ﬁq@(BZ)
ae19l5ARNISYINANITANE AR UNITITUVD

[

anaanasssInfiuludszendldlunisndindedinig

112

CM Dent J Vol. 39 No. 3 2018

wlanaegeszdinseTaarfiarsaniladefiieides
SUIAILANANYBIENIENIARINLAY AN TVAADS
TuesufoAnisde iesanlunisrdindidadedd
ANududoutazauaulild Wi n1ginirvesiy
svsnaanielfenarveunarusnalatesinily
miLﬂﬁauLLﬂaaqmwQﬂuﬂimmﬂ rusunglugesin
LazAIMaINTaIeve Lt elur e nduiu®” wuu
$1a0ednulatn1sHidunuaiisedaiunsanidn
AMLAAINLAADUTIANIINNT vB U ae LAy T
nan1snaaesfiuiede wallfunaunisindeunuy

'
o =

3189901 LoN1@AANITUUL T BUTENINNUTENBULUY

o

Passlaunuiu nsanwilusuiane1aia1sausy

=

JUNBUNINARDNITNAADY LU NSBLASANLITUNS

Qe

Falaulunisuseneuiuldniurasnnanass Lagn1s
¥nstaenidenuusianinendinisusenaunads
Aroufaleidusenlen viearesedunuun?
nsnedeumedonansviadsifnannlunisielsald
1nninsindeifiowdadier wasidenilonanyly
fuiidinisindouaziossnuinaossinilusmioanie
finvluresiinvzinuadiGevansuiineysauiu>
susnsveaeuneldannitusuniendouing
BNTNANDANULUUMNVDUTDI TAAUALNTUNINTLVRY
ddpunazuuniise“
unaql
n135afuvesnanssniuildYunisgaie
fammesnuiunazwuadanesyilaeoyndalag
Buanmosanouunadu onadeuslsuuusiany
Fanasn1ssidunuaiiSefiszezioan 7 89 60 Sunud
fuuaiZeduriusenluenaasssiniludavinliuuy
Srapsdruanuiiios 1 Slunguiiiamunaszozioan
45 Ju uAINNNENBAINNADIANTIAIBLENATOULUY
doansanunuaiiSoumsnddlumuiuiduiasywing
HianaessInHukar Tangauazanusaunsndudiluly
viewoitu Tnenuideléisdugiu daunans wavdiuuane
sinduluynnquvaass Gadazdilanunisyues
ownsiasadeluLuUsaesfiny Bashinansinud



@y, VuAENT 191 39 atiudl 3 2561

azdildanunsanansdenniiniadeluniseddnuay
Felugu150UNAMULANAIIYDINITUNINTNVD S
wupiser1uiananmaedsiniunielussesiiad
fnisveaadld winanisAnufwansifuinded
msduiatudonds wuefideasunsniulunusesse
ssm’wmﬁmaamﬂﬁNuLLaﬁaﬂqmwﬁmaLﬁaﬂu
Trafes Fawansisnnudfalunisysuzdiudaity
Aendanssnwrasssniluliianuuuuainiie
JostulilliAnn1ssduludiusaily

Nad@nssnilszme

n1sAnuidla Suntsafuayuainame
TUALNVEAIERS UNTINGITHULTAIT VBVBUNTEANM
AanT19138 (ki) iy, 5. Janvy Auned inganlss
AMuuzihiFesnminndesqanssmisianaseuuy
d84n97

ONHIEND

1. American Association of Endodontists [URL of
homepage on the Internet]. Chicago: Endodontics:
Colleagues for Excellence newsletter.Fall/Winter
2002. [cited 2015 Oct 11]. Available from:
HYPERLINK “http://www.aae.org/publications-and-
research/endodontics-colleagues-for-excellence-

newsletter/coronal-leakage.aspx” http://www.aae.org/

publications-and-research/endodontics-colleagues-

for-excellence-newsletter/coronal-leakage.aspx
2. Saunders WP, Saunders EM. Coronal leakage as a

cause of failure in root-canal therapy: a review. Dent
Traumatol 1994; 10(3): 105-108.

3. Siqueira JF Jr. Aetiology of root canal treatment
failure: why well-treated teeth can fail. Int Endod J
2001; 34(1): 1-10.

4. Hommez GM, Coppens CR, De Moor RIJ. Periapical
health related to the quality of coronal restorations

and root fillings. Int Endod J 2002; 35(8): 680-689.

113

10.

11.

12.

13.

CM Dent J Vol. 39 No. 3 2018

Ray HA, Trope M. Periapical status of endodontically
treated teeth in relation to the technical quality of the
root filling and the coronal restoration. /nt Endod
J1995; 28(1): 12-18.
Tronstad L, Asbjernsen K, Deving L, Pedersen I,
Eriksen HM. Influence of coronal restorations on the
periapical health of endodontically treated teeth.
Endod Dent Traumatol 2000; 16(5): 218-221.
Gillen BM, Looney SW, Gu LS, et al. Impact of the
quality of coronal restoration versus the quality of
root canal fillings on success of root canal treatment:
a systematic review and meta-analysis. J Endod 2011;
37(7): 895-902.
Verissimo DM, do Vale MS. Methodologies for
assessment of apical and coronal leakage of endodontic
filling materials: a critical review. J Oral Sci 2006;
48(3): 93-98.
Khayat A, Lee SJ, Torabinejad M. Human saliva
penetration of coronally unsealed obturated root
canals. J Endod 1993; 19(9): 458-461.
Siqueira JF Jr, Rocas IN, Lopes HP, de Uzeda M.
Coronal leakage of two root canal sealers containing
calcium hydroxide after exposure to human saliva.
J Endod 1999; 25(1): 14-16.
Torabinejad M, Ung B, Kettering JD. In vitro bacterial
penetration of coronally unsealed endodontically
treated teeth. J Endod 1990; 16(12): 566-569.
Rechenberg DK, De-Deus G, Zehnder M. Potential
systematic error in laboratory experiments on
microbial leakage through filled root canals: review
of published articles. Int Endod J2011;44(3): 183-194.
Lertjantarangkool P. Comparison of sealing
properties between zinc oxide eugenol and resin based
root canal sealers using bacterial leakage model.
Master of Science (Endodontology). Naresuan

University, 2015. (in Thai)



@y, VUAENT 191 39 arTudl 3 2561

14. Swanson K, Madison S. An evaluation of coronal
microleakage in endodontically treated teeth. Part I.
Time periods. J Endod 1987; 13(2): 56-59.

15. Magura ME, Kafrawy AH, Brown CE Jr, Newton CW.
Human saliva coronal microleakage in obturated root
canals: An in vitro study. J Endod 1991; 17(7): 324-
331.

16. Chailertvanitkul P, Saunders WP, MacKenzie D.
Coronal leakage of obturated root canals after long-
term storage using a polymicrobial marker. J Endod
1997; 23(10): 610-613.

17. Timpawat S, Amornchat C, Trisuwan WR. Bacterial
Coronal Leakage after Obturation with Three Root
Canal Sealers. J Endod 2001; 27(1): 36-39.

18. Yiicel AC, Giiler E, Giiler AU, Ertag E. Bacterial
penetration after obturation with four different root
canal sealers. J Endod 2006; 32(9): 890-893.

19. Brosco VH, Bernardineli N, Torres SA, et al. Bacterial
leakage in root canals obturated by different
techniques. Part 1: microbiologic evaluation. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2008;
105(1): e48-e53.

20. Schneider SW. A comparison of canal preparations in
straight and curved root canals. Oral Surg Oral Med
Oral Pathol 1971; 32(2): 271-275.

21. Retamozo B, Shabahang S, Johnson N, Aprecio RM,
Torabinejad M. Minimum contact time and
concentration of sodium hypochlorite required to
eliminate Enterococcus faecalis. J Endod 2010; 36(3):
520-523.

22. Peters OA, Koka RS. Preparation of coronal and
radicularspaces. In : Ingle JI, Bakland LK, Baumgartner
JC, editors. Ingle’s Endodontics. 6" ed. Hamilton
Ontario: BC Decker; 2008: 877-991.

23. Vilanova WV, Carvalho-Junior JR, Alfredo E, Sousa-
Neto MD, Silva-Sousa YT. Effect of intracanal

irrigants on the bond strength of epoxy resin-based

114

24.

25.

26.

27.

28.

29.

30.

31.

CM Dent J Vol. 39 No. 3 2018

and methacrylate resin-based sealers to root canal
walls. Int Endod J 2012; 45(1): 42-48.

Banenati FW. Obturation of the radicular space. In :
Ingle JI, Bakland LK, Baumgartner JC, editors. Ingle’s
Endodontics. 6" ed. Hamilton Ontario: BC Decker;
2008: 1053-1087.

ZhangH, Shen'Y, Ruse ND, Haapasalo M. Antibacterial
activity of endodontic sealers by modified direct
contact test against Enterococcus faecalis. J Endod
2009; 35(7): 1051-1055.

Roe-Carpenter DE. Anaerobe antimicrobial
susceptibility testing. In : Schwalbe R, Steele-Moore
L, Goodwin AC, editors. Antimicrobial susceptibility
testing protocols: Boca Raton, Florida: CRC Press;
2007: 139-172.

Siqueira JF Jr, Rogas IN, Favieri A, Abad EC, Castro
AJ, Gahyva SM. Bacterial leakage in coronally
unsealed root canals obturated with 3 different
techniques. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2000; 90(5): 647-650.

Rechenberg DK, Thurnheer T, Zehnder M. Potential
systematic error in laboratory experiments on
microbial leakage through filled root canals: an
experimental study. Int Endod J2011;44(9): 827-835.
Baumgartner G, Zehnder M, Paqué F. Enterococcus
faecalis type strain leakage through root canals filled
with gutta-percha/AH plus or Resilon/Epiphany. J
Endod 2007; 33(1): 45-47.

Tasdemir T, Er K, Yildirim T, et al. Comparison of
the sealing ability of three filling techniques in canals
shaped with two different rotary systems: a bacterial
leakage study. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2009; 108(3): e129-¢134.

Al-Nazhan S, Al-Sulaiman A, Al-Rasheed F, Alnajjar
F, Al-Abdulwahab B, Al-Badah A. Microorganism
penetration in dentinal tubules of instrumented and
retreated root canal walls. In vitro SEM study. Restor

Dent Endod 2014; 39(4): 258-264.



TH.

32.

33.

34.

35.

36.

Vumans 191 39 atiudl 3 2561

Brosco VH, Bernardineli N, Torres SA, et al. Bacterial
leakage in obturated root canals—part 2: a comparative
histologic and microbiologic analyses. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2010; 109(5):
788-794.

Kwang S, Abbott P. The presence and distribution of
bacteria in dentinal tubules of root filled teeth. /nt
Endod J 2014; 47(6): 600-610

Haapasalo M, Orstavik D. In vitro infection and
disinfection of dentinal tubules. J Dent Res 1987,
66(8): 1375-1379.

Ricucci D, Lin LM, Spangberg LS. Wound healing
of apical tissues after root canal therapy: a long-term
clinical, radiographic, and histopathologic observation
study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2009; 108(4):609-621.

Ricucci D, Bergenholtz G. Bacterial status in root-

filled teeth exposed to the oral environment by loss

115

37.

38.

39.

40.

CM Dent J Vol. 39 No. 3 2018

of restoration and fracture or caries — a
histobacteriological study of treated cases. Int Endod
J2003; 36(11): 787-802.

Alves J, Walton R, Drake D. Coronal leakage:
endotoxin penetration from mixed bacterial
communities through obturated, post-prepared root
canals. J Endod 1998; 24(9): 587-591.

Rocas IN, Siqueira JF Jr. Characterization of
microbiota of root canal-treated teeth with
posttreatment disease. J Clin Microbiol 2012; 50(5):
1721-1724.

Siqueira JF Jr, Rogas IN. Diversity of endodontic
microbiota revisited. J Dent Res 2009; 88(11): 969-
981.

Qvist V. The effect of mastication on marginal
adaptation of composite restorations in vivo. J Dent

Res 1983; 62(8): 904-906.



