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Introduction
Endodontically	 treated	 teeth	 often	 lack	
sufficient	support	for	a	permanent	restoration	
and	 therefore	 may	 require	 the	 use	 of	 an	
intracanal	 post	 for	 retention	 of	 the	 core.	
It	 is	 important	 not	 to	 disrupt	 the	 integrity	
of	 the	 remaining	 filling	 material	 that	 is	
providing	 the	 apical	 seal	 during	 post	 space	
preparation.	 It	 is	 possible	 that	 the	 residual	
filling	may	be	dislodged,	 twisted	or	vibrated	
during	 postspace	 preparation	 which	 might	
create	 a	 pathway	 for	 bacterial	 invasion	 and	
reinfection	of	the	root	canal	system.[1,2]

Gutta‑percha	 along	 with	 a	 sealer	 has	 been	
used	 most	 commonly	 for	 obturation	 of	 the	
root	 canal.	 The	 role	 of	 the	 sealer	 remains	
critical	 as	 gutta‑percha	 does	 not	 adhere	 to	
the	 dentinal	 walls	 and	 thus	 cannot	 prevent	
leakage	 by	 itself.	 Root	 canal	 failure	 can	
occur	 due	 to	 microleakage	 at	 sealer‑dentin	
and	 sealer‑core	material	 interface.	 Bonding	
of	 the	 sealer	 to	 the	 root	 canal	 wall	 and	
formation	 of	 a	 monoblock	 can	 eliminate	
this	drawback.[3]
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Abstract
Objective:	 The	 objective	 of	 this	 study	 is	 to	 compare	 the	 apical	 sealability	 of	 mineral	 trioxide	
aggregate	 (MTA)	 Fillapex	 and	 Endosequence	 BC	 sealer	 at	 three	 different	 lengths	 of	 remaining	
gutta‑percha	 after	 postspace	 preparation.	Materials and Methods: A	 total	 of	 80	 freshly	 extracted	
human	maxillary	 anterior	 teeth	were	 decoronated,	 biomechanically	 prepared,	 and	 randomly	 divided	
into	 four	groups;	Group	A	and	Group	B	served	as	positive	and	negative	control	with	10	 teeth	each.	
The	 teeth	 in	 Group	 C	 and	 Group	 D	 (with	 30	 teeth	 each)	 were	 obturated	 with	 gutta‑percha	 using	
MTA	Fillapex	sealer	and	Endosequence	BC	sealer,	respectively.	Teeth	in	Group	C	and	Group	D	were	
further	 subdivided	 into	 three	 subgroups	 depending	 on	 the	 length	 of	 remaining	 apical	 gutta‑percha,	
i.e.,	 3,	 4,	 and	5	mm	after	postspace	preparation.	Apical	 leakage	was	 assessed	using	dye	penetration	
method	 under	 stereomicroscope.	 Results:	 In	 both	 the	 Groups	 C	 and	 D,	 there	 was	 overall	 no	
statistically	 significant	 difference	 in	 leakage;	 however,	Group	C	 showed	 slightly	more	 leakage	 than	
Group	D.	There	was	a	statistically	significant	difference	in	leakage	at	3	mm	and	5	mm	level	in	both	
groups.	Conclusion:	Although	 less	microleakage	 occurred,	 the	 bioceramic	 sealers	 could	 not	 totally	
eliminate	leakage.

Keywords: Apical seal, bioceramic, dye penetration, microleakage, postspace, stereomicroscope

Comparative Study of the Effect on Apical Sealability with Different 
Levels of Remaining Gutta-Percha in Teeth Prepared to Receive Posts: An 
in vitro Study

Original Article

Kaveri Baruah, 
Nitin Mirdha, 
Bobbin Gill, 
Nirmala Bishnoi, 
Tarun Gupta, 
Queentaj Baruah
Department of Conservative 
Dentistry and Endodontics, Vyas 
Dental College and Hospital, 
Jodhpur, Rajasthan, India

A	 variety	 of	 endodontic	 sealers	 have	 been	
introduced	 in	 the	 market	 with	 varying	
properties	 to	 achieve	 adequate	 seal.	
Bioceramic‑based	 sealers	 have	 attracted	
considerable	attention	due	to	their	ability	to	
bond	to	the	tooth	structure.

EndoSequence	 BC	 Sealer	 (Brasseler,	
Savannah,	 GA,	 USA)	 is	 one	 such	 type	 of	
calcium	phosphate	silicate‑based	bioceramic	
cement	 which	 contains	 tricalcium	 silicate,	
dicalcium	 silicate,	 calcium	 phosphates,	
colloidal	 silica,	 and	 calcium	 hydroxide.	
It	 is	 a	 premixed,	 injectable,	 hydrophilic	
product	 that	 utilizes	 moisture	 within	 the	
dentinal	 tubules	 during	 the	 setting	 reaction	
and	 expands	 laterally	 resulting	 in	 superior	
marginal	 adaptation.	 Hydroxyapatite	 is	
coprecipitated	 within	 the	 calcium	 silicate	
hydrate	 phase	 to	 produce	 a	 composite‑like	
structure,	 reinforcing	 the	 set	 cement,	 thus	
creating	 an	 ultimate	 bond	 between	 dentinal	
wall	and	sealer.[4]

Mineral	 trioxide	 aggregate	 (MTA)	 Fillapex	
(Angelus,	 Londrina/Parana/Brazil)	 is	 yet	
another	type	of	bioceramic‑sealer	composed	
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of	 MTA,	 resins,	 bismuth	 trioxide,	 nanoparticulated	 silica,	
and	 pigments.[5]	 The	 presence	 of	 nanoparticles	 enables	
a	 homogeneous	 mixture	 and	 ensures	 better	 flow	 of	 the	
product.	 Manufacturer	 claims	 that	 MTA	 Fillapex	 provides	
long‑term	 sealing	 capacity	 and	 promotes	 the	 deposition	 of	
hard	tissue	at	the	root	apex.[6]

During	postspace	preparation,	the	integrity	of	the	apical	seal	
is	 affected	 by	 certain	 factors	 such	 as	 length	 of	 remaining	
gutta‑percha,	 time,	 and	 method	 of	 gutta‑percha	 removal.	
Compromise	has	to	be	done	between	the	length	of	the	post	
needed	for	retention	and	remaining	gutta‑percha	needed	for	
adequate	apical	 seal.	Abramovitz	et	al.[7]	 demonstrated	 that	
the	 sealing	 is	 proportional	 to	 the	 length	 of	 the	 remaining	
obturated	 material.	 Authors	 of	 the	 most	 previous	 studies	
agree	 that	 keeping	 4–5	 mm	 of	 the	 obturating	 material	 in	
the	apical	region	constitutes	a	safe	margin.[2,7]

However,	 it	 may	 not	 be	 possible	 to	 maintain	 5	 mm	 of	
apical	 gutta‑percha.	 Haddix	 et	 al.[8]	 stated	 that	 in	 case	 of	
short	 root	 length	 to	maintain	 adequate	 postlength,	 it	might	
be	 necessary	 to	 extend	 postpreparations	 such	 that	 only	
3	 mm	 of	 apical	 gutta‑percha	 is	 left.	 To	 the	 best	 of	 our	
knowledge,	 no	 study	 as	 such	 has	 evaluated	 the	 sealing	
ability	 of	 these	 two	 bioceramic‑based	 sealers	 at	 different	
lengths	 of	 remaining	 apical	 gutta‑percha	 after	 delayed	
postspace	 preparation.	 Thus,	 this	 study	 was	 undertaken	
to	 compare	 the	 sealing	 ability	 of	 two	 bioceramic‑based	
sealers	(Endosequence	BC	and	MTA	Fillapex)	in	postspace	
prepared	 teeth	 with	 different	 lengths	 of	 remaining	 apical	
gutta‑percha	(3	mm,	4	mm	and	5	mm).

Materials and Methods
Eighty	 straight	 rooted,	 human	 maxillary	 anterior	 teeth,	
extracted	 for	 periodontal	 reasons	 with	 mature	 apices	 were	
selected	 for	 the	 study.	 Teeth	 with	 preexisting	 carious	
lesions,	 cracks,	 fracture,	 endodontic	 treatment,	 resorption,	
or	 open	 apices	were	 excluded	 from	 the	 study.	All	 samples	
were	 decoronated	 using	 a	 diamond	 disc	 to	 a	 standardized	
root	 length	 of	 12	mm.	Working	 length	was	 determined	 by	
inserting	size	#10	K	file	until	it	was	just	visible	at	the	apical	
foramen	 and	 1	 mm	 was	 subtracted	 from	 it.	 The	 samples	
were	 stored	 in	 normal	 saline	 to	 prevent	 dehydration	 until	
use.

Biomechanical	 preparation	was	 done	 using	 #15–50	K‑files	
(Mani)	 in	 a	 sequential	 order	 with	 copious	 irrigation	 using	
5%	 sodium	 hypochlorite	 (NaOCl)	 (Safe	 Plus,	 Neelkanth,	
India)	 and	 17%	 ethylenediaminetetraacetic	 acid	 (EDTA)	
(Dent	Wash,	 Prime	Dental	 Products	 private	 limited,	 India)	
after	 the	 use	 of	 every	 successive	 instrument.	 Step‑back	
preparation	 was	 done	 till	 size	 60	 K‑file.	 The	 canals	 were	
then	dried	with	sterile	absorbent	paper	points.

The	method	of	obturation	used	was	cold	lateral	compaction.	
Among	 the	 samples,	 20	 teeth	 served	 as	 the	 controls	 and	
were	divided	as	follows:

•	 Group	A	–	(positive	control;	n	=	10):	samples	obturated	
with	gutta‑percha	only	and	no	sealer	was	used

•	 Group	B	–	 (negative	 control;	n	=	10):	The	canals	were	
left	unfilled.

The	remaining	60	teeth	were	divided	into	two	experimental	
groups	(n	=	30)	depending	on	the	sealer	used.
•	 Group	C:	The	teeth	were	obturated	using	gutta‑percha	and	

MTA	Fillapex	sealer	(Angelus,	Londrina/Parana/Brazil)
•	 Group	 D:	 The	 teeth	 were	 obturated	 using	 gutta‑percha	

and	Endosequence	BC	sealer	(Brasseler,	Savannah,	GA,	
USA).

Radiographs	 were	 taken	 to	 evaluate	 the	 quality	 of	 root	
canal	 filling.	 The	 access	 cavities	 were	 sealed	 with	
Orafil‑G	 (Prevest	Denpro)	 and	 all	 samples	were	 stored	 for	
7	days	at	room	temperature	to	allow	the	sealer	to	set.

Postspace	 preparation	 was	 then	 done	 in	 groups	 C	 and	 D	
using	#	1–4	Peeso	 reamers	 (Mani).	Based	on	 the	 length	of	
remaining	apical	gutta‑percha,	Group	C	and	D	were	further	
subdivided	as	follows:
•	 Subgroup	 C1	 and	 D1:	 3	 mm	 of	 remaining	 apical	

gutta‑percha
•	 Subgroup	 C2	 and	 D2:	 4	 mm	 of	 remaining	 apical	

gutta‑percha
•	 Subgroup	 C3	 and	 D3:	 5	 mm	 of	 remaining	 apical	

gutta‑percha.

Samples	 in	 all	 groups	 except	 the	 negative	 control	 group	
were	 covered	 with	 two	 layers	 of	 nail	 varnish	 excluding	
the	 apical	 2	mm.	Negative	 control	 group	were	 completely	
covered	with	two	layers	of	nail	varnish.

After	 1	 h	 when	 the	 nail	 varnish	 had	 completely	 dried,	
all	 samples	 were	 immersed	 in	 2%	 methylene	 blue	
solution	 (Ases	 Chemical	 Works,	 India)	 for	 24	 h	 at	 room	
temperature.	 The	 teeth	 were	 then	 washed	 under	 running	
tap	 water	 to	 remove	 excess	 dye	 on	 external	 root	 surface,	
and	 the	 nail	 varnish	 was	 scraped	 using	 a	 #	 11	 Scalpel	
blade	(Bard‑Parker,	Surgivan).

The	 teeth	were	 then	 sectioned	 vertically	 along	 the	 long	 axis	
into	two	halves	using	a	diamond	disc,	and	the	filling	materials	
were	 removed	 from	 the	 canals	 using	 an	 explorer.	 Both	 the	
halves	of	each	sample	were	screened	under	a	stereomicroscope	
and	 the	half	 that	 showed	more	dye	penetration	was	 selected.	
The	 selected	 half	 was	 further	 examined	 at	 ×20	 for	 visible	
coronal	 extent	 of	 dye	 penetration	 (in	 millimeters)	 from	 the	
apical	 constriction.	A	 graph	 was	 placed	 under	 each	 sample,	
and	 the	numbers	of	grids	were	counted	corresponding	 to	 the	
highest	value	of	the	dye	penetration.	The	data	were	collected	
and	subjected	to	statistical	analysis.

Results
Statistical	 analysis	 was	 done	 using	 two‑way	 ANOVA	
[Table	 1]	 and	 multiple	 comparison	 using	 Bonferroni	 test	
[Table	 2].	 Stereomicroscopic	 examination	 revealed	 that	
all	 the	 positive	 controls	 demonstrated	 extreme	 amounts	
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of	 apical	 leakage	 whereas	 all	 the	 negative	 controls	
demonstrated	no	detectable	dye	penetration	[Figure	1].

Endosequence	 BC	 sealer	 showed	 comparatively	 less	
leakage	 at	 all	 the	 three	 levels	 of	 remaining	 apical	
gutta‑percha	 than	MTA	Fillapex,	 although	 the	 results	were	
statistically	insignificant	[Table	3,	Figures	2a	and	3a].	When	
leakage	at	different	 levels	was	compared,	C1	 and	D1	 group	
showed	 more	 leakage	 than	 C3	 and	 D3	 with	 a	 statistically	
significant	difference	[Table	2,	Figures	2c	and	3c],	whereas	
4	mm	apical	gutta‑percha	 (Group	C2	and	D2)	did	not	 show	
any	 difference	 when	 compared	 to	 3	 mm	 (C1	 and	 D1)	 and	
5	mm	(C3	and	D3)	of	gutta‑percha.

Discussion
The	 main	 objective	 of	 obturation	 is	 to	 fill	 the	 entire	 root	
canal	 system	 and	 to	 produce	 an	 impervious	 apical	 seal.	
It	 is	 accomplished	 using	 a	 core	 and	 a	 sealer.[3]	 Sealer	 fills	
the	 irregularities	 at	 the	 interface	 of	 the	 core	 material	 and	
the	 root	 canal	walls,	 thus	 enhancing	 the	 apical	 sealability.	
Recent	 advances	 in	 the	 field	 of	 sealers	 have	 led	 to	
the	 development	 of	 bioceramic	 sealers.	 These	 sealers	
due	 to	 their	 alkaline	 pH,	 adhesion,	 chemical	 stability	
within	 the	 biological	 environment,	 and	 lack	 of	 shrinkage	
provide	 superior	 sealing	 properties	 in	 comparison	 to	
the	 traditional	 sealers.[3,8]	 Thus,	 this	 study	 was	 aimed	 to	
evaluate	the	sealing	ability	of	two	bioceramic	sealers,	(i.e.,	
Endosequence	 BC	 and	 MTA	 Fillapex)	 after	 postspace	
preparation.

In	 the	 present	 study,	 maxillary	 anterior	 teeth	 with	 single	
canals	were	selected	and	decoronated	to	a	length	of	12	mm	
for	 standardization,	 precise	 length	 control,	 straight‑line	
access,	and	easy	canal	preparation.[9]

Biomechanical	 preparation	 was	 done	 using	 the	 step	 back	
technique.	 The	 smear	 layer	 created	 was	 removed	 using	
17%	EDTA	 followed	 by	 5%	NaOCl	 as	 it	might	 affect	 the	
penetration	 of	 the	 sealer	 into	 the	 dentinal	 tubules.	 Kuçi	
et	 al.[10]	 evaluated	 the	 effect	 of	 the	 smear	 layer	 on	 the	
penetration	ability	of	MTA	Fillapex	sealer	and	showed	that	
smear	layer	removal	was	a	critical	factor	for	increasing	the	
sealer	penetration.

Cold	 lateral	 compaction	 technique	 of	 obturation	 was	 used	
as	heat	could	result	 in	the	reduced	flow	and	setting	time	of	
the	 sealer.[11]	 In	 addition,	 Zhou	 et	 al.[5]	 suggested	 that	 the	
viscosities	 of	 bioceramic	 sealers	 are	 reduced,	 and	 flow	 is	
enhanced	when	shear	stress	is	increased	during	compaction	
due	to	their	pseudoplastic	nature.

The	 technique	 of	 postspace	 preparation	 could	 also	 have	
an	 effect	 on	 the	 apical	 seal.	 Studies	 have	 evaluated	 the	
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Figure 3: (a) Stereomicroscopic image of dye penetration in Endosequence 
BC Group D 1:3 mm. (b) Stereomicroscopic image of dye penetration in 
Endosequence BC Group D 2:4mm. (c) Stereomicroscopic image of dye 
penetration in Endosequence BC Group D 3:5mm

c

ba

Figure 2: (a) Stereomicroscopic image of dye penetration in mineral trioxide 
aggregate fillapex Group C 1:3 mm. (b) Stereomicroscopic image of dye 
penetration in mineral trioxide aggregate fillapex Group C 2:4 mm. (c) 
Stereomicroscopic image of dye penetration in mineral trioxide aggregate 
fillapex Group C 3:5 mm

c

ba

Figure 1: (a) Stereomicroscopic dye penetration images of positive 
control. (b) Stereomicroscopic dye penetration images of negative control

ba

Table 1: Level of significance (P<0.05)
df Sum of 

squares (SS)
Mean 

SS
F P

Material 1 0.1402 0.1402 0.867 0.348
Length 2 1.0833 0.5414 3.346 0.040*
Material	×	length 2 0.0214 0.0105 0.062 0.925
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effect	 of	 different	 techniques	 of	 gutta‑percha	 removal;	 i.e.,	
chemical,	 thermal	 and	 mechanical,	 on	 the	 apical	 sealing	
ability.	 Kwan	 and	 Harrington[12]	 showed	 that	 the	 influence	
of	 rotary	 instruments	 on	 the	 apical	 seal	 is	 minor	 since	
frictional	 heat	 causes	 softening	 of	 gutta‑percha	 and	 slight	
apical	 pressure	 may	 act	 as	 vertical	 condensation,	 thereby	
improving	 the	 apical	 seal.	 Therefore,	 in	 the	 present	 study,	
the	post	space	was	prepared	using	Peeso	reamers.

The	postspace	preparation	was	done	after	7	days	 to	ensure	
complete	 setting	 of	 the	 sealer	 as	 it	 might	 be	 possible	
that	 the	 filling	 could	 become	 twisted	 or	 vibrated	 during	
immediate	mechanical	 post	 space	 preparation,	 in	 a	way	 to	
cause	disruption	of	the	apical	seal	if	complete	setting	of	the	
sealer	is	not	achieved.[13,14]

The	 sealing	 ability	 of	 sealers	 could	 be	 evaluated	 employing	
various	 methods	 such	 as	 dye	 penetration,	 radioisotopes,	
bacteria	 and	 their	 products,	 such	 as	 endotoxins,	 fluid	
filtration,	 electrochemical,	 fluorometric	 assay,	 scanning	
electron	microscopy,	 glucose	 penetration	 and	 dye	 extraction	
method.[15]	 One	 of	 the	 commonly	 used	 methods	 is	 based	
on	 linear	 measurement	 of	 dye	 penetration.	 Methylene	 blue	
dye	was	used	in	the	study	as	it	has	the	potential	to	enter	the	
obturated	 canals	 through	 the	 complex	 anatomies	 of	 apical	
third	 of	 the	 root	 canal	 or	 space	 between	 dentin‑sealer‑core	
material	 interfaces	due	to	its	molecular	size	which	is	similar	
to	 bacterial	 by‑products.[15]	 Matloff	 et	 al.[16]	 compared	
methylene	 blue	 dye	 with	 radioisotopes	 of	 carbon,	 calcium	
chloride	 and	 iodine	 and	 found	 that	 dye	 penetrated	 farther	
than	 any	 of	 the	 isotopes,	 and	 also	 commented	 on	 its	
solubility	in	water	and	ease	of	use.	Thus,	2%	methylene	blue	
dye	was	used	in	the	present	study	as	the	leakage	marker.

Two	longitudinal	sections	were	produced.	Stereomicroscopic	
examination	was	chosen	 for	measuring	 the	dye	penetration	
as	 it	 gives	 a	 three	 dimensional	 view	 of	 the	 surface	 and	
needs	no	pretreatment	of	the	specimen.[9]

Positive	 and	negative	 controls	were	used	 in	 the	 study.	The	
purpose	 of	 the	 positive	 control	 was	 to	 demonstrate	 the	
capability	 of	 the	 method	 to	 disclose	 voids	 present	 in	 the	
root	 canal	 filling	 because	 of	 the	 absence	 of	 a	 sealer	while	
the	 negative	 control	 was	 kept	 to	 verify	 the	 ability	 of	 the	
nail	 varnish	 to	 prevent	 dye	 penetration	 through	 the	 lateral	
root	surfaces	and	the	canal.[9]

The	 results	 of	 the	 stereomicroscopic	 evaluation	 showed	
that	 the	 negative	 controls	 registered	 no	 detectable	 dye	
penetration	 whereas	 the	 positive	 controls	 demonstrated	
extreme	 amounts	 of	 apical	 leakage	 indicating	 that	 the	 dye	
penetration	method	was	correctly	executed.

The	 overall	 lower	 mean	 values	 for	 leakage	 in	 both	 the	
groups	 can	 be	 attributed	 to	 the	 physical	 properties	 of	
the	 sealers	 such	 as	 better	 flow,	 less	 film	 thickness,	 and	
dimensional	 stability	 within	 the	 ISO	 specifications.	
This	 finding	 is	 in	 accordance	 with	 the	 study	 by	 Zhou	
et	 al.[5]	 who	 found	 that	 MTA	 Fillapex	 and	 Endosequence	
BC	 sealers	 showed	 a	 better	 flow	 and	 less	 film	 thickness	
when	compared	to	AH	Plus,	Gutta	Flow	and	Thermaseal.	In	
addition,	 the	 alkaline	nature	 of	 the	 bioceramic	by‑products	
could	 have	 facilitated	 the	 penetration	 of	 sealers	 into	
the	 dentinal	 tubules	 by	 denaturing	 the	 dentinal	 collagen	
fibers.[17]

Stereomicroscopic	 evaluation	 of	 the	 samples	 in	 the	
present	 study	 showed	 a	 lower	 mean	 value	 of	 leakage	
for	 Endosequence	 BC	 sealer	 than	 MTA	 Fillapex	 sealer	
at	 all	 levels	 of	 remaining	 gutta‑percha,	 although	 not	
statistically	 significant.	 The	 better	 apical	 sealability	 of	
Endosequence	 BC	 sealer	 in	 comparison	 to	 MTA	 Fillapex,	
could	 be	 attributed	 to	 the	 fact	 that	 Endosequence	 BC	 is	 a	
pure	 bioceramic	 sealer	 and	 expands	 on	 setting	 by	 about	
0.2%	 (Deyan	 Kossev	 and	 Valeri	 Stefanov,	 2009).[4,18]	 The	
expansion	 property	 of	 Endosequence	 BC	 is	 due	 to	 the	
formation	of	 nanocalcium	 silicate	 (hydrophilic	 component)	
in	 the	 presence	 of	 moisture,	 which	 exhibits	 minimal	 or	
no	 shrinkage.[4,19]	 Moreover,	 the	 low	 contact	 angle	 of	
Endosequence	BC	sealer	allows	it	to	spread	easily	over	the	

Table 3: The mean microleakage (mm) recorded in the 
two sealers at different lengths

Material Length of 
apical GP

Mean SD Minimum Maximum

MTA	Fillapex 3	mm	(Group	C1) 3.55 0.68 3 5
4	mm	(Group	C2) 3.45 0.44 3 4
5	mm	(Group	C3) 3.3 0.48 2.5 4

Endosequence	
BC

3	mm	(Group	D1) 3.5 0.57 3 4.5
4	mm	(Group	D2) 3.4 0.39 3 4
5	mm	(Group	D3) 3.2 0.35 2.5 3.5

SD:	Standard	deviation
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Table 2: Multiple comparisons using Bonferroni test
Length (mm) Mean difference 

(I‑J)
SE Significant 95% CI

(I) (J) Lower bound Upper bound
3 4 0.10 0.104 0.590 −0.1100 0.4018

5 0.25 0.104 0.038* 0.0150 0.5230
4 3 −0.10 0.104 0.590 −0.4018 0.1100

5 0.15 0.104 0.828 −0.1340 0.3844
5 3 −0.25 0.104 0.038* −0.5230 −0.0150

4 −0.15 0.104 0.828 −0.3844 0.1340
CI:	Confidence	interval
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canal	walls,	 providing	better	 adaptation	and	good	hermetic	
seal.	 BC	 sealer	 also	 has	 the	 ability	 to	 form	 a	 chemical	
bond	 with	 the	 canal	 dentin	 walls	 by	 the	 formation	 of	
hydroxyapatite.[18]

The	 reason	 for	 the	 slightly	 higher	 microleakage	 of	 MTA	
Fillapex,	 which	 is	 a	 combined	 bioceramic	 resin‑based	
sealer,	 could	 be	 because	 of	 low	 adhesion	 of	 the	 material	
that	might	be	due	to	 incomplete	polymerization	of	 its	resin	
components	 leading	 to	 formation	 of	 poor	 microtags	 and	
shrinkage	on	setting.[19,17]	This	finding	is	in	accordance	with	
the	study	done	by	Al‑Haddad	et	al.[19]

Irrespective	 of	 the	 sealer	 used,	 among	 the	 three	 different	
lengths,	higher	mean	microleakage	was	recorded	for	3	mm	
followed	 by	 4	 and	 5	 mm	 of	 apical	 gutta‑percha.	 When	
3	 mm	 group	 was	 compared	 to	 5	 mm	 group,	 there	 was	 a	
statistically	 significant	 difference	 in	 the	 microleakage	
values.	However,	between	3	and	4	mm	group,	there	was	no	
statistical	 significant	 difference.	 The	 results	 of	 the	 present	
study	 are	 in	 accordance	 with	 other	 studies	 of	 Mattison	
et	al.[20]	and	Nixon	et	al.[21]	who	showed	a	direct	correlation	
between	 the	 length	 of	 remaining	 apical	 root	 canal	 filling	
and	 the	 efficacy	 of	 its	 seal.[20]	 The	 higher	 leakage	 at	 the	
3	 mm	 level	 could	 be	 accounted	 to	 the	 lower	 density	 and	
diameter	 of	 the	 dentinal	 tubules	 found	 at	 the	 apical	 level,	
which	could	have	resulted	in	lower	sealer	penetration.[17]

Conclusion
Therefore,	it	can	be	concluded	that	Endosequence	BC	sealer	
and	 MTA	 Fillapex	 show	 promising	 results	 in	 maintaining	
the	 apical	 seal	 after	 postspace	 preparation	 at	 4	 and	 5	mm	
of	 remaining	 apical	 gutta‑percha.	 However,	 it	 still	 holds	
true	 that	 at	 3	 mm	 remaining	 gutta‑percha	 level,	 the	 effect	
of	 root	 canal	 morphology	 in	 causing	 leakage	 cannot	 be	
overcome	 even	 with	 the	 use	 of	 bioceramic	 sealers	 used	
in	 this	 study.	 In	 addition,	 further	 studies	 are	 needed	 to	
establish	 the	 sealing	 ability	 of	 these	 sealers	 using	different	
obturation	 techniques,	 timing	of	postspace	preparation,	and	
postspace	preparation	methods	in	clinical	situations.
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