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ABSTRACT	
 

Aims:	 This	 systematic	 review	 aimed	 to	 evaluate	 whether	 calcium	 silicate-based	 sealers	 are	 less	
cytotoxicity	and	genotoxicity	than	epoxy	resin-based	sealers.		
Materials	 and	Methods:	Systematic	 searches	were	 conducted	 for	 studies	 published	up	 to	 September	
27th,	 2022,	 without	 restriction	 for	 language	 or	 year	 of	 publication,	 in	 the	 following	 databases:	
MEDLINE/PubMed,	Scopus,	Web	of	Science	and	Grey	Literature	Report.	Only	in	vitro	studies	that	evaluated	
the	 cytotoxicity	 or	 genotoxicity	 of	 calcium	 silicate	 and	 epoxy	 resin-based	 sealers	 were	 included.	 The	
quality	assessment	was	performed.		
Results:	After	duplicate	 removal	 and	eligibility	 criteria	 assessment,	 a	 total	of	 thirty-four	 studies	were	
included.	Twenty-eight	studies	had	a	low	risk	of	bias,	and	six	studies	had	a	moderate	risk	of	bias.	In	general,	
calcium	 silicate-based	 sealers	 had	 a	 lower	 cytotoxic	 and	 genotoxic	 potential	 than	 epoxy-resin	 based	
sealers.	
Conclusions:	Based	on	the	findings	from	in	vitro	studies,	calcium	silicate-based	sealers	are	less	cytotoxic	
and	genotoxic	than	epoxy	resin-based	sealers.	
KEYWORDS:	Calcium	silicate.	Cytotoxicity.	Epoxy	resin.	Genotoxicity.	Systematic	review.	

	

INTRODUCTION	
After	 root	 canal	 preparation,	

filling	the	space	previously	occupied	by	
the	 dental	 pulp	 is	 mandatory1.	 If	 not	
correctly	filled,	empty	spaces	can	serve	
to	 develop	 resistant	 microorganisms,	
establish	 a	 persistent	 infection,	 or	
access	 the	 root	 canal	 and	 periapical	
tissues,	 establishing	 a	 secondary	
infection1,2.	Thus,	the	proper	sealing	of	
the	root	canal	system	is	necessary	for	

the	 long-term	 success	 of	 the	
endodontic	treatment3.		

For	 this	 purpose,	 endodontic	
sealers	are	used	in	root	canal	filling	and	
must	 present	 properties	 that	 allow	
them	to	promote	good	sealing,	such	as	
dimensional	 stability,	 low	 solubility,	
and	adequate	flow2,4.	In	addition,	these	
sealers	 must	 present	
biocompatibility5–7.	 A	 biocompatible	
material	usually	is	defined	as	showing	
a	low	or	no	cytotoxicity,	not	promoting	

adverse	reactions	when	in	contact	with	
periapical	 tissues4.	 Besides,	 it	 must	
possess	 low	 genotoxicity,	 which	 is	
defined	as	the	capacity	of	the	material	
to	 act	 on	 the	 cellular	 genetic	 code,	
being,	therefore,	an	essential	indicator	
of	carcinogenic	potential8,9.	

Mainly	 for	 possessing	 good	
physicochemical	 properties,	 epoxy	
resin-based	sealers	are	considered	the	
gold	standard	sealers	in	endodontics10.	
However,	still	presenting	some	level	of	



Eilers et al • Journal of Research in Dentistry 2023, 11(2):01-19 

 

 2 

cytotoxicity1	 and	 genotoxicity6.	
Calcium	 silicate-based	 sealers	 appear	
like	 an	 alternative,	 presenting	
physicochemical	 properties	
comparable	to	epoxy	resin	sealers11,12,	
under	the	premise	of	presenting	better	
biological	properties.	

Different	 formulations	 of	
calcium	 silicate-based	 sealers	 have	
been	 released	 to	 the	market	 over	 the	
past	years,	constantly	evaluating	their	
properties	 to	 determine	 their	 clinical	
safety.	 Therefore,	 this	 systematic	
review	aimed	to	answer	the	following	
question:	 “Are	 the	 cytotoxicity	 and	
genotoxicity	 of	 calcium	 silicate-based	
sealers	 comparable	 to	 epoxy	 resin-
based	sealers?”	

	
MATERIALS	AND	METHODS	

This	 systematic	 review	
followed	 the	 Preferred	 Reporting	

Items	 for	 Systematic	 Reviews	 and	
Meta-Analysis	 (PRISMA)	
recommendations13.	 Since	 this	 is	 a	
systematic	 review	 of	 in	 vitro	 studies,	
PROSPERO	 registration	 is	 not	
available.	

	
Search	strategy	

Two	 independent	 authors	
(V.S.E.	 and	 T.W.)	 conducted	 the	
searches	 on	 the	 following	 electronic	
databases:	MEDLINE/PubMed,	Scopus,	
Web	 of	 Science,	 and	 Grey	 Literature	
Report.	 Studies	 published	 from	
inception	up	to	September	27th,	2022,	
without	 restriction	 for	 language	 or	
year	of	publication,	were	selected.	The	
electronic	 searches	 were	 developed	
using	 the	 most	 cited	 descriptors	 in	
previous	 publications	 on	 this	 theme	
combining	 Medical	 Subject	 Heading	
(MeSH)	terms	and	text	words	(tw.).	For	

each	 database,	 the	 following	 terms	
were	 combined,	 according	 to	 the	
investigated	 outcome:	 "calcium	
silicate",	 "calcium	 silicate	 sealer",	
"bioceramic",	 "epoxy	 resin",	 "epoxy	
resin	 sealer";	 "cytotoxicity",	
"cytocompatibility",	
"biocompatibility",	"cell	viability",	“cell	
proliferation”,	 “genotoxicity”,	
"micronuclei",	 "foci"	 and	 "DNA	
damage".	The	Boolean	operators'	AND'	
and	 'OR'	 were	 used	 to	 combine	 the	
terms.	 Searches	 performed	 in	 each	
database	 are	 summarized	 in	Table	 1	
(cytotoxicity)	 and	 Table	 2	
(genotoxicity).	 All	 studies	 were	
imported	 into	 the	 Mendeley©	
(Mendeley	 Ltd,	 London,	 United	
Kingdom)	 reference	 manager	 to	
catalog	 and	 facilitate	 the	 exclusion	 of	
duplicates.

	
Table	1.	Search	strategy	in	each	database	for	studies	investigating	cytotoxicity. 

Database	 Search	strategy	 Findings	

MEDLINE/PubMed	

#1:	((Calcium	Silicate)	OR	(Calcium	Silicate	Sealer))	OR	(Bioceramic)	 4.925	

#2:	(Epoxy	Resin)	OR	(Epoxy	Resin	Sealer)	OR	(AH	Plus)	 9.061	

#3:	((((Cytotoxicity)	OR	(Cytocompatibility))	OR	(Biocompatibility))	OR	(Cell	Viability))	OR	(Cell	Proliferation)	 1.647.014	

#1	AND	#2	AND	#3	 56	

Scopus	

#1:	(	ALL	(	calcium		AND	silicate	)		OR		ALL	(	calcium		AND	silicate		AND	sealer	)		OR		ALL	(	bioceramic	)	)	 142.881	

#2:	(	ALL	(	epoxy		AND	resin	)		OR		ALL	(	epoxy		AND	resin		AND	sealer	)		OR		ALL	(	ah		AND	plus	)	)	 243.057	

#3:	(	ALL	(	cytotoxicity	)		OR		ALL	(	cytocompatibility	)		OR		ALL	(	biocompatibility	)		OR		ALL	(	cell		AND	viability	)		
OR		ALL	(	cell		AND	proliferation	)	)	 3.506.864	

#1	AND	#2	AND	#3	 1.522	

Web	of	Science	

#1:	TS=(Calcium	Silicate	OR	Calcium	Silicate	Sealer	OR	Bioceramic)	 18.395	

#2:	TS=(Epoxy	Resin	OR	Epoxy	Resin	Sealer	OR	AH	Plus)	 50.463	

#3:	TS=(Cytotoxicity	OR	Cytocompatibility	OR	Biocompatibility	OR	Cell	Viability	OR	Cell	Proliferation)	 1.037.668	

#1	AND	#2	AND	#3	 66	

Grey	Literature	
Report	

#1:	Calcium	Silicate	OR	Calcium	Silicate	Sealer	OR	Bioceramic	 0	

#2:	Epoxy	Resin	OR	Epoxy	Resin	Sealer	OR	AH	Plus	 0	

#3:	Cytotoxicity	OR	Cytocompatibility	OR	Biocompatibility	OR	Cell	Viability	OR	Cell	Proliferation	 0	

#1	AND	#2	AND	#3	 0	
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Table	2.	Search	strategy	in	each	database	for	studies	investigating	genotoxicity.	
	
Database	 Search	strategy	 Findings	

MEDLINE/PubMed	

#1:	((Calcium	Silicate)	OR	(Calcium	Silicate	Sealer))	OR	(Bioceramic)	 4.925	

#2:	(Epoxy	Resin)	OR	(Epoxy	Resin	Sealer)	OR	(AH	Plus)	 9.061	

#3:	(((Genotoxicity)	OR	(Micronuclei))	OR	(Foci))	OR	(DNA	damage)	 255.155	

#1	AND	#2	AND	#3	 3	

Scopus	

#1:	(	ALL	(	calcium		AND	silicate	)		OR		ALL	(	calcium		AND	silicate		AND	sealer	)		OR		ALL	(	bioceramic	
)	)	 142.881	

#2:	(	ALL	(	epoxy		AND	resin	)		OR		ALL	(	epoxy		AND	resin		AND	sealer	)		OR		ALL	(	ah		AND	plus	)	)	 243.057	

#3:	(	ALL	(	genotoxicity	)		OR		ALL	(	micronuclei	)		OR		ALL	(	foci	)		OR		ALL	(	dna		AND	damage	)	)	 4.844.337	

#1	AND	#2	AND	#3	 658	

Web	of	Science	

#1:	TS=(Calcium	Silicate	OR	Calcium	Silicate	Sealer	OR	Bioceramic)	 18.395	

#2:	TS=(Epoxy	Resin	OR	Epoxy	Resin	Sealer	OR	AH	Plus)	 50.463	

#3:	TS=(Genotoxicity	OR	Micronuclei	OR	Foci	OR	DNA	damage)	 1.854.516	

#1	AND	#2	AND	#3	 5	

Grey	Literature	Report	

#1:	Calcium	Silicate	OR	Calcium	Silicate	Sealer	OR	Bioceramic	 0	

#2:	Epoxy	Resin	OR	Epoxy	Resin	Sealer	OR	AH	Plus	 0	

#3:	Genotoxicity	OR	Micronuclei	OR	Foci	OR	DNA	damage	 0	

#1	AND	#2	AND	#3	 0	

	
Eligibility	criteria	

Eligibility	 criteria	 for	 study	
selection	 were	 based	 on	 the	 PICOS	
strategy	 (PRISMA-P	 2015)13–15,	 as	
follows:	

•	Population	(P):	cellular	model;	
•	Intervention	 (I):	 samples	 of	

calcium	silicate-based	sealers;	
•	Comparison	 (C):	 samples	 of	

epoxy	resin-based	sealers;	
•	Outcome	(O):	cytotoxicity	(e.g.	

cell	 viability/proliferation);	
genotoxicity	 (e.g.	 micronuclei	
formation,	 foci	alteration	and/or	DNA	
damage);	

•	Study	 Design	 (S):	 in	 vitro	
studies.	

Only	 in	 vitro	 studies	 that	
compared	 the	 cytotoxicity	 or	
genotoxicity	 of	 calcium	 silicate-based	
sealers	 to	 epoxy	 resin-based	 sealers	
were	included.	

Studies	 that	 compared	 other	
properties	 of	 the	 sealers	 evaluated,	
studies	 that	 evaluated	 experimental	
sealers,	studies	performed	 in	animals,	
reviews	 with	 and	 without	 meta-
analysis,	 case,	 and	 serial	 reports,	
longitudinal	 and	 cross-sectional	
studies,	 randomized	 and	 non-
randomized	studies	were	excluded.	
	
Study	selection	

Two	authors	(V.S.E.	and	T.W.)	
were	 responsible	 for	 the	 study	
selection.	 The	 first	 stage	 consisted	 of	
duplicates	 exclusion	 and	 selecting	
studies	 by	 title	 and	 abstract	 reading.	
When	 it	was	 impossible	 to	determine	
the	study	inclusion	by	title	and	abstract	
reading,	the	full	text	was	accessed	and	
read	for	the	final	decision.	The	second	
stage	consisted	of	the	full-text	reading	
of	the	potentially	eligible	studies	based	
on	the	eligibility	criteria	adopted	in	the	

PICOS	strategy.	Finally,	disagreements	
were	solved	by	consensus	with	a	third	
author	(M.V.R.S.).	

	
Data	extraction	

Once	again,	two	authors	(V.S.E.	
and	 T.W.)	 were	 responsible	 for	
extracting	 the	 data	 from	 the	 included	
studies.	Disagreements	were	solved	by	
consensus	 with	 a	 third	 author	
(M.V.R.S.).	 The	 following	 data	 were	
extracted:	 author(s),	 year	 of	
publication,	 sealers	evaluated,	 control	
group,	 cell	 lineage,	 extracts	 dilutions,	
the	 method	 for	 cytotoxicity	
assessment,	 the	 method	 for	
genotoxicity	 assessment,	 times	 of	
evaluation,	 main	 findings.	 In	 case	 of	
need	 missing	 information,	 author(s)	
were	contacted	by	e-mail	at	least	three	
times	to	obtain	additional	information.	
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Figure	1.	PRISMA	flow	diagram	of	the	systematic	searches.	
	
Risk	of	bias	assessment	

The	risk	of	bias	of	the	included	
studies	 was	 assessed	 through	 an	
adaptation	of	two	previous	systematic	
reviews16,17.	The	following	parameters	
were	used	to	assess	the	risk	of	bias	for	
each	study:	description	of	cell	lineage,	
presence	 of	 a	 control	 group,	
description	 of	 the	 cell	 culture	
preparation,	 description	 of	
sealer/extracts	 preparation,	
reproducibility	 of	 experiments	 (e.g.,	
tests	 performed	 in	 duplicate,	
triplicate),	 and	 description	 of	
statistical	analysis.	
It	 was	 attributed	 a	 ‘yes’	 where	 the	
parameter	was	found	and	a	“no”	in	the	
absence	 of	 the	 parameter.	 Articles	
where	 only	 one	 to	 two	 of	 these	
parameters	were	found	were	classified	
as	presenting	a	“high”	risk	of	bias;	the	
presence	 of	 three	 to	 four	 parameters	
was	considered	as	a	“moderate”	risk	of	
bias;	 the	 presence	 of	 five	 to	 six	

parameters	was	considered	as	a	“low”	
risk	 of	 bias.	 Two	 authors	 (V.S.E.	 and	
T.W.)	 independently	 evaluated	 the	
methodological	 quality	 of	 each	
included	 study.	 In	 case	 of	
disagreements,	 a	 third	 author	
(M.V.R.S.)	validated	the	analysis.	
	
RESULTS	
Study	selection	

Initial	 screening	 of	 databases	
resulted	 in	 2.310	 studies,	 where	 523	
were	 excluded	 for	 duplicates,	 as	
presented	in	the	flow	diagram	(Figure	
1).	After	title	and	abstract	reading,	39	
studies	 were	 selected	 for	 full-text	
reading.	

After	 full-text	 reading,	 five	
studies11,18-21	 were	 excluded.	 Two	 for	
being	studies	in	animal	models11,18,	and	
three	 for	 testing	 experimental	
sealers19-21.	 Therefore,	 thirty-four	
studies	 were	 included	 in	 the	 present	
systematic	review22–55.	

	
Data	extraction		

Table	 3	 shows	 the	
characteristics	and	main	findings	of	the	
studies	included	in	this	review.	

Authors	 of	 studies	 with	
missing	information	were	contacted	by	
e-mail	 three	 times.	 However,	 no	
additional	information	was	obtained.	

The	 calcium	 silicate	 sealers	
evaluated	 were	 the	 TotalFill	 BC	
Sealer24,28,30,33,42,52;	 BioRoot	 RCS23-
26,30,31,35,38,46;	 ProRoot	 ES25,36;	
ProRoot41;	 iRoot	 SP22,35,37,48;	
EndoSequence	 BC	
Sealer23,27,29,32,34,36,40,43,45-47,49,50,53,54;	
EndoSequence	 BC	 Sealer	 HiFlow45,54;	
Sealer	 Plus	 BC51,52,55;	 C-Root38;	 Well-
Root	ST39;	Bio-C	Sealer42;	Bio-C	Sealer	
ION+29;	 EndoSeal	 TCS44;	 CeraSeal44;	
and	AH	Plus	Bioceramic53.	

As	for	the	epoxy	resin	sealers	
evaluated,	 these	 were	 the	 AH	 Plus22-
34,36,38,39-48,50-55;	 AH	 Plus	 JET35,37,49;	
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Sealer	 Plus51;	 Acroseal35;	 and	
EasySeal24.	

Regarding	 cell	 lineages,	
studies	performed	their	investigations	
using	 the	 following	 lineages:	 human	
bone	 marrow-derived	 mesenchymal	
stem	 cells	 (hMSCs)23;	 human	 gingival	
fibroblast	 cells	 (FMM1	 cell	 lineage)34;	
human	gingival	fibroblast-1	(HGF-1)24;	
periodontal	 ligament	 cell	 line	 using	
lentiviral	 gene	 transfer	 of	 human	
telomerase	 reverse	 transcriptase	
(PDLhTERT)35;	 human	 periodontal	
ligament	 fibroblast	 cell	
(hPDLFC)22,49,54;	 apical	 papillary	 cells	
(APCs)51;	human	periodontal	ligament	
stem	 cells	
(hPDLSCs)25,28,38,39,42,44,45,53,55;	 human	
tooth	germ	stem	cells	(hTGSCs)37;	3T3	
fibroblasts27,31,47;	 human	 periodontal	
ligament	 cells	 (hPDLCs)29,30;	 human	
dental	 pulp	 stem	 cells	 (hDPSCs)46;	
human	 gingival	 fibroblasts32;	 human	
osteoblast-like	 cells	 (Saos-2)52;	
NIH3T3	 murine	 fibroblasts33;	 murine	
osteoblast	 precursor	 (IDG-SW3)	 cell	
line36;	 murine	 calvaria	 pre-osteoblast	
cell	 line	 (MC3T3-E1)	 cells40,41,42;	 L929	
mouse	 fibroblasts50;	 and	
lymphocytes48.	

As	 for	 the	 extracts’	 dilutions,	
sixteen	 studies	 did	 not	 report	 for	 the	
dilutions	 tested24,30,33,34,36-38,41,43,44,46-
50,54.	Eighteen	studies	used	dilutions	up	
to	 1:5022,23,25-29,31,32,35,39,40,42,45,51-53,55;	
while	 three	 studies	 tested	 dilutions	
greater	than	1:5032,35,40.	

The	 following	 cytotoxicity	
tests	 were	 performed:	 3-(4,5-
dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium	 bromide	 (MTT)	
assay25-29,33,34,41-43,45-47,50-53,55;	 Alamar	
blue	assay23,49;	formazan	dye	/	ELISA24;	
XTT-based	 cell	 viability	 assay22,35,54;	
sulforhodamine	 B	 (SRB)	 assay51;	
modified	 staining	 sulforhodamine	 B	
assay31;	a	luminescence	assay	based	on	
adenosine	 triphosphate	
quantification36;	 3-(4,	 5-dimethyl-
thiazol-2-yl)-5-(3-carboxy-methoxy-	
phenyl)-2-(4-sulfo-phenyl)-2H-
tetrazolium	 (MTS)	 assay37;	 cell	

counting	 kit-8	 (CCK-8)	 assay38,39,44;	 a	
living-cell-count,	 living/dead	 staining,	
and	 LDH-assay26;	 EZ-Cytox-enhanced	
cell	 viability	 assay40;	 DNA-specific	
fluorochrome	Hoechst	3334228;	Costar	
Transwell	 cell	 viability	 assay30;	
quantitative	 flow	 cytometry	 test32;	
neutral	red	assay52.	

The	 following	 genotoxicity	
tests	 were	 performed:	 micronucleus	
formation	 (MN)	 test22,34,55;	 γ-H2AX	
assay35,48.	

In	general,	the	majority	of	the	
studies	 reported	 a	 lower	 cytotoxic	
effect	 for	 the	 investigated	 calcium	
silicate-based	 sealers22-42,44-46,49-55.	
Only	 two	 studies	 did	 not	 report	
differences	 among	 the	 investigated	
sealers43,47.	

Also,	 the	 majority	 of	 studies	
that	 investigated	 sealers	 genotoxicity	
reported	 a	 lower	 genotoxic	 effect	 for	
the	investigated	calcium-silicate	based	
sealers22,34,35,48.	Only	one	study	did	not	
report	 differences	 among	 the	
investigated	sealers55.	
	
Risk	of	bias	assessment	

Table	 4	 presents	 the	 risk	 of	
bias	of	each	included	study.	According	
to	 the	 parameters	 evaluated,	 the	
majority	 of	 studies	 had	 a	 low	 risk	 of	
bias.	Only	 six	 studies	 had	 a	moderate	
risk	 of	 bias24,37,38,41,47,48,	 for	 not	
reporting	 for	 the	 following	
parameters:	 “presence	 of	 a	 control	
group”41,	 “description	 of	
sealers/extract	
preparation”24,37,38,41,47,48,	
"reproducibility	 of	
experiments"24,37,38,41,47,48,	 and	
"description	of	statistical	analysis"24.	

	
DISCUSSION	

Sealers	used	for	the	root	canal	
filling	usually	are	in	close	contact	with	
the	 periapical	 tissues,	 requiring	 them	
to	 be	 biologically	 viable5–7.	 So	 far,	
epoxy	 resin-based	 sealers	 are	
considered	 to	 be	 the	 gold	 standard	
sealers	in	endodontics10.	Mainly	due	to	
this	 reason,	 in	 the	present	 systematic	

review,	these	sealers	were	considered	
as	 the	 comparison	 group.	 However,	
epoxy	resin-based	sealers	still	present	
some	 degree	 of	 cytotoxicity	 and	
genotoxicity1,6.	Due	to	this	reason,	with	
the	premise	of	presenting	a	lower	toxic	
potential,	 calcium	 silicate-based	
sealers	emerged	as	a	more	biologically	
compatible	 alternative11.	 Although	
previous	 systematic	 reviews	 on	 this	
subject	exists10,56,	the	constant	release	
of	 new	materials	 and	 the	 consequent	
publication	 of	 new	 studies	 that	
evaluate	 such	 materials	 make	 this	
systematic	review	necessary.	

Through	the	results	presented	
by	the	included	studies,	it	is	possible	to	
determine	 that	 regardless	 of	 the	
method	 used	 to	 access	 cytotoxicity,	
calcium	silicate-based	sealers	are	 less	
cytotoxic	 than	 epoxy	 resin-based	
sealers22-42,44-46,49-55.	 This	 higher	
cytotoxicity	 presented	 by	 the	 epoxy	
resin	 sealers	 is	 probably	 associated	
with	the	initial	release	of	formaldehyde	
from	 the	 amines	 added	 to	 accelerate	
the	 epoxy	 resin	 polymerization	
process,	 which	 is	 a	 mutagenic	
substance12.	 Only	 two	 studies	 did	 not	
report	 differences	 among	 the	
investigated	 sealers	 cytotoxicity	
results43,47.	However,	these	results	may	
be	 related	 to	 the	 methodologies	
adopted.	 In	 one	 study,	 the	 authors	
evaluated	sealers	after	setting	during	a	
6-week	 period	 using	 a	 murine	 cell	
lineage43.	
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Table	3.	Characteristics	of	the	included	studies.	
	

Author(s)/
Year	 of	
publicatio
n	

Sealers	
evaluated	 Cell	lineage	 Control	groups	 Extract	dilution	 Cytotoxicity	

assessment	
Genotoxicity	
assessment	

Times	 of	
evaluation	 Outcomes	 Main	Findings	

Almeida	 et	
al.,	 2020	
(33)	

TotalFill	 BC	
Sealer;	
	
AH	Plus;	
	
	
MTA	Fillapex	

NIH3T3	 murine	
fibroblasts	

Dulbecco’s	
Modified	 Eagle’s	
Medium	(DMEM)	+	10%	
Fetal	 Bovine	 Serum	
(FBS);	

NR	

3-(4,5-
dimethylthiazol-
2-yl)-2,5-
diphenyltetrazoli
um	
bromide	 (MTT)	
assay	

-	 24,	 48,	
72hs	

AH	Plus	and	MTA	Fillapex	were	more	
cytotoxic	than	TotalFill	BC	Sealer	

TotalFill	BC	Sealer	had	
the	lowest	cytotoxicity	
among	 the	
investigated	sealers		

Alsubait	 et	
al.,	 2018	
(23)	

BioRoot	RCS;	
	
EndoSequence	BC	
Sealer;	
	
AH	Plus	

Human	 bone	
marrow-derived	
mesenchymal	stem	
cells	(hMSCs)	

hMSCs	+	medium	
1:2;	
1:8;	
1:32	

Alamar	blue	assay	 -	 1,	3,	7	days	

AH	Plus	cell	viability	was	lower	than	
the	control	at	all	periods;	
	
No	 differences	 were	 found	 between	
calcium	silicate	sealers	and	control;	
	
AH	Plus	cell	viability	was	lower	than	
the	calcium	silicate	sealers,	except	in	
1:32	at	day	1,	and	1:2	at	day	7	

Calcium	 silicate	
sealers	 were	 less	
cytotoxic	than	AH	Plus	

Candeiro	et	
al.,	 2016	
(34)	

EndoSequence	BC	
Sealer;	
	
AH	Plus	

Human	 gingival	
fibroblast	 cells	
(FMM1	 cell	
lineage)	

FMM1	cells	+	medium	 NR	 MTT	assay	
Micronucleus	
formation	
(MN)	test	

1,	 24,	 72,	
168hs	

CYTOTOXICITY	
EndoSequence	 BC	 Sealer	 had	
significantly	higher	cell	viability	than	
AH	Plus;	
	
GENOTOXICITY	
EndoSequence	 BC	 Sealer	 had	 a	
significantly	 smaller	 percentage	 of	
cells	with	micronucleus	than	AH	Plus	

EndoSequence	 BC	
Sealer	 had	 lower	
cytotoxicity	 and	
genotoxicity	
compared	 with	 AH	
Plus	

Colombo	 et	
al.,	 2018	
(24)	

BioRoot	RCS;	
	
TotalFill	 BC	
Sealer;	
	
AH	Plus;	
	
EasySeal;	
	
MTA	Fillapex;	
	
Sealapex	

Human	 gingival	
fibroblast-1	 (HGF-
1)	

HGF-1	+	medium	 NR	 Formazan	 dye	 /	
ELISA	 -	 24,	 48,	

72hs	

EasySeal	 and	 MTA	 Fillapex	 showed	
severe	cytotoxic	activity,	AH	Plus	and	
Sealapex	 moderate	 cytotoxicity,	 and	
BioRoot	 RCS	 and	 TotalFill	 BC	 Sealer	
were	both	cytocompatible	

Bioceramic	 sealers	
have	 greater	
cytocompatibility	
compared	to	the	other	
tested	sealers	
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Eldeniz	 et	
al.,	 2016	
(35)	

BioRoot	RCS;	
	
iRootSP;	
	
AH	Plus	JET;	
	
Acroseal;	
	
EndoREZ;	
	
RealSeal;	
	
RealSeal	SE;	
	
Hybrid	 Root	
SEAL;	
	
MTA	Fillapex	

Periodontal	
ligament	 cell	 line	
using	 lentiviral	
gene	 transfer	 of	
human	 telomerase	
reverse	
transcriptase	
(PDLhTERT)	

CYTOTOXICITY	
PDLhTERT	 +	 medium	
(negative	control);	
	
PDLhTERT	 +	 medium	 +	
1%	 Triton	 X-100	
(positive	control);	
	
GENOTOXICITY	
PDLhTERT	 +	 medium	
(negative	control);	
	
PDLhTERT	 +	 medium	 +	
1	mmol	L-1	H2O2	(positive	
control)	

CYTOTOXICITY	
1:3;	
1:10;	
1:30;	
1:100;	
1:300	
	
GENOTOXICITY	
1:3	
1:10	

XTT-based	 cell	
viability	assay	 γ-H2AX	assay	 24hs	

CYTOTOXICITY	
Undiluted	 sealers	 were	 cytotoxic,	
except	 AH	 Plus	 JET,	 RealSeal	 SE,	
iRootSP	and	BioRoot	RCS;	
	
BioRoot	 RCS	 and	 iRootSP	 were	 the	
least	cytotoxic	sealers;	
	
GENOTOXICITY	
Hybrid	Root	SEAL	induced	greater	γ-
H2AX	 formation	 compared	 to	
negative	control;	
	
Both	concentrations		
of	AH	Plus	JET,	Acroseal,	RealSeal	and	
MTA	 Fillapex	 sealers	 had	 no	
difference	 compared	 to	 the	 negative	
control;	
	
Highest	 rates	 of	 DSBs	 (foci)	 were	
found	in	BioRoot	RCS	and	RealSeal	SE	
when	PDLhTERT	cells	were	exposed	
to	1/3;	
	
1/10	Bio-	
Root	 RCS	 and	 RealSeal	 SE	 had	 less	
DSBs	formation	compared	to	
negative	 control;	 and	 iRootSP	 had	
more	DSBs	at	the	same	concentration	

Bioceramic	 sealers	
were	 the	 less	 toxic	
sealers	tested	

Erdogan	 et	
al.,	 2021	
(22)	

iRoot	SP;	
	
AH	Plus;	
	
MTA	Fillapex	

Human	
periodontal	
ligament	fibroblast	
cell	(hPDLFC)	

hPDLFC	 culture	 +	
medium	

1:1;	
1:2;	
1:4;	
1:8;	
1:16;	
1:32	

XTT-based	 cell	
viability	assay	 MN	test	

	
0,	6,	12,	24,	
48,	72hs	

CYTOTOXICITY	
AH	 Plus	 and	 MTA	 Fillapex	 had	 the	
lowest	 percentage	 of	 cell	 viability	 at	
1:1,	1:2,	1:4;	
	
iRootSP	showed	higher	viability	at	all	
concentrations	 and	 times	 than	
AHPlus	and	MTA	Fillapex;	
	
GENOTOXICITY	
AHPlus	 increased	 the	 number	 of	
micronuclei;	
	
MTA	 Fillapex	 slightly	 induced	
micronucleus	formation	and	iRoot	SP	
was	not	increased	

iRoot	 SP	 had	 lowest	
cytotoxic	 and	
genotoxic	 potential	
among	 the	
investigated	sealers	
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Ferreira	 et	
al.,	 2022	
(51)	

Sealer	Plus	BC;	
	
AH	Plus;	
	
Sealer	Plus;	
	
MTA	Fillapex	

Apical	 papillary	
cells	(APCs)	 DMEM	 1:10	

MTT	assay;	
	
Sulforhodamine	B	
(SRB)	assay	

-	

MTT:	 24,	
72hs;	
	
SRB:	72hs	

MTT	ASSAY:	
At	 24hs,	 all	 sealers	 had	 similar	
cytotoxicity;	
	
After	72hs,	Sealer	Plus	BC	and	Sealer	
Plus	had	higher	cell	viability;	
	
SRB	ASSAY:	
Sealer	 Plus	 BC	 had	 the	 highest	 cell	
viability	

Calcium-silicate	
sealers	had	higher	cell	
viability	 among	 the	
investigated	sealers	

Gaudin	 et	
al.,	 2020	
(25)	

BioRoot	RCS;	
	
ProRoot	ES;	
	
AH	Plus;	
	
MTA	Fillapex	

Human	
periodontal	
ligament	stem	cells	
(hPDLSCs)	

	Eagle	medium	with	20%	
dimethyl	 sulfoxide	
(positive	control)	
	
hPDLSCs	 +	 medium	
(negative	control)	

1:1;	
1:2;	
1:4;	
1:8	

MTT	assay	 -	 24hs	

BioRoot	RCS	increased	cell	viability;	
	
ProRoot	 ES	 had	 no	 effect	 on	 cell	
viability;	
	
MTA	Fillapex	was	strongly	cytotoxic;	
	
AH	Plus	had	a	mild	toxicity	at	a	high	
concentration	(1:1)	

BioRoot	 RCS	 and	
ProRoot	 ES	 showed	
better	
cytocompatibility	
compared	 with	 MTA	
Fillapex	and	AH	Plus	

Giacomino	
et	 al.,	 2019	
(36)	

EndoSequence	BC	
Sealer;	
	
ProRoot	ES;	
	
AH	Plus;	
	
Roth	Sealer	

Murine	 osteoblast	
precursor	 cell	 line	
(IDG-SW3)	

IDG-SW3	+	medium;	
	
Wells	without	cells	

NR	

Luminescence	
assay	 based	 on	
adenosine	
triphosphate	
quantification	

-	 7	days	

Bioceramic	 sealers	 had	 greater	
cytocompatibility	 even	 at	 high	
concentrations;	
	
Cell	 death	 was	 detected	 when	 Roth	
and	 AH	 Plus	 were	 used	 at	
concentrations	 lower	 than	 the	
bioceramic	sealers	

EndoSequence	 BC	
Sealer	and	ProRoot	ES	
were	 significantly	
more	biocompatible	

Güven	 et	
al.,	 2013	
(37)	

iRoot	SP;	
	
AH	Plus	JET;	
	
MTA	Fillapex	

Human	tooth	germ	
stem	 cells	
(hTGSCs)	

hTGSCs	+	medium	 NR	

3-(4,	 5-dimethyl-
thiazol-2-yl)-5-(3-
carboxy-
methoxy-	
phenyl)-2-(4-
sulfo-phenyl)-2H-
tetrazolium	
(MTS)	assay	

-	 1,	 3,	 7,	 14	
days	

MTA	 Fillapex	 showed	 significantly	
greater	 cytotoxicity	 compared	 to	 the	
control;	
	
On	days	3,	7	and	14,	MTA	Fillapex	was	
more	toxic	than	iRoot	SP;	
	
On	day	3,	AH	Plus	JET	was	more	toxic	
than	iRoot	SP	
	
A	 reduction	 on	 cell	 viability	 was	
observed	on	day	7	for	iRoot	SP	

iRoot	SP	was	less	toxic	
than	 both	 MTA	
Fillapex	 and	 AH	 Plus	
JET;	 and	 AH	 Plus	 JET	
was	 less	 toxic	 than	
MTA	Fillapex	

Jing	 et	 al.,	
2019	(38)	

C-Root;	
	
BioRoot	RCS;	
	
AH	Plus	

hPDLSCs	 hPDLSCs	+	medium	 NR	 Cell	counting	kit-8	
(CCK-8)	assay	 -	 1,	 3,	 5,	 7	

days	

BioRoot	 RCS	 had	 the	 highest	 cell	
proliferation	at	days	1	to	5;	
	
AH	Plus	had	 the	 lowest	proliferation	
rate	at	days	3	to	7	

BioRoot	 RCS	 and	 C-
Root	 were	 less	
cytotoxic	than	AH	Plus	

Jo	 et	 al.,	
2020	(39)	

Well-Root	ST;	
	
AH	Plus;	
	
Nishika	 Canal	
Sealer	BG;	
	
Endoseal	MTA	

hPDLSCs	 AH	Plus	
1:1;	
1:2;	
1:4	

CCK-8	assay	 -	 3,	 7,	 14	
days	

Bioceramic	 sealers	 showed	 higher	
cell	 viability	 at	 all	 time	 periods	
compared	to	AH	Plus	

Bioceramic	 sealer	
showed	 the	 greatest	
cytocompatibility	
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Jung	 et	 al.,	
2018	(26)	

BioRoot	RCS;	
	
AH	Plus;	
	
MTA	Fillapex;	
	
Pulp	Canal	Sealer	

Primary	 human	
osteoblasts	(hOB)	 hOB	+	medium	

1:1;	
1:2;	
1:10	

Living-cell-count;	
	
MTT-assay;	
	
Living/	 dead-
staining;	
	
LDH-assay	

-	 1,	7,	14,	21	
days	

Freshly	mixed	AH-Plus	was	cytotoxic,	
but	 it	was	not	 cytotoxic	when	sealer	
was	set;	
		
MTA	 Fillapex	 and	 Pulp	 Canal	 Sealer	
were	cytotoxic	in	a	fresh	and	set	state;	
	
BioRoot-RCS	 had	 the	 lowest	 toxicity	
in	both	states	
	

The	bioceramic	sealer	
showed	 the	 greatest	
cytocompatibility	
among	 the	
investigated	sealers	

Lee	 et	 al.,	
2019	(40)	

EndoSequence	BC	
Sealer;	
	
AH	Plus;	
	
MTA	Fillapex	

Murine	 calvaria	
pre-osteoblast	 cell	
line	
(MC3T3-E1)	cells	

MC3T3-E1	 cells	 +	
medium	

1;	
1/5;	
1/10	
1/50;	
1/100	

EZ-Cytox-
enhanced	 cell	
viability	assay	

-	 24hs	

AH	 Plus	 showed	 a	 significant	
decrease	in	cell	viability	compared	to	
control	at	all	dilutions;	
	
MTA	 Fillapex	 and	 EndoSequence	 BC	
Sealer	 had	 a	 significant	 decrease	 in	
cell	 viability	 compared	 to	 control	 at	
high	dilutions	

Calcium	 silicate–
based	 sealers	 showed	
strong	 cell	 viability	
compared	 with	 AH	
Plus	

Lim	 et	 al.,	
2015	(41)	

ProRoot;	
	
AH	Plus;	
	
EndoSeal	

MC3T3-E1	cells	 NR	 NR	 MTT	assay	 -	 1,	 3,	 7,	 14	
days	

ProRoot	 showed	 significantly	 higher	
cell	 viability	 compared	 to	 the	 other	
sealers;	
	
Viability	of	EndoSeal	was	significantly	
higher	than	AH	Plus	

ProRoot	and	EndoSeal	
had	 greater	
biocompatibility	 than	
AH	Plus	

López-
García	 et	
al.,	 2019	
(42)	

Bio-C	Sealer;	
	
TotalFill	 BC	
Sealer;	
	
AH	Plus	

hPDLSCs	 hPDLSCs	+	medium;	
1;	
1:2;	
1:4	

MTT	assay	 -	 24,	 48,	
72hs	

Bio-C	 Sealer	 and	 TotalFill	 BC	 Sealer	
were	significantly	less	cytotoxic	than	
AH	 Plus	 in	 all	 dilutions	 and	
experimental	periods	

Bio-C	 Sealer	 and	
TotalFill	 BC	 Sealer	
demonstrated	 better	
cytocompatibility	
than	AH	Plus	

Loushine	et	
al.,	 2011	
(43)	

EndoSequence	BC	
Sealer;	
	
AH	Plus	

MC3T3-E1	

Pulp	 Canal	 Sealer	 EWT	
(positive	control);	
	
Teflon	 disks	 (negative	
control)	

NR	 MTT	assay	 -	
0,	1,	2,	3,	4,	
5,	6	weeks	
	

All	set	sealers	had	severe	cytotoxicity	
at	24	hours;	

All	 sealers	 had	 some	
degree	of	cytotoxicity	

Mann	et	al.,	
2022	(54)	

EndoSequence	BC	
Sealer	HiFlow;	
	
EndoSequence	BC	
Sealer;	
	
AH	Plus	

hPDLFC	

DMEM	medium;	
	
0.1%	sodium	
dodecyl	sulfate	

NR	 XTT-based	 cell	
viability	assay	 -	 24,	48hs	

Calcium	 silicate	 sealers	 had	 higher	
cell	 viability	 than	 AH	 Plus,	 without	
significant	differences	between	them	

Calcium	 silicate	
sealers	 were	 less	
cytotoxic	than	AH	Plus	

Mestieri	 et	
al.,	 2020	
(27)	

EndoSequence	BC	
Sealer;	
	
AH	Plus	
	
MTA	Fillapex	

3T3	fibroblasts	 DMEM	medium	
1:1;	
1:2;	
1:4	

MTT	assay	 -	 6,	24hs	
	

AH	 Plus	 and	 MTA	 Fillapex	 were	
significantly	 cytotoxic	 at	 a	 1:1	
dilution;	
	
At	 1:2	 and	 1:4	 dilutions,	 all	 sealers	
were	 similar	 to	 control,	 and	 MTA	
Fillapex	 was	 more	 cytotoxic	 than	
EndoSequence	BC	Sealer	

EndoSequence	 BC	
Sealer	 had	 a	 greater	
cytocompatibility	
among	 the	 tested	
sealers	
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Oh	 et	 al.,	
2020	(44)	

CeraSeal;	
	
EndoSeal	TCS;	
	
AH	Plus	

hPDLSCs	 hPDLSCs	+	medium;	 NR	 CCK-8	assay	 -	 1,	3,	7	days	

In	 fresh	media,	 AH	 Plus	 showed	 the	
lowest	cell	viability	in	all	periods;	
	
In	fresh	media,	calcium	
silicate-based	sealers	showed	similar	
viability	to	control	at	days	1	and	3,	
whereas	at	day	7;	
	
Cell	viability	of	CeraSeal	significantly	
increased	 compared	 to	 control	 and	
EndoSeal	TCS;	
	
In	setting	media,	cell	viability	was	not	
different	 between	 materials	 over	 all	
periods	

Calcium	silicate-based	
sealers	 appear	 to	 be	
less	 cytotoxic	 than	
epoxy-resin	 based	
sealers	

Rodriguez-
Lozano	 et	
al.,	 2017	
(28)	

TotalFill	 BC	
Sealer;	
	
AH	Plus;	
	
MTA	Fillapex	

hPDLSCs	 hPDLSCs	+	
staurosporine	solution	

1:2;	
1:4;	
1:8	

MTT	assay;	
	
DNA-specific	
fluorochrome	
Hoechst	33342	

-	 24,	 48,	
72hs	

TotalFill	 BC	 Sealer	 had	 significantly	
higher	cell	
proliferation	compared	with	AH	Plus	
and	MTA	Fillapex;	
	
TotalFill	 BC	 Sealer	 cytotoxicity	 was	
lower	than	those	observed	in	AH	Plus	
and	MTA	Fillapex	eluates	

TotalFill	BC	Sealer	had	
a	 greater	
cytocompatibility	
than	AH	Plus	and	MTA	
Fillapex	

Rodríguez-
Lozano	 et	
al.,	 2020	
(45)	

EndoSequence	BC	
Sealer	HiFlow;	
	
EndoSequence	BC	
Sealer;	
	
AH	Plus	

hPDLSCs	 hPDLSCs	+	medium	
1;	
1:2;	
1:4	

MTT	assay	 -	 24,	48,72hs	

EndoSequence	BC	Sealer	HiFlow	and	
EndoSequence	 BC	 Sealer	 had	 no	
cytotoxic	 effects	 regardless	 of	 the	
dilutions	and	periods	of	time;	
	
AH	 Plus	 was	 associated	 to	 a	
significant	decrease	in	cell	viability	at	
all	time-periods	and	dilutions	

EndoSequence	 BC	
Sealer	 HiFlow	 and	
EndoSequence	 BC	
Sealer	 were	 more	
cytocompatibil	 than	
AH	Plus	

Sanz	 et	 al.,	
2021	(29)	

EndoSequence	BC	
Sealer	HiFlow;	
	
Bio-C	Sealer	ION+;	
	
AH	Plus	

Human	
periodontal	
ligament	 cells	
(hPDLCs)	

hPDLCs	+	medium	
1:1;	
1:2;	
1:4	

MTT	assay	 -	 24,	 48,	
72hs	

EndoSequence	BC	Sealer	HiFlow	and	
Bio-C	 Sealer	 ION+	 showed	 similar	
results	to	the	control	group;	
	
At	48hs,	undiluted	EndoSequence	BC	
Sealer	 HiFlow	 showed	 a	 higher	
production	than	the	control;	
	
AH	 Plus	 showed	 higher	 cytotoxicity	
among	 the	 tested	 sealers	 at	 all	
moments	of	evaluation	

The	 investigated	
calcium	 silicate-based	
sealers	 showed	
greater	
cytocompatibility	
compared	to	AH	Plus	

Sanz	 et	 al.,	
2022	(53)	

AH	 Plus	
Bioceramic;	
	
EndoSequence	BC	
Sealer;	
	
AH	Plus	

hPDLSCs	 hPDLCs	+	medium		
1:1;	
1:2;	
1:4	

MTT	assay	 -	 24,	 48,	
72hs	

AH	 Plus	 Bioceramic	 and	
EndoSequence	 BC	 Sealer	 Sealer	 had	
an	adequate	cell	viability	at	all	 time-
points,	similar	to	the	control	group;	
	
AH	 Plus	 Bioceramic,	 at	 1:1	 dilution,	
had	a	lower	cell	viability	compared	to	
the	control	group;	
	
AH	 Plus	 had	 a	 lower	 cell	 viability	
compared	 to	 the	control	group	at	all	
time-points	

AH	 Plus	 Bioceramic	
and	EndoSequence	BC	
Sealer	 Sealer	 had	 a	
higher	
cytocompatibility	
compared	to	AH	Plus	
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Seo	 et	 al.,	
2019	(46)	

EndoSequence	BC	
Sealer	Sealer;	
	
BioRoot	RCS;	
	
AH	Plus;	
	
Endoseal	MTA	

Human	dental	pulp	
stem	 cells	
(hDPSCs)	

hDPSCs	+	medium		 NR	 MTT	assay	
	 -	 0,	 24,	 48,	

72,	120hs	

There	 were	 no	 differences	 between	
EndoSequence	 BC	 Sealer	 Sealer,	
BioRoot	 RCS,	 Endoseal	 MTA,	 and	
control	 group	 in	 any	 experimental	
period;	
	
AH	 Plus	 showed	 the	 lowest	 cell	
viability	after	72hs	

Calcium	silicate-based	
sealers	 showed	
greater	
cytocompatibility	

Silva	 et	 al.,	
2017	(47)	

EndoSequence	BC	
Sealer	Sealer;	
	
AH	Plus;	
	
MTA	Fillapex;	
	
EndoSeal	

3T3	 fibroblasts	
cells	 Unfilled	root	canals;	 NR	 MTT	assay	 -	 24hs	

AH	Plus,	EndoSeal	and	EndoSequence	
BC	 Sealer	 had	 similar	 cell	 activity	 to	
the	negative	control	group;	
	
MTA	 Fillapex	 had	 a	 significantly	
stronger	cytotoxic	effect	

AH	 Plus,	 EndoSeal,	
and	EndoSequence	BC	
Sealer	 Sealer	 were	
cytocompatible	

Siregar	 et	
al.,	 2019	
(48)	

iRoot	SP;	
	
AH	Plus;	
	
GuttaFlow	Bioseal	

Lymphocites	
	

Blood	 samples	 without	
sealers	 NR	 -	 γ-H2AX	assay	 1,	3,	7	days	

AH	Plus	had	highest	expression	of	foci	
on	day	1,	without	 foci	expression	on	
days	3	and	7;	
	
GuttaFlow	Bioseal	 had	 an	 increasing	
expression	at	all	days;	
	
iRoot	 SP	had	 the	 lowest	 expressions	
at	all	days;	

The	 highest	 values	 of	
genotoxicity	 were	
found	for	AH	Plus,	and	
the	lowest	for	iRoot	SP	

Só	 et	 al.,	
2022	(55)	

Sealer	Plus	BC;	
	
AH	Plus;	
	
MTA	Fillapex	

hPDLSCs	 hPDLSCs	+	medium	 1:10	 MTT	assay	 MN	test	

CYTOTOXI
CITY	
24,	 48,	
72hs	
	
GENOTOXI
CITY	
24hs	

CYTOTOXICITY	
Sealer	 Plus	 BC	 had	 the	 lowest	
cytotoxicity,	
followed	 by	 the	 control	 group,	 MTA	
Fillapex,	and	AH	Plus,	at	all	evaluated	
periods;	
	
GENOTOXICITY	
No	differences	were	observed	among	
groups	

All	 sealers	 presented	
low	 genotoxicity,	 and	
Sealer	 Plus	 BC	
presented	 the	 lowest	
cytotoxicity	

Taraslia	 et	
al.,	 2018	
(30)	

TotalFill	 BC	
Sealer;	
	
BioRoot	RCS;	
	
AH	Plus;	
	
MTA	Fillapex;	
	
GuttaFlow	2;	
	
Roth’s	801	

hPDLCs	 hPDLCs	+	medium	 NR	
Costar	 Transwell	
cell	viability	assay	
	

-	 0,	24hs	

GuttaFlow	 2	 had	 the	 highest	 cell	
viability	in	all	periods;	
	
MTA	Fillapex,	TotalFill	BC	Sealer	and	
BioRoot	RCS	had	higher	cell	viability	
than	 AH	 Plus	 and	 Roth’s,	 except	 for	
freshly	 mixed	 MTA	 Fillapex	 and	
BioRoot	RCS	

GuttaFlow	 2,	 TotalFill	
BC	 Sealer,	 BioRoot	
RCS,	and	MTA	Fillapex	
had	 increased	 cell	
viability	 compared	 to	
AH	 Plus	 and	 Roth’s	
801	

Vouzara	 et	
al.,	 2018	
(31)	

BioRoot	RCS;	
	
SimpliSeal;	
	
MTA	Fillapex	

3T3	cells	 3T3	cells	+	medium	 1:1;	
1:2	

Modified	 staining	
sulforhodamine	 B	
assay	

-	 24,	72hs	

BioRoot	RCS	was	 less	 cytotoxic	 than	
the	other	sealers	at	all	tested	extracts,	
concentrations,	 and	 times	 of	
measurement.	

BioRoot	 RCS	 had	 the	
lowest	 cytotoxicity	
among	 the	
investigated	sealers	
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Willershau
sen	 et	 al.,	
2011	(49)	

EndoSequence	BC	
Sealer;	
	
AH	Plus	JET	
	
GuttaFlow;	
	
Pulp	Canal	Sealer	

hPDLFC	 hPDLFC	+	medium;	 NR	
Alamar	 blue	
assay;	
	

-	
0,	 1,	 6,	 24,	
48,	 72,	
96hs	

GuttaFlow	 and	 EndoSequence	 BC	
Sealer	were	 relatively	 non	 cytotoxic,	
while	Pulp	Canal	Sealer	EWT	and	AH	
Plus	JET	caused	a	significant	decrease	
of	cell	proliferation	

EndoSequence	 BC	
Sealer	 and	 GuttaFlow	
were	 highly	
biocompatible	

Zhou	 et	 al.,	
2015	(32)	

EndoSequence	BC	
Sealer;	
	
AH	Plus;	
	
MTA	Fillapex	

Human	 gingival	
fibroblasts	

Human	 gingival	
fibroblasts	+	medium	

1:2;	
1:8;	
1:32;	
1:128	

Quantitative	 flow	
cytometry	test	 -	 0,	1,	2,	3,	4	

weeks	

EndoSequence	 BC	 Sealer	 showed	
higher	 cell	 viability	 at	 all	 extract	
concentrations	 than	 extracts	 from	
freshly	mixed	AH	Plus	and	fresh	and	
set	 MTA	 Fillapex,	 especially	 at	 high	
extract	concentrations	
(1:2	and	1:8	dilutions);	
	
	Extracts	 from	 set	MTA	Fillapex	 of	 2	
weeks	and	older	were	more	cytotoxic	
than	extracts	from	freshly	mixed	and	
1-week-old;	
	
With	 extract	 concentrations	 of	 1:32	
and	 lower,	 MTA	 Fillapex	 was	 non-
cytotoxic;	
	
After	 setting,	 AH	 Plus	 was	 non-
cytotoxic,	 and	 the	 fibroblast	 cells	
grew	on	set	AH	Plus	equally	as	well	as	
on	BC	Sealer	

EndoSequence	 BC	
Sealer	 had	 greater	
cytocompatibility	
than	MTA	Fillapex	and	
AH	Plus	

Zordan-
Bronzel	 et	
al.,	 2021	
(52)	

Sealer	Plus	BC;	
	
TotalFill	 BC	
Sealer;	
	
AH	Plus	

Human	osteoblast-
like	(Saos-2)	cells	

20%	DMSO	
(positive	control)	
	
Serum-free	 DMEM	
(negative	control)	

1:1;	
1:2;	
1:4;	
1:8;	
1:16;	
1:32	

MTT	assay	
	
Neutral	red	assay	

-	 1,	3,	7	days	

MTT	ASSAY:	
Sealer	 Plus	 BC	 in	 the	 1:1	 and	 1:2	
dilutions	 had	 significantly	 lower	 cell	
viability	 compared	 to	 the	 other	
sealers	and	the	negative	control;	
	
NEUTRAL	RED	ASSAY:	
AH	Plus,	Sealer	Plus	BC	and	TotalFill	
BC	Sealer	had	no	cytotoxic	effects	on	
Saos-2	 cells,	 compared	 to	 negative	
control;	
	
At	days	1	and	7,	Sealer	Plus	BC	had	a	
significantly	greater	cell	viability	than	
positive	control	

In	general,	sealers	had	
a	 similar	 pattern	 of	
cytotoxic	 behavior,	
but	 Sealer	 Plus	 BC	
presented	greater	 cell	
viability	after	7	days	
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Zoufan	 et	
al.,	 2011	
(50)	

EndoSequence	BC	
Sealer;	
	
AH	Plus;	
	
GuttaFlow;	
	
Tubli-Seal	

L929	 mouse	
fibroblasts	

L929	 mouse	 fibroblasts	
+	medium		 NR	 MTT	assay	 -	 24,	72hs	

Freshly	 mixed	 AH	 Plus	 was	 more	
cytotoxic	 than	 the	other	 sealers,	 and	
Tubli-Seal	had	 less	cell	viability	 than	
EndoSequence	 BC	 Sealer	 and	
GuttaFlow,	 without	 differences	
between	the	latter;	
	
For	the	set	sealers,	Tubli-Seal	and	AH	
Plus	 had	 less	 cell	 viability	 than	
EndoSequence	 BC	 Sealer	 and	
GuttaFlow,	 without	 differences	
between	the	latter	

GuttaFlow	 and	
EndoSequence	 BC	
Sealer	 sealers	 have	
lower	 cytotoxicity	
than	 the	 AH	 Plus	 and	
Tubli-Seal	sealers	

	 	 	 	 	 	 	 	 	 	

	
	 However,	 the	 condition	 investigated	 (set	
sealers)	 does	 not	 necessarily	 reflect	 a	 clinical	
condition,	as	the	contact	between	the	sealers	and	the	
periapical	 tissues	 usually	 occurs	 through	 extrusion	
beyond	the	apical	foramen	at	the	time	of	obturation.	
In	 this	moment,	 the	 sealer	 is	 still	 fresh,	 and	 at	 the	
same	time,	blood	and	lymphatic	vessels	are	present	in	
the	 living	 tissue,	 diluting	 the	 substances55.	 In	 the	
other	 study47,	 a	 3D	 cell	 culture	 and	an	 in	 vitro	 root	
model	 was	 used	 and,	 according	 to	 the	 authors	
themselves,	 the	direct	application	of	 their	results	to	

the	clinic	could	be	mitigated.	This	may	be	explained	
due	 to	 the	 reduced	 contact	 area	 of	 the	 root	 canal	
sealer	with	the	cell	culture	when	compared	to	2D	cell	
cultures,	 likely	 decreasing	 the47	 toxic	 effects	 of	 the	
root	canal	sealers.	

Only	five	studies	compared	the	genotoxicity	
of	 calcium	 silicate-based	 sealers	 with	 epoxy	 resin-
based	sealers22,34,35,48,55.	Four	studies	concluded	that	
calcium	silicate	sealers	are	less	genotoxic	than	epoxy	
resin	 sealers22,34,35,48,	 and	 one	 study	 did	 not	 report	
differences55.	As	reported	by	the	authors	themselves,	
the	absence	of	statistical	differences	may	be	related	

to	 the	dilutions	used	 in	 the	 study.	 In	 this	 study,	AH	
Plus	 was	 the	 investigated	 epoxy	 resin	 sealer	 and,	
when	 diluted,	 there	 may	 occur	 a	 decrease	 of	 the	
resinous	 compound	 present	 in	 the	 sealer	
composition,	 allowing	 the	 sealer	 to	 demonstrate	 a	
similar	 behavior	 to	 the	 calcium	 silicate-based	
sealer12.	 Nevertheless,	 when	 extrusion	 occurs,	 the	
sealer	is	initially	presented	in	higher	concentrations	
contacting	the	periapical	tissues	and,	therefore,	it	can	
potentially	present	a	greater	genotoxic	effect22.	
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Table	4.	Quality	assessment	and	risk	of	bias.	
	

Study	 Description	 of	
Cell	Lineage	 Control	Group	

Description	 of	 the	
Method	 of	 Cell	
Culture	
Preparation	

Description	 of	
Sealers/Extracts	
Preparation	

Reproducibility	 of	
Experiments	

Statistical	 Analysis	
Description	 Overall	Risk	of	Bias	

Almeida	et	al.,	2020	(33)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Alsubait	et	al.,	2018	(23)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Candeiro	et	al.,	2016	(34)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Colombo	et	al.,	2018	(24)	 Yes	 Yes	 Yes	 No	 No	 No	 MODERATE	

Eldeniz	et	al.,	2016	(35)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Erdogan	et	al.,	2021	(22)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Ferreira	et	al.,2022	(51)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Gaudin	et	al.,	2020	(25)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Giacomino	et	al.,	2019	(36)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Güven	et	al.,	2013	(37)	 Yes	 Yes	 Yes	 No	 No	 Yes	 MODERATE	

Jing	et	al.,	2019	(38)	 Yes	 Yes	 Yes	 No	 No	 Yes	 MODERATE	

Jo	et	al.,	2020	(39)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	
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Jung	et	al.,	2018	(26)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Lee	et	al.,	2019	(40)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Lim	et	al.,	2015	(41)	 Yes	 No	 Yes	 No	 No	 Yes	 MODERATE	

López-García	et	al.,	2019	(42)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Loushine	et	al.,	2011	(43)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Mann	et	al.,	2022	(54)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Mestieri	et	al.,	2020	(27)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Oh	et	al.,	2020	(44)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Rodriguez-Lozano	 et	 al.,	 2017	
(28)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Rodríguez-Lozano	 et	 al.,	 2020	
(45)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Sanz	et	al.,	2021	(29)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Sanz	et	al.,	2022	(53)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Seo	et	al.,	2019	(46)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Silva	et	al.,	2017	(47)	 Yes	 Yes	 Yes	 No	 No	 Yes	 MODERATE	
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Siregar	et	al.,	2019	(48)	 Yes	 Yes	 Yes	 No	 No	 Yes	 MODERATE	

Só	et	al.,	2022	(55)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Taraslia	et	al.,	2018	(30)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Vouzara	et	al.,	2018	(31)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Willershausen	et	al.,	2011	(49)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	

Zhou	et	al.,	2015	(32)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Zordan-Bronzel	et	al.,	2021	(52)	 Yes	 Yes	 Yes	 Yes	 Yes	 Yes	 LOW	

Zoufan	et	al.,	2011	(50)	 Yes	 Yes	 Yes	 No	 Yes	 Yes	 LOW	
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So	far,	there	is	no	specific	tool	
to	 evaluate	 the	 risk	of	 bias	 of	 in	 vitro	
studies.	Therefore,	a	tool	based	on	the	
methodology	 adopted	 by	 previous	
systematic	 reviews	 of	 in	 vitro	 studies	
was	used16,17.	In	this	systematic	review,	
the	 following	 parameters	 were	
accessed	to	determine	the	risk	of	bias	
of	 the	 included	studies:	description	of	
cell	 lineage,	 presence	 of	 a	 control	
group,	 description	 of	 the	 cell	 culture	
preparation,	 description	 of	
sealer/extracts	 preparation,	
reproducibility	of	the	experiment,	and	
description	of	statistical	analysis.	
		 Established	 cell	 lines	 ensure	
the	reproducibility	of	 intra	 laboratory	
results	and	allow	for	the	comparison	of	
interlaboratory	 results57.	 All	 of	 the	
included	 studies	 reported	 for	 this	
parameter.	 As	 for	 the	 presence	 of	 a	
control	 group,	only	one	 study	did	not	
present	 a	 control	 group41.	 A	 control	
group	consists	of	elements	that	present	
characteristics	 that	 allows	 the	
individual	analysis	of	the	impact	of	the	
investigated	 variables58,	 allowing	 the	
inference	 of	 results.	 The	
reproducibility	of	the	experiments	was	
considered	as	this	allows	the	validation	
of	 the	 results59.	 Six	 studies	 did	 not	
present	this	parameter24,37,38,41,47,48.	As	
for	 the	 description	 of	 the	 statistical	
analysis,	only	one	of	the	studies	did	not	
present	this	parameter24.		

Statistical	 analysis	 is	
important	because	it	favors	the	correct	
interpretation	of	data	arising	from	the	
research60,	 and	 for	 this	 reason,	 it	was	
considered	 one	 of	 the	 parameters	 for	
the	 risk	 of	 bias	 analysis.	 The	
parameters	 "description	 of	 the	 cell	
culture	 preparation"	 and	 "description	
of	 sealer/extracts	 preparation"	 were	
considered	 as	 they	 allow	 the	
understanding	of	what	was	performed	
during	 the	 research	 and	 allow	 the	
reproduction	 of	 these	 experiments	 in	
future	 research61.	 Six	 studies	 did	 not	
report	 for	 “description	 of	
sealer/extracts	
preparation”24,37,38,41,47,48.	

The	present	systematic	review	
presents	some	limitations.	First,	it	was	
not	established	the	impact	of	sealers	on	
the	 success	 rate	 of	 endodontic	
treatment	 when	 in	 contact	 with	 the	
periapical	tissues.	Thus,	future	studies	
are	needed	 to	determine	whether	 the	
lower	cytotoxicity	and	genotoxicity	of	
calcium	 silicate-based	 sealers	 can	
present	 more	 positive	 results	
compared	to	epoxy	resin-based	sealers	
in	clinical	outcomes.	

The	present	systematic	review	
presents	some	limitations.	First,	it	was	
not	established	the	impact	of	sealers	on	
the	 success	 rate	 of	 endodontic	
treatment	 when	 in	 contact	 with	 the	
periapical	tissues.	Thus,	future	studies	
are	needed	 to	determine	whether	 the	
lower	cytotoxicity	and	genotoxicity	of	
calcium	 silicate-based	 sealers	 can	
present	 more	 positive	 results	
compared	to	epoxy	resin-based	sealers	
in	clinical	outcomes.	

	
CONCLUSION	

Based	 on	 the	 results	 of	 this	
systematic	 review,	 it	 is	 possible	 to	
conclude	 that	 calcium	 silicate-based	
sealers	are	less	cytotoxic	and	genotoxic	
than	epoxy	resin-based	sealers.	
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