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ABSTRACT
Objectives: The aim of this study was to evaluate whether the gelatinase production ability of
Enterococcus faecalis provides any advantage on adhesion of this bacterium to dentin treated
with various irrigants and their combinations.
Materials and methods: Standardized dentin discs were randomly divided into five groups
(n¼ 20): group 1: 2.5% sodium hypochlorite (NaOCl), group 2: 2% chlorhexidine (CHX), group 3:
NaOClþ SalineþCHX, group 4: NaOClþ EDTAþNaOCl, group 5: QMix. After incubation of dentin
discs with irrigants, each group was divided into two subgroups (n¼ 10) according to the bac-
terial strains used; a gelatinase-producing and a gelatinase-deficient strain of E. faecalis. After
incubation of the discs with the bacterial suspensions aerobically for 48 h, XTT assay was con-
ducted for bacterial adherence evaluation. Data were statistically analyzed by ANOVA and
Tukey’s HSD tests (p¼ .05).
Results: Gelatinase-producing E. faecalis adhered to dentin was significantly more than gelati-
nase-deficient E. faecalis in all test groups (p< .05). Adherence to CHX-treated dentin was lower
than to the surfaces treated with other irrigants, alone or in combination (p< .05). These differ-
ences were significant except for comparisons with QMix for gelatinase-producing bacteria
(p< .05).
Conclusions: Gelatinase production of E. faecalis may be an important factor for bacterial adhe-
sion. The addition of CHX to the irrigation regimen resulted in fewer adhered bacteria to dentin.
QMix was not as effective as CHX in terms of bacterial adhesion prevention.
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Introduction

Bacteria are commonly found within dentinal tubules
of clinically infected root canals. Among these bac-
teria, Enterococcus faecalis is often recovered from
treated endodontic cases with persistent lesions,
whereas it is more rarely detected in necrotic pulp tis-
sues.[1,2] It has been proposed that E. faecalis are
transient bacteria of the oral cavity, possibly coming
from fermented food products, but if E. faecalis finds
a suitable habitat allowing their growth and survival,
such as unsealed necrotic or filled canals, they might
enter and survive and multiply there.[3]

Bacterial adhesion to dentin and invasion of den-
tinal tubules is considered important in the establish-
ment of endodontic infections.[4] The primary
bacterial adhesion depends on specific adhesion char-
acteristics of bacteria as well as surface characteristics
of dentin.[5] Gelatinase production, a virulence factor

of E. faecalis, may contribute to the survival of bac-
teria in filled root canals.[6] For example, it has been
recently reported that gelatinase expression is related
to the enhancement of biofilm formation in vitro.[7]
However, it is not yet clear whether gelatinase pro-
duction plays an important role in the adherence of
E. faecalis to dentin.

Irrigation is a crucial endodontic procedure for the
elimination of microorganisms from the root canal
system.[8] Sodium hypochlorite (NaOCl) is one of the
most frequently used irrigant because of its ability to
destroy a broad spectrum of microorganisms and dis-
solve organic materials.[9] The alternating use of eth-
ylenediaminetetraacetic acid (EDTA) and NaOCl has
long been proved effective in removing smear
layer.[10] Chlorhexidine gluconate (CHX) has been
suggested as an endodontic irrigant due to its anti-
microbial effects, and it has lower cytotoxicity
but greater substantivity than NaOCl.[11]
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Recently, another endodontic irrigant containing
EDTA, CHX and a detergent has been introduced as
QMix (Dentsply Tulsa Dental, Tulsa, OK).

After a root canal instrumentation or filling, bacteria
can re-invade the root canal system via coronal leak-
age.[12] Adhesion of bacteria to the root canal dentin
is prerequisite for the development of the endodontic
infections.[13] Most microbiological studies in endo-
dontics have searched the antimicrobial capacity of
endodontic irrigants, but very few studies have focused
on the efficacy of different irrigation regimens on the
adherence of E. faecalis to dentin.[14–17]

Therefore, the aim of this in vitro study was to
evaluate the effects of different endodontic irrigants
as a final rinse on the adherence of the gelatinase-
producing and the gelatinase-deficient E. faecalis
strains to dentin using the XTT ((2,3)-bis(2-methoxy-
4-nitro-5- sulfophenyl)-5-[(phenylamino)-carbonyl]-
2H-tetrazolium hydroxide) colorimetric assay.

Materials and methods

This research was conducted according to strict com-
pliances outlined by World Medical Association
Declaration of Helsinki. The teeth used in this study
were extracted for medical reasons, and all patients
gave informed consent before sample collection. The
bacterial adhesion method was adapted from Sen
et al. [18].

Dentin discs preparation

Non-carious third molars (n¼ 120) were used in this
study. The surrounding enamel was removed with a
high-speed industrial cutting instrument under copious
water irrigation to get standardized 5mm width ana-
tomical crowns. Dentin discs with an approximate
thickness of 1.2mm were cut just inside the deepest
part of the occlusal dentinoenamel junction by using a
rotary diamond saw (ISOMET, Buehler, Lake Bluff,
NY), rendering discs that were ground on both sides.
Only one dentin disc was prepared from each tooth.
Complete removal of enamel was verified under the
stereo-microscope (SZTP; Olympus Optical Co, Tokyo,
Japan) at 15� magnification. The discs were ground
with wet sandpaper (#400 to #1200 grit) to create
smooth surfaces and to reduce the thickness of the
discs to 1.0mm, as measured with a micrometer
(Miltex, Tuttlingen, Germany). This procedure created
smear layer on all surfaces of the discs. Standardization
of each sample was confirmed by calculating the total
surface area using a software program (Leica Stereo

Explorer, Leica Microsystems Ltd, Heerbrugg,
Switzerland).

Microorganisms and culture conditions

Two clinical strains of E. faecalis [the gelatinase-
producing E. faecalis (OG1RF) and the gelatinase-
deficient E. faecalis (TX5128)] were obtained (Selcuk
University, Faculty of Medicine, Microbiology
Department) and used. The strains were grown over-
night at 37 �C in aerobic conditions in tryptone soy
broth (TSB; BioMerieux, Charbonnieresles-Bains,
France). A loopful of E. faecalis was incubated in
5mL of TSB at 37 �C overnight. The optical density of
bacterial suspension was standardized with a spectro-
photometer at 600 nm wavelength to 600.

Treatment groups of dentin discs with different
irrigation regimens

The prepared dentin discs were transferred individu-
ally into the prenumbered Eppendorf tubes containing
phosphate-buffered saline (PBS, pH¼ 7.2, Sigma-
Aldrich, St. Louis, MO) and were autoclaved at 121 �C
for 20min. The samples were randomly divided into
five test groups (n¼ 20), and a negative control group
(n¼ 20), as shown below:

Group 1: 5ml of 2.5% Sodium hypochlorite
(NaOCl) (Caglayan Kimya, Konya, Turkey) (15min)

Group 2: 5ml of 2% Chlorhexidine (CHX)
(Klorhex, Drogsan, Turkey) (15min)

Group 3: 5ml of 2.5%NaOClþ5ml Saline (I.E
Uragay, _Istanbul, Turkey)þ 5ml 2% CHX (5min per
each irrigant)

Group 4: 5ml of 2.5% NaOCl þ5ml 17% EDTA
(Merck KGaA, Darmstadt, Germany)þ 5ml 2.5%
NaOCl (5min per each irrigant)

Group 5: 5ml of QMix (Dentsply Tulsa Dental,
Tulsa, OK) according to the manufacturer’s recom-
mendations, dentin discs were irrigated with 5ml
5.25% NaOCl for 5min, 5ml sterile saline solution for
5min and QMix (90 sec), respectively. The concentra-
tion of NaOCl and irrigation time with QMix was the
strict instructions of QMix irrigation protocol.

Negative control group: Sterilized dentin discs
incubated with sterile TSB solution without any bac-
terial infection.

After treatment of dentin discs with different irri-
gation regimens, discs were rinsed with 5ml of dis-
tilled water. Each group was then divided into two
subgroups (n¼ 10) according to the bacterial strains
used (E. faecalis [OG1RF] and E. faecalis [TX5128]).
Treated dentin discs were placed in sterile 24-well
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tissue culture plates, with 1 disc in each well. Bacterial
cells were standardized to 1� 108 cells/mL in TSB.
Aliquots of 1ml of bacterial suspensions were trans-
ferred into each well and incubated aerobically for
48 h at 37 �C without shaking. After 24 h, bacterial
suspension was refreshed with the addition of 1ml of
fresh media.

XTT reduction assay

A quantitative measurement of bacterial adhesion was
determined by using an XTT-reduction assay, adapted
according to the manufacturer’s instructions and as
described previously.[18,19] XTT test is based on the
metabolically active cells to reduce 2,3-bis(2-methoxy-
4 -nitro-5-sulphophenyl)- 2H-tetrazolium-5-carboxa-
nilide (XTT) molecules to a soluble salt of formazan,
detectable by its absorbance at 480 nm.

XTT (SERVA Electrophoresis, Heidelberg,
Germany) was dissolved in PBS to a final concentra-
tion of 1mgmL�1 and filter-sterilized. Phenazine
methosulphate (PMS, Sigma-Aldrich, St. Louis, MO)
solution was prepared and filtered. XTT solution was
thawed and mixed with PMS solution at a volume
ratio of 20:1 before each assay. After 48 h of bacterial
incubation, the dentin discs were washed twice with
600 ll PBS for removal of nonadherent cells. The
samples were then gently transferred to 96-well tissue
culture plates containing 158 ll PBS, 40 ll XTT and
2 ll PMS per well.[19] After incubation in the dark at
37 �C for 3 h, 100ll of the solution without dentin
discs was transferred to new sterile 96-well plates. The
spectrophotometer was calibrated with 1mL of pure
PBS solution containing the same concentration of
XTT and PMS without E. faecalis cells and dentin
discs.

A colorimetric change in the XTT reduction assay,
a direct correlation of the metabolic activity of the
bacteria, was then analyzed at 492 nm using a spectro-
photometer (l Quant ELISA Reader, Bio-Tek
Instruments, Winooski, VT). The optical density
(OD) values, measured by XTT reduction assay,

demonstrated the adhered E. faecalis cells on dentin.
Data were analyzed using one-way analysis of variance
and the post hoc Tukey tests. The level of statistical
significance was set at p¼ .05.

Results

Gelatinase-producing E. faecalis adhered to dentin sig-
nificantly more than gelatinase-deficient E. faecalis in
all test groups (p< .05). The negative control group
showed no bacterial growth on dentin surfaces
(OD value¼0). Table 1 shows the OD values of
adherent gelatinase-producing and gelatinase-deficient
E. faecalis strains to dentin discs treated with different
irrigation regimens, respectively.

Dentin discs treated with the NaOCl group showed
the highest OD values of adhered gelatinase-produc-
ing E. faecalis and gelatinase-deficient E. faecalis
(p< .05). However, the adhesion of gelatinase-produc-
ing E. faecalis was significantly inhibited by the CHX
group and the NaOClþ SalineþCHX group (p< .05).
The QMix group could not reduce the OD values of
gelatinase-deficient E. faecalis when compared with
the CHX group and the NaOClþ SalineþCHX group
(p< .05). No statistically significant difference was
determined between the QMix group and the
NaOClþEDTAþNaOCl groups (p> .05).

Discussion

In the present study, XTT assay was used to evaluate
the number of E. faecalis cells adhered to dentin. XTT
is a colorimetric microbiological tool used for evalu-
ation of the metabolic activity of adherent aerobic
bacteria and a measure of cell viability. This approach
depends on the ability of metabolically active cells to
convert the yellow water-soluble XTT into orange-col-
ored soluble compounds of formazan, measured by
their absorbance at 480 nm with a micro plate UV/Vis
spectrophotometer. The XTT assay has the following
important advantages over the use of microbiologic,

Table 1. The mean ± standard deviation of OD values of gelatinase-producing E. faecalis
and gelatinase-deficient E. faecalis adhering to dentin.

Test groups
OD values for gelatinase-producing

E. faecalis
OD values for gelatinase-deficient

E. faecalis

2.5% NaOCl 0.319± 0.094c� 0.144± 0.024c�
2% CHX 0.021± 0.010a 0.016± 0.010a

2.5% NaOClþ Saline þ2% CHX 0.020± 0.010a 0.014 ± 0.09a

2.5% NaOClþ EDTA þ2.5% NaOCl 0.197± 0.048b 0.111 ± 0.028bc

QMix 0.129± 0.047ab 0.084 ± 0.013b

�The letters represent the statistical differences between irrigation solution test groups in each column on
an individual basis. Groups identified by different superscript letters are significantly different (p< .05).
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histological, and light and electron microscopic
techniques:

1. Allows a fast quantitative measurement.
2. Determines the number of only living cells.
3. The possibility of working with whole biofilm,

without destroying it.
4. Allows the counting of adherent cells on dentin,

which is not possible with light microscopy
because the dental tissues are not transparent
[18–22].

No deactivating agent was used to reduce the
carry-over effect of the disinfectant solutions, due to
the lack of a universal neutralizing agent suitable for
all the irrigants that were tested. Furthermore, the
clinical use of irrigants does not necessitate neutraliz-
ing the irrigants, and some of them contain compo-
nents that might show an antimicrobial effect on the
biofilms, thereby masking the results [23]. Therefore,
rinsing dentin discs with distilled water was preferred,
following irrigation protocols that Sum et al. [16] per-
formed in their bacterial adhesion study.

Gelatinase production is one of the virulence fac-
tors that may be associated with the survival of
E. faecalis in filled root canals.[6,24] Gelatinases are
extracellular zinc-containing endopeptidases that can
hydrolyze gelatin, collagen, fibrin and other pepti-
des.[25] In terms of virulence, a large proportion of
E. faecalis that can produce gelatinases are frequently
isolated from hospitalized patients.[26] In addition,
increased lethality of a gelatinase-producing E. faecalis
strain was reported compared to the isogenic strain
that is deficient in gelatinase production.[27] From an
endodontic viewpoint, it has been reported that the
expression of gelatinase was higher in the biofilm-
positive strains from cases of apical radiolucency.[7]
The results of the present study may also be taken to
suggest that gelatinase production could facilitate the
adhesion of E. faecalis to dentin.

Although the role of gelatinase in enhancing bac-
terial dentin adhesion is not known in detail, Kristich
et al. [24] reported some possible models. Gelatinase
might have a role in the production of an extracellular
signaling peptide molecule, thereby serving as a signal
for biofilm formation. In an alternative model, gelati-
nase might proteolytically activate another surface
protein that participates in the secretion of extracellu-
lar polymeric matrix material for biofilm forma-
tion.[24] Furthermore, gelatinase could produce
peptides and amino acids that could be an important
source for bacterial growth.[28] In addition, gelatinase

may be able to significantly increase the bacterial cell
surface hydrophobicity, thus enhancing attachment to
a substratum.[29,30] Another possible explanation
could be that the collagen degradation products such
as collagen, fibrin or gelatin may be used by gelati-
nase-producing E. faecalis strain as nutrients.[30]

The alteration in dentin collagen caused by endo-
dontic irrigants might be one of the reasons for
apparently different E. faecalis adhesion values. In the
present study, dentin discs irrigated with NaOCl had
the highest values for bacterial adhesion on dentin.
This could be caused by the fact that NaOCl can
cause collagen denaturation[16], thereby increasing
E. faecalis adhesion to dentin.[4,31,32] Another reason
for the increased adhesion may be due to slightly
alkaline-altered pH of collagen that encourages
E. faecalis adhesion.[5,16]

CHX treatment with its sole use or in combination
with NaOCl resulted in prevention of bacterial adhe-
sion. The use of NaOCl that can remove exposed col-
lagen fibrils [8] and subsequent CHX irrigation
(NaOClþ SalineþCHX group) also significantly
reduced the bacterial adhesion in this study. CHX can
prevent microbial adhesion to dentinal surface for
longer periods due to its substantivity property.[11,15]
Therefore, it is not surprising that minimal bacterial
adhesion was obtained when CHX was integrated into
the irrigation regimen. Only short-term effect (48 h
incubation periods) of the irrigant exposure to bacter-
ial adhesion was studied but it is possible that the
substantivity effect of CHX can eventually disappear.
Therefore, further research with a longer incubation
time should be performed in order to determine how
long the antimicrobial effect of CHX will last on
dentin surface.

The use of QMix with 5.25% NaOCl combination
instead of its single use in the present study was based
on the strict instructions of the manufacturer. Hence,
we irrigated the specimens initially with 5.25% NaOCl
for 5min; sterile saline solution for 5min and finally
QMix solution for 90 s in this group. To our know-
ledge, this is the first study that evaluated the adhesion
of E. faecalis to dentin treated with QMix. The present
study showed that bacterial adhesion was higher in
QMix group when compared with CHX groups.
Therefore, one may speculate from the results of this
study that CHX solution was more effective in prevent-
ing bacterial adhesion when compared to QMix. The
amount of CHX in QMix solution or a possible inacti-
vation of CHX by EDTA which is also present in
QMix solution may be the reasons for unsuccessful
bacterial adhesion prevention. Future studies should be
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conducted to determine the anti-adhesive capacity of
QMix on other microorganisms isolated from endo-
dontic infections.

Conclusions

Within the limitations of this in vitro study, it can be
concluded that gelatinase production of E. faecalis
may be an important factor for its adhesion to dentin.
The addition of CHX to the irrigation regimen
resulted in fewer bacteria recovered from the surface.
QMix was not as effective as CHX solution regarding
bacterial adhesion prevention.

Acknowledgements

The authors would like to thank Microbiology Department,
Medical Faculty of Selcuk University, for supplying
Enterococcus faecalis strains and to Dr Serhan Akman for
statistical analysis.

Disclosure statement

The authors deny any conflicts of interest.

Funding

This study was supported by Selcuk University’s Health
Sciences Institute as part of the doctoral thesis of Mehmet
Burak Guneser (Project no: 11202025) and Scientific
Research Projects Coordination Center of Selcuk University,
Konya, Turkey. TUBITAK provided the financial support
for PhD studies.

References

[1] Siren EK, Haapasalo MP, Ranta K, et al.
Microbiological findings and clinical treatment pro-
cedures in endodontic cases selected for microbio-
logical investigation. Int Endod J. 1997;30:91–95.

[2] Chu FC, Tsang CS, Chow TW, et al. Identification
of cultivable microorganisms from primary endo-
dontic infections with exposed and unexposed pulp
space. J Endod. 2005;31:424–429.

[3] Al-Ahmad A, Maier J, Follo M, et al. Food-borne
enterococci integrate into oral biofilm: an in vivo
study. J Endod. 2010;36:1812–1819.

[4] Love RM. Enterococcus faecalis-a mechanism for its
role in endodontic failure. Int Endod J. 2001;34:
399–405.

[5] Kayaoglu G, Ørstavik D. Virulence factors of
Enterococcus faecalis: relationship to endodontic dis-
ease. Crit Rev Oral Biol Med. 2004;15:308–320.

[6] Sedgley CM. The influence of root canal sealer on
extended intracanal survival of Enterococcus faecalis
with and without gelatinase production ability in
obturated root canals. J Endod. 2007;33:561–566.

[7] Guerreiro-Tanomaru JM, Nascimento CA, Faria-
J�unior NB, et al. Relationship of biofilm formation
and gele gene expression in Enterococcus faecalis
recovered from root canals in patients requiring
endodontic retreatment. J Endod. 2011;37:631–636.

[8] Kishen A, Sum CP, Mathew S, et al. Influence of
irrigation regimens on the adherence of Enterococcus
faecalis to root canal dentin. J Endod. 2008;34:
850–854.

[9] Guerreiro-Tanomaru JM, Nascimento CA, Faria-
J�unior NB, et al. Antibiofilm activity of irrigating
solutions associated with cetrimide. Confocal laser
scanning microscopy. Int Endod J. 2014;47:
1058–1063.

[10] H€ulsmann M, Heckendorff M, Lennon A. Chelating
agents in root canal treatment: mode of action and
indications for their use. Int Endod J. 2003;36:
810–830.

[11] Mohammadi Z, Abbott PV. The properties and
applications of chlorhexidine in endodontics. Int
Endod J. 2009;42:288–302.

[12] Torabinejad M, Ung B, Kettering JD. In vitro bacter-
ial penetration of coronally unsealed endodontically
treated teeth. J Endod. 1990;16:566–569.

[13] Love RM. Adherence of Streptococcus gordonii to
smeared and nonsmeared dentine. Int Endod J.
1996;29:108–112.

[14] Komorowski R, Grad H, Wu XY, et al.
Antimicrobial substantivity of chlorhexidine-treated
bovine root dentin. J Endod. 2000;26:315–317.

[15] Yang SE, Cha JH, Kim ES, et al. Effect of smear
layer and chlorhexidine treatment on the adhesion
of Enterococcus faecalis to bovine dentin. J Endod.
2006;32:663–667.

[16] Sum C, Mohanty S, Gupta PK, et al. Influence of
endodontic chemical treatment on Enterococcus fae-
calis adherence to collagen studied with laser scan-
ning confocal microscopy and optical tweezers: a
preliminary study. J Biomed Opt. 2008;13:044017.

[17] Baca P, Junco P, Arias-Moliz MT, et al.
Antimicrobial substantivity over time of chlorhexi-
dine and cetrimide. J Endod. 2012;38:927–930.

[18] Sen BH, Chugal NM, Liu H, et al. A new method
for studying the adhesion of Candida albicans to
dentin in the presence or absence of smear layer.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2003;96:201–206.

[19] Ning Y, Hu X, Ling J, et al. Candida albicans sur-
vival and biofilm formation under starvation condi-
tions. Int Endod J. 2013;46:62–70.

[20] Meissner W, Jarzembowski TA, Rzyska H, et al. Low
metabolic activity of biofilm formed by Enterococcus
faecalis isolated from healthy humans and wild mal-
lards (Anasplatyrhynchos). Ann Microbiol. 2013;63:
1477–1482.

[21] Habib M, Hottel TL, Hong L. Antimicrobial effects
of non-thermal atmospheric plasma as a novel root
canal disinfectant. Clin Plasma Med. 2014;2:17–21.

[22] Pourhajibagher M, Chiniforush N, Shahabi S, et al.
Sub-lethal doses of photodynamic therapy affect bio-
film formation ability and metabolic activity of

148 M. B. GUNESER AND A. U. ELDENIZ



Enterococcus faecalis. Photodiagnosis Photodyn Ther.
2016;15:159–166.

[23] Arias-Moliz MT, Ferrer-Luque CM, Gonz�alez-
Rodr�ıguez MP, et al. Eradication of Enterococcus fae-
calis biofilms by cetrimide and chlorhexidine.
J Endod. 2010;36:87–90.

[24] Kristich CJ, Li YH, Cvitkovitch DG, et al. Esp-inde-
pendent biofilm formation by Enterococcus faecalis.
J Bacteriol. 2004;186:154–163.

[25] Waters CM, Antiporta MH, Murray BE, et al.
Role of the Enterococcus faecalis gelE protease in
determination of cellular chain length, supernatant
pheromone levels, and degradation of fibrin and
misfolded surface proteins. J Bacteriol. 2003;185:
3613–3623.

[26] Coque TM, Patterson JE, Steckelberg JM, et al.
Incidence of hemolysin, gelatinase, and aggregation
substance among Enterococci isolated from patients
with endocarditis and other infections and from
feces of hospitalized and community based persons.
J Infect Dis. 1995;171:1223–1229.

[27] Singh K, Qin X, Weinstock GM, et al. Generation
and testing of mutants of Enterococcus faecalis in a

mouse peritonitis model. J Infect Dis. 1998;178:
1416–1420.

[28] Hubble TS, Hatton JF, Nallapareddy SR, et al.
Influence of Enterococcus faecalis proteases
and the collagen-binding protein, ace, on adhesion
to dentin. Oral Microbiol Immunol. 2003;
18:121–126.

[29] Makinen PL, Clewell DB, An F, et al. Purification
and substrate specificity of a strongly hydrophobic
extracellular metalloendopeptidase (‘‘gelatinase’’)
from Streptococcus faecalis (strain og1–10). J Biol
Chem. 1989;264:3325–3334.

[30] Carniol K, Gilmore MS. Signal transduction, quo-
rum-sensing, and extracellular protease activity in
Enterococcus faecalis biofilm formation. J Bacteriol.
2004;186:8161–8163.

[31] Kayaoglu G, Erten H, Ørstavik D. Growth at high
pH increases Enterococcus faecalis adhesion to colla-
gen. Int Endod J. 2005;38:389–396.

[32] Kowalski WJ, Kasper EL, Hatton JF, et al.
Enterococcus faecalis adhesin, ace, mediates attach-
ment to particulate dentin. J Endod. 2006;32:
634–637.

ACTA BIOMATERIALIA ODONTOLOGICA SCANDINAVICA 149


	The effect of gelatinase production of Enterococcus faecalis on adhesion todentin after irrigation with various endodontic irrigants
	Introduction
	Materials and methods
	Dentin discs preparation
	Microorganisms and culture conditions
	Treatment groups of dentin discs with different irrigation regimens
	XTT reduction assay

	Results
	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	References


