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ABSTRACT: The aim of this in vitro study was to investigate the influence of ethylenediaminetetraacetic acid (EDTA)
associated with the benzalkonium chloride (BAK) on the adhesion and formation of Enterococcus faecalis biofilms attached
to coated dentin. Discs standard bovine dentin blocks were treated with the coating materials evaluated: Saline solution
(control), 17 % EDTA, 17 % EDTA associated with 1 % BAK for 5 minutes and subsequently washed with saline solution.
Afterwards, biofilms of E. faecalis (ATCC 29212) were grown on the surface of coated dentin blocks for time intervals of 1
hour and 7 days (n = 20) and were subsequently washed with phosphate-buffered saline (PBS). Bacterial viability and total
biovolume were analyzed by confocal laser scanning microscopy (CLSM) using the Live/Dead technique. Nonparametric
Kruskal-Wallis followed by Dunn tests were used to determine statistical differences (a = 5 %). The 17 % EDTA + 1 % BAK
group showed significantly lower biovolume and bacterial viability values at the end of 1 hour (p < 0.05). After 7 days of
contamination, the 17 % EDTA and 17 % EDTA + 1 % BAK groups showed similar results that differed statistically from those
of the control group (p < 0.05). The saline solution group showed higher values. The use of BAK associated with EDTA on
dentin blocks surfaces before exposure to contamination was able to interfere in the adhesion of E. faecalis to dentin. Also,
dentin treatment by BAK associated with a chelating agent influences the secondary biofilm formation, which could have
important effects on the long-term success of root canal treatment.
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INTRODUCTION

 
             The complete removal of microbial infection is
the main purpose of root canal treatment, but this action
has been considered utopian due to the complex
anatomy of the intra root regions and structural
organization of microbial biofilms (Nair et al., 2005;
Ricucci & Siqueira Jr., 2010; Busanello et al., 2019).
Resistant endodontic microbiota consists of bacteria
capable of initial adhesion to the dentin substrate,
colonization and consequent biofilm development on
this surface (Leonardo et al., 2002; Hancock et al.,
2011; Guerreiro-Tanomaru et al., 2013). Thus,
microorganisms are resistant to chemical and
mechanical stresses, leading to difficulty with removing
them (Peterson et al., 2015; Busanello et al.).
Enterococcus faecalis (E. faecalis) is a facultative

anaerobic gram-positive bacterium, often isolated in
cases of persistent root canal system infections and
these bacteria are easily organized in biofilm (Penas
et al., 2013). From a clinical view, preventing adhesion
of these bacteria to the dentin surface would be
effective against persistent infections.
 
             Biofilm formation relies on the microorganism's
ability to adhere to a surface and the type of the
substrate (Guerreiro-Tanomaru et al.). The substrate
surface determines the film composition and microbial
fixation (Hancock et al.; Guerreiro-Tanomaru et al.).
To prevent bacterial adhesion to the substrate and
subsequent biofilm formation, treatment of this surface
has been suggested (Deng et al., 2004; Portenier et
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al., 2006; Shen et al., 2009; Pappen et al., 2010;
Hancock et al.; Guerreiro-Tanomaru et al.), envisaging
structural changes and permanently changing its
physicochemical properties (Park et al., 2004; Jaramillo
et al., 2012). When a native surface is artificially
conditioned, the affinity of a microorganism to adhering
to this surface may change (Jaramillo et al.).
 
             In endodontics, different chemicals are used
to interact with the intracanal dentin substrate (Zehnder,
2006). However, during the shaping and cleaning steps,
some areas remain untouched by instruments and
irrigation solutions (Siqueira Jr. et al., 2018).
Furthermore, the mechanical action of the instruments
against the canal walls results in a smear layer
composed of organic remains, dentinal debris,
inorganic components and microorganisms,
compromising disinfection (Virdee et al., 2018). To
promote complete removal of the smear layer,
ethylenediaminetetraacetic acid (EDTA) solution is the
chelating agent most commonly used in endodontics.
It causes demineralization of inorganic components by
chelating calcium ions presented in hydroxyapatite, the
main inorganic dentin component (Zehnder et al., 2005;
Domínguez et al., 2018). However, the disadvantages
of this solution are its high surface tension (Giardino et
al., 2006) and poor antimicrobial activity (Torabinejad
et al., 2003) that make it desirable to perform final
irrigation with an antimicrobial compound (Ordinola-
Zapata et al., 2012).
 
             Benzalkonium chloride (BAK), a cationic
detergent used in dentistry due to its strong
antibacterial action, is commonly present in
mouthwashes (Nomura et al., 2010). Its antibacterial
potential depends on changes in the ionic resistance
of cell membranes (Pozarowska & Pozarowski, 2011).
To the best of our knowledge, there are few studies
that have reported on the effect of dentin surface
treatment with EDTA associated with BAK on the
adhesion of microorganisms and the eventual relations
with their use for intracanal irrigation (Jaramillo et al.).
Moreover, the effects of the antimicrobial activity of
this solution on the formation of residual biofilms
remain unclear. The present study aimed to compare
the influence of root dentin surface treatment with 17
% EDTA and 17 % EDTA associated with 1 % BAK on
the adhesion and formation of biofilm by E. faecalis
during two evaluated time intervals. The null
hypothesis tested was that the use of EDTA alone or
combined with BAK would show similar bacterial
viability and total biovolume values in different time
intervals of bacterial adhesion.

 MATERIAL AND METHOD
 

Sample preparation. Thirty bovine incisors with fully
developed roots were selected and positioned
laterally. Then, specimens of dentin discs were made
according to previously used methodologies (Zancan
et al., 2016, 2019). After removing the crowns at
the cementoenamel junction, a trephine drill (4x4 mm)
attached to a handpiece was positioned perpendicu-
lar to these roots was used to obtain circular sections
from the mesial to distal portion of the cervical and
middle thirds of the roots, under abundant irrigation,
yielding four dentin discs per tooth. Afterward, the disc
surfaces were polished with silicon carbide abrasive
paper of different granulations: 600, 400 and 200
(Buehler Ltd, Lake Bluff, Illinois), coupled to a polishing
machine (Fortel Indústria e Comércio Ltda., Casa
Verde, São Paulo, Brazil) maintaining an average
thickness of 0.8 to 1.0 mm of the dentin discs. Dentin
blocks were clean, and the smear layer was removed
by immersion in 5.25 % NaOCl and 6 % citric acid
(pH 4.0) each for 5 minutes in an ultrasonic bath.
Specimens were then rinsed in sterile water for 1
minute, as seen in previous study (Jaramillo et al.).
The discs were then placed in Eppendorf microtubes
(Eppendorf Centrifuge 5417R, Eppendorf, Hamburg,
Germany) and autoclaved at 121 °C. After this, the
discs were stored in sterile saline. For coating, the
discs were incubated with 5mL of 17 % EDTA or 17 %
EDTA + 1 BAK for 5 minutes at room temperature
(25ºC). Discs incubated with phosphate-buffered
saline (PBS) served as controls. After the incubation
period discs were removed, gently dried, and placed
in 24-well culture plates. In total, 120 dentin discs were
obtained.
 
Dentine surface infection with E. faecalis biofilms.
The following steps were performed under aseptic
conditions within a laminar flow chamber. The bacterial
strain selected for this experiment, E. faecalis ATCC
(American Type Culture Collection) 29212, was
reactivated in 3 mL of the sterile brain–heart infusion
(BHI; Oxoid, Basingstoke, UK) and kept at 37 °C for
24 hours. The purity and vitality of E. faecalis were
confirmed by Gram staining (Oxoid, Basingstoke, UK)
and electron microscopy (SMX800, Nikon Co., NY,
USA) at 100 × magnification. Subsequently, the culture
was adjusted to 107 cells/mL by using a
spectrophotometer (UV-VISIBLE, Shimadzu, Japan),
at an optical density of 1 at 600 nm according to the
0.5 MacFarland standard. After density adjustment, the
dentin surfaces were infected.
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            The specimens were randomly distributed into
six groups according to surface treatment and biofilm
formation time intervals. For this purpose, two different
time intervals were investigated: after 1 hour and after 7
days (n = 20). The solutions used for surface treatments
were: Saline solution, 17 % EDTA (Biodinâmica, Ibiporã,
Paraná, Brazil) and 17 % EDTA + 1 % BAK (Bauru For-
mulas, Bauru, São Paulo, Brazil), purchased from
commercially available sources. Dentin discs were
individually placed in a 24-well plate. All substrate
samples had one of the surfaces identified with a pencil
mark. The marked surface was placed facing toward the
surface of the plate, and the other side was used for
biofilm growth. To each well: 975ml of BHI + 25ml of E.
faecalis inoculum were added; the plates were kept in
an oven at 37°C under aerobic conditions. To prevent
nutrient deficiency, the BHI culture was completely
replaced every 24 hours, without the addition of new
microorganisms. After the growth induction periods, the
samples were washed with 2 mL of phosphate-buffered
saline (PBS) to remove nonadherent or planktonic
microorganisms on the surface of the blocks.
 
Confocal laser scanning microscopy analysis.
Afterwards, specimens were placed on a glass slab,
and the biofilm layer was stained with 30 mL Live/
Dead reagent (Invitrogen Molecular Probes, Eugene,
OR, USA). The reagent was prepared immediately
before use and protected from light and heat throughout
the procedures. Subsequently, they were incubated at
room temperature for 10 minutes before analysis under
a confocal microscope. This kit contains the green dye
SYTO 8®, which stains viable bacteria, and the red
dye propidium iodide, which stains nonviable bacteria.
Each sample was processed and analyzed individually.

All the substrates were examined under a confocal
laser scanning microscope (Leica TCS-SPE; Leica
Microsystems GmbH, Mannheim, Germany). Four
fields were observed per specimen. The images
captured were then transferred to the BioImage_L
Software (Chávez de Paz, 2009). To measure the
results, the parameters evaluated were bacterial
viability and total biovolume.
 
Statistical analysis. Statistical analysis was performed
by Kruskal-Wallis and Dunn nonparametric tests (p
<0.05), due to the absence of normal distribution
confirmed by the Shapiro-Wilk normality test. The
GraphPad Prism 5.0 software (GraphPad San Diego,
CA, USA) was used as an analytical tool, adopting a
significance level of 5 %.

RESULTS

 
            The median, minimum and maximum values
of the percentage of viable cells and the total biovolume
found on coated dentin blocks are given in Table I. For
both analyses after 1 hour, 17 % EDTA + 1 % BAK
showed significantly fewer viable cells when compared
to the other groups (p < 0.05). After 7 days of
contamination, the same behavior was found for 17 %
EDTA and 17 % EDTA + 1 % BAK, which differed
statistically from the control group (p < 0.05). The total
biovolume values were higher for the treated groups
after seven days. Uncoated dentin blocks (control)
showed higher viability and total biovolume values
(Table I). Representative images of the biofilms may
be visualized (Fig. 1).

Saline 17 % EDTA 17 % EDTA + 1 % BAK

 1 hour
 % viability 90.4A * (80.3 – 98.3) 90.8A (76.7 – 99.2) 67.34B (30.8 – 99.4)
 Total biovolume 804

A
 (80.0 – 14626) 670

A
 (58 – 4678) 134

B
 (1 – 6346)

 7 days
 % viability 79.1

A 
(17.8 – 96.4) 52.2

B
 (5.34 – 98.0) 39.18

B
 (1.76 – 93.4)

 Total biovolume 24667A (774 – 323191) 78009A (2042 – 939196) 51807A (6779 – 525659)

DISCUSSION

 
Surface treatment with irrigation solutions cau-

ses changes in the physicochemical properties of
dentin and consequently interferes with the process of
adhesion of biofilms in secondary colonization

EDTA, ethylenediaminetetraacetic acid; BAK, Benzalkonium chloride. *Different superscript letters indicate statistical differences
(p < 0.05)

Table I. Median (range), minimum and maximum (min-max) values of the percentage of viable cells and total
biovolume (µm3) after different time intervals studied, by confocal laser scanning microscopy analysis.
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(Jaramillo et al.; Ordinola-Zapata et al.; Tartari et al.,
2018; Busanello et al.). E. faecalis bacteria can be
found in cocci-shaped pairs or short planktonic chains,
and can also be organized in biofilm structures, which
increases their resistance to physicochemical stresses
during root canal treatment. Furthermore, they have
an affinity for alkaline environments, such as the
intracanal calcium hydroxide medications used
(Molander et al., 1998). In this context, E. faecalis was
chosen in this study because of its ability to adapt to
external factors and virulence, resulting in a high degree
of pathogenicity with advantages over other
microorganisms, as it has commonly been isolated in
cases of failure of endodontic treatment (Pinheiro et
al., 2003). In the present study, the association of 17
% EDTA with 1 % BAK against bacterial adhesion was
investigated in different time intervals. Given the finding
of significant differences between the solutions within
1 hour, the null hypothesis was partially rejected.
 

With the aim of using EDTA not only as an adjunct
in the root canal antisepsis process, but also in the

prevention of biofilm formation, BAK was added to this
solution. In the present study, when evaluating the
viability and total biovolume of the specimens within
seven days, no significant differences were found
between 17 % EDTA and 17 % EDTA + 1 % BAK solution,
however, the values were lower for the latter group. The
reason for these results remains elusive. To the best of
our knowledge, only one study evaluated the effect of
dentin surface coating with BAK on biofilm formation
(Jaramillo et al.). The reason for this might be related to
differences in bacterial adhesive capacities or phenotypic
differences among the bacterial populations. These
phenotypic changes take place before adhesion and
trigger inherent response factors that make bacteria
immune to the surfactant's repelling action (Jaramillo et
al.). From a clinical point of view, the use of this solution
could be considered favorable, since the use of chelators
is necessary during root canal treatment. The capability
of hindering bacterial adhesion to the dentinal substrate
might have important effects on the long-term success
of root canal treatment when considering endodontic
treatment performed in more than one session.

Fig. 1. Confocal laser scanning microscopy of biofilms: Saline solution (a); 17 % EDTA (b); 17 % EDTA + 1 % BAK (c).
Number 1 corresponds to biofilm formation after 1 hour and number 2 corresponds to biofilm formation after 7 days. Viable
cells are seen in green, and nonviable cells, in red. Magnification: 40 x. Bars: 20.0 mm.
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The first stage of biofilm formation (phase 1) is
the initial adhesion of the microorganism to a surface
(seconds to minutes) (Baca et al., 2011). The interaction
between the microbial agent and the substrate is
mediated by the force of attraction and / or repulsion
between the surfaces involved. Hydrophobic interactions
between the microbial cell and the substrate are believed
to contribute largely to the forces of attraction, while the
repulsion forces are due to the negative net charges on
the surfaces of the microbial cells and the substrate
(Pieper & Reineke, 2000). In this study, specimens
treated with 17 % EDTA + 1 % BAK showed a lower
percentage of bacterial viability and biovolume one hour
after the contamination. This finding was related to the
changes in the physicochemical properties of the dentin
substrate caused by 17 % EDTA + 1 % BAK, hindering
the initial bacterial adhesion process. EDTA can cause
changes in dentin by modifying the Ca/P ratio, including
changes in the properties of hardness, permeability, and
solubility, as well as causing dentin erosion (Cruz-Filho
et al., 2011; Nogueira et al., 2018). Moreover, EDTA
demineralizes the inorganic components of dentin by
the chelation of calcium ions present in the
hydroxyapatite, the main inorganic compound of dentin
(Nogueira et al.).
 

In a previous study, Jaramillo et al. showed that
dentin coated with 13 % BAK made biofilm formation
by secondary colonization more difficult than the use
of 1 % sodium hypochlorite (Jaramillo et al.). As in the
present study, the actual mechanism of action of BAK
in preventing biofilm formation has not been explored,
but the influence of dentin treatments on biofilm
formation when a chelating agent is used, either in
combination with or without BAK have been
investigated in different time intervals. BAK is an
amphoteric surfactant that contains amphipathic
molecules, such as quaternary nitrogen associated with
a hydrophobic substituent, which are capable of
reducing surface tension and increasing the surface
area of hydrophobic, water-insoluble growth substrates
(Pieper & Reineke). The repulsive action of BAK might
be associated with the positively charged quaternary
nitrogen that interacts with the head groups of acidic
phospholipids within the bacterial cell membranes.
These interactions increase the surface pressure in the
exposed leaflet of the membranes to decrease the
adhesive potential by directly targeting the
osmoregulatory and physiological functions of bacterial
adhesins (Jaramillo et al.). Considering the changes
in the dentin substrate caused by EDTA and the
repulsive action of BAK against microorganisms, the
use of these two components in a single solution

contributed to making biofilm formation difficult during
the initial adhesion period. 
 

The second stage of biofilm formation (phase
2) occurs between the structures of the polymeric
microbial cell surface, on which the adhesion molecules
are expressed (fimbriae and pili) and the substrate
(hours to days), resulting in firmer adhesion between
bacteria and the substrate (Cowan et al., 1987; Miron
et al., 2001). Several studies have investigated
antimicrobial surface treatment and prevention of
biofilm infections, and have shown promising results
(Shen et al., 2010, 2011; Jaramillo et al.); however,
little is known about how long the effect will last, of the
antimicrobial medications commonly used to prevent
secondary colonization of microorganisms. In this
study, the adhesion of E. faecalis to EDTA-treated
dentin after 1 hour showed no statistical differences in
biovolume of and bacterial viability values, when
compared with the control group, but over 7 days, EDTA
showed favorable results for non-biofilm formation.
 

Regarding total biovolume, values were
statistically similar for the groups with 17 % EDTA and
EDTA 17 % + 1 % BAK surface treatment after seven
days. Although EDTA has the capacity for killing
microorganisms, this solution is a weak acid. With
proper application time, EDTA could promote smear
layer removal without eliminating the microorganisms
(de Andrade et al., 2015). This could be related to our
results, because the coated dentin blocks were
exposed to solutions for a short time. In addition to
their cleaning ability, chelating agents may detach
biofilms adhering to the root canal walls, but it has been
demonstrated that their antiseptic capacity is relatively
limited (Zehnder; de Andrade et al.). A previous
intratubular study verified the influence of superficial
EDTA application and found no influence on bacterial
viability (de Andrade et al.). A possible explanation for
this result could be that the solutions acted only on
superficial tissue of the dentin blocks and modified the
substrates. Furthermore, the chelating effect on dentin
mineral components can affect the metabolism of
bacterial cells (Chávez de Paz et al., 2010),
demonstrating that this chelator (EDTA) was
bacteriostatic in nature, thereby hindering cell viability.
 

CONCLUSIONS

 
            Considering the in vitro nature of this study,
dentin surface treatment may reduce bacterial viability
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and biovolume in cases of secondary colonization. The
17 % EDTA + 1 % BAK solution had better repellent
action against E. faecalis colonization. Considering the
lack of scientific references on the subject, the need is
emphasized, for further studies on this association of
solutions and its effects on physicochemical properties
of the dentin substrate.
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RESUMEN: El objetivo del estudio consistió en in-
vestigar in vitro, la influencia del ácido etilendiamino-
tetraacético (EDTA) con cloruro de benzalconio (BAK) en
la adhesión y formación de biopelículas de Enterococcus
faecalis a la dentina. Discos de dentina bovina fueron
tratadas con solución salina (control), 17 % de EDTA, 17
% de EDTA asociado con 1 % de BAK durante 5 minutos
y lavadas con solución salina. Las biopelículas de E.
faecalis (ATCC 29212) se cultivaron sobre los discos de
dentina durante intervalos de tiempo de 1 hora y 7 días
(n = 20), lavados con solución salina tamponada con
fosfato (PBS). La viabilidad bacteriana y el biovolumen
total se analizaron mediante microscopía de barrido por
láser (CLSM) utilizando la técnica Live / Dead. Se realizó
prueba no paramétrica de Kruskal-Wallis, seguida por
Dunn con una diferencia estadística (a = 5 %). El grupo
de 17 % EDTA + 1 % BAK mostró valores significati-
vamente menores de biovolumen y viabilidad bacteriana
al final de 1 hora (p < 0,05). Después de 7 días de conta-
minación, los grupos de 17 % EDTA y 17 % EDTA + 1 %
BAK mostraron resultados similares que diferían
estadísticamente del grupo control (p < 0,05). La solu-
ción salina mostró valores más altos. La asociación de
BAK con EDTA antes de la contaminación interfirió en la
adhesión de E. faecalis. Además, el tratamiento de la
dentina por BAK asociado con EDTA influye en la forma-
ción de biopelículas secundarias, lo que podría tener efec-
tos importantes sobre el éxito a largo plazo del tratamiento
del conducto radicular.
 

PALABRAS CLAVE: compuestos de
benzalconio, biopelículas, agentes quelantes,
Enterococcus faecalis.
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