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ABSTRACT
Objective: The aim of this study was to evaluate the effect of
irrigation methods on antibacterial potential of 2.5% NaOCl on
Enterococcus faecalis biofilm.
Materials and methods: Enterococcus faecalis biofilms were
prepared during 60 days on 48 human root canals and randomized into control and experimental groups using positive and
negative pressure irrigation. Bacterial growth was analyzed
using turbidity of culture medium followed by UV spectrophotometry, and scanning electron microscopy (SEM) analyses
were performed. Mean and standard deviations were used for
evaluate the mean optical densities associated to the number of
bacteria present culture, and Scheirer-Ray-Hare (an extension of
the Kruskal-Wallis test) and Tamhane test to analyze the SEM
images in the groups and thirds. Significance was set at 5%.
Results: Enterococcus faecalis was still present after root
canal cleaning regardless of irrigation methods or bacterial
identification methods.
Conclusion: Positive and negative pressure irrigation protocols
using 2.5% NaOCl show a similar capacity to reduce E. faecalis
in infected root canals.
Keywords: Sodium hypochlorite, Biofilm, Irrigating solution,
Root canal infection, Negative pressure system.
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INTRODUCTION
The treatment of endodontic infection has better chances
of success when an adequate cleaning and shaping
protocol is adopted. The root canal microenvironment
favors the adhesion of several bacterial species to the
dentin surface, as well as the formation of a dense biofilm
resistant to antimicrobial treatment, often inaccessible to
endodontic instruments and irrigants.1 Areas that remain
untouched canal preparation2 may lead to root canal and
dentinal tubule infection.3,4
Of the different root canal irrigants suggested for
infection control, 5,6 sodium hypochlorite is the most
common.5-9 Sodium hypochlorite leads to biosynthetic
changes in cell metabolism, phospholipid destruction
and chloramine formation, which affects cell metabolism and oxidation and results in irreversible enzymatic
inactivation in bacteria and lipid and fatty acid degradation.9 However, its irrigant efficacy depends on its direct
contact with microorganisms. Irrigation volume, as well
as exposure time and irrigation protocol, is important.5,7,10
In the conventional irrigation technique, a syringe is
used, and the pressure on the plunger is regulated by the
operator.11 The needle tip is placed 2 to 3 mm from the
apex, and the irrigant is passively released. The solution
does not reach farther than 1 mm beyond the needle
tip and seems ineffective in cleaning the apical third of
the root canal.12 When the needle is locked in the apical
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region or the pressure is not carefully regulated, there
is greater probability of solution extrusion, which may
result in a highly complex accident.11,13,28
Recent studies have shown that negative pressure
irrigation seems to have a greater cleaning potential than
positive pressure irrigation.11-19 Negative pressure seems
to promote greater interaction between the irrigant and
the canal walls.11,14 EndoVac® (Discus Dental, Culier City,
CA) is a negative pressure irrigation system designed to
enhance the penetration of the irrigant solution into the
apical portion of the canal and to favor debris removal.
The system is connected to a high-power suction pump,
and the liquid flows in negative pressure.12 Studies that
compared it with conventional needle irrigation systems
found that the EndoVac® carries a greater irrigant flow to
the apical third and reduces the probability of overflow.
Reverse flow promotes a better cleaning of the apical
region and reduces post-treatment pain.6,7,12,17
This study compared the effect of positive and negative
pressure irrigation on the antimicrobial effectiveness of
2.5% sodium hypochlorite in E. faecalis biofilm.

MATERIALS AND METHODS
The method of this study was based on the procedures
previously described by Estrela et al.20,21

were taken using periapical films (Eastman Kodak Co.,
Rochester, NY, USA) to confirm the presence of a single
canal and the absence of anatomical variations. The study
was approved by the Institutional Ethics Committee.
Standard access cavities were prepared and apical
patency was achieved with a K-Flex #15 (Maillefer,
Ballaigues, Switzerland) and confirmed by direct viewing
of the instrument tip in the apical foramen. The anatomical
diameter of root canal was standardized from the initial
preparation with BioRace system (FKG Dentaire, La
Chaux-de-Fonds, Switzerland) BR0#25/0.08, BR1#15/0.05,
BR2#25/0.04, BR3#25/0.06, BR4#35/0.04, BR5#40/0.04 and
BR5C#40/0.02 were used for root canal preparation (RCP)
and anatomical diameter standardized. During RCP, the
canals were irrigated with 3 ml of 2.5% NaOCl at each
change of instrument using an Ultradent syringe and 0.30
mm Navitip needle (Ultradent Products Inc., South, South
Jordan, UT). The NaOCl solution was prepared shortly
before use. The crowns were removed with a fissure
bur (EndoZ, Maillefer, Ballaigues, Switzerland) under
continuous air/water spray, in a high-speed handpiece at
a 90° angle to the long axis of the tooth, and tooth length
was standardized to 16 mm (from root apex to coronal
border). Root canals were dried and filled with 17% EDTA
(pH 7.2) for 3 minutes for smear layer removal. After RCP,
the teeth were autoclaved for 30 minutes at 120°C.

Biological Indicator
A gram-positive facultative cocci, E. faecalis (ATCC
29212) was used in this assay. The bacterial strain was
inoculated in 7 ml of brain heart infusion broth (BHI;
Difco Laboratories, Detroit, MI, USA) and incubated at
37°C for 24 hours. The experimental suspensions were
prepared by cultivating the biological indicator on the
surface of BHI agar (Difco Laboratories, Detroit, MI, USA),
following the same incubation conditions. The bacterial
cells were resuspended in saline solution to reach a
final concentration of about 3 × 108 cells/ml adjusted
to no. 1 McFarland turbidity standard. The bacterial
concentration before and after use of the irrigant was
interpreted using an UV spectrophotometer (Model
Nova 1600 UV, Piracicaba, SP, Brazil) regulated to l = 600
nanometers (nm) wave-length and no. 1 McFarland
standard, which corresponds to 0.137 nm absorbance after
the zero reading of the sterile saline solution.

Samples Preparation
A total of 48 extracted maxillary central incisors with
intact cementum were selected for this assay. The teeth
were removed from storage in 0.2% thymol solution and
were immerzed in 5% NaOCl for 30 minutes to remove
organic tissues. Buccolingual and proximal radiographs

Experimental Strategy
A split platform was used during inoculation with the
bacterial strain. The coronal portion of the root canal
of each tooth was connected to the cut end of a 1.5 ml
polypropylene Eppendorf tube using a cyanoacrylate
adhesive to prevent leakage at the connection. The
tooth-tube connections were entirely coated with two
layers of nail polish. The specimens (teeth coupled with
polypropylene tubes) were sterilized in 5% NaOCl for
30 minutes and then placed into the culture medium
(BHI). To ensure disinfection, the test apparatus was
incubated at 37°C for 24 hours. No growth was observed
after that time. Five milliliters of sterile BHI were mixed
with 5 ml of the bacterial inoculum, and the experimental
and positive control groups were inoculated with E.
faecalis for 60 days, using sterilized syringes whose
volume was sufficient to fill the canal. This procedure
was repeated every 72 hours, always using 24-hour
pure cultures prepared and adjusted to no. 1 McFarland
turbidity standard. The teeth were kept in a humid
environment at 37°C.
After contamination, the root canals were dried and
refilled with sterile distilled water. Each sample was
collected by using three #40 paper points applied for 3
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minutes. The points were then individually transported
and immersed in 7 ml of Letheen Broth (LB; Difco
Laboratories, Detroit, MI, USA) and a medium with
neutralizers [Lecithin, Tween 80 and sodium thiosulfate]
at appropriate concentrations, and incubated at 37°C for
48 hours in a reduced oxygen atmosphere. After bacterial
growth was confirmed, the experimental groups were
prepared.
The teeth were randomly assigned to four experimental and two control groups according to irrigation
protocol and root canal preparation: (1) Negative pressure irrigation (EndoVac®, Discus Dental, Culier City,
CA) with 2.5% NaOCl associated with RCP; (2) Negative
pressure irrigation with 2.5% NaOCl but no instrumentation; (3) Positive pressure irrigation with 2.5% NaOCl
associated with RCP; (4) Positive pressure irrigation with
2.5% NaOCl but no instrumentation; (5) Positive control;
(6) Negative control.
Five teeth of each group were evaluated by culture and
three by scanning electron microscopy (SEM) (Table 1).
In all teeth, the root canals were dried and filled with
17% EDTA (pH 7.2) for 3 minutes for smear layer removal.
In the groups 1 and 3, specimens were prepared using
the BioRace system (FKG Dentaire, Swiss) following the
sequence BR5C #40/0.02, BR6 #50/0.04 and BR7 #60/0.02.
Each NiTi instrument was used in only five canals. In
groups 1 and 2, EndoVac® was used according to the
manufacturer’s recommendations. All the samples were
irrigated with the same volume of irrigants. Irrigation
was performed during canal shaping with the master
point attached to the syringe and connected to a vacuum
suction system. Initial irrigation with 10 ml of 2.5%
NaOCl was performed with the master point placed at the
entrance to the root canal before and after instrumentation
with BR5C #40/0.02. After instrumentation with BR6
#50./0.04 and BR7 #60/0.02, irrigation was performed
using an ISO #55.02 taper macrocannula connected to
the titanium handpiece and placed at a length of 10.5 mm
for 30 seconds, under continuous irrigation using the
Table 1: Distribution of irrigation methods, with or without
NiTi RP, using culture and scanning electron microscopy
Culture SEM
Methods
(n = 30) (n = 18)
NPI + RCP (EndoVac, 2.5% NaOCl) 5
3
NPI (EndoVac, 2.5% NaOCl)
5
3
PPI + RCP (Conventional, 2.5%
5
3
NaOCl)
4
PPI (Conventional, 2.5% NaOCl)
5
3
5
Positive control
5
3
6
Negative control
5
3
NPI: Negative-pressure irrigation; PPI: Positive-pressure irrigation;
RCP: Root canal preparation
Groups
1
2
3
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system’s syringe. After instrumentation using the BR7
#60/0.02, irrigation was performed using a 0.32 mm micro
cannula connected to a digital titanium piece and placed
at the working length for 6 seconds. It was then moved
2 mm and kept in this position for 6 more seconds, when
it was once again moved back to the working length and
kept there for 6 seconds.
After RCP, the tooth was dried with #60 sterile
absorbent paper points and filled with 3 ml of 17%
EDTA kept under agitation with a manual instrument
for 3 minutes. Then, the root canal was irrigated with the
microcannula as described above. Once the first group
was prepared, the total volume of NaOCl solution was
calculated so that the same volume would be used during
the whole experiment. In groups 3 and 4, conventional
irrigation was performed with an Ultradent 5 ml syringe
and 0.30 mm Navitips irrigation needle (Ultradent
Products Inc., South, South Jordan, UT, USA) placed at
12 mm. Initial irrigation was performed with 5 ml of 2.5%
NaOCl with short up and down movements. At every
instrument change, irrigation was repeated with 7 ml
of the solution. When NiTi RP was completed, the tooth
was dried with a #60 sterile absorbent paper point and
filled with 3 ml of 17% EDTA kept under agitation with
a manual instrument for 3 minutes. Then, the root canal
was irrigated with 7 ml of 2.5% NaOCl.
The negative control group was used to test sample
sterility, and the positive control group, to ascertain bacterial viability during the experiment. For the 60 days of
root canal contamination, five noninoculated teeth were
incubated at 37°C as an aseptic control, and five teeth
were inoculated with E. faecalis in similar environmental
conditions.
After the irrigation methods and NiTi RP were
completed, an additional irrigation with 5 ml of sterile
distilled water was performed using a syringe. The root
canals were dried, filled with sterile distilled water,
and then dried again as described above. All samples
were collected using three paper points. The points
were individually transported, immersed in 7 ml of LB
(Difco Laboratories, Detroit, MI, USA) and a medium
containing a neutralizer at appropriate concentrations,
and incubated at 37°C for 48 hours in a reduced oxygen
atmosphere. After 72 hours, new material was collected,
as described below. After the evaluation of changes in the
culture medium, an inoculum of 0.1 ml from the medium
was transferred to 7 ml of BHI and incubated at 37° C for
48 hours. The gram staining of the BHI culture was used
to confirm E. faecalis contamination. All the collections
were carried out under aseptic conditions.20
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Bacterial growth was analyzed by turbidity of
the culture medium and then analyzed under UV
spectrophotometry at 20 minutes and at 72 hours. The
measurement of culture medium optical density was
proportional to the number of bacteria present. Samples
were taken at random and cultivated to check for
E. faecalis purity, as described in an earlier study.21

Preparation for SEM Analysis
Three teeth of each group were analyzed under SEM
after 72 hours of experimental protocols. The teeth
were fixed in buffered formalin solution for a week and
then dehydrated in increasing solutions of 70, 95 and
100% ethanol with two changes of each solution at each
30 minutes. In three teeth of each group, longitudinal
grooves were made along the entire length of each root
by carefully using a metal disk under water refrigeration
(KG Sorensen Ind. Com., São Paulo, SP, Brazil) and a
surgical chisel to create a buccolingual split along the
long axis to expose the entire extent of the root canal.
The teeth were sputter-coated for SEM analysis (JEOL,
JSM-6360LV, Tokyo, Japan). Initially, the specimens
were analyzed by navigating the images to visualize
bacterial contamination at different magnifications. For
the comparative analysis between groups, two SEM
micrographs were obtained from each third. The root
canal was measured, and the central part of each middle
third was evaluated.
Three independent and skillful endodontists examined
the SEM after thoroughly discussing the established interpretation criteria (described in a following paragraph).
Approximately, 10% of total of images were initially
examined by the blinded examiners for calibration and
standardization of the evaluation criteria. When a consensus was not reached after two examiners evaluated
the images, the third made the final decision.
The images were then analyzed to detect the presence
or absence of contamination and debris on root canal
surface using the following scores: (1) root canal surface
completely clean; (2) few areas covered by E. faecalis
colonizing root dentin surface; (3) most areas covered
by E. faecalis colonizing root dentin surface; (4) root canal
surface completely contaminated.
The data were statistically analyzed using the SPSS
for Windows 19 (SPSS Inc., Chicago, IL, USA). Results
were described by using mean and standard deviations
for evaluating the mean optical densities associated to
the number of bacteria present culture, and ScheirerRay-Hare (an extension of the Kruskal-Wallis test) and
Tamhane test to analyzed the SEM images in the groups
and thirds. Significance was set at 5%.

RESULTS
Enterococcus faecalis was found after cleaning, regardless
of irrigation method and time point. Mean optical densities at both assessment time points revealed a significant
bacterial reduction compared with positive control and
no statistically significant differences when compared
with each other (p > 0.05) (Table 2).
The number of bacteria decreased after irrigation
methods (Figs 1A to H). Scheirer-Ray-Hare test was used to
evaluate two factors (groups and thirds) with interactions.
It detected differences just for the thirds (p < 0.05).
In the thirds analysis (Tamhane test), it was verified
Table 2: Mean optical densities associate to the number of
bacteria present
Mean/SD
Mean/SD
optical density
optical density
of medium
72 h
Protocols
20 min of medium
G1
+++
0.071 ± 0.067* +++
0.095 ± 0.023*
G2
+++
0.034 ± 0.013 +++
0.028 ± 0.014
G3
+++
0.030 ± 0.011* +++
0.098 ± 0.070*
G4
+++
0.026 ± 0.024 +++
0.060 ± 0.048
G5
+++
0.208 ± 0.064 +++
0.245 ± 0.072
G6
--0.000
--0.000
(+++: presence of bacteria; - - -: absence of bacteria; p > 0.05);
*data from reference,20 group 3-4. SD: Standard deviation

A

B

C

D

E

F

G

H

Figs 1A to H: (A and B) NPI + RCP, cervical and apical thirds, SEM
1,600 × (*5000 ×); (C and D) NPI, cervical and apical thirds, SEM
1,600 × (*5000 × in cervical third); (E and F). PPI + RCP, cervical
and apical thirds, SEM 1,600 × (*5000 ×); (G and H) PPI, cervical
and apical thirds, SEM 1,600 × (*5000 × in cervical third).
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significant differences between cervical and apical third
(p < 0.05), and no statistically significant differences when
compared apical and middle thirds (p > 0.05), and cervical
and middle thirds (p > 0.05).

DISCUSSION
Cleaning root canals infected by E. faecalis and examined
after 60 days was associated with both positive and
negative pressure irrigation in reducing the number
of bacteria. Positive and negative pressure irrigation
protocols using 2.5% NaOCl show a similar capacity to
reduce E. faecalis in infected root canals.
The negative apical pressure irrigation method uses a
high-power suction system, and irrigation is performed
with a large volume of irrigant solution. This system injects the irrigant flow deeper into the root canal, which
results in better cleaning than that achieved when a conventional irrigation method is used.14 Positive pressure
is the system most often used because of its simplicity.19
Some studies showed that, in addition to a rational selection of irrigants, volume and adequate flow along the root
canal walls are essential for cleaning.19,22-24 When negative
pressure is used, a higher volume of irrigant is delivered
to the root canal at time intervals that are appropriate to
the technique.14 Irrigant volume is directly associated
with the effectiveness of root canal disinfection,25-27 but
few studies described what volume should be injected
when positive and negative pressure methods are compared.27 To standardize this variable, irrigant volume was
the same for all the experimental groups in the present
study, as in a previous study.16
Several irrigants have been used in endodontics to
control or eliminate infection. Sodium hypochlorite, used
for decades, is an antimicrobial agent.5-10 In this study,
some factors were considered when selecting the NaOCl
solution, which was prepared immediately before use and
at a concentration of 2.5%. A recent study conducted to
evaluate the effect of concentration, time of exposure, and
temperature on the penetration of NaOCl into dentinal
tubules. The shortest penetration (77 µm) was measured
after incubation with 1% NaOCl for 2 minutes at room
temperature. The deepest penetration (300 µm) was
obtained with 6% NaOCl for 20 minutes at 45°C. After
the initial penetration during the first 2 minutes, the
depth of penetration doubled in the next 18 minutes of
exposure. Temperature had a modest effect on the depth
of penetration within each group and was not statistically
significant in most cases. Depth of penetration increased
with increasing hypochlorite concentration, but the
differences were small. Within each time group, depth
of penetration for 1% NaOCl was about 50 to 80% of the
values for the 6% solution.
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Studies that assessed negative pressure irrigation
confirmed its capacity of removing debris removal
and the safety associated with irrigant extrusion to the
periapical region.14-16,29,30 The efficacy of this system
in reducing microbial infection was also confirmed
in comparisons with the conventional system using
an irrigation needle.11,19,31 In those studies, root canal
surfaces were contaminated for 30 days. Hockett et al11
found greater microbial reduction using negative than
positive pressure. The root canals were instrumented
before contamination and, during the irrigation protocol,
no instrumentation was performed. In current study, the
systems were tested in two groups with NiTi RP and
in two groups without instrumentation. NiTi RP was
performed using BR7 #60/0.02 to remove more infected
dentin mechanically and increase root canal diameter,
which resulted in a greater flow of irrigant solution along
the walls to the apical portion and improved the chemical
action of the irrigant. Although no differences were found
between the groups with and without NiTi RP because of
the study conditions and the groups of teeth under study,
the mechanical action of the instrument is an essential
aid in disrupting biofilm. A proper anatomical diameter
at the apical third extends and improves cleaning. The
difference between results might be explained by method
differences.
The analysis of contamination before and after
cleaning using turbidity of the culture medium and UV
spectrophotometry revealed that the amounts of bacteria
recovered after irrigation were similar for different
protocols.22 In the present study, high magnification SEM
images showed that the walls of the different root canal
thirds were clean in the comparison of the protocols
tested for bacterial control. However, the results of the
microbiological analysis using culture suggested the
presence of viable bacteria, which might be in the dentinal
tubules or canal ramifications.
Root canal infection lasted 60 days,21 which is sufficient
for E. faecalis to contaminate the root canal surface and
invade dentinal tubules. Enterococcus faecalis was selected
because it is an important biological indicator used in
previous studies and susceptible to antimicrobials. Also,
it can survive in the root canal without support of other
bacterial species, thrives in a hostile environment and
grows easily.3,6,9,10,21,31,32
Enterococcus faecalis adapts to the environmental
changes after endodontic treatment and remains as
a pathogen in the root canal system, which makes its
elimination difficult.21,32 In the present study, none of the
protocols eradicated microorganism from the root canals.
These findings are in accordance with previous studies,
which showed microbial persistence after use of potent
irrigants in infected root canals.1,3,4,7,9,10,20
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The extracted single-rooted human teeth were used
to simulate the clinical environment. Dentin was the
primary substrate for bacterial adhesion as there is
evidence of its interaction with irrigants.19,20,32 In this
study, the purpose was not to create an open or closed
system at the apical foramen because it did not aim to
evaluate differences in cleaning between root canal
thirds. The main objective of this study was to evaluate
whether the two methods were able to eliminate E. faecalis
from the root canal.
The irrigation needle was placed 3 mm short of the
working length to simulate safe clinical procedures.
During irrigation, short up-and-down movements were
performed respecting the limit of the needle at 13 mm.
This technique was similar to those reported in previous
studies.11,14,17,30 Based on this protocol and the irrigant
volume used, the usual irrigation groups had similar
levels of microbial control in the negative pressure
groups. Despite the volume provided by the negative
pressure system, the macrocannula aspirated part of the
irrigant that remained in the coronal third of the root
canal before it reached the tip of the microcannula.18,30
Heilborn et al compared the efficacy of root canal cleaning
and measured irrigant volume in the apical third of teeth
cleaned using the negative and positive pressure systems
at two time points. In the negative pressure system group,
debris cleaning was better in the apical third at a short
exposure time. Irrigants can penetrate dentinal tubules,
but their concentration may not be sufficient to inactivate
all microorganisms.33 Bacteria in the deeper layers of the
dentinal tubules and other anatomical recesses seem to
be protected from instrumentation and irrigation, and
bacterial removal or eradication is difficult.19 The findings
of the present study are in agreement with those reported
in previous studies,19,20,34 which concluded that the effect
of antimicrobials may be short of their potential when
they do not reach the target microorganism. In recent
study, Pawar et al35 developed a randomized, controlled,
prospective clinical study to determine whether the use
of EndoVac irrigation was more efficient compared with
standard needle irrigation in obtaining canals from
which microbes could not be cultivated. The results
showed that the antimicrobial efficacy of EndoVac
irrigation was comparable to that of standard irrigation.
One of the limitations of this study was that the
teeth used were anterior human teeth (maxillary central
incisors), whose root canals have a representative anatomic
diameter in comparison with other dental groups. The
challenge remains to make sure that the irrigant acts on
all root canal surfaces, at a volume and length of time that
neutralizes bacteria and helps the instruments to disrupt

the biofilm, considering the complexity of morphology
in all dental groups. Technological advances result in
several devices that facilitate root canal cleaning and
may improve the rate of endodontic treatment success.
Further studies should define new irrigation guidelines
for the treatment of endodontic infections.

CONCLUSION
Positive or negative pressure irrigations using 2.5%
sodium hypochlorite reduced E. faecalis infection in root
canals.
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