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Abstract

Aim: This study evaluated both smear layer removal and reduction of Enterococcus faecalis
after instrumentation with ultrasonic irrigation. Methods: Root canals were experimentally
inoculated with E. faecalis for 20 days and microbiological samples were collected before and
after chemomechanical preparation by using sterilized absorbent paper points. The irrigation
solutions used were NaOCl 2.5% and EDTA 17%. In Group 1 (G1), conventional irrigation was
used, whereas in Group 2 (G2) ultrasonic irrigation was performed. In group 3 (control), root
canals were irrigated with distilled water. The samples were inoculated in BHI broth and turbidity
was observed after 48 h to evaluate the reduction in the number of bacteria. Residual smear
layer was examined by scanning electron microscopy (SEM). Results: The results showed no
significant differences between ultrasonic and conventional irrigation. Conclusions: It was
concluded that the level of disinfection and cleanliness of root canals achieved with ultrasonic
irrigation is comparable to that obtained by conventional methods.
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Introduction

When endodontic infection occurs, pathogenic bacteria may spread throughout
the entire root canal system1-3. The host immunological system cannot reach the
bacteria present within the root canal due to an absence of local vascularization4.
Elimination of infection, however, is possible via proper chemomechanical
preparation (instrumentation and irrigation) and, when necessary, the use of
intracanal medication5-8.

Sodium hypochlorite is one of the most commonly used agents for root
canal therapy and has been proven an excellent irrigation solution due to its
tissue-dissolving capacity and antibacterial action9-11.

Among the methods recommended by the current literature for smear layer
removal, the use of chelating solutions, laser application and ultrasonic irrigation
can be cited12-15. A number of protocols have been used in an attempt to efficiently
remove smear layer, thus exposing the dentinal tubules of the root canal wall. In
theory, this allows the action of intracanal medications and adequate seal by the
filling material and root canal obturation. In fact, the presence of significant
numbers of residual bacteria and smear layer may compromise the success of
endodontic therapy16-17.

Several reports have demonstrated good results when ultrasonic irrigation is
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used to remove smear layer. In the mechanism being
proposed, endodontic files mounted on an ultrasonic
endodontic handpiece vibrate and produce streaming of the
irrigation solution, which enhances elimination of debris from
the root canal wall18-21. Other studies, however, have not shown
statistically significant differences between conventional and
sonic or ultrasonic irrigation in the removal of both smear
layer and microorganisms present in the apical third of root
canals22-24.

Scanning electron microscopy (SEM) analysis allows
observing the cleanliness of root canal walls and has been
frequently used to evaluate the cleaning efficiency of different
chemomechanical preparation techniques8,11,25-28. Microbiolo-
gical methods have also been used for such purpose.

The aim of this study was to evaluate in vitro the capacity
of both smear layer removal and reduction of E. faecalis from
root canals after instrumentation with ultrasonic irrigation.

Material and Methods

Sample Preparation
Fifty-two freshly extracted human teeth with complete

apex formation and similar anatomical features (single root
without curvature and with uniform width and length) were
divided into two groups.

All root canals were initially instrumented with manual
K-files (Dentsply-Maillefer) to a size #25 master apical file
and irrigated with distilled water to remove pulp tissue and
to enlarge the canal for subsequent microbiological
contamination. In order to eliminate the smear layer produced
during this initial preparation, all roots were submitted to a
bath under agitation for 10 min in 17% EDTA followed by
10 min in a 5.25% NaOCl29. The roots were then abundantly
washed with distilled water to remove the EDTA and NaOCl
and the apical foramens sealed with resin (Natural Flow-DFL).

The roots were immersed in glass tubes containing 5
mL of brain heart infusion broth (BHI-DIFCO) and sterilized
at 121°C for 20 min. They were then kept at 37°C for 24 h to
verify the success of the sterilization protocol.

Pure cultures of E. faecalis (ATCC 29212) were cultivated
in BHI agar for 24 h and a suspension was prepared with
turbidity corresponding to 1.0 McFarland standard (3X108

CFU/ml). The glass tubes with the sterilized roots and BHI
broth were opened in a laminar flow chamber and sterile
pipettes used to add 1 mL of the bacterial suspension. The
tubes were kept at 37°C for 20 days, with replacement of 2.0
mL of contaminated BHI by 2.0 mL of freshly prepared BHI
every 2 days to avoid medium saturation.

The turbidity of the medium during the incubation period
indicated bacterial growth. The purity of the cultures was
confirmed by Gram-staining and colony morphology on
BHI agar.

Root Canal Preparation and Experimental Groups
All samples were shaped with ProTaper rotary files to

size F5 (Dentsply-Maillefer), with the working length being

determined at 1 mm from the foramen. In Group 1 (n = 19),
after each instrument used, irrigation with 2 mL of 2.5%
NaOCl was performed by using a disposable syringe coupled
with a 27-G needle. For smear layer removal, irrigation was
carried out by initial application of 1 mL of 17% EDTA for
3 min, followed by irrigation with 2 mL of 2.5% NaOCl and
a final washing with 5 mL of distilled water.

In Group 2 (n = 20), after each instrument used, irrigation
with 2 ml of 2.5% NaOCl was followed by passive irrigation
for 15 s by using an Endo L ultrasonic handpiece  (Dabi
Atlante) with a size #10 K-file on a Profi II AS ceramic unit
(Dabi Atlante). Passive ultrasonic irrigation is performed by
applying vibrations to shake only the irrigant solution without
affecting the dentin walls (15, 30). This passive irrigation was
also performed after irrigation with EDTA 17%. In Group 3 (n
= 13), the control group, distilled water was used for irrigation
and no protocol for smear layer removal was performed.

Microbiological Samples
Microbiological samples obtained with sterile paper

points were collected from contaminated root canals before
and after instrumentation. After chemomechanical preparation
in Groups 1 and 2, irrigation with 0.6% sodium thiosulfate
solution was used to neutralize the NaOCl, followed by
irrigation with 2 mL of distilled water. After collection of
each sample, the paper points were transferred to tubes
containing 1 mL of BHI broth, vortexed for 1 min and
incubated at 37°C for 48 h. Each group had ten roots. Tubes
were then examined to investigate the presence of turbidity
of the medium, which was classified according to the
McFarland standard scale for estimation of the number of
bacteria before and after chemomechanical preparation.

Due to the great standard deviation of the turbidity value,
a rank transformation was indicated for this study. It is a
statistical tool that produces a table containing the ordinal
rank of each value in a data set, in other words, the rank
transforms the dependent variables. The Kruskal-Wallis test
(Biostat 5.0 software, CNPq 2000, Brasília-DF, Brazil), a
nonparametric test, was applied with a level of significance
set at 5% (p < 0.05).

SEM Analysis
Immediately after root canal preparation and microbiolo-

gical sampling, each root was fixed in 2.5% glutaraldehyde
for 48 h. By using a diamond disc at low speed and a wedge
to expose the prepared canals, the roots were then divided
into two halves in a buccolingual orientation. After
dehydration with increasing concentrations of alcohol, the
halves selected were coated with a thin layer of gold and
submitted to SEM analysis.

Photographs of the coronary, middle and apical thirds
of the canals were taken at magnifications of 700x and
1,000x. The amount of smear layer was scored as follows:
score 0 = all dentinal tubules were open and no smear layer
was present; score 1 = smear layer was covering some dentinal
tubules, but the majority was open; score 2 = smear layer
was covering the majority of dentinal tubules; and score 3

Ultrasonic irrigation in the removal of smear layer and Enterococcus faecalis from root canals



223

Braz J Oral Sci. 10(3):221-225

= all dentinal tubules were covered by smear layer. These
photographs were analyzed by three examiners (who had no
prior knowledge on the treatment applied to each root canal)
and Kappa test showed high intra and inter-examiner
agreement values. Data (scores obtained) were also submitted
to statistical evaluation by using the non-parametric Kruskal-
Wallis test, and p values were computed and compared for
statistical significance at the p < 0.05.

Results

Microbiological Samples
The level of turbidity of the samples before and after

chemomechanical preparation is shown in Table 1. Kruskal-
Wallis analysis showed a significant decrease in the turbidity,
indicating reduction in the number of E. faecalis in Groups
1 and 2 (p < 0.05) regarding the samples collected before
and after chemomechanical preparation. However, there was
no difference between these two protocols of irrigation.
Differently from Groups 1 and 2, Group 3 (control group)
had only a slight decrease in the turbidity.

SEM Analysis
With respect to the smear layer removal capacity, there

were no significant differences between Groups 1 and 2 (p >
0.05). The conventional and passive ultra-sonic irrigation
protocols resulted in a similar satisfactory cleaning. The
presence of smear layer was significantly greater in the control
group (p < 0.05) and in the apical third, when compared with
cervical and middle thirds. It was observed that score 3 was
more frequent in Group 3 (control group), showing the least
capacity to remove the smear layer. The scores for each group
are presented in Figure 1. The distribution of the smear layer
and their corresponding scores are depicted in representative
SEM micrographs (Figure 2).

Discussion

There is a continuous search for optimal instrumentation

Table 1- Level of turbidity in the BHI broth containing samples
before and after chemomechanical preparation according to
McFarland’s standard scale.

Samples

1

2

3

4

5

6

7

8

9

10

G1 Before

6

6

7

6

7

7

6

7

7

7

G1 After

1

1

0

0

3

2

2

2

0

0

G2 Before

7

7

7

7

6

7

7

7

7

7

G2 After

0

0

0

0

0

0

0

0

2

0

G3 Before

8

7

7

7

7

7

7

7

8

7

G3 After

7

7

7

6

6

7

7

6

7

7

G1 before = G1 after; G2 before = G2 after; G3 before = G3 after (Kruskal-Wallis / p < 0.05).

technique and irrigation solution. A number of studies have
evaluated the antimicrobial capacity of irrigation solutions
and their potential advantages when used in association with
other techniques. Other studies have focused on the efficacy
of different instrumentation techniques and their capacity to
remove debris and smear layer. The ultimate goal of such
studies is to establish protocols that allow root canal walls
to be as clean as possible6-8,11,13,27-31.

Indeed, ultrasonic instrumentation is not recommended
because of the limited control allowed to the operator.
Endodontic files do not support the propagation of vibratory
energy along their central axis, which increases the risk of
file breakage. Ultrasonic technology, however, may be useful
for endodontic irrigation32.

A few studies have shown that ultrasonic root canal
irrigation produces agitation of irrigation solutions,
improving both their antimicrobial actions and smear layer
removal capacity20,30. The aim of this study was to evaluate
in vitro the effectiveness of passive ultrasonic irrigation during
chemomechanical preparation regarding removal of smear
layer and root canal decontamination.

The apical foramina of all samples were sealed to prevent
extravasation of the solution and to allow it to flow optimally.
Root canals were contaminated with E. faecalis not only
because it is present in most endodontic infections, but also
because it is routinely resistant to conventional chemome-
chanical preparation2-4,10,25,33.

Fig. 1 – Number of scores attributed to each group.
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Fig. 2 – Representative SEM micrographs: Score 0, 700x (A1) and 1000x (A2)
magnification; Score 1, 700x (B1) and 1000x (B2); Score 2, 700x (C1) and 1000x
(C2); Score 3, 700x (D1) and 1000x (D2).

Ultrasonic irrigation should be carried out passively
without the file touching the root canal walls. Free-oscillating
files are preferably used because they promote adequate
agitation of the irrigation solution13,34. Thus, a K-file was
adapted onto an Endo L Ultrasonic handpiece (Dabi Atlante)
for the present study. Cameron12,35 evaluated ultrasonic
activation for different time lengths (30 s, 1 s, 3 and 5 min).
Jensen et al.14 used it for 3 min, whereas Weber et al. 30,
Gutarts et al. 20 and Lui et al.21 for 1 min. It is not easy to

maintain the ultrasonic file in a stationary position during
an extended time period without touching the surrounding
walls. In addition, this procedure can cause significant
operator fatigue. Therefore, in the present study, ultrasonic
irrigation was performed for 15 s after each instrumentation.

According to Abbot et al.13 and Lopes et al.7, the action
of EDTA is more effective when it remains in contact with
the surface for a certain period of time. EDTA should not be
agitated. Thus, in Group 2, ultrasonic irrigation was carried
out only after a 3 minute period of contact between EDTA
and the root canal walls.  In contrast, Lui et al.21 obtained
better results when EDTA was a constituent of the irrigation
solution used.

In the present study, ultrasonic irrigation did not clean
the root canal better than conventional irrigation. Both
disinfection and smear layer removal seem to be due to the
use of sodium hypochlorite and EDTA as irrigant solutions,
and not because of the agitation promoted by the ultrasonic
irrigation13,15-17,24,36.

A number of reports have shown that the mechanical
actions of irrigation alone can reduce the amount of bacteria
inside the root canal5,9-10,37. In the present study, however,
this was not the case. In the control group, a significant
number of bacteria were still present following preparation.
This may be explained by the evaluation methods used here.
We carried out a qualitative analysis by assessing the bacterial
growth in BHI broth and observing the medium turbidity
instead of using dilution and quantification of CFUs (used
in other studies).

Some studies have shown that the use of ultrasonic
irrigation significantly improved disinfection and cleaning
of root canal walls14,17-19,27-28,37. The results of the present study,
however, did not indicate significant differences between
ultrasonic and conventional irrigation. Mayer et al.22 reported
similar findings.

In conclusion the results of this study suggest that the
level of disinfection and cleanliness of root canals achieved
with ultrasonic irrigation is comparable to that obtained by
conventional methods.
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