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Abstract
Introduction: Different irrigation systems have been
developed to improve the efficacy and distribution of
the irrigants. The aim of this study was to compare
the effect of conventional endodontic needle irrigation
with other irrigant delivery and/or agitation systems
on sealer penetration into dentinal tubules. Methods:
Fifty single-rooted teeth with round-shaped root canals
were distributed in 5 homogeneous groups character-
ized by the different cleansing system used: conven-
tional endodontic needle irrigation, EndoActivator,
Irrisafe, Self-Adjusting File, and EndoVac. After instru-
mentation, all teeth were filled by Thermafil obturators
and rhodamine B dye labeled TopSeal sealer. Teeth were
transversally sectioned at 2-, 5-, and 7-mm levels from
the apex and observed under confocal laser scanning
microscope. Maximum, mean, and percentage of sealer
penetration inside tubules around the root canal were
measured. Moreover, the integrity of the sealer layer
perimeter was evaluated. Results: No significant differ-
ences both in mean (p > .05) and in maximum penetra-
tion depth (p > .05) were observed among groups,
whereas both parameters showed an increased trend
within each group from the 2- to the 7-mm level from
apex. Similarly, the percentage of penetration around
the root canal wall did not differ among groups
(p > .05) and showed an increasing trend within each
group from the apical to the coronal portion of the canal.
Conclusions: Sealer penetration into dentinal tubules is
not affected by the irrigant delivery and/or agitation sys-
tems studied. Thermafil with TopSeal technique
achieves complete sealer perimeter integrity in all
groups. (J Endod 2017;43:652–656)
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Needle irrigation is the
conventional method

to deliver irrigants inside
the root canal system, but
to reach the full length of
the root canal, the needle
tip has to be inserted
within 1 mm of working
length (WL) (1), increasing the risk of irrigant extrusion from apical foramen. Nonethe-
less, the vapor lock phenomenonmight prevent the direct contact of the irrigant with the
root canal wall, especially in its most apical portion, thus making the irrigant action
ineffective (2). Therefore, to improve the efficacy and distribution of the irrigants,
different irrigation techniques and devices have been developed, such as EndoActivator,
Irrisafe, Self-Adjusting File, and Endovac. EndoActivator (Dentsply, Tulsa Dental Spe-
cialties, Tulsa, OK) is a sonic device that uses frequencies in the ranges of 2–3 kHz
to activate irrigant solutions. It has been reported that this device produces a hydrody-
namic activation of the irrigants that is able to safely clean the root canal system and
morphologic irregularities such as lateral canals and apical deltas (3). Irrisafe (Satelec
Acteon Group, Merignac, France) is an ultrasonic device operating in the range of
25–30 kHz that activates the irrigant solution by acoustic streaming and microcavita-
tion; this technique is referred to as passive ultrasonic irrigation (PUI), and it allows
the delivery of irrigants up to the WL of the root canal unlike conventional endodontic
needle (4). The Self-Adjusting File (ReDent Nova, Ra’anana, Israel) is a hollow and flex-
ible file that adapts itself three-dimensionally to the root canal. During the instrumen-
tation technique, this file allows for the continuous irrigation that, in combination with
the vibrating motion, influences cleaning ability in the root canal, particularly in the api-
cal third (5). The EndoVac (KerrEndo, Orange County, CA) is an apical negative pres-
sure irrigation system that sucks the irrigant solution by means of a microcannula
positioned at the WL. Thus, the vapor lock effect and the risk of NaOCl extrusion beyond
the apical foramen are prevented. Moreover, the EndoVac has been shown to improve
the cleaning of the apical third with respect to conventional needle irrigation (6).

The aim of the present study was to compare the effect of conventional endodontic
needle irrigation and 4 different irrigation systems on sealer penetration into dentinal
tubules of extracted teeth with round root canal by using confocal laser scanning mi-
croscopy (CLSM). The null hypothesis tested was that there is no difference in the depth
and percentage of sealer penetration between the conventional endodontic needle irri-
gation and 4 different methods of root canal cleaning. Moreover, the integrity of the
sealer layer perimeter was evaluated.
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Significance
The clinical relevance of this studywas that the use
of different activation/delivery irrigation systems
does not alter sealer penetration into dentinal tu-
bules compared with conventional endodontic
needle irrigation.
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Materials and Methods
Fifty human teeth with single round-shaped root canals and

straight mature roots were selected from a pool of extracted teeth. After
access cavity preparation, the WL was established by subtracting 1 mm
from the total root length. The apex was covered with cyanoacrylate to
simulate in vivo conditions. Samples were distributed into 5 experi-
mental groups of 10 teeth each and characterized by the different sys-
tems used: conventional endodontic needle irrigation group (CENI),
EndoActivator group (EA), Irrisafe group (IS), Self-adjusting File group
(SAF), and EndoVac group (EV). Canal width, measured on radio-
graphs at 5 mm from the apex, and WL were not different among groups
(Kruskal-Wallis test, P> .05). Each canal was instrumented in a crown-
down manner by using the ProTaper Universal rotary system (Dentsply
Maillefer, Ballaigues, Switzerland) to size 40 at the WL.

In the CENI group after the use of each instrument, the root canals
were irrigated with 1 mL 5.25% NaOCl (Niclor, Ogna, Muggi�o, Italy) by
using a syringe with a 30-gauge side-vented needle (Max-i-Probe;
Dentsply Rinn, Elgin, IL) placed before the binding point but not closer
than 2 mm from the WL. After instrumentation, the canals were finally
rinsed with 1 mL 5.25% NaOCl left in place for 30 seconds, followed by
1 mL 17% EDTA (Ogna) left in place for 30 seconds, and with 1 mL
5.25% NaOCl left in place for another 30 seconds. The needle was
placed 2 mm from WL.

In the EA group, the irrigation protocol was the same as in the CENI
group, but the final irrigation was performed by using the 25/.04 non-
cutting polymer tip of the EndoActivator, placed 2 mm from the WL for
30 seconds for each irrigant solution.

In the IS group, the irrigation protocol was the same as the in CENI
group, but the final irrigation was performed by using a stainless steel
non-cutting 25 tip (Irrisafe; Satelec Acteon Group) mounted on an ul-
trasonic device (P5 Newtron; Satelec), placed 2 mm from the WL for
30 seconds for each irrigant solution.

In the SAF group, the irrigation protocol was the same as the CENI
group, but the final irrigation was performed by using the 1.5-mm SAF
file (ReDent-Nova). The SAF file was operated by using an in-and-out
manual motion for 30 seconds (0.4-mm amplitude and 5000 vibrations
per minute) with continuous irrigation by using 5.25% NaOCl provided
by a VATEA peristaltic pump (ReDent-Nova) at a rate of 2 mL/min.
A second cycle was performed as just described but using 17% EDTA
and the third and last cycle with 5.25% NaOCl.

In the EV group after each instrument change, 1 mL NaOCl was deliv-
ered to fill the access cavity. At the end of instrumentation, NaOCl 5.25%
was delivered with the macrocannula for 30 seconds with an up-and-
down movement from a point where it started to bind to a point just below
the canal orifice. NaOCl was left in place for 60 seconds, and then 3 cycles
of microirrigation were performed by inserting themicrocannula at WL for
6 seconds, then at 2 mm from WL for 6 seconds, and eventually at WL for
another 6 seconds. This was done until a total of 30 seconds was reached
for each cycle. At the end of cycles, the microcannula completely aspirated
the irrigant fromwithin the canal. The first and third cycles were performed
by using NaOCl 5.25%, whereas the second cycle used 17% EDTA. In all
groups the same amounts of irrigants were used.

All canals were dried with paper points and filled by Thermafil ob-
turators 40 (Dentsply, Tulsa Dental Specialties, Johnson City, TN) with
TopSeal sealers (Dentsply De Trey, Konstanz, Germany) labeled with
0.1%wt rhodamine B dye (Carlo Erba Reagenti, Arese, Italy). The sealer
was introduced into the canal by means of a paper point 40 to 1 mm
short of the WL in a pumping motion for 5 seconds. A coronal filling
was performed with a temporary material (Cavit; 3M ESPE, Seefeld, Ger-
many), and then teeth were stored in an incubator at 37�C and 100%
humidity for 7 days to allow the sealer to set.

The teeth were embedded in methacrylate resin (Technovit 3040;
Heraeus Kulzer, Wehrheim, Germany) and transversally sectioned at 2,
5, and 7 mm from the apex with a saw microtome (Leica SP 1600, Nus-
sloch, Germany) to obtain 200-mm-thick sections. These were exam-
ined under CLSM (Leica TCS SP2 AOBS, Mannheim, Germany) at �5
and �10 magnification. The depth of sealer penetration into dentinal
tubules was calculated as the average penetration measured, by using
the straight-line tool of ImageJ software (National Institutes of Health,
Bethesda, MD), at 8 standardized points starting from the inner side
of canal wall at 2, 5, and 7 mm from the apex (7). Moreover, the point
of deepest penetration was measured from the canal wall to the point of
maximum depth of sealer penetration. The percentage of sealer pene-
tration was calculated by measuring the rhodamine B–stained surfaces
of the canal wall where sealer penetrated inside dentinal tubules (sealer
tags) and dividing these values by the circumference of the root canal
itself and multiplying the result by 100. Moreover, the integrity of the
sealer layer perimeter was evaluated on each image acquired by
measuring the rhodamine-stained perimeter of the canal wall and
dividing this value for the root canal circumference and expressed as
percentage.

Comparisons among groups in sealer penetration (expressed as
mean, maximum, and percentage penetration) were performed by us-
ing the nonparametric Kruskal-Wallis test, allowing post hoc pairwise
multiple comparisons when appropriate. Differences within each group
in sealer penetration at 2-, 5-, and 7-mm levels were analyzed by using
the Wilcoxon signed rank sum test. Statistical analyses were performed
by using IBM SPSS Statistics (Armonk, NY) package version 21, and
P values < .05 were considered significant.

Results
Figure 1 shows an overview of representative CLSM images from

each experimental group at 2-, 5-, and 7-mm levels.
Sealer penetration (Fig. 2) was not different among groups (Krus-

kal-Wallis test, P > .05), whereas within each group, mean depth of
sealer penetration showed an increasing trend from the apical toward
the coronal third. More specifically, within each experimental group at
the 2-mm level, the results were significantly lower compared with those
measured at 5- and 7-mm level (Wilcoxon signed rank sum tests,
P < .05). Furthermore, in the SAF group, the mean depth measured
at 5-mm level appeared significantly lower than that measured at
7-mm level (Wilcoxon signed rank sum test, P < .05).

Table 1 reports the average values of maximum depth of sealer
penetration (mm) recorded at each level for each group. No statistically
significant differences were observed among groups (Kruskal-Wallis
test, P > .05), whereas values measured at 2-mm levels were always
smaller compared with those observed at 5- and 7-mm levels (Wilcoxon
signed rank sum tests, P< .05) within each group, except for EA group.
In this group values at 2 mm were not significantly lower than those
measured at 5-mm level (Wilcoxon signed rank sum tests, P > .05),
whereas values observed at 5 mm were significantly lower than those
measured at 7-mm level (Wilcoxon signed rank sum test, P < .05).
In SAF group, on the contrary, differences in maximum depth observed
among levels were always statistically significant (Wilcoxon signed rank
sum tests, P < .05).

The percentage of sealer penetration into dentinal tubules
(Fig. 3) was not significantly different (Kruskal-Wallis test,
P > .05) among groups when the overall distribution of values
was compared. Within each group, an increase in the percentage
of sealer penetration was observed from the apex toward the coro-
nal third. Percentages of penetration measured at 2-mm level always
appeared significantly lower than those recorded at 5- and 7-mm
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