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ABSTRACT
Objective: The aim of this study was to compare the cleaning
of main and lateral canals using the irrigation methods: negative
pressure irrigation (EndoVac system), passive ultrasonic
irrigation (PUI) and manual irrigation (MI).
Materials and methods: Resin teeth were used. After root
canal preparation, four lateral canals were made at 2 and 7 mm
from the apex. Root canals were filled with contrast solution and
radiographed pre- and post-irrigation using digital radiographic
system [radiovisiography (RVG)]. The irrigation protocols were:
MI1—manual irrigation [22 G needle at 5 mm short of working
length-WL]; MI2—manual irrigation (30G needle at 2 mm short
of WL); PUI; EV1—EndoVac (microcannula at 1 mm short of
WL); EV2—Endovac (microcannula at 3 mm short of WL). The
obtained images, initial (filled with contrast solution) and final
(after irrigation) were analyzed by using image tool 3.0 software.
Statistical analysis was performed by analysis of variance
(ANOVA) and Tukey tests (5% significance level).
Results: EV1 and EV2, followed by PUI showed better cleaning
capacity than manual irrigation (MI1 and MI2) (p < 0.05).
Conclusion: Negative pressure irrigation and PUI promoted
better cleaning of main and simulated lateral canals.
Clinical significance: Conventional manual irrigation technique
may promote less root canal cleaning in the apical third. For
this reason, the search for other irrigation protocols is important,
and EndoVac and PUI are alternatives to contribute to irrigation
effectiveness.
Keywords: Endodontics, Negative pressure irrigation, Passive
ultrasonic irrigation, Root canal cleaning.
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INTRODUCTION
Infection in the root canal system (RCS) is the main etiological factor to promote pulp and periradicular pathologies, as well as endodontic treatment failure.1,2 Root canal
irrigation aims to clean and disinfect RCS, by removing
organic tissue, smear layer and microorganisms.3-6 Its
efficacy depends on the irrigation system used,7 which
should provide a proper flow of the irrigant solution,
cleaning the main canal, the isthmus and lateral canals.3
Conventional irrigation methods can be effective
to clean cervical and middle root canal thirds, and less
effective on the apical region, probably because of the root
canal diameter, which difficult irrigating solution flow,
reducing the hydrodynamic flow.8 For these reasons, new
devices to improve root canal irrigation are proposed,9
as ultrasonic and negative pressure irrigation system.
The passive ultrasonic irrigation (PUI) was described
by Weller et al.10 The term passive describes the noncutting action of the ultrasonically activated file.7 It
consists in the use of an ultrasonic instrument with small
diameter into the root canal filled with irrigating solution.
Instrument is activated by ultrasonics device promoting
the motion of the fluid motion and cleaning the root
canal.3,11 Several studies have demonstrated that PUI
used at the end of root canal preparation promotes more
debris and bacterial removal than manual irrigation (MI)
with syringe and needle.3-5,11-14
EndoVac (Discus Dental, Culver City, CA, USA) is
an irrigation system, based on negative apical pressure,
which would be more effective than conventional irrigation.8,15-19 This system increases the irrigating solution
penetration into the apical root canal third, promoting
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debris removal.18 It comprises three components, denominated of master delivery tip (MDT), macro- and
microcannula.17
Siu et al20 have demonstrated that EndoVac system
promotes more effective root canal cleaning than MI,
when the microcannula was used either at 1 or 3 mm
short of working length (WL). Similarly, Shin et al 21
evaluated in vitro the cleaning efficacy of root canals using
EndoVac system and MI with different needles (24 and
30G). Authors concluded that EndoVac promoted the
best cleaning of root canal, at the two-thirds evaluated
(medium and apical).
Therefore, the aim of this study was to evaluate
the cleaning ability of PUI and EndoVac system in
comparison to conventional manual irrigation.

MATERIALS AND METHODS
The methodology used in this study is in accordance
with Chávez-Andrade et al.22 Forty-eight single-rooted
resin teeth (Dental Rossetto Ltda., Arujá, SP, Brazil) were
used. These teeth had crowns removed by using a cutting
machine Isomet 1000 (Buelher Ltda., Lake Bluff, IL, USA)
and their roots were standardized in 14 mm of length.
The root canals were prepared by using MTwo rotary
system (VDW, Endodontic Synergy, Munich, Germany).
The basic sequence of the system was used (10/0.04,
15/0.05, 20/0.06, 25/0.06), followed by size 25/0.07 file.
Working length was determined at 1 mm short from
the apex. Then, 30/0.05, 35/0.04 and 40/0.04 files were
sequentially used for all of the WL, to standardize the
apical preparation. The root canals were irrigated with
2 ml of distilled water between each file change with a
5 ml syringe (Ultradent Products Inc., South Jordan, USA)
and 27G needle EndoEze Irrigator (Ultradent Products
Inc., South Jordan, USA).
After instrumentation, four simulated lateral canals,
two in the middle and two in the apical third, were made
in each root (labial and lingual surfaces), at 2 and 7 mm
short from the apex, by using 0.20 mm cylindrical drills
(Undercut Burs, Union Tool Co., Pluritec, SP, Brazil). A
contrast solution (Meglumine sodium diatrizoate, 76%
Pielograf, BerliMed SA, Madrid, Spain) thickened with
propylene glycol and bismuth oxide at the proportion of
1:1:1 was prepared and delivered into root canals. Digital
periapical radiographs were taken (Kodak RVG 6100
Digital Radiography System, Marne-la-Vallée, France) of
all specimens using Spectro 70X Eletronic dental X-ray
(Dabi Atlante Inds. Ltda., Ribeirão Preto, SP, Brazil), at
70 kVp, 8 mA, and 0.4 seconds of exposure. A special
device was made to standardize the exposures, with a
focus-sensor distance of 11 cm. Therefore, the uniformity
of the filling of the main and simulated lateral canals by
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the contrast solution was confirmed. The specimens were
put in a glass flask filled with a silicon-based impression
material (Zetaplus, Zhermack, Badia Polesine (RO), Italy)
and stored until the experiment.
The specimens were randomly divided into five
experimental groups according to irrigation protocols, as
shown in Table 1. After 24 hours, the irrigation protocols
were performed according to each group. Distilled water
was used as irrigant solution in all groups.
In MI1 group, the irrigation was performed with
syringe and 22G needle (Endo-Eze Tips, Ultradent
Products Inc., South Jordan, USA) positioned at 5 mm
short from the WL and simultaneous aspiration. In MI2
group, irrigation was performed with syringe and 30G
needles (NaviTip irrigation, Ultradent Products Inc.,
South Jordan, USA) at 1 mm short from the WL and
simultaneous aspiration similarly to MI1 group.
In PUI group (intermittent flow) was performed
with irrigant solution activated with a size 25 ultrasonic
tip (smooth wire) (VDW, Endodontic Synergy, Munich,
Germany) placed at 1 mm short from the WL. Passive
ultrasonic irrigation was performed using a piezoelectric
device with oscillate at frequency of 30 kHz (CVDent
1000, CVDentus, CVD Vale, São José dos Campos, SP,
Brazil). The irrigant solution was delivered into root canal
with syringe and 30G needle MI. The irrigation period
was divided as follows: 2 ml of solution in 30 seconds
MI, 20 seconds PUI, 1 ml of the solution in 20 seconds MI,
20 seconds PUI and then 2 ml of the irrigant in 30 seconds
MI, according with previous studies.1,22
In EV1 and EV2 groups, the irrigation was performed
with the EndoVac system, as follows (modified technique)23:
two cycles of macroirrigation were executed with 3 ml of
the solution using the macrocannula delivered at 4 mm
short of WL in 30 seconds for each cycle (60 seconds in
total), followed by 2 cycles of microirrigation during
60 seconds. Each cycle of microirrigation was performed
with 3 ml of the solution, during 30 seconds of each cycle
(final volume = 12 ml). In EV1 group, the first cycle of
microirrigation was performed with the microcannula
Table 1: Division of the experimental groups
Final irrigation
Total time and
Groups protocol
volume
D
n
MI1
Syringe and 22G 2 minutes and 5 ml
5 mm 8
needle
MI2
Syringe and 30G 2 minutes and 5 ml
1 mm 8
needle
PUI
PUI (#25)
2 minutes and 5 ml
1 mm 8
EV1
EndoVac
2 minutes and 12 ml 1 mm 8
EV2
EndoVac
2 minutes and 12 ml 3 mm 8
G: Group; MI: Manual irrigation; PUI: Passive ultrasonic irrigation;
EV: EndoVac; D: Distance of the needle/ultrasonic tip/microcannula short from the working length; N: Number of specimens
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significant statistical difference between MI1 and the other
groups (p < 0.05) in the removal of the contrast solution
from the main canal; however, MI2 and PUI obtained
similar results (p > 0.05) (Table 2). In the simulated lateral
canals, both at the medium and apical third, PUI, EV1 and
EV2 showed the higher cleaning when compared to MI1
and MI2 (p < 0.05), according to Table 2.

DISCUSSION

A

B

Figs 1A and B: Radiographic image of a evaluated specimen:
(A) complete filling with the radiopaque solution and (B) after the
protocol of irrigation

placed up to 1 mm short from the WL without motion;
during the second cycle movements of introduction and
removal. In EV2 group, irrigation protocol was performed
similarly to GIV, except for the penetration distance of
the microcannula, which was placed at 3 mm short from
the WL.
Next, new digital radiographs were taken according to
the technique of image standardization for the evaluation
of the cleaning of main canal and simulated lateral
canals. These images were transferred to Image Tool 3.0
software (The University of Texas Health Science Center,
San Antonio, Texas, USA) to measurement the areas of
main canal and simulated lateral canals (completely filled
by the contrast solution) and after irrigation (contrast
solution remanent) which were delimited by a previously
trained operator. The measurements were obtained in
mm2 and the percentage of cleaning was calculated for
each group. Comparison among groups was performed
by analysis of variance (ANOVA) and when necessary by
Tukey test, with level of significance set at 5%.

RESULTS
Initial and final images obtained (Figs 1A and B). The
obtained results are shown in Table 2. There was a
Table 2: Comparison among groups for the main and lateral root
canals (mean and standard deviation of the cleaning percentage)
Lateral canals
Lateral canals
Groups Main canal
(medium third)
(apical third)
MI1
83.58 (± 3.71)C 67.07 (± 10.11)B 54.97 (± 6.23)B
MI2
94.54 (± 2.26)B 58.67 (± 18.08)B 51.93 (± 24.20)B
PUI
97.49 (± 1.65)AB 73.41 (± 18.22)AB 77.53 (± 18.63)A
EV1
98.95 (± 0.93)A 91.19 (± 9.68)A
95.00 (± 6.92)A
A
A
EV2
98.09 (± 1.35)
88.61 (± 8.87)
95.49 (± 4.16)A
Different letters in the same column indicate statistically significant
differences (p < 0.05). G: Group; MI: Manual irrigation; PUI:
Passive ultrasonic irrigation; EV: EndoVac

The simulated lateral canals were made in resin teeth, as
already described,22-24 with 0.20 mm of diameter, according
to other studies which used resin blocks artificial teeth
and natural teeth.5,22,25 The radiological contrast solution
was thickened with propylene glycol and bismuth oxide
to provide consistency and radiopacity,22,26 allowing
radiographic analysis.
The analysis was performed using digital radiographs
according to previous studies.24,27,28 The digital radiograph
enables an image of quality comparable to conventional
radiograph,29 showing as advantage the standardization
and manipulation of images using several tools.27 The
analysis of radiographic images was performed by Image
Tool 3.0 software, enabling measurements in mm2, in
the pre- and post-irrigation images. The use of softwares
and tools to evaluate different irrigation protocols have
already been used in previous studies.22,26,28,30,31
The root canal cleaning using various irrigation
methods in comparison to manual irrigation has been
studied. Howard et al32 observed a similar cleaning
capacity, at 2 and 4 mm from WL, for three irrigation
techniques, such as EndoVac, PiezoFlow and irrigation
with needle (Max-i-Probe). Dhingra et al7 evaluated the
effect of PUI on dentin debris removal from root canals
and concluded that PUI is better than MI with syringe.
Mendonca et al8 showed that in the apical region,
there was no difference in the debris or smear layer
removal using MI and EndoVac. Abarajithan et al33
compared the cleaning provided by either the EndoVac
or MI, demonstrating that the cleaning of the apical third
is significantly better with EndoVac, which agrees with
Kumar et al19 and the present study.
Saber Sel et al16 compared MI, PUI, EndoVac and other
irrigation protocols, regarding to smear layer removal
in the cervical, medium, and apical thirds of root canals,
using SEM and score systems. The results did not show
difference between PUI and MI, demonstrating that PUI
was not able to completely remove the smear layer from
the apical third of root canal. However, final irrigation
with EndoVac resulted in better removal of the smear
layer than with PUI or MI. Ribeiro et al34 evaluated the
debris and smear layer removal in flattened root canals
using SEM after the use of different irrigation protocols.
Although none of the protocols of irrigant completely
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removed the debris and smear layer, PUI and EndoVac
removed more debris than the other manual techniques,
similarly to this present study, where PUI and EndoVac
provided greater removal of the contrast solution.
Thomas et al31 evaluated the canal isthmus debridement efficacy of a new modified EndoVac irrigation
protocol in comparison with EndoVac (EV), PUI and MI.
The results showed that EV and PUI performed better
than the MI, and are in agreement with this study. Faria
et al35 evaluated the efficacy of EndoVac, PUI and conventional needle irrigation (CNI) in Ca(OH)2 removal from
root canal, and concluded that none of the techniques
completely removed the Ca(OH)2 from root canals. There
was no difference between EndoVac and PUI, but these
techniques removed more Ca(OH)2 than the CNI. Using
similar methodology, Chávez-Andrade et al22 evaluated
the efficacy of IUP and manual irrigation (MI) in cleaning
of simulated root canals and concluded that IUP with
intermittent flow provided better cleaning of simulated
lateral canals in the apical third, when compared to MI.
Passive ultrasonic irrigation (intermittent flow) was
also evaluated regarding to its effect on the dissolution of
bovine pulp tissue of simulated lateral canals (0.20 mm of
diameter) at the apical third of root canal in epoxy resin
models. The results obtained showed the greatest effect
of pulp tissue dissolution by PUI, exhibiting a significant
difference in the comparison with other irrigation systems
including the non-activation of the irrigant solution,
which suggests that this technique promotes the irrigation
penetration into accessory canals, and consequently a
greater cleaning of the apical third of root canals.25
In the present study, the different irrigation protocols
evaluated were effective in the removal of contrast solution of the root canal (above 83%). Middle third presented
cleaning between 58 and 91%, with difference between
the groups, as in the apical third (51–95%) where MI was
less effective than the other protocols. It is in accordance
with others studies that evaluated PUI and EndoVac in
comparison with MI.16,18,21,22 The irrigation of apical third
is an important procedures during endodontic treatment,
due apical root area presents the greatest amount of accessory canals and apical ramifications, resulting in greater
difficulty for cleaning and disinfection.36
The methodology used in this study is an in vitro
model reproducible to evaluate protocols, new irrigation
devices and techniques developed to improve the
cleaning and disinfection of the RCS.

CONCLUSION
According to the methodology used, EndoVac system
and PUI promote better cleaning of main canal and
simulated lateral canals at the medium and apical thirds
when compared with manual irrigation.
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