Restor Dent Endod. 2021 Feb;46(1):e11
https://doi.org/10.5395/rde.2021.46.€11
PISSN 2234-7658-eISSN 2234-7666

Restorative
Dentistry
& Endodontics

Research Article

‘ '.) Check for updates ‘

Smear layer removal by passive
ultrasonic irrigation and 2 new
mechanical methods for activation of
the chelating solution

Ricardo Machado
Marques de Mattos

," Isadora da Silva (2,2 Daniel Comparin (2,2 Bianca Araujo
,' Luiz Romulo Alberton (2,2 Ulisses Xavier da Silva Neto ('

'Department of Endodontics, Pontifical Catholic University of Parand - PUCPR, Curitiba, Parand, Brazil
’Department of Endodontics, Paranaense University - UNIPAR, Francisco Beltrdo, Parana, Brazil
*Department of Veterinary Medicine, Paranaense University- UNIPAR, Umuarama, Parand, Brazil

Received: Apr 29, 2019
Revised: Jun 24, 2020
Accepted: Jun 29, 2020

Machado R, Silva I, Comparin D, Mattos BM,
Alberton LR, Silva Neto UX

*Correspondence to

Ricardo Machado, DDS, MSc, PhD
Postdoctoral student (Endodontics), Pontifical
Catholic University of Parand - PUCPR, Rua
Imaculada Conceig&o, n. 1155, Prado Velho,
Curitiba, Parand, 80.215-901, Brazil.

E-mail: ricardo.machado.endo@gmail.com

Copyright © 2021. The Korean Academy of
Conservative Dentistry

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

Conflict of Interest
No potential conflict of interest relevant to this
article was reported.

Author Contributions

Conceptualization: Machado R. Data curation:
Silva I, Comparin D. Formal analysis: Machado
R, Comparin D. Funding acquisition: Silva

I, Comparin D. Investigation: Comparin D,
Mattos BM. Methodology: Machado R. Project
administration: Machado R. Resources: Silva |,
Comparin D. Software: Machado R, Comparin
D, Mattos BM. Supervision: Machado R, Silva
Neto UX. Validation: Alberton LR. Visualization:

https://rde.ac

ABSTRACT

Objectives: The aim of this study was to compare smear layer removal by conventional
application (CA), passive ultrasonic irrigation (PUI), EasyClean (EC), and XP-Endo

Finisher (XPF), using 17% ethylenediaminetetraacetic acid (EDTA) after chemomechanical
preparation, as evaluated with scanning electron microscopy (SEM).

Materials and Methods: Forty-five single-rooted human mandibular premolars were selected
for this study. After chemomechanical preparation, the teeth were randomly divided into

5 groups according to the protocol for smear layer removal, as follows: G1 (control): CA of
distilled water; G2 (CA): CA of 17% EDTA; G3 (PUI): 17% EDTA activated by PUI; G4 (EC):
17% EDTA activated by EC; and G5 (XPF): 17% EDTA activated by XPF. SEM images (x1,000)
were obtained from each root third and scored by 3 examiners. Data were evaluated using the
Kruskal-Wallis and Dunn tests (p < 0.05).

Results: In the apical third, there were no statistically significant differences among the
groups (p > 0.05). In the cervical and middle thirds, the experimental groups performed
better than the control group (p < 0.05); however, G2 presented better results than G3, G4,
and G5 (p < 0.05), which showed no differences among one another (p > 0.05).

Conclusions: No irrigation method was able to completely remove the smear layer, especially in
the apical third. Using CA for the chelating solution performed better than any form of activation.

Keywords: Cleaning; Irrigation; Root canal

INTRODUCTION

The main objectives of root canal treatment are to promote a significant reduction in the
microbes present in the root canal system and to prevent recontamination [1]. Although
mechanical debridement significantly reduces the bacterial load, complete disinfection is
impossible due to the complex anatomy of the root canal system. Therefore, the need to use
irrigating solutions is uncontestable [2]. However, the use of files associated with irrigation
solutions causes the production of a smear layer. This is a 1- to 2-mm-thick amorphous
structure containing both inorganic dentin debris and organic substances, including
fragments of the odontoblastic process, microorganisms, and necrotic pulp tissue [3].
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Smear layer removal after chemomechanical preparation and before root canal filling has
been recommended, since the smear layer can interfere with the diffusion of antimicrobial
agents from intracanal medications into the root dentin [3], block the tubular entry of
endodontic sealers, and act as a barrier between obturation materials and canal walls [4],
thereby compromising root canal sealing and increasing the risk of reinfection [5].

The most common chelating solutions for smear layer removal are based on
ethylenediaminetetraacetic acid (EDTA), which reacts with the calcium ions in dentin to form
soluble calcium chelates [3]. Its conventional application (CA) with a needle and syringe does
not seem to be able to remove the smear layer efficiently. Thus, different activation methods
for enhancing the action of EDTA have been proposed and studied [6].

Passive ultrasonic irrigation (PUI) was initially described by Weller et al. [7]. The protocol is
based on the passive insertion of a metal tip/file attached to an ultrasonic device oscillating
at a frequency of 30 kHz into a canal filled with irrigating or chelating solution [7]. When the
instrument is activated, it is surrounded by acoustic streaming to boost the performance of
solution agitation and to enhance debris and smear layer removal [6]. Although many articles
have been published on smear layer removal, there is no consensus in the literature on the
efficiency of PUI in smear layer removal versus conventional irrigation. Some studies have
reported that PUI enhanced canal cleaning [8,9], whereas others have found that it did not
have significant differences from other methods [10,11].

The introduction of mechanical agitation of the irrigant using electric motor—driven
instruments with reciprocating and rotary motion has provided new options for smear layer
removal. Two new instruments recently launched in the market adopt the same principles of
optimizing the action of chemical agents using instruments unaffected by contact with canal
walls, by the space in which they operate, or by the dispersion of forces within the canal [12-15].

EasyClean (EC) is an acrylonitrile butadiene styrene plastic instrument (Easy Equipamentos
Odontologicos, Belo Horizonte, Brazil [US patent pending 61/849,608]). The instrument has
a size 0f 25/0.04 and an “aircraft wing”—shaped cross-section; it operates using reciprocating
or rotary motion [14,15].

XP-Endo Finisher (XPF) (FKG Dentaire SA, La Chaux-de-Fonds, Switzerland) is an ISO
25/0.00 instrument produced with a special NiTi alloy known as MaxWire (Martensite-
Austenite Electropolish-Flex, FKG). According to the manufacturer, the file is straight in its
M phase (room temperature and when cooled), and changes into the A phase when exposed
to body temperature, at which it takes on a unique spoon shape, 10 mm long from the tip and
1.5 mm deep, fashioned by its molecular memory. Its recommended operating speed with
irrigating solutions is 800 rpm after root canal preparation to size #25 or larger [12,13].

The aim of this study was to compare smear layer removal by CA, PUI, EC, and XPF, using
17% EDTA as a chelating solution after chemomechanical preparation, by scanning electron
microscopy (SEM). The null hypothesis tested was that there would be no significant
differences among the protocols studied.
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MATERIALS AND METHODS

Forty-five single-rooted human mandibular premolars with single straight canals and fully
formed roots, free from cracks and previous endodontic treatment, were selected for this
study after approval was received from the University Research Ethics Committee (CAAE.
09457419.3.0000.0109). Mesiodistal and buccolingual radiographs were performed to
confirm that the teeth satisfied these requirements. The external root surfaces of the teeth
were cleaned by ultrasound (Profi NEO — US, Dabi Atlante, Ribeirdo Preto, SP, Brazil), and
kept in receptacles containing 0.2% thymol solution until use. Immediately before the
experiment, they were washed in running water for 24 hours for disinfection. The crowns of
the teeth were then sectioned close to the amelocemental junction, using a double-faced disc
(KG Sorensen, Barueri, SP, Brazil) to standardize the root segments to a length of 15 mm.

Biomechanical preparation

The root canal entrances were prepared with Largo #2 (Dentsply/Maillefer, Ballaigues,
Switzerland) and #3082 burs (KG Sorensen). The cervical and middle thirds were prepared
with Gates Glidden #3, #2, and #1 drills (Dentsply/Maillefer), according to the crown-down
technique. The working length (WL) was determined by inserting a K-type #15 instrument
(Dentsply/Maillefer) until it could be visualized at the apical foramen, and subtracting 1 mm
from this measurement. Clinical conditions were simulated by sealing the apical region of
each root with a layer of OpalDam Green gingival barrier (Ultradent Products, South Jordan,
UT, USA), avoiding extravasation of the irrigating solution [9,16]. A #15 K-file was inserted
before the layer was applied, to prevent the gingival barrier from entering the canal [16].

Reciproc R25 and R40 instruments (VDW, Munich, Germany), powered by an electric motor
(VDW Silver; VDW), were used for mechanical preparation of the specimens, according

to the manufacturer's instructions. Briefly, an R25 file was directed to the apical region

until reaching the WL. During this procedure, the instrument was used in a reciprocating
motion, with slight apical pressure and a slow in-and-out pecking motion, at an approximate
amplitude of 3 mm. Then, an R40 instrument was used in the same manner up to the WL.
Each instrument was used in 1 tooth and then discarded [15].

Irrigation was performed with a NaviTip 31-gauge double sideport needle (Ultradent
Products), inserted 1 mm short of the WL, using a total volume of 40 mL of 2.5% sodium
hypochlorite (NaOCI) per canal [15].

Smear layer removal
The teeth were randomly divided into 1 control (n=5) and 4 experimental (n = 10) groups
according to the protocol for smear layer removal that was used.

+ G1 (control): The root canals were filled with 2.5 mL of distilled water using a 31-gauge
NaviTip double sideport needle (Ultradent Products) calibrated to reach 1 mm short of
the WL.

+ G2 (CA): The root canals were filled with 2.5 mL 0f 17% EDTA using a 31-gauge NaviTip
double sideport needle (Ultradent Products) calibrated to reach 1 mm short of the WL.

+ G3 (PUI): The root canals were filled with 2.5 mL of 17% EDTA using a 31-gauge
NaviTip double sideport needle (Ultradent Products) calibrated to reach 1 mm short
of the WL. PUI was performed with a special tip having no cutting power, with a #20
and 0.01 apical diameter and taper, respectively (Irrisonic E1; Helse, Santa Rosa de
Viterbo, Brazil), calibrated to 1 mm short of the WL, activated by ultrasound (Profi Neo
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—US, Dabi Atlante, Ribeirdo Preto, SP, Brazil) at a power of 40%, as indicated by the
manufacturer. Care was taken to avoid contact with the walls of the root canal for more
than 20 seconds.

+ G4 (EC): The root canals were filled with 2.5 mL 0f 17% EDTA using a 31-gauge NaviTip
double sideport needle (Ultradent Products) calibrated to reach 1 mm short of the
WL. EC was introduced 1 mm short of the WL, and operated at low rotary speed for 20
seconds.

+ G5 (XPF): Root canals were filled with 2.5 mL 0f 17% EDTA using a NaviTip 31-gauge
double sideport needle (Ultradent Products) calibrated to reach 1 mm short of the WL.
XPF was placed 1 mm short of the WL and activated for 20 seconds.

In each group, the solution used was renewed and/or activated for 9 cycles of 20 seconds
each, totaling an irrigation/activation time of 3 minutes. The canals were then irrigated with
2.5 mL 0f 2.5% NaOCl (Férmula & A¢do), aspirated, and dried with absorbent paper points
(R40, Reciproc. VDW).

Analysis by SEM

Initially, a gutta-percha cone with the same size as the last instrument (Reciproc R40 gutta
percha, VDW) was introduced into the canal of all the specimens. Longitudinal grooves
were made on the mesial and distal external surfaces of each tooth to facilitate fracturing
the specimen into halves, using double-sided diamond discs (KG Sorensen), operated at low
rotary speed until the presence of the gutta-percha cone was seen, thus avoiding accidental
contamination and invasion of the canal by sharp debris [10,16].

The hemi-sections were then fixed on circular metal stubs to sputter-coat the surface with
a30-nm-thick coat of gold (Quorum Q150R ES, Ashford Kent, UK). Images of each hemi-
section were captured for each root canal third at x1,000 magnification using a scanning
electron microscope (Tescan VEGA 3, Tescan, Brno, Czech Republic) (Figure 1).

Three examiners were calibrated by analyzing 15 images randomly selected from each third
of 1 specimen from each group, using the scoring system proposed by Torabinejad et al.

[17]: 1) absence or small quantity of smear layer (Figure 1: G2/cervical and middle thirds);

2) moderate presence of smear layer (Figure 1: G3/cervical third); and 3) dense smear layer
covering practically all the dentinal tubule entrances (Figure 1/apical third). During this
process, communication among examiners was allowed in order to establish only 1 final
score for each image. The same methodology was used for the definitive process of scoring
the images, but with no communication among examiners. The analysis was performed with
the examiners blinded [4].

Statistical analysis

Initially, the kappa test was used to establish reproducibility among the examiners, and
thereby to validate the findings. The Kruskal-Wallis test was used to compare the cleaning
efficacy scores. The Dunn test was then applied for pairwise multiple comparisons. All
statistical calculations were performed using Minitab 17® software (Minitab LLC, State
College, PA, USA), with a 5% level of significance.

https://doi.org/10.5395/rde.2021.46.e11 4/m
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Figure 1. Scanning electron microscope images representative of the root canal walls according to groups and thirds.
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Table 1. General analysis of the root thirds, regardless of the group

Third n Median Quartile deviation p value
Cervical 45 2.00° 0.50
Middle 45 2.00* 0.50

. b p <0.05
Apical 45 3.00 1.00
Total 135 - -

Different superscript letters indicate statistically significant differences (p < 0.05).

Table 2. Results obtained for groups according to the root thirds

Group Root third p value
Cervical (n = 45) Middle (n = 45) Apical (n = 45)

G1: control group (n = 5) 3.00 = 0.00"* 3.00 £ 0.0 3.00 = 0.00%* 1.0000
G2: CA (n=10) 1.00 + 0.00%° 1.00 + 0.378° 3.00 = 0.37* 0.0002
G3: PUI (n =10) 2.00 + 0.00%2° 2.00 + 0.374% 2.50 + 0.50" 0.1220
G4 EC (n=10) 1.50 + 0.50%% 2.00 + 0.50%8:2° 3.00 + 0.374? 0.0104
G5: XPF (n =10) 2.50 +1.00"%® 2.00 + 0.37~% 3.00 + 0.372 0.1433
p value 0.002 0.005 0.807

Different superscript letters indicate statistically significant differences (p < 0.05). Considering thirds (columns):
uppercase letters; considering rows: lowercase letters.
CA, conventional application; PUI, passive ultrasonic irrigation; EC, EasyClean; XPF, XP-Endo Finisher.

RESULTS

Kappa values of 0.90 and above were obtained, demonstrating excellent agreement among
examiners for the scores given. In the apical third, there were no statistically significant
differences among the groups (p > 0.05) (Table 1). In the cervical and middle thirds, the
experimental groups (G2, G3, G4, and G5) performed better than the control group (G1) (p <
0.05); however, G2 presented better results than G3, G4, and G5 (p < 0.05), which showed no
difference among one another (p > 0.05) (Table 2).

DISCUSSION

The smear layer may interfere with diffusion of antimicrobial agents from intracanal
medications into the root dentin [3], block tubular entry of endodontic sealers, and act

as a barrier between obturation materials and canal walls [4], thereby compromising root
canal sealing and increasing the chances of reinfection [5]. Therefore, several methods
have been proposed for its removal [14,18-21]. The aim of this in vitro study was to evaluate
smear layer removal by CA, PUI, EC, and XPF, using 17% EDTA as a chelating solution after
chemomechanical preparation, as evaluated with SEM. The null hypothesis tested was
rejected because there were significant differences among the groups.

SEM is the most widely used method to evaluate smear layer removal [22,23]. However,

this methodology has been criticized, because the areas analyzed are limited relative to

the entire space of the root canal. Therefore, the practice of attributing scores to classify
the degree of cleanliness may be a very subjective parameter, contingent on the different
interpretations of each examiner [24,25]. In an endeavor to decrease the negative impacts
of subjectivity, the images in this study were acquired at smaller magnifications (x1,000)
than in other studies — (2,000 [26] and (x1,500 [27], thus allowing a more comprehensive
analysis of each specimen in each root third. In addition, an appropriate calibration process
was performed before classifying the images [26]. Kappa values of 0.90 and above were
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obtained, demonstrating excellent agreement among the examiners and supporting both the
importance of the calibration process and the reliability of the results obtained [4].

Machado et al. [28] compared the amount of residual smear layer after root canal
instrumentation using different instrumentation systems (WaveOne, Reciproc, Unicone,
ProTaper Next, Mtwo, and HyFlex). The systems tested showed similar performance in terms
of their ability to remove the smear layer, irrespective of the alloy composition. However,
considering only the systems with reciprocating motion, the performance of WaveOne was
superior to that of Reciproc. Since the present study sought to analyze only smear layer
removal by different methods, the Reciproc system was selected, because it produces a
greater amount of residual smear layer during chemomechanical preparation.

A closed apex model was used to simulate clinical situations more accurately. In this model,
the canal behaves like a closed-end space, and in vivo cleaning and shaping in a space where
the root is enclosed by the bone socket could result in gas entrapment inside the root canal,
creating a vapor-lock effect [9,15,16,29,30].

No statistically significant differences were found among the groups in the apical third (p >
0.05). This finding confirms the difficulties encountered in smear layer removal regarding
the final millimeters of the root canal, as reported by several other authors who used different
irrigation methods [9,10,16]. Considering only the CA group, this result might be explained
by the accentuated constriction of the apical third, which hinders the flow and backflow of
both irrigating and chelating solutions, compromising smear layer removal [4,31]. Regarding
the other groups, it is important to clarify that, in general, the activation of a chelating
solution within the root canal by an instrument aims to enhance the cleaning process by
moving the solution against the dentinal walls without the instrument touching them. For
this, a certain amount of space is needed. In the apical third, this space is invariably smaller
than the space found in the cervical and middle thirds; therefore, cleaning capacity can be
diminished. If the instrument used for the chelating solution activation touches the root
canal walls, a new smear layer may even form during this process [32].

In the cervical and middle thirds, there were no statistically significant differences in smear
layer removal among the groups that used some form of chelating solution activation (G3,
G4, and G5) (p > 0.05). EC performed similarly to PUI, unlike previous findings, which
showed more effective debris removal either using the former [14] or using the latter

[30]. These contradictory results may be explained by differences in the methodological
designs of the studies. Kato et al. [14] performed chemomechanical preparations using the
ProDesign Logic rotary system (Easy Equipamentos Odontologicos) up to a 30/0.05 file in
the mesiobuccal root canals of mandibular molars with 3 mL of distilled water at each change
of file. The chelating solution (17% EDTA) was activated for 3 cycles of 20 seconds each.
Afterwards, 6 round indentations created on the apical third at I-mm intervals were cleaned
and analyzed by environmental SEM. In the study of Prado et al. [30], chemomechanical
preparations were performed by using a K3 rotary system up to a 25/0.06 file in single-rooted
anterior teeth with 1 mL of 6% NaOClI at each change of file. In the PUI and EC groups,
another chelating solution (QMix) was activated for 1 minute (no cycles were reported). In
the present study, mandibular premolars were instrumented with the Reciproc System up to
a size 40/0.06 file and irrigated with 2.5 mL of 2.5% NaOCl, and 17% EDTA was activated for
9 cycles of 20 seconds each. The root canal anatomy [33], the instrumentation system [28],
the apical preparation size [34], and the irrigation method [16] all play important roles in
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smear layer formation or removal. Considering these factors, Marques et al. [35] evaluated
the smear layer after different final irrigation protocols, and used a methodological design
very similar to that of our study. Mandibular premolars standardized to a length of 15 mm
were instrumented with WaveOne Primary (25/0.08) or Large (40/0.08) files, using 2 mL of
2.5% NaOCl as the irrigant. In the final chemomechanical preparation, 17% EDTA was used
for 3 minutes with and without agitation by EC, in rotary or reciprocating motion, and by
PUI. Smear layer removal was analyzed by SEM images and scores. Corroborating our results,
EC, with both reciprocating and rotary motion, showed similar results to those of PUI in the
middle and cervical thirds.

XPF showed similar results to those of PUI and EC for smear layer removal. To the best of our
knowledge, this is the first study to compare EC and XPF in terms of this variable; therefore,
there is no way of discussing it directly or comparatively. Regarding the lack of significant
differences between XPF and PUI for smear layer removal, Leoni et al. [8] found the same
result when analyzing accumulated hard tissue debris in the mesial root canals of mandibular
first molars. This may be explained by the highly flexible proprietary alloy used in the XPF,
combined with its small core size and zero taper. These attributes allow it to expand its

reach when in rotation. It can be inferred that this unique property produced agitation of
the chelating solution, thereby allowing disruption of the smear layer within the root canal,
followed by its removal through the final flushing action of the syringe/needle irrigation,
similarly to PUI [8].

The central point of this study was that the static use of EDTA showed better results for
removing the smear layer from the cervical and middle thirds than found in the groups
where different forms of activation were applied. This finding is in contrast with those of
most studies on the subject [8,9,16]. Corroborating the results reported by Schimidt et al.
[10], the present study also found a larger number of samples showing dentin erosion in the
groups where different forms of activation were applied [10,36]. According to these authors,
the eroded dentin surface showed significant irregularities, making it harder to identify
dentinal tubules. However, they used a software that considered grayscale images to perform
an automatic analysis and; therefore, the risk of bias was greater. In the present study, a
conventional SEM analysis was performed and enabled a safe investigation of the removal of
the smear layer in different root canal thirds, regardless of the presence of dentin erosion.
The degree of agreement among examiners corroborates this fact. Furthermore, Kanaan et al.
[37] evaluated whether ultrasonic activation, EC, or EDDY systems, used to promote agitation
of the irrigating solutions during the final irrigation step, could lead to smear layer formation
in the apical third of the root canal. Within the limitations of the methodology employed, it
was concluded that all the tested irrigant agitation systems were associated with smear layer
formation during application of the final irrigation step, even if no previous instrumentation
procedure was performed on the root canal walls.

The experimental groups showed significant smear layer removal, meaning that the root
canal system demonstrated improved cleanliness [15]. However, none of the systems was
able to leave root canals completely clean. This finding corroborates those of several previous
studies [8,15], and underscores the conclusion that chemomechanical preparation invariably
creates a dense accumulation of the smear layer, which cannot be removed with currently
available techniques [15]. For this reason, it is imperative that this deficiency be resolved by
developing new protocols and instruments to optimize and enhance the cleaning of root
canals before filling them [9,15].

https://doi.org/10.5395/rde.2021.46.e11 8/1
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CONCLUSIONS

No irrigation method was able to completely remove the smear layer, especially in the apical
third. Using CA for the chelating solution performed better than any form of activation.

REFERENCES

1. SiqueiraJF Jr, Rocas IN. Clinical implications and microbiology of bacterial persistence after treatment
procedures. ] Endod 2008;34:1291-1301.e3.
PUBMED | CROSSREF
2. Haapasalo M, Shen Y, Wang Z, Gao Y. Irrigation in endodontics. Br Dent J 2014;216:299-303.
PUBMED | CROSSREF
3. Violich DR, Chandler NP. The smear layer in endodontics - a review. Int Endod J 2010;43:2-15.
PUBMED | CROSSREF
4. Machado R, Garcia LD, da Silva Neto UX, Cruz Filho AM, Silva RG, Vansan LP. Evaluation of 17% EDTA
and 10% citric acid in smear layer removal and tubular dentin sealer penetration. Microsc Res Tech
2018;81:275-282.
PUBMED | CROSSREF
5. Shahravan A, Haghdoost AA, Adl A, Rahimi H, Shadifar F. Effect of smear layer on sealing ability of canal
obturation: a systematic review and meta-analysis. ] Endod 2007;33:96-105.
PUBMED | CROSSREF
6. Mozo S, Llena C, Forner L. Review of ultrasonic irrigation in endodontics: increasing action of irrigating
solutions. Med Oral Patol Oral Cir Bucal 2012;17:e512-€516.
PUBMED | CROSSREF
7. Weller RN, Brady JM, Bernier WE. Efficacy of ultrasonic cleaning. ] Endod 1980;6:740-743.
PUBMED | CROSSREF
8. Leoni GB, Versiani MA, Silva-Sousa YT, Bruniera JF, Pécora JD, Sousa-Neto MD. Ex vivo evaluation of
four final irrigation protocols on the removal of hard-tissue debris from the mesial root canal system of
mandibular first molars. Int Endod J 2017;50:398-406.
PUBMED | CROSSREF
9. Mancini M, Cerroni L, Iorio L, Armellin E, Conte G, Cianconi L. Smear layer removal and canal
cleanliness using different irrigation systems (EndoActivator, EndoVac, and passive ultrasonic irrigation):
field emission scanning electron microscopic evaluation in an in vitro study. ] Endod 2013;39:1456-1460.
PUBMED | CROSSREF
10. Schmidt TF, Teixeira CS, Felippe MC, Felippe WT, Pashley DH, Bortoluzzi EA. Effect of ultrasonic
activation of irrigants on smear layer removal. ] Endod 2015;41:1359-1363.
PUBMED | CROSSREF
11. Saber SD, Hashem AA. Efficacy of different final irrigation activation techniques on smear layer removal. J
Endod 2011;37:1272-1275.
PUBMED | CROSSREF
12. De-Deus G, Belladonna FG, de Siqueira Zuolo A, Perez R, Carvalho MS, Souza EM, Lopes RT, Silva
EJ. Micro-CT comparison of XP-endo Finisher and passive ultrasonic irrigation as final irrigation
protocols on the removal of accumulated hard-tissue debris from oval shaped-canals. Clin Oral Investig
2019;23:3087-3093.
PUBMED | CROSSREF
13. Kolli S, Balasubramanian SK, Kittappa K, Mahalaxmi S. Efficacy of XP-endo Finisher files in endodontics.
Aust Endod ] 2018;44:71-72.
PUBMED | CROSSREF
14. Kato AS, Cunha RS, da Silveira Bueno CE, Pelegrine RA, Fontana CE, de Martin AS. Investigation of the
efficacy of passive ultrasonic irrigation versus irrigation with reciprocating activation: an environmental
scanning electron microscopic study. ] Endod 2016;42:659-663.
PUBMED | CROSSREF
15. Silva EJ, Carvalho CR, Belladonna FG, Prado MC, Lopes RT, De-Deus G, Moreira EJ. Micro-CT evaluation
of different final irrigation protocols on the removal of hard-tissue debris from isthmus-containing
mesial root of mandibular molars. Clin Oral Investig 2019;23:681-687.
PUBMED | CROSSREF
https://doi.org/10.5395/rde.2021.46.e11 9/m


http://www.ncbi.nlm.nih.gov/pubmed/18928835
https://doi.org/10.1016/j.joen.2008.07.028
http://www.ncbi.nlm.nih.gov/pubmed/24651335
https://doi.org/10.1038/sj.bdj.2014.204
http://www.ncbi.nlm.nih.gov/pubmed/20002799
https://doi.org/10.1111/j.1365-2591.2009.01627.x
http://www.ncbi.nlm.nih.gov/pubmed/29205666
https://doi.org/10.1002/jemt.22976
http://www.ncbi.nlm.nih.gov/pubmed/17258623
https://doi.org/10.1016/j.joen.2006.10.007
http://www.ncbi.nlm.nih.gov/pubmed/22143738
https://doi.org/10.4317/medoral.17621
http://www.ncbi.nlm.nih.gov/pubmed/6935384
https://doi.org/10.1016/S0099-2399(80)80185-3
http://www.ncbi.nlm.nih.gov/pubmed/26992452
https://doi.org/10.1111/iej.12630
http://www.ncbi.nlm.nih.gov/pubmed/24139274
https://doi.org/10.1016/j.joen.2013.07.028
http://www.ncbi.nlm.nih.gov/pubmed/25960002
https://doi.org/10.1016/j.joen.2015.03.023
http://www.ncbi.nlm.nih.gov/pubmed/21846546
https://doi.org/10.1016/j.joen.2011.06.007
http://www.ncbi.nlm.nih.gov/pubmed/30417226
https://doi.org/10.1007/s00784-018-2729-y
http://www.ncbi.nlm.nih.gov/pubmed/29665306
https://doi.org/10.1111/aej.12211
http://www.ncbi.nlm.nih.gov/pubmed/26906240
https://doi.org/10.1016/j.joen.2016.01.016
http://www.ncbi.nlm.nih.gov/pubmed/29744723
https://doi.org/10.1007/s00784-018-2483-1

Smear layer removal by different methods

Restorative
Dentistry
& Endodontics

https://rde.ac

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bueno CR, Cury MT, Vasques AM, Sarmiento JL, Trizzi JQ, Jacinto RC, Sivieri-Araujo G, Dezan Junior
E. Cleaning effectiveness of a nickel-titanium ultrasonic tip in ultrasonically activated irrigation: a SEM
study. Braz Oral Res 2019;33:e017.

PUBMED | CROSSREF

Torabinejad M, Khademi AA, BabagoliJ, Cho Y, Johnson WB, Bozhilov K, Kim J, Shabahang S. A new
solution for the removal of the smear layer. ] Endod 2003;29:170-175.

PUBMED | CROSSREF

Xin'Y, YangJ, Song KY. In vitro evaluation of the effectiveness of XP-endo Finisher file on smear layer
removal after root canal instrumentation. Hua Xi Kou Qiang Yi Xue Za Zhi 2019;37:48-52.

PUBMED

Haupt F, Meinel M, Gunawardana A, Hulsmann M. Effectiveness of different activated irrigation techniques
on debris and smear layer removal from curved root canals: a SEM evaluation. Aust Endod J 2020;46:40-46.
PUBMED | CROSSREF

Ballal V, Rao S, Al-Haj Husain N, Ozcan M. Evaluation of smear layer removal using different irrigation
methods in root canals. Eur ] Prosthodont Restor Dent 2019;27:97-102.

PUBMED

Mancini M, Cerroni L, Iorio L, Dall’Asta L, Cianconi L. FESEM evaluation of smear layer removal using
different irrigant activation methods (EndoActivator, EndoVac, PUI and LAI). An in vitro study. Clin Oral
Investig 2018;22:993-999.

PUBMED | CROSSREF

Caron G, Nham K, Bronnec F, Machtou P. Effectiveness of different final irrigant activation protocols on
smear layer removal in curved canals. ] Endod 2010;36:1361-1366.

PUBMED | CROSSREF

Singh N, Chandra A, Tikku AP, Verma P. A comparative evaluation of different irrigation activation
systems on smear layer removal from root canal: an in-vitro scanning electron microscope study. J
Conserv Dent 2014;17:159-163.

PUBMED | CROSSREF

Kuah HG, Lui )N, Tseng PS, Chen NN. The effect of EDTA with and without ultrasonics on removal of the
smear layer. ] Endod 2009;35:393-396.
PUBMED | CROSSREF

Perez F, Rouqueyrol-Pourcel N. Effect of a low-concentration EDTA solution on root canal walls: a
scanning electron microscopic study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2005;99:383-387.
PUBMED | CROSSREF

Mancini M, Armellin E, Casaglia A, Cerroni L, Cianconi L. A comparative study of smear layer removal
and erosion in apical intraradicular dentine with three irrigating solutions: a scanning electron
microscopy evaluation. ] Endod 2009;35:900-903.

PUBMED | CROSSREF

Shahriari S, Kasraei S, Roshanaei G, Karkeabadi H, Davanloo H. Efficacy of sodium hypochlorite activated
with laser in intracanal smear layer removal: an SEM study. J Lasers Med Sci 2017;8:36-41.
PUBMED | CROSSREF

Machado R, Comparin D, Back ED, Garcia LD, Alberton LR. Residual smear layer after root canal
instrumentation by using Niti, M-Wire and CM-Wire instruments: a scanning electron microscopy
analysis. Eur J Dent 2018;12:403-409.

PUBMED | CROSSREF

Susin L, Liu Y, Yoon JC, Parente JM, Loushine RJ, Ricucci D, Bryan T, Weller RN, Pashley DH, Tay FR.
Canal and isthmus debridement efficacies of two irrigant agitation techniques in a closed system. Int
Endod J 2010;43:10771090.

PUBMED | CROSSREF

Prado MC, Leal F, Simdo RA, Gusman H, do Prado M. The use of auxiliary devices during irrigation to
increase the cleaning ability of a chelating agent. Restor Dent Endod 2017;42:105-110.

PUBMED | CROSSREF

Wu L, Mu Y, Deng X, Zhang S, Zhou D. Comparison of the effect of four decalcifying agents combined
with 60°C 3% sodium hypochlorite on smear layer removal. ] Endod 2012;38:381-384.

PUBMED | CROSSREF

Goel S, Tewari S. Smear layer removal with passive ultrasonic irrigation and the NaviTip FX: a scanning
electron microscopic study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2009;108:465-470.
PUBMED | CROSSREF

Gulabivala K, Ng YL, Gilbertson M, Eames I. The fluid mechanics of root canal irrigation. Physiol Meas
2010;31:R49-R84.
PUBMED | CROSSREF

https://doi.org/10.5395/rde.2021.46.e11 10/1


http://www.ncbi.nlm.nih.gov/pubmed/30892412
https://doi.org/10.1590/1807-3107bor-2019.vol33.0017
http://www.ncbi.nlm.nih.gov/pubmed/12669874
https://doi.org/10.1097/00004770-200303000-00002
http://www.ncbi.nlm.nih.gov/pubmed/30854818
http://www.ncbi.nlm.nih.gov/pubmed/30907051
https://doi.org/10.1111/aej.12342
http://www.ncbi.nlm.nih.gov/pubmed/31433134
http://www.ncbi.nlm.nih.gov/pubmed/28721527
https://doi.org/10.1007/s00784-017-2179-y
http://www.ncbi.nlm.nih.gov/pubmed/20647097
https://doi.org/10.1016/j.joen.2010.03.037
http://www.ncbi.nlm.nih.gov/pubmed/24778514
https://doi.org/10.4103/0972-0707.128060
http://www.ncbi.nlm.nih.gov/pubmed/19249602
https://doi.org/10.1016/j.joen.2008.12.007
http://www.ncbi.nlm.nih.gov/pubmed/15716850
https://doi.org/10.1016/j.tripleo.2004.07.007
http://www.ncbi.nlm.nih.gov/pubmed/19482195
https://doi.org/10.1016/j.joen.2009.03.052
http://www.ncbi.nlm.nih.gov/pubmed/28912942
https://doi.org/10.15171/jlms.2017.07
http://www.ncbi.nlm.nih.gov/pubmed/30147407
https://doi.org/10.4103/ejd.ejd_259_17
http://www.ncbi.nlm.nih.gov/pubmed/20726910
https://doi.org/10.1111/j.1365-2591.2010.01778.x
http://www.ncbi.nlm.nih.gov/pubmed/28503475
https://doi.org/10.5395/rde.2017.42.2.105
http://www.ncbi.nlm.nih.gov/pubmed/22341079
https://doi.org/10.1016/j.joen.2011.11.013
http://www.ncbi.nlm.nih.gov/pubmed/19576804
https://doi.org/10.1016/j.tripleo.2009.04.023
http://www.ncbi.nlm.nih.gov/pubmed/21071831
https://doi.org/10.1088/0967-3334/31/12/R01

Smear layer removal by different methods

Restorative
Dentistry
& Endodontics

34.

35.

36.

37.

De-Deus G, Marins J, Silva EJ, Souza E, Belladonna FG, Reis C, Machado AS, Lopes RT, Versiani MA,
Paciornik S, Neves AA. Accumulated hard tissue debris produced during reciprocating and rotary nickel-
titanium canal preparation. ] Endod 2015;41:676-681.

PUBMED | CROSSREF

Marques AC, Aguiar BA, Frota LM, Guimaries BM, Vivacqua-Gomes N, Vivan RR, Duarte MA, de
Vasconcelos BC. Evaluation of influence of widening apical preparation of root canals on efficiency of
ethylenediaminetetraacetic acid agitation protocols: study by scanning electron microscopy. ] Contemp
Dent Pract 2018;19:1087-1094.

PUBMED | CROSSREF

Simezo AP, da Silveira Bueno CE, Cunha RS, Pelegrine RA, Rocha DG, de Martin AS, Kato AS.
Comparative analysis of dentinal erosion after passive ultrasonic irrigation versus irrigation with
reciprocating activation: an environmental scanning electron study. ] Endod 2017;43:141-146.
PUBMED | CROSSREF

Kanaan CG, Pelegrine RA, da Silveira Bueno CE, Shimabuko DM, Valamatos Pinto NM, Kato AS. Can

irrigant agitation lead to the formation of a smear layer? ] Endod 2020;46:1120-1124.
PUBMED | CROSSREF

https://rde.ac https://doi.org/10.5395/rde.2021.46.e11 /M


http://www.ncbi.nlm.nih.gov/pubmed/25670245
https://doi.org/10.1016/j.joen.2014.11.028
http://www.ncbi.nlm.nih.gov/pubmed/30287709
https://doi.org/10.5005/jp-journals-10024-2386
http://www.ncbi.nlm.nih.gov/pubmed/27939728
https://doi.org/10.1016/j.joen.2016.09.016
http://www.ncbi.nlm.nih.gov/pubmed/32497653
https://doi.org/10.1016/j.joen.2020.05.007

	Smear layer removal by passive ultrasonic irrigation and 2 new mechanical methods for activation of the chelating solution
	INTRODUCTION
	MATERIALS AND METHODS
	Biomechanical preparation
	Smear layer removal
	Analysis by SEM
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


