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Abstract
Introduction: The objective of this study was to eval-
uate the efficacy of passive ultrasonic irrigation (PUI)
with 17% EDTA and 1% NaOCl solutions on smear
layer removal. Methods: Root canal preparations of
32 human teeth were performed with the ProTaper sys-
tem. Next, they were longitudinally fractured to permit
quantitation of smear layer creation from the cervical,
middle, and apical thirds of the roots by using scanning
electron microscopy. After reassembling the fractured
tooth halves, they were divided into 4 groups according
to different final irrigation protocols: group1, EDTA +
NaOCl; group 2, EDTA with PUI + NaOCl; group 3,
EDTA + NaOCl with PUI; and group 4, EDTA + NaOCl,
both with PUI. After irrigation, the tooth halves were
separated to permit imaging the same areas by scanning
electron microscopy, and a percentage of opened
dentinal tubules in irrigated areas as a percent of the to-
tal area was obtained. The results were submitted to
Kruskal-Wallis, analysis of variance, and Bonferroni
tests (a = 0.05). Results: The cervical third of the sam-
ples from all groups showed higher percentage of smear
layer removal and open dentinal tubule areas, followed
by the middle and apical thirds. Among the irrigation
groups, there were statistically significant differences
in cervical third between group 2 and group 4 samples,
with the highest and lowest percentage of smear layer
removal, respectively. Conclusions: PUI by using 1%
NaOCl and ultrasonic tip placed within 1 mm of the
apical foramen did not show higher efficacy in smear
layer removal compared with conventional irrigation.
(J Endod 2015;41:1359–1363)
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The removal of smear layer produced after root canal instrumentation has been rec-
ommended because its presence can have deleterious effects on the endodontic

treatment. The presence of bacteria and their by-products and necrotic residue in end-
odontic smear layers compromise the disinfection process (1). In addition, smear layer
decreases dentin permeability, interfering with diffusion of antimicrobial agents from
irrigants and intracanal medications into root dentin (2, 3). Smear layers also block
tubular entry of endodontic sealers and act as a barrier between obturation
materials and canal walls, compromising root canal sealing and increasing chances
of reinfection (4).

The alternating use of EDTA and sodium hypochlorite (NaOCl) solutions is used to
remove the inorganic and organic portions of the smear layer, respectively (5). To be
effective, the solutions must come into contact with root canal walls (6). Irrigation
methods that use syringe and needle have been shown to be incapable of reaching diffi-
cult access areas such as apical and isthmus regions. Thus, the activation of irrigating
solutions applied by various methods has been proposed to enhance their action and
penetration (7, 8). Studies have shown that ultrasonic activation of irrigating solutions
as passive ultrasonic irrigation (PUI) promotes better removal of the smear layer in the
apical region and isthmus regions (9–11).

However, despite the publication of many articles on smear layer removal, there is
no well-established protocol for PUI (11). In addition, the scoring of dentin only after
final irrigation and qualitative analysis of smear layer removal by scores have been re-
ported to be technical failures (12–14).

Because of these technical problems, it is necessary to establish final irrigation
protocols for PUI. For this reason, this study evaluated longitudinally and quantitatively
the efficacy of PUI on 17% EDTA and 1% NaOCl solutions to remove the smear layer.

Materials and Methods
The protocol used in the present study was approved by the Human Research

Ethics Committee, Federal University of Santa Catarina. Thirty-two human premolars
with single straight or slightly curved canals and fully formed roots were collected. Ra-
diographs were taken to confirm straight single canal and the canal space size. Those
teeth were extracted from young adult patients between 13 and 17 years old for ortho-
dontic reasons. After accessing the root canal, the tooth length was obtained by intro-
ducing #10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) into the canal to the
point of displaying its tip at the apical foramen. The working length (WL) was obtained
by subtracting 1 mm from the tooth length.

The apical region of each root was covered with a layer of heavy condensation
silicone impression material (Zetaplus; Zhermack, Polesine Badia, Italy) to avoid

From the *Endodontic Division, Department of Dentistry, Federal University of Santa Catarina, Florian�opolis, Santa Catarina, Brazil; and †Department of Oral Biology,
College of Dental Medicine, Georgia Regents University, Augusta, Georgia.

Address requests for reprints to Dr Eduardo A. Bortoluzzi, Department of Dentistry, Center for Health Sciences, Campus Reitor Jo~ao David Ferreira Lima, Florian�opolis,
Santa Catarina, Brazil 88040-900. E-mail address: eduardo.bortoluzzi@gmail.com
0099-2399/$ - see front matter

Copyright ª 2015 American Association of Endodontists.
http://dx.doi.org/10.1016/j.joen.2015.03.023

Basic Research—Technology

JOE — Volume 41, Number 8, August 2015 Smear Layer Ultrasonic Removal Evaluation 1359

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:eduardo.bortoluzzi@gmail.com
http://dx.doi.org/10.1016/j.joen.2015.03.023


extravasation of irrigating solutions and simulate the clinical condition
of the presence of periapical tissues (15).

Root canal preparations were performed by the same operator
with rotary instruments by using nickel-titanium ProTaper Universal
files (Dentsply Maillefer) up to an F4 file. At each file change, the canals
were irrigated with 2 mL 1% NaOCl by using a 5-mL syringe and NaviTip
30-gauge tip (Ultradent Products Inc, South Jordan, UT) calibrated to
stop –2 mm from the WL, with back-and-forth movements of 2–3 mm.
Simultaneously, suction was accomplished by using a metal cannula.
Apical patency wasmaintained at each change of instrument by inserting
#10 K-file up to the apical foramen. At the end of the procedure, canals
were irrigated with 3 mL distilled water and dried with absorbent paper
points.

A gutta-percha cone was introduced into the canal, and longitudi-
nal grooves were made on the buccal and lingual external surfaces of
each tooth by using diamond double-sided disks with a diameter of
22 mm and a thickness of 0.1 mm (ref. 7020; KG Sorensen, Cotia,
Brazil) operated at low speed until the presence of the pink gutta-
percha cone was seen, thereby avoiding accidental contamination
and invasion of the canal by cutting debris. A small cotton pellet was
placed in the access opening to prevent entry of cutting debris.

After the teeth were cleaved with the aid of a chisel, 1 of the 2 halves
was selected for preirrigation evaluation by scanning electron micro-
scopy (SEM). Three external markings were made on this half with a
fine-tip pen on the external root surface, perpendicular to the long
axis, to divide it into cervical, middle, and apical thirds of the same
length. The markings served as references to make 3 grooves in the ca-
nal wall, delimiting the root into thirds (cervical, middle, and apical).
The grooves were created by using double-sided diamond micro-disks,
7 mm in diameter and 0.1 mm in thickness, deep enough to be satisfac-
torily viewed by SEM. A no. 11 scalpel blade was used to create a new
mark approximately 5 mm in length on the axial grooves. Thus, an im-
age similar to a cross could be visualized on the root canal wall of each
of the thirds (Fig. 1A).

The fractured tooth samples were kept in an incubator at 37�C for
48 hours. Then the samples were placed in a vacuum desiccator con-

taining anhydrous silica for the same period to remove any moisture.
Without any coating or additional preparation, the samples were
evaluated by SEM operated at low vacuum (JCM-6390LV; JEOL, Pea-
body, MA).

After locating the cross-shape markings on the canals, the most
well-defined area completely covered by smear layer in each of the
thirds was chosen at �100 (Fig. 1B). Another image was obtained at
�500, with its edges coinciding to the limits of the marks (Fig. 1C).
Then a third image was obtained at�1000 without changing the posi-
tion of the sample in SEM (Fig. 1E). In total, 9 images were obtained per
sample before irrigation, 3 images for each third. These initial images
were used to evaluate the condition of the root canal walls before the
final irrigation.

Next, the halves of each tooth were placed back together, and the
grooves previously created for cleavage were filled with resin (Topdam;
FGM, Joinville, Brazil) to stabilize the parts. The reassembled tooth root
was inserted into heavy condensation silicone impression material to
increase stability and prevent leakage of the solutions used in the final
irrigation protocols.

Thirty-two teeth were randomly divided into 4 groups (n = 8)
according to the final irrigation protocol used (Table 1).

All canals were irrigated with the same techniques used during the
chemical-mechanical preparation. PUI was performed with a specific
tip without cutting power, with apical diameter #20, taper .01 (Irrisonic
E1; Helse, Santa Rosa de Viterbo, Brazil) calibrated to 1mm short of WL,
activated by ultrasound (JetSonic; Gnatus, Ribeir~ao Preto, Brazil) at a
power of 20% indicated by the manufacturer, avoiding contact with
the walls of the root canal. The canals of all groups received 3 mL
EDTA for 3 minutes and 3 mL NaOCl for 3 minutes.

At the end of the procedure, the canals were irrigated with 3 mL
distilled water to remove possible salt residues from the irrigation so-
lutions. Then they were dried with paper points.

After the experiment, the teeth were separated into their 2 halves
and were dried, coated with gold, and analyzed by conventional SEM
(high vacuum). New images were obtained from the same preselected
and pre-photographed areas, following the methodology described

Figure 1. (A) Marks to determinate the evaluation area. Black arrows: grooves perpendicular to long axis of root canal made with diamond disk. White arrows:
marks made with scalpel blade in direction of long axis of the canal. (B) ‘‘Cross’’ at the center of the canal wall. LL, lower left area; LR, lower right area; UL, upper left
area; UR, upper right area. (C) Image obtained from apical third of the root, after root canal preparation showing the smear layer formed (original magnification,
�500). Arrows indicate marks made on root canal wall. (D) Image obtained after final irrigation. Note marks (arrows) that enabled to re-evaluate the same area of
the image (original magnification,�500). (E) Image of smear layer taken at�1000. (F) The�1000 image showing effect of final irrigation. (G) Image processing
by Image J software (cervical third). Dark areas correspond to open dentinal tubules. (H) Identification of open dentin tubules (in red) by Image J software.
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