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Abstract Background/purpose: Chelating agents have been used for the removal of the
smear layer on teeth. However, due to inadequate volume and/or penetration of the solutions
during irrigation, smear layer removal is less effective in the apical third. The purpose of this
study was to compare the efficacy of three chelating solutions with and without manual dy-
namic irrigation in smear layer removal.
Materials and methods: Sixty-six single-root canal teeth were decoronated, instrumented, and
divided into six experimental groups (n Z 10) and two control groups (n Z 3). The groups
received a final rinse with 1 mL of 17% EDTA and 5% or 10% citric acid (CA) for 1 minute, with
or without manual dynamic activation, followed by a final 3-mL rinse with 4.2% NaOCl (5 mi-
nutes). The teeth were then longitudinally split and prepared for environmental scanning elec-
tron microscopy analysis. Digital images (500�) were taken for smear layer removal evaluation
at 2 mm, 6 mm, and 10 mm from the working length.
Results: The most effective smear layer removal occurred with 5% and 10% CA combined with
manual dynamic activation (Groups 7 and 8), where significant differences were observed
when compared with the EDTA groups (Groups 2 and 6; P < 0.05). We found no significant dif-
ferences between manual dynamic activation with 5% and 10% CA (Groups 7 and 8) in smear
layer or debris removal (P > 0.05).
Conclusion: Manual dynamic activation of CA improves smear layer removal, and a reduction in
CA concentration to 5% does not compromise smear layer removal in comparison with higher
concentrations.
Copyright ª 2016, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Mechanical instrumentation of the root canal creates an
irregular layer of debris on dentinal walls, known as the
smear layer.1 It has been defined as an amorphous, irregular
entity containing inorganic dentin debris and organic ma-
terials such as vital pulp tissue, odontoblastic processes,
necrotic debris, and microorganisms and their metabolic
products.2

It has been demonstrated that the smear layer itself
prevents the access of intracanal solutions into dentinal
tubules3 and thus, protects the bacteria within the dentinal
tubules.2 Bacteria can remain in this layer, survive and
multiply,4 and can grow into the dentinal tubules.5 In
addition the presence of a smear layer promotes adhesion
and colonization of microorganisms.6 Yoshida et al7

demonstrated in a clinical study that removal of the
smear layer significantly reduces the number and presence
of microorganisms in the root canals. Smear layer also may
delay the effect of disinfectants,8 and may interfere with
the adaptation and penetration of root canal sealers
reducing adhesion and affecting sealing negatively.1,9

Moreover, in a systematic review and meta-analysis of
leakage studies from 1975e2005, Shahravan et al10

concluded that removal of the smear layer improves the
fluid-tight seal of the root canal system.

Various chelating agents have been used for the removal
of the smear layer. These solutions have shown to be time
dependent. Irrigation times <1 minute can significantly
decrease efficiency in smear layer removal,11 and produce
a high decalcifying effect in the dentin surface when con-
tact time is prolonged,12 with a denaturation of the fibers
of collagen and weakening of the root dentin.13

EDTA solutions, with or without surfactants such as
cetrimide, are most commonly used for smear layer
removal.14 Crumpton et al15 showed that using 1 mL of 17%
ethylene diamine tetra-acetic acid (EDTA) for 1 minute
followed by 3 mL of 5.25% NaOCl removed the smear layer
with efficient results. Citric acid (CA) has also been pro-
posed for smear layer removal.16 Concentrations ranging
from 10% to 50% have been evaluated,17e19 and 10% CA has
proven to be an effective approach in smear layer
removal.16 Di Lenarda et al19 reported similar results in
smear layer removal with CA and EDTA during canal shaping.

When different chelating agents are used with NaOCl,
the smear layer is removed in the middle and coronal thirds
of canal preparations, however, this combination is less
effective in the apical third.20 This is probably due to
inadequate volume and/or penetration of the solution into
the apical portion of the canal during irrigation. Conse-
quently, it is important to use other methods to improve
the efficiency of chelating agents used for a short irrigation
time.21

For an effective smear layer removal, irrigation solutions
must come into contact. However, root canal anatomy and
the vapor lock effect make access to root canal irregular-
ities and the apical one-third a challenge. Gentle pushepull
movements with a well-fitting master cone inside the root
canal have proven to improve effectiveness in stained
collagen removal,22 and to produce better smear layer
removal results when compared with static irrigation.23

Increased contact time has been shown to produce
erosion in intertubular and peritubular dentin.24 Several
studies have reported dentin erosion when chelating agents
were used for more than 1 minute.14 Surface erosion also
occurs due to the acid nature itself, the higher the con-
centration the more aggressive the effect on the canal wall
surface. In addition, cytotoxicity of both EDTA and CA are
also proportional to the concentration of the solution,25

and when dilutions of 10% CA were tested, it resulted in a
higher biocompatibility when compared with dilutions of
17% EDTA.26 Using less harmful substances may be neces-
sary, especially when cell survival is crucial, such as in
revascularization protocols. However, an excessive dilution
of the concentration may alter its ability to remove the
smear layer and may impede the reported release of
entrapped growth factors from dentin.27

To our knowledge, there are no studies evaluating the
effectiveness of manual dynamic activation for smear layer
removal with CA. This study aimed to evaluate the effect of
a low CA concentration solution (5%) combined or not with
manual dynamic activation for smear layer removal.

Materials and methods

Sixty-six single-root extracted teeth with straight root ca-
nals were selected for this study and stored in a saline so-
lution until use. All teeth were radiographed to verify the
presence of a single canal with mature apex and absence of
root resorption. The working length was determined by
placing a #10 K-file (Dentsply Maillefer, Ballaigues,
Switzerland) in the canal until the tip of the instrument was
visibly adjusted to the apical foramen. The canal length
was measured, and the working length was calculated by
subtracting 1 mm from this measurement. The teeth were
then decoronated at 15 mm using a low-speed saw (Isomet
1000; Buehler, Illinois, USA) under water-cooling and the
working length was established at 14 mm for all teeth.

All the samples were then longitudinally grooved using a
diamond disk and mounted in silicone (Dupliflex; Pro-
techno, Girona, Spain) with the apical portion coated with
wax (Periphery wax: ENTA B.V., Bergen op Zoom, The
Netherlands) to ensure a closed-end channel behavior.

Each canal was prepared with a manual glide path up to
a #20 K-file before rotary canal shaping. Root canals were
then prepared using the ProTaper Universal rotary system
(Dentsply Maillefer) up to an F3. Apical enlargement was
continued up to a 40.04-file using ProFile instruments
(Dentsply Maillefer). The teeth were irrigated with 1 mL of
4.2% NaOCl after every file during instrumentation.

After root canal preparation, the teeth were randomly
divided into six groups of 10 teeth (n Z 10) and two control
groups of three teeth (n Z 3) according to the final irri-
gation protocol as follows:

� Group 1 (Control Group 1): 1 mL of 4.2% NaOCl for
1 minute followed by 3 mL of 4.2% NaOCl 37�C (5 mi-
nutes). Irrigation time was counted from the start of the
solution delivery until the next change of irrigant.

� Group 2: 1 mL of 17% EDTA for 1 minute followed by 3 mL
of 4.2% NaOCl 37�C (5 minutes).
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