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Abstract
Background: This study investigated the ability of different irrigation protocols to keep dentinal tubules (DT) open
and avoid their blockage by the smear layer (SL) during the cleaning and shaping procedure (CSP).
Methods: Twenty-five extracted teeth were divided into five groups (n = 5): group 1, NaOCl was kept in the canal
during instrumentation and then washed out with distilled water, and the canal was irrigated with NaOCl with
EndoVac in between files; group 2, the same procedure as group 1, but NaOCl was replaced by EDTA; group 3, EDTA
was kept in the canal during instrumentation and then washed out with distilled water, and the canal was irrigated
with NaOCl with EndoVac in between files; group 4, the same as group 3, but NaOCl and EDTA were alternated; and
group 5 (control), the procedure was the same with group 1, but NaOCl was replaced by distilled water. A scanning
electron microscope was used to evaluate the cleanliness of DT at three different levels of the canals.
Results: Groups 3 and 4 showed better ability to keep DT open during CSP than the other groups. Group 4 only
showed statistically significant better results than group 3 at middle third (P < 0.0001).
Conclusions: Alternating the use of NaOCl and EDTA with water in between can keep DT open better and avoid their
blockage by SL during CSP compared with the use of NaOCl or EDTA alone.
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Background
The present procedures to disinfect the root canal system
are primarily by means of chemo-mechanical preparation.
However, only 60 to 80% or less of canal outlines can be
prepared circumferentially by instrumentation (Peters
2004). Thus, the disinfection of the remaining untouched
area has to rely on chemical irrigation or intracanal medications. More importantly, mechanical preparation leads to
the formation of the smear layer (SL) (McComb and Smith
1975; Moodnik et al. 1976; Mader et al. 1984; Torabinejad
et al. 2002; Zehnder 2006), which can only be efficiently
removed by alternating the use of EDTA and NaOCl
(Goldman et al. 1982; Baumgartner and Mader 1987).
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It has been shown that irrigation with 17% EDTA has an
effect on cleaning canal walls (McComb and Smith 1975;
Goldman et al. 1982; Baumgartner and Mader 1987).
Moreover, both the cleaning and antimicrobial actions are
more appreciable when EDTA and NaOCl are used in
combination rather than being used alone (Baumgartner
and Mader 1987; Byström and Sundqvist 1985). It is mostly
recommended that 17% EDTA should be applied after
cleaning and shaping procedure (CSP) in order to remove
the SL before root canal obturation (Baumgartner and
Mader 1987). Nevertheless, no definitive irrigation regimen
has been built so far.
Alternating the use of EDTA and NaOCl from the beginning of the CSP has been suggested (De-Deus et al. 2011).
Smear layer will become infected and it should be removed.
Accordingly, the early use of EDTA may be a prerequisite
to establish a protocol for irrigation. In addition, the use of
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water as an intermediate irrigant will help to reduce the
interaction between different chemicals inside root canals.
This interaction, which can reduce the efficiency of the chemicals, may lead to the formation of undesirable byproducts (Prado et al. 2013).
Therefore, the aim of this study was to investigate the
ability of different irrigation sequences to keep the entrances of dentinal tubules (DT) open and avoid the
blockage of DT by SL and debris during CSP.

Methods
The Institutional Review Board of the University of Texas
Health Science Center at Houston has approved this research. Twenty-five extracted single-rooted teeth were
used in this study. The teeth were cleaned and stored in
1× phosphate-buffered saline (PBS) solution at room
temperature after extraction. The presence of a single and
straight canal with an intact and closed apex was verified
by taking both the buccolingual and mesiodistal views of
radiographs and by examining the teeth under a dental
operating microscope (Global Dental Microscopes; Global
Surgical Corporation, St. Louis, MO, USA). The teeth with
either a wide or calcified canal were discarded. All experimental procedures were manipulated by the same operator (HHW). Each tooth was decoronated at 15 mm from
the anatomic apex. Canal patency was obtained by using a
#10 K-file (Kerr, Orange, CA, USA). In order to achieve a
closed system (Tay et al. 2010), the apices were sealed with
light-cured flowable composite resin material, and a #10
K-file was inserted before the apex was sealed to prevent
the materials from entering the canal. The roots were then
mounted within polyvinylsiloxane (PVS) impression materials so that the entire root surface was covered by the
PVS impression material.
The specimens were randomly divided into four experimental groups (n = 5) and 1 control group (n = 5). All
instrumentation procedures were performed with
Twisted-Files Adaptive (TFA) Medium/Large (ML) file
sets (Kerr, Orange, CA, USA), which contains a series of
three files including ML1 (#25/.08 size/taper), ML2 (#35/

.06 size/taper), and ML3 (#50/.04 size/taper). One TFA
ML file set was used for each group. For the irrigation
procedure, each group had a different irrigation protocol
with the aid of EndoVac (Kerr, Orange, CA, USA) as
shown in Table 1. The use of EndoVac was to replenish
the solutions efficiently and to avoid the formation of an
apical vapor lock; its efficacy was not investigated in this
study.
Experimental groups

The root canals were enlarged to size 20 with K-files and
filled with irrigant during instrumentation (Table 1). A
TFA ML1 file was used to shape the canal to working
length; the solution inside the canal was always suctioned
out and replenished before the file was re-entered into the
canal. This step was repeated until the total 3 mL of irrigant was injected into the canal. Following the use of the
TFA ML1 file, the remaining solution in the canal was
washed out by 1 mL of distilled water.
The root canal was then irrigated by 3 mL of the second
irrigant with the aid of EndoVac. In this step, the MacroCannula was used for the first 1 mL of the solution and
the MicroCannula was used for the last 2 mL of the solution. The root canal was irrigated with 1 mL of distilled
water to wash out the remaining solution.
The procedure continued with a TFA ML2 file and a
TFA ML3 file using the same irrigation sequence. At the
end of instrumentation, the liquid inside the canal was
suctioned out by the MicroCannula.
Group 1

Six percent sodium hypochlorite (Vista Dental Products,
Racine WI) was used as the irrigant with an intermittent
wash of distilled water plus Endovac.
Group 2

Seventeen percent EDTA (SmearClear, Kerr, Orange
CA) was used as the irrigant with an intermittent wash
of distilled water plus Endovac.

Table 1 The irrigation sequence of each group
Group TFA ML1
(green)

EndoVac

TFA ML2
(yellow)

EndoVac

TFA ML3
(red)

EndoVac

1

NaOCl
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

2

EDTA
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

3

EDTA
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

4

NaOCl
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

NaOCl
3 mL

Water
1 mL

EDTA
3 mL

Water
1 mL

5

Water
3 mL

Water
1 mL

Water
3 mL

Water
1 mL

Water
3 mL

Water
1 mL

Water
3 mL

Water
1 mL

Water
3 mL

Water
1 mL

Water
3 mL

Water
1 mL
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Group 3

Seventeen percent EDTA was used as the first irrigant
during shaping of the canal, and 6% sodium hypochlorite
(NaOCl) was used as the second irrigant. Distilled water
and EndoVac was used after each solution.
Group 4

Six percent NaOCl was used as the first irrigant during
shaping of the canal, and 17% EDTA was used as the
second irrigant. Distilled water and EndoVac was used
after each solution.
Group 5

Distilled water was used as the only irrigant.
Preparation for scanning electron microscopy

A scanning electron microscope (SEM) was used to evaluate the cleanliness of DT on the instrumented canal wall
surface. Each root was removed from the PVS impression
material and prepared for SEM observation. In order to
facilitate the splitting of the roots into halves, two opposing grooves were engraved along the buccal and lingual
root surface without penetration into the root canals using
a diamond disc under copious water cooling. The roots
were then split into halves by a chisel, rinsed with distilled
water, and fixed in 4% formalin for 24 h. The specimens
were then dehydrated in sequence with 80% alcohol for
15 min, 90% alcohol for 15 min, and 100% alcohol for
20 min. Following the dehydration, the specimens were
mounted on aluminum stubs, sputter-coated with platinum, and observed using a SEM (Nova NanoSEM 230;
FEI, Hillsboro, OR, USA). Three images showing the canal
wall surface at ×100, ×1000, and ×2000 magnification respectively were taken from the apical, middle, and coronal
portion of each half of the roots. A total of 450 micrographs of the canal wall surface were taken.
Evaluation of smear layer and debris removal from
dentinal tubules

The 150 images showing the canal wall surface from
three different levels of the canal at ×2000 magnification
were evaluated for the cleanliness of DT on the instrumented canal wall surface. The image processing and
analysis software ImageJ (version 1.50e; National Institutes of Health, Bethesda, MD, USA) was used to examine the total percentage of the area occupied by the
open DT. For image analysis, the images from group 5
served as the standard images, then the software compared these standard images with those images from the
other groups and calculated the total area with the open
DT, and the results were expressed as a percentage. Statistical analysis was performed using one-way analysis of
variance (one-way ANOVA) along with Tukey’s multiple
comparison test to compare the cleanliness of DT in
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different groups at each level of the canals. The KruskalWallis test along with Dunn’s multiple comparison test
was used to compare the cleanliness of DT at different
levels in each group (P < 0.05).

Results
One-way ANOVA and Tukey’s multiple comparison
test showed significant difference in terms of the
cleanliness of DT between different groups at each
level of the canals (Fig. 1). Groups 1 and 5 showed
the least percentage of the area occupied by the open
DT; there was no statistically significant difference between groups 1 and 5 (P > 0.05) at all three levels.
Generally, groups 3 and 4 revealed higher percent
values of the area than the other groups. The value
of group 3 was significantly higher than groups 1, 2,
and 5 at the coronal third; the value of group 4 was
significantly higher than groups 1, 2, and 5 at the apical third (P < 0.05). The difference between groups 3
and 4 was not statistically significant at the coronal
and apical third (P > 0.05); however, group 4 exhibited
a significantly higher percentage of the area occupied
by the open DT than group 3 at the middle level of
the canals (P < 0.05).
The results of the Kruskal-Wallis test and Dunn’s multiple comparison test also showed significant difference
between different levels of the canals in all groups except
that in group 5 (Fig. 1). In group 5, there was no significant difference in regard to the cleanliness of DT among
the apical, middle, and coronal level of the canals. Our
results revealed a significant difference in that the area
with the open DT at the apical third was less than that
at either the middle or coronal third in groups 1, 2, and
4 (P < 0.05), while there was no significant difference between the middle and coronal level (P > 0.05). In group
3, the difference between the apical third and middle
third was not statistically significant, and the percentage
of the open DT was higher at coronal level than at apical
and middle level (P < 0.05).
Figure 2 exhibits the representative SEM micrographs
in all groups. No DT could be observed on the canal wall
surface in groups 1 (only NaOCl was used) and 5, and
the specimens in both groups were characterized by the
presence of SL coating the whole canal wall surface. In
group 2 (only EDTA was used), only a few of DT could
be seen with patches of SL and debris partially coating
the canal wall surface; most of the entrances of dentinal
tubules were obstructed by smeared materials. The features of micrographs from groups 3 and 4 (the combined use of NaOCl and EDTA) were very similar: they
both showed the clean canal wall surface along with the
orifices of DT exposed clearly without being covered by
SL, whereas some scarce debris still remained on the
surface even inside DT.
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Fig. 1 The result of SEM image analysis. The chart illustrated the statistical result of SEM image analysis. The blue, green, and yellow bar corresponded to
the apical middle and coronal level of the canals. The characters a, b, and c indicated the statistical difference between each group at the coronal third of
the canals (P < 0.0001). The characters A, B, and C indicated the statistical difference between each group at the middle third of the canals (P < 0.0001). The
characters α, β, and γ indicated the statistical difference between each group at the apical third of the canals (P < 0.001). The number of the symbol black
star represents the statistical difference between the apical, middle, and coronal level of the canals in group 2 (P < 0.001). The number of the symbol black
circle represented the statistical difference between the apical, middle, and coronal level of the canals in group 3 (P < 0.01). The number of the symbol
black triangle represented the statistical difference between the apical, middle, and coronal level of the canals in group 4 (P < 0.001)

Fig. 2 The representative SEM micrographs in each group

Discussion
The main purpose of this research was to seek an irrigation
protocol which can keep the entrances of DT open and
avoid their blockage by SL and debris during CSP. Our results showed that alternating the use of NaOCl and EDTA
with distilled water in between (groups 3 and 4) was more
capable of preventing the orifices of DT from being blocked
by SL than using NaOCl or EDTA alone (groups 1 and 2).
The images in group 1, which only used NaOCl for irrigation as most clinicians do routinely, revealed that there was
SL spread over the canal wall surface and no open DT were
present. This outcome indicated that the effectiveness of
NaOCl penetration into DT to eliminate the bacteria hiding
inside was reduced since most of the entrances have been
obstructed by SL and debris during instrumentation
(Torabinejad et al. 2002, Goldman et al. 1982, Schoeffel
2008). A previous study showed that the packed material
inside DT had a segmented manifestation, which might result from the incremental packing of smeared material and
debris during instrumentation (Zehnder 2006). This
phenomenon signified that the smeared materials and debris might be too deep to be removed.
The smear layer not only can be colonized by bacteria
and protect the existing biofilms adhering to canal walls
but also may prevent the penetration of intracanal irrigants
and medications into the DT harboring microorganisms.
Aside from its potential contamination, SL may interfere
with the adaptation between root canal filling materials and
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canal walls and then lead to microleakage (Goldman et al.
1982. Baumgartner and Mader 1987). On the other hand,
some investigators hold the opposite opinion. The suggestion is that if bacterial contamination occurred after canal
preparation and disinfection, the presence of SL might be
able to prevent bacteria from entering into DT. The study
from Drake et al. (1994) showed that a greater than tenfold
higher number of bacteria colonized in DT without being
covered by SL compared with those covered by an intact
smear layer. Nevertheless, SL itself contains bacteria
(Goldman et al. 1982), and the existence of residual bacteria
in root canal system is always the primary concern in endodontic treatment. It has been shown that bacterial persistence at the filling stage is a risk factor for apical
periodontitis (McComb and Smith 1975). To remove SL
can contribute to the thorough disinfection of root canal
system and ensure the tight adaptation of root canal filling
materials to canal walls (Goldman et al. 1982; Baumgartner
and Mader 1987), which is imperative for prolonging the
longevity and achieving a favorable outcome of endodontic
treatment. Previous studies evaluated the influence of SL
on the antimicrobial activity of different disinfecting irrigants (Wang et al. 2013; Morago et al. 2016). Both of the
authors reported that SL reduced the effectiveness of
NaOCl against Enterococcus faecalis in infected DT (Wang
et al. 2013, Morago et al. 2016). The weaker effect of
NaOCl could result from the formation of a barrier by SL
so that less irrigants could pass through and also the irrigants might be inactivated in the process of penetration
(Morago et al. 2016). Wang et al. (2013) further suggested
that SL should be removed to optimize the effect of disinfecting solutions against bacteria in the DT in an infected
root canal (Morago et al. 2016).
The present study was aiming to establish an irrigation
sequence to prevent SL from accumulating into DT and
therefore maximize the antimicrobial action of endodontic
irrigants during CSP. In our result, it was evident that alternating the use of NaOCl and EDTA with water in between
can better remove SL and keep DT open during CSP than
using NaOCl or EDTA alone. However, whether NaOCl or
EDTA should be kept in the root canal with the use of rotary instruments was not determined in this study since the
difference between groups 3 and 4 was not significant except at the middle level of the canals. Both NaOCl and
EDTA can benefit the removal of SL and debris during instrumentation, so further investigation for the role of
NaOCl and EDTA with the use of rotary instruments may
be necessary. At present, a variety of rotary instruments
have been developed which are shortening the chair time
needed to prepare root canals, which means more clinical
time is available for clinicians to perform a thorough chemical disinfection during endodontic treatment. More studies
will be needed to investigate the efficacy of the aid of different irrigation systems (such as ultrasonic irrigation,
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photon-induced photoacoustic streaming, and multisonic
ultracleaning system) and the combined use of NaOCl and
EDTA with water in between to keep DT open during CSP.

Conclusions
Under the conditions of the current study, alternating
the use of 6% NaOCl and 17% EDTA with water in between showed significantly better ability to keep the entrances of dentinal tubules open and avoid the blockage
of dentinal tubules by the smear layer and debris during
the CSP compared with the use of 6% NaOCl or 17%
EDTA alone. The result of this pilot study emphasized
the importance of the early use of 17% EDTA from the
beginning of CSP.
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