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Abstract

Introduction The aim of this study was to compare the effect
of QMix, BioPure MTAD, 17 % EDTA, and saline on the
penetrability of a resin-based sealer into dentinal tubules using
a confocal laser scanning microscope (CLSM) and to describe
the cleaning of root canal walls by SEM.

Methods Eighty distobuccal roots from upper molars were
selected and randomly divided into four groups (n=20) before
root canal preparation according to the solution used in the
final rinse protocol (FRP): QG (QMix), MG (BioPure
MTAD), EG (17 % EDTA), and CG (control group: saline).
Ten roots of each group were prepared for SEM, and images
(x2000) from the canal walls were acquired. The remaining
canals were filled with a single gutta-percha cone and AH Plus
with 0.1 % Rhodamine B. The specimens were horizontally
sectioned at 4 mm from the apex, and the slices were analyzed
in CLSM (%10). Sealer penetration was analyzed with Adobe
Photoshop software.

Results QG and EG presented similar amounts of sealer pen-
etration (P>.05). MG and CG presented the lowest penetra-
bility values (P<.05). The best results for smear layer removal
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of the apical third of the root canal were achieved by the QG
and EG groups when compared with MG and CG (P<.05).
Conclusions Seventeen percent EDTA and QMix promoted
sealer penetration superior to that achieved by BioPure
MTAD and saline.

Clinical relevance Despite studies have not confirmed the
relationship between sealing ability of endodontic sealers
and their penetration in dentinal tubules, sealer penetration
assumes importance, since endodontic sealers, unlike gutta-
percha, are able to penetrate in dentinal tubules, isthmus,
and accessory canals, filling the root canal system.

Keywords Endodontics - Confocal laser scanning
microscopy - Scanning electron microscopy - Smear layer -
Root canal irrigant - Final irrigation solution

Introduction

It is impossible to create a sterile environment in infected teeth
after chemomechanical preparation [1]. The complexity of
root canal systems leads to remaining pulp tissue and inorgan-
ic debris, mainly in isthmuses or in areas that instruments did
not reach [2, 3]. In this context, irrigants play an indispensable
role. They must present antibacterial activity and an ability to
dissolve organic and inorganic tissues. However, none of the
current irrigants individually meet all these requirements.
Therefore, associations have been proposed [4-8].

Sodium hypochlorite (NaOCl) is the most common irrigant
used during root canal therapy. However, despite its great
antibacterial activity, NaOCI has no effect on the inorganic
portion of the smear layer [9]. The presence of the smear layer
attached to the canal wall impairs irrigants, medications, and
endodontic sealers from accessing dentinal tubules [10]. Thus,
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preceding the placement of canal dressings or the root filling,
additional solutions have been used to act on the inorganic
portion of the smear layer [11-14].

The association of NaOCl and EDTA has been shown to be
effective in removing the smear layer and pulpal remnants with-
in the root canal system [15, 16]. Recently, researchers have
focused on developing new irrigants and establishing alterna-
tive irrigation protocols to better remove the smear layer and
debris from the root canal, especially at the apical third [4, 17].

BioPure MTAD (Dentsply Tulsa Dental, Tulsa, OK, USA)
and QMix (Dentsply Tulsa Dental) are relatively new solutions
used during the final rinse procedure. Both products aim at
removing the inorganic smear layer and disinfect the root canal
system [6, 12, 18]. QMix associates the chelating properties of
EDTA with the substantivity and antimicrobial properties of
chlorhexidine gluconate [18]. QMix consists of a mixture of a
bisbiguanide antimicrobial agent, a polyaminocarboxylic acid
calcium-chelating agent, saline, and a surfactant [6]. BioPure
MTAD, in turn, consists of a mixture of doxycycline, citric
acid, and a detergent (Tween 80).

Many studies have investigated the action of QMix and
BioPure MTAD on the removal of the smear layer and debris
[6, 8, 12]. Some results have pointed to an equivalent efficacy
of QMix, EDTA, and BioPure MTAD on smear layer removal
[4, 5, 8, 19]. However, no study has assessed their influence
on the sealer’s penetration into dentinal tubules. The main
goal of filling procedures is to adequately fill the root canal
system, including accessory canals, isthimus, apical delta, and
dentinal tubules. From a microbiological standpoint, sealer
penetration is desirable because it might entomb residual de-
bris and microorganisms and it may maintain them far from
nutrient sources [20]. Moreover, deep endodontic sealer pen-
etration is notably important because it decreases the interface
between gutta-percha and root dentin and it may improve the
retention of the filling mass by mechanical locking [21].

The aims of the present study were to compare the effect of
QMix, BioPure MTAD, 17 % EDTA, and saline on the penetra-
bility of a resin-based sealer into dentinal tubules using a confo-
cal laser scanning microscope and to describe the cleaning of
root canal walls by SEM analyses. The null hypothesis was that
there would be no differences in sealer penetrability after the final
rinse using QMix, BioPure MTAD, 17 % EDTA, or saline.

Materials and methods

This study was approved by the Ethics Committee of the
Federal University of Rio Grande do Sul. Eighty distobuccal
roots from maxillary molars were selected and transversely sec-
tioned using a diamond disc (KG Sorensen, Cotia, SP, Brazil) at
the cementoenamel junction. Next, the presence of a single ca-
nal was radiographically verified. Only straight roots at least
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12 mm in length with completely formed root apexes and the
absence of root reabsorption were included in this study.

The canals were accessed and the working length (WL)
was established 1 mm short of the total canal length via the
insertion of a #15 K-file (Dentsply Maillefer, Ballaigues,
Switzerland) until it was just visible at the apical foramen.
Before root canal preparation, all roots were randomly divided
into four groups (7=20) according to the solution used in the
final rinse protocol (FRP): QG (QMix), MG (BioPure
MTAD), EG (17 % EDTA), and CG (control group: saline).

The root canals were prepared at WL using the ProTaper
system (Dentsply Maillefer) up to F3 file. After each instrument
change, 2 mL of 2.5 % NaOCI were delivered into the root
canals. According to the manufacturer’s recommendation, in
MG, the roots were irrigated with 2 mL of 1.3 % NaOCL
Five-milliliter disposable plastic syringes (Ultradent Products
Inc., South Jordan, UT, USA) with 30-gauge needles (Endo
Easy Tip, Ultradent Products Inc.) inserted 1 mm shorter than
the WL were used for irrigation. The FRP for the experimental
groups was 5 mL of the test solution for 2 min followed by
2 mL of saline. In the CG, 5 mL of saline was delivered for
2 min followed by 2 mL of the same solution. Finally,
the canals were dried with paper points (Dentsply Maillefer).

Two roots of each group were prepared for scanning with an
electron microscopy (SEM) (JEOL 6060, JEOL, Tokyo, Japan)
operated at 10 kV. Specimens were split by applying slight pres-
sure to an enamel chisel into the longitudinal groove, and one
half of the specimen was randomly chosen. Each sample was
dehydrated in graded series of ethanol solutions, mounted on
stubs, gold-sputtered, and examined on SEM. The apical third
was used to illustrate the amount of debris and the smear layer
after FRP (x2000). Each micrograph was evaluated using five
score index [22] as follows: score 1: no smear layer, dentinal
tubules open; score 2: small amount of smear layer, some den-
tinal tubules open; score 3: homogenous smear layer covering
the root canal wall, only few dentinal tubules open; score 4:
complete root canal wall covered by a homogenous smear layer,
no open dentinal tubule; and score 5: heavy, non-homogenous
smear layer covering the complete root canal wall. The scoring
procedure was performed by two calibrated examiners who
could not identify the experimental group of each specimen.
Statistical analysis was performed using Bioestat 3.0 software
(Bioestat, Instituto Mamiraua, Belém, PA, Brazil). The data
was analyzed using the Kruskal-Wallis test and the Dunn post
hoc test. The significance levels were set at 5 %.

The remaining 40 roots were filled using the single cone
technique. Equal parts of paste A and paste B of an epoxy
resin-based sealer (AH Plus, Dentsply Maillefer) were mixed
with 0.1 % Rhodamine B (RITC; Sigma-Aldrich, St. Louis,
MO). The endodontic sealer was placed in the canal 1 mm
shorter than the WL using a 400-rpm lentulo spiral (Dentsply
Maillefer) for 5 s [23], and a ProTaper F3 gutta-percha cone
(Dentsply Maillefer) was immediately positioned. The
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specimens were stored at 37 °C and 100 % humidity for 7 days
to allow the sealer to set.

Each specimen was horizontally sectioned under water
cooling at 4 mm from the apex using a cut machine (Extec
Labcut 1010, Enfield, CT) to obtain a 2-mm-thick slice. Next,
the coronal surfaces of the slices were polished with Arotec
paste (Arotec, Cotia, SP, Brazil) to eliminate dentin debris
generated during the cutting procedures and to produce a
highly reflective surface.

The slices were examined using an Olympus Fluoview
1000 confocal laser scanning microscope (CLSM) (Olympus
Corporation, Tokyo, Japan) with x10 magnification. The im-
age settings were 70-pum depth with 800x 800 pixels. Using
Adobe Photoshop software (Adobe Systems, San Jose, CA,
USA), one calibrated examiner (R=0.86) analyzed the im-
ages. Initially, the size of all images was standardized with
512x512 pixels with root canal centered. Then, with rectan-
gular marquee tool, the whole image was selected and the total
number of pixels was registered in the histogram tool. Next,
the magnetic lasso tool was used to outline the canal area, and
the number of pixels was obtained. The canal area has been
colored black to hide the sealer inside the canal. By
subtracting these values (pixels of total area and pixels of
canal area), the number of pixels of dentin area was obtained.
Afterward, the sealer impregnated dentin area, colored red,
was outlined with the same tool, and in the color range tool,
red was selected, and the number of red pixels, corresponding
to the sealer penetration, was registered. Finally, the percent-
age of sealer penetration in the dentin wall was calculated.
Statistical analyses were performed using SPSS 16.0 software
(SPSS Co. Chicago, IL, USA). The data was analyzed using
the Shapiro-Wilk normality test, the Kruskal-Wallis test, and

the Dunn post hoc test. The significance levels were set at 5 %.

Results

The Shapiro-Wilk normality test indicated a non-normal dis-
tribution of the data (P=.11). The percentage of sealer pene-
tration into dentinal tubules is shown in Table 1 by the median
and by the 25th and 75th percentiles. Kruskal-Wallis analysis

Table 1 Median and 25th and 75th percentile of sealer impregnated
dentin area after using QMix (QG), BioPure MTAD (MG), 17 % EDTA
(EG), and saline—control group (CG) at the FRP

GQ GM GE CcG
Median 4.14 % 0.32 %" 5.97 % 0.36 %"°
25th percentile 2.0 % 0.0 % 44 % 0.0 %
75th percentile 6.5 % 1.1 % 9.5 % 0.6 %

Different letters denote significant differences after the Kruskal-Wallis
and the Dunn’s post hoc tests («<.05)

showed a significant difference in the sealer penetration
among the groups (P<.05). QMix promoted sealer penetration
that was similar to that achieved after using 17 % EDTA
(P>.05). MG and CG presented the lowest penetrability
values (P<.05). Figure 1 shows representative images of seal-
er penetration according to the irrigant used at the FRP.

The results for the evaluation of the smear layer are sum-
marized in Table 2. The lowest scores for smear layer removal
of the apical third of the root canal were achieved by the QG
and EG groups when compared with MG and CG (P<0.05).

In the SEM images, QG (Fig. 2a) and EG (Fig. 2¢) present-
ed the lowest scores of smear layer attached to the root canal
walls. However, higher scores of smear layer were observed in
MG (Fig. 2b) and CG (Fig. 2d).

Discussion

The presence of a smear layer on the canal walls may reduce
dentin permeability and may hinder sealer penetration into
dentinal tubules [24]. Therefore, its removal is essential to
improve the quality of the root canal filling. Recently, De-
Deus et al. [25] did not find correlation between sealer pene-
tration and the sealability of an epoxy resin-based sealer.
However, this study did not aim to establish any correlation
between these aspects. Sealer penetration into accessory ca-
nals, isthimus, apical delta, and dentinal tubules is particularly
important because the sealer’s antibacterial activity and its
blockade effect can be considered beneficial to prevent rein-
fection [24].

According to the literature, it is harder to remove the smear
layer from the apical third than from the other thirds [21, 26,
27]. At this third, the delivery of the irrigant is impaired, and
dentin exhibits less tubule density or even areas with absent of
tubules [28]. Because of these characteristics, sealer penetra-
tion after FRP with different solutions was assessed at this
portion of the root canal. Slices were obtained 4 mm from
the root apex in order to minimize the inclusion of apical
deltas and anatomical irregularities which must impair the
analysis of sealer penetration.

The single cone technique was performed due to its wide
use in endodontics and because sealer penetration does not
depend on the filling technique [29, 30]. The tubule penetra-
tion of resin-based sealers is not dependent on the hydraulic
forces created during filling; instead, the sealer is drawn into
the tubules by capillary action [27].

Some authors evaluated the maximum penetration of
the sealer by tracing a straight line from the canal wall
up to the outer limit of the visible field in the micro-
scope [20, 27]. The method used in the present study
allows the assessment of the overall penetration related
to the visible field. In many cases, the sealer penetration is
not homogenous along the entire perimeter of the canal;
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Fig. 1 CLSM images (x10) to
illustrate the sealer penetration: a
QG, b MG, ¢ EG, and d CG

therefore, the maximal penetration must not be representative.
For this reason, this study measured the percentage of sealer
impregnated dentin area.

Light microscopy [31], SEM [24], and CLSM [32, 33]
have been used to assess smear layer removal and sealer pen-
etration into dentinal tubules. The main disadvantage of light
microscopy was the inability to distinguish the sealer from the
radicular dentin [27]. CLSM presents certain advantages over
other techniques because it does not require any special spec-
imen processing [30]. To evaluate the samples by SEM, the
specimens must undergo gold sputtering, and because SEM
works under a vacuum, the procedure is time-consuming.
Additionally, CLSM produces fewer artifacts and does not
promote sample dehydration when compared to SEM [34].

Table 2 Median and 25th and 75th percentile of smear layer scores
after using QMix (QG), BioPure MTAD (MG), 17 % EDTA (EG), and
saline—control group (CG) at the FRP

QG MG EG CG
Median 1.0° 2.0° 1.0° 5.0°
25th percentile 1.0 2.0 1.0 425
75th percentile 2.0 3.0 1.75 5.0

Different letters denote significant differences after the Kruskal-Wallis
and the Dunn’s post hoc tests (a<.05)
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CLSM permits image acquisition from several optical sec-
tions, even from thick specimens, which are further recon-
structed to achieve the final image. However, SEM permits
the visualization of only one plane. Rhodamine B dye was
used to promote the fluorescence of the sealer because
CLSM works with high contrast points to identify the sealers
within the dentinal tubules [35]. Patel et al. [36] did not ob-
serve an influence of Rhodamine B dye on the physical prop-
erties of the sealer, most likely because of the small amount of
the dye (0.01 %) mixed with the sealer.

Based on the results of the present study, the null hypoth-
esis was rejected. Sealer penetration was influenced by the
irrigant used at the FRP. It is important to note that sealer
penetration into dentinal tubules can be used as an indicator
for smear layer removal; if the smear layer has closed the
tubule openings, the sealer would not penetrate into then.

Despite the presence of surfactant in the QMix formulation
that decreases surface tension and increases the wettability, the
SEM images showed smear layer removal in QG and EG. In
line with these findings, Stojicic et al. [8] verified that QMix
and 17 % EDTA presented a similar ability to remove the
smear layer in 5 min. The percentages of opened tubules were
88 and 85 %, respectively. Adding these results to the prom-
ising results concerning the antibacterial activity of QMix [8,
18], the chelating effects of QMix seem to be effective in
tubule opening and also in killing bacteria.
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Fig. 2 SEM images (x2000) to
illustrate the cleanness of the
dentin walls: a QG, b MG, ¢ EG,
and d CG

Several studies evaluated the ability of different chelating
agents to remove the smear layer and debris [5-8, 19].
However, the literature does not present any study that has
evaluated the effect of these relatively new solutions (QMix
and BioPure MTAD) on sealer penetrability.

In this investigation, sealer penetration was higher in EG
and QG when compared with MG and CG (P<.05). These
findings are coherent with the results obtained of smear layer
removal. SEM illustrative micrographs showed the smear lay-
er attached to the canal walls in groups that presented the
lowest sealer penetration (MG and CG), and almost all tubules
were opened in groups where the sealer penetration was
higher (EG and QG). According to De-Deus et al. [25], root
canal walls that were completely covered by a smear layer did
not exhibit sealer penetration into dentinal tubules. So, despite
the main goal of the present study being to investigate the
sealer penetration into dentinal tubes after different FRP, our
results can be correlated with the ones that evaluated smear
layer removal.

In contrast with findings of the present investigation,
Torabinejad et al. [4] showed that BioPure MTAD was effec-
tive to remove smear layer. The contradictory results may be
due to differences in the volume of solution and time spent for
irrigation. Whereas Torabinejad et al. [4] used 1 mL of MTAD
per 5 min and, then, a final flush with 4 mL, in the current
study, to standardize the volume and time for all tested solu-
tions, 5 mL of MTAD was used per 2 min.

In accordance with our results, comparing cleaning ability
of BioPure MTAD with 17 % EDTA, Wu et al. [37] showed
better results for 17 % EDTA and Mancini et al. [5] find no
differences in smear layer removal between 17 % EDTA,
BioPure MTAD, and 42 % citric acid.

18kU Xz, AB8 \18xm

D

Some CLSM images showed the absence of a homogeneous
layer of sealer in the dentinal tubules along the entire canal
perimeter. The presence of sclerotic dentin, the small number
of dentinal tubules relative to the cervical and middle thirds, and
the difficulty in removing the smear layer from the apical third
constitute possible reasons that could explain such results [20].
It is difficult to standardize the amount and distribution of scle-
rotic dentin and irregular secondary dentin which may have
influence on the sealer penetration or smear layer patterns.
Even a careful sample selection does not guarantee a homoge-
neous dentin pattern among the specimens. Thus, at the mo-
ment, it consists in a drawback inherent to this methodology.
Compaction loads during root canal filling may lead to a lack of
sealer between the gutta-percha and the root canal wall and may
also contribute to the irregular patterns of sealer penetration [20].

Current methods to evaluate the smear layer removal have
been contested [25]. SEM does not allow a longitudinal obser-
vational character, in which a given dentin area can be observed
at different times. Additionally, the development of computa-
tional routines able to automatically extract quantitative data of
dentin morphology, thus minimizing human bias, is needed
[25]. However, SEM has been widely used for this purpose.

Conclusions

Within the limitations of this study, it can be concluded that
17 % EDTA and QMix promoted sealer penetration superior
to that achieved by BioPure MTAD. When saline and BioPure
MTAD where used for final rinse, higher scores of smear layer
removal were obtained. However, QMix and 17 % EDTA
promote the lowest scores to open the dentinal tubules.
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