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Intratubular Sealer Penetration: Scanning Electron Microscopy 
Associated with Cathodoluminescence Analysis
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Ab s t r ac t
Aim: The aim of the study was to compare the ability of three endodontic sealers, Endofill (END), AH Plus (AHP), and Sealer Plus BC (SPB), to 
penetrate dentinal tubules.
Materials and methods: Forty-five human teeth, single-rooted and previously instrumented mandibular premolars, were randomly divided into 
three experimental groups (n = 15): END (n = 15), AHP (n = 15), and SPB (n = 15). After obturation, dental sections were performed horizontally, 
at 2 and 5  mm from the root apex. The samples were analyzed by scanning electron microscopy associated with cathodoluminescence. 
Percentage penetration (PP%) and maximum penetration depth (MPD) of the sealers were evaluated by the Kruskal-Wallis and Mann-Whitney 
tests, for general and paired data, respectively. The Wilcoxon test was applied to analyze the differences between the 5 and 2 mm distances. 
A 5% significance level was adopted.
Results: As for PP%, AHP and SPB were similar (p = 0.127) and presented higher values than END (AHP, p = 0.024 and SPB, p <0.001); with regard 
to MPD, AHP and SPB did not differ either (p = 0.450), but were higher than END (p <0.001); in both analyses, penetration was greater at 5 mm 
than at 2 mm (p <0.001).
Conclusion: SPB showed satisfactory performance in penetrating dentinal tubules, being similar to AHP, and superior to END.
Clinical significance: Greater penetration of sealer into the dentinal tubules may increase the chance of successful endodontic treatment.
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In t r o d u c t i o n
Endodontic therapy refers to treatment of root canal systems and 
is influenced by many clinical and biological factors that lead to the 
success or failure of the treatment performed.1

Besides the use of instruments, antibacterial substances such as 
irrigants and endodontic sealers are essential for a good outcome.1,2 
It is known that mechanical activation of irrigating solutions 
enhances their action in the dissolution of organic tissues, removal 
of the smear layer, and combating bacterial infection,2,3 because 
the movement of the irrigants against the walls of the root canal 
favors their penetration into the dentinal ramifications and tubules.4 
Likewise, endodontic sealers, when activated, are capable of more 
effectively filling flattened canals, isthmus, and dentinal tubules, 
mainly with the use of ultrasonic devices that promote their agitation 
and favor their distribution inside the canals, minimizing the 
formation of gaps that can harbor microorganisms.5–7 When in direct 
contact with these microorganisms, in addition to their antibacterial 
action, sealers increase obturation sealability and quality.8

Endofill®—END (Dentsply Sirona, Ballaigues, Switzerland) is a 
sealer based on zinc oxide and eugenol and is already established 
in the literature, with radiopacity and impermeability suitable for 
endodontic needs;9 likewise, AH Plus®—AHP (Dentsply Sirona, 
Ballaigues, Switzerland), is a resin sealer, composed of epoxy 
resin, and is considered as one of the best filling materials, 
with long-lasting sealing properties, excellent dimensional 
stability, self-adhesive property, antimicrobial activity, and high 
radiopacity.9 Sealer Plus BC®—SPB (MK Life, Porto Alegre, Rio 
Grande do Sul, Brazil), is a recently developed bioceramic sealer, 

having characteristics of high flow, radiopacity, antimicrobial 
activity, biocompatibility and bioactivity, and biomineralization 
action.10–13

Also, it is important to assess the ability of these materials 
to penetrate the dentinal tubules, once greater penetration 
may increase the chance of successful endodontic treatment. 
Several studies were developed with this aim,14–19 and the 
cathodoluminescence is a method that may be applied for this 
purpose.15 In this technique, electrons impact in a luminescent 
material results in the emission of photons, that present wavelengths 
in the visible spectrum.20
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The aim of this study was therefore to determine percentage 
penetration (PP%) and maximum penetration depth (MPD) of 
three sealers (END, AHP, and SPB) in endodontic therapy. The null 
hypothesis was that there would be no difference between the 
sealers regarding the outcomes.

Mat e r ia  l s a n d Me t h o d s

Sample Selection
The sample size calculation was based on the method proposed 
in the article by Oliveira et al.15 regarding single-rooted teeth, with 
a 95% confidence interval and 80% power. This generated a final 
sample of 45 teeth, i.e., 15 per group.

Forty-five extracted human teeth, obtained from the university’s 
tooth bank, mandibular premolars, single-rooted teeth with a single 
canal, complete apex, and which had not been endodontically 
treated, were selected for this study. In order to verify the existence 
of a single canal, the teeth were radiographed in the buccolingual 
and mesiodistal directions with a digital sensor.

Teeth with multiple canals, incomplete apex, calcifications, 
or endodontic treatment were excluded. The selected teeth 
were stored in distilled water, under refrigeration at 9°C, until the 
beginning of the study. 

The study was registered with the institutional Research Ethics 
Committee (Opinion No. 3.428.728). All teeth had an indication for 
extraction and the donors signed an informed consent term for 
donation to the tooth bank.

Root Canal Preparation
All steps of the experiment were performed by just one operator.

The length of the teeth was standardized at 16 mm, while the 
working length (WL) was set up at 15  mm, by visually checking 
the passage of a K #10/.02 hand-file (Dentsply Sirona, Ballaigues, 
Switzerland) through the root apex. The teeth were sectioned with 
a diamond disk in a micromotor and contra-angle at a speed of 
20,000 rpm under irrigation with distilled water. Some teeth needed 
endodontic access to be complemented with diamond burs 3081 
(KG Sorensen, Cotia, São Paulo, Brazil).

Mechanical preparation was performed with the ProTaper Next® 
system (Dentsply Sirona, Ballaigues, Switzerland), obtaining surgical 
diameter #30 (X3), following the 25 mm X1, X2, and X3 instruments 
in the Smart Plus® X endodontic device (Dentsply Sirona, Ballaigues, 
Switzerland), at a speed of 300 rpm and torque of 2 N cm. Irrigation, 
using 5  mL syringes (Ultradent, South Jordan, Utah, USA), was 
performed with 2.5% sodium hypochlorite (NaOCl), 4  mL being 
used after each file change.

Final Irrigation
In the final irrigation, 3 mL of 17% EDTA and 3 mL of 2.5% NaOCl 
were used. Each solution was activated with the ultrasonic insert 
E1-irrisonic® #20 (Helse, Santa Rosa de Viterbo, São Paulo, Brazil) at a 
length of 14 mm (WL-1 mm), during three cycles of 20 seconds. The 
canals were dried with suction cannulas (Ultradent, South Jordan, 
Utah, USA) and #30 absorbent paper points.

Obturation and Storage
Forty-five specimens were divided into three groups (n  =  15) 
according to the sealer: END, AHP, and SPB, manipulates as 
recommended by their respective manufacturers. At this stage, 
0.05 mL of sealer was taken to each root canal using a tuberculin 
syringe. Each material was inserted and activated for 30 seconds 
with the E1-irrisonic® device, at 14 mm.

Obturation was performed using the single cone technique, 
with the same diameter as the preparation (X3). Excess filling 
material was removed with a heated instrument, followed by gentle 
vertical condensation with a condenser. The specimens were sealed 
in the coronal portion with Light-Cured Universal Restorative® Glass 
Ionomer Cement (GC Corporation, Tokyo, Japan), being stored in 
an oven at 37°C, with 100% humidity, for 24  hours to allow the 
sealer to set.

Dental Section
The teeth were sectioned perpendicularly along the long root axis 
with a diamond disk, using the IsoMet® cutting machine (Buehler, 
Lake Bluff, IL, USA) at 300 rpm and in a humid environment. The 
sections were made at 2 and 5 mm from the root apex, obtaining a 
3-mm-thick sample. The samples were washed in running water and 
detergent in order to preserve the surface with minimal scratches 
for microscopic analysis.15

Image Acquisition
Scanning electron microscopy (SEM) was performed with a 
JSM-6010LA microscope (Jeol, Tokyo, Japan), with the Centaurus 
detector for cathodoluminescence analysis. Magnification for all 
samples was 30× and beam acceleration was 20 kV. Evaluation of 
each section was performed with the ImageJ® software (National 
Institutes of Health, Bethesda, Maryland, USA), using measurement 
with a calibrated tool, by only one operator. Initially, the location of 
the root canal walls was determined by drawing the silhouette of 
the canal from which the PP% and MPD of the endodontic sealer 
in the dentinal tubules were identified.

Image Analysis
A continuous line was drawn in order to assess MPD, following 
the radial penetration of the sealer into the dentin, from the 
root canal wall to the deepest penetration point. In the PP% 
analysis, a grid division was applied (horizontal and vertical lines 
forming squares); the number of squares covering the walls of the 
main canal corresponded to the total area; then, the number of 
squares filled with endodontic sealer was verified. Dividing the 
penetrated area by the total area of the canal-dentin interface 
allowed the PP% of the endodontic sealer in the dentinal tubules 
to be determined.

Statistical Analysis
The sample presented non-normal distribution according to the 
Kolmogorov-Smirnov test (p <0.05), so the statistical analysis was 
performed using the nonparametric Kruskal-Wallis test for general 
comparisons and the Mann-Whitney test for paired comparisons. 
Differences between apical distances of 2 and 5 mm within each 
group were analyzed using the Wilcoxon test. A 0.05 confidence 
level was adopted.

Re s u lts
PP% and MPD are shown in Table 1 and in Figures 1 and 2.

PP%
The AHP and SPB sealers had a higher PP% than the END sealer 
(AHP, p = 0.024; SPB, p <0.001); however, no difference was found 
between AHP and SPB (p  =  0.127). At 2  mm, the outcome was 
significantly smaller than at 5 mm (p <0.001) for the same sealer 
(Figs 1 and 2).
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MPD
AHP and SPB sealers showed greater penetration than END 
(p  <0.001); however, AHP and SPB did not show differences 

(p = 0.450). Lower penetration was also indicated at 2 mm than at 
5 mm (p <0.001) for each sealer (Figs 1 and 2). 

Examples of SEM images are shown in Figure 3.

Fig. 1: SEM images associated with cathodoluminescence for the 2 and 5 mm groups. SEM, scanning electron microscopy; EF-2, Endofill 2 mm; 
EF-5, Endofill 5 mm; AP-2, AH Plus at 2 mm; AP-5, AH Plus at 5 mm; SP-2, Sealer Plus BC 2 mm; SP-5, Sealer Plus BC at 5 mm 

Fig. 2: PP% of the sealers at different distances. Note: PP%, percentage 
penetration; END, Endofill; AHP, AH Plus; SPB, Sealer Plus BC

Fig. 3: MPD of the sealers at different distances. Note: MPD, maximum 
penetration depth; END, Endofill; AHP, AH Plus; SPB, Sealer Plus BC

Table 1: Mean values and standard deviations (SDs) of PP% and MPD of sealers (μm) according to experimental groups (n = 15)

Variable Distance END AHP SPB

PP% 2 mm 19.77 ± 12.93Aa 37.11 ± 18.85Ab 27.59 ± 15.02Ab

5 mm 29.29 ± 21.18Ba 63.64 ± 16.10Bb 57.28 ± 23.01Bb

MPD 2 mm 68.07 ± 39.23Ca 112.67 ± 84.89Cb 315.83 ± 127.18Cb

5 mm 119.32 ± 73.38Da 116.86 ± 75.26Db 470.94 ± 302.61Db

END, Endofill; AHP, AH Plus; SPB, Sealer Plus BC; SD, standard deviation. Different capital letters indicate significant differences in the column. Lowercase 
letters indicate significant differences in rows (p <0.05) 
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Di s c u s s i o n
The aim of this study was to compare PP% and MPD of END, AHP, 
and SPB sealers in dentinal tubules, with ultrasonic activation. The 
null hypothesis was rejected, as the materials showed different 
performances.

AHP is considered the gold standard among the sealers, while 
the SPB is commercialized with a proposal to be similar to AHP. 
Thus, this study aimed to verify if the penetration pattern would 
be similar between them and, also, in comparison with END, a 
widely used sealer. 

The composition of a sealer affects its physicochemical 
characteristics, such as consistency, viscosity, and flow capacity, 
which directly influence tubular penetration.16 The diversity in 
terms of results in the present study possibly occurred due to 
their different compositions: END is based on zinc oxide and 
eugenol, AHP is composed of epoxy resin, and SPB is a bioceramic 
material.9,10–13 

The properties of END and AHP sealers have been investigated 
in the literature9,17,18 while SPB has been reported as a biocompatible 
sealer with low cytotoxicity, the physicochemical properties of 
which are in accordance with the specifications required by the 
American Dental Association (ADA).11–13

Other factors need to be considered for the sealer to flow into 
the tubules, such as the inner diameter of the root canal, amount 
of inserted material, and removal of the smear layer formed after 
chemical-mechanical preparation.19–22 For this reason, in this 
research, the agitation of the irrigating solutions was carried out, 
as it increases the cleaning capacity.2–4 Also, ultrasonic activation 
has begun to be studied in endodontic sealers and has shown 
an improvement in the distribution of the material along the 
canal, promoting better sealing, which contributes to quality 
treatment.5,6,23

In the present study, the AHP and SPB sealers presented higher 
PP% than the END sealer, which is in agreement with De Bem et al.24 
and Piai et al.,13 with similar penetration values in the apical third. 
The findings are also in agreement with the study by Tedesco et al.,25 
in which AHP presented better results than END. These results may 
be explained by the similar physicochemical properties (flowability) 
of AHP and SPB, resulting in higher dentinal tubule penetration.

De Bem et al.24 tested AHP ultrasonic activation and passive 
insertion, and the results obtained showed no significant difference, 
while Guimarães et al.5 indicated that ultrasonic activation of this 
sealer was relevant with effect from 4  mm away from the root 
apex. However, Khedmat et al.26 indicated that sealers subjected 
to different temperatures may change their viscoelastic property, 
which may result from the ultrasonic activation of these materials. 
It is postulated that activated endodontic sealers are capable of 
more effectively filling of anatomical variations that can harbor 
microorganisms,5–7 then increasing obturation sealability and 
quality, improving the antibacterial action.8

Regarding sealer MPD in the dentinal tubules, AHP and SPB 
had similar performance, but were superior in relation to END. 
The results of Garrido et al.27 indicated the smallest flow of END 
in relation to AHP, while Vertuan et al.12 confirmed that AHP and 
SPB had similar flows. These results can also be explained by the 
similarity of the physicochemical properties of these materials.

All the sealers penetrated more at 5 mm than at 2 mm from the 
root apex, a result expected due to the anatomy of the apical region, 
which is an area of difficult access, contains fewer tubules and has 
a smaller diameter, and more sclerotic dentin.13,19,24,28

Regarding the methods, SEM has been used to mainly address 
smear layer removal and endodontic sealer penetration in dental 
sections.2,3,22 The sealers, here studied, have a cathodoluminescence 
property, which makes them contrast when a cathodoluminescence 
detector is associated with SEM, allowing it to be observed inside 
the dentinal tubules, in dental slices, which justifies the technique 
chosen.15,20

Finally, from the clinical point of view, sealer PP% seems to be 
more relevant than sealer MPD.28

The obturation of oval canals, here represented by the chosen 
dental group (mandibular premolars), is a challenge, and the 
strategies of activating irrigants and sealers must be considered.

The limitations of this study are those related to the ex vivo 
model adopted. The SPB sealer still needs to be studied further, 
including other physicochemical properties, in addition to clinical 
studies with longer follow-ups to test its effectiveness.

Co n c lu s i o n
SPB showed superior performance regarding PP% and MPD in the 
dentinal tubules in relation to END, but its performance was similar 
to that of AHP.

Clinical Significance
Greater penetration of sealer into the dentinal tubules may increase 
the chance of successful endodontic treatment.
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