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ABSTRACT

Aim: This study aimed to evaluate the influence of different root canal drying protocols on 
the bond strength of a bioceramic sealer, in comparison with an epoxy resin-based sealer. 
Methodology: Sixty-six mandibular premolar teeth had their crowns sectioned and their 
canals prepared with Reciproc (VDW GmbH). Next, the roots were randomly distributed 
into three groups (n=22), according to the different drying protocols: absorbent paper points 
(G

PP
); irrigation with 95% ethanol and drying with paper points (G

95E
); and irrigation with 70% 

ethanol and aspiration with a 30-gauge needle (G
70E

). Each group was then redistributed 
into two subgroups (n=11), according to the sealer used in the single cone technique: Seal-
er Plus BC (MK Life) or AH Plus (Dentsply). After 7 days of obturation, the roots were sectioned 
into 1-mm thick slices and submitted to the push-out test. Bond strength was calculated 
(MPa) and data were analyzed by Kruskal-Wallis test, complemented by Games-Howell 
post-hoc test and Mann-Whitney U test (α=5%). 
Results: There was no statistical difference among the drying protocols in the specimens 
filled with AH Plus, irrespective of the root third (P>0.05). For the Sealer Plus BC, no signif-
icant difference was observed for the drying protocols, however, there was statistical dif-
ference among the root thirds in G

95E 
(P=0.017). When the sealers were compared to each 

other, no statistical difference was observed, regardless of the drying protocol evaluated: 
G

PP
 (P=0.447), G

95E
 (P=0.687) and G

70E
 (P=0.132). 

Conclusions: The different drying protocols of the root canal did not influence the bond 
strength of both endodontic sealers.
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Introduction

I
n order to reestablish the health of 
the periapical tissues, it is necessary 
to effectively perform the cleaning, 
shaping and obturation of the root 
canal system (1). Ideally, the obtura-

tion should promote efficient filling and 
sealing along the entire root canal length, 
including the apical foramen, accessory 
canals, isthmus, voids and irregularities 
(2, 3). For this reason, it is essential that 
the sealers used in the root canal obtura-
tion have certain characteristics, such as 
insolubility to the tissue fluids, biocom-
patibility, flow ability, adequate set-
ting-time, antimicrobial activity and ad-
hesion to the dentine walls (4-6). 
Among the root canal sealers disponible 
in the market, calcium silicate based-seal-
ers, also called “bioceramic sealers” by 
most manufacturers for marketing pur-
pose, have stood out mainly for their ad-
equate physical, chemical and biological 
properties (7). One of them is the Sealer 
Plus BC (MK Life Medical and Dental 
Products, Porto Alegre, RS, Brazil), which 
is a material based on nanoparticulate 
di- and tricalcium silicate. This sealer has 
biocompatibility and bioactive potential 
(8, 9), in addition to antimicrobial activ-
ity (10). This activity has been associated 
with a large release of calcium hydroxide 
and an increase in the pH of the medium, 
when this sealer is used for root canal 
obturation (11). Unlike to conventional 
root canal sealers, calcium silicate-based 
sealers are hydraulic cements and need 
water to start their setting reaction. Under 
hydration conditions, would produce 
calcium silicate hydrate gel (C-S-H), 
which leads to calcium hydroxide forma-
tion, contributing to their biological 
properties (7). 
Another sealer commonly used in endo-
dontics, AH Plus (Dentsply De Trey, Kon-
stanz, Germany), is an epoxy resin-based 
material and has been commonly used as 
gold standard sealer (12) due to its low 
solubility, adequate radiopacity, resistance 
and flow; besides having dimensional 
stability and high bond strength to dentine 
(2, 5, 8, 9, 11, 13).

The bond strength of a sealer to the root 
dentin is an important property for main-
taining the integrity of the filling material 
(14). The drying protocol performed prior 
to root canal obturation may directly in-
fluence the adhesion of the sealer to the 
dentinal walls and reflect on the success 
or failure of the endodontic treatment (15, 
16). Several studies have reported that re-
sidual moisture in the root canal modify 
the sealing ability and the adhesion of 
endodontic sealers (15-17). On the other 
hand, the complete absence of moisture 
may also lead to unsatisfactory results (18).
Moisture plays a fundamental role on the 
bioceramic endodontic sealers setting and 
hardening (19). The complete absence of 
moisture might be associated to alteration 
in setting reaction of this type of endo-
dontic sealer (19). To the best of our knowl-
edge, there is no scientific accordance 
regarding the most appropriate protocol 
for root canal drying prior to obturation 
with bioceramic sealers (16, 19-22).
Therefore, the present study evaluated the 
influence of different root canal drying 
protocols on the bond strength of a bioce-
ramic endodontic sealer (Sealer Plus BC, 
MK Life), in comparison with an epoxy 
resin-based sealer (AH Plus, Dentsply De 
Trey). The null hypothesis tested was that 
the adhesion of both endodontic sealers 
to the root dentin would not be influenced 
by the different levels of moisture, irre-
spective of the root canal third.

Materials and Methods

Sample Size Calculation
The sample size was estimated based on 
previous studies comparing the bond 
strength of teeth filled with different 
endodontic sealers (17, 18). Accordingly, 
with the aid of the sealed Envelope soft-
ware (Sealed Envelope Ltd., 2018, https://
sealedenvelope.com), for the analysis with 
α=0.05 and considering an effect size=0.80, 
at least 10 teeth should be allocated in 
each testing group.

Sample Selection and Preparation
After Institutional Ethics Committee ap-
proval, (Protocol no. 035475), sixty-six 
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freshly extracted human mandibular 
premolars were selected for this study. To 
confirm the existence of a single and 
straight root canal with a fully formed 
apical foramen, the teeth were radio-
graphed (Spectro 70X Selectronic X-ray 
machine, Dabi Atlante, Ribeirão Preto, 
São Paulo, Brazil) in both mesial-distal 
and buccal-lingual directions. The roots 
with large oval canals were substituted 
in order to provide canals with round 
section after endodontic preparation. 
After examination in stereoscopic lens 
under ×4 magnification (Illuminated 
Magnifying Glass, Tokyo, Japan), the teeth 
with caries, restorations and signs of 
cracks were discarded from the final 
sample. Then, the selected teeth were 
cleaned with periodontal curettes (SM 
17/18, Hu-Friedy, Rio de Janeiro, RJ, Bra-
zil), followed by disinfection in 0.5% 
chloramine T solution at a temperature of 
4 °C for 48h, and washing under running 
water for 24h. 
Next, the teeth were positioned, in their 
long axis, on a surface parallel to the 
ground and had their crowns sectioned 
below the cement-enamel junction by a 
double-sided diamond disc (Brasseler 
Dental Products, Savannah, GA, USA), 
under air/water spray copious cooling, in 
order to provide root length of approxi-
mately 16 mm. The root canal length was 
verified by introducing a size 15 Flexofile 
instrument (Dentsply Maillefer, Tulsa, OK, 
USA), until its tip reached the apical fo-
ramen.
Then, the working length (WL) was estab-

lished by subtracting 1 mm from the root 
canal length. 
All root canals were prepared with Re-
ciproc R40 (40/0.06) instrument (VDW 
GmbH, Munich, Germany), driven by an 
electrical motor (VDW Silver, VDW Gm-
bH), according to the manufacturer’s in-
structions. At each removal of the instru-
ment for cleaning, the root canals were 
irrigated with 2 mL of 1% sodium hypo-
chlorite (NaOCl) solution using a syringe 
with NaviTip 30-gauge needle (Ultradent, 
South Jordan, UT, USA) inserted up to 2 
mm from the apical foramen. As final 
irrigation, 3 mL of 2.5% NaOCl was also 
used for 3 minutes, followed by 3 mL of 
17% EDTA and rinsing with 5 mL of dis-
tilled water. 

Drying Protocols 
The roots were randomly assigned to the 
following three experimental groups, 
according to the drying protocols per-
formed (n=22).
GPP (control group): root canals were dried 
with size 40 absorbent paper points 
(Dentsply Maillefer), until complete dry-
ness of the last paper point used.
G95E (lower moisture): the excess of dis-
tilled water was removed with size 40 
absorbent paper points (Dentsply Maille-
fer). Root canals were then dried with the 
application of 3 mL of 95% ethanol using 
a syringe with a NaviTip 30-gauge needle 
inserted up to 2 mm from the apical fora-
men. Ethanol was left in the root canal for 
10 seconds, and removed with absorbent 
paper points, as described in GPP.

Table 1
Sealers used in the experimental procedures, with their respective composition and manufacturers

Sealer Composition Manufacturer

AH PlusTM

AH Plus Paste A: Epoxy Resin with Bisphenol-A, epoxy resin with bisphenol-F, 
calcium tungstate, zirconium oxide, silica, iron oxide pigments.

AH Plus Paste B: Dibenzildiamina; aminoadamantane; triciclodecano diamine, 
calcium tungstate, zirconium oxide, silica, silicone oil.

Dentsply 
DeTrey, 

Konstanz, 
Alemanha

Sealer Plus BC Zirconium oxide, tricalcium silicate, dicalcium silicate,  
calcium hydroxide, propylene glycol.

MK Life, Porto 
Alegre, RS, 

Brazil



154

Root canal drying on sealer adhesion

Giornale Italiano di Endodonzia (2021) 35

G70E (higher moisture): the excess of dis-
tilled water was removed with size 40 
absorbent paper points (Dentsply Maille-
fer). Root canals were dried with the ap-
plication of 3 mL of 70% ethanol using a 
syringe with a NaviTip 30-gauge needle 
inserted up to 2 mm from the apical fora-
men. Ethanol was left in the root canal for 
1 minute, and then, it was aspirated using 
a syringe with Capillary tip (Purple, Ul-
tradent, South Jordan, UT, USA).
Each group was then randomly redistrib-
uted into 2 subgroups (n=11), according to 
the endodontic sealer used, as follows: 
Sealer Plus BC (MK Life) and AH Plus 

(Dentsply De Trey). Each sealer used in the 
experimental procedures, with the respec-
tive composition and manufacturers are 
shown in Table 1.

Root Canal Obturation
The endodontic sealers were manipulated 
according to the recommendations of their 
respective manufacturers. Root canal ob-
turation was performed by the single cone 
technique, using a master gutta-percha 
cone of the Reciproc system (R40, VDW 
GmbH). The sealer was applied to canal 
walls using a lentulo spiral (Dentsply, 
Maillefer). The master cone was coated 

Figure 1 
Representative SEM images of the failure mode analysis for the AH Plus (A-B, E-F, I-J) and Sealer Plus BC Groups (C-D, G-H, K-L). Adhe-

sive-type failures in low magnification (A, C). Note in higher magnification the dentine surface free of sealer and the exposure of dentinal 
tubules after displacement of the filling material, specially at the AH Plus group (B). In the group filled with the calcium silicate-based 
sealer, a white surface with a lesser number of open dentinal tubules was observed (D). Low magnifications of cohesive-type failures 

showing the fracture of the filling material (E, G). Details of the cohesive failures in higher magnification (F, H). In the AH Plus group, it is 
possible to observe the sealer still adhered to the dentine surface (white arrows) and fractured inside material (black arrows) (F). Higher 
magnification of the area demarcated in G showing the calcium silicate-based sealer fractured and partially adhered to the dentine (H). 
Mixed-type failures showing the simultaneous occurrence of adhesive failure at the dentine and cohesive failure of the filling material in 

both groups (I, K). Higher magnification showing details of the mixed failure mode, with the presence of the epoxy-resin based sealer 
fractured and adhered to the dentine (J), and the presence of sealer’s particles adhered to the dentine surface showing structural cohesive 

failure of the calcium silicate-based sealer (L). 
d: dentin; g: gutta-percha; s: sealer.



155

Cardoso IV, Seixas-Silva ML, Teixeira* CS et al

Giornale Italiano di Endodonzia (2021) 35

with sealer and placed within the canal 
up to the WL. After gutta-percha excess 
removal with a heated plugger (Odous de 
Deus, Belo Horizonte, MG, Brazil) and 
vertical compaction, the root canal en-
trance was restored with a temporary re-
storative material (Citodur, Dorident, 
Austria) and the specimens were stored in 
an oven at 37 °C and 100% relative humid-
ity for 7 days, to allow sealers setting.

Push-Out Test
The roots were transversely sectioned in 
relation to their long axis with a diamond 
saw blade (South Bay Technology, San 
Clement, CA, USA), coupled to a metallo-
graphic cutter (Isomet 1000, Buehler, Lake 
Forest, IL, USA), obtaining 1 mm-thick 
slices. The first and last slices were dis-
carded from the final sample. Six slices 
per root were selected to perform the push-
out test.
The root slices were individually attached 
to the lower portion of the Universal Test-
ing Machine (Model 4444, Instron, Canton, 
OH, USA). A compressive load was applied 
by a cylindrical plunger (0.6-1.0 mm in 
diameter) attached to the upper portion of 
the Universal Testing Machine. A cross-
head speed of 0.5 mm/min was applied, 
until bond failure has occurred. 
The maximum force required for the filling 
material displacement was measured in 
Kilonewtons (KN), transformed into New-

tons (N) and converted into Megapascal 
(MPa) by force division by the lateral area 
(SL) of the obturation. SL was calculated 
by the following formula: 

SL= π(R+r) √(h2+ (R-r)2

where SL=lateral bonded surface area, 
R=measure of the radius of the root canal 
in its coronal portion, r=measure of the 
radius of the root canal in its apical por-
tion, h=height/thickness of the root cross 
section.

Failure Mode Analysis
After the push-out test, the fractured slic-
es were submitted to a careful visual ex-
amination in a stereomicroscope (SteREO 
Discovery V12, Carl Zeiss, Jena, Germany) 
at ×50 magnification. The failure mode was 
classified, according to the following cri-
teria: adhesive failure (dentine surface free 
of sealer); cohesive failure (filling material 
fracture, with the dentine surface covered 
by sealer); or mixed failure (part of the 
dentine surface covered by sealer and 
another free). 
Representative samples of each group were 
selected and prepared for analysis under 
Scanning Electron Microscope (SEM) 
(JEOL JSM 6390 LV, Peabody, MA, USA). 
The samples were dried, mounted on alu-
minum stubs, placed in a vacuum chamber 
and sputter-coated with a gold layer of 300 

Table 2
Bond strength Mean Values (MPa) and Standard Deviation for AH Plus, considering  

the different root canal thirds and drying protocols (GPP, G95E and G70E)

Drying Protocol
AH Plus

Cervical Medium Apical

GPP 0.69 ±1.21Aa 0.87±1.29Aa 0.97±1.28Aa

G95E 0.79 ±1.07Aa 0.91±1.18Aa 1.06±0.90Aa

G70E 1.19 ±1.49Aa 0.71±0.89Aa 1.16±0.91Aa

*Equal uppercase letters in the lines indicate no significant statistical difference among the root thirds (Kruskal-Wallis test, p>0.05).
*Equal lowercase letters in the columns indicate no significant statistical difference among the drying protocols (Kruskal-Wallis test, p>0.05). 
G

PP
: control group, drying protocol with paper points; G

95E
: 95% ethanol and paper points; and G

70E
: 70% ethanol and aspiration.
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Å  (Bal-Tec SCD 005, Bal-Tec Co., Balzers, 
Liechtenstein). The failure mode analysis 
was performed under SEM operated at ac-
celerating voltage of 15 kV, at ×20, ×40, ×80, 
×500 and ×1000 magnifications (Figure 1).

Statistical Analysis
The normality of the data was verified by 
the Kolmogorov Smirnov test (p<0.05) and 
non-parametric tests were used in the data 
analysis (α=5%). When the drying protocols 
and different root canal thirds were con-
sidered in the analysis, the bond strength 
data were submitted to Kruskal-Wallis test, 
complemented by the Games-Howell post-
hoc test. The comparison between the 
endodontic sealers was performed by the 

Mann-Whitney U test, when the root canal 
thirds were not considered. The statistical 
tests were performed with the aid of the 
GraphPad Prism 4.0 Software program 
(GraphPad Software, La Jolla, CA, USA).

Results

Table 2 and 3 show the bond strength mean 
values of AH Plus and Sealer Plus BC, 
respectively, considering the different root 
canal thirds. In samples obturated with 
AH Plus, there was no significant differ-
ence between the experimental groups 
(drying protocols), irrespective of the root 
canal third assessed (P>0.05). For Sealer 
Plus BC, no significant difference between 

Table 3

Bond strength Mean Values (MPa) and Standard Deviation for Sealer Plus BC, considering the different root 
canal thirds and drying protocols (GPP, G95E and G70E)

Drying Protocol
Sealer Plus BC

Cervical Medium Apical

GPP 0.65±0.71Aa 0.47±0.43Aa 1.08±0.87Aa

G95E 0.50±0.54Aa 1.04±1.55ABa 1.06±0.59Ba

G70E 1.24±1.61Aa 1.21±1.72Aa 1.51±1.23Aa

 
*Different uppercase letters in the lines indicate statistical difference among the root thirds (Kruskal-Wallis test and Games-Howell post-hoc, p<0.05).
*Equal lowercase letters in the columns indicate no significant statistical difference among the drying protocols (Kruskal-Wallis test, p>0.05).
GPP: control group, drying protocol with paper points; G95E: 95% ethanol and paper points; and G70E: 70% ethanol and aspiration.

Table 4

Bond strength Mean Values (MPa) and Standard Deviation for AH Plus and Sealer Plus BC considering  
the drying protocols (GPP, G95E and G70E)

Drying Protocol
Sealer

AH Plus Sealer Plus BC

GPP 0.84±1.23Aa 0.71±0.65Aa

G95E 1.24±0.94Aa 0.85±0.69Aa

G70E 1.16±1.25Aa 1.34±1.38Aa

*Equal uppercase letters in the lines indicate no significant statistical difference between the sealers (Mann-Whitney U test, p>0.05).
*Equal lowercase letters in the columns indicate no significant statistical difference among the drying protocols (Kruskal-Wallis test, p>0.05). 
G

PP
: control group, drying protocol with paper points; G

95E
: 95% ethanol and paper points; and G

70E
: 70% ethanol and aspiration.
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the drying protocols was observed (P>0.05), 
however, there was statistical difference 
between the cervical and apical root canal 
thirds for G95E (P=0.017). When the root 
canal thirds were not considered in the 
analysis, no statistically significant differ-
ence was observed between the drying 
protocols for AH Plus (P=0.446) and Seal-
er Plus BC (P=0.497) (Table 4).
Table 5 shows the distribution of the fail-
ure modes (adhesive, cohesive or mixed). 
AH Plus presented predominantly cohe-
sive failures for GPP (44.44%) and G95E 
(41.16%), and adhesive failure for G70E 
(48.49%). For the Sealer Plus BC, the ma-
jority of specimens presented mixed fail-
ure (GPP 51.42% and G95E 50.01%). G70E 
presented similar percentages of cohesive 
(39.30%) and mixed (39.28%) failures.

Discussion

The integrity of root canal sealing after 
obturation is directly related to the bond 
strength of the endodontic sealer to the 
dentinal walls (23). However, the moisture 
and the presence of fluids prior to this 
clinical step may influence the adhesive-
ness of sealers (21, 22). Other studies also 
have showed the effect of intracanal mois-
ture on the bond strength of endodontic 
sealers to root canal dentin (16, 17, 20, 21, 
24, 25). On the other hand, until now, no 

studies have evaluated the influence of 
different drying protocols on the bond 
strength of Sealer Plus BC (bioceramic 
endodontic sealer) to the root canal walls. 
Therefore, the purpose of the present study 
was to evaluate the influence of different 
root canal drying protocols on the bond 
strength of a bioceramic endodontic seal-
er, in comparison with an epoxy res-
in-based sealer. Based on the results ob-
tained, the null hypothesis was accepted, 
as none of the assessed drying protocols 
affected the bond strength of the endodon-
tic sealers to the root dentin, when root 
canals were obturated with the single cone 
technique. 
The bond strength of the endodontic seal-
ers may be measured by several methods, 
and the push-out test is one of the most 
used due to its easy reproducibility and 
interpretation of the results (26). In the 
present study, the resistance of the filling 
material to displacement was evaluated 
using tips with different diameters (0.6 to 
1.0mm), specifically selected for use ac-
cording to the diameter of the root canal 
in each root portion. The use of this appa-
ratus allowed the force to be applied to the 
material in a more homogeneous way, 
making the results more reliable (27). The 
epoxy-resin based sealer chosen for com-
parison to the bioceramic has been wide-
ly used in previous studies and is consid-

Table 5
Distribution of Failure Modes (%) according to the sealers and drying protocols

Drying Protocol

Sealer

AH Plus Sealer Plus BC

Adhesive Cohesive Mixed Adhesive Cohesive Mixed

GPP 22.23 44.44 33.33 17.16 31.42 51.42

G95E 22.23 41.66 36.11 20.58 29.41 50.01

G70E 48.49 12.12 39.39 21.42 39.30 39.28

 
G

PP
: control group, drying protocol with paper points; G

95E
: 95% ethanol and paper points; and G

70E
: 70% ethanol and aspiration.
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ered a gold-standard sealer, since it has 
excellent physicochemical properties (28) 
and adequate bond strength to dentin (4).
In this study, to perform different moisture 
conditions of the root dentine, the canals 
were irrigated with different concentrations 
of alcohol and the content was dried with 
absorbent paper points or aspirated using 
a syringe with Capillary tip. This protocol 
has already been used in previous studies, 
with the aim of evaluating the influence of 
different moisture conditions on dentine 
and its relationship with different types of 
endodontic sealers (15, 17, 20).
Our results shows that the presence of 
greater or lesser moisture in the root canal, 
after the use of the different drying proto-
cols, did not interfere in the bond strength 
of the tested sealers to root dentin. In ad-
dition, there was no statistically significant 
difference between both endodontic seal-
ers, regardless of the drying protocol 
evaluated. These results differ from the 
literature, which has shown significant 
difference with the use of different root 
canal drying protocols, especially with 
respect to bioceramic sealers (18, 20-22, 
24).  It is important to point out that in our 
study we performed root canal filling 
simulating what happens in clinical real-
ity, in which the endodontic sealers are 
used in conjunction with gutta percha 
cones for root canal filling. Many studies 
use only sealers to check the influence of 
moisture on its bond strength to root canal 
dentin (16-20). However, it is necessary to 
check the behavior of these sealers accord-
ing to their clinical application, regardless 
of existing laboratory results. 
The use of the single cone technique may 
be associated with the low bond strength 
values exhibited by the AH Plus sealer in 
our experiment. While some studies have 
shown higher bond strength values with 
the use of the single cone in root canal 
filling, others have observed lower adhe-
sion to dentin with the use of this tech-
nique (26, 29), mainly in the obturation of 
oval root canals (27).
In another study, Araújo et al. (29) obtained 
results of bond strength to dentin (0.77 
MPa), after root canal preparation with a 
reciprocating system and obturation with 

AH Plus by the single-cone technique, 
lower than the group in which the spec-
imens were obturated by the lateral 
condensation technique.
These results are similar to the bond 
strength values obtained in the present 
study (0.84 MPa, Table 4), in the experi-
mental group where the root canals were 
dried with paper points and sealed with 
epoxy-resin sealer. 
According to Rached-Júnior et al. (26), 
during the execution of the single cone 
technique, the sealing forces are exerted 
mainly in the apical direction, which 
may reduce the frictional resistance of 
the filling material against the root canal 
walls and decrease the bond strength to 
dentin. In addition, the anatomic varia-
tions of the root canal may increase the 
occurrence of non-touched areas by the 
instruments during preparation, which 
may negatively affect the adaptation of 
the master cone (26). Also, according to 
the study of Pereira et al. (27), root canals 
with circular section have higher bond 
strength in the cervical and middle thirds 
than those with more oval section. The 
latter have 3 to 4 times more sealer in the 
cervical and middle thirds than circular 
canals, making these areas more suscep-
tible to failure, due to larger sealer accu-
mulation (27). In the apical third, the 
presence of less sealer may explain 
similar values of bond strength in all 
groups, including in the bioceramic seal-
er groups (27). However, the assessment 
of this condition was not included in the 
present study and should be evaluated in 
the future studies with the use of other 
methodologies. 
The most appropriate dimensional sta-
bility of calcium silicate-based sealer is 
often highlighted as the main reason for 
allowing their use with the cold hydrau-
lic condensation, especially the sin-
gle-cone technique (7). In the single-cone 
technique, greater emphasis is placed on 
the sealer used than on gutta-percha 
(concept of sealer-based filling) (7). Thus, 
especially in non-vital teeth, the use of a 
calcium silicate-based sealer, such as 
Sealer BC, due to its more adequate bio-
logical properties, may induce a mild 
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inflammatory reaction and favor repair 
when in close contact with the periapical 
tissue (9).
Several studies have shown that the lev-
el of root canal moisture may affect the 
adhesiveness of the endodontic sealers, 
and that their composition also influenc-
es their behavior in the presence of high-
er or lower moisture (16, 17, 20, 22, 30). 
Nagas et al. (17) evaluated the bond 
strength of the iRoot SP, AH Plus and 
MTA Fillapex sealers inserted in root 
canals with different levels of residual 
moisture. These authors observed that, 
regardless of the moisture level, the bioc-
eramic iRoot SP demonstrated the highest 
adhesive potential, which may be ex-
plained by the material composition. This 
class of sealer have particles of reduced 
size, which allows better flow between the 
gutta-percha cones and possible irregu-
larities inherent to the root canal (30). 
Paula et al. (20) assessed different drying 
protocols (70% isopropyl alcohol, paper 
points, EndoVac and 95% ethanol) prior 
to obturation with MTA Fillapex, AH Plus 
and Sealapex, and correlated the high 
polarity of the ethanol molecules with 
the canal dehydration, and consequent 
decrease of the adhesive potential of the 
sealers. In another study (25), the authors 
found that the iRoot SP sealer presented 
lower bond strength when the root canals 
were dried with paper points (3 to 4 units) 
and ethyl alcohol. This result might be 
explained by the fact that this material, 
similarly to other bioceramic sealers, has 
in its composition calcium silicate and 
calcium phosphate, whose main com-
pounds require moisture to carry out the 
hydration reaction, allowing the sealer 
setting and hardening (31). Furthermore, 
the excessive drying promoted by the 
mentioned protocols removed the water 
present in the dentinal tubules, which 
may hinder the penetration of hydrophil-
ic sealers and compromise the adhesion 
quality of them (15). 
Such evidence corroborates with a recent 
study (16), which concludes that main-
taining moist dentin, but not dry or wet 
dentin, may be advantageous before the 
filling root canals with bioactive sealers. 

However, in our study, there was no sig-
nificant difference among the tested 
drying protocols when Sealer Plus BC 
was used for root canal filling. The meth-
odological differences of the studies may 
have contributed to the achievement of 
different results, since in the study by 
Tasdemir et al. (24), for instance, the 
obturation was performed only with the 
iRoot sealer, without the presence of 
gutta-percha cones.
In the present study, Sealer Plus BC pre-
sented significant difference among the 
root canal thirds in G95E (drying with 95% 
ethyl alcohol and paper points, lower 
moisture). The apical third had signifi-
cant difference when compared to the 
middle and cervical thirds. In a study 
conducted by Dias et al. (18), the residual 
moisture was evaluated after root canals 
drying with paper points or paper points 
associated with irrigation with 70% iso-
propyl alcohol. The authors also reported 
differences in bond strength values 
among the root canal thirds, and related 
their results to the difficulty in standard-
izing the moisture along the root canal, 
due to the difference in density of the 
dentinal tubules and the difficulty of 
accessing and drying the solutions in the 
more apical portions (32). According to 
the manufacturer of the Sealer Plus BC, 
this sealer is an insoluble, radiopaque 
and non-aluminum compound, which 
contains calcium silicate and requires 
the presence of moisture to set. It may be 
assumed that in the groups obturated 
with Sealer Plus BC, the apical third 
presented a greater content of residual 
moisture than the cervical and middle 
thirds, optimizing the setting reaction of 
the sealer. However, new studies need to 
be performed to assess other obturation 
techniques associated to other drying 
protocols. 
Studies have reported that water remov-
al almost completely decreases the bond 
strength of calcium silicate-based end-
odontic sealers to root dentine (17,20,24). 
However, the excess of water may also be 
a detrimental factor for this class of ma-
terials (21). In a study conducted by 
Razmi et al. (21), the decrease of bond 
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strength to dentin was verified when the 
sealer EndoSequence was inserted in an 
intracanal environment with presence of 
excessive humidity. The hydrophilic 
characteristics of the sealing materials 
will never be sufficient to displace the 
water in a fully wet root canal, leading to 
a trap of water droplets at the dentine-ce-
ment interface, which results in a de-
crease in adhesiveness (15). 
Despite the results presented in other 
studies, the occurrence of extreme situ-
ations, which include dehydrated or ex-
cessively hydrated root canals, negative-
ly interferes with the quality of sealer 
adhesion to the dentinal walls (17, 21). 
Sealer Plus BC and AH Plus, did not show 
significant statistical difference in relation 
to the drying protocols performed. Sealer 
Plus BC has good physicochemical prop-
erties, such as pH, calcium ion release, 
flow, radiopacity and setting-time, howev-
er, this new calcium silicate-based end-
odontic sealer showed higher solubility 
than recommended by ISO 6876:2012 (11). 
Also, as it is a premixed bioceramic sealer, 
it has some advantages, such as the reduced 
working time, and it is not influenced by 
manual mixing and any change in the 
powder-liquid ratio that may affect its phys-
icochemical properties (33-35). When com-
pared to the powder-liquid presentation 
form, this sealer may have better physico-
chemical properties, such as viscosity, sol-
ubility and bond strength to root dentine, 
however, as it was not the objective of the 
present study, further studies are needed to 
evaluate this comparison.
It is important to highlight that the present 
study has some limitations, such as the 
non-comparison with other bioceramic 
sealers and the non-use of a wet chamber 
to simulate a wet root canal, which would 
be more similar to the clinical situation 
than the use of an oven in this experi-
ment. Therefore, it is necessary to carry 
out further laboratory and clinical stud-
ies in order to verify the physicochemical 
and biological properties of this sealer, 
comparing it with other calcium sili-
cate-based endodontic sealers (premixed 
or not) and its use with different tech-
niques of root canal filling.

Conclusions

The different levels of moisture did not 
influence the bond strength of the tested 
endodontic sealers to the root canal walls, 
when the single cone technique was used 
to perform the root canal filling. The bio-
ceramic and the epoxy resin-based sealers 
presented similar results regarding bond 
strength, except for the apical third, when 
the root canal was dried with absorbent 
paper points and 95% ethanol prior to 
obturation with the bioceramic sealer.
 
Clinical Relevance

Moisture has a fundamental role in the 
hydration kinetics of bioceramic sealers. 
It is important that clinicians know the 
most appropriate root canal drying proto-
cols when using bioceramic sealers for 
root canal obturation.
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