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Abstract

Effect of Phosphoric Acid Etching on Bond
Strength of Resin according to the Type of Sealer
for Root Canal Filling

Joo Yong Lee, D.D.S., M.S.D.

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Jeong-Won Park, D.D.S., M.S.D., Ph.D.)

I. Introduction

The use of root canal sealers is indispensable for the obturation of root canals. Epoxy
resin-based sealers such as AH Plus (Dentsply Sirona, DeTrey, Konstanz, Germany) are
commonly used in endodontic practice, but calcium silicate-based sealers have been widely

used in recent years because of their osteoinductive effect, long-term antibacterial effect,



biocompatibility, sealing properties. When the sealer used for root canal filling is not
completely removed from dentin, it can interfere with the adhesion of dentin to the resin
core restoration, resulting in interfacial microleakage. To avoid this, several methods have
been suggested to remove root canal sealers from contaminated dentin. Phosphoric acid
(PA) etching is considered useful for hydrophobic sealers such as AH Plus; however,
researchers have not studied whether itis also effective for water-soluble calcium silicate-
based sealers, which have been commonly used in recent years. This study evaluated the
microtensile bond strength of calcium silicate-based sealers and AH Plus depending on the
use of phosphoric acid etching before immediate resin restoration of proper filling methods

in this situation.

II. Materials and method

Exposed dentin surfaces of extracted human third molars were randomly assigned to 3
groups depending on sealer type (AH Plus [Dentsply Sirona DeTrey], CeraSeal [Meta
Biomed Co.], and EndoSeal MTA [Maruchi]). Half of the samples were treated with PA for
30 seconds and cleaned with distilled water for additional 30 seconds, and the other half
were cleaned with only distilled water for 30 seconds. Untreated specimens were used as
control. Self-etching adhesive (Clearfil SE Bond, Kuraray) was applied, and composite
resin (Tetric N-Ceram, Ivoclar Vivadent) was used to resin core build-up. After 24 hours,

the microtensile bond strength was measured (EZ-S Test, Shimadzu Co.). The failure mode



was determined by light microscopy and scanning electron microscopy. One-way analysis

of variance with the Bonferroni correction was used to analyze the data (p<0.05).

II1. Result

The bond strength of the water-washed dentin surfaces in the calcium silicate-based sealer
groups did not differ significantly from those of the Control group, but the PA-pretreated
surfaces exhibited relatively low bond strength. The AH Plus-treated group had lower bond
strength than the Control group when no PA treatment was applied, but PA treatment
restored the bond strength. The adhesive failure mode was most frequently found in the AH

Plus group without PA etching.

IV. Conclusion

When a water-soluble calcium silicate-based sealer is used, sufficient bond strength can
be obtained by washing with water alone, with no need for PA use. When a liposoluble AH

Plus sealer is used, PA etching is effective to remove AH Plus sealer.

Keywords: Microtensile bond strength; Calcium silicate-based sealer; Immediate bonding;

Phosphoric acid pretreatment; Core resin bond strength
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I. INTRODUCTION

Sealer is one of the root canal obturation materials and plays a critical role in sealing the
root canal system !. Without a sealer, canal obturation exhibit greater leakage. The use of
sealer is necessary to fill voids and gaps between the gutta-percha and the root canal walls.
Coronal sealing using resin core restoration is critical for the success of endodontically

treated teeth 2. Because coronal seals generated by temporary restorative materials are less



predictable, dentin adhesives have been advocated for creating additional orifice barriers
and sealing pulp chambers to protect endodontically treated teeth. The amount of coronal

microleakage should be considered a potential etiological factor for root canal failure.

Epoxy resin-based sealers such as AH Plus (Dentsply Sirona DeTrey, Konstanz,

Germany) are commonly used in endodontic practice *

. These advantages include
antimicrobial action, adhesion to dentin, long working time, ease of mixing, and good
sealing ability. However, when the root canal sealer is not completely removed from tooth
surface for direct resin core restoration, it can interfere with the adhesion of the resin core
restoration, resulting in bond deterioration . To avoid this, several methods have been
suggested to remove AH Plus from dentin surface. Some researchers recommended to
remove the sealer with a dry cotton pellet or 95% ethanol "-'* until the cavity surface around
the orifice looks physically clean. However, this method was not entirely effective. The
other paper suggests that it is effective to use an organic solvents such as Endosolv R
(Septodont, Saint-Maur-des-Fosses, France) 4. However, Endosolv R contains the potential
inclusion of teratogenic components such as formamide *¢. AH Plus cleaner (Dentsply

Sirona DeTrey) !! is also used to remove the remaining sealer. However, this product

requires the high cost of processes and the difficulty of storage.

Calcium silicate-based sealers have been widely used in recent years because of their
osteoinductive effect, long-term antibacterial effect, biocompatibility, sealing properties,
and expansion in the root canal >, Calcium silicate-based sealers have been reported to

have hydrophilic properties and a bioactivity similar to that reported for mineral trioxide



aggregate (MTA) type materials. It was initially used as a root-end filling material but is
now used in a variety of challenging clinical situations such as pulp capping, pulpotomy,
apexogenesis, apical barrier formation in teeth with open apexes, repair of root perforations,
and as a root canal filling material. In gutta-percha cones tapered according to the final
shape of canals prepared by using different mechanized instrumentation systems, the
sealer-based obturation has been used increasingly. The advantages of this technique

include easy handling, low cost, and short procedure time.

The obturation technique using calcium silicate-based sealers has become popular
because it is less technique-sensitive and easier to use than warm vertical compaction with
the epoxy resin-based sealer AH Plus 7. Calcium silicate-based sealers are water-soluble
and appear to differ from the liposoluble AH Plus sealer in their adhesion to dentin for the
composite restoration after the root canal obturation. In a previous study, after the removal
of a calcium silicate-based sealer with ethanol, no significant difference was found between
immediate and delayed resin restoration '8. In clinical practice, immediate resin core
restoration is more time-efficient for the patient than delayed restoration, and it is also
advantageous to prevent contamination in the root canal >'**, The sooner possible the
restoration period after root canal treatment is better. This is because complete seal may not
be achieved due to wear and loss of temporary restorative materials such as Caviton (GC

Corporation, Tokyo, Japan).

The sealer AH Plus has been widely used in clinical practice for many years. However,

when utilizing AH Plus, the use of phosphoric acid (PA) etching is also recommended to



remove the sealer and facilitate bonding with the core resin. In a study by Rodriguez-
Martinez et al., the microtensile bond strength of the AH Plus sealer to dentin was greater
with a etch-and-rinse system than with a self-etching system ?!. In the etch-and-rinse system,
PA can more effectively remove the hydrophobic AH Plus sealer. That is, PA etching is
considered useful for hydrophobic sealers such as AH Plus; however, researchers have not
studied whether PA is also effective for water-soluble calcium silicate-based sealers, which
have been commonly used in recent years. Recently, due to its ease of use, self-etching
system has been more widely used than the etch-and-rinse system as a dental adhesive. To
date, research is scarce on immediate adhesion with the self-etching system for calcium

silicate-based sealers.

Therefore, this study was conducted to evaluate the effect of the additional acid etching
by PA on resin bonding when using a self-etching system with calcium silicate-based
sealers as opposed to epoxy resin-based sealers such as AH Plus. The null hypotheses were
that (1) the AH Plus sealer and calcium silicate-based sealers would not differ significantly
in bond strength when removed with water alone (no PA), (2) the sealers would not differ

significantly in bond strength when PA was used.



II. MATERIALS AND METHODS

1. Specimen Preparation

Twenty-one extracted human third molars were used in the study within 3 months after
extraction. The teeth used in the experiment were sound and had no cracks or caries. This
study was approved by the Institutional Review Board of Yonsei University (IRB No.: 3-

2022-0113). The tested materials investigated in the present study are listed in Table 1.

The root portion of the tooth was embedded in MG Crystal Rock (Maruishi, Osaka, Japan),
and the crown portion of the tooth was sectioned using a high-speed diamond bur under
constant water cooling, exposing the coronal dentin. The flat dentin surface was wet-
polished with 600-grit silicon carbide paper to create a standardized substrate for the
bonding test. The exposed dentin surfaces of the prepared samples were assigned to 3
groups depending on sealer type, each of which was subdivided into 2 groups based on the

additional PA procedure. The untreated specimens were used as the Control group.



Table 1. Tested materials

Brand Material Composition Manufacturer
AH Plus Epoxy resin Bisphenol epoxy resin, Dentsply Sirona DeTrey,
-based sealer calcium tungstate, Konstanz, Germany
zirconium oxide, silica, iron
oxide, silicone oil
CeraSeal Calcium silicate Calcium silicates, Meta Biomed Co.,
-based sealer Zirconium oxide, Cheongju, Korea
thickening agents
EndoSeal MTA Calcium silicate Calcium silicates, Maruchi, Wonju, Korea
-based sealer calcium aluminates,
calcium aluminoferrite,
calcium sulfates, radiopacifier,
thickening agents
Etch-37 Phosphoric 37% phosphoric Bisco, Schaumburg,
acid etchant acid semi-gel etchant, IL, USA
benzalkonium chloride
Clearfil SE bond Two-step Primer:10-MDP, HEMA, Kuraray,

self-etch dhesive

hydrophilic aliphatic
dimethacrylate,

photoinitiator, water
Bond:10-MDP,

Bis-GMA, HEMA,
hydrophobic aliphatic

dimethacrylate, colloidal silica

Osaka, Japan

Tetric N-Ceram

Composite resin

Monomer matrix:
dimethacrylates

Filler: barium glass,
Ytterbium trifluoride (YbF3),
mixed oxides

Filler content: 80%-81%

by wt.

Ivoclar Vivadent,

Schaan, Liechtenstein

10-MDP, 10-methacryloyloxydecyl dihydrogen phosphate; HEMA, 2-hydroxyethyl methacrylate; Bis-GMA, bisphenol A-

glycidyl methacrylate.



(1) Control: The dentin surface was left untreated with any sealer and was rinsed with

distilled water for 30 seconds.

(2) AH Plus (AH): The dentin surface was treated with an epoxy resin-based sealer, left

undisturbed for 10 minutes, and then rinsed with distilled water for 30 seconds.

(3) AH Plus+PA (AHPA): The dentin surface was treated with an epoxy resin-based sealer,
left undisturbed for 10 minutes, and then hand-scrubbed using a dry cotton pellet with 37%
phosphoric acid (Etch-37; Bisco, Schaumburg, IL, USA) for 30 seconds. The dentin surface

was then rinsed with distilled water for 30 seconds.

(4) CeraSeal (CS): The dentin surface was treated with a calcium silicate-based sealer
(CeraSeal), left undisturbed for 10 minutes, and then rinsed with distilled water for 30

seconds.

(5) CeraSeal+PA (CSPA): The dentin surface was treated with a calcium silicate-based
sealer (CeraSeal), left undisturbed for 10 minutes, and then hand-scrubbed using a dry
cotton pellet with 37% phosphoric acid for 30 seconds. The dentin surface was then rinsed

with distilled water for 30 seconds.

(6) EndoSeal MTA (ES): The dentin surface was treated with a calcium silicate-based
sealer (EndoSeal MTA), left undisturbed for 10 minutes, and then rinsed with distilled

water for 30 seconds.

(7) EndoSeal MTA+PA (ESPA): The dentin surface was treated with a calcium silicate-

based sealer (EndoSeal MTA), left undisturbed for 10 minutes, and then hand-scrubbed



using a dry cotton pellet with 37% phosphoric acid for 30 seconds. The dentin surface was

then rinsed with distilled water for 30 seconds.

2. Bonding Procedure & Resin Build-Up

The rinsed specimens were dried using an air syringe for 60 seconds, and Clearfil SE
Bond (Kuraray, Osaka, Japan) was applied according to the manufacturer's instructions and
light-cured for 20 seconds using a light-emitting diode curing unit (Elipar S10; 3M ESPE,
St. Paul, MN, USA) at 1200 mW/cm?. After the bonding procedures, resin composite
(Tetric N-Ceram; Ivoclar Vivadent, Schaan, Liechtenstein) were build up with a total

thickness of 4.5 mm (3 times by 1.5 mm) and light-cured for 20 seconds for each layer.

3. Microtensile Bond Strength Testing

The prepared samples were stored at 37°C for 24 hours. The samples were sectioned
longitudinally into approximately 1-mm-thick slabs, and the slabs were further sectioned
into approximately 1 x 1 mm beams using a low-speed cutting machine (RB 205 METSAW
LS; R&B, Dagjeon, Korea) in Figure 1A. The dimensions of the adhesive surface of each
beam were measured using a digital caliper. Each beam was attached with a cyanoacrylate
adhesive (Zapit; DVA, Corona, CA, USA) to a microtensile testing jig (Bisco) to measure

microtensile bond strength. The microtensile bond strength test was performed using a



universal testing machine (EZ Test; Shimadzu Co., Kyoto, Japan) at a 1 mm/min cross-

head speed in Figure 1B.

Figure 1. Sample preparations.

(A) The samples were sectioned by diamond saw in a low speed cutting machine

(B) The beam separated by the universal testing machine was shown.



4. Scanning Electron Microscopy (SEM)

After the microtensile bond strength test, the dentin surface of each beam was air-dried.
The samples were sputter-coated with gold/palladium. A scanning electron microscope
(SEM) (S-3000N; Hitachi, Tokyo, Japan) with an accelerating voltage of 15.0 kV was used
to observe all coated samples. The dentin surface of each beam was evaluated using a
stereomicroscope to determine the mode of failure and observed using SEM at x100 and

x1000 magnification.

An additional experiment using SEM was conducted separately to observe the sealer
distribution in each group. Before adhesives and the bonding procedure, the dentin surfaces
were air-dried. The samples were sputter-coated with gold/palladium at a voltage of 15.0

kV. The dentin surface of each sample was examined under SEM at x2000 magnification.

5. Statistical Analysis

Microtensile bond strength analyses were performed using data derived from the 3 groups
categorized by sealer type (AH, CS, ES), the 2 subgroups for each (categorized by using
PA), and the Control group. For the total of 7 groups (Control, AH, AHPA, CS, CSPA, ES,
and ESPA), the normality and homoscedasticity assumptions were assessed using the
Shapiro-Wilk test and QQ plots. If those assumptions were satisfied, the data sets were

analyzed using one-way analysis of variance. If the assumptions were violated, the data

10



were nonlinearly transformed to satisfy those assumptions prior to the use of the
aforementioned parametric statistical procedures. In assessing whether normality was
satisfied in each group, normality was found to be satisfied overall, so one-way analysis of
variance (a parametric method) was utilized. Statistical analyses were performed using
SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA). P-values of less than 0.05

were considered to indicate statistical significance.

11



III. RESULTS

1. Microtensile Bond Strength

Pre-test failure rates were compared between each group using Fisher's exact test in Table
2. Because the p-value was greater than the significance level of 0.05, there was no
statistically significant difference for each group. Table 3 and Figure 2 show the mean and
standard deviation values of microtensile bond strength for each group except pre-test
failure. CS and ES groups, the calcium silicate-based sealers, showed no significant
difference from the Control group when they were washed with water alone. However, the
CSPA and ESPA groups, in which the calcium silicate-based sealers were removed using
PA, exhibited significantly lower microtensile bond strength than the Control group
(marked +). In comparison, AH group had a significantly lower microtensile bond strength
than the Control group when washed with only water (marked +). However, the AHPA
group, in which AH Plus was removed using PA, the microtensile bond strength was greater

and did not differ significantly from the Control group.

In addition, any group with a significant difference relative to AH group is marked with
an O. Control, AHPA, CS, CSPA, ES, and ESPA groups had significantly greater
microtensile bond strength than AH group (marked O). It meaned that all groups other than

the reference AH group had significantly greater microtensile bond strength than AH group.

12



In addition, a # notation denotes groups treated with the same sealer that differed
significantly in microtensile bond strength according to using PA. The AHPA group (in
which PA was applied to the AH sealer) had significantly greater microtensile bond strength
(marked #) than the AH group. However, the CSPA group, in which PA was applied to the
CS sealer, exhibited slightly lower microtensile bond strength than the CS group, albeit not
to a significant extent. The ESPA group, in which PA was applied to the ES sealer, exhibited
slightly lower microtensile bond strength than the ES group (marked #), which constituted

a significant difference.

13



Table 2. Pre-test failure using Fisher’s exact test for the seven groups

Group No = Success (%)  Yes = Failure (%) P-value
Control 25(100) 0(0)
AH 20(80) 5(20) >0.05
CS 23(92) 2(8)
ES 24(96) 1(4)
AHPA 22(88) 3(12)
CSPA 24(96) 1(4)
ESPA 23(92) 2(8)

14



Table 3. Mean and standard deviation values of microtensile bond strength for the seven

groups
Water (No PA) PA P-value
Control 26.514 + 6.835°
AH 14.348 £3.570% AHPA 22.208 +6.675%%  <0.05
CS 23.239+5.052° CSPA 19.785 + 4.694*0
ES 24.862 +5.378° ESPA 20.024 + 6.286%%#

*Significant difference compared to the Control group.
Significant difference compared to the AH group.
*Significant difference between water and PA subgroups among groups treated with the

same sealer.
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Figure 2. Microtensile bond strength of dentin to resin composite using different sealers
with or without phosphoric acid (PA) etching. Groups with different upper case letter B on
top of the data bars are significantly different data (p < 0.05) compared with Control group
with upper case letter A on the top of the data bars. Groups with different lower case letter
b on the top of the data bars are significantly different data (p < 0.05) compared with AH
group with upper case letter a on the top of the data bars. # means significant difference

between water and PA subgroups among groups treated with the same sealer.
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2. SEM Analysis of Sealer-Contaminated Dentin With or Without

PA

SEM images of sealer-contaminated dentin surfaces with or without PA are shown in Figure
3. When only AH Plus was used, the dentin surface was covered with sealer. Filler particles
in the AH group were highly granular and prominent, while those in the CS and ES groups
were more refined and smaller. Treatment of the AH Plus-contaminated dentin surface with
PA reduced the sealer, and the dentinal tubule orifices were opened. Ceraseal was water-
soluble and not visible with the naked eye, but small particles were observed to be spread
over the surface on the SEM image. Treatment of the Ceraseal-contaminated dentin surface
with PA reduced the sealer, and the opend dentinal tubules were observed. Finally, Endoseal
was also water-soluble and not visible with the naked eye, although most dentinal tubule
orifices were filled with Endoseal. Treatment of the Endoseal-contaminated dentin surface

with PA reduced the visible sealer, and the dentinal tubules were opened.

17



Figure 3. Representative scanning electron microscopy (SEM) images of the pulpal floor

dentin of each group (x2000).
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(A) Representative scanning electron microscopy (SEM) image of the pulpal floor dentin
after AH Plus without PA. Filler particles in the AH group were highly granular and
relatively prominent. (B) AH Plus with PA. PA etching of the AH Plus-contaminated dentin
surface reduced the visible sealer, and the dentinal tubules were opened. (C) Ceraseal
without PA. Filler particles in the CS group were more refined and smaller than AH Plus
particles. (D) Ceraseal with PA. PA etching of the Ceraseal-contaminated dentin surface
reduced the visible sealer, and the dentinal tubules were opened. (E) Endoseal without PA.
Filler particles in the ES group were more refined and smaller than AH Plus particles. Most
dentinal tubule orifices were filled with Endoseal (white arrows). (F) Endoseal with PA. PA
etching of the Endoseal-contaminated dentin surface reduced the visible sealer, and the

dentinal tubules were opened.

3. Failure mode

Figure 4 shows the ratios of failure modes in each group. Overall, the most common failure
mode in all groups was adhesive failure. The AH group, in which the microtensile bond
strength was the lowest, showed the highest rate of adhesive failure. The ratios of failure
modes across the remaining groups (Control, AHPA, CS, CSPA, ES, and ESPA) were

similar to each other. SEM images of the failure modes are shown in Figure 5.
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Figure 4. All groups except the AH group (Control, AHPA, CS, CSPA, ES, and ESPA)
had similar ratios of failure modes. AH group showed higher adhesive failure

than other groups.
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Figure 5. Representative scanning electron microscopy images of fractured surfaces.

Areas corresponding to the same location are marked with white arrows.

(A) Adhesive failure at x100 magnification.
(B) Adhesive failure at x1000 magnification. (C) Mixed failure at X100 magnification.
(D) Mixed failure at x1000 magnification. (E) Cohesive failure at x100 magnification.

(F) Cohesive failure at x1000 magnification.

21



V. DISCUSSION

According to the results of this experiment, the null hypothesis (1) the two types of
sealers would not differ significantly in bond strength when removed with water alone (no
PA) was rejected. In this study, when a calcium silicate-based sealer was used (CS, ES
groups), the microtensile bond strength did not differ significantly from that of the Control
group, even when removal was performed with water alone without using PA. In contrast,
the bond strength was significantly lower when AH Plus was used (AH group) than in the
Control group. In a previous study, when using etch-and-rinse system after using calcium
silicate-based sealer, it was shown that using ethanol was not affected by the time of core
restoration and even when washed only with water alone, sufficient bond strength was

recovered '8

In this experiment, the experiment was performed using the self-etch system, which is
much more convenient and more widely used than the etch-and-rinse system currently, after
using calcium silicate-based sealer. Our results indicated that when a calcium silicate-based
sealer was used, sufficient bond strength could be obtained by washing with water alone
(no PA) in self-etching system. No additional use of PA was necessary to remove the
calcium silicate-based sealer. This is thought to be the result of the calcium-silicate based
sealer having a hydrophilic property, which enables it to be easily washed away by water.

However, when AH Plus was used, sufficient bond strength could not be obtained by

22



washing with water alone in self-etching system. This is thought to be the result of the AH
Plus sealer having a liposoluble property, which is difficult to remove completely using

water alone.

According to the results of this experiment, the null hypothesis (2) the sealers would not
differ significantly in bond strength when removed with PA was rejected. In this study,
when a calcium silicate-based sealer was used and removed with PA (CSPA, ESPA groups),

the microtensile bond strength was decreased significantly from that of the Control group.

When AH Plus was used and removed with PA, the microtensile bond strength did not
differ significantly from that of the Control group. That is, the microtensile bond strength
of AHPA group was significantly higher than that of CSPA and ESPA groups when

reference group is control group.

In addition, the bond strength would be affected by the use of PA for the calcium silicate-
based sealer. This may be because washing with water alone was sufficient to remove the
water-soluble calcium silicate-based sealer to make partially demineralized hybrid layer
when applied the self-etching system. However, PA removed too much mineral content
from the dentin surface, resulting in the absence of Ca ions that could react with MDP,

resulting in a decrease in bond strength.

That is, when a water-soluble calcium silicate-based sealer was used, washing with water
alone was sufficient to remove the calcium silicate-based sealer and additional PA

excessively demineralized the dentin and exposed the hydroxyapatite-containing collagen

23



matrix. The rubbing action with a cotton pellet, along with acid etching on the calcium
silicate-based sealer-contaminated dentin surface, could destroy collagen fibers and
hydroxyapatite crystals. Hashimoto et al. noted that excessive acid conditioning caused
deeper demineralization of both intertubular and peritubular dentin; thus, those two kinds
of dentin could not be entirely infiltrated by resin monomers, leading to decreased bond

strength 22,

In other words, using PA with a water-soluble calcium silicate sealer decreases the bond
strength. It can be surmised that the smear layer is completely removed by PA and the
exposed dentin becomes fully, rather than partially, demineralized; therefore, using the self-

etching system results in significantly reduced bond strength.

In summary, excessive acid etching in self-etching systems can have negative
consequences on bond strength 2. However, when using epoxy resin-based sealer, AH Plus,
PA was found to be more effective and resulted in about 36% decrease in bond strength
when PA was not used. In addition, AH group had lower microntensile bond strength

significantly compared with other groups in Table 3.

The low bond strength for the AH group can be explained by its hydrophobic nature,
meaning that the self-etch system alone did not sufficiently remove and demineralize the
dentin for optical bonding. This could be confirmed when observing the fracture surface.
In Figure 4, the other groups showed adhesive failure around 50-60%, whereas the AH

group showed 80%, which showed a lower bond strength and is consistent with the failure
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mode observed in the AH group. Figure 5 showed adhesive, mixed and cohesive failure
pattern and other groups except AH group had similar ratio of adhesive, mixed and cohesive

failure pattern.

Our discussion on Figure 3 was related to the previous content in null hypothesis (1).
Calcium-silicate based sealer had a hydrophilic property, which enables it to be easily
washed away by water. although Figure 3C of CS group and Figure 3E of ES group have
different patterns of remaining sealer, it can be observed that most of the sealer has been
removed compared to Figure 3A of AH group. In the case of CS group, small particles
showed a general spread pattern, whereas, with ES group, the dentinal tubule orifice was
blocked rather than displaying small particles, which may be due to minute differences in
components between the sealers. However, these differences did not seem to affect
microtensile bond strength because neither CS nor ES groups differed significantly in
microtensile bond strength from the Control group. That is, washing with water alone was
sufficient to remove the water-soluble calcium silicate-based sealer. Water alone without
using PA may be difficult to completely remove the hydrophobic AH Plus in Figure 3A.
Therefore, when PA was not used, the exhibited AH Plus surfaces significantly lower
microtensile bond strength values. Therefore, AH group had lower microntensile bond
strength significantly in Table 3 and showed high adhesive failure pattern compared with

other groups.

Our discussion on Figure 3 was also related to the previous content in null hypothesis

(2). AHPA, CSPA and ESPA has similar pattern with the dentinal tubules open in Figure
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3B, 3D, and 3F. However, strictly speaking, these were SEM images before applying the
self-adhesive etching system. Because the self-adhesive etching system was applied after
AH Plus was completely removed due to the additional PA process, the AHPA group had
microtensile bond strength with no significant difference from the Control group. The
CSPA group and ESPA group had lower microtensile bond strength significantly than the
Control group, because the self-etching system was applied after dentin was fully

demineralized due to the additional PA process.

In addition, AH vs AHPA, CS vs CSPA, and ES vs ESPA groups were compared,
excluding the Control group, as a comparison between horizontal items in Table 3.
Interestingly, when the dentin surface was treated with PA and water rinse, both calcium
silicate-based sealers showed a decrease in tensile bond strength, and a statistically
significant difference was found in the ES group. The dentinal tubule orifice was blocked
by Endoseal sealer in Figure 3E of ES group, but it did not have a significant effect on the
microtensile bond strength as the dentin might be partially demineralized normally after
applying the self-etching system. ESPA group had lower microtensile bond strength by
additional PA. Hence, statistically significant difference was found in the ES group. The
small particles of Ceraseal sealer showed a general spread pattern in Figure 3C of CS group,
so remaining small particles had a small but negative effect on the self-etching system.
Additional PA in Figure 3D of CSPA group also had negative effect on the self-etching
system. Hence, the CS group had microtensile bond strength with no significant difference

from the CSPA group.
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However, when looking at the CS and ES groups overall, the sealer was sufficiently
removed by washing with water. Additional use of PA resulted in excessive opening of the
dentinal tubules and a decrease in bond strength. In other words, since calcium silicate-
based sealers are water-soluble, sufficient bond strength can be obtained by washing with

water alone.

In contrast, The SEM pattern of the AH group in Figure 3A shows that AH Plus was not
sufficiently removed by washing with water and instead remained in the dentin (6).
However, after treatment with PA, the AH Plus was no longer present and the dentinal

tubules were opened, indicating that PA can remove AH Plus in Figure 3B.

In summary, the additional use of PA can be useful for removing AH, but it can negatively

impact the bond strength of the self-etching system for calcium silicate-based sealers.

The present in vitro study has some limitations. Although a variety of experimental
groups were analyzed, the number of samples in each group was small. Furthermore, no
experimental group was subjected to PA etching alone, so insufficient evidence was
generated regarding whether the acid etching procedure actually reduced the microtensile
bond strength in the calcium silicate groups. In addition, the action of rubbing with a cotton

pellet in the acid etching procedure has been claimed to be technique-sensitive.
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V. CONCLUSION

1. When a water-soluble calcium silicate-based sealer is used, sufficient bond strength
can be obtained by washing with water alone, even without additional use of PA to remove

the sealer.

2. When a liposoluble AH Plus sealer is used, additional use of PA is effective to remove

AH Plus sealer.
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