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— Abstract
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The aim of this study was to measure the shear bond strength (SBS) of different adhesive systems to calcium silicate-
based materials (Biodentine and RetroMTA). Eighty cylindrical acrylic blocks, with a hole (5.0 mm diameter, 2.0 mm
height) in each, were prepared. The holes were filled with Biodentine (BD) and RetroMTA (RMTA), and the specimens were
divided into 2 groups. Each group was classified into 4 subgroups: Clearfil™ SE (CSE) ; AQ bond (AQ) ; All bond universal
Self-etch (ABU-SE) ; and All bond universal Total-etch (ABU-TE). After the application of different adhesive systems,
composite resin (Z350) was applied over BD and RMTA. The SBS was measured using a universal testing machine, and
the data were compared using the Kruskal-Wallis test and the Mann-Whitney test. The highest and lowest values of SBS
were observed for BD-ABU-SE and RMTA-AQ, respectively. No significant differences were found in the SBS between
ABU-TE and ABU-SE and between ABU-TE and CSE to BD and RMTA. According to the data, BD showed a higher SBS
than did RMTA when BD and RMTA are compared in the same adhesive agents. Further, among all groups, composite
resin with ABU-SE showed better bond strength to BD and RMTA.
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I. Introduction

Mineral trioxide aggregate (MTA) was introduced in the field
of dentistry by Mahmoud Torabinejad. Over the last decade,
MTA has rapidly gained great popularity, especially in pediatric
and endodontic dentistry.

MTA forms a uniform and thick dentinal bridge faster than
does calcium hydroxide, and it can be used safely when placed
adjacent to the pulp and periodontal tissues. It also has lower
solubility, better sealing ability, and facilities the control of

bleeding and provides a strong barrier against bacterial leak-
age[L,2]. Therefore, MTA is considered to be one of the best
materials for use in various endodontic treatment[3].

Despite its unique combination of favorable properties, MTA
has a major disadvantage, that is, a long setting time[4], which
is a limitation for use in children who show uncooperative
behavior during treatment. In addition, MTA is difficult to ma-
nipulate and may cause discoloration of teeth[5].

Recently, new calcium silicate-based cements, including Bio-
dentine (BD, Septodent, Saint-Maur-des-Fosses Cedex, France)
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and RetroMTA (RMTA, BioMTA, Seoul, Korea), have been intro-
duced to overcome the limitations of MTA.

BD is a two-component material : the powder consists of
tricalcium silicate as the major component, calcium carbonate
as a filler, and zirconium oxide as a radiopacifier ; the liquid
consists of distilled water, calcium chloride, and a water-soluble
polymer. Calcium chloride functions as a setting accelerator
for faster setting of the material. The water-soluble polymer
acts as a water-reducing agent for increasing the material
strength[6]. The advantage of BD over MTA s its short setting
time (12 minutes), high viscosity, ease of manipulation[7]. BD
also shows improved antibacterial properties, greater biocom-
patibility, and remineralization properties than previously de-
veloped MTA, as well as a low cytotoxic effect(8].

RMTA is a ZrO,-containing calcium aluminate cement that
contains hydraulic calcium zirconia complex as a contrast me-
dia. When compared to MTA, the advantage of RMTA is its fast
setting time (initial setting time of 150 seconds). The fast set-
ting time may be attributed to the zirconium complex, which
has been reported to modify the chemical reactions involved
in setting and change physical properties[9]. In addition, RMTA
does not cause tooth discoloration and would be suitable for
use in the moist environment of the oral cavity.

In addition to favorable physical properties, biocompatibility,
and bioactivity, the bond strength between restorative and
calcium silicate-based materials is an important factor deter-
mining the quality of the filling and success of the restoration.
Bonding of composite resin to a calcium silicate-based mate-
rial creates an adhesive bond that can distribute stress evenly
over the adhesion site. Currently, dentin adhesives tend to
simplify the application step, shorten clinical application time,
and reduce technique sensitivity[10]. Short treatment times
and simple treatment procedures are very important for chil-
dren who are not cooperative during treatment.

Self-etch (SE) adhesive systems reduce technique sensitivity
because they do not require washing and drying during ap-
plication. Further, SE adhesive systems can simplify multi-step
etch-and-rinse procedures and minimize contamination with
saliva by reducing the number of steps, especially in children
who are uncooperative[11]. Recently, a new type of SE adhe-
sive called "universal” has been introduced into the market.
It can be used with either the etch-and-rinse or SE modes,
enabling dentists to choose the most appropriate application
mode for the prepared cavity.

The purpose of this study was to evaluate the shear bond
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strength of a resin composite to BD and RMTA, which have
relatively fast setting times among calcium silicate-based ce-
ments, with four different adhesive systems of each genera-
tion.

II. Materials and Methods

Four commercial adhesive systems were tested in this study:
2-step SE adhesive system, Clearfil™ SE bond (Kuraray Medi-
cal, Osaka, Japan) ; 1-step SE adhesive system, AQ bond Plus
(Sun Medical, Shiga, Japan) ; 1-step SE adhesive system, All-
bond universal SE (Bisco Inc., Schaumburg, IL, USA) ; 1-step
SE adhesive system, and All-bond universal total etch (TE) ; TE
adhesive system. The application procedures for the adhesive
materials were conducted according to the manufacturer’s in-
structions and are described in Table 1.

1. Specimen preparation

A total of 80 acrylic blocks containing a central hole with a
5.0 mm diameter and 2.0 mm height were designed using 3D
printer (Pinter Pro, Bucheon, Korea) for constant specimens
production (Fig. 1). BD and RMTA were mixed according to
the manufacturer’s instructions. In 40 of the samples, the holes
were filled with BD, and in the other 40 samples, the holes
were filled with RMTA. After filling BD and RMTA, mylar strip
was used to make a uniform surface. Each of the BD speci-
mens was stored at 37°C in 100% humidity for 12 minutes for
setting; RMTA specimens were stored at 37°C in 100% humid-
ity for 10 minutes for the same purpose.

-2.00

Fig. 1. Mold design for 3D printing.
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Table 1. Adhesive agents used according to the manufacturer’s instructions

Adhesive LOT No. Composition Classification Steps of Application
Primer
10-MDP, HEMA,
. hydrophilic dimethacrylate, photoiniti- .
Clearfil™ SE bond 7P7n0ml§!r3 ator, water, hydrophilic dimethacrylate 5" generation ; gfpl\il/ifk:mﬁ:jf;)irr ?I(c))f/v
(Kuraray Medical, Bond Bond Two-step self etch 3' A yl bond and mild air for 5s
Osaka, Japan) 7H0256 10-MDP, Bis-GMA, HEMA, hydrophilic adhesive 4' Lipﬁtycure for 10s
dimethacrylate, photoinitiators, aro- -+
matic tertiary amine and silanated
colloidal silica
1. Dispense one drop of base in plastic
Base dish and stir with a sponge activator
AQ Bond Plus Base Aceton, water, 4-META, urethane di- g generation for 5s .
(Sun Medical MW13. methacryla’ge, monomethacrylate One-step self etch 2. Apply sponge activator and leave for
Shiga Japan)’ Sponge activator Sponge activators adhesive 20s
' MV22 p-toluensulfinic acid sodium salt, 3. Very gentle air blow for 5s, then
aromatic amine another 5s to dry using strong air
4. Light cure for 10s
7" generation 1. Apply adhesive for 10s
One-step self etch 2. Dry with mild air for 10s and light
Al bord uni | adhesive cure for 10s
ond universa
(Bisco Inc, 1600003832 10-MDP BPDM. bis-GMA, HEMA, L prply 37% (phosphoric acid etchant
Schaumburg, ethanol, water, photoinitiators N , or 15
IL, USA) 7" generation Rinse for 15s

Total-etch adhesive 3. Dry gently for 5s
Apply adhesive for 10s

2.
3.
4.
5. Light cure for 10s

10-MDP=10-methacryloxydecyl dihydrogen phosphate, HEMA=2-hydroxethyl methacrylate, Bis-GMA=Bisphenol diglycidylmethacrylate, 4-META=4-methac-

ryloxyethl trimellitate anhydride, BPDM=bipheny! dimethacrylate

2. Placement of restorative materials

After setting, the BD and RMTA samples were randomly
divided into 4 subgroups of 10 specimens each : Clearfil™
SE bond (CSE) ; AQ bond plus (AQ) ; All bond universal SE
(ABU-SE) ; and All bond universal TE (ABU-TE). In all groups,
the corresponding adhesive system was applied over BD and
RMTA samples, according to the manufacturer’s instructions. A
composite resin (Filtek Z350, 3M ESPE, St. Paul, MN, USA) was
applied to a cylindrical plastic tube with an internal diameter
of 2.0 mm and a height of 3.0 mm. The resin composite was
cured with a light-emitting diode (LED) light cure (Demi™ Plus,
Kerr, USA) with an intensity of 1200 mV/cm?” for 20 seconds.
After the polymerization, the plastic tube was removed care-
fully, and the specimens were stored at 37°C in 100% humidity
for 24 hours. All the samples were prepared and tested by a
single investigator.
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3. Shear bond strength test

For shear bond strength testing, the specimens were se-
cured in a universal testing machine (Instron 3367, Instron Co.,
Norwood, MA, USA). A knife-edge blade was moved toward
the BD and RMTA base/adhesive interface with a crosshead
speed of 0.5 mm/min (Fig. 2). The shear force at failure was
recorded in Newtons (N), and the shear bond strength was
translated to megapascals by dividing the peak load values by
the restorative material base area (3.14 mm?).

4. Interface examination

Fractured surfaces were examined under a stereomicroscope
(Nikon SMZ1500, Tokyo, Japan) at a magnification of x25. The
fracture surfaces were categorized as follows: (1) adhesive frac-
ture, failure at the BD/RMTA-restorative interface, (2) cohesive
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Loading force

Composite resin

Calcium silicate
based materials

Acrylic mold

Fig. 2. Schematic illustration of the shear bond strength test.

fracture, failure exclusively within the restorative material/base
material, and (3) mixed fracture, 2 modes of failure occurring
simultaneously. The samples were randomly divided based on
the adhesive agents used into the ABU-SE and ABU-TE groups.
Prior to scanning electron microscope (SEM) examinations,
the specimens were air dried and gold sputter-coated using a
15 mA current for 90 seconds (Hitachi E-1045, Tokyo, Japan).
Specimens were analyzed with a SEM (Hitachi S-4700, Tokyo,
Japan). Images of the selected materials were obtained at dif-
ferent magnifications.

5. Statistical analysis

All data were processed using the SPSS 18.0 (SPSS Inc,
Chicago, IL, USA). The Kruskal-Wallis test was used for evalu-
ating shear bond strength and the type of adhesive system
and base material. Post-hoc analysis was performed using the
Mann-Whitney test. The significance level was set at p < 0.05.

II. Results

The data on shear bond strength of the adhesive agents to
BD and RMTA are presented in Table 2. Among the adhesive
systems, BD-ABU-SE (6.87 + 2.55 MPa) presented the highest
shear bond strength and RMTA-AQ (0.39 + 0.26 MPa) showed
the lowest shear bond strength. When all groups were com-
pared, data were arranged as follows in descending orders :
BD-ABU-SE, RMTA-ABU-SE, BD-ABU-TE, BD-CSE, RMTA-ABU-
TE, BD-AQ, RMTA-CSE, and RMTA-AQ. In both groups, ABU-
SE showed the highest shear bond strength to the composite
resin. There was no significant difference between ABU-TE and
ABU-SE and between ABU-TE and CSE, but a significant differ-
ence was observed among the other groups (Table 3).

When BD and RMTA are compared in the same adhesive
agents, BD showed significantly higher bond strength than did
RMTA. For ABU-SE and ABU-TE adhesive systems, shear bond
strengths of BD and RMTA were not significantly different.
However, for AQ and CSE, the shear bond strength of BD was
significantly higher than that of RMTA (Fig. 3).

The results of the analysis of the fracture mode are shown in
Table 4. When the bonding agent was CSE, BD showed mixed
fracture and RMTA showed cohesive fracture. In AQ samples,
the failure mode of BD was mainly adhesive fracture while
RMTA showed cohesive fracture. In the ABU-SE and ABU-TE
groups, predominantly cohesive failure occurred with both BD
and RMTA. A representative SEM of a fractured BD and RMTA
samples exhibiting cohesive fracture is shown in Fig. 4.

Table 2. Shear bond strength of the adhesive systems bonded to Biodentine and RetroMTA

Group N Mean SBS 95% confidence interval for mean (MPa)  Minimum SBS Maximum SBS

(MPa) Lower bound Upper bound (MPa) (MPa)
1 BD-CSE 10 3.68+1.01 295 440 233 5.17
2 BD-AQ 10 2.06+0.57 1.65 247 119 3.00
3 BD-ABU-SE 10 6.87+2.55 5.05 8.69 351 13.05
4 BD-ABU-TE 10 433+1.24 344 521 2.83 6.64
5 RMTA-CSE 10 1.86+0.75 132 241 111 3.09
6 RMTA-AQ 10 0.39+0.26 021 0.58 0.00 0.76
7  RMTA-ABU-SE 10 4714235 3.03 6.40 177 823
8 RMTA-ABU-TE 10 2.86+1.56 1.75 3.98 1.04 4.86

SBS : Shear bond strength, BD : Biodentine, RMTA : RetroMTA, CSE : Clearfi™ SE bond, AQ : AQ bond plus, ABU-SE : All bond universal Self-etch mode,

ABU-TE : All bond universal Total-etch mode
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Table 3. Comparison of shear bond strength of the studied samples according to materials

Adhesive Agents (MPa)

Materials

CSE AQ ABU-SE ABU-TE p value
BD 3.68+1.01° 2.06+0.57 6.87+2.55° 433+124%® 0.000*
RMTA 1.86+0.75° 0.39+0.26 471+2.35° 2.86+1.56% 0.000*

Kruskall-Wallis Test (* : p < 0.05), Mann-Whitney post hoc
a,b,c,d : same letters indicate no statistical differences between values in each group

BD : Biodentine, RMTA : RetroMTA, CSE : Clearfi™ SE bond, AQ : AQ bond plus, ABU-SE : All bond universal Self-etch mode, ABU-TE : All bond universal

Total-etch mode

Adhesive agents

CSE AQ ABU-SE ABU-TE

12.50]
10.00]
7.50] A
5.00]

1L

0.00-

Shear bond strength (MPa)

-

T T T T T T T T
Biodentine RetroMTA Biodentine RetroMTA Biodentine RetroMTA Biodentine RetroMTA

Fig. 3. Comparison of shear bond strength of the samples according to calcium silicate- based materials.

* . statistically difference by Mann-Whitney Test (p < 0.05)

CSE : Clearfi™ SE bond, AQ : AQ bond plus, ABU-SE : All bond universal Self-etch mode, ABU-TE : All bond universal Total-

etch mode

Table 4. Fracture modes of the specimens after shear bond test

CSE AQ ABU-SE ABU-TE
Fracture Mode N
BD RMTA BD RMTA BD RMTA BD RMTA
Adhesive 16 2 1 8 2 1 1 0 1
Mixed 16 5 2 2 1 1 1 2 2
Cohesive in substrate 48 3 7 0 7 8 8 8 7
Cohesive in composite resin 0 0 0 0 0 0 0 0 0

BD : Biodentine, RMTA : RetroMTA, CSE : Clearfi™ SE bond, AQ : AQ bond plus, ABU-SE : All bond universal Self-etch mode, ABU-TE : All bond universal

Total-etch mode
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KHU 10/0kV 12.3mm x40 SE(M)

KHU 10.0kV 12.4mm x600 SE(M)

Fig. 4. Scanning electron microscope images of cohesive
failure. (A) BD-ABU-SE, (B) BD-ABU-TE, (C) RMTA-ABU-SE,
(D) RMTA-ABU-TE Magnified images were also obtained
of (E) BD-ABU-SE, (F) BD-ABU-TE, (G) RMTA-ABU-SE, (H)
RMTA-ABU-TE.

Fig. 5. Scanning electron microscope images of fractured
cross section of Biodentine. (A) BD-ABU-SE, (B) BD-ABU-TE.
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IV. Discussion

The essential goal of pulp therapy is to treat the pulp suc-
cessfully and preserve the tooth in a good condition for con-
stituting the primary and young permanent dentition[12]. Re-
cently, MTA has been reported to be widely used in pediatric
dentistry as a medicament in pulpotomy for primary teeth and
as a pulp capping material in immature permanent teeth[2]. It
has advantages such as high protection against microleakage,
and biocompatibility. However, although MTA has desirable
biological properties, some disadvantages have also been ob-
served, such as a long setting time and poor handling charac-
teristics. Further, an additional follow-up is required to apply
resin-based restorative materials on the set MTA. In pediatric
dentistry, it is especially important to reduce the number of
clinical steps and shorten treatment time. To overcome the
shortcomings of MTA, fast-setting MTA-like calcium silicate ce-
ments, such as BD and RMTA, have been developed.

Clinically, resin-based restorative materials were used for
successful restoration of teeth with BD and RMTA. The bond
strength between the resin and both the materials with an
adhesive influences the quality of fillings. Shear bond strength
indicates strength between two materials evaluated by mea-
suring the local force that the bonding layer can withstand[1].

Most of the previous studies have evaluated the effect of
various restorations and adhesives on the bond strength of
MTA[13]. It has been shown that the shear bond strength of
MTA was better with TE adhesive systems rather than with SE
adhesive systems[14]. Further, composite resin with TE adhe-
sive systems was suitable as the final restorative material over
MTA[15]. However, TE systems are technique sensitive and re-
quire several steps in the bonding process. The SE system has
been developed to simplify the bonding process. In particular,
the long procedure time and complicated process are impor-
tant factors compromising the quality of fillings in pediatric
patients who have difficulty in controlling behavior. Recently,
the 6™ and 7" generation dentin adhesives have been shown
to be useful in pediatric dentistry where behavior management
is important, such as for reducing procedure time, simplifying
the procedure, and reducing the possibility of contamination
during treatment. However, only a few studies have investi-
gated the bond strength of BD to composite resin, and there
is limited research on the shear bond strength between RMTA
and restorative materials.

The present study was designed to evaluate and compare



shear bond strength of dentin adhesives of each generation
when used with BD and RMTA. Mean shear bond strength
varied between 0.39 and 6.87 MPa in our study. We found
that ABU-SE (1-step SE adhesive) exhibited the highest bond
strength to BD among all tested adhesives. The bond strength
between two restorative materials is an important factor af-
fecting the quality of the fillings. It has been estimated that a
bond strength of 17 - 20 MPa may be required to sufficiently
resist contraction forces and produce gap-free restoration mar-
gins[16]. The low shear bond strength of BD and RMTA groups
appears to be due to the low initial cohesive strength. In order
for BD, a porous material, to have bulk strength sufficient to
resist polymerization shrinkage, at least 2 weeks are required
for crystallization of hydrated calcium silicate gel to achieve
complete setting of BD and optimal physical properties[17]. In
the present study, dentin adhesive was applied to BD after 12
minutes and RMTA after 10 minutes to reenact the one time
clinical procedure. It appears that relatively low bond strength
and cohesive fracture patterns are caused by the shear force
applied to BD and RMTA without sufficient maturation inside
the BD and RMTA. However, Cantekin et a/[8] reported that
methacrylate-based composites and BD had optimal SBS val-
ues (17.7 + 6.2 MPa). The reason for the difference from the
results of this study is the difference in the experimental meth-
od such as the speed of load and the magnitude of maximum
load when measuring SBS.

RMTA is composed of calcium zirconium aluminate ce-
ment containing 60 - 80% calcium carbonate (CaCO,), 5 - 15%
silicon dioxide (SiO,), 5 - 10% aluminum oxide, and 20 - 30%
calcium zirconia complex. RMTA has smaller particles than
does MTA and does not involve the use of any chemical ac-
celerators. Compared to BD, RMTA showed lower shear bond
strength when using the same adhesive agents. Ha et a/[18]
reported that the particle size of MTA showed a close linear
correlation with the initial setting time and final setting time.
Further, the particle size of BD is smaller than that of RMTA. It
is believed that during setting, the small particle size leads to
a significant decrease in the material's porosity and increase in
its compressive strength[6]. According to the manufacturer’s
instructions, the final setting time of RMTA is 360 minutes and
that of BD is 12 minutes.

Since there was no resin structure in BD and RMTA, the
bond with composite resin is completely micromechanical[19].
Since micromechanical bonding directly depends on the physi-
cal aspects of the surface, it can be inferred that the surface

451

J Korean Acad Pediatr Dent 45(4) 2018

treatment method would have a major influence on the bond-
ing[20].

The various functional monomers in different adhesives are
important in improving the bonding strength with the teeth.
In some studies, the functional monomer 10-methacryloy-
loxydecyl dihydrogen phosphate (10-MDP) has been shown
to react with calcium ions in BD and RMTA, thereby increasing
microchemical interlocking and chemical adhesion[21]. In the
present study, we used the ABU and CSE, which contain the
10-MDP functional monomer; we believe that this could have
increased the bonding strength with BD and RMTA. Both BD
and RMTA showed significantly higher values of bond strength
in the ABU-SE, ABU-TE, and CSE groups than in the AQ group.
In addition, hydroxyethyl methacrylate (HEMA) is a hydrophilic
composition present only in ABU and CSE. It forms a polym-
erization network that stabilizes the surface of the material
after photopolymerization and then absorbs moisture to aid
hydration and setting of calcium silicate[22]. According to the
findings of the present study, among all the tested adhesive
agents, the AQ showed the lowest bonding strength to com-
posite resin, which might be attributed to its composition.

In the SE mode, the 2-step SE adhesive consists of a primer
and bonding agent. To eliminate the inconvenience associated
with performing multiple steps, ABU was released as a single
solution in a single bottle that was applied using either TE or
SE mode. Although CSE and ABU contain similar functional
monomers, shear bond strengths of BD and RMTA were sig-
nificantly different between ABU-SE and CSE. The major differ-
ence between CSE and ABU-SE adhesives is the thickness of
the adhesive layer. Jang et a/[23] reported that the thickness
of the adhesive layer of the CSE was approximately 40 pm, but
that of ABU-SE was approximately 10 um. Although the thick-
ness of the adhesive layer does not adversely influence the
bond strength, it may cause imperfect restorations in some
clinical situations.

Several studies have shown that optimal shear bond
strength was acquired with TE adhesive systems[24]. Applica-
tion of phosphoric acid produces a markedly roughened sur-
face on the substrate and creates more retentive microporosi-
ties[25]. This may contribute to the reliable micromechanical
bonding of the TE adhesive system to MTA[20]. However, we
found that ABU-SE exhibited higher shear bond strength than
ABU-TE to BD and RMTA. In addition, applying adhesive sys-
tems in either SE or TE was seen not to have statistically sig-
nificant influence bond strength in the present study. Hashem
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et al[26] reported that similar shear bond strengths between
SE and TE were caused by the porous surface structure of
BD, which may imply that there is no difference between the
SE and TE techniques. Furthermore, BD and RMTA, which are
alkaline, may be buffered due to the acidity of the bonding
agents, and this may reduce their bonding effect[26]. This re-
sult is similar to that of the studies by Hanabusa ef a/[27] and
Marchesi et a/[28], who showed that SE or TE adhesive sys-
tems do not show significant differences in bonding strength.
SEM analysis showed that on the BD-ABU-TE treated surface,
some regions showed unique surface structures producing a
uniform cracked surface with internal pores. In contrast, BD-
ABU-SE did not show an aggressive surface on the substrate
(Fig. 5). Therefore, it is suggested that a low pH, such as that
achieved with the application of phosphoric acid, could af-
fect the chemical setting of BD and RMTA by interrupting the
hydration of calcium silicates, leading to weakening of the set-
ting material's microstructure.

Fracture analysis indicated that the fracture modes for BD
and RMTA specimens were mostly cohesive failures within the
calcium silicate-based materials. It is suggested that the curing
contraction of the composite resin may induce stresses, result-
ing in cohesive failure in weak BD and RMTA. In a study of the
fracture modes between MTA and restorative materials, cohe-
sive fractures were similarly observed in the MTA. It has been
reported that compressive strength of the MTA improves over
time, further reducing the likelihood of cohesive failure[29].

On the basis of the results of this study, it may be suggested
that ABU adhesive applied on BD and RMTA offers sufficient
bond strength without the acid etching procedure, because
ABU-TE and ABU-SE showed similar bond strengths. Thus, ABU
(7" generation adhesive) can be applied for increasing conve-
nience while treating uncooperative children through the use
of a simplified treatment procedure and achieving a reduced
risk of contamination with saliva.

The purpose of this study was to compare shear bond
strength of various adhesive agents to two calcium silicate-
based materials. However, fracture mode and shear bond
strength can vary for each calcium silicate-based material
depending on the setting time needed for and type of restor-
ative material. This is the limitation of this study and further
research is needed to compare the effects of these variables.

Moreover, the results of this study cannot be compared with
the results obtained from in vivo studies. Since the current
study was conducted in a laboratory setting, studies on the
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bond strength of these materials in the oral environment may
reveal different results. The influence of various variables sug-
gests the necessity for additional research under thoroughly
controlled experimental conditions.

V. Conclusions

Comparison of the shear bond strength between calcium
silicate-based materials (BD and RMTA) and adhesive agents
of different generations revealed that the BD-ABU-SE group
showed the highest shear bond strength and RMTA-AQ had
the lowest shear bond strength. There was no difference be-
tween the SE and TE modes. In pediatric patients, reducing the
number of steps in the treatment procedure may be important
for improving the quality of restoration. Further, SE systems are
more useful than TE systems for children who show uncoop-
erative behavior. We therefore suggest that the bond strength
difference between calcium silicate-based materials and dentin
adhesives is one of important factors to consider when select-

ing restorative materials.
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