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Objective. To evaluate a newly developed self-adhesive resin cement on physical, mechanical, and adhesive properties and compare
it with other commercial self-adhesive resin cements. Materials and Methods. Experimental self-adhesive resin cement (SARC)
was formulated by our proprietary adhesive resin and filler technology. Maxcem Elite, RelyX Unicem 2, SpeedCem Plus,
SmartCEM 2, and Calibra Universal 2 were selected for comparison. Working and setting times, film thickness, water sorption and
solubility, flexural strength, and modulus were measured in accordance with ISO-4049. Consistency was tested according to
modified ISO 4823. Shear bond strengths were conducted according to ISO 29022. The data were analyzed by one-way ANOVA
and post hoc Tukey’s tests (p <0.05). Results. All cements showed about 2-4 min working time and about 3-6 min setting time
except that RelyX Unicem 2 has a longer working time (9°58”) and setting time (10’18”). All cements meet ISO standards for film
thickness (<50 um), water sorption (<40 ug/mm?®) except Maxcem Elite (46.19 ug/mm?), and water solubility (<7.5 ug/mm?)
except SmartCEM 2 (11.35 pg/mm?) and Calibra Universal (9.87 pg/mm?). Experimental SARC showed significantly higher
flexural strength and modulus than other cements (p < 0.001). For self-curing, Experimental SARC has statistically higher bond
strength than other cements (p < 0.001) except statistically the same as RelyX Unicem 2 (p > 0.05). For light-curing, Experimental
SARC showed significantly higher bond strength than other cements (p < 0.001) except statistically the same as Maxcem Elite and
RelyX Unicem 2 (p > 0.05). For dual-curing, the bond strength of Experimental SARC is significantly higher than that of other
cements (p <0.001). Conclusion. The newly developed self-adhesive resin cement exhibited favorable bonding capability and
physical and mechanical properties compared to other commercial self-adhesive resin cements and is a good option for ce-
mentation of indirect restorations with potential long-term clinical success.

1. Introduction

Cementation is a crucial step in indirect restoration such as
crowns, inlays, onlays, and bridges. Cements play a signif-
icant role in cementation because long-term clinical success
mainly depends on the cements used for adhesion between
the tooth structure and the internal surface of the restoration
[1-3]. Generally, the cements can be divided into two main
categories: (1) water-based traditional cements such as zinc
phosphate, polycarboxylate, glass ionomer, and resin-
modified glass ionomer cement and (2) polymer-based resin
cements. Compared with traditional cements, resin cements
have provided some advantages over traditional cements,
such as better esthetics, lower solubility, enhanced marginal
integrity, high adhesion, and high mechanical properties

[4-11], but conventional resin cements, including total-etch/
esthetic and self-etch/adhesive resin cements, need etching,
priming, and bonding prior to cementation. The multistep
bonding procedure resulted in high technique sensitivity
and postoperative sensitivity, especially for total-etch/es-
thetic resin cement.

Self-adhesive resin cement has been introduced and
increasingly used during the last decade due to the ease of
single-step cementation, reduced technique sensitivity, and
lower postoperative sensitivity [1, 2, 11]. This new type of
resin cement was developed to overcome some drawbacks of
both traditional cements (such as zinc phosphate and glass
ionomer) and conventional resin cements (such as total-etch
resin cement). They combine the ease of handling of tra-
ditional cements with the favorable bonding strength,
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TaBLE 1: Self-adhesive resin cements used in this study.
Filler
Material Manufacturer Resins Fillers content
(Wt.%)
. . Barium boron fluoroaluminosilicate
Exp. SARC Glidewell BisGMA, UDMA, TE.GD.N.IA’ MDP, initiators, glass, fumed silica, and ytterbium 70
and inhibitor .
fluoride
M?XCem Kerr Methacrylate esters, GPD.M, HEMA, activators, Mineral fillers and ytterbium fluoride 69
Elite and stabilizers
RelyX Methacrylated phosphoric esters, dimethacrylate, Glass fillers, silica, and calcium
! 3M ESPE . o . 70
Unicem 2 acetate, initiators, and stabilizers hydroxide
SpeedCEM Ivoclar UDMA, TEGDMA, PEGDMA, DDDMA, MDP, Barium glass and silica ytterbium 75 (Base)/
Plus Vivadent dibenzoyl peroxide, and stabilizer trifluoride 69.8 (Cat)
Dentspl UDMA, EBPADMA, di- and tri-functional Barium boron fluoroaluminosilicate
SmartCEM 2 P function diluents, PENTA, 4-META initiators, SnesHea 69
Sirona s glass and amorphous silicon dioxide
accelerators, and stabilizer
Calibra Dentsply UDMa, d i-and trl—met.hz'ac-rylate, phosphoricacid Barium boron fluoroaluminosilicate and
. . modified acrylate, initiators, accelerators, . .. 73
Universal Sirona amorphous silicon dioxide

stabilizer, and BHT

BisGMA, bisphenol a diglycidyl ether dimethacrylate, UDMA, urethane dimethacrylate, TEGDMA, triethyleneglycol dimethacrylate, MDP, meth-
acryloyloxydecyl dihydrogenphosphate, GPDM, glycerol phosphate dimethacrylate, HEMA, 2-hydroxyethyl methacrylate, PEGDMA, polyethylene glycol
dimethacrylate, DDDMA, 1,10-decanediol dimethacrylate, EBPADMA, ethoxylated Bisphenol a dimethacrylate, PENTA, dipentaerythritol pentaacrylate
monophosphate, 4-META, 4-methacryloxyethyl trimellitate anhydride, and BHT, butylated hydroxytoluene. The composition of the resins and fillers was

obtained from the manufacturers.

mechanical properties, and esthetics of conventional resin
cements, resulting in a wide range of applications. Self-
adhesive resin cement simplified the bonding procedure
with the introduction of acidic monomers in their com-
position without separate use of etchant and/or primer/
adhesive. These acidic monomers with carboxylic or
phosphoric acid groups are used to achieve demineralization
and infiltration of the tooth structures (enamel and dentin),
resulting in micromechanical retention and additional
chemical attachment on the tooth structure [6, 12, 13]. Since
the cement is much more viscous and acidic monomer
concentration is much lower as compared with the etchant
and primer/adhesive used by conventional resin cements,
this infiltration into the tooth structure is limited [14].
Generally, self-adhesive resin cements are not strong as
conventional resin cements on bond strength, especially for
enamel bonding. Therefore, self-adhesive resin cement with
improved bond strength is always highly desirable without
sacrificing physical and mechanical properties.

The purpose of this study is to evaluate a newly devel-
oped self-adhesive resin cement and compare it with other
commercial self-adhesive resin cements. The hypothesis is
that this new self-adhesive resin cement has improved
physical, mechanical, and bonding properties compared to
commercial self-adhesive resin cements.

2. Materials and Methods

2.1. Materials. Experimental self-adhesive resin cement
(Experimental SARC or Exp) was formulated by our pro-
prietary adhesive resin and filler technology, which included
acidic monomer, non-acidic monomers, dual-cured initiator
systems, inhibitor, and fillers. 10-methacryloyloxydecyl
dihydrogen phosphate (10-MDP) as an acidic monomer and
bisphenol a diglycidyl ether dimethacrylate (BisGMA) as

rigid space-filling monomers with other dental monomers
such as urethane dimethacrylate were used for resin system.
Dual-curing initiator systems were composed of cumene
hydroperoxide/(2, 3-difluorophenyl)thiourea as redox ini-
tiator system for self-curing and camphorquinone, bis(2, 4,
6-trimethylbenzoyl)-phenyl-phosphineoxide, and ethyl 4-
dimethylaminobenzoate as photo initiators for light-curing.
2, 6-di-(tert-butyl)-4-methylphenol was used as inhibitor.
Fillers consisted of barium boron fluoroaluminosilicate
glass, OX-50 fumed silica, and ytterbium fluoride. The
homogeneous resin mixtures were first obtained by stirring
resin monomers with the additives until dissolved. The
resulting resin mixtures were further mixed with fillers until
a uniform flowable paste was formed. Five commercially
available self-adhesive resin cements, including Maxcem
Elite (Kerr, Orange, CA), RelyX Unicem 2 (3M ESPE, St.
Paul, MN), SpeedCem Plus (Ivoclar Vivadent, Schaan,
Liechtenstein), SmartCEM 2 (Dentsply Sirona, York, PA),
and Calibra Universal (Dentsply Sirona, York, PA), were
selected in this study for comparison. Further information
about these self-adhesive resin cements in this study are
shown in Table 1.

2.2. Working Time and Setting Time. Working time and
setting time (n=5) at 23°C were determined using ther-
mocouple apparatus (UTC-USB, Omega Engineering Inc.,
Norwalk, CT) described in ISO 4049 (2009).

2.3. Consistency. The consistency was determined according
to the modified method provided in ISO 4823 (1992) as
modified for elastomeric impression materials. A mixed
cement (0.3 + 0.01 g) was placed between the glass plates, and
a standard weight of 120 g was applied to the cement for
I minute. The average value was obtained based on the
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maximum and minimum diameters of the disk. Three
measurements were made for each cement.

2.4. Film Thickness. Film thickness was measured in ac-
cordance with ISO 4049 (2009). Mixed cement was placed
between two glass plates of uniform thickness (5 mm) and
loaded under 150N for 10 minutes. Film thickness was
determined by the thickness difference of the glass plates
with and without the cement film (n=5).

2.5. Water Sorption and Solubility. The water sorption and
solubility tests were conducted according to ISO 4049
(2009). The disk specimens ((15.0 + 0.1) mm in diameter and
(1.0+0.1) mm thickness; n=>5) were prepared in a Teflon
mold and light-cured with a light intensity of approximately
1,000 mW/cm” (Bluephase Style, Ivoclar Vivadent AG,
Schaan, Liechtenstein) for 20 x 5seconds (initially on the
center and then on top, bottom, left, and right of the
specimen). The specimens were stored in a desiccator at 37°C
for 22 h, transferred to another desiccator at 23°C for 2h and
weighed until a constant mass (m;) was obtained by re-
peating this cycle. The specimens were then stored in
deionized water at 37°C for 7 days. The surface water on the
specimen was blotted away free from visible moisture and
waved in the air for 15 s. Then the mass m, of specimens was
recorded. The specimens were reconditioned in a desiccator
and weighed until a constant weight (71°) was obtained using
the cycle described above.
Water sorption:

(1)

Solubility:

m) —my

W, = ,
sl \

(2)

where V is the volume of the specimen.

2.6. Flexural Strength and Flexural Modulus. Flexural
strength and modulus were determined by the three-point
bending method in accordance with ISO-4049 (2009). The
bar-shaped specimens (thickness x width x length =
2x2x25mmj; n=>5) were prepared from cement materials
(self-cured for 15 min at 37°C and stored in DI water at 37 °C
for 24hours) and tested under the crosshead speed of
0.75mm/min by using a test fixture with a 20 mm support
span on an Instron 5564 universal testing machine. Flexural
modulus was determined from the slope of the linear region
of the stress-strain curve. The following formulas were used
to calculate the flexural strength and modulus:
For flexural strength (FS),

3P
I 2w
For flexural modulus (FM),

(3)

E. = SZS (4)
I qwb®

where P is the maximum load (N),  is the test span (mm), w

is the width of the specimen (mm), b is the thickness (mm) of

the specimen, and s is the slope of the linear portion of the

stress-strain curve (N/mm).

2.7. Shear Bond Strength. Specimen preparation and testing
were conducted according to ISO 29022 (notched-edge
shear bond strength test; 2013). Caries-free human molar
teeth (this study did not involve human participants; the
teeth could not be connected to the patient from which they
were extracted; and all testing were performed at Glidewell
Laboratories; therefore, this study was exempt from IRB
review and approval) were cut (buccolingual section), em-
bedded in acrylic resin mixed with powder and wet polished
sequentially with 500 and 1,200 grit SIC on Grinder-Polisher
(EcoMet 300 Pro, Buehler, Lake Bluff, IL). The cements were
placed on a polished tooth surface (dentine) using an
Ultradent jig mold and self-cured (for 15 minutes at 37°C),
light-cured (for 20seconds with a light intensity of ap-
proximately 1,000 mW/cm?®) and dual-cured (self-cured for
5 minutes at 37°C, followed by light-cured for 20 seconds),
respectively. Bonded specimens were stored in DI water at
37°C for 24hours and tested for shear bond strength to
dentin at a crosshead speed of 1.0 mm/min until failure on
an Instron 5564 universal testing machine (n=12).

2.8. Statistical Analysis. Statistical analysis was performed
using Minitab 18 Statistical Software (Minitab, LLC, State
College, PA, USA). The results for each mechanical and
bonding property were analyzed by one-way ANOVA and
Tukey’s post hoc comparison. The significance level was set
at «=0.05. Normality and homogeneity of all testing data
were evaluated before ANOVA. Normality was first con-
ducted using Anderson-Darling test, which showed that all
groups are normal distribution (p > 0.05) except light-cured
bond strength of RelyX Unicem 2 (p < 0.05). For homoge-
neity evaluation, the Bartlett test was used for each property
with normal distribution, and the Levene test was used for
light-cured bond strength with non-normal distribution due
to RelyX Unicem 2. Both the Bartlett test and the Levene test
showed homogeneity of variance between the groups of each
property (p>0.05).

3. Results

The test results for physical, mechanical, and adhesive
properties of experimental and commercially available self-
adhesive resin cements, which include working time and
setting time, consistency, film thickness, water sorption and
solubility, flexural strength, flexural modulus, and shear
bond strength, are shown in Table 2 and Figures 1 and 2. The
data were analyzed by one-way ANOVA and Tukey’s tests
(p<0.05). Values with the same superscript are statistically
equivalent between the tested groups in Figures 1 and 2
according to the statistical tests used.
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TaBLE 2: Physical properties of self-adhesive resin cements.

Properties\Cements Exp MaxCem Elite  RelyX Unicem 2  SpeedCEM Plus  SmartCEM 2  Calibra Universal
Working time (min. sec.) 1’537 +12” 1’537 +19” 9’58” +18” 487 +23” 2’15” +26” 2077 +14”
Setting time (min. sec.) 3377+ 157 3237 +13” 1018+ 17” 6’337 +56” 3’48” +30” 3427 +117
Consistency (cm) 2.71+0.02 2.73+£0.0 2.80+£0.0 2.70+£0.0 2.70+£0.0 2.87£0.04
Thickness (pum) 23.7+3.2 37.6+8.7 20.6+4.1 33.8+53 344+3.7 222423
Water sorption (pg/mm3) 2591 £0.64 46.19 £2.69 34.54+0.96 30.74 +£2.40 38.65+1.33 38.34+1.33
Solubility (ug/mm°) 2944094  7.06+1.87 -1.93+ 112 0.43+1.38 11.35+0.58 9.87+0.85

120 8.00

6.80%
ol 7.00
100 | -93.5 iy
5.66%

T 6.00
< 80 I S bl . <
S 44242 67.701<1 662 5.00 &
= & P
5 415 3.9942 2
g 60 ke 4.00 2
= £
E £
% 3.00 %
m 40 =

2.00

20 .
1.00
0 0.00
Exp Maxcem Elite RelyX Unicem 2~ SpeedCEM Plus SmartCem 2 Calibra Universal

Self-adhesive resin cements

M Flexural strength (MPa)
W Flexural modulus (GPa)

F1GURE I: Flexural strength and modulus of self-adhesive resin cements (values with the same superscript are statistically equivalent between

the tested groups).

All tested self-adhesive resin cements showed suitable
working time (about 2-4min) and setting time (about
3-6 min), which meet the ISO 4049 requirement, except that
RelyX Unicem 2 has a longer working time (9°58”) and
setting time (10’18”). Experimental SARC has almost the
same consistency as Maxcem Elite, SpeedCem Plus, and
SmartCEM 2 but slightly lower than RelyX Unicem 2 and
Calibra Universal (Table 2). The film thickness of all cements
meets the ISO standard (<50um). Experimental SARC
showed lower film thickness than Maxcem Elite, SpeedCem
Plus, and SmartCEM 2, similar to Calibra Universal and
RelyX Unicem 2 (Table 2). The water sorption of all cements
meets the ISO standard (<40 pg/mm?) except Maxcem Elite
(46.19 ug/mm®), Experimental SARC has the lowest value
(25.91 pg/mm®) among all cements. Experimental SARC has
lower water solubility than Maxcem Elite, SmartCEM 2, and
Calibra Universal. RelyX Unicem 2 showed a negative value of
water solubility. For mechanical properties, Figure 1 showed
that Experimental SARC had statistically higher flexural
strength and flexural modulus than other cements (p < 0.001).

Shear bond strengths to dentin were evaluated by self-
curing, light-curing, and dual-curing (Figure 2). For self-
curing, Experimental SARC has statistically higher bond

strength than other cements (p <0.001) except statistically
the same as RelyX Unicem 2 (p>0.05). For light-curing,
Experimental SARC showed significantly higher bond
strength than other cements (p <0.001) except statistically
the same as Maxcem Elite and RelyX Unicem 2 (p > 0.05).
For dual-curing, the bond strength of Experimental SARC is
significantly higher than that of other cements (p <0.001).

4. Discussion

For most indirect restorations such as crowns, bridges,
inlays, and onlays, cementation was achieved mainly by self-
curing reaction (autopolymerization) as little or no light is
transmittable through the restorative materials. The Inter-
national Standards Organization (ISO) sets a minimum
working time of 90 seconds and a maximum setting time of
10 minutes. A working time of less than 90 seconds may lead
to difficulties in clinical use. In general, a working time of a
couple of minutes would be appropriate for clinicians to
have enough time for manipulation during the luting pro-
cess in clinical practice. Once the working time is passed, it is
advantageous to have the final set followed rapidly. Con-
sidering the clinical application of resin cement luting
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FIGURE 2: Shear bond strength to dentin of self-adhesive resin cements (values with the same superscript are statistically equivalent between

the tested groups).

systems, a setting time of over 10 minutes is an undesirably
long time for a luting cement to obtain an optimal setting
characteristic without compromising the margin integrity
[15]. All self-adhesive resin cements tested passed according
to the standard except that RelyX Unicem 2 has the longest
working time (9°58”) and setting time (10°18”). Working
time and setting time were controlled by the resin cement’s
composition. Manufacturers set their appropriate working
time and setting time in compliance with the ISO standard
based on their proprietary cement composition.
Consistency and film thickness are clinically relevant and
essential for the clinician to consider the manipulation and
clinical success during the luting procedure in restoration
[16]. Consistency represents the flowability and mainly af-
fects the handling property of the cement. Five commercially
available self-adhesive resin cements used in this study
showed the consistency of 2.70 to 2.90 cm, Experimental
SARC has the same or similar consistency as these com-
mercially available self-adhesive resin cements. Film
thickness varies greatly among the cements. A low film
thickness can improve restoration seating and decrease
marginal leakage and loss of marginal integrity, which will
reduce plaque accumulation, periodontal disease, and sec-
ondary caries [17, 18]. Cement film thickness is affected by
multiple factors such as consistency, filler content, resin
composition, and the degree of polymerization [16,19,20].
All cements were below the maximum limit of 50 um ISO
sets. Experimental SARC showed lower film thickness than
Maxcem Elite, SpeedCem Plus, and SmartCEM 2 and similar
film thickness to RelyX Unicem 2 and Calibra Universal.
The water sorption and solubility of a cement play an
important role in the life time of the cement for an indirect
restoration. Water sorption and solubility can affect the
restoration’s retention, strength, biocompatibility, dimen-
sional stability, microleakage, secondary caries, and the like

[9, 21-24]; for example, in the oral environment, the res-
toration becomes more sensitive to moisture that may in-
crease the potential of bond degradation and cement
dissolution at the marginal gap, which may result in
weakening and fracture of the indirect restoration [23]. The
International Standards Organization sets maximum water
sorption of 40 ug/mm?’ and a maximum solubility of 7.5 pg/
mm?. According to ISO Standards, all tested cements passed
water sorption (<40 pg/mm’) except Maxcem Elite
(46.19 pg/mm?). All tested cements passed water solubility
(7.5 ug/mm>) except SmartCEM 2 (11.35ug/mm’) and
Calibra Universal (9.87 ug/mm”). Experimental SARC had
the lowest water sorption (25.91 ug/mm?*) among all cements
and lower water solubility than Maxcem Elite, SmartCEM 2,
and Calibra Universal while higher than RelyX Unicem 2
(negative value) and SpeedCem Plus. These different values
of water sorption and solubility are mainly attributed to the
cement composition, primarily the chemical composition of
resin matrices as these cements have similar filler loading
(about 70 wt.%) [5, 22, 25, 26]. The hydrophilic components
such as acidic monomer and hydrophilic monomer and
crosslinking density have a crucial effect on water sorption
and solubility properties [22, 26-28]. Experimental SARC
and SpeedCem Plus used 10-methacryloyloxydecyl dihy-
drogen phosphate (10-MDP) as self-etch and adhesive
monomer in their resin composition, while Maxcem Elite,
SmartCEM 2, and Calibra Universal used glycerol phosphate
dimethacrylate (GPDM), dipentaerythritol pentaacrylate
monophosphate (PENTA) and 4-methacryloxyethyl tri-
mellitate anhydride (4-META), respectively (Table 1). The
longer ethylene chain of 10-MDP makes this monomer more
hydrophobic than GPDM, PENTA, and 4-META [29]. This
is probably one of the reasons that Experimental SARC and
SpeedCem Plus exhibited lower water sorption and solu-
bility than Maxcem Elite, SmartCEM 2, and Calibra



Universal. RelyX Unicem 2 showed a negative value of water
solubility; it does not mean some components (such as
unreacted monomers) of RelyX Unicem 2 did not dissolve.
The possible reason is that the absorbed water by the cement
is bound into the polymer network and cannot be reversely
extracted, leading to negative solubility [22, 30, 31].
Flexural strength is the ability of a material to resist
deformation under load, which combines compressive stress
and tensile stress. Flexural modulus is a measure of a ma-
terial’s stiffness when flexed. The mechanical properties of all
cements were assessed by flexural strength and modulus in
self-cure mode as flexural properties are very important
mechanical properties for composite materials and the ce-
mentation mainly depends on the self-curing process. Ad-
equate flexural strength and modulus can transit or adjust
the stress between the restorations and tooth structure
without fracture and/or permanent deformation; this will
increase the failure resistance of the cemented restoration
under applied forces and protect the brittle restoration
materials [17, 32]. Experimental SARC exhibited statistically
higher flexural strength and flexural modulus than other
cements. Like the physical properties mentioned above,
different flexural strength and modulus resulted mainly from
the differences in cement composition (resins and fillers)
between Experimental SARC and other cement materials.
Experimental SARC was formulated by our proprietary resin
and filler technology for our future product, which was
based on the consideration of the cement strength and other
properties; for example, Experimental SARC introduced
bisphenol A glycidyl methacrylate (BisGMA) as a rigid
space-filling monomer to increase the strength and stiftness,
while other cements did not have such monomer as
bisphenol A glycidyl methacrylate (BisGMA) based on the
limited information provided by the manufacturers. It seems
that SpeedCem Plus used some monomers the same as
Experimental SARC, for example, urethane dimethacrylate
(UDMA) and triethyleneglycol dimethacrylate (TEGDMA).
But SpeedCem Plus does not have bisphenol A glycidyl
methacrylate (BisGMA). In addition, besides TEGDMA,
SpeedCem Plus contains another two flexible long-chain
monomers that are polyethylene glycol dimethacrylate
(PEGDMA) and 1,10-decandiol dimethacrylate (DDDMA).
This is probably why SpeedCem Plus showed significantly
lower flexural strength and modulus than Experimental
SARC even it has a little higher filler loading (base: 75 wt.%
and catalyst: 69.8 wt.%) than Experimental SARC (70 wt.%).
RelyX Unicem 2 had the lowest flexural strength. This is
probably because RelyX Unicem 2 contains calcium hy-
droxide in its formulation, which is the only cement claimed
by the manufacturer [6]. Calcium hydroxide has an adverse
effect on mechanical properties and decreases the me-
chanical strength of resin-based materials [31, 33].
Generally, self-adhesive resin cements showed favorable
bond strength on dentin and lower bond strength on enamel
surfaces compared to conventional resin cements [34-37].
Unlike conventional resin cements using separate etchants
and/or primers/adhesives, the etching and adhesive prop-
erties of self-adhesive resin cements are from the presence of
acidic monomers in their composition. The structure and
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concentration of the acidic monomers in cement formula-
tion have a crucial impact on the bonding strength to
substrates [13, 38, 39]. Shear bond strength to dentin of dual-
cured self-adhesive resin cements in this study was assessed
by self-curing, light-curing, and dual-curing. There are
statistically significant differences in bond strength to dentin
among these cements. Experimental SARC showed statis-
tically higher or higher bond strengths than most of the
other cements for self-curing, light-curing, and dual-curing
modes. The findings are related to resin and filler compo-
sitions, especially acidic monomers (structure and con-
centration) [13, 38, 39]. The acidic monomers and other
hydrophilic components have a low pH value and hydro-
philic properties at the initial setting to facilitate good
wetting and bonding to the tooth structure. The inorganic
fillers and hydroxyapatite in the teeth provide the neutral-
ization function to the initial low pH of the cement by the
reaction with acidic monomers. The adhesive properties and
pH neutralization vary significantly among the self-adhesive
resin cements [16, 37, 40]; therefore, these self-adhesive
cements exhibited different bond strengths. The limited
information provided by the manufacturers showed that
most tested cements used different phosphate acidic
monomers as mentioned above. The acidic monomer in
Experimental SARC is 10-methacryloyloxydecyl dihydrogen
phosphate (10-MDP), which has a longer ethylene chain and
is more hydrophobic than other phosphoric acid monomers
such as glycerol phosphate dimethacrylate (GPDM) and
dipentaerythritol pentaacrylate monophosphate (PENTA)
[29]. This hydrophobicity of the longer ethylene backbone
enhanced the pH neutralization capacity of the cement,
which resulted in less susceptible to hydrolysis over time and
greater bonding than other self-adhesive resin cements with
different phosphate monomers [39, 41, 42]. Although it used
the same acidic monomer (10-methacryloyloxydecyl dihy-
drogen phosphate (10-MDP)) as Experimental SARC used,
SpeedCem Plus had significantly lower bond strength than
Experimental SARC because the bond strength depends on
not only the acidic monomer and its concentration but also
other monomers and initiator systems used. Unfortunately,
like other commercial self-adhesive resin cements, it is
difficult to obtain accurate information of SpeedCem Plus
about its resin composition. It is only assumed here that
SpeedCem Plus has a low concentration of 10-MDP, or other
monomers may not promote the bonding process with 10-
MDP.

In addition, for each cement, the bond strength in the
light-curing mode is higher than the corresponding self-
curing mode, and the dual-curing mode produced a higher
bond strength than the respective self-curing and light-
curing. This is probably that light curing can provide a
stronger energetic curing condition in this study. Clearly,
dual-curing leads to higher bond strength due to more
energetic curing conditions and a high degree of poly-
merization compared to individual self-curing or light
curing. These results are consistent with other studies re-
ported [43, 44], indicating that dual-curing (self-curing
followed by additional light-curing) is highly recommended
for adhesive cementation of indirect restorations.
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5. Conclusion

The hypothesis has been proven, that is, a newly developed
self-adhesive resin cement exhibited favorable bonding ca-
pability and physical and mechanical properties compared
to other commercial self-adhesive resin cements based on
the findings of this study for shear bond strength, working
time and setting time, consistency, film thickness, water
sorption and solubility, flexural strength, and flexural
modulus. Experimental self-adhesive resin cement is a good
alternative with a simplified clinic bonding procedure for
cementation of indirect restoration.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments
This study was supported by Glidewell Dental.

References

[1] 1. Radovic, F. Monticelli, C. Goracci, Z. R. Vulicevic, and
M. Ferrari, “Self-adhesive resin cements: a literature review,”
The Journal of Adhesive Dentistry, vol. 10, pp. 251-258, 2008.

[2] T.R. Aguiar, C. B. André, L. Correr-Sobrinho, C. A. G. Arrais,

G. M. B. Ambrosano, and M. Giannini, “Effect of storage

times and mechanical load cycling on dentin bond strength of

conventional and self-adhesive resin luting cements,” The

Journal of Prosthetic Dentistry, vol. 111, no. 5, pp. 404-410,

2014.

S. Hattar, M. Hatamleh, A. Khraisat, and M. Al-Rabab’ah,

“Shear bond strength of self-adhesive resin cements to base

metal alloy,” The Journal of Prosthetic Dentistry, vol. 111,

pp. 411-415, 2014.

[4] T. A. Pegoraro, N. R. F. A. da Silva, and R. M. Carvalho,
“Cements for use in esthetic dentistry,” Dental Clinics of North
America, vol. 51, no. 2, pp. 453-471, 2007.

[5] H. Y. Marghalani, “Sorption and solubility characteristics of
self-adhesive resin cements,” Dental Materials, vol. 28, no. 10,
pp. e187-€198, 2012.

[6] J. L. Ferracane, J. W. Stansbury, and F. J. T. Burke, “Self-
adhesive resin cements - chemistry, properties and clinical
considerations,” Journal of Oral Rehabilitation, vol. 38, no. 4,
pp. 295-314, 2011.

[7] M. Rosentritt, M. Behr, R. Lang, and G. Handel, “Influence of
cement type on the marginal adaptation of all-ceramic MOD
inlays,” Dental Materials, vol. 20, no. 5, pp. 463-469, 2004.

[8] C.]J. Christensen, “The best cement types for indirect resto-
rations,” Clinicians report, vol. 4, no. 10, pp. 1-3, 2011.

[9] N. Attar, L. E. Tam, and D. McComb, “Mechanical and
physical properties of contemporary dental luting agents,” The
Journal of Prosthetic Dentistry, vol. 89, no. 2, pp. 127-134,
2003.

[10] A. Piwowarczyk, H.-C. Lauer, and J. A. Sorensen, “In vitro

shear bond strength of cementing agents to fixed

[3

prosthodontic restorative materials,” The Journal of Prosthetic
Dentistry, vol. 92, no. 3, pp. 265-273, 2004.

[11] A. Peutzfeldt, A. Sahafi, and S. Flury, “Bonding of restorative
materials to dentin with various luting agents,” Operative
Dentistry, vol. 36, no. 3, pp. 266-273, 2011.

[12] N. Moszner, U. Salz, and J. Zimmermann, “Chemical aspects
of self-etching enamel-dentin adhesives: a systematic review,”
Dental Materials, vol. 21, no. 10, pp. 895-910, 2005.

[13] K. Al-Assaf, M. Chakmakchi, G. Palaghias, A. Karanika-
Kouma, and G. Eliades, “Interfacial characteristics of adhesive
luting resins and composites with dentine,” Dental Materials,
vol. 23, no. 7, pp. 829-839, 2007.

[14] F. Monticelli, R. Osorio, C. Mazzitelli, M. Ferrari, and
M. Toledano, “Limited decalcification/diffusion of self-ad-
hesive cements into dentin,” Journal of Dental Research,
vol. 87, no. 10, pp- 974-979, 2008.

[15] C. A. G. Arrais, F. A. Rueggeberg, J. L. Waller, M. F. de Goes,
and M. Giannini, “Effect of curing mode on the polymeri-
zation characteristics of dual-cured resin cement systems,”
Journal of Dentistry, vol. 36, no. 6, pp. 418-426, 2008.

[16] L.Han, A. Okamoto, M. Fukushima, and T. Okiji, “Evaluation
of physical properties and surface degradation of self-adhesive
resin cements,” Dental Materials Journal, vol. 26, no. 6,
pp. 906-914, 2007.

[17] M. Sunico-Segarra and A. Segarra, A Practical Clinical Guide
to Resin Cements, Springer-Verlag, Berlin, Heidelberg, 2015.

[18] American Dental Association (ADA), “Professional product
review,” Resin-based cement, vol. 1, no. 2, p. 6, 2006.

[19] V. N. Zahra, P. F. Abate, and R. L. Macchi, “Film thickness of
resin cements used with adhesive systems,” Acta Odontologica
Latinoamericana: AOL, vol. 21, no. 1, pp. 29-33, 2008.

[20] B. Meerbeek, S. Inokoshi, C. L. Davidson et al., “Dual cure
luting composites ? Part II: clinically related properties,”
Journal of Oral Rehabilitation, vol. 21, no. 1, pp. 57-66, 1994.

[21] A. Mese, M. F. Burrow, and M. J. Tyas, “Sorption and sol-
ubility of luting cements in different solutions,” Dental Ma-
terials Journal, vol. 27, no. 5, pp. 702-709, 2008.

[22] A. Petropoulou, A. D. Vrochari, E. Hellwig, S. Stampf, and
O. Polydorou, “Water sorption and water solubility of self-
etching and self-adhesive resin cements,” The Journal of
Prosthetic Dentistry, vol. 114, no. 5, pp. 674-679, 2015.

[23] C. Leevailoj, J. A. Platt, M. A. Cochran, and B. K. Moore, “In
vitro study of fracture incidence and compressive fracture
load of all-ceramic crowns cemented with resin-modified
glass ionomer and other luting agents,” The Journal of
Prosthetic Dentistry, vol. 80, no. 6, pp. 699-707, 1998.

[24] G. Ibarra, G. H. Johnson, W. Geurtsen, and M. A. Vargas,
“Microleakage of porcelain veneer restorations bonded to
enamel and dentin with a new self-adhesive resin-based dental
cement,” Dental Materials, vol. 23, no. 2, pp. 218-225, 2007.

[25] A. D. Vrochari, G. Eliades, E. Hellwig, and K. T. Wrbas,
“Water sorption and solubility of four self-etching, self-ad-
hesive resin luting agents,” The Journal of Adhesive Dentistry,
vol. 12, no. 1, pp. 39-43, 2010.

[26] S. Ito, M. Hashimoto, B. Wadgaonkar et al., “Effects of resin
hydrophilicity on water sorption and changes in modulus of
elasticity,” Biomaterials, vol. 26, no. 33, pp. 6449-6459, 2005.

[27] J. Tanaka, T. Hashimoto, J. W. Stansbury, J. M. Antonucci,
and K. Suzuki, “Polymer properties on resins composed of
UDMA and methacrylates with the carboxyl group,” Dental
Materials Journal, vol. 20, no. 3, pp. 206-215, 2001.

[28] M. W. Beatty, M. L. Swartz, B. K. Moore, R. W. Phillips, and
T. A. Roberts, “Effect of crosslinking agent content, monomer
functionality, and repeat unit chemistry on properties of



[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

[44]

unfilled resins,” Journal of Biomedical Materials Research,
vol. 27, no. 3, pp. 403-413, 1993.

K. L. Van Landuyt, M. Peumans, J. D. Munck, P. Lambrechts,
and B. V. Meerbeek, “Extension of a one-step self-etch ad-
hesive into a multi-step adhesive,” Dental Materials, vol. 22,
no. 6, pp. 533-544, 2006.

Y.-j. Wei, N. Silikas, Z.-t. Zhang, and D. C. Watts, “Diffusion
and concurrent solubility of self-adhering and new resin-
matrix composites during water sorption/desorption cycles,”
Dental Materials, vol. 27, no. 2, pp. 197-205, 2011.

F. C. Madruga, F. A. Ogliari, T. S. Ramos, M. Bueno, and
R. R. Moraes, “Calcium hydroxide, pH-neutralization and
formulation of model self-adhesive resin cements,” Dental
Materials, vol. 29, no. 4, pp. 413-418, 2013.

E. Saskalauskaite, L. E. Tam, and D. McComb, “Flexural
strength, elastic modulus, and pH profile of self-etch resin
luting cements,” Journal of Prosthodontics, vol. 17, no. 4,
pp. 262-268, 2008.

A. Niinuma, “Newly developed resinous direct pulp capping
agent containing calcium hydroxide (MTYAI1-Ca),” Inter-
national Endodontic Journal, vol. 32, no. 6, pp. 475-483, 1999.
S. E. Abo-Hamar, K.-A. Hiller, H. Jung, M. Federlin,
K.-H. Friedl, and G. Schmalz, “Bond strength of a new
universal self-adhesive resin luting cement to dentin and
enamel,” Clinical Oral Investigations, vol. 9, no. 3, pp. 161-167,
2005.

T. R. Aguiar, M. Di Francescantonio, G. M. Ambrosano, and
M. Giannini, “Effect of curing mode on bond strength of self-
adhesive resin luting cements to dentin,” Journal of Bio-
medical Materials Research. Part B, Applied Biomaterials,
vol. 93, pp. 122-127, 2010.

K. Hikita, B. Van Meerbeek, J. De Munck et al., “Bonding
effectiveness of adhesive luting agents to enamel and dentin,”
Dental Materials, vol. 23, no. 1, pp. 71-80, 2007.

S. Hattar, M. M. Hatamleh, F. Sawair, and M. Al-Rabab’ah,
“Bond strength of self-adhesive resin cements to tooth
structure,” The Saudi Dental Journal, vol. 27, no. 2, pp. 70-74,
2015.

P. Stona, G. A. Borges, M. A. Montes, L. H. Junior, J. B. Weber,
and A. M. Spohr, “Effect of polyacrylic acid on the interface
and bond strength of self-adhesive resin cements to dentin,”
The Journal of Adhesive Dentistry, vol. 15, no. 3, pp. 221-227,
2013.

A. P. Manso and R. M. Carvalho, “Dental cements for luting
and bonding restorations,” Dental Clinics of North America,
vol. 61, no. 4, pp. 821-834, 2017.

J. Zorzin, A. Petschelt, J. Ebert, and U. Lohbauer, “pH neu-
tralization and influence on mechanical strength in self-ad-
hesive resin luting agents,” Dental Materials, vol. 28, no. 6,
pp. 672-679, 2012.

B. I. Suh, Principles of Adhesion Dentistry: A Theoretical and
Clinical Guide for Dentistspp. 176-186, AEGIS Publications
LLC, Newtown, PA, USA, 1 edition, 2008.

S.-E. Lee, J.-H. Bae, J.-W. Choi et al., “Comparative shear-
bond strength of six dental self-adhesive resin cements to
zirconia,” Materials, vol. 8, no. 6, pp. 3306-3315, 2015.

A. L. Faria-e-Silva, M. M. Fabido, V. G. Arias, and
L. R. M. Martins, “Activation mode effects on the shear bond
strength of dual-cured resin cements,” Operative Dentistry,
vol. 35, no. 5, pp. 515-521, 2010.

R. N. Garcia, A. F. Reis, and M. Giannini, “Effect of activation
mode of dual-cured resin cements and low-viscosity com-
posite liners on bond strength to dentin,” Journal of Dentistry,
vol. 35, no. 7, pp. 564-569, 2007.

International Journal of Dentistry



