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This study is aimed at evaluating the flexural strength (FS), fracture toughness (FT), and diametral tensile strength (DTS) of three
resin-modified glass-ionomer cements (RMGICs): Ketac Nano, Riva Light Cure, and Fuji II LC. One hundred twenty specimens
were prepared from the RMGIC materials (n = 10). The cements were mixed and inserted into different mould sizes according to
the test performed: FS: rectangular Teflon mould (32 mm x 3.15 mm x 2 mm); FT: notchless triangular prism (NTP) Teflon mould
(6 mm x 6 mm x 6 mm X 12mm); and DTS: ring road stainless steel mould (6 mm x 3 mm). Specimens were light cured for 20
seconds on each surface and stored in distilled water at 37°C + 2°C for seven days prior to tests. To evaluate the influence of
storage in the mechanical properties of the RMGIs, specimens tested for DTS were stored in distilled water at 37°C + 2°C for 32
days prior to test. Data were analyzed by ANOVA and Tukey’s test (& = 0.05). Fuji IT LC presented significantly higher values for
all tests employed when compared to Ketac Nano and Riva LC RMGIs. There was no significant difference on DTS before and
after the 32-day storage for each material. Fuji II LC presented superior mechanical properties when compared to Ketac Nano, and

Riva LC storage showed no influence on the mechanical properties of the RMGI materials tested.

1. Introduction

Glass-ionomer cements (GICs) were introduced in dentistry
by Wilson and Kent in 1970s [1-3]. An acid-base reaction
between a calcium fluoroaluminosilicate glass powder and an
aqueous solution of polyacrylic acid constitutes the main fea-
ture of GIC materials. As a result, ionically cross-linked poly-
mer chains with multivalent counter ions leached from the
glass are formed, ending in a self-hardening material [4-8].
The popularity of ionomer-based materials is related to
their relevant features, such as chemical adhesion to dental
structures, biological sealing of dentin, biocompatibility,
coeflicient of thermal expansion similar to the dental struc-
ture, and anticariogenic properties due to their fluoride
release [9-17]. Despite their advantages, undesirable charac-
teristics have been reported, such as inferior mechanical
properties, limited esthetic, and difficulty in handling when
compared to resin composite materials [7, 12, 15]. Since
the introduction of GICs, several modifications in the mate-
rial’s composition were performed to minimize undesirable

features that could limit their clinical use. The incorporation
of hydrophilic resin monomers into an aqueous solution of
polyacrylic acid led to the development of a more resistant,
resin-modified glass-ionomer material (RMGI). RMGIs
exhibit improved mechanical properties, while keeping the
desirable characteristics of the conventional GICs [3, 7,
16-21]. Regarding their elastic behavior, GICs and RMGIs
are polymer-based composites and may potentially exhibit
viscoelastic behavior. Typically, the viscoelastic properties
of these materials are calculated using creep evaluations
[22, 23]. The elastic behavior of these materials varies signif-
icantly from brand to brand [24].

RMGI materials presenting silane-treated silica nanofil-
lers and nano-sized zirconia/silica clusters, with a highly
packed filler composition, were developed [15, 16, 25]. Addi-
tionally, easy-handling materials, supplied in capsules, are
available, allowing for an ideal powder/liquid ratio and auto-
matic mixing, facilitating the manipulation, and optimizing
the materials” properties [5, 26-30]. The superior mechani-
cal properties, easy handling, and improved esthetic results
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presented by RMGIs have enabled their use in the perma-
nent dentition. Significantly higher retention rates have been
reported for their use in noncarious cervical lesion restora-
tions when compared to resin composite restorations [31].

The improved mechanical properties achieved by RMGI
materials have been reported by long-term clinical studies.
Donly et al. and Espelid et al. [32, 33] evaluated the clinical
performance of RMGI class II restorations in primary teeth
and observed a similar performance when compared to
amalgam and a better performance when compared to silver
cermet, respectively, for this material over 36 months. Dul-
gergil et al. [34] studied the RMGI for ART and noted supe-
rior clinical performance over six months, compared to GIC
materials. Fagundes et al. [35] carried RMGI restorations in
noncarious cervical lesions and observed 95.8% of cumula-
tive survival rate of retention of this material over seven
years.

Due to the importance of evaluating the mechanical
properties of recent RMGIs available, this study is aimed at
evaluating the flexural strength (ES), fracture toughness
(FT), diametral tensile strength (DTS), and the effect of stor-
age in three resin-modified glass-ionomers (RMGIs) avail-
able in capsules. The null hypotheses are: (1) there would
be no significant difference in FS, FT, and DTS among the
three materials tested; (2) there would be no significant dif-
ferences in DTS of the RMGI materials tested after storage.

2. Materials and Methods

2.1. Specimen Preparation. A total of 120 specimens were
fabricated using the following RMGIs: Ketac Nano (3M
ESPE, St. Paul, MN, USA), Riva Light Cure (SDI, Bayswater,
VIC, Australia), and Fuji II LC Capsule (GC America, Alsip,
IL, USA), according to the manufacturer’s instructions
(Table 1). The specimens’ preparation was followed by ISO
9917-2: 2017 [36].

Specimens were fabricated in moulds with different
dimensions according to the test performed: flexural
strength test (FS) (n=10): rectangular Teflon mould
(32mm x 3.15mm x 2mm); fracture toughness test (FT)
(n=10): notchless triangular prism (NTP) Teflon mould
(6mmx6mm x 6mm x 12mm); and diametral tensile
strength test (DTS) (n=10) prepared using a ring road
stainless steel mould (6 mm x 3 mm) (Figure 1).

The RMGI materials that required mixing were manipu-
lated in an amalgamator (Ultramat 2, SDI, Bayswater, VIC,
Australia) for 10 seconds. After mixing, the capsule was
loaded into a gun applicator, and the material was inserted
into the mould. A clear glass cover slip (microslides, Gold
Seal) was placed on top of the material, and a gentle pressure
was applied to extrude material excess and to obtain a flat
and smooth surface. The RMGI material was light-cured
for 20 seconds using a LED curing-light unit (Bluephase
Style, Ivoclar Vivadent, Mississauga, ON, Canada, light
intensity of 1330 mW/cm?). Additional curing (20 seconds)
was performed on each side of the specimen after they were
removed from the mould to assure complete cure through-
out the material. All specimens were inspected for flaws
using a back light, and the defective ones (showing cracks,
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porosity, or lack of material) were discarded. Two specimens
of Riva LC, none specimens of Fuji IT LC, and two specimens
of Ketac Nano for FS test were discarded. Two specimens of
Riva LC, two specimens of Fuji II LC, and one specimen of
Ketac Nano for FT were discarded. Three specimens of Riva
LC, two specimens of Fuji I LC, and three specimens of Ketac
Nano for DTS test were discarded. After fabrication, speci-
mens were stored in distilled water at 37°C + 2°C for seven
days prior to test. To evaluate the influence of a 32-day storage,
specimens (n = 10) from each material were kept in distilled
water at 37°C + 2°C under constant agitation. The water was
changed weekly until the DTS test was performed as an equi-
librium of ions transfer between the sample, and unchanged
storage solution would be established in the solution. Addi-
tionally, changing the storage solution may also have acceler-
ated the aging process of the samples [7, 37-41].

The mechanical tests were performed using a universal
testing machine (Instron—Model 3345, Norwood, MA, USA).

2.2. Flexural Strength Testing. The test was performed in
four-point bending, with a span of 30 mm between supports,
at a crosshead speed of five mm/min; the test is in accor-
dance with the ISO 5833 specification [42]. The FS was cal-
culated following the formula:

3PL

o= —— 1
2bd’ o
where P is the maximum load, L is the distance between

the two supports, b is the breadth of the specimen, d is the

depth of the specimen, and o is the FS value expressed in

MPa (N/mm?).

2.3. Fracture Toughness Testing. The samples were scorched
at the location of tensile forces in order to create a defect.
Force was applied until failure of the FT (K.) as proposed
by Barker [43] and adopted by ASTM standard EI304. The
FT was calculated using the formula:

p . .
c= Dl\f/A;\(/ * Y" min (2)

where Py, is the load at fracture, D is the specimen
diameter, W is the specimen length, Y™ . is the minimum
of the dimensionless stress intensity factor coefficient
(=28), and K| is the FT value expressed in MPa+/m.

2.4. Diametral Tensile Strength Testing. Specimen dimen-
sions were measured before testing. Test was performed
using a rounded rectangular rod testing device at a cross-
head speed of 0.5 mm/min. The DTS was calculated fol-
lowing the formula [20]:

2L
DTS = o (3)

where L is the load of fracture, p = 3.14, d is the diam-
eter of the samples, and h is the height of the samples.
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TasLE 1: Composition of the RMGI materials used in this study.

Material Composition Batch number Manufacturer
De-ionized water, 2-hydroxyethyl methacrylate, Vitrebond
copolymer (a methacrylate modified polyalkenoic acid)
Silica/zirconia with nanofillers (5-25 nm) and 3M ESPE,
Ketac Nano nanoclusters (1-1.6 micron) N>11981 St. Paul, MN, USA

Radiopaque particles of fluoroaluminosilicate glass (1 micron)
Inorganic filler with 69% by weight or 56% by volume
Polyacrylic acid (15-25%)
Tartaric acid (1-5%)
S 2-Hydroxyethyl methacrylate (20-25%)
Riva Light Cure Dimethacrylate cross-linker (10-25%) J130422EG
Acidic monomer (10-20%)
Fluoroaluminosilicate glass powder (95-100%)
Polyacrylic acid (20-25%)
2-Hydroxyethyl methacrylate (30-35%)
Fuji I LC capsule Proprietary ingredient (5-15%) 1401251
2,2,4-Trimethyl hexamethylene decarbonate (1-5%)
Alumino-fluorosilicate glass (95-100%)

SDI, Bayswater,
VIC, Australia

GC America,
Alsip, IL, USA

6 mm

(a) (b)

3.15 mm

|
—

32 mm

(c)

FIGURE 1: Illustration of the specimens prepared for the tests: (a) diametral tensile strength; (b) fracture toughness; (c) flexural strength.



DTS values (kgf/cmz) were converted into MPa as follows:
DTS (MPa) = DTS (kgf/cm?) x 0.09807.

2.5. Statistical Analysis. Data were analyzed using one-way
ANOVA and Tukey post hoc tests («=0.05). A two-way
ANOVA was also performed to evaluate the differences
between the materials tested (DTS) after storage. The raw
data is available as a Supplementary Material.

3. Results

Mean values and standard deviations of FS, FT, and DTS
obtained from the RMGI materials are presented in
Tables 2 and 3.

Fuji I LC presented significantly higher FS, FT, and DTS
compared to Ketac Nano and Riva Light Cure. There were
no statistically significant differences between Ketac Nano
and Riva Light Cure for all tests performed (p > 0.05). In addi-
tion, no significant differences were observed before and after
32-day storage for all RMGI materials tested (p > 0.05).

4. Discussion

For this investigation, three tests were selected to evaluate
FS, FT, and DTS of different RMGICs. According to the
results obtained in the present study, the Fuji II LC RMGI
material presented significant higher values of FS, FT, and
DTS than the other RMGI materials tested (Ketac Nano
and Riva Light Cure). Based on these data, the null
hypothesis, which stated no significant differences in the
mechanical properties for the different types of RMGIs
tested, was rejected. These results are in agreement with
other studies that have verified superior performance of
Fuji 1T LC [3, 4, 21, 25, 44, 45].

Compared to conventional glass ionomer cements
(GI), RMGI exhibit increased hardness, fracture tough-
ness, flexural strength, diametral tensile strength, and wear
resistance [4, 46-49]. The presence of resin components
contributes to the superior mechanical properties, a short-
ened setting time, decreased early moisture sensitivity,
extended working time, increased translucency, and supe-
rior esthetic results [17, 48, 50]. Additionally, RMGI pre-
sents increased ability to deform plastically under load,
resulting in increased fracture toughness [4, 46].

RMGIs have been indicated for the treatment of atrau-
matic restorative treatment (ART) in permanent and pri-
mary teeth [34]; restoration of classes I, II, III, and V in
primary teeth [33, 47, 48, 51, 52]; and small classes I, III,
and V in permanent teeth [48] and have been indicated to
be used in sandwich combination with composite resin
materials in class II preparations located below the cement-
enamel junction (CEJ]) [27]. A previous study reported that
the combination of resin composite and glass ionomer liner
materials may reduce some of the residual stresses during
polymerization shrinkage and loading [53]. Additionally,
RMGI has shown the highest retention rate in noncarious
cervical lesions (NCCL) compared to resin composite. The
restoration of NCCLs is often considered a challenging pro-
cedure since partial or complete obliteration of the dentinal
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TaBLE 2: Flexural strength and fracture toughness in MPa, mean,
and standard deviation.

Flexural strength Fracture toughness

Material Mean (+sd)

Ketac Nano 14.04 (1.42)® 0.15 (0.03)®
Riva Light Cure 15.67 (1.96)® 0.20 (0.03)®
Fuji II LC Capsule 37.60 (5.33)* 0.27 (0.08)*

Mean values followed by different small letters in the column differ
statistically among themselves for the Tukey test at the level of 5%.

TaBLE 3: Diametral tensile strength in MPa, mean, and standard
deviation.

7-day storage 32-day storage
Mean (+sd)

10.78 (2.19)® 13.74 (4.80)®
Riva Light Cure 13.30 (2.54)® 12.92 (3.27)®
Fuji 1T LC Capsule 20.93 (4.04)* 20.52 (3.16)*

Mean values followed by different small letters differ statistically among
themselves for the Tukey test at the level of 5%.

Material

Ketac Nano

tubules with sclerotic casts (crystallites) and a hyperminera-
lized layer is often present on those lesions as a natural
defence to insult. Those barriers prevent primer diffusion
and resin infiltration resulting in reduced bond strength to
dentin; for that reason, GI and RMGI materials have become
the most common materials used to restore NCCLs due to
the chemical adhesion achieved between calcium in
hydroxyapatite and carboxyl groups from the polyalkenoic
acid (PAA) [31, 35].

In the present study, three RMGIs delivered in capsules
were selected to better standardize the material powder/liq-
uid proportion and allow a more accurate interpretation of
the results [46, 49, 54], as previous studies have shown that
variations in the powder/liquid ratio may negatively inter-
fere in the mechanical properties [5, 55]. Moreover, the spa-
tulation of powder and liquid in hand mixed materials leads
to increase air bubble incorporation and micropores that can
compromise the mechanical properties of the restorative
materials. In contrast, RMGI delivered in automix capsules
allows for an ideal powder/liquid ratio and minimum incor-
poration of air bubbles via the mixing process, while facili-
tates handling [5, 8, 20, 27, 56].

In a previous study, Fuji II LC and Ketac Nano presented
no significant difference in flexural strength [57]. This is not
in agreement with the present study, and it may be attrib-
uted to the fact that the samples were tested in a three-
point flexure, while in the present investigation, a four-
point flexure was used. However, after 84 days in storage,
Fuji II LC exhibited a 50% decrease in the FS values com-
pared to a 61% decrease for Ketac Nano. Despite the incor-
poration of zirconia to Ketac Nano composition, the
mechanical property values of Ketac Nano were lower when
compared to Fuji II LC in the present investigation. Ketac
Nano RMGI combines the features of an acid-reactive fluor-
oaluminosilicate glass and nonreactive nanofillers, resulting
in a highly packed filler composition (~69% weight), with
optimized esthetic and polishability [25, 45, 48]. The



BioMed Research International

superior polishability and improved resistance to abrasion
have been verified in clinical studies [44, 47, 48]. A literature
review reported that Ketac Nano did not present superior
mechanical properties over microfilled RMGICs when tested
for flexural strength and tensile strength. In theory, the addi-
tion of zirconia nanoparticles to the GIC composition
improves the mechanical properties and reduces porosities;
however, studies have shown that it depends on the amount
of particles added, which vary in different commercial mate-
rials [58-60].

A correlation between volume, filler size, and shape on
fracture toughness load values has been observed for resin-
based materials [54, 61-63]. The higher the filler size and/
or volume of fillers are/is, the higher the FT values are, with
a greater initial value of the stress-intensity factor for crack,
regardless of the degree of conversion [50, 61-63]. The same
correlation can also be applied for the RMGI materials tested
in this study. The Fuji II LC RMGI presents predominantly
large particles (25 um) [54] while Ketac Nano incorporates
nanoparticles (5-25nm), nanoclusters (1-1.6 microns), and
fluoroaluminosilicate glass (1 micron). The highest FT
values obtained for Fuji IT LC can be attributed to the pres-
ence of larger particle size in this material.

Furthermore, in a previous investigation, a better perfor-
mance of Fuji II LC on FS and FT was observed after one
week storage when compared to Ketac Nano and Riva Light
Cure [8]. In the present evaluation, Riva Light Cure exhib-
ited similar mechanical property values compared to Ketac
Nano and significant lower values compared to Fuji IT LC.
The similar mechanical property values between Ketac Nano
and Riva Light Cure can be attributed to the similar filler
content; Ketac Nano exhibits 69% by weight (according to
the manufacturer’s instructions), and Riva Light Cure pre-
sents 72.96 wt% filler content [64]. In addition, the highest
values of FS and DTS presented by Fuji II LC have been pre-
viously attributed to a better integrated interface between the
glass particle and polymer matrix [4] and present 76.2 wt%
[57]. The standard deviations of the samples submitted to
the DTS test were similar to previous studies [60, 65, 66].

In the present study, DTS was performed before and
after storage of the specimens [4, 10, 14, 20]. DTS was ini-
tially investigated after a seven-day storage and after a 32-
day storage period. One disadvantage of resin-modified glass
ionomer is the hydrophilic nature of poly-hydroxyethyl
methacrylate, which results in increased water absorption
and subsequent plasticity and hygroscopic expansion. The
plasticizing action of the water can affect the materials by
reducing their mechanical properties. The 32-day storage is
aimed at verifying the influence of the water absorption on
the DTS [67]. No significant difference was observed
between the two storage periods; thus, the second null
hypothesis was accepted. These findings are in agreement
with previous evaluations [3] that observed no significant
differences on the mechanical properties (compressive
strength, compressive modulus, and diametral tensile
strength) of Fuji II LC materials submitted to different stor-
age periods (24 hours, one week, four weeks, 12 weeks, 24
weeks, and 52 weeks). A previous study [68] also reported
no changes in compressive strength and diametral tensile

strength of RMGICs tested after different storage periods.
Zankuli et al. [69] observed no significant differences in
compressive strength between Fuji II LC before and after
cycling loading, concluding that this restorative material
could survive one year in service without a decrease in these
mechanical properties. Additionally, a previous study
observed an increase in the compressive strength of Fuji II
LC at a P/L ratio of 1:3 after 28 days of storage in water.
The authors explained the importance of water sorption in
the aging process of glass ionomer materials and its influ-
ence on their mechanical strength since storage times are
related to beneficial factors that increase strength, such as
hydration of metal-carboxylate links and maturation of the
polysalt matrix, and other detrimental factors, such as poly-
mer matrix hydrolysis. Thus, the combination of those fac-
tors may explain the results generated in the present study
and previous studies [70].

Moberg et al. [8] observed no difference in FT of Fuji II
LC, Ketac Nano, and Riva Light Cure after one-week and
one-month storage. When evaluating FS, no difference was
observed after one-week and one-month storage for Fuji II
LC and Riva Light Cure. On the other hand, Ketac Nano
showed reduced flexural strength after one-month storage.
The RMGIs’ stability in water verified in the present study
may be related to the immediate hardening after the light-
curing reaction [4, 46-48, 51, 56], as well as their presenta-
tion in automix capsules, which allows for an ideal
powder-liquid proportion, eliminating the possibility of
compromising the mechanical properties due to undesirable
proportion and mixing [5, 20, 28-30].

This in vitro study presented some limitations. A longer
storage time and the use of cycling load and fatigue stresses
could have contributed to creating a more challenging envi-
ronment before testing the specimens. This study followed
the methodology presented in other investigations to allow
comparisons with previous studies. Although in vitro studies
can generate important information about materials’ prop-
erties, clinical trials will reveal their clinical performance
and longevity.

5. Conclusion

Within the limitations of this in vitro study, it was possible
to conclude that the values of flexural strength, fracture
toughness, and diametral tensile strength were superior for
the Fuji II RMGI when compared to Ketac Nano and Riva
Light Cure. The 32-day storage did not affect the mechanical
properties of the RMGIs tested.

Data Availability

The data is available upon request.
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The statistical analysis (raw data) is available for the diame-
tral tensile strength, flexural strength, and fracture toughness
of the RMGI materials tested. (Supplementary Materials)
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