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Abstract

Background. Glass ionomers are widely used for restoring carious primary teeth. However, their ability to
bond to primary dentin is considered a challenge in pediatric dentistry.

Objectives. The study aimed to evaluate the microshear bond strength (uSBS) of a resin-modified glass
ionomer (RMGI) and a high-viscosity glass ionomer cement (Hv-GIC) to primary dentin using a universal
adhesive.

Material and methods. Thirty human primary maxillary canines were cut in half and prepared for
the SBS test. The specimens (N = 60) were assigned to 6 groups. Three groups were defined for RMG
(FUJIILC) and 3 groups for Hv-GIC (EQUIA Forte): with an immediately curing adhesive (G-Premio); with
a delayed curing adhesive; and without an adhesive (control group). After preparing the dentin surfaces,
the glass ionomers were bonded using Tygon® tubes with an internal diameter of 0.7 mm. The pSBS test
was performed, and the data was analyzed using two-way analysis of variance (ANOVA) followed by
Tukey's post hoc test. Additionally, the failure modes were determined using a stereomicroscope. Six speci-
mens, one for each study group, were prepared for scanning electron microscopy (SEM) analysis to observe
the glass ionomer—dentin interface.

Results. The type of glass ionomer did not have a significant effect on the uSBS (p = 0.305). Groups
that received universal adhesive application prior to glass ionomer exhibited a significantly higher uSBS
(p < 0.0001). However, there was no significant difference between the immediately curing and delayed
curing groups (p = 0.157). The predominant failure mode was mixed failure.

Conclusions. Higher bond strength of glass ionomers to primary teeth can be achieved by using universal
adhesives, which, in addition to the proven benefits of glass ionomers, can improve their clinical success.
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Introduction

Glass ionomer cements (GICs) have been widely used in
dentistry since their introduction.! Some properties such
as fluoride release,® preservation of intact dental tissues
and chemical adhesion to the tooth structure make them
adesirable choice for restoring carious teeth.? The adhesion
mechanism of GICs consists of hydrogen bonds promoted
by their free hydrophilic carboxylic groups and a simulta-
neous ionic exchange at the interface.* Early conventional
glass ionomers had some disadvantages, such as unfavor-
able strength and toughness.® To improve their physical
properties, resin-modified glass ionomers (RMGIs) were
developed by adding hydrophilic monomers.® In recent
years, high-viscosity glass ionomer cements (Hv-GICs)
have been developed by modifying the powder/liquid ratio
and particle size.” This has resulted in improved fracture
toughness and flexural strength, as well as lowered sensitiv-
ity to moisture compared to conventional GICs.?

Although composite resins usually have better esthetic
and mechanical characteristics, their technique sensitivity
can be a challenge, especially in less cooperative patients,
such as children.” Therefore, in some cases, GIC is the
preferred material for restoring carious primary teeth.!°
Additionally, the bond strength of restorative materials
may be affected by a lower degree of mineralization and
a higher tubular density in primary dentin compared to
permanent dentin,!!1? making the bond strength of mate-
rials to primary dentin a significant concern.

In recent years, universal adhesives (also known as
multi-mode adhesives) have been introduced. These are
single-bottle, no-mix adhesive systems that can provide
adhesion to various substrates.!*!* New-generation ad-
hesives can be used in both self-etch and etch-and-rinse
modes. However, the self-etch technique simplifies the
application process and minimizes errors.!®

Thus, the purpose of this in vitro study was to evalu-
ate the bonding properties of an RMGI (FUJI II LC®;
GC Corporation, Tokyo, Japan) and a Hv-GIC (EQUIA
Forte™; GC Corporation) to the dentin of primary teeth.
Since previous studies have shown the effect of bonding
agents on improving the bond strength of RMGIs to
permanent dentin,'*?” we assessed the effect of using
a universal adhesive (G-Premio BOND; GC Corporation)
on the bond strength of these GICs to primary dentin.

Table 1. Dental materials and their composition

P. Iranparvar, A. Ghasemi, P. Iranparvar. Bonding of glass ionomers to primary dentin

Material and methods

This in vitro study was conducted in the Department
of Pediatric Dentistry, in collaboration with the
Department of Restorative Dentistry at Shahid Beheshti
School of Dentistry, Tehran, Iran, after receiving
approval from the Committee for Ethics in Research
(No. IR.SBMU.DRC.REC.1398.011).

Thirty-six extracted human primary maxillary ca-
nines were selected, 6 of which were observed using field
emission scanning electron microscopy (FE-SEM). The
teeth were examined under a stereomicroscope (SZX9;
Olympus, Tokyo, Japan) to confirm the absence of cracks,
fractures, caries, restorations, hypoplasia, or anatomical
abnormalities.

The teeth had been extracted for orthodontic reasons dur-
ingthe previous 3 months and were kept at room temperature
in normal saline, which was replaced weekly. Crowns of the
teeth were debrided using a prophylaxis brush on a low-
speed handpiece for 30 s and disinfected with 0.5% chlora-
mine T solution. Sixty specimens (N = 60) were obtained by
sectioning 30 teeth into equal mesial and distal halves using
alow-speed cutting machine (IsoMet® Low Speed Precision
Cutter; Buehler, Lake Bluff, USA). The roots of all specimens
were cut 2 mm below the cementoenamel junction and dis-
carded. The dentin surfaces were polished for 10 s under
running water using 400-, 600-, 800-, and 1000-grit silicon
carbide grinding papers (Matador; STARCKE® GmbH &
Co. KG, Melle, Germany), respectively.

We randomly assigned 60 specimens to 6 groups, apply-
ing EQUIA Forte in 3 groups with different surface treat-
ment methods: with an immediately curing adhesive; with
a delayed curing adhesive; and without an adhesive as
control. The remaining 3 groups were treated with FU]JI
II LC using the same methods. Table 1 provides a sum-
mary of the dental materials and their composition. In the
groups that used an immediately curing bonding agent,
a universal adhesive (G-Premio) was applied to the den-
tin. After 10 s, the adhesive was dried with air spray for 5 s
and then light-cured for 10 s using a light-emitting diode
(LED) unit (Guilin Woodpecker Medical Instrument Co.
Ltd., Guilin, China) with an intensity of 1000 mW/cm?. In
the delayed curing groups, the bonding agent was applied
in the same manner; however, its light activation was de-
layed until the application of the glass ionomer.

EQUIA Forte high-viscosity glass ionomer cement

FUJIILC resin-modified glass ionomer

G-Premio BOND universal adhesive (8" generation)

fluoroaluminosilicate glass, water, polyacrylic acid, polybasic
carboxylic acid, camphorquinone Japan

powder: fluoroaluminosilicate glass
liquid: water, polyacrylic acid, HEMA, urethane dimethacrylate Japan

10-MDP, 4-MET, MEPS, BHT, acetone, dimethacrylate resins,

GC Corporation, Tokyo,

GC Corporation, Tokyo,

GC Corporation, Tokyo,
initiators, filler, water Japan

HEMA — hydroxyethyl methacrylate; 10-MDP — 10-methacryloyloxydecyl dihydrogen phosphate; 4-MET — 4-methacryloyloxyethyl trimellitate;
MEPS — methacryloyloxyalkyl thiophosphate methylmethacrylate; BHT - butylated hydroxytoluene.
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TYGONP® tubes (Saint-Gobain, Paris, France) with an in-
ner diameter of 0.7 mm and a height of 1 mm were pre-
pared for packing the glass ionomers over the dentin sam-
ples. The powder and liquid in the FUJI II LC groups were
mixed according to the manufacturer’s instructions. The
mixture was then packed into TYGON tubes placed over
the dentin samples and light-cured for 20 s. In the EQUIA
Forte groups, pre-loaded capsules were mixed for 10 s and
packed into TYGON tubes placed over the samples. The
samples were left to self-cure for 2 min and then covered
with an EQUIA coat, a special coating that was light-cured
for 20 s according to the manufacturer’s instructions. In
the delayed curing groups, light activation of the bonding
agent and glass ionomer occurred simultaneously at this
stage. After 24 h of immersion in distilled water and incu-
bation at 37°C, the TYGON tubes were carefully removed
using a scalpel. The specimens were then subjected to the
microshear bond strength (uSBS) test.

Bond strength was measured using a Microtensile Tes-
ter (Bisco Inc., Schaumburg, USA) that was transformed
into a microshear tester by attaching metallic cylinders
with a diameter of 1 mm to one of its working plates. Sam-
ples were fixed onto the other working plate of the tester
machine using a cyanoacrylate adhesive. An orthodontic
wire (0.2 mm in diameter) was formed into a loop to con-
nect the metallic cylinder to the base of the glass iono-
mer cylinder. The bonded interface, the wire loop and the
center of the metallic cylinder were aligned as straight as
possible. Microshear forces were applied at a crosshead
speed of 0.5 mm/min until debonding occurred, and the
uSBS was recorded.

Failure modes were evaluated using the stereomicroscope
at x20 magnification. The results were recorded as ad-
hesive (fracture at the glass ionomer—dentin interface),
cohesive (fracture within the glass ionomer or bonding
agent) or mixed (a combination of both failures).

The remaining 6 primary canines, one for each study
group, were selected for SEM observations. We cut the
upper third of the crowns to expose a flat dentin surface.
We prepared the dentin surfaces in the same way as the
previous specimens and applied a bulk of glass ionomer.
Then, we longitudinally sectioned the specimens using
an IsoMet Low-Speed Precision Cutter to reach the glass
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ionomer—dentin interface. The specimens were polished
using silicon carbide papers with grits of 400, 600, 800,
1000, and 2000, followed by cleaning with 37% phospho-
ric acid for 5 s and thorough rinsing for 30 s. All specimens
were dehydrated using a desiccator containing silica gel
for 24 h. After sputter coating, the glass ionomer—dentin
interfaces were observed using a FE-SEM (S-4160; Hitachi,
Tokyo, Japan) at x500 magnification.

Statistical analysis

Data was analyzed using the IBM SPSS Statistics for
Windows software, v. 25.0 (IBM Corp., Armonk, USA).
A two-way analysis of variance (ANOVA), followed by
Tukey’s post hoc test, was used to determine the differ-
ence in bond strength between the groups. Failure mode
analysis was conducted using the y? tests. The level of sig-
nificance set for the study was <0.05.

Results

Descriptive statistics of uSBS for the 6 groups are
shown in Table 2. According to the results of the two-way
ANOVA test, the glass ionomer type did not have a sig-
nificant effect on puSBS (p = 0.305). However, the effect
of surface treatment was significant (p < 0.0001). In addi-
tion, the interaction effect between surface treatment and
the type of glass ionomer was not significant (p = 0.558).
Post hoc Tukey’s Honest Significant Difference (HSD) test
was performed to compare 3 surface treatment methods
(i-e., an immediately curing adhesive, a delayed curing ad-
hesive, and without an adhesive). It was shown that the
groups with an adhesive had significantly higher uSBS
values than the control group (p < 0.0001). However, there
was no significant difference between the immediately
curing and delayed curing adhesive groups (p = 0.157).

The distribution of failure modes among the 6 study
groups did not show any significant difference (p = 0.974).
The most frequently observed failure mode was mixed
failure, while the cohesive mode had the lowest propor-
tion. Table 2 shows the distribution of failure modes with-
in the groups.

Table 2. Descriptive statistics of microshear bond strength (uSBS) and failure mode for the 6 groups

Group pSBS [MPal Failure mode [%]
FUJII LC without an adhesive 6.72 £1.28 40 10 50
FUJI I LC with an immediately curing adhesive 10.72 £1.61 40 20 40
FUJIILC with a delayed curing adhesive 9.58 +0.96 30 20 50
EQUIA Forte without an adhesive 6.3 1.1 50 0 50
EQUIA Forte with an immediately curing adhesive 10.02 £1.24 40 10 50
EQUIA Forte with a delayed curing adhesive 9.71 £1.06 40 20 40

M — mean; SD - standard deviation.
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The SEM images of the glass ionomer—dentin interfaces
are presented in Fig. 1. All groups showed gap formation.
In the groups with an immediately curing adhesive, the
fracture occurred within the glass ionomer, and the glass
ionomer—adhesive interaction was maintained in most
parts. However, in the groups with a delayed curing adhe-
sive, the layer of bonding agent was imperceptible.

Fig. 1. Scanning electron microscopy (SEM) images (x500 magnification)

A. FUJI I LC without an adhesive; B. FUJI Il LC with an immediately curing
adhesive; C. FUJI Il LC with a delayed curing adhesive; D. EQUIA Forte
without an adhesive; E. EQUIA Forte with an immediately curing adhesive;
F. EQUIA Forte with a delayed curing adhesive. Fu — FUJI Il LC; De - dentin;
Ad - adhesive; Eq - EQUIA Forte.

Discussion

The bond strength of restorative dental materials plays
a crucial role in the treatment success by preventing mar-
ginal gapping and microleakage.%'® We aimed to assess
the bonding properties of RMGI (FUJIII LC) and Hv-GIC
(EQUIA Forte) to primary dentin, considering the limited
evidence on the bond strength of GICs to primary teeth
and the improved physical characteristics of modified
glass ionomers. FUJI II LC is a commonly used material
in pediatric dentistry, while EQUIA Forte is a new-gener-
ation glass ionomer. Previous studies have not evaluated
their bonding properties in primary teeth.

Both macro- and micro-tests can be used to measure
bond strength, either tensile or shear. However, they differ
in the cross-sectional area being bonded. This study used
a micro-test to minimize false failures and errors that may
occur due to the larger size of samples in macro-tests.!
The puSBS measurement method is useful for materials

P. Iranparvar, A. Ghasemi, P. Iranparvar. Bonding of glass ionomers to primary dentin

like glass ionomers, because their properties make them
susceptible to the specimen preparation and testing
conditions of micro-tensile bond strength tests.?° In our
laboratory, we converted the design of a micro-tensile
testing machine into a microshear tester, as described in
the methods section. Shear force was applied using a wire
loop, as described in previous studies.?!~23 The wire loop
design allows for stress to be concentrated closer to the
interface area compared to the the knife-edge design.?’

When evaluating the effect of bonding agent applica-
tion prior to glass ionomers, we observed a significantly
improved bond strength in both types of glass iono-
mers. Since RMGIs contain resin components, the ben-
efits of both a chemical bond through ionic exchange
and a micromechanical bond can be achieved by using
a bonding agent.?* This observation has been reported
in previous studies that used various types of bonding
agents. Nakanuma et al.!® reported a significant improve-
ment in the tensile bond strength of FUJI II LC to perma-
nent dentin when using a dentin bonding agent in addi-
tion to different primers. Similarly, Poggio et al.?® found
that the bond strength of FUJI II LC to bovine dentin
significantly increased when using a self-etch adhesive
prior to the glass ionomer, which is consistent with our
results. Besnault et al.?® observed a significantly higher
shear bond strength of FUJI II LC to permanent dentin
using 7 different self-etch adhesives, which is consistent
with our study. The bond strength of FUJI II LC increased
after the application of a universal adhesive in our study,
which may be due to several factors, including the pres-
ence of unsaturated carbon—carbon bonds in the FUJI II
LC and G-Premio bonds, which can form covalent bonds
during polymerization. Additionally, the hydrophilic na-
ture of both RMGI and a universal adhesive can improve
the compatibility between the 2 materials.?®

The evidence regarding the effect of bonding agents
on the bond strength of EQUIA Forte is limited.
However, it is presumed that a chemical reaction
occurs between the universal adhesive and the calcium
ions of EQUIA Forte via dihydrogen phosphate groups
of its 10-methacryloyloxydecyl dihydrogen phosphate
(10-MDP),?” which can explain the bond strength
improvement observed in our study.

According to our results, the bond strength measure-
ments were not significantly affected by the type of glass
ionomer. This is consistent with the results of a previous
study by Latta et al.,® which compared the shear bond
strength of FUJI II LC and EQUIA Forte on permanent
teeth and found no significant differences between them.
Yao et al.? showed a significantly higher tensile bond
strength of FUJI II LC to both flat and cavity-formed
permanent dentin when compared to EQUIA Forte. This
discrepancy might be justified by the fact that no dentin
pre-treatments were applied in the EQUIA Forte group
in their study, which could have reduced micromechani-
cal interlocking formation due to the interference of the
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smear layer. The polished surfaces in our specimens
minimize the smear layer thickness and provide better
bonding opportunities for self-adhesive materials.
Additionally, the abovementioned study did not apply
an EQUIA Forte coat. This resin-based coating agent fills
the porosities and cracks and prevents the early setting
of GICs in a moist environment.?

The most frequently observed failure mode in both
GICs was mixed failure, which is consistent with a study
by Abdelmegid et al.*® In SEM observations, the interac-
tions between the glass ionomer and adhesive were main-
tained in all specimens. However, gap formation was evi-
dent after desiccation and resin tags were not observed.
In a previous study conducted by Pereira et al.,'” resin tags
were formed in FUJI II LC. This difference could be at-
tributed to the surface treatment methods and the type
of adhesive system used.

A meta-analysis has shown that GICs have clinical per-
formance comparable to composite resins in various as-
pects, including marginal adaptation and secondary car-
ies, for Class II restoration of primary teeth.® Therefore,
GICs can be considered for permanent restoration of pri-
mary teeth, especially in high-caries patients.® A univer-
sal adhesive can increase the bond strength of GICs and
contribute to their improved clinical performance.

One of the limitations of the present study was its in
vitro design, which overlooks the impact of the oral envi-
ronment on bond durability. Since the measurements
were performed on healthy dentin, further studies on
caries-affected dentin and long-term evaluations of bond
strength are recommended.

Conclusions

The bond strength of the examined glass ionomers was
significantly improved by applying a universal adhesive
to primary dentin. Our results suggest that this improve-
ment can increase the clinical success of glass ionomer
restorations in primary teeth, given the desirable proper-
ties of GICs.

Ethics approval and consent to participate

The study was approved by the Committee for Ethics
in Research (approval No. IR.SBMU.DRC.REC.1398.011).

Data availability
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rent study are available from the corresponding author on
reasonable request.

Consent for publication

Not applicable.
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