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Purpose: Self-adhesive flowable giomer (SAG) has been used in dental practice recently to simplify clinical procedures and 
shorten chair times. However, there are only few studies evaluating its bond strength to enamel and dentin, resulting in a 
lack of evidence. The purpose of this study was to compare the micro-shear bond strength with and without adhesive in 
enamel and dentin to evaluate the self-adhesive ability of SAG.

Methods and Materials: Sound bovine teeth were used as the tooth substrates. For μ-SBS tests, enamel and dentin specimens 
were prepared for SAG (Beautifil Kids SA – BK), a self-adhesive flowable composite (Vertise Flow – VF), and a nanohybrid flowa-
ble giomer (Beautifil Flow Plus F03 – BF). Two adhesive modes were tested for BK and VF (with self-etching adhesive and no 
adhesive), and one for BF (with self-etching adhesive). The μ-SBS test was conducted after 24 h and after thermocycling for 
10,000 cycles using a universal testing machine.

Results: For all materials, when self-etching adhesive was used, the μ-SBS was significantly higher than that of the no-adhesive 
group (P < 0.05). No statistically significant difference was found between the restorative materials under any condition. Ther-
mocycling had no significant effect on the μ-SBS of BK. In the self-etching adhesive group, mixed failure was predominant for 
all materials. However, in no-adhesive group, adhesive failure and mixed failure were observed at similar levels for all materials.

Conclusion: The self-adhesive resin without adhesive showed lower bonding strength in both enamel and dentin compared 
to the one with adhesive.

Clinical relevance: Although there were no significant differences in bond strength stability between materials, SAG still 
offers a simplified bonding process without compromising bond strength, making it a viable option for clinical use.
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Since the introduction of dental adhesives, the trend in re-
cent developments has been toward reducing and simpli-

fying the steps involved in their use. Recently, universal adhe-
sives have been introduced and are widely used in clinical 
practice. Similarly, in the case of resin cements, self-adhesive 
resin cements that do not require a separate bonding agent are 
becoming increasingly popular.

This shift has also been seen in composite resins, with the 
introduction of self-adhesive flowable composite (SAC) prod-
ucts that contain acidic functional monomers, eliminating the 
need for additional adhesives.20 SAC simplifies the adhesive 
process by combining the benefits of flowable composites with 
self-etch adhesive technology, eliminating the requirement for 
pretreatment of the tooth.15 The composition of SAC is similar 
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to that of other flowable composites but includes acidic (func-
tional) monomers, such as 4- methacryloxyethyl trimellitic 
acid (4-MET), glycerol phosphate dimethacrylate (GPDM), and 
10-methacryloyloxydecyl dihydrogen phosphate (10-MDP), 
which are currently used in dental adhesives.5,20 These acidic 
monomers can demineralize the tooth substrate, providing a 
self-adhesion mechanism by promoting micromechanical and 
chemical interactions between hydroxyapatite and phosphate 
acidic groups.10 This mechanism is based on what was for-
merly referred to as the “adhesive demineralization concept” 
(AD concept).30,34 According to manufacturers, these compos-
ites have adhesive qualities similar to self-etching bonding sys-
tems, making them appropriate for use as lining materials and 
as filling materials in small restorations. However, a systematic 
review of the literature showed that when evaluating the bond 
strength of SAC compared to conventional composite resins, 
the bond performance of SAC was significantly lower than that 
of conventional composite resins used in combination with ad-
hesive systems, regardless of the substrate, storage period, or 
dentition type.4 In response to this, a new self-adhesive flowa-
ble giomer (SAG) has been developed.

By the acid-base reaction between polyalkenoic acids and 
fluoroaluminosilicate glasses, the surface-pre-reacted glass-
ionomer (S-PRG) filler can be created in the presence of wa-
ter.20 This uses the same mechanism as glass-ionomer ce-
ment, and after the freeze gelatinization process, it is ground 
to form the fillers and silanized.13 One kind of composite resin 
that contains S-PRG filler is called giomer. Six different ions 
can be released and recharged in S-PRG fillers: fluoride, stron-
tium, sodium, aluminum, silicate, and borate.6 Therefore, it 
has demonstrated a variety of benefits in treating dental car-
ies by inhibiting the growth of oral bacteria and plaque forma-
tion.11,16,18,23

Self-adhesive flowable giomer (SAG) was recently devel-
oped by Shofu company (Kyoto, Japan). Like other SACs, SAG 
can be used without the need for a bonding procedure be-
cause its resin components contain phosphonic acid mono-
mer, which can bond to the tooth structure by itself.14 Because 
the product itself interacts with the tooth surface and creates 

ion exchange, manufacturers recommend using SAG without 
the use of adhesives.25,27 However, due to its higher viscosity 
compared to conventional dental adhesives, its wetting abil-
ity to the dental hard tissue is limited, which can deteriorate 
the demineralization and penetration of the tooth substrate. 
As a result, previous studies have shown that SAC has low 
bond strength to both enamel and dentin.4 Since the newly 
released SAG uses the same bonding mechanism as glass-ion-
omer cement, it may have higher bonding strength than SAC. 
Therefore, it was determined to investigate this novel mater-
ial to provide more data and evaluate its adhesive capability.

The purpose of this study was to compare the micro-shear 
bond strength with and without adhesive in enamel and den-
tin to evaluate the self-adhesive ability of SAG. The null hy-
potheses of this study are: 1) the use of adhesive in self-adhe-
sive materials will not affect bond strength, and 2) there will be 
no difference in bond strength between SAC and SAG.

METHODS AND MATERIALS

Materials
Three flowable composites were tested: a novel SAG (Beautifil 
Kids SA, Shofu Dental, Kyoto, Japan), a SAC (Vertise Flow, Kerr, 
Orange, CA, USA), and a nanohybrid flowable giomer (Beautifil 
Flow Plus F03, Shofu Dental Corporation, Kyoto, Japan). The 
compositions of the tested materials are listed in Table 1.

Preparation of the Specimens
Tooth substrates were extracted from intact bovine incisors 
free of caries, discoloration, or structural defects. After remov-
ing the periodontal ligament and other surface contaminants 
using a scaler, the teeth were immersed in distilled water and 
stored at 4.0°C until the study, and were used within 3 months 
after extraction. The distilled water was replaced every month.

The root portion of the teeth was trimmed off with a water-
cooled model trimmer at the cemento-enamel junction, and 
the pulp tissue was removed. The prepared teeth were embed-
ded in self-polymerizing acrylic resin (Ortho-Jet, Lang Dental, 

Table 1  The compositions of tested materials

Material 
(Abbreviation) Type Composition Manufacturer Lot no.

Beautifil Kids SA 
(BK)

Self-adhesive 
flowable 
giomer

Matrix: UDMA, HEMA, phosphonic acid monomer
Filler: S-PRG filler based on fluoroboroaluminosilicate glass
Others: polymerization initiator, pigments

Shofu Dental, 
Kyoto, Japan

122209

Vertise Flow (VF) Self-adhesive 
flowable 
composite

Matrix: GPDM and methacrylate co-monomers
Filler: pre-polymerized filler, barium glass, nano-sized colloidal 
silica, nano-sized ytterbium fluoride

Kerr, Orange, CA, 
USA

9194881

Beautifil Flow Plus 
F03 (BF)

Nano-hybrid 
flowable 
giomer

Matrix: Bis-GMA, TEGDMA
Filler and others: Same with BK

Shofu Dental, 
Kyoto, Japan

112256

Singlebond 
universal (SBU)

Universal 
adhesive

MDP, bis-GMA HEMA, DMA, methacrylate functional copolymer, 
filler, ethanol, water, initiators, silane

3M ESPE, St. Paul, 
MN, USA

30327B
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tions (Table 3). BK and VF evaluated both the group that used 
adhesive and the group that did not, following the manufac-
turer’s instructions, while BF tested only the group that used 
adhesive, as it was not a self-adhesive material.

Self-etching adhesive group
The Singlebond universal (SBU, 3M ESPE, St. Paul, MN, USA) 
was applied to the tooth surface with an agitating motion for 
20 s, air-dried for 5 s, and light-cured for 10 s using a LED 
light-curing unit (Elipar Deep Cure L, 3M ESPE, St. Paul, MN, 
USA) with an intensity of 1,400 mW/cm2. The flowable compos-
ite was then filled into a polyethylene Tygon tube with an inter-
nal diameter of 0.8 mm (0.5 mm2) and a height of 2 mm.

No-adhesive group
After cleaning the tooth surface with a water spray for 10 s, 
the excess moisture was air-dried. The self-adhesive compos-
ite was filled into the Tygon tubes and allowed to interact 
for 20 s before light-curing according to the manufacturer’s 
instructions.

Wheeling, IL, USA) using a mold with a diameter of 30 mm and 
a height of 10 mm, with the buccal surface exposed.

A water-cooled model trimmer was used to expose the 
enamel or dentin surface, which was then polished with #600 
and #800 silicon carbide paper for 30 s each to achieve a uni-
formly roughened surface.

A total of 160 bovine teeth were used in this study. The teeth 
were distributed into groups of 20 per condition under identical 
experimental settings based on substrate (enamel or dentin), 
adhesive application (yes/no), and thermocycling (yes/no).

Specimens were then prepared according to the assigned 
experimental condition using BK, VF, and BF, or BK and VF, as 
applicable (Fig 1).

Figure 2 illustrates the overall experimental flow of this 
study, while the detailed allocation of the eight experimental 
groups is summarized in Table 2.

Experimental Groups of the Study
On the prepared enamel and dentin surfaces, flowable com-
posites were bonded according to the manufacturer’s instruc-

Fig 1  Representative schematic of a bovine tooth 
specimen prepared for μ-SBS test.

Fig 2  Flowchart of the procedures of this 
experiment.
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To minimize experimental error, the procedure was con-
ducted by a single operator.

Micro-shear Bond Strength (μ-SBS) Test
After specimen preparation, the Tygon tubes were carefully re-
moved prior to testing. The μ-SBS test was conducted at 24 h 
after bonding, with specimens stored in distilled water at 37.0°C 
and after 10,000 thermocycles between 5°C and 55°C with a 
30-s dwell time.

The μ-SBS test was performed using a universal testing 
machine (EZ-test, Shimadzu, Kyoto, Japan) equipped with a 

500 N load cell and a crosshead speed of 1 mm/min. Shear 
force was applied to the bonded interface using an orthodon-
tic wire with a diameter of 0.2 mm. The wire loop was placed as 
close to the bonded surface as possible to minimize torque 
forces. Trapezium X software (version 1.5.1, Shimadzu, Kyoto, 
Japan) was used to collect and analyze the bond strength data. 
The measured force (N) was converted to MPa by dividing by 
the bonded surface area (0.5 mm2).

Failure Mode Analysis
After measuring the μ-SBS, the surfaces of the specimens were 
observed using an optical microscope (Zeiss Extaro 300, Carl 
Zeiss Meditec, Oberkochen, Germany) at 31× magnification to 
evaluate the failure modes. The failure modes were categor-
ized into three types: cohesive failure (fracture within the re-
storative material), adhesive failure (separation at the tooth/
material interface), and mixed failure (a combination of cohe-
sive and adhesive failures).

Following the failure mode analysis with the optical micro-
scope, representative specimens were photographed at up to 
70× magnification using a scanning electron microscope (Hi-
tachi S-3000N, Tokyo, Japan).

Statistical Analysis
All statistical analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA). ANOVA and independent 
two-sample t-tests were used to compare the mean μ-SBS val-
ues on enamel and dentin surfaces. In the self-etching adhesive 
condition, the three groups (BK, VF, and BF) were compared 
using one-way ANOVA, while in the no-adhesive condition, the 
two groups (BK and VF) were compared using independent 
two-sample t-tests. Following the comparison of the three 
groups using one-way ANOVA, post-hoc tests with Bonferroni 
Correction were used to determine significant differences be-
tween each pair of groups. Additionally, when all conditions 
were the same except for one, independent t-tests were used to 
compare the two groups. The interaction between restorative 
materials and conditions (tooth type, adhesive, thermocycling) 
on the mean μ-SBS values was evaluated using two-way 
ANOVA. Statistical significance was set at P = 0.05.

Table 2  Allocation and experimental conditions of the eight study 
groups. Each condition and material group was assigned a sample size 
of n = 20

Tooth 
substrate Adhesive Thermocycling Material

Enamel O O BK
VF
BF

Enamel O X BK
VF
BF

Enamel X O BK
VF

Enamel X X BK
VF

Dentin O O BK
VF
BF

Dentin O X BK
VF
BF

Dentin X O BK
VF

Dentin X X BK
VF

Table 3  Summary of the manufacturer’s instructions

Material (Abbreviation) Application

Beautifil Kids SA (BK) 1. Apply BK in a thin layer (≤ 0.5 mm) with needle tip. Leave for 20 s.
2. Light cure for 5 s.
3. Apply additional increments (≤ 2 mm).
4. Light cure each increment for 10 s.

Vertise Flow (VF) 1. �Dispense VF onto preparation in a thin layer (< 0.5 mm) with provided dispensing tip. Use a provided 
applicator with a brushing motion for 15–20 s

2. Light cure for 20 s.
3. After lining the cavity wall build the restoration with more VF in increments of 2 mm or less.
4. Light cure each increment for 20 s.

Beautifil Flow Plus F03 (BF) 1. Apply dentin adhesive.
2. Apply BF directly into the cavity.
3. Light cure for 10 s. 
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RESULTS

Micro-shear Bond Strength
Means and standard deviations (MPa) of the μ-SBS of each 
group are presented in Tables 4 and 5.

No statistically significant differences were observed be-
tween the restorative materials under any condition. Across all 
conditions, the μ-SBS of the groups that applied self-etching 
adhesive were significantly higher than those of the no-adhe-
sive groups. The μ-SBS in enamel significantly decreased after 
thermocycling, except for the BK group when self-etching ad-
hesive was used. In dentin, the μ-SBS significantly decreased 
after thermocycling in the VF group with self-etching adhesive.

Failure Mode Analysis
The distribution of failure modes for each group is shown in 
Figures 3 and 4. In the self-etching adhesive group, adhesive 
failure was absent, and mixed failure was predominant. How-
ever, in the no-adhesive group, adhesive failure and mixed fail-
ure were observed at similar levels, whereas cohesive failure 
did not occur. Representative scanning electron microscopy 
(SEM) images of enamel and dentin surfaces are shown in Fig-
ures 5 and 6.

DISCUSSION

Current SAC bonds to tooth substrates are less effective than 
conventional flowable composites used with total-etching or 

self-etching adhesives, according to several studies.2,3,21,22,35 
However, very few investigations regarding the bonding per-
formance of SAG have been carried out. According to the re-
sults of this study, the μ-SBS of SAG was not affected by the 
type of restorative material, but significant differences were 
observed depending on the use of adhesive and thermocy-
cling. Therefore, the null hypothesis was partially rejected.

This study used a universal adhesive in self-etching mode 
because it is commonly used and has the simplest bonding 
procedure.

Adhesive systems and self-adhesive materials were used 
together in this study because previous studies have shown 
that the poor bonding performance of self-adhesive materials 
to enamel and dentin can be significantly improved when 
combined with adhesive systems.15,19,25,27,28

VF is a novel and pioneering composite material that does 
not require traditional etching and bonding since it contains a 
functional GPDM monomer. VF was used to compare the bond 
strength of the new SAG with that of SAC. The functional mon-
omers present in self-adhesive materials can influence their 
polymerization behavior and water absorption. Previous stud-
ies have reported that GPDM-based adhesives exhibit favora-
ble bond strength and durability compared to MDP-based ad-
hesives in self-etch mode, and that functional monomers can 
affect the degree of conversion and water uptake of resin-based 
materials, which may contribute to differences in bond 
strength stability observed in our results. BF is a nanohybrid 
flowable giomer that combines the strength, durability, and 
aesthetic properties of hybrid composites with the delivery of 

Table 4  The mean ± standard deviation of micro-SBS (MPa) of the tested materials in enamel (n = 20)

Material Self-etching adhesive P-value No adhesive P value

BK 24 h 19.51 ± 4.48A++ 0.2419 15.78 ± 4.44A+ < 0.0001*
Thermocycling 17.10 ± 7.60a++ 9.62 ± 4.89a+

VF 24 h 20.63 ± 4.42A++ 0.0015* 15.47 ± 4.47A+ < 0.0001*
Thermocycling 15.48 ± 4.49a++ 7.71 ± 4.70a+

BF 24 h 21.78 ± 3.80A 0.0298* – –
Thermocycling 18.34 ± 5.18a –

Same superscript uppercase letters vertically indicate that average µ-SBS was not significantly different among the materials after 24 h. 
Same superscript lowercase letters vertically indicate that average µ-SBS was not significantly different among the materials after thermocycling. 
Statistical significance according to thermocycling is indicated by * (P value). 
Statistical significance according to use of adhesive system is indicated as +, ++

Table 5  The mean ± standard deviation of micro-SBS (MPa) of the tested materials in dentin (n = 20)

Material Self-etching adhesive P value No adhesive P value

BK 24 h 19.32 ± 5.50A++ 0.5746 10.04 ± 3.39A+ 0.7812
Thermocycling 20.57 ± 7.46a++ 9.67 ± 4.37a+

VF 24 h 22.40 ± 3.29A++ 0.0081* 10.01 ± 2.57A+ 0.2640
Thermocycling 18.20 ± 5.36a++ 8.65 ± 4.21a+

BF 24 h 21.38 ± 4.90A 0.5548 – –
Thermocycling 20.38 ± 5.29a –

Same superscript uppercase letters vertically indicate that average µ-SBS was not significantly different among the materials after 24h. 
Same superscript lowercase letters vertically indicate that average µ-SBS was not significantly different among the materials after thermocycling. 
Statistical significance according to thermocycling is indicated by * (P value). 
Statistical significance according to the use of adhesive system is indicated as +, ++
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a flowable. BF was used in this study to compare the μ-SBS of 
SAG with a giomer that does not have a self-adhesive mode.

SAC and SAG do not require a separate clinical step for ap-
plying an adhesive system. Phosphonic acid monomers, found 
in BK, are hydrolytically stable functional monomers and are 
also utilized in self-etching primers and other materials.13,33 
The ionized phosphonic acid interacts with the calcium ions 
(Ca2+) of hydroxyapatite in the tooth, creating a stable ionic 
bond.12 During this process, as substrate demineralization and 
resin penetration occur simultaneously, it is recommended to 
wait for 20 s before light-curing. When applied with self-adhe-
sive materials without an adhesive system, as recommended by 
the manufacturer, significantly low μ-SBS values were observed 
with enamel and dentin. The findings of this study coincide 
with those of previous studies that assessed the bond strength 
between SAC and tooth substrate, reporting low values.1,4,21

In fact, compared to other self-adhesive materials such as 
resin cement or adhesive systems, SAC have a lower content of 
functional acidic monomers, which is the main reason for their 
poor bond strength. SAC only interacts with the tooth structure 
superficially and does not sufficiently dissolve the smear layer 

and penetrate the tooth substrate.8 Additionally, the hydro-
philic monomer HEMA, one of the components of BK, improves 
the wettability of the dentin surface but may reduce bond 
strength by increasing moisture absorption during photo-po-
lymerization and after thermocycling.32

Another possible reason for the low μ-SBS values observed 
in self-adhesive materials could be their increased viscosity 
and decreased wettability compared to independent adhesive 
systems. Consequently, it is difficult to achieve adequate 
bonding effectiveness and micromechanical interlocking with 
the tooth structure because the self-adhesive materials cannot 
fully penetrate the space between collagen fibers or the den-
tinal tubules.15

The results of this study suggest that using self-etching ad-
hesive systems increases the bond strength of self-adhesive 
materials. The high wettability and low viscosity of the 
self-etching adhesive system may enhance the interaction be-
tween calcium ions and acidic monomers, resulting in im-
proved bond strength.17 Although this study showed that the 
bonding strength significantly increased with the application 
of the adhesive, the bonding strength of the self-adhesive ma-

Fig 3  Failure mode distri-
bution (%) of the tested 
groups after micro-SBS 
test in enamel. NT: 
Non-thermocycling; 
T: Thermocycling; SA: 
Self-etching adhesive; 
NA: Non-adhesive.

Fig 4  Failure mode distri-
bution (%) of the tested 
groups after micro-SBS 
test in dentin. NT: 
Non-thermocycling; 
T: Thermocycling; SA: 
Self-etching adhesive; 
NA: Non-adhesive.
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terial can be affected by the application of phosphoric acid 
etching. Sibai et al26 studied the bonding strength of SAC on 
enamel and dentin with or without phosphoric acid etching. 
The results showed that the acid etching group had higher 
bonding strength than the non-acid etching group, but signifi-
cant differences were seen only in dentin. To further investi-
gate whether the 3-step etch-and-rinse adhesive system with 
acid etching and the 2-step self-etch adhesive system without 
acid etching affect the bond strength of SAG, Papazekou et al20 
compared the bond strength of SAG when applying a 3-step 
etch-and-rinse adhesive system, a 2-step self-etch adhesive 
system, and no adhesive. The results showed no significant 
difference in bond strength between the 3-step and 2-step ad-
hesive systems. However, the group without adhesive exhib-
ited a significantly reduced bond strength.

It is difficult for the tooth-restoration interface to survive in 
the oral cavity over time due to changes in temperature, chew-
ing loads, and chemical attacks.29 Long-term clinical bonding 
performance is more likely to be represented by an artificial 
aging process. In this study, aging was simulated using ther-
mocycling. Thermocycling was performed for 10,000 cycles, 
which corresponds to almost one year under oral conditions.7 
When analyzing the effects of thermocycling when adhesive 
was used, BK was not affected in either enamel or dentin, while 
VF showed a decrease in bond strength in both enamel and 
dentin. BF showed a statistically significant decrease in bond 

strength in enamel but no difference in dentin. When adhesive 
was not used, thermocycling reduced both BK and VF in 
enamel, but did not show statistical significance in dentin. This 
is because when adhesive was not used, enamel showed a 
bond strength of approximately 15 MPa before thermocycling, 
but dentin showed a low bond strength of approximately 
10 MPa. After thermocycling, both enamel and dentin showed 
a bond strength of approximately 7 to 9 MPa, so the difference 
in dentin was relatively small, and no statistically significant 
difference was observed. Previous studies have shown that the 
bonding layer of self-adhesive flowable resin is thin and spars 
than that of conventional bonding agents.2,4,21 As shown in the 
results of this experiment, the group which did not use adhe-
sive showed lower bond strength before thermocycling than 
the group that used bonding agent, suggesting that the rela-
tive decrease in bond strength after thermocycling was 
smaller. Therefore, thermocycling significantly affected the 
μ-SBS values on both enamel and dentin, indicating a differ-
ence in bond strength after thermal aging.

Few studies have included data on both immediate and 
long-term bond strength tests of SAC2,3,9 and this study showed 
that SAC has lower bond strength stability in enamel and den-
tin compared to SAG. However, a similar decrease was ob-
served in the BK groups without adhesive. Since BK is also a 
self-adhesive material, these results suggest that adhesive use 
contributes to bond strength stability across self-adhesive ma-

a

a

b

b

c

c

Fig 5a to c  Representative SEM images in enamel showing (a) cohesive failure in the restorative material, (b) adhesive failure at the tooth/material 
interface, and (c) mixed failure in the restorative material and tooth surface. Yellow arrows indicate tooth substrate, whereas white arrows indicate 
restorative material.

Fig 6a to c  Representative SEM images in dentin showing (a) cohesive failure in the restorative material, (b) adhesive failure at the tooth/material 
interface, and (c) mixed failure in the restorative material and tooth surface. Yellow arrows indicate tooth substrate, whereas white arrows indicate 
restorative material.
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terials. It is possible that SAC and SAG have different interac-
tions with dental hard tissue after thermocycling, probably 
due to their different compositions and functional monomers. 
VF contains GPDM monomers, and due to its high hydrophilic-
ity and relatively short spacer chain, it provides improved den-
tin wettability and a strong etching effect. However, its chem-
ical bonding potential with hydroxyapatite may be lower than 
with other self-adhesive monomers.31

In the self-etching adhesive group, mixed failure was the 
predominant failure mode, followed by cohesive failure within 
the restoration materials at both time points. However, in the 
no-adhesive group, adhesive failure and mixed failure showed 
similar failure rates at both time points. This suggests inade-
quate adhesive performance of the self-adhesive materials in 
the no-adhesive mode and adequate shear force distribution 
at the composite-tooth interface when using the self-etching 
adhesive.24

Despite their low μ-SBS values, there are some clinical indi-
cations for SAG in enamel and dentin. More specifically, SAG 
can be recommended for pit and fissure sealants, small cavi-
ties, and restorations of small, narrow cavities.4,27 One major 
benefit of using SAG is that it can be applied directly to the 
tooth structure without the need for an intermediate bonding 
layer. It is believed that the release of fluoride and other ions 
helps to prevent demineralization of the teeth.

The limitation of this study is that it was conducted in a la-
boratory environment. Therefore, it is important to note that 
the tooth substrates were ideally prepared for the formation of 
smear layers and adhesive procedures using silicon carbide 
sandpapers. Additionally, while repeated thermocycling was 
used to artificially age the specimens, no static or cyclic loads 
were applied to simulate oral cavity conditions. Since the tem-
perature, moisture, pH, and occlusal forces of the oral environ-
ment are dynamic, it is impossible to fully replicate these con-
ditions in a laboratory. Additional research is needed to 
validate the clinical efficacy of SAG. Furthermore, factors such 
as wear rate, water sorption, and solubility should be con-
sidered alongside bonding effectiveness when evaluating the 
stability and success of a restoration. If further research vali-
dates a better ion release capacity for SAG, it may enhance re-
sistance to demineralization and promote remineralization, 
which would benefit restorative materials and encourage the 
clinical application of SAG. SAG represents a future direction in 
dental adhesives, making it crucial to research the available 
materials and address concerns to improve bonding mechan-
isms and effectiveness. The results of this study underscore 
the need to enhance the bonding performance of SAG through 
compositional modifications or the use of adhesive systems to 
ensure long-term clinical survival.

CONCLUSION

The results of this study suggest that SAG, like SAC, can im-
prove bond strengths when applied as an additional bonding 
agent to dental substrates compared to no adhesive. No statis-
tically significant differences were observed between the re-
storative materials under any conditions. The response to 

thermocycling differed depending on the material and sub-
strate. SAG demonstrated comparable or improved bond 
strength stability compared to SAC on enamel and dentin un-
der certain conditions, particularly when used with adhesive 
systems. Due to the lack of reliable clinical studies, SAG should 
be used with caution until its bonding stability to dental sub-
strates and long-term clinical performance are established.

Acknowledgments
This work was supported in part by the Department of Con-
servative Dentistry, College of Dentistry, Yonsei University, Re-
public of Korea. We thank Shofu for providing the commer-
cially available self-adhesive flowable giomer and nanohybrid 
flowable giomer.

REFERENCES
1.	 Beauchamp J, Caufield PW, Crall JJ, Donly K, Feigal R, Gooch B, et al. Evi-

dence-based clinical recommendations for the use of pit-and-fissure sealants: 
a report of the American Dental Association Council on Scientific Affairs. J Am 
Dent Assoc 2008;139:257–268.

2.	 Brueckner C, Schneider H, Haak R. Shear bond strength and tooth-composite 
interaction with self-adhering flowable composites. Oper Dent 2017;42:90–100.

3.	 Bumrungruan C, Sakoolnamarka R. Microshear bond strength to dentin of 
self-adhesive flowable composite compared with total-etch and all-in-one 
adhesives. J Dent Sci 2016;11:449–456.

4.	 David C, Cardoso de Cardoso G, Isolan CP, Piva E, Moraes RR, Cuevas-Suarez 
CE. Bond strength of self-adhesive flowable composite resins to dental tissues: 
a systematic review and meta-analysis of in vitro studies. J Prosthet Dent 
2022;128:876–885.

5.	 Ferracane JL. Resin composite – state of the art. Dent Mater 2011;27:29–38.
6.	 Fujimoto Y, Iwasa M, Murayama R, Miyazaki M, Nagafuji A, Nakatsuka T. Detec-

tion of ions released from S-PRG fillers and their modulation effect. Dent Mater 
2010;29:392–397.

7.	 Gale M, Darvell B. Thermal cycling procedures for laboratory testing of dental 
restorations. J Dent 1999;27:89–99.

8.	 Goracci C, Cury AH, Cantoro A, Papacchini F, Tay FR, Ferrari M. Microtensile 
bond strength and interfacial properties of self-etching and self-adhesive resin 
cements used to lute composite onlays under different seating forces. J Adhes 
Dent 2006;8: 327–335.

9.	 Goracci C, Margvelashvili M, Giovannetti A, Vichi A, Ferrari M. Shear bond 
strength of orthodontic brackets bonded with a new self-adhering flowable 
resin composite. Clin Oral Investig 2013;17:609–617.

10.	 Hanabusa M, Mine A, Kuboki T, Momoi Y, Van Landuyt KL, Van Meerbeek B, De 
Munck J. TEM interfacial characterization of an experimental self-adhesive fill-
ing material bonded to enamel/dentin. Dent Mater 2011;27:818–824.

11.	 Hotta M, Morikawa T, Tamura D, Kusakabe S. Adherence of Streptococcus san-
guinis and Streptococcus mutans to saliva-coated S-PRG resin blocks. Dent 
Mater 2014;33:261–267.

12.	 Ikemura K, Endo T, Kadoma Y. A review of the developments of multi-purpose 
primers and adhesives comprising novel dithiooctanoate monomers and 
phosphonic acid monomers. Dent Mater 2012;31:1–25.

13.	 Ikemura K, Tay F, Kouro Y, Endo T, Yoshiyama M, Miyai K, Pashley DH. Optimiz-
ing filler content in an adhesive system containing pre-reacted glass-ionomer 
fillers. Dent Mater 2003;19:137–146.

14.	 Ikemura K, Tay FR, Nishiyama N, Pashley DH, Endo T. Design of new phos-
phonic acid monomers for dental adhesives—synthesis of (meth)acryloxyalkyl 
3-phosphonopropionates and evaluation of their adhesion-promoting func-
tions. Dent Mater 2006;25:566–575.

15.	 Kim G, Lee J, Kim H, Park H. Evaluation of shear bond strength and microleak-
age of self-adhesive giomer. J Korean Acad Pediatr Dent 2023;50:434–442.

16.	 Ma S, Imazato S, Chen JH, Mayanagi G, Takahashi N, Ishimoto T, Nakano T. 
Effects of a coating resin containing S-PRG filler to prevent demineralization of 
root surfaces. Dent Mater 2012;31:909–915.

17.	 Memarpour M, Shafiei F, Razmjoei F, Kianimanesh N. Effect of laser prepar-
ation on adhesion of a self-adhesive flowable composite resin to primary 
teeth. Microsc Res Tech 2016;79:334–341.

18.	 Nomura R, Morita Y, Matayoshi S, Nakano K. Inhibitory effect of surface pre-re-
acted glass-ionomer (S-PRG) eluate against adhesion and colonization by 
Streptococcus mutans. Sci Rep 2018;8:5056.



Kim et al

47doi: 10.3290/j.jad.c_2654

19.	 Ozel Bektas O, Eren D, Akin EG, Akin H. Evaluation of a self-adhering flowable 
composite in terms of micro-shear bond strength and microleakage. Acta 
Odontol Scand 2013;71:541–546.

20.	 Papazekou P, Dionysopoulos D, Papadopoulos C, Mourouzis P, Tolidis K. Evalu-
ation of micro-shear bond strength of a self-adhesive flowable giomer to den-
tin in different adhesive modes. Int J Adhes Adhes 2022;118:103188.

21.	 Peterson J, Rizk M, Hoch M, Wiegand A. Bonding performance of self-adhesive 
flowable composites to enamel, dentin and a nano-hybrid composite. Odon-
tology 2018;106:171–180.

22.	 Poitevin A, De Munck J, Van Ende A, et al. Bonding effectiveness of self-adhe-
sive composites to dentin and enamel. Dent Mater 2013;29:221–230.

23.	 Saku S, Kotake H, Scougall-Vilchis RJ, Ohashi S, Hotta M, Horiuchi S, et al. Anti-
bacterial activity of composite resin with glass-ionomer filler particles. Dent 
Mater 2010;29:193–198.

24.	 Scherrer SS, Cesar PF, Swain MV. Direct comparison of the bond strength 
results of the different test methods: a critical literature review. Dent Mater 
2010;26:e78–e93.

25.	 Shimizu S, Kotake H, Takagaki T, Shinno K, Miyata S, Burrow MF, et al. Evalua-
tion of bonding performance and multi-ion release of S-PRG filler-containing 
self-adhesive resin composite. Dent Mater 2021;40:1257–1263.

26.	 Sibai N, El Mourad A, Al Suhaibani N, Al Ahmadi R, Al Dosary S. Shear bond 
strength of self-adhesive flowable resin composite. Int J Dent 2022;2022: 6280624.

27.	 Takamiya H, Tsujimoto A, Teixeira EC, Jurado CA, Takamizawa T, Barkmeier 
WW, et al. Bonding and wear properties of self-adhesive flowable restorative 
materials. Eur J Oral Sci 2021;129:e12799.

28.	 Tuloglu N, Tunc ES, Ozer S, Bayrak S. Shear bond strength of self-adhering 
flowable composite on dentin with and without application of an adhesive 
system. J Appl Biomater Funct Mater 2014;12:97–101.

29.	 Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M, Vijay P, et al. Adhe-
sion to enamel and dentin: current status and future challenges. Oper Dent 
2003;28:215–235.

30.	 Van Meerbeek B, Yoshihara K, Yoshida Y, Mine A, De Munck J, Van Landuyt K. 
State of the art of self-etch adhesives. Dent Mater 2011;27:17–28.

31.	 Wang R, Shi Y, Li T, Pan Y, Cui Y, Xia W. Adhesive interfacial characteristics and 
the related bonding performance of four self-etching adhesives with different 
functional monomers applied to dentin. J Dent 2017;62:72–80.

32.	 Wei YJ, Silikas N, Zhang ZT, Watts DC. Hygroscopic dimensional changes of 
self-adhering and new resin-matrix composites during water sorption/desorp-
tion cycles. Dent Mater 2011;27:259–266.

33.	 Yao C, Ahmed MH, Zhang F, et al. Structural/chemical characterization and 
bond strength of a new self-adhesive bulk-fill restorative. J Adhes Dent 
2020;22:85–97.

34.	 Yoshioka M, Yoshida Y, Inoue S, Lambrechts P, Vanherle G, Nomura Y, et al. 
Adhesion/decalcification mechanisms of acid interactions with human hard 
tissues. J Biomed Mater Res 2002;59:56–62.

35.	 Yuan H, Li M, Guo B, Gao Y, Liu H, Li J. Evaluation of microtensile bond strength 
and microleakage of a self-adhering flowable composite. J Adhes Dent 2015; 
17:535–543.


