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Evaluation of microtensile bond strength to dentin and
adhesive layer thickness of a new generation two-bottle
universal adhesive

Purpose
This study aimed to evaluate and compare the immediate and aged microtensile
bond strengths (µTBS) and pre-aging adhesive layer thicknesses of G2-Bond Uni-
versal, a novel two-bottle universal adhesive, with those of the gold-standard two-
step self-etch adhesive (Clearfil SEBond) andone-stepuniversal adhesive (G-Premio
Bond).
Materials andMethods
Thirty extracted human molars were randomly assigned to three adhesive systems
(n=10 teeth per group). After standardized dentin surface preparation, adhesives
were applied according tomanufacturers’ protocols, followed by incremental com-
posite build-up. Specimens were sectioned to obtain rectangular prism-shaped
sticks (1 mm2 cross-sectional area), which were allocated to immediate and 6-
month water aging subgroups (n=90each). µTBS was measured using a universal
testing machine. Adhesive layer thickness was assessed on 90 pre-aging sticks via
scanning electron microscopy, with measurements performed using ImageJ soft-
ware. Data were analyzed using two-way ANOVA for µTBS and one-way ANOVA for
adhesive thickness, followed by Tukey’s HSD.
Results
Aging showed no statistically significant effect on µTBS (p>0.05). Clearfil SE Bond
exhibited the highest µTBS values, significantly outperforming G-Premio Bond
(p<0.05), while no statistically significant difference was observed compared with
G2-Bond Universal (p>0.05). G2-Bond demonstrated the thickest adhesive layer.
Conclusion
The thicker adhesive layer of G2-Bond may enhance its mechanical resilience and
clinical durability under functional stresses.
Keywords: microtensile bond strength, adhesive layer, universal adhesive, self-etch
adhesive, dental bonding
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Introduction

Recently, universal adhesives have been developed to
simplify clinical procedures by incorporating functional
acidic monomers into single-step self-etch systems. These
materials offer convenient handling andmultiple application
options (etch-and-rinse/self-etch), enable bonding to vari-
ous substrates, exhibit compatibility with resin cements, and
reduce application time (1, 2). However, integrating chemi-
cally distinct components of universal adhesives into a single
bottle has been associated with drawbacks such as reduced
shelf life, increasedwater sorption andnanoleakage, and lim-
ited bond durability (1).

During the adhesive procedure, maintaining slight
dentin moisture is crucial to promote monomer diffusion.
For this reason, 2-hydroxyethyl methacrylate (HEMA), which
acts as a wetting agent, is added to the content of universal
adhesives as a monofunctional monomer. HEMA, a small

molecule with a low molecular weight, is a good diffusion
mediator. Thanks to its high hydrophilicity, this monomer
acts as a solvent for other monomers. Additionally, HEMA
helps prevent phase separation in one-step adhesive sys-
tems where hydrophobic and hydrophilic components
coexist (2). Despite these benefits, the hydrophilic nature
of HEMA also facilitates water uptake from dentin and the
oral environment, leading to hydrolytic degradation at
the adhesive interface and, consequently, a reduction in
long-term bond strength (3, 4).

The thickness and quality of the adhesive layer are ad-
ditional factors influencing the long-term bonding perfor-
mance of universal adhesives (5, 6). During polymeriza-
tion, oxygen inhibits free-radical propagation, forming a soft
oxygen-inhibition layer on the adhesive surface (7, 8). This
layer may facilitate water absorption from the underlying
dentin and promote hydrolytic degradation (9, 10). Con-
versely, a thicker adhesive layer can improve bond perfor-
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mance by mitigating polymerization shrinkage stress (11,
12). Typically, universal adhesives form a layer less than 10
µm thick; however, recent studies have reported thicknesses
ranging from 10 to 17 µmamong different products (13, 14).

Several investigations have demonstrated that the bond
strength of single-bottle universal adhesives can be im-
proved by applying an additional coat of adhesive resin or
by placing a layer of flowable composite material (15, 16).
Instead of these supplementary applications, newly devel-
oped two-step (two-bottle) universal adhesives can be used
to achieve the desired adhesive layer thickness. One such ex-
ample currently available is G2-Bond Universal (GC, Tokyo,
Japan), which is designed to provide an optimal bond to
both dental hard tissues and composite resin through a
gradual transition from hydrophilic to hydrophobic proper-
ties. This HEMA-free universal adhesive incorporates func-
tional monomers (4-MET, MDP, MDTP) that contribute to its
broad bonding capability. According to the manufacturer,
this composition reduces water sorptionwithin the adhesive
layer while improving bond strength. Themanufacturer also
reports an adhesive layer thickness of approximately 35 µm.

Beyond chemical composition, the thickness of the adhe-
sive layer has been suggested to play a critical role in stress
distribution and long-term bond durability. A relatively
thicker adhesive layer may function as a stress-absorbing
or stress-buffering layer, reducing polymerization shrinkage
stress and improving interfacial integrity under functional
loading (17, 18). Previous studies have demonstrated that
increasing the adhesive layer thickness, either through mul-
tiple adhesive applications or the use of two-step adhesive
systems, can enhance bond stability and reduce interfacial
degradation over time (19, 20).

Only a limitednumberof publicationshaveexamined the
adhesive layer dimensions and bonding capabilities of G2-
Bond Universal (21, 22, 23). Tsujimoto et al. (23) reported
that, following thermal cycling, G2-Bond Universal demon-
strated higher dentin bonding capacity than the other ad-
hesives tested. Tichy et al. (24) observed no statistically sig-
nificant difference in the bonding effectiveness of G2-Bond
Universal after prolonged water storage. In addition, the
same study found that thematerial exhibitedmarkedly lower
water uptake than Clearfil SE Bond (Kuraray Noritake Inc.,
Okayama, Japan).

Accordingly, the present study aimed to assess and com-
pare the immediate and aged microtensile bond strength as
well as the pre-aging adhesive layer thickness of G2-Bond
Universal with those of a universal adhesive and a two-step
self-etch adhesive. The null hypotheses were that (1) adhe-
sive type and aging would have no effect on microtensile
bond strength, and (2) adhesive type would have no effect
on adhesive layer thickness.

Materials andMethods

Sample size determination

The required sample size was estimated using the
G*Power software (version 3.1.9.6; Franz Faul, Universität
Kiel, Germany). Assuming an effect size of f = 0.3, with a sta-
tistical power (1−β) of 95% and a confidence level (1−α) of
95%. The analysis indicated that a total of 30 teeth were re-
quired, with 10 teeth randomly assigned to each experimen-
tal group (25).

Sample preparation

Human mandibular molars extracted within the previ-
ous sixmonths due toorthodontic or periodontal indications
were collected for use in this in vitro research. Teeth exhibit-
ing caries, restorations, or structural defects were excluded,
and only sound specimens were retained. After thoroughly
removing any residual soft and hard tissues, the teeth were
immersed in distilled water containing 1 mg/L thymol and
stored at 37 ◦C until testing. Each specimen was then em-
bedded in acrylic resin blocks, ensuring the tooth surface
was positioned approximately 3–4 mm below the cemento-
enamel junction.

The occlusal one-third of each crown was cut parallel to
the occlusal surface with a precision sectioning device (Mi-
cracut 152, Metkon, Turkey) to create flat dentin areas. To
ensure a uniform smear layer, the dentin was polished for
60 seconds under continuous water irrigation using 180-grit
silicon carbide abrasive paper on a polishing apparatus. Af-
terward, each specimen was examined under a stereomicro-
scope (Stemi C-2000; Zeiss, Oberkochen, Germany), and any
sample showing pulp exposure was eliminated.

Subsequently, the teeth were randomly divided into
three experimental groups (n=10) according to the adhesive
system used: two-step self-etch adhesive: Clearfil SE Bond
(KurarayNoritake, Okayama, Japan), universal adhesives: G2-
Bond Universal and G-Premio Bond (GC Corp., Tokyo, Japan).

All adhesives were applied in self-etch mode following
themanufacturer’s guidelines. Amatrix band (SuperMatUni-
versal Dental Matrix, Kerr, Switzerland) was positioned, and a
microfilled composite resin (Solare-X; GC, Tokyo, Japan) was
layered in two increments of 2 mm each, reaching a total
height of 4 mm. Every layer was light polymerized with an
LED curing unit (Valo; Ultradent Products Inc., South Jordan,
UT, USA) with a light intensity of 1000 mW/cm2. The com-
pleted restorations were immersed in distilled water at 37 ◦C
for 24 hours before sectioning. Comprehensive details re-
garding the materials and procedures are summarized in Ta-
ble 1

Microtensile bonding strength test

A total of nine stick specimens (approximately 1 mm2

cross-sectional area) were obtained from each tooth using a
precision cutting device under continuous water irrigation.
Fromeach tooth, six stickswere allocated for themicrotensile
bond strength (µTBS) evaluation, while the remaining three
were designated for measuring the adhesive layer thickness.
In total, 180 stickswereprepared forµTBSanalysis. The cross-
sectional area of each composite resin–dentin specimenwas
determined with a digital caliper.

The specimens were separated into two storage sub-
groups: one tested after 24 h of water storage (immediate
subgroup, n = 90) and the other after 6 months of storage
(aged subgroup, n = 90). These sticks were equally and ran-
domly allocated, with three sticks assigned to the immediate
testing group and three sticks assigned to the aged group,
ensuring that both timepointswere representedwithin each
tooth. To inhibit bacterial growth, the storage solution con-
sisted of 0.5% Chloramine-T, which was replaced every two
weeks.

Each stick was fixed to the testing jig with cyanoacry-
late adhesive and tested using a universal testing machine
(Shimadzu Corp., Kyoto, Japan) at a crosshead speed of 1
mm/min until failure. Bond strength (MPa) was calculated by
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dividing the load at failure (N) by themeasured bonding area
(mm2). Testingwas performedwithin 5minutes of removing
each stick from the water.

Evaluation of adhesive layer thickness

Thirty sticks from each adhesive group (total n = 90) were
examined under scanning electron microscopy (SEM) at 10
kV. The upper surfaces were polished under water using se-
quential silicon carbide papers (600, 800, and 1000 grit), fol-
lowed by diamond pastes (6 µm, 3 µm, and 1 µm). Af-
ter ultrasonic cleaning, specimens were treated with 5% hy-
drochloric acid (30 s) and 5.25% sodiumhypochlorite (5min),
rinsed with distilled water, sputter-coated with platinum–
palladium, and observed at magnifications above×2000.

Adhesive layer thickness was measured in micrometers
using ImageJ software (National Institutes of Health, MD,
USA) at three locations: left lateral, central, and right lateral
regions. The lateral measurement points were positioned
500µmfromthe specimenedges. Three readingswere taken
at each location, and the average value was recorded for
analysis (25). (Figure 1) A schematic overview of the exper-
imental design is presented in Figure 2.

Evaluation of fracture type

AfterµTBS testing, both ends of each fractured specimen
were examined under a stereomicroscope (Stemi C-2000;
Zeiss, Oberkochen, Germany) at ×10 magnification. Frac-
tures were categorized as adhesive, cohesive within dentin,
cohesive within composite, or mixed. (26) Additionally,
two representative specimens per group those with bond
strength values near the group mean were analyzed under
SEM (Mira 3 XMU; Tescan, Brno, Czech Republic) at×200 and
×500 magnifications to document morphological fracture
characteristics.

Statistical analysis

The statistical evaluationwas performed using SPSS soft-
ware (version 26.0; IBM Corp., Armonk, NY, USA). The tooth
was defined as the experimental unit. For each tooth, the
µTBS values obtained from individual sticks were averaged
to generate a single tooth-level mean value before statisti-
cal analysis. Descriptiveparameters (mean± standarddevia-
tion) were calculated for each data set. Data distribution nor-
mality and variance homogeneity were verified through the
Shapiro–Wilk and Levene tests, respectively. To examine the
effects and interactions of the independent factors on bond
strength, a two-way ANOVA followed by Tukey’s HSD post-
hoc comparisons was carried out. Differences in adhesive
layer thickness among the experimental groups were deter-
mined using one-way ANOVA with Tukey’s HSD adjustment.
The significance level for all analyses was set at p < 0.05.

Results

Microtensile bond strength analysis

No premature failures were detected during sample
preparation or testing. The mean µTBS values and corre-
sponding standard deviations for each group are displayed
in Table 2. Statistical analysis with two-way ANOVA revealed
adhesive type significantly affected µTBS values (F = 42,004,
p<0.001).

Table 1. Materials used in the study, their contents, and lot
numbers

MATERIALS COMPOSITION LOT NUMBER

Clearfil SE Bond
(Kuraray, Tokyo,

Japan)

Primer: HEMA,
10-MDP, initiators,
water Adhesive:
2-HEMA, 10-MDP,

Bis-GMA,
photoinitiator

Primer: A40417
Adhesive: A40835

G2-Bond Universal
(GC, Tokyo, Japan)

Primer: 4-MET,
10-MDP, MDTP,
dimethacrylate

monomer, acetone,
water, photoinitiator,

filler Adhesive:
dimethacrylate

monomer, Bis-GMA,
filler, photoinitiator

Primer: 2210071
Adhesive: 2211011

G-Premio Bond (GC,
Tokyo, Japan)

10-MDP, 4-META,
10-MDTP,

methacrylate acid
ester, distilled water,

acetone,
photoinitiators, fine

powdered silica
Inorganic Fillers: (77
wt%, 65 vol%) 16 µm
pre-polymerized filler,

16 nm silica filler,
fluoroaluminosilicate

glass, lanthanoid
fluoride filler: 100 nm
(0.10 µm) Inorganic
Silica Filler: 850 nm
(0.85 µm), fumed
silica 16 nm (0.016

µm)

2208091

Solare X (GC, Tokyo,
Japan)

Organic Matrix
Components:

Camphorquinone,
UDMA

1903042

10-MDP: 10-Methacryloyloxydecyl dihydrogen phosphate, 4-MET:
4-Methacryloxyethyl trimellitic acid, Bis-GMA: Bisphenol A glycidyl
dimethacrylate, MDTP: Methacryloyloxydodecyl dihydrogen thio-
phosphate, HEMA: Hydroxyethyl methacrylate, UDMA: Urethane
dimethacrylate
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Figure 1. Measurement of adhesive layer thickness using ImageJ program (A: Clearfil SE Bond, B: G-2 Bond, C: G-Premio Bond).

Figure 2. Schematic view of the study groups
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Table 2. Meanmicrotensile bond strength and standard deviation
values of the groups.

Microtensile Bond Strength

Adhesive Agent
Immediate Mean±
Standard Deviation

(MPa)

After 6 Months of
Water Storage Mean
± Standard Deviation

(MPa)

Clearfil SE Bond 43.36± 10.13bA 44.28± 3.82bA

G2-Bond 37.99± 4.93bA 39.99± 7.81bA

G-Premio Bond 26.13± 4.98aA 24.38± 6.15aA
Superscript lowercase letters indicate significant differences be-
tween adhesive agents within the same column. Superscript up-
percase letters indicate significant differences between immediate
and delayed groups within the same row (p < 0.05).

Theagingprocessperformedby soakingadhesive agents
in water increased the µTBS of Clearfil SE Bond while de-
creasing the µTBS of G2 Bond and G-Premio Bond. However,
these effects were not significant among the adhesive agent
groups (p>0.05).

The highestµTBS value before agingwas observed in the
Clearfil SE Bond group. This value was significant with G-
Premio Bond (p<0.05) but not significant with G2 Bond Uni-
versal (p>0.05). The lowest µTBS value was observed in the
G-Premio Bond group (p<0.05).

The highest µTBS value among the post-aging groups
was observed in the Clearfil SE Bond group. This value was
significant with G-Premio Bond (p<0.05) but not significant
with G2 Bond Universal (p>0.05). The lowest µTBS value was
observed in the G-Premio Bond group (p<0.05).

Adhesive layer thickness analysis

The mean values and standard deviations of adhesive
layer thickness are presented in Table 3.

According to the one-way ANOVA, adhesive type had
a statistically significant influence on the layer thickness
(p<0.05). Thickness increased progressively from G-Premio
Bond to Clearfil SE Bond, with G2-Bond Universal exhibiting
the greatest mean thickness. The differences among the ad-
hesives were statistically significant (p<0.05).

Fracture type analysis

The types of fractures observed in the tested groups are
summarized in Figure 3. Example SEM images illustrating the
different fracturemodes are shown in Figure 4. Adhesive fail-
urewas identified as the predominant fracture type across all
groups. Cohesive failures were noted exclusively within the
composite resin, with no cohesive fractures observed in the
dentin. In the G-Premio Bond group, all failures were cate-
gorized as adhesive. Mixed fracture types appeared in the 6-
month Clearfil SE Bond group and both the immediate and
6-month G2-Bond Universal groups.

Discussion

According to the results of this investigation, the first null
hypothesis, which proposed that there is no difference be-
tween the bond strength of different adhesive agents be-
fore and after aging, was partially rejected. Although the

Figure 3. Distribution of samples according to fracture types

aging procedure did not cause a statistically significant re-
duction in overall bond strength, distinct variationswere ob-
served among the individual adhesive systems. The second
null hypothesis, which stated that there is no difference be-
tween the adhesive layer thicknesses of different adhesive
agents, was completely rejected, as the tested materials ex-
hibited statistically significant differences in adhesive layer
thickness.

From the outcomes of the present work, after six months
of storage in water, µTBS values for Clearfil SE Bond and
G2-Bond Universal showed a slight upward trend, whereas
G-Premio Bond exhibited a minor decline; these alterations
were not statistically significant. This pattern could be as-
sociated with the inherent chemical composition of the ad-
hesives and differences in their adhesive layer thickness. G-
PremioBond, as a one-stepuniversal adhesive, contains both
hydrophilic and hydrophobic monomers within a single for-
mulation, along with solvents, which may compromise its
phase stability and bonding durability over time (25). In
contrast, two-step adhesives such as Clearfil SE Bond and
G2-Bond require separate application of a primer containing
acidic monomers and solvents, followed by a hydrophobic
bonding resin (25, 27, 28). This layered configuration pro-
vides a physical shield against hydrolytic degradation, en-
hancesmonomer penetration into dentin, and facilitates the
development of a thicker, more uniform adhesive layer (15,
24). Such characteristics can help maintain or even improve
bonding performance over time. Conversely, in single-bottle
systems like G-Premio Bond, the thinner adhesive layer and
highly hydrophilic nature may lead to greater water uptake
and faster breakdown of the hybrid layer during long-term
moisture exposure (29, 30).

The relatively stableµTBS values of G2-BondUniversal af-
ter 6months of water storagemay be attributed to its HEMA-
free chemical composition and two-bottle application ap-
proach. Unlike HEMA-containing adhesives, which are prone
to increased water sorption and hydrolytic degradation over
time, the absence of HEMA in G2-Bond limits water uptake
within the adhesive layer. Following polymerization, the
separate hydrophobic bonding resin forms a more water-
resistant adhesive interface, which may reduce permeability
and protect the hybrid layer from hydrolytic breakdown dur-
ing long-termwater exposure. This hydrophobic character of
the bonding layer has been reported to enhance the durabil-
ity of resin–dentin bonds by acting as a barrier against water
diffusion and enzymatic degradation, thereby contributing
to improved bond stability over time (24, 31).

The functional monomer 10-MDP enhances adhesive
performance by chemically bonding to calcium in hydrox-
yapatite, forming a stable calcium-phosphate salt that con-
tributes to long-term adhesion. Additionally, its amphiphilic
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Table 3. Mean adhesive layer thicknesses and standard deviation values of the groups

Clearfil SE Bond
Mean± Standard
Deviation (µm)

G2-BondMean±
Standard Deviation

(µm)

G-Premio Bond
Mean± Standard
Deviation (µm)

Test Statistic p

Adhesive Layer
Thickness 8.02±5.31a 14.39± 6.76b 4.5± 1.64c 115,197 <0.001

Superscript lowercase letters indicate significant differences between adhesive agents in the same row (p<0.05).

Figure 4. SEM images of fracture types under 200x and 500xmagnification (A: adhesive fracture, B: cohesive fracture, C: mixed fracture)

molecular structure offers resistance to hydrolytic degrada-
tion at the adhesive interface (1, 32, 33). In this study, the lack
of a statistically significant effect of aging on bond strength
across all adhesive groupsmay be attributed to the presence
of 10-MDP in their formulations, which likely offered some
protection against hydrolytic degradation. Nevertheless, a
clear hierarchy in bond strength was observed, independent
of aging: Clearfil SE Bond > G2-Bond > G-Premio Bond. The
significantly lower µTBS values of G-Premio Bond compared
to the other two adhesives may be explained by differences
in their chemical compositions and bonding strategies. In
particular, the reduced MDP concentration and the simpli-
fied one-step application protocol in G-Premio Bond may
have negatively affected its bonding efficiency and interfa-
cial durability.

G-Premio Bond, which has a relatively low pH, demon-
strates limited etching ability when used in self-etch mode,
potentially resulting in insufficient micromechanical reten-
tion to dentin (34). Moreover, its low MDP concentration,
coupled with the coexistence of solvent and monomer in a
singlephase,may reduce theefficiency and stability of chem-
ical bonding (35, 36). Its highly hydrophilic nature and thin
film thickness might also decrease structural strength and
overall adhesion performance (22, 37). Additionally, the use
of acetone as a solvent may play a role; the rapid evapora-
tion of acetone could leave residual moisture on the dentin
surface, leading to incomplete polymerization and compro-
mised interface integrity (38, 39). On the other hand, Clearfil
SE Bond and G2-Bond both two-bottle self-etch adhesives
that facilitatemore effective demineralization andmonomer
diffusion due to separate primer and bonding steps (40). The
formation of a thicker, elastic adhesive layer provides better
stress distribution after polymerization, enhancing the over-
all bonding quality. The superior bond strength of Clearfil
SE Bond compared with the other adhesives may also be re-
lated to its photoinitiator system. While most adhesives, in-
cluding G2-Bond, use camphorquinone (CQ) as the primary
photoinitiator (41). Clearfil SE Bond incorporates both CQ
and a proprietary ”Integrated Photoinitiator,” which report-

edly improves monomer conversion, enhances the mechan-
ical properties of the adhesive, and contributes to higher
bond strength (42).

Previous research supports the findings of this study (21,
28). Daneshpooy et al. (43) compared the dentin bond-
ing capabilities of G2-Bond and G-Premio Bond, finding that
G2-Bond had significantly superior bond strength. Similarly,
studies from 2021 and 2023 evaluated G2-Bond’s bonding
performance against Clearfil SE Bond (24, 44). Although
Clearfil SE Bond exhibited slightly higher bond strength, the
difference between the two systems was not statistically
significant, and G2-Bond demonstrated comparable perfor-
mance.

The uniformity and thickness of the adhesive layer are
widely acknowledged as critical factors influencing the dura-
bility of adhesion (5, 6, 25). Nevertheless, no consensus ex-
ists regarding the ideal film thickness for adhesive systems, as
multiple parameters including resin viscosity, solvent type,
application pressure, air-drying duration, and operator vari-
ability affect this characteristic (45). In the present study,
significant differences were detected among the tested ad-
hesives. G2-Bond Universal showed the greatest adhesive
layer thickness (14.39 ± 9.76 µm), followed by Clearfil SE
Bond (8.02 ± 5.31 µm) and G-Premio Bond (4.5 ± 1.64 µm).
The increased viscosity of G2-Bond, which is likely related to
its HEMA-free formulation and higher content of hydropho-
bic UDMA monomer, may have enhanced its wettability and
produced a thicker and more stable adhesive interface (46).
Moreover, the use of a separate primer in two-step adhesive
systems facilitates deepermonomer penetration into dentin,
improving interaction with the substrate and ultimately in-
creasing the adhesive layer thickness (2, 47). In contrast, the
thinner adhesive layer observed in G-Premio Bond can be
attributed to its higher solvent content and the strong air-
drying process recommended by the manufacturer, which
promotes solvent evaporationbut reduces filmbuild-up (30).
Overall, these findings correspond with earlier observations
indicating that one-step universal adhesives generally form
thinner adhesive layers comparedwith two-step systems (25,
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48, 49).
It should be noted that adhesive layer thickness is not ex-

pected to showadirect linear correlationwith bond strength
values. Rather contributes indirectly by modulating stress
distribution, permeability, and interfacial durability, rather
than acting as a direct predictor of bond strength (14, 17, 45).
Therefore, in the present study, adhesive layer thickness was
evaluated as a supportive structural parameter rather than as
a direct predictor of bond strength.

In fracture mode analysis, adhesive failure was predomi-
nant across all groups. This finding may be associated with
the characteristics of the µTBS testing method, which dis-
tributes stress uniformly across the bonding interface. The
exclusive presence of adhesive fractures in the G-Premio
Bond group could be attributed to its thin adhesive film and
limited micromechanical retention (30). In contrast, mixed
fractures observed in Clearfil SE Bond and G2-Bond groups
indicate stronger and more cohesive bonding interfaces.

This study has several limitations. It was conducted
under in vitro conditions, which cannot fully replicate the
complexities of the intraoral environment, such as occlusal
stresses and blood-saliva contamination. Therefore, clinical
studies are necessary to validate these findings and better
understand the actual performance of the tested materials.

Conclusion

Based on the outcomes of this in vitro investigation,
Clearfil SE Bond achieved the highest µTBS values in both
the immediate testing and after six months of water storage.
The G-Premio Bond group showed the lowest µTBS values
at both time intervals, with all failures identified as adhesive
in nature. G2-Bond displayed bond performance similar to
that of Clearfil SE Bond and recorded the greatest adhesive
layer thickness. Across all groups, cohesive fractures were
observed only within the composite resin, indicating the ab-
sence of cohesive failures within the dentin substrate.

G2-Bond may offer a buffering effect on the dentin sur-
face due to its dual-bottle structure and thicker adhesive
layer, which can be particularly advantageous in stress-
bearing restorative applications. While G2-Bond appears
promising for improving dentin adhesion, further long-term
clinical studies are needed to confirm its durability and effec-
tiveness in various restorative scenarios.
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