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Article Info ABSTRACT

Objectives: This study evaluated the effect of bioactive glass (BAG) in different
forms on microshear bond strength (uSBS) of composite resin to dentin using a
universal adhesive in self-etch (SE) and etch-and-rinse (E&R) modes after
different storage times.
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Materials and Methods: In this in vitro study, 120 extracted human third molars were
Article History: sectioned 3mm occlusal to their cementoenamel junction to expose dentin. The teeth
Received: 25 May 2024 were then randomly assigned to three groups (n=40): (I) 20% BAG suspension for
?ﬁﬁgfi;zzllsl\;gx %gég dentin pretreatment, (II) 1% BAG-modified éd.hesive (G2-Bond Univelrsal), arlld (.III)

BAG-free control group. Each group was subdivided based on the adhesive application
mode (SE or E&R) and storage time (immediate at 24 hours, or delayed at 3 months),
with 10 teeth per each subgroup. The uSBS was measured by a universal testing
* Corresponding author: machine. Data were analyzed by three-way and two-way ANOVA, followed by the
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School of Dentistry, Isfahan University of
Medical Sciences, Isfahan, Iran Results: Three-way ANOVA showed significant interaction effect of BAG

incorporation and storage time on uSBS (P=0.017); while other interactions were
not significant (P>0.05). The effects of BAG incorporation (P=0.951) and
application mode (P=0.769) were not significant on immediate pSBS (P>0.05).
After 3 months, the 1% BAG-modified adhesive showed a significantly higher pSBS
than the 20% BAG suspension (P=0.001) and the control group (P<0.001), with no
significant effect of application mode (P=0.417).
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Conclusion: BAG incorporation did not affect the immediate pSBS of the adhesive
but improved its long-term durability, such that the 1% BAG-modified adhesive
showed the highest delayed uSBS, regardless of the application mode.

Keywords: Bioactive Glass 45S5; Dental Cements; Shear Strength; Dentin-
Bonding Agents

»  Cite this article as: Mosavinasab SM, Fathpoor K, Sarrafpoor B, Fakour MH. Composite Resin to Dentin Using
a Universal Adhesive with Different Application Modes and Storage Times. Front Dent. 2025:22:24.
http://doi.org/10.18502/fid.v22i24.18868

INTRODUCTION restorative treatments has led to the

The increasing demand for esthetic widespread use of adhesive restorations in
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dentistry. Various adhesive systems, including
the self-etch (SE), etch-and-rinse (E&R), and
universal adhesives, have been developed to
enhance the bond strength and durability [1].
Among these, universal adhesives have gained
popularity due to their versatility, allowing
application in both the SE and E&R modes
based on clinical requirements. While the SE
systems are favored for their simplified
application, reduced procedural time, and
lower technical sensitivity, the long-term
durability of the resin-dentin bond remains a
major challenge in adhesive restorations [1].
To improve bond longevity, several strategies
have been explored, including the application
of multiple adhesive layers in SE systems,
addition of hydrophobic layers to prevent
water penetration, and incorporation of
bioactive agents such as matrix
metalloproteinase (MMP) inhibitors and
bioactive glass (BAG) [2, 3]. Among these, BAG
has gained attention for its ability to promote
remineralization and enhance the durability of
the adhesive interface.

Remineralization plays a key role in
maintaining the bond integrity by promoting
recrystallization, replacing water in the
adhesive layer, and inhibiting MMP activity,
which is responsible for collagen degradation
in dentin [4, 5].

BAG was first introduced by Larry Hench in
1969, and has since led to the development of
various bioactive ceramic materials with
applications in dentistry [6]. Studies suggest
that incorporating BAG into dental adhesives
can enhance the durability of bonding through
its remineralization potential and
antibacterial effects [7, 8]. Additionally, recent
findings indicate that BAG facilitates dentin
remineralization, and that the inclusion of
polyhedral oligomeric silsesquioxane
particles can further strengthen the bonds and
reduce degradation over time [9-11].
However, the effect of BAG incorporation into
universal adhesives with different application
modes and under long-term storage
conditions remains unclear.

Given the potential of BAG for use in adhesive
dentistry, this study aimed to evaluate its
effect on microshear bond strength (uSBS) of
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composite resin to dentin using a universal
dental adhesive with different application
modes (SE vs. E&R) and storage times
(immediate vs. 3 months of aging in distilled
water). The null hypothesis of the study was
that addition of BAG to G2-Bond Universal
adhesive, regardless of its application mode or
storage duration, would have no significant
effect on uSBS to dentin.

MATERIALS AND METHODS

Study design:

This in vitro experimental study was
conducted at the Dental Materials Research
Center, Isfahan University of Medical Sciences,
Isfahan, Iran, and was approved by the ethics
committee of Isfahan University of Medical
Sciences under the ethical code
IR.MUI.REC.1400.64.

Sample selection and preparation:

Human extracted third molars were collected
for this study. The inclusion criteria were
intact caries-free teeth with no abnormality or
cracks, stored in an appropriate solution (e.g.,
0.1% thymol) to prevent dehydration and
microbial growth. The exclusion criterion was
teeth extracted earlier than 3 months before
the study onset. A total of 120 third molars
met the eligibility criteria and were included.
The selected teeth were thoroughly cleaned by
removing the attached soft tissue, blood, and
debris, and were then immersed in 0.5%
chloramine-T solution at 4°C for one week. Next,
the samples were stored in distilled water until
use. Each tooth was cleaned using a low-speed
handpiece with a rubber cup and prophylactic
paste. The teeth were then mounted in auto-
polymerizing acrylic resin blocks, ensuring that
the cementoenamel junction remained at the
level of the acrylic surface.

A horizontal section was made 3mm occlusal
to the cementoenamel junction using a high-
speed fine diamond bur (0.14; Tizkavan,
Tehran, Iran), under continuous air and water
cooling, to expose the underlying dentin. To
simulate the smear layer typically formed in
clinical conditions, the exposed dentin
surfaces were polished with 400-, 600-, and
800-grit silicon carbide abrasive papers under
water irrigation for 30 seconds.

2/8



Study groups and experimental design:

The samples were randomly divided into 3
main groups based on BAG incorporation:
Group 1: Pretreatment with 20% BAG
suspension (n=40);

Group 2: 1% BAG-modified adhesive (n=40);
Group 3: BAG-free control (n=40).

Each main group was further subdivided into
two subgroups based on the adhesive
application mode: SE (n=20) and E&R (n=20).
Each of these subgroups was then divided into
two storage conditions: immediate testing
(n=10) and delayed testing (n=10).
Preparation of BAG nanoparticles:

The BAG nanoparticles (Bioglass 45S5; Nik
Seram Co., Isfahan, Iran) were synthesized
using the sol-gel method [12, 13].

For group 1 (20% BAG suspension), the
nanoparticles were dispersed in ethanol (20%
v/v) and subjected to ultrasonication for 3
minutes in an ice bath using an ultrasonic probe
(Sonoplus UW2200; Bandelin electronic GmbH,
Berlin, Germany) [14]. The stability of the
nanoparticle suspension was verified using a
separation analysis device (LUMiReader®
416.1; LUM GmbH, Berlin, Germany) [15]. In this
group, after primer application, the dentin
surface was pretreated with the BAG suspension
for 10 seconds, gently air-dried, and then
bonded using the universal adhesive system
(G2-Bond Universal; GC, Tokyo, Japan) per
manufacturer’s instructions.

For group 2 (1% BAG-modified adhesive), 1%
BAG nanoparticles were incorporated into
the bonding resin bottle of the universal
adhesive system (G2-Bond Universal; GC,
Tokyo, Japan) [12]. The mixture was stirred
on a magnetic stirrer for 1 hour, followed by
ultrasonic treatment for 2 hours to ensure
homogeneous dispersion of nanoparticles.
Stability = was  assessed using the
LUMiReader® 416.1. In this group, bonding
was performed using the modified resin
instead of the original resin bottle.

For group 3 (BAG-free control), no BAG was
applied in any form, and the bonding protocol
followed the manufacturer’s instructions
without pretreatment.

Adhesive application protocols:

Each group was further categorized based on
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the adhesive application mode. In the SE
application mode, the self-etch primer was
applied actively on the dentin surface using a
microbrush for 10 seconds, followed by strong
air flow to evaporate the solvent. The resin
layer was applied using an applicator, gently
air-thinned, and light-cured for 20 seconds
using a light-curing unit (Valo Grand LCU;
Ultradent Products Inc., South Jordan, UT,
USA) with an intensity of 650 mW/cm? at
Imm distance. The light intensity was
confirmed using a LED radiometer (Demetron
LED Radiometer; SDS/Kerr, Orange, CA, USA).
In the E&R application mode, 35% phosphoric
acid was applied on the dentin surface for 15
seconds, and then rinsed for another 15
seconds. The self-etch primer and resin were
subsequently applied following the same
protocol as the SE technique.

After adhesive application, plastic tubes (with
0.5mm internal diameter and 1mm height)
were positioned on the prepared dentin
surface. The tubes were filled with the A2
shade of Gradia composite resin (GC, Tokyo,
Japan,) and light-cured for 40 seconds using
the same curing unit and parameters.

USBS testing:

Following composite bonding, all samples were
incubated in distilled water at 37°C and 100%
humidity for 24 hours. The plastic tubes were
carefully removed using a No. 11 blade (Fine
Science Tools GmbH, Heidelberg, Germany).
The uSBS was measured using a universal
testing machine (Bisco Inc., Schaumburg, IL,
USA) equipped with a knife-edge loading
fixture, with a crosshead speed of 0.5mm/min.
In the immediate testing subgroup, the pSBS
was measured 24 hours after bonding, and in
the delayed testing subgroup, the
measurements were made after 3 months of
storage in distilled water at 37°C.

The pSBS values were calculated using the
following formula:

Force (N)
cross — sectional area (mm?)

uSBS (MPa) =

Since the sample diameter was 0.5mm, and the
radius was 0.25mm, the cross-sectional area
was calculated to be 0.1963mm?.
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Statistical analysis:

The required sample size was calculated based
on an alpha level of 0.05, a beta of 0.80, and an
estimated effect size of 1.25, resulting in a total
of 120 samples (10 per subgroup).

Statistical analyses were performed using
SPSS version 26 (IBM Corp., Armonk, NY,
USA). Due to the relatively small sample size
in each subgroup (n=10), data normality was
assessed using the Shapiro-Wilk test,
showing that the results had a normal
distribution (P>0.05). Thus, three-way
ANOVA was conducted to evaluate the
effects of BAG incorporation, application
mode, and storage time on micro-SBS. Since
significant interactions were detected, and
variance homogeneity was not confirmed,
two-way ANOVA followed by the Tukey’s
post-hoc test were performed. P<0.05 was
considered statistically significant.

RESULTS

Three-way ANOVA revealed the significant
interaction effect of BAG incorporation and
storage time on puSBS (P=0.017). However,
the interaction effects of the application
mode and storage time (P=0.718), and BAG
incorporation and application mode
(P=0.886) on uSBS were not significant.
Additionally, the three-way interaction
effect of BAG incorporation, application
mode, and storage time on pSBS was not
significant (P=0.715). Given the significant
interaction effect of BAG incorporation and
storage time on uSBS, two-way ANOVA was
separately conducted for the immediate and
delayed puSBS values.

In immediate uSBS testing, two-way ANOVA

showed no significant effect of BAG
incorporation (P=0.951) or application
mode (P=0.769) on uSBS. The interaction
effect of BAG incorporation and application
mode on pSBS was not significant either
(P=0.547; Table 1).

In delayed pSBS testing, a significant
difference was found among the BAG
incorporation groups (P=0.002); whereas,
no significant difference was observed
between the application modes (P=0.417).
The Tukey’s post-hoc test for pairwise
comparisons in delayed uSBS testing
showed no significant difference between
group 1 (20% BAG suspension) and group 3
(BAG-free control) (P=0.066). However,
significant differences were found between
group 2 (1% BAG-modified adhesive) with
both group 1 (20% BAG suspension)
(P=0.001) and group 3 (BAG-free control)
(P<0.001), with group 2 demonstrating the
highest bond strength (35.4+6.332MPa).
Similar to the immediate puSBS testing, the
interaction effect of BAG incorporation and
application mode on pSBS was not
significant (P=0.820; Table 2).

DISCUSSION

This study evaluated the effect of
incorporating BAG in different experimental
groups on uSBS of composite resin using a
universal adhesive with different
application modes (SE and E&R) and
different storage times (immediate testing at
24 hours and delayed testing at 3 months). A
total of 120 extracted sound human third
molars were used, with 10 teeth assigned to
each subgroup.

Table 1. Immediate uSBS (MPa) of the study groups in different application mode subgroups

Group 1; 20% BAG
suspension

Group 2; 1% BAG-
modified adhesive

Group 3; BAG-free
control

20 30.0+6.074

20 29.8.6x4.177

20 30.5%4.637

SE 10 29.5+5.886
E&R 10 30.5%6.528
SE 10 29.7+4.317
E&R 10 29.9%4.261 0.769
SE 10 31.6+2.013
E&R 10 29.3%6.186

BAG: Bioactive glass; SD: Standard deviation; pSBS: Microshear bond strength; N: Number; SE: Self-etch; E&R: Etch and rinse.
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Table 2. Delayed pSBS (MPa) of the study groups in different application mode subgroups

Group 1; 20%
BAG suspension
Group 2; 1%
BAG-modified
adhesive

Group 3; BAG-
free control

20 31.3%£3.3612
20 35.4%6.332>  0.002*

20 29.5%£5.0732

E&R

SE
E&R

10  30.2+x2.964
10  32.4+3.518
10  35.3%8.072
10  35.5+4.413 0417
10  29.0+£3.301
10  29.9+6.556

Significant differences are indicated by an asterisk (*). The post-hoc Tukey test results are presented using different uppercase
letters to denote significant differences. BAG: Bioactive glass; SD: Standard deviation; pSBS: Microshear bond strength; N: Number;

SE: Self-etch; E&R: Etch and rinse.

The three main experimental groups included
dentin pre-treatment with a 20% BAG
suspension, incorporation of 1% BAG into the
adhesive, and a BAG-free control group.

One key observation in this study was absence
of a significant three-way interaction effect
among BAG incorporation, application mode,
and storage time on pSBS. This finding
suggests that the overall effect of BAG on uSBS
is not significantly influenced by the type of
adhesive application mode or the storage time
when all factors are considered together.
However, a significant interaction effect was
observed between BAG incorporation and
storage time on pSBS, indicating that the
impact of BAG on pSBS becomes more
pronounced over time. This finding suggests
that while BAG may not provide immediate
reinforcement, it plays a crucial role in
enhancing the durability of the adhesive bond
in the long term.

The present results showed no significant
differences in immediate pSBS among the
three BAG groups and between the two
adhesive application modes. This finding
suggests that the presence of BAG does not
immediately enhance the pSBS of composite
resin to dentin. Similar results were reported
by Bauer et al, [16] and Carvalho et al, [15]
where BAG particles, regardless of the
application mode, did not influence the
immediate bond strength. This consistency
across studies reinforces the notion that the
mechanisms of BAG require time to manifest
their full effects.

Lack of an immediate improvement in pSBS
can be attributed to the mechanism of action
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of BAG. BAG releases calcium and phosphate
ions, which contribute to the remineralization
of demineralized dentin and promote apatite
formation [17,18]. However, these processes
require a sufficient period of time to occur and
do not significantly alter the bond strength
within the first 24 hours. Additionally, BAG
inhibits MMPs, which are responsible for
collagen degradation [19]. The released
calcium ions interact with MMP-2 and MMP-9,
forming Ca-MMP complexes with reduced
protease activity due to their high molecular
weight and decreased mobility [20, 21]. BAG
also increases the pH at the adhesive interface,
further inhibiting the pH-dependent activity of
MMPs [YY]. Despite these beneficial effects, the
structural reinforcement provided by BAG is
not immediate but instead contributes to the
longevity of the adhesive bond.

Furthermore, BAG exhibits antimicrobial
properties by releasing ions, increasing pH, and
creating osmotic pressure through surface
chemical reactions [23]. The formation of
silanol (Si-OH) layers on the BAG surface
regulates ion release and pH modulation,
fostering an alkaline environment conducive to
apatite nucleation and formation [24]. These
attributes, while not directly affecting the
short-term bond strength, may play a crucial
role in preventing degradation over time.

In contrast to the immediate results, the
delayed pSBS values significantly varied
among the BAG groups in the current study.
The adhesive modified with 1% BAG
demonstrated a significantly higher uSBS after
3 months compared to both the 20% BAG
dentin pre-treatment group and the BAG-free
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control group. This finding suggests that BAG
incorporation within the adhesive matrix
provides a sustained benefit in bond stability
over time. The enhanced long-term bond
strength of BAG-modified adhesive can be
attributed to continuous ion release, which
promotes remineralization and preserves the
integrity of the hybrid layer by inhibiting
collagen degradation.

Interestingly, the 20% BAG suspension used
for dentin pre-treatment also resulted in a
slight and insignificant increase in pSBS.
Previous studies have reported mixed findings
regarding the effectiveness of BAG suspension.
Some studies demonstrated that BAG
suspension improved the bond strength,
enhanced hardness, and increased the elastic
modulus of the hybrid layer, regardless of the
application technique [16, 25]. However, other
reports suggested that BAG suspension was
more effective only with E&R adhesives
compared with SE adhesives [26-28]. These
discrepancies may be due to variations in
methodology, differences in BAG particle
concentration and composition, or technical
variability in dentin rehydration following
BAG suspension application.

Similar to the immediate uSBS test results, the
application mode did not significantly affect the
delayed pSBS. This finding suggests that the
positive influence of BAG on bond durability is
independent of whether the adhesive is applied
by the SE or E&R mode. This is a clinically
relevant observation, as it suggests that BAG
can enhance bond durability regardless of the
adhesive protocol employed.

An important consideration is the potential
interaction between BAG and adhesive due to
the adhesive’s acidic nature. Universal
adhesives typically contain  functional
monomers, such as 10-MDP, which promote
chemical bonding to dentin by interacting with
hydroxyapatite. However, presence of BAG
may interfere with this process. BAG’s alkaline
nature can neutralize the acidic components of
the adhesive, altering the etching efficiency
and the degree of demineralization at the
dentin interface. This reaction could result in
changes in hybrid layer formation and
adhesive penetration. Additionally, BAG’s ion
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release may influence polymerization kinetics,
potentially  affecting the  mechanical
properties of the adhesive layer. While the
findings of this study did not show any
significant impact of BAG on immediate pSBS,
the long-term improvements observed in
BAG-modified adhesive suggest that any initial
interference might be outweighed by the long-
term remineralization and stabilization effects
of BAG. Future studies should further
investigate the chemical interactions between
BAG and adhesive monomers, particularly in
different adhesive formulations.

From a clinical standpoint, BAG has the
potential to improve bonding longevity by
inhibiting MMP activity, promoting
remineralization, and exerting antimicrobial
effects through ion release and pH modulation.
These mechanisms protect the exposed
collagen fibers, reduce the risk of hydrolytic
degradation, and maintain the integrity of the
resin-dentin interface over time. Given the
findings of this study, incorporating BAG into
adhesives could be a promising strategy to
enhance the durability of adhesive bonds,
particularly in high-risk patients prone to
secondary caries or adhesive failure.

One of the limitations of this study was the
relatively short storage period of 3 months.
While the delayed results provide preliminary
evidence of BAG's long-term Dbenefits,
extended storage periods—such as 6 months,
one year, or even longer—would provide
more definitive conclusions regarding the
durability of  BAG-enhanced bonds.
Additionally, incorporating thermocycling in
future studies would better simulate the oral
environment and assess the effects of thermal
stresses on bond stability. Moreover,
variations in BAG particle size, concentration,
and composition could influence the bond
performance.  Future  studies  should
investigate the optimal BAG formulation and
its interaction with different adhesive
systems. It would also be valuable to explore
the efficacy of BAG in different clinical
scenarios, such as bonding to carious or
sclerotic dentin, to determine its efficacy in
compromised bonding substrates. Finally, in
vivo studies assessing BAG’s effect on bonding
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longevity in actual clinical conditions would
provide more relevant data generalizable to
clinical practice. The clinical significance of
BAG in adhesive dentistry lies in its ability to
inhibit enzymatic degradation, promote
remineralization, and provide antimicrobial
protection, all of which contribute to superior
long-term adhesion. Future research should
focus on optimizing BAG formulations,
extending observation periods, and exploring
its clinical applications to maximize its
benefits in restorative dentistry.

CONCLUSION

This in vitro study demonstrated that while
BAG incorporation did not significantly
influence immediate pSBS, its long-term
benefits became evident over time. The highest
delayed pSBS value was observed in 1% BAG-
modified adhesive, suggesting that BAG
incorporation into adhesive systems enhances
bond durability regardless of the adhesive
application mode (SE vs. E&R).

ACKNOWLEDGEMENT

The authors express their thanks to dental
materials Research Center of faculty of
Dentistry of Isfahan for supporting this study.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Randolph LD, Palin WM, Leloup G, Leprince
JG. Filler characteristics of modern dental resin
composites and their influence on physico-
mechanical properties. Dent Mater. 2016
Dec;32(12):1586-99.

2. Acharya MR, Venitz |, Figg WD, Sparreboom
A. Chemically modified tetracyclines as inhibitors of
matrix metalloproteinases. Drug Resist Updat. 2004
Jun;7(3):195-208.

3. Magne P, Mori Ubaldini AL. Thermal and
bioactive optimization of a unidose 3-step etch-and-
rinse dentin adhesive. ] Prosthet Dent. 2020
Oct;124(4):487.e1-7.

4, Brackett WW, Ito S, Tay FR, Haisch LD,
Pashley DH. Microtensile dentin bond strength of self-
etching resins: effect of a hydrophobic layer. Oper
Dent. 2005 Nov-Dec;30(6):733-8.

5. Golub LM, Ramamurthy NS, McNamara TF,
Greenwald RA, Rifkin BR. Tetracyclines inhibit

Volume 22 | Article 24 | Jun 2025

connective tissue breakdown: new therapeutic
implications for an old family of drugs. Crit Rev Oral
Biol Med. 1991 Jan;2(3):297-321.

6. Hench LL. The story of Bioglass. ] Mater Sci
Mater Med. 2006 Nov;17(11):967-78.
7. Hao JL, Nagano T, Nakamura M, Kumagai N,

Mishima H, Nishida T. Galardin inhibits collagen
degradation by rabbit keratocytes by inhibiting the
activation of pro-matrix metalloproteinases. Exp Eye
Res. 1999 May;68(5):565-72.

8. Ito S, Tay FR, Hashimoto M, Yoshiyama M,
Saito T, Brackett WW, et al. Effects of multiple
coatings of two all-in-one adhesives on dentin
bonding. ] Adhes Dent. 2005 Summer;7(2):133-41.

9. Mousavinasab SM, Atai M, Barekatain M,
Fattahi P, Fattahi A, Rakhshan V. Effects of ethanol
concentrations of acrylate-based dental adhesives on
microtensile composite-dentin bond strength and
hybrid layer structure of a 10 wt% polyhedral
oligomeric  silsesquioxane (POSS)-incorporated
bonding agent. Dent Res ] (Isfahan). 2018
Aug;15(1):25-32.

10. Pashley DH, Tay FR, Yiu C, Hashimoto M,
Breschi L, Carvalho RM, et al. Collagen degradation by
host-derived enzymes during aging. ] Dent Res. 2004
Mar;83(3):216-21.

11. Scaffa PM, Vidal CM, Barros N, Gesteira TF,
Carmona AK, Breschi L, et al. Chlorhexidine inhibits
the activity of dental cysteine cathepsins. ] Dent Res.
2012 Apr;91(4):420-5.

12. Jones JR. Review of bioactive glass: from
Hench to hybrids. Acta Biomater. 2013
Jan;9(1):4457-86.

13. Mirzakhani M, Mousavinasab SM, Atai M.
The effect of acrylate-based dental adhesive solvent
content on microleakage in composite restorations.
Dent Res ] (Isfahan). 2016 Nov-Dec;13(6):515-20.
14. Tiskaya M, Shahid S, Gillam D, Hill R. The use
of bioactive glass (BAG) in dental composites: A
critical review. Dent Mater. 2021 Feb;37(2):296-310.
15. Carvalho EM, Lima DM, Carvalho CN,
Loguercio AD, Martinelli JR, Bauer ]. Effect of
airborne-particle abrasion on dentin with
experimental niobophosphate bioactive glass on the
microtensile bond strength of resin cements. ]
Prosthodont Res. 2015 Feb;59(2):129-35.

16. Bauer |, Silva ESA, Carvalho EM, Ferreira
PVC, Carvalho CN, Manso AP, et al. Dentin
pretreatment with 45S5 and niobophosphate
bioactive glass: Effects on pH, antibacterial,
mechanical properties of the interface and
microtensile bond strength. ] Mech Behav Biomed
Mater. 2019 Feb;90:374-80.

17. Niu LN, Zhang W, Pashley DH, Breschi L, Mao
], Chen JH, et al. Biomimetic remineralization of

7/8



Bioactive Glass Effect on Dentinal Bond Strength

dentin. Dent Mater. 2014 Jan;30(1):77-96.

18. Sauro S, Pashley DH. Strategies to stabilise
dentine-bonded interfaces through remineralising
operative approaches - State of The Art. International
Journal of Adhesion and Adhesives. 2016
Sep;69(44):39-57.

19. Perarivalan I, Karunakaran ], Anbalagan N,
Harishma S, Prasad V. Matrix metalloproteinase
inhibitors in restorative dentistry. ] Conserv Dent
Endod. 2024 Jun;27(6):566-71.

20. Lee JH, Kang MS, Mahapatra C, Kim HW.
Effect of Aminated Mesoporous Bioactive Glass
Nanoparticles on the Differentiation of Dental Pulp
Stem Cells. PLoS One. 2016 Mar;11(3):e0150727.

21. Wang S, Gao X, Gong W, Zhang Z, Chen X,
Dong Y. Odontogenic differentiation and dentin
formation of dental pulp cells under nanobioactive
glass induction. Acta bBiomaterialia. 2014 Jun;10
(6):2792-803.

22. Odermatt R, Par M, Mohn D, Wiedemeier DB,
Attin T, Taubock TT. Bioactivity and physico-chemical
properties of dental composites functionalized with
nano- vs. micro-sized bioactive glass. ] Clin Med. 2020
Mar;9(3):772.

23. Skallevold HE, Rokaya D, Khurshid Z, Zafar
MS. Bioactive glass applications in dentistry. Int ] Mol

Volume 22 | Article 24 | Jun 2025

Sci. 2019 Nov;20(23):5960.

24. Yadav S, Yadav D, Kumar P, Yadav A, Nirala
G, Yadav S. Bioactive glass for biomedical application:
An overview. In: Kumar U, editor. Defects engineering
in electroceramics for energy applications. Singapore:
Springer Nature Singapore; 2024 Dec. p. 305-27.

25. De Caluwé T, Vercruysse CW, Ladik I,
Convents R, Declercq H, Martens LC, et al. Addition of
bioactive glass to glass ionomer cements: Effect on the
physico-chemical properties and biocompatibility.
Dent Mater. 2017 Apr;33(4):e186-203.

26. ChoiY, Sun W, Kim Y, Kim IR, Gong MK, Yoon
SY, et al. Effects of Zn-doped mesoporous bioactive
glass nanoparticles in etch-and-rinse adhesive on the
microtensile bond strength. Nanomaterials (Basel).
2020 Sep;10(10):1943.

27. Oltramare R, Par M, Mohn D, Wiedemeier
DB, Attin T, Taubock TT. Short- and long-term dentin
bond strength of bioactive glass-modified dental
adhesives. Nanomaterials (Basel). 2021
Jul;11(8):1894.

28. Bauer ], Carvalho EM, Carvalho CN, Meier
MM, de Souza JP, de Carvalho RM, Loguercio AD.
Development of a simplified etch-and-rinse adhesive
containing niobiophosphate bioactive glass. Int ]
Adhes Adhes. 2016 Sep;69:110-4.

8/8



