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ABSTRACT:

Secondary caries remains one of the leading causes
of resin composite restoration failure, emphasizing
the need for restorative materials capable of
providing both mechanical function and biological
activity. This in vitro study evaluated the ion-release
behavior and demineralization inhibition potential of
a bioactive resin composite (ACTIVA™ Presto), a
giomer-based resin composite (Beautifil II), and a
conventional nanohybrid resin composite (Brilliant
NG). Ion release was assessed by measuring
fluoride, phosphate, and calcium ions over a 32-day
period. The ability of the tested materials to inhibit
enamel demineralization was investigated using a
pH-cycling model, followed by Energy-Dispersive
X-ray Spectroscopy (EDX) and cross-sectional
Vickers microhardness analysis. ACTIVA™ Presto
released significantly greater amounts of fluoride
and phosphate ions than Beautifil II (P < 0.001),
while calcium release was comparable between the
two ion-releasing materials. Brilliant NG exhibited
no detectable ion release. Although EDX analysis
revealed no significant differences in enamel
calcium and phosphorus content among the
investigated groups, ACTIVA™ Presto
demonstrated  significantly =~ higher  enamel
microhardness values following pH cycling than the
conventional  composite, indicating superior
resistance to  demineralization. = Within  the
limitations of this study, the bioactive resin
composite exhibited enhanced bioactivity and
improved preservation of enamel mineral integrity
compared with the investigated restorative
materials, suggesting its potential as a restorative
option for patients at increased risk of secondary
caries.

KEYWORDS:
Bioactive resin composite; ACTIVA™  Presto;
Giomer; Ion release; Demineralization;, Enamel
microhardness.

I. INTRODUCTION

Bioactive restorative materials have
attracted increasing attention in contemporary
restorative dentistry because they combine the
mechanical advantages of resin-based composites
with therapeutic functions that may contribute to the
prevention of recurrent caries.  Although
conventional resin composites exhibit excellent
esthetics and satisfactory mechanical properties,
they remain biologically inert and are unable to
actively participate in the remineralization of
adjacent dental tissues. Consequently, secondary
caries continues to be one of the principal causes of
restoration failure and replacement, highlighting the
need for restorative materials capable of providing
both structural rehabilitation and biological
protection.

Resin composite restorations are currently
the treatment of choice for direct esthetic
restorations because of their favorable mechanical
performance, conservative cavity preparation
requirements, and continuous improvements in filler
technology and adhesive systems. Nevertheless,
polymerization shrinkage, marginal degradation,
and bacterial biofilm accumulation may compromise
the tooth—restoration interface over time, facilitating
mineral loss and increasing the susceptibility to
recurrent carious lesions. Since restoration
replacement constitutes a substantial proportion of
operative dental procedures, improving the
biological performance of restorative materials has
become an important objective in restorative
dentistry.

To address these limitations, bioactive
restorative materials have been developed to provide
therapeutic effects in addition to mechanical
function. Unlike conventional composites, these
materials are designed to release biologically active
ions, including fluoride, calcium, and phosphate, in
response to changes within the oral environment.
The released ions promote remineralization of
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demineralized enamel and dentin, enhance the
formation of acid-resistant mineral phases, and may
inhibit the progression of early carious lesions.
Furthermore, several bioactive materials
demonstrate pH-responsive behaviour, whereby ion
release increases under acidic conditions associated
with cariogenic biofilms, providing a targeted
response when protection is most needed.

Among currently available bioactive
restorative materials, giomer-based composites
incorporate surface pre-reacted glass-ionomer (S-
PRQG) fillers capable of sustained fluoride release
and recharge, while maintaining the aesthetic and
mechanical characteristics of resin composites.
These fillers have been shown to release multiple
ions that contribute to buffering acidic
environments, reducing bacterial activity, and
promoting remineralization at the tooth—restoration
interface. In parallel, recently introduced bioactive
resin composites have adopted alternative filler
technologies intended to provide continuous ion
release  without = compromising  mechanical
performance, thereby expanding the range of
therapeutic restorative materials available for
minimally invasive dentistry.

The Dbiological effectiveness of ion-
releasing restorative materials is commonly assessed
through  complementary laboratory — methods.
Quantitative measurement of released calcium,
phosphate, and fluoride ions provides direct
evidence of bioactivity, whereas Energy-Dispersive
X-ray Spectroscopy (EDX) enables evaluation of
elemental distribution at the tooth—restoration
interface. In addition, cross-sectional Vickers
microhardness testing offers an indirect assessment
of mineral changes within adjacent enamel by
determining alterations in its mechanical properties

following demineralization and remineralization
challenges. Together, these techniques provide
comprehensive  insight into the therapeutic
performance of restorative materials beyond
conventional mechanical testing.

Despite the increasing availability of
bioactive  restorative  materials, comparative
evidence regarding their ion-release behaviour and
ability to preserve the mineral integrity of adjacent
enamel remains limited. Moreover, differences in
filler composition, ion-release mechanisms, and
resin matrices among commercially available
bioactive, giomer-based, and conventional resin
composites may result in distinct biological
performances that have not been fully elucidated
under standardized experimental conditions. Direct
comparison of these materials using multiple
complementary analytical techniques is therefore
essential to better understand their clinical potential.

Accordingly, the present in vitro study
aimed to evaluate and compare the ion-release
capacity and demineralization inhibition potential of
a bioactive resin composite, a giomer-based
fluoride-releasing composite, and a conventional
nanohybrid resin composite. lon release was
quantified by measuring calcium, phosphate, and
fluoride release, while the biological effects at the
tooth-restoration interface were assessed using
Energy-Dispersive X-ray Spectroscopy and cross-
sectional Vickers microhardness analysis following
a pH-cycling protocol. It was hypothesized that the
bioactive restorative materials would demonstrate
greater ion release and superior resistance to enamel
demineralization than the conventional resin
composite. This objective is consistent with the aim
stated in your thesis while presenting it in a format
appropriate for a journal manuscript.

1I. Materials and Methods

Materials used in the study are Shown in Table 1

Batch/lot
Material Type Composition N Manufacturer
[}
Resin Matrix: Bis-GMA, UDMA, TEGDMA
Filler Content: Barium Glass Fillers, Silicon
COLTENE
Light curing, Dioxide (Silica) Fillers, Pre-polymerized Filler
Brilliant NG Group
nanohybrid, Particles M63728
COLTENE ; ) ) ) (Altstitten,
composite resin Camphorquinone, Amine Accelerators )
Switzerland )
Various Stabilizers, Pigments, Silane Coupling
Agent
Beautiful 11 Light curing, Resin Matrix: Bis-GMA, UDMA, TEGDMA 092266 SHOFU
SHOFU Nanohybrid, Filler Particles: Barium glass, Pre-Reacted Glass (Kyoto,Japan )
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Material

Type

Composition

Batch/lot
No

Manufacturer

GIOMER

giomer composite

resin

Tonomer (PRG) Fillers, Silica, Quartz Fillers
Initiator System, Camphorquinone and other
photoinitiators, Coupling Agent, Stabilizers,

Pigments, Fluoride

Activa Presto

Light curing,
Bioactive,

composite resin

Resin Matrix: UDMA (Urethane Dimethacrylate)
and Other Dimethacrylates
Bioactive Fillers: Reactive Glass Fillers, Silica
Fillers
Initiators and Stabilizers; Camphorquinone,
Amine Accelerators

Stabilizers, Colorants and Pigments

210211

Pulpdent
Corporation
(Watertown,

MA,US.A)

OneCoat

Total-Etch
5t generation

bonding agent

1. Functional monomers (hydrophilic +
hydrophobic):

HEMA (2-hydroxyethyl methacrylate): improves
wettability of dentin, allows penetration into
moist collagen.

UDMA (urethane dimethacrylate) / Bis-GMA
(bisphenol A-glycidyl methacrylate): provide
mechanical strength and polymerizable resin
backbone.

2. Solvent:

Acetone or ethanol — carries the monomers into
demineralized dentin, displaces water, and aids
infiltration.

3. Cross-linking/adhesion promoters:
4-META (4-methacryloxyethyl trimellitic
anhydride) or similar acidic monomers to
enhance adhesion to dentin.

4. Initiator system:
Camphorquinone (CQ) = light-curing
photoinitiator.

Amine co-initiator (like EDMAB) to start free-
radical polymerization under blue light.

5. Other additives:

Stabilizers, inhibitors, fillers in nano-size

513548

COLTENE
Group
(Altstatten,

Switzerland )

Methods Used in this study

This in vitro study consisted of two experimental
phases: ion release evaluation and assessment of
enamel demineralization inhibition.  Ethical
approval was obtained from the Research Ethics
Committee, Faculty of Dentistry, Mansoura
University (Approval No. A0208023DM).

For ion release evaluation, thirty disc-shaped
specimens (7 mm x 2 mm; n = 10/group) were
prepared from the investigated restorative materials
using a split Teflon mold and light-cured according
to the manufacturers' instructions. Each specimen

was immersed in 5 mL of deionized water, and
fluoride, phosphate, and calcium ion release were
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measured after 4, 8, 12, 16, 20, 24, 28, and 32 days
using ion chromatography (ICS-5000, Thermo
Scientific Dionex, USA).

For the demineralization experiment, thirty
extracted human permanent molars were randomly
assigned to three groups (n = 10). Standardized
Class V cavities (3 mm x 3 mm) were prepared on
the buccal surfaces and restored according to the
manufacturers' instructions. The restored specimens
were subjected to an 8-day pH-cycling model
consisting of alternating demineralization (8 h) and
remineralization (16 h).

I1I.

3.1 Ion Release Analysis

The ion-release profiles of the investigated
restorative materials are summarized in Table 2 and
Figure 16. The conventional nanohybrid composite
(Brilliant NG) exhibited no detectable release of
fluoride, phosphate, or calcium ions throughout the
evaluation period. Therefore, statistical
comparisons were performed only between the
bioactive composite (ACTIVA™ Presto) and the
giomer composite (Beautifil II).

ACTIVA™  Presto demonstrated significantly
greater fluoride release than Beautifil II (0.73 +
0.12 vs. 0.38 = 0.07 ppm, P < 0.001). Similarly,
phosphate release was significantly higher in
ACTIVA™ Presto (2.26 + 0.55 ppm), whereas no
detectable phosphate release was observed from
Beautifil II (P < 0.001). In contrast, calcium ion
release did not differ significantly between the two
ion-releasing restorative materials (2.15 + 0.87 vs.
1.69 + 0.57 ppm, P =0.27).

Overall, the bioactive composite exhibited the
greatest ion-release capacity, particularly for
fluoride and phosphate ions, whereas the
conventional nanohybrid composite showed no
measurable ion release.

3.2 Energy-Dispersive X-ray Spectroscopy (EDX)

The elemental composition of enamel adjacent to
the restorative materials is presented in Tables 3
and 4 and Figure 17. No statistically significant
differences were observed among the three
restorative  materials regarding calcium or
phosphorus weight percentages (P = 0.08 for both
variables).

The bioactive composite exhibited lower calcium
and higher phosphorus percentages than both

Following pH cycling, the specimens were
sectioned longitudinally through the center of the
restoration. One half of each specimen was
analyzed using energy-dispersive X-ray
spectroscopy (EDX) to determine calcium and
phosphorus contents and the Ca/P ratio, while the
other half was subjected to cross-sectional Vickers
microhardness testing at 20, 50, and 100 pum from
the tooth—restoration interface.

Data were analyzed using IBM SPSS Statistics
software. Three-way ANOVA followed by Tukey's
post hoc test was used for multiple comparisons,
with statistical significance set at P < 0.05.

Results

Beautifil II and the conventional nanohybrid
composite; however, these differences did not
reach statistical significance. Likewise, pairwise
comparisons  demonstrated no  significant
differences in calcium or phosphorus content
among the evaluated restorative materials.

The Ca/P ratio demonstrated the strongest trend
toward significance. ACTIVA™ Presto exhibited a
lower Ca/P ratio than the conventional nanohybrid
composite,  reaching  borderline  statistical
significance (P = 0.05), whereas no significant
differences were identified between ACTIVA™
Presto and Beautifil II or between Beautifil II and
the conventional composite.

Representative EDX spectra for all experimental
groups are illustrated in Figures 18—42.

3.3 Cross-sectional Vickers Microhardness
Intergroup Comparison

Cross-sectional Vickers microhardness values are
presented in Tables 5 and 6 and Figure 43.
Significant differences were detected among the
restorative materials at all evaluated depths (20, 50,
and 100 um) (P <0.001).

At 20 pm, ACTIVA™ Presto exhibited the highest
microhardness (191.69 + 17.87 VHN), followed by
Beautifil II (175.71 + 14.08 VHN), while the
conventional nanohybrid composite demonstrated
the lowest values (147.54 + 21.94 VHN).
ACTIVA™ Presto and Beautifil II showed
significantly higher hardness than the conventional
composite, whereas no significant difference was
observed between the two ion-releasing materials.

A similar trend was observed at both 50 and 100
um. ACTIVA™ Presto consistently produced the
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highest hardness values, Beautifil II showed
intermediate  values, and the conventional
nanohybrid composite exhibited the lowest
hardness. Significant differences were consistently
observed between ACTIVA™ Presto and the
conventional composite, while differences between
ACTIVA™ Presto and Beautifil II remained
statistically insignificant.

Intragroup Comparison

Changes in cross-sectional microhardness within
each restorative material are presented in Tables 7
and 8 and Figure 44. All materials demonstrated
significant increases in microhardness with
increasing measurement depth (P < 0.001).

IV.  CONCLUSION

Within the limitations of this in vitro
study, the bioactive resin composite (ACTIVA™
Presto) demonstrated superior  bioactive
performance compared with the giomer-based
composite (Beautifil II) and the conventional
nanohybrid resin composite (Brilliant NG).
ACTIVA™ Presto released significantly greater
amounts of fluoride and phosphate ions while
maintaining calcium release comparable to that of
the giomer-based material. Following the pH-
cycling challenge, the bioactive composite also
exhibited the highest cross-sectional enamel
microhardness  values, indicating enhanced
resistance to demineralization adjacent to the
restoration.

Although no statistically significant
differences were detected in enamel elemental
composition by EDX analysis, the improved
microhardness findings suggest that the bioactive
ion-release capability of ACTIVA™ Presto may
contribute to better preservation of enamel mineral
integrity under cariogenic conditions. These
findings support the potential use of bioactive resin
composites as restorative materials for patients at
increased risk of secondary caries. Nevertheless,
further long-term laboratory investigations and
well-designed clinical studies are required to
confirm the durability and clinical relevance of
these effects.

For ACTIVA™ Presto, hardness values increased
from 191.69 £ 17.87 VHN at 20 um to 206.54 +
14.14 VHN at 100 pm, with a significant difference
observed between these two depths. Beautifil 11
demonstrated a gradual increase from 175.71 +
14.08 to 184.74 + 15.29 VHN, with the 100-pm
depth significantly exceeding both shallower
measurements. The conventional nanohybrid
composite also exhibited a progressive increase in
hardness, with significant differences identified
among all evaluated depths.
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