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Development and Assessment
of Bioactive Coatings for the
Prevention of Recurrent
Caries Around Resin
Composite Restorations

LM Firoozmand ® Y Alania ® AK Bedran-Russo

Clinical Relevance

The application of bioactive surface coatings potentially contributes to the iz vitro prevention
of recurrent caries in enamel and dentin—a major cause of failure of resin composite

restorations.

SUMMARY
Objective: To develop hydrophilic resin-based

surface coatings containing bioactive agents
(proanthocyanidins from Vitis vinifera and calcium
silicate) and assess their protective role at the dentin
and enamel margins of cervical restorations against
demineralization under simulated conditions of
high and low caries activity. Methods: Suboptimal
resin composite restorations were placed on
cervical cavity preparations on buccal and lingual
surfaces of thirty-two molars after a contamination
protocol. Groups were divided according to

the resin-based coatings (n=8): resin without
bioactive (C), resin containing 2% enriched Vitis
Vinifera (VVE), and resin coat containing 10%
calcium silicate (CaSi). The control group did not
receive a resin (NC). To simulate a hydrolytic-
enzymatic degradation, specimens were subjected
to 2-month storage followed by incubation in
esterase at 37°C for 8 days. Afterwards, recurrent
caries was induced using a pH-proteolytic model
on half of the specimens to simulate high caries
activity, and the other half remained in simulated
body fluid (SBF). Measurements of cross-section
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microhardness (KHN) and infiltration with
rhodamine-B assessed the micropermeability
(MP), the extent of demineralization (ED), and the
demineralization area (DA). Data were analyzed
using analysis of variance (ANOVA) and post-hoc
tests (=0.05). Results: VVE and CaSi presented
higher cross-sectional KHN values for enamel and
dentin (p<0.001). The bioactive coatings resulted in
lower MP, ED, and DA compared to NC (p<0.005)
in enamel and dentin. CaSi coating preserved
the enamel from demineralization (p=0.160).
Conclusion: The application of bioactive coatings
represents a potential strategy to protect the
enamel-dentin margins of resin restorations.

INTRODUCTION

Recurrent caries is the main reason for the replacement
of adhesive restorations (up to 59%), despite the
advancements in restorative techniques and materials."?
Randomized clinical trials have shown that cervical
resin composite restorations represent a clinical
challenge due to deterioration of marginal integrity,
regardless of the adhesion strategy.® As a result, these
restorations fail due to the development of recurrent
caries and bulk or marginal fracture.®*

Resin-based restorations are technique sensitive
and do not tolerate contamination and mishandling.
Suboptimal adhesive sealing associated with known
biologically driven degradative factors may further
compromise the integrity of the restoration interface.”®
The biologically driven degradation of the adhesive
interface involves two important mechanisms—
the degradation of collagen fibrils by host matrix
metalloproteinases(MMPs)’ and the hydrolysis of dental
resins by bacterial and salivary esterases.*® Hence, the
by-products of biodegradation at the adhesive interface
promote bacterial growth and proteins associated with
biofilm formation and acid production, contributing to
caries formation and development.'*"

The use of surface coatings has been identified as a
potential strategy to seal microcracks and microgaps
at the adhesive interface.” The resin coating forms a
barrier-like film layer that protects the restoration from
physical, chemical, and biological aggressions” and
might reduce dentin demineralization.” The addition
of bioactive agents to these coatings may further protect
and assist in the repair tooth-restoration interface,
and provide additional protection to the surrounding
enamel and dentin. Thus, the objective of this i vitro
study was to develop hydrophilic resin-based surface
coatings containing bioactives (proanthocyanidins
from Vitis vinifera and calcium silicate) and assess their

protective role at the dentin and enamel margins of
cervical restorations under simulated conditions of
high and low caries activity. The hypotheses were that
under conditions of high and low caries activity the
release of bioactive agents contributes to the prevention
of recurrent caries development by maintaining
mineral homeostasis around margins of cervical
restorations. Also, the bioactive agents can decrease the
micropermeability and demineralization of the enamel
and dentin adjacent to the restorations.

METHODS AND MATERIALS

Synthesis of Bioactive Resin-based Coatings

A hydrophilic resin-based formulation was developed
to release bioactive materials due to high degradability
in the oral environment. The formulation of the
experimental hydrophilic coating was obtained from
pilot tests and previous formulations of an experimental
neat resin.” Concentrations of 34.55 wt% 2.2-bis [4-
(2-hydroxy-3-methacryloylpropoxy)]-phenylpropane
(Bis-GMA), 15.08 wt% triethyleneglycol dimethacrylate
(TEGDMA), 0.075 wt% camphorquinone (CQ), 0.3
wt% 3 ethyl dimethyl-4-aminobenzoate (EDMAB),
40 wt% 2-hydroxyethyl methacrylate (HEMA),
and 10 wt% ethanol were used for the formulation
of the experimental coating. The concentration of
hydrophilic monomer (HEMA) was established to
increase the hydrolytic degradation of the coating.
Also, the effect of the addition of solvent (10% ethanol)
and air evaporation (2 minutes before light curing) was
assessed. This formulation was determined to allow
the gradual release of bioactive agents to the tissues
adjacent to the restoration.

The investigated bioactive compounds were:
oligomeric proanthocyanidin-enriched (OPACs) extract
from grape Vitis Vinifera seeds (VVi)®© and calcium
silicate (CaSi).”” Thus, hydrophilic resin coatings were
formulated as follows: Coating-resin without bioactive;
VV;-coating containing 2% (w/w) VVy; CaSi-coating
containing 10% (w/w) calcium silicate.

Preparation of Resin Composite Restorations
and Coating Treatment

Thirty-two sound human third molars were selected
from a pool of extracted teeth stored at -20°C for no
more than 6 months. Sections 4.0 mm above and below
the cementoenamel junction (CE]) were made using a
diamond blade (Series 15LC Diamond Saw, Buehler,
Lake Bluff, IL, USA). Cervical cavity preparations of
4.0 mm width x 3.0 mm length x 1.5 mm depth were
prepared at the CE]J using a flat-end cylinder diamond
bur (#557D, 1-mm diameter, medium grit, ISO 15223,
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Brasseler USA Dental, Savannah, GA, USA) attached to
a high-speed handpiece with water irrigation. Enamel
and root dentin margins were prepared at a 90° angle
to the tooth surface, and burs were replaced by new
ones every five preparations. Cavity preparations were
assigned to experimental groups (n=16) and further
divided into subgroups (n=8) of either high- or low-
activity condition.

A contamination protocol®? was employed to
create suboptimal adhesive interfaces, allowing
better visualization of the effect of bioactive coatings
in critical areas. Fresh saliva was collected from one
of the investigators at the same time of day, 2 hours
after food intake."” The restorative protocol consisted
of etching with 32% phosphoric acid (Scotchbond
Universal etchant, 3M Oral Care, St Paul, MN,
USA) the enamel and dentin for 30 and 15 seconds,
respectively, followed by water rinsing for 30 seconds
and drying with an absorbent tissue. The collected
saliva (0.1 mL) was applied to the dentin surface'®
using a microbrush for 20 seconds, followed by air
drying for 5 seconds.” A layer of adhesive (Adper
Single Bond Plus, 3M Oral Care) was actively applied
on the contaminated surface, air dried to remove the
excess of solvent, and light cured for 20 seconds (1200
mW/cm?, Elipar, Deep Cure-S, 3M Oral Care). Resin
composite (Filtek Supreme Ultra - shade A2B, 3M
Oral Care) was inserted in three increments, and each
layer was light cured for 20 seconds. All restorations
were polished using a slow-speed handpiece with
aluminum oxide disks (Soft-Lex Pop-On, 3M Oral
Care) and then stored in distilled water at 37°C for 24
hours. Teeth were sectioned axially in the mesial-distal

direction to separate the buccal and lingual restorations
(Figure 1).
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The specimens were coated with nail polish, except
for the restorations and 2 mm around the restorations.
Experimental resin coatings were applied up to 1 mm
beyond the restoration margins and light cured for 20
seconds. An additional group had no coating application.

Aging Protocol

All specimens were subjected to 2-month storage in SBF
(5 mM HEPES, 2.5 mM CaCl,, 0.05 mM ZnCl,, and
0.3 mM NaNj) at 37°C*; replaced every 2 weeks. After
SBF storage, an enzymatic-driven resin degradation
protocol was carried out using 30 U/mL of porcine
liver esterase (PLE, Sigma-Aldrich, St. Louis, MO,
USA) in 0.2 M phosphate buffer (pH 7.2) at 37°C in a
shaker for 8 days.” The esterase solution was renewed
every 3 days.

High and Low Caries Activity Simulation

After the simulated aging protocol was completed, the
specimens were divided into two subgroups: high and
low activity. The restorations on the buccal surface were
allocated to the high-activity group and those on the
lingual surface to the low-activity condition. The high-
activity group was exposed to periods of imbalance of
de-remineralization associated with dentin-targeted
proteolytic processes.

In demineralization processes, the progression of
dentin loss increases, with the presence of collagen
degrading proteases present in the oral cavity. Therefore,
the protocol included a 16-day pH/proteolytic cycle of
7-hour immersion in demineralization buffer (50 mM
acetate, 2.25 mM CaCl,-2H,0, 1.35 mM KH,PO,, 130
mM KCl, pH 5.0), followed by 17-hour immersion in
neutral buffer (20 mM HEPES, 2.25 mM CaCl,- 2H,0,

Figure 1. Schematic of the experimental

design. (1) Sections of the cervical

a portion of the tooth. (2) Cavity

» preparation with margins in enamel and
dentin. (3) Surface blockage of areas

away from the margin of restorations

‘ with nail polish. (a) Simulated high
caries activity: buccal restorations

5 follow pH—enzymatic/proteo{y_tic c_ycles;
== (b) simulated low caries activity: lingual
restorations were kept in simulated

'y body fluid. (4) Restorations were
——— sectioned in halves; (5) Specimens
C‘ ) F embedded in epoxy resin; (6) cross-
] sectional evaluation of microhardness
(KHN), and (7) permeability at and
around the margins of the restorations.
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1.35 mM KH,PO,, 130 mM KCI, pH 7.0) at 37°C.%*
Periods in demineralization buffer for 96 hours at
37°C,”* were employed in order to guarantee lesion
formation. For the biodegradation of the dentin
matrix by exogenous protease, bacterial collagenase
(Clostridium  histolyticum 100 ug/mL; Sigma-Aldrich)
was added to the neutral buffer.”** All solutions were
prepared daily. The specimens assigned to the low-
activity group (lingual restorations, n=8) remained
stored in SBF during the same period (remaining as
control), without de-remineralization and dentin-
targeted proteolytic challenges.

Assessment of Caries—
Cross-section Microhardness (KHN)

The development of artificial recurrent caries was
determined by the assessment of cross-section
microhardness (KHN) measurements of enamel and
dentin?*** (n=5). The buccal and lingual restorations
were sectioned in half (IsoMet 1000, Buehler). The
sections were embedded in epoxy resin and polished
(EcoMet 3000, Buehler) sequentially using 600-,
800-, and 1200-grit silicon carbide paper. The KHN of

E155

enamel and dentin adjacent to the cervical restoration
was measured using Knoop indentation (LM700AT
hardness tester, Leco Corporation, Michigan, USA) at
a 25 g load force for 15 seconds.” Indentations were
performed at four depths from the outer surface of
the tooth (enamel/dentin) (20, 40, 60, and 80 um) at
three distances from the restoration boundaries (20, 60,
and 120 um) (Figure 2A). Three measurements were
performed at each depth, and the average was obtained
for each distance.

Assessment of Interfacial Micro-permeability
and Demineralization Around Restoration—
Fluorescence Microscopy

A qualitative and quantitative evaluation of the enamel-
dentin/resin margins was assessed by a permeability
method using overnight incubation in rhodamine-B
fluorescent dye solution (100 ml of 0.1-mM rhodamine
B in phosphate buffer, pH 7.2).% After elapse time,
specimens were rinsed in running water for 1
minute and dried with absorbent paper. Specimens
were examined immediately under a fluorescence

microscope (DMI 6000 B. Leica, Buffalo Grove, IL,
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Figure 2. Enamel and dentin microhardness (KHN). (A) Schematics of cross-sectional Knoop microhardness (KHN) measurements on
enamel and dentin surrounding the restoration. KHN values of enamel (B) and dentin (D) treated with resin coatings as a function of depths
(20, 40, 60, and 80 um) from the outer surface to the enamel-dentin junction and inner dentin root. KHN values of enamel (C) and dentin (E)
treated with resin coatings as a function of distance from the restoration interface (20, 60, and 120 um). Different uppercase letters indicate

differences between resin coatings (p<0.05). Different lowercase letters

represent differences between low- (LA) and high-caries activity

(HA) groups when the interaction effect between caries activity and resin coatings is significant (p<0.05). Bars represent lack of statistical

difference between the low- and high-caries activity conditions (p>0.05).
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USA) using a connected digital camera (Hamamatsu,
Skokie. IL, USA) and LAS AF software (Leica). The
exposure time was 9.10 ms, gain: 30, FIM: 30%, IL-
FID: 6 for red channel, and exposure of 25.28 ms,
gain: 0, IL-FID: 9 using red emission and differential
interference contrast (DIC) channels.

The margins of the restorations were identified in
DIC images, and the measurements were done in
fluorescence images.”* After image acquisition of
enamel and dentin, rhodamine infiltration was analyzed
using the Image] software 1.48p (National Institutes of
Health, Bethesda, MD, USA). Fluorescence emission
intensity (FEI) was converted into numerical values,
and values were calculated. Data analysis included
quantification of interfacial micropermeability, the
extent of demineralization depth from the restoration
margin, and the demineralization area.

The interfacial micropermeability was measured
using a parallel-line profile traced along with the
adhesive interface, using Image]J tools (Figure 3A).*

Operative Dentistry

The extent of demineralization from the restoration
margin was measured by drawing a line parallel to
the extent of rhodamine infiltration in the long axis
of the tooth, within 300 um from the margins of the
restoration (Figure 3B). This evaluation verified if the
coating protected the adhesive interface and the tissue
adjacent to the restoration. Additionally, the area of
infiltrated rhodamine-B was quantified to evaluate the
influence of experimental coatings in the dentin and
enamel adjacent to the restoration (Figure 3C).

Statistical Analysis

The assumption of homogenous data distribution was
confirmed with Levene test and found not to be met
for all the obtained results (p<0.001). The data were
analyzed using three-way analysis of variance (ANOVA)
for KHN and two-way ANOVA for FEI data, followed
by Games-Howell post-hoc tests (0=0.05) using SPSS
software (SPSS V25, IBM Corp, Armonk, NY, USA).
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Figure 3. Fluorescence microscopy representative images and results. Images depict measurements made on enamel and dentin margins
to determine the (A) interfacial micropermeability, (B) extent of demineralization from the restoration margin, and (C) demineralization
area. Results of the experimental groups after 2-month storage and pH-proteolytic cycling, under high- (HA) and low-caries activity (LA)
conditions: (D,G) micropermeability at the tooth-restoration interface (%FEl), (E,H) the extent of demineralization from the restoration (mm),
and (F,I) demineralization area (%). Different uppercase letters indicate differences between resin coatings (p<0.05). Different lowercase
letters represent differences between low-caries activity treatment groups when the interaction effect between caries activity and resin
coatings are present (p<0.05). Bars represent a lack of statistical difference between low- and high-caries activity (p>0.05).
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RESULTS

Degradation of Experimental
Resin-based Coatings

The experimental coating formulation containing 40%
HEMA resulted in a significantly higher degradation
as compared to the 6% HEMA concentration (p<0.001,
Figure 4A). It was also observed that the mass loss
(%) increased over 2 months (p=0.001). Knowing
that the technique of applying ethanol-based resin
can influence the degradation of the material, it was
observed that the application of air evaporation of the
solvent did not change the mass loss among groups;
HA40, with no ethanol; H40_10E (0), with 10% ethanol
and immediate light-curing polymerization (no air
evaporation); and H40_10E (2), 2-minutes air drying
(»=0.070), even after 2 months (p=0.605, Figure 4B).
Therefore, the selected base formulation was H40_10E
(2): 2-minutes air drying to perform the hydrophilic
resin coating.

Hydrophilic

Assessment of Enamel and
Dentin Microhardness (KHN)

The cross-sectional KHN values of enamel and dentin
are presented in Figure 2. Considering the KHN values
of the depth from the external surface of the tooth (20,
40, 60, 80 mm), there was no significant interaction
between all the variables tested (caries activity, depth,
and experimental coatings) in enamel (p=0.561) and
dentin (p=0.317). Overall, high activity resulted in
lower values of cross-sectional KHN when compared
to low activity, in both enamel and dentin ($<0.001).
The groups with bioactive coatings (VVE and CaSi)
resulted in significantly higher KHN for enamel and
dentin (p<0.001) than coating and no-coating groups

E157

(Figure 2B,D). These KHN values refer to the depth
of caries from the external surface of the tooth and
thus can better explain the effects of the coatings that
were applied on the restoration and the surrounding
enamel/dentin.

The cross-sectional KHN values from restoration
interface (20, 60, 120 mm) revealed the effect of
coatings along with the internal wall of the restorations.
No significant interaction was found between the
caries activity groups, distance from restoration and
experimental coatings for enamel (p=0.566), and dentin
(»=0.910). In the enamel, VVy and CaSi coatings
presented significantly higher KHN values (p<0.001).
Interestingly, there was a significant interaction
between caries activity and experimental coating in the
dentin ($=0.016). VV; and CaSi coatings preserved the
initial dentin KHN values even after high caries activity
conditions, while coating and no-coating groups
showed a reduction in KHN values when exposed to a
high caries activity (Figure 2C,E).

Assessment of Interfacial Micropermeability
and Demineralization Underlying Restoration

Theresults obtained from enamel margins are presented
in Figure 3D-F. Results from the demineralization area
in enamel showed significant interaction between the
variables: experimental coating and caries activity
(p<0.001). Although no significant differences were
found among groups under a low-activity protocol
(»p=0.505), in high activity, the presence of coating
showed less demineralization area when compared to
the no-coating group ($<0.001). Only the CaSi bioactive
coating preserved the enamel area in both the caries
activity conditions (p=0.160) (Figure 3F). In enamel,
no significant interaction between studied factors was
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Figure 4. Mass reduction of formulated resin coatings. (A) Initial results showed a higher mass reduction (%) for the most hydrophilic
coating, containing 40% HEMA (H40) when compared to 6% HEMA (H6) (p<0.001), with a gradual increase over the 2 months (p=0.001).
Asterisks (*) depict a statistical difference between the groups. (B) After the incorporation of ethanol (ETOH) and the use of solvent
evaporation techniques, no difference was observed in the mass reduction (%) of developed coatings (p=0.070); H40-10E (0): coating with
40% HEMA + 10% ETOH (without solvent evaporation), H40-10E (2): 40% HEMA + 10% ETOH (with 2-minutes long solvent evaporation)
or H40: adhesive with only 40% HEMA, even after 2 months (p=0.605).
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found for interfacial micropermeability (p=0.124) and
the extent of demineralization (p=0.078). Bioactive
coatings (VVy and CaSi) reduced micropermeability
(#<0.001) and extent of demineralization (p=0.001),
when compared to the no-coating group (Figure 3,D-E).

In dentin, there was a significant interaction
between the resin coatings and caries activity
for interfacial micropermeability (p=0.003), the
extent of demineralization (p<0.001), and area of
demineralization ($<0.001). Different from the enamel,
the application of bioactive coatings (VVy and CaSi)
had an effect under the low-activity condition,
significantly reducing the demineralization area
($<0.001) and micropermeability (p=0.006), when
compared to the no-coating group. In the high-activity
condition, all coatings (Coating, VVg, and CaSi)
significantly decreased interfacial micropermeability
(»=0.001) and dentin demineralization area (p<0.001)
(Figure 3G,I). All the coatings prevented an increase
of interfacial micropermeability when exposed to
high-activity conditions, different from the no-coating
group (p=0.02). Under high-activity conditions, less
extension of demineralization was found in groups
containing bioactive coatings (VVy and CaSi) than in
the no-coating group ($<0.001) (Figure 3H). However,
none of the resin coatings was able to fully prevent the
formation of recurrent caries.

DISCUSSION

Bioactive coatings with the potential to modify and
protect the dental substrates may represent an effective
strategy to prevent interfacial micropermeability and
recurrent caries development around restorations. In
this study, bioactive coatings assisted with preserving
the KHN of the dentin and enamel surrounding
the restoration. Hence, bioactive resin coatings
contributed to the stability of the dentin and enamel
without significant demineralization and an increase
of interfacial micropermeability of suboptimal resin-
based restorations. Therefore, the study hypotheses
were confirmed.

The use of surface coatings has been shown to
prevent tooth demineralization' and provide a seal of
microcracks and microgaps in the resin.”” Hence, the
action of resin-based physical barrier”” against root
caries development is conditional to the wear resistance
of the coating agent." Also, greater exposure of the teeth
to demineralization and by-products accelerates the
coating’s organic and inorganic degradation. Herein,
an in vitro pH cycling model was designed to simulate
high-activity conditions and reproduce the dynamic
variations in mineral saturation and pH associated with
the natural caries process.®® Enzymatic degradation

Operative Dentistry

that occurs due to the presence of saliva esterases,
microorganisms,” and proteolytic degradation®
were also simulated under de-remineralization
cycles.”” As observed in this study, the enzymatic and
proteolytic challenge induced a more significant dentin
demineralization on uncoated or nonbioactive coating
groups (Figure 3).

The effectiveness of the bioactive coating sustaining
mineral homeostasis was assessed by detection of
micropermeability. The penetration of a fluorescent dye
into porosities of demineralized enamel/dentin enables
quantitative analysis under fluorescence microscopy.*
Higher micropermeability and demineralization values
were observed under high-activity conditions compared
to low activity (Figure 3). Also, the KHN results
confirmed changes in the mineral gain or loss among
the experimental conditions. A suboptimal adhesive
interface’® was utilized to simulate critical clinical
challenges. Given the conditions evaluated in this study,
the use of bioactive coatings (VVy and CaSi) enhanced
the protection of surface coatings on enamel and dentin
surrounding restorations. Higher KHN values and
lower micropermeability at the enamel adjacent to
the restoration were observed with bioactive coatings,
regardless of the bioactive agent (Figures 2 and 3).

Proanthocyanidins  (PACs) are plant-derived
dentin biomodification agents able to stabilize the
organic matrix, improve mechanical properties,**
and promote dentin remineralization.” Specifically,
oligomeric PACs elicit greater bioactivity.” PACs’ role
on mineral homeostasis was observed earlier under
a root dentin remineralization i vitro model.?® Also,
PACs from an enriched fraction of grape seed extract,
when incorporated into adhesive systems, inhibited
recurrent caries and contributed to the protection of
the dentin-resin interface under a microbial model.”
VV; coating resulted in high KHN when compared
to uncoated or nonbioactive surfaces (Figure 2). Also,
reduced micropermeability and demineralization were
observed for VVy group (Figure 3).

Selective PAC-rich extracts preserve the integrity of
the dentin and induce collagen crosslinks in the dentin
extracellular matrix.’ Furthermore, PACs decrease
collagen digestibility by inhibiting proteases such
as endogenous metalloproteinases.* These factors
may have contributed to the slow progression of
demineralization in the root dentin/enamel (Figure 3).
The VVy increases crosslinking of the collagen network,
which represents a contributing factor preventing
acid diffusion and mineral loss. Additionally, the
calcium-binding ability of certain PAC compounds
may contribute to mineral deposition during the
remineralization process.” Previous studies have shown

$S8008 98] BIA |£-80-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yiewsiem-jpd-swiid//:sdny woll papeojumo(



Firoozmand & Others: Bioactive Coatings for the Prevention of Secondary Caries E159

that this process is associated with mineral deposition
on the most superficial portion of the lesion, forming
insoluble complexes in the presence of a remineralizing
solution (pH 7.4).* These insoluble complexes have
been shown to remain visually stable at pH in the
range of 2.0-7.0.”%%

Calcium silicate (CaSi) based materials assist in
the formation of apatite,”* increase the resistance to
demineralization of dentin®%; and for these reasons,
have been used in dentistry as an endodontic sealer
and for vital pulp therapy.® The tricalcium silicate
was incorporated in the hydrophilic coating, because
it releases calcium and forms hydroxyapatite crystals
adjacent to the material on hydration, dissolving slowly
in SBF solution®*** or oral fluids.*” Ionic exchange of
Na" or K" with H*" or H;0" occurs when tricalcium
silicate materials are in contact with the SBF solution.
A silica hydrogel [Si(OH),] layer is formed from this
ionic exchange, increasing the solution’s pH value.
As the pH increases (alkalinizing activity), the silica
hydrogel portion from the bioactive silica-based
materials dissolves, leading to the breakdown of Si-O-
Si bonds and silanol group formation (Si-OH). Thus,
these silanol groups condense to create a SiO,-rich
layer on the surface. Ca* and PO,* ions that cross a
SiOy-rich layer form heterogeneous nucleation of the
initial calcium phosphate.® Over time, this process
continues and is believed to help close gaps within the
material-tooth interface.*

Caustic erosion of the dentin is caused due to the
high alkaline nature of the calcium silicate-based
materials, which helps penetrate the dentinal tubules
and aggregate into the dentin. During this process,
hydration promotes the expansion of tricalcium
silicate, resulting in a good sealing ability.” These
factors may explain the high KHN values in the
enamel and dentin around the restoration protected
with CaSi resin coatings (Figure 2). Additionally,
the CaSi coating preserved the enamel from
demineralization and did not allow the increase of
micropermeability and extent of demineralization
in the dentin (Figure 3). Energy-dispersive X-ray
spectroscopy (EDX) composition of depth profile
and IR analysis confirm that reactive calcium silicate
placed in close contact with demineralized tissue helps
in the formation of apatite by remineralizing without
phosphorus,” reaching several depths of the dentin.*
The presence of long parallel tags with minimal signs
of degradation, and additional deposition of calcium
and silicate particles into the dentinal tubules was
shown to preserve the hybrid layer’s integrity (resin-
dentin interface).” However, our study results did
not show significant differences in micropermeability

after using CaSi coating compared to other coatings
(Figure 3).

Based on the findings of this @ wvitro study, the
mechanical barrier ofaresin-based coatingisnotenough
to prevent demineralization around restorations.
The low caries activity condition does not promote
major changes in cross-sectional KHN and tooth
demineralization (micropermeability, demineralization
from the surface, and demineralization area). However,
the simulation of high caries activity can better
demonstrate the influence of bioactive coatings (VVy
and CaSi) in the enamel and dentin. The release
of bioactive materials, such as CaSi and VVy, from
the resin coating is a strategy that may enhance the
prevention of recurrent caries in dental tissues. These
study findings spotlighted the importance of caries
activity assessment to provide high-risk patients with
additional preventive measures against recurrent
caries development.

CONCLUSION

Hydrophilic resin-based coatings containing calcium
silicate or proanthocyanidins are potential strategies
to prevent the development of recurrent caries.
Bioactive resin coatings increased KHN, decreased
micropermeability, and demineralization in enamel
and dentin adjacent to resin composite restorations.
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