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Aging; composite-resin; Background: Discoloration of composite restorations may affecting aesthetic
discoloration: nanofilled appearance. The aging-process and surface roughness may influence color

changes. A nanofilled self-adhesive protecting coating has been developed for
coating tooth restoration and expected to prolong the longevity of restoration.
To evaluate the effect of nanofilled self-adhesive protective coating on the
surface roughness and color-changes of flowable and packable composite after
aging condition.

Method:The total of 40 discs (15x2mm) and 60 boxes (20x10x 2mm)
specimens from flowable and packable composite were used. A half of the
specimens was coated by using protective-coating. The reflectance
chromameter was used to measure the color baseline. Afterward, the
specimens were subjected into aging process by immersing in artificial saliva
and carbonated drink (37°C,7d). The color changes were calculated based on
the [CIE L*a*b*].For surface roughness, box-shaped specimens were
measured in fresh condition, after aging conditions.

Results:The color change ranged from 0.49 to 2.31. Applying protective-
coating was associated with a significant decrease in the color-changes and
surface roughness after aging. The changes of three color coordinates resulted
in significant differences for both composite, with and without protective coating
application.

Conclusion:The application of protective-coating decrease the color-changes
and surface roughness of flowable and packable composite-resin.

self-adhesive protecting
coating; surface roughness
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INTRODUCTION

Composite-resin (hereafter: composite) is the
most widely used dental material due to its superior
physico-mechanical and aesthetic properties.
However, because to the dynamic oral
environment, composite may suffer and need to be
repaired or replaced after being exposed to the oral
cavity.! Esthetic failure of tooth restoration that is
caused by discoloration is one of the major reason
to replace the restoration.!: 2 As a result, the color
stability of composite materials is critical, whether
after curing or over the life of the restoration.

Discoloration of composite restoration were
influenced by intrinsic and/or extrinsic factors.
Absorption of stains comes from food and
beverage, incomplete polymerization, chemical
reactivity, microorganism, oral hygiene, and
restoration’s surface topography are categorized as
extrinsic factors.3-® While, intrinsic factors involve
the interaction of filler, matrix or silane coupling
agent. When the materials are aged under the
dynamic oral situation, such as thermal changes,
humidity, and ultraviolet exposure, the discoloration
will be penetrated in the deeper portion.®

The study of the aging process of the
composite-resin is conducted by imitating a state in
the cavity mouth through a number of in vitro
assays, hamely storage in saliva,”® immersion in
citric acid, carbonated drink and thermocycling.10:11
or prone by using biofilm.12 The aging process can
lead to the degradation of composite and may affect
the color stability. Water storage and immersion in
citric acid resulted in hydrolysis and elution of filler
particle and water resorbtion into matrix.11.13
Carbonated beverages are a type of soft drink that
typically contain additional acidity regulators, such
as malic acid, citric acid, or phosphoric acid, as well
as sweeteners and sugars. These drinks are known
to have a significant impact on the risk of dental

caries and the degradation of composite restoration

compounds.’* The degradation of composite
restorations can be influenced by carbonated soft
drinks through the mechanisms of acid attack and
water sorption. The higher solubility of composite
resin in acidic solutions may lead to surface erosion,
which could potentially increase surface roughness
and diminish the aesthetic quality of the
restoration.’®> Matrix dissolution and the interface
failure between matrix and filler particle may result
in composite discoloration.!® It was evaluated that
chemical dissociation of the resin matrix itself
and/or matrix-filler interface over time are reported
to be the main causes of intrinsic discoloration.*” In
addition, the in vitro aging method enhanced the
composite's  roughness.’®1°  The  surface's
irregularity may manifest discoloration as a result of
the absorption of ingredients from beverages and
food-.1”

A material-based matrix and nanofiller have
been developed for coating glass ionomer
restorative materials cement and composite- resin.
This liquid offers potential advantage such as
simple application, additional protection for
restoration-tooth margin, improve wear resistance,
and inhibit the deposition of stain and plaque
formation. Moreover, a polished restoration may be
achieved in a less clinical steps.?° Previous studies
have confirmed that the application of uniformly
dispersed film thickness (35 to 40 uym) on the
restoration surface provides higher wear
resistance, strengthen restoration and reduce
microleakage.?* Very few studies have examined
the effect of nanofilled self-adhesive protecting
coating on the composite restoration performance.

The purpose of this research was to evaluate
the effects of nanofilled self-adhesive protective
coating on the surface roughness (Ra) and color
changes (AE) of flowable and packable composite-
resin after aging condition. The null hypothesis

tested was that the color changes and surface
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roughness of the aged flowable and packable
composites that was coated with the nanofilled self-
adhesive protective agent were lower than those of

composites without a protective coating.

RESEARCH METHOD

This study was approved by the Ethics
Committee, Faculty of Universitas
Gadjah Mada No.
UGM/EC/2016. The

microhybrid composites were used in this study is

Dentistry,
00795/KKEP/FKG-

flowable and packable

presented in Table 1.

Table 1. Materials used in the research

Material Composition Manufacture
Filtek supreme flow Matrix : bis-GMA, TEGDMA, and Procrylat K 3M ESPE
Z350XT™(low Filler : ytterbium trifluoride filler with a range of particle
viscosity, sizes from 0.1 to 5.0 um, a non-agglomerated/non-
nanoparticle-filled aggregated surface-modified 20 nm silica filler, a non-
composite agglomerated/ non-aggregated
surfacemodified75nmsilicafiller, and surface-modified
aggregated zirconia/silica cluster filler (comprised of 20 nm
silica and 4 to 11 nm zirconia particles). The aggregate has
an average cluster particle size of 0.6 to 10 microns (65 %
wt, 47 % vol)
Filtek supreme Z350 Matrix : Bis-GMA, Bis-EMA, UDMA, Bis-PMA, DUDMA, 3M ESPE
XT™  (nanoparticle- TEGDMA
filled composite) Filler : non-agglomerated/non-aggregated 20 nm silica filler,
non-agglomerated/non-aggregated 4 to 11 nm zirconia filler,
and aggregated zirconia/silica cluster filler (comprised of 20
nm silica and 4 to 11 nm zirconia particles), average cluster
particle size of 0.6 to 10 microns (82 % wt, 60 % vol)
G Coat™ Multifunctional urethane methacrylate, metil metacrylate, GC

Aliphatic dimetacrylate, Tertier amine, champorquinone,

silicon dioxide, phosphoric ester monomer

Specimen Preparation

Two hundred specimens (100 specimens of
each restorative material) were prepared by filling a
plastic ring mold (10 mm in diameter and 2 mm in
thickness, for color measurement) or box mold (20
x 10 x 2) mm, for surface roughness
measurement). Both sides of uncured composite-
resin were covered with celluloid strip and pressed
flat with a microscopic glass slide. All specimens
were polymerized for 20 s with an LED curing light.
For each composite-resin type, 20 specimens were
treated with and 20 specimens without nanofilled
self-adhesive protective coating. A half of the
specimens from each composite were then aged by

immersing in artificial saliva, while the remaining

specimens in the carbonated drink for 7 d at 37 °C.
The evaluation of color changes and surface
roughness were evaluated prior to- and after aging

conditions.

Evaluation of Color Changes

The chromameter were used to measure the
color of all specimens, based on the Commission
Internationale de I’Eclairage [CIE L*a*b*] system.??

The colors were measure at the baselines
(TO) and at a time interval of 7 days (T7) for the
corresponding material. A tissue paper was used to
wipe the specimens. The dry specimens were
placed in the viewing port of the chromameter. L*,

a* and b* values, where “L” namely white-black, “a”
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and “b” The

spectrophotometer was automatically calculated

red-green, yellow-blue.
and recorded the mean values of A L*, A a*, A b*
after three measurements. The color difference
(AE) was calculated from the mean AL*, Aa*, Ab*
values for each specimen using the following

Formula (1) :
DE*ab (L*a*b¥) = [(ALY)? + (A a%an)? + (A b*an)% (1)
Evaluation of Surface Roughness

The roughness of composite surface readout

was made over a distance of 5 mm with a cut-off of

0.8 mm, at a speed of 0.25 mm/s. Three
measurements were taken at different sites on the
specimen surface to calculate the mean of

composite roughness (Ra).

RESULTS
Color Changes

The means and standard deviations for
values of AE*a Of flowable and packable composite
with and without nanofilled self-adhesive protective

coating are shown in Table 2 and Figure 1.

Table 2. The mean (AE) and standard deviation of composite resin color changes prior to- and after saliva and
carbonated drink immersion

FS FC PS PC
Without nanofilled self-adhesive 215+0472 231+0.66%  1.04+033° 1.48+0.74b
protective coating
With nanofilled self-adhesive protective 4 54, gggnd  134+0.65°  0.49+0.22°  0.80 + 0.295
coating
FS : Flowable composite resin, after saliva immersion
FC : Flowable composite resin, after carbonated drink immersion
PS : Packable composite resin, after saliva immersion
PC : Packable composite resin, after carbonated drink immersion
Different letters are showing significant differences
1.5
1
0.5 - —
L_1
s B
§-o.5 — — i — —
=
2
-1.5 1
-2
-2.5
AL Aa Ab AL Aa Ab AL Aa Ab AL Aa Ab
FS PS FC PC

Color coordinates

= Without nanofilled self-adhesive protective coating = With nanofilled self-adhesive protective coating

Figure 1. Mean values of color coordinates of different composites and surface treatment after saliva and carbonated

drink immersion.

Odonto : Dental Journal. Volume 10. Number 1. July 2023



32 ” Effect of nanofilled self-adhesive protective coating on color changes and surface roughness of composite resin

Table 2 showed that the mean color changes
of both flowable and packable composites without
nanofilled self-adhesive protective coating were
significantly larger (p < 0.05) compare to the
composites that were protected by nanofilled self-
adhesive protective coating agent. The color
changes of the flowable composite were smaller
than packable composite with or without nanofilled
self-adhesive protective. There were insignificant
differences between the aging method for all
composites (p > 0.05, Table 2).

After a period of 7d immersion, the AL* for all
the composites, surface treatments and aging
methods (p < 0.05) were significantly change. The
lighter specimens were indicated by positive AL,
whereas negative AL* indicates that the specimens
became darker. The flowable composite was darker
than packable composite for all aging method
(Figure 1).

A significant change of Aa* was revealed by
all composite-resin after 7 d aging either in the
saliva or carbonated drink (p < 0.05) for all of the
groups. Negative Aa* shows a shift towards green
color. A significant change also noted for the
changes along yellow-blue axis (Ab). Flowable

composite showed the color changes toward blue,

while the positive value of packable composite-
resin indicated that the composites were shifted
toward yellow color either after saliva or carbonated
drink immersion.

The correlation between color changes and
brightness showed moderate negative linear
correlation (-0.31) There were strong correlations
between color changes along red-green axis (-0.62)
and along yellow-blue axis (0.58). The significance
value of Brightness (AL), change along red-green
axis (Aa), change along yellow-blue axis (Ab) are p
=0.006, p = 0.000 and p = 0.000 respectively.

Surface Roughness

Table 3 presents the surface roughness (Ra)
of composite-resin. There was a significant different
among the composite, surface treatments and
aging method (p < 0.05). It was verified that the
composites that were not coated with nanofilled
self-adhesive protective coating presented higher
surface roughness in comparison with composite
with coating agent. With regard to composite with
coating agent, there was no significant difference
for both aging methods, except for packable

composite after saliva immersion (p > 0.05).

Table 3. The mean of surface roughness (Ra) and standard deviation of composite resin color changes prior to- and after
saliva and carbonated drink immersion

F FS FC P PS PC
Without nanofilled self-adhesive  0.03 0.43 + 0.14 + 0.54 + 1.77 1.77 +
protective coating 0.01 0.01 0.06 0.23 0.66 0.6
With nanofilled self-adhesive 0.03 0.04 0.04 0.40 0.85+ 0.40
protective coating 0.01 0.01 0.01 0.20 0.17 0.25

F : Flowable composite resin, pior to aging
P : Packable composite resin, pior to aging

The changes of composite surface
roughness prior-to and after aging were shown in

Figure 2. The graph shows that the roughness

changes are likely to decrease after coated with

nanofilled self-adhesive protective agent.
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Figure 2. The changes of surface roughness (Ra) values of different composite and aging method.

DISCUSSION

In the current study, the effect of nanofilled
self-adhesive protecting coating on the color
stability and surface roughness of flowable and
packable composite after aging were evaluated.
Based on the results obtained, there were
significant differences in color changes, and surface
roughness of aged flowable and packable
composite that were coated with nanofilled self-
adhesive protective agent compare to those without
coating. It is confirmed that the tested hypothesis
was accepted.

Results of the present study showed that
aging process under saliva and carbonated drink
have adverse effects on changes in AE color values
of flowable and packable composite, either with or
without protective coating. There were published
studies that describe the stability of a composite-
resin material’s color is affected by various chemical
factors, such as filler, monomer, activator, pigment,
and degree of conversion.?324 In this study, artificial
saliva and carbonated drink were used to simulate
the intra oral aging process. The water-sorption of

resin-monomers resulting the different levels of

color-stability. As highlighted by Rinastiti, et al.1®
the water lead to softening of the composite-resin
surface due to the penetration of water, resulted in
hydrolitic degradation of silane that is coated filler
particles. Also, water penetration may cause the
swelling of the matrix, resulted in the failure of
adhesion between filler particle and matrix. This
failure will reduce the hardness of composite matrix,
whole the appearance of filler particle on the
composite-resin’s surface resulted the increasing of
surface roughnesses. Instead of water effect, a low
pH (2.52) of carbonated drink used in the study
owing to the swelling of the matrix as well.?
Moreover, it is also known that the TEGDMA in the
matrix of resin composite is hydrophilic thus may
increase the water sorbtion and softening the
composite surface.?6

The color changes of flowable composites
were founded greater than that packable
composite. Analysis of quantitative color values
achieved in this study presented that the AL, Aa*
and Ab*color coordinates of flowable composite

was more affected than that packable composite.
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This could be due to the composition of packable
composite that is contained of UDMA that less
hydrophilic compared to TEGDMA. Additionally, the
size, distribution, and %w or %v of filler particles
may affect the discoloration of the composite-
resin.?” Filler particle loading of flowable composite-
resin (47 % vol) is lower than the packable
composite-resin (60 % vol). This likely resulted in a
greater matrix softening that increase the surface
roughness so that the coloring substances
contained in saliva and carbonated beverage will be
trapped between the uneven surface and increase
discoloration of composite-resin.

The surface roughnesses of composite types
prior to- and after aging, except fresh flowable
composite, were more than 0.02 pm. Previous
studies have been reported that a higher surface
roughness (> 0.2 ym) exhibit extensive plaque
accumulation on dental materials and known as
main contributor to the multifactorial discoloration of
composite restorations.282° Based on the results,
the surface roughness of the aged packable
composite was higher than the flowable one.
Previous study has confirmed that the smoother
surface was correlated with the amount of resin.%0
The filler loading of flowable and packable
composite in this study was 47 % vol and 60 % vol
respectively.

Application of nanofilled self-adhesive
protective coating reducing the color change and
surface roughnesses of both composite-resin aged
in saliva and carbonated drink. The coating material
is composed of monomer and nanofilled particles
distributed uniformly in the matrix. The coating on
the surface of the composite-resin restoration may
enhance degree of polymerization and reduce the
degradation due to aging process. The previous
study showed that the application of nanofilled self-
adhesive protective coating on glass ionomer

cement would inhibit the penetration of water better

than varnish.3! The protective coating application
may inhibit the penetration of water into the
composite, reducing the hydrolysis of the adhesion
between matrix and filler particle thereby reducing
composite degradation. As a result of those
phenomena, composite color was more stable, and
the surface was smoother even though the
composite has aged. The above finding is
consistent with such findings revealed that the thin
layer of surface coating material might eliminate the
irregular or defects surface of inadequately polished
composite restorations.2?

In principle, after composite-resin is exposed
to testing environment, the color difference will not
be detected as long as the material is completely
color stable or unstained by colorations (AE = 0).
Nonetheless, from the clinical point of view, when
AE is >1, the color change is considered detectable
to the naked eye, and when AE is < 3.3, changes
are clinically acceptable.3 The color changes of
composites after protective coating were reduced
significantly. Even though the color changes of
flowable composite still can be detected to the
naked eye, it is clinically acceptable. These findings
suggest that in general, the nanofilled self-adhesive
protective coating may enhance the color stability of
composite restoration. To convince the long-term
effect of the protective coating agent, a further study
is necessary to evaluate the adhesion between
protective coating and the surface of composite-
resin. Furthermore the degradation of the coating
under various intra-oral conditions should be

evaluated.

CONCLUSION

Within the limitations of this study, it can be
concluded that the color changes and surface
roughness of flowable and packable composite-
resin after aging condition were decreased by

applying nanofilled self-adhesive protective coating.
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