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ABSTRACT

Objective: To evaluate the effect of one-step, two-step, and multi-step polishing systems on the

surface roughness of nanofilled and suprananofilled resin composite materials.

Materials and Methods: A total of 56 resin composite discs were prepared (divided into 2
main groups of 28 discs each, as nanofilled and suprananofilled resin composite groups, using split
Teflon mold and cured against Mylar celluloid strip. Except for control group, samples were ground
with wet 600-grit silicon carbide paper, and then subdivided into 3 groups (n = 7) in each main
group, as multi-step, two-step, and one-step polishing systems. Each polishing protocol was done
according to manufacturer’s instructions using a kitchen scale to maintain pressure of each stroke
approximately 30-40 gm. Scanning electron microscope was used to scan all samples, and the
images were subjected to Gwyddion 2.56, (An SPM data visualization and analysis tool supported
by the Czech Metrology Institute, 2020) to attain surface roughness average data, which were
statistically analysed by two-way ANOVA followed by Tukey’s post hoc test.

Results: The suprananofill groups as well as the one-step polisher groups had the least
statistically significant surface roughness average values (p<0.001). Whereas the multi-step
polisher groups had the highest statistically significant surface roughness average values followed
by the two-step polisher, then the control groups (p<0.001).

Conclusion: The one-step polishing system produces the smoothest surface, even smoother than
setting against matrices, whereas polishing pastes produces the roughest surface. The suprananofill
resin composite can obtain a smoother surface than the nanofill resin composite.

KEYWORDS: Polishing, Surface roughness, nanofilled composite, Suprananofill composite,
Omnichroma.
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INTRODUCTION

Critical features of dental resin composites which
serve as esthetic restorations, are to be polishable
to smooth, glossy surface, one mimicking that
of dental enamel. Various factors contribute to
the acquisition of a high-quality surface during
finishing and polishing and to maintain that surface
quality over time.' The most significant changes in
resin composites have been made by far through
improvements within the filler system, including
variations in filler size, morphology, volume,
distribution, or chemical composition. Since the
dispersed fillers establish distinct differences in
the material mechanical and optical properties,
they provided a basis of valid resin composites
classifications.> The evolution of commercially
available dental composites has been characterized
by a determined effort by manufacturers to reduce
filler size in order to produce a final product capable
of achieving outstanding surface properties.?

A smooth surface depends not only on composite
type but also on finishing and polishing systems
used in removing excess material and restoring
morphology to achieve optimum function.* The
search for ideal finishing and polishing system
for resin composites has resulted in significant
improvements in both the material aspect and the
used techniques. Several systems have been invented
and available in the market which have variant
protocols and incorporate different materials. Some
of them have been introduced as multi-step, two-
step or one-step finishing and polishing systems
with the goal of achieving smooth surface with
fewer steps and reduced application time. In fact, it
has been found that the effectiveness of the available
finishing/polishing systems noticeably influenced
not only by the abrasive particles and instrument
geometry, but also on wet/dry conditions, the
applied pressure/speed and the time spent with each
abrasive.’ In addition, the finishing and polishing
outcome are also affected whether the procedure is
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done immediate/delayed, the direction and type of
motion of the finishing and polishing, as well as the
finishing/polishing steps or combined systems.*’

A smooth surface has been always a prime target
of resin composite restorations as it affects not only
their aesthetic appearance but also other properties.
Roughness value between 0.25- 0.5 ym could be
easily detected by the tip of the tongue causing un-
pleasant tactile perception by the patient. This range
is encompassment of natural enamel’s one, which
was reported by Willems et al with average sur-
face roughness score of 0.64 + 0.25 ym for healthy
enamel surface.® A rough surface may lead to plaque
accumulation, discoloration, secondary caries, abra-
sive wear kinetics and higher risk of fracture.® Ac-
cording to many studies, surface roughness of 0.2
pm promotes adherence of bacteria and surface
roughness of 0.7 ym results in plaque accumula-
tion.>'® However, authors lack standardization in
what concerns the recommended minimum surface
roughness threshold values. A recent systematic re-
view on this issue highlights that instead of a thresh-
old, a range of surface roughness exists, in which
polishing is considered adequate for biological and
physical factors, and it is material dependant."

Presence of so many varieties and continuous
innovations in both the resin composite material and
the finishing/polishing systems are very challenging
to the operator in selection of the best system that
gives superior polishability and surface smoothness.
Currently, many attempts have been made to
determine which abrasion system provides the most
polished surface for resin composites, and several
methods have been introduced without reaching a
consensus that verifies which is the best. Moreover,
the abrasive wear of contemporary resin composites
is material dependent, and cannot be deducted from
its category.'” Accordingly, the objective of this
study was to evaluate the in vitro surface roughness
of differently filled resin composite categories
subjected to different polishing protocols.
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This study was conducted to evaluate the effect
of one-step, two-step, and multi-step polishing
systems on the surface roughness of nanofilled and
suprananofilled resin composite materials. The null
hypothesis tested was, neither the polishing system,
nor the type of resin composite had significant
effect on the surface roughness average of resin
composite.

MATERIALS AND METHODS

Study design:

A total of 56 resin composite discs were prepared
(divided into 2 main groups of 28 discs each
according to the tested composite material). Each
group was randomly sub-divided into 4 groups of
7 each, a control group which received no surface
treatment and 3 experimental groups manually
ground with wet 600-grit silicon carbide paper as
a pre-roughening step for the employed polishing
system. Details about the resin composite materials
being used are mentioned in Table 1.

Table (1) Composition of the resin composite used

(4041)

Specimen preparation:

Each composite disc was prepared using split
Teflon mold with a cylindrical cavity of (10 mm)
diameter and (2 mm) depth. A microscope glass slide
1-2 mm thick was placed under the mold. A straight,
transparent Mylar strip was interposed between the
microscope glass slide and the mold. The composite
material was inserted in a single increment into the
mold using a smooth, round ended condenser with
slight overfilling. Care was taken to avoid any air
inclusions or folds in the composite. A Mylar strip
was placed over the resin composite surface and
another glass slide was gently pressed over the strip
to flatten the surfaces and remove any excess. With
the curing tip touching and being perpendicular to
the glass slide, the composite was polymerized using
SDI Radii Plus LED Curing Light device with the
intensity of 1400 mW / cm? for 60 s through Mylar
strip and glass slide. Additional polymerization was
done on both sides of the specimen for 20 s each
after removing the strip and glasses. The output
intensity was measured every 5 specimens using a

Material Filtek™ Z350 XT Universal Restorative Palfique Omnichroma
Filler Non-agglomerated/non-aggregated 20 ym silica filler Uniformly sized supranano-
Non-agglomerated/non-aggregated 4 -11 ym zirconia filler spherical filler of SiO2 and
Aggregated zirconia/silica cluster filler (comprised of 20 ym ZrO2 plus a round-shaped
silica and 4 to 11 ym zirconia particles). composite filler all with a
The Enamel shades average cluster particle size of 0.6 -10 um  particle size of 260 ym
Filler Content  wt% 78.5 79.0
vol % 63.3 68.0
Monomer bis-GMA, UDMA, TEGDMA, bis-EMA(6) resins, and UDMA and TEGDMA
PEGDMA'
Shade A2 Enamel shade -
Manufacturer 3M ESPE Dental Products, St. Paul, MN, USA Tokuyama Dental, Tokyo,

Japan

!Bis-GMA : Bisphenol A diglycidimethacrylate: UDMA: Urethane dimethacrylate; EMA: ethylmethacrylate; TEGDMA :
triethylene glycol dimethacrylates; PEGDMA: polyethylene glycol dimethacrylate
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radiometer to ensure that the value is = 1400 mW/
cm?. The mold was disassembled, and each sample
was checked to exclude any visible voids after
removal from the mold and the bottom of the disc
was labeled. The flash excess on the margins of the
polymerized discs were trimmed carefully without
any adjustment to the Mylar-formed surface. The
specimens were handled using dressing tweezers
applied to the sides of the specimen to protect the
surface from any damage or contamination and
molded into acrylic molds with the experimental
surface facing upward.

Finishing and polishing procedures

The surface of the composite disc cured against
the mylar strip (except for the control groups) was
used as the experimental surface. Then, it was
manually ground for 30 seconds with wet 600-grit
silicon carbide paper under slight pressure and in
varying directions then rinsed and air-dried to
standardize the beginning point in all specimens
representing the finishing step prior to polishing
procedure. Details about the polishing systems
being used are mentioned in Table 2.

In order to reduce variations, the same operator
carried on all the polishing procedures with the
same slow-speed handpiece (NSK FX25 1:1
Dental Low Speed Handpiece, Japan) at a very
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slow rotational speed of 3000 rpm using a kitchen
scale as a pressure guide maintaining feather light
intermittent pressure 30-40 gm (approximately
0.3 newton) representing the polishing protocol.
Every stroke was applied in the same direction in a
planar motion. Each polishing instrument was used
only once and discarded following each use. The
polishing procedures were performed as follows:

Group 1: Multi-step Enamel Plus Shiny
polishing pastes (Micerium, Italy): The
three polishing pastes used with a sequence of
progressively finer polishing paste. Shiny A 3ym
diamond paste was applied with a goat hair brush
Shiny S each for 20 seconds. Then, Shiny B 1ym
was applied with a different goat hair brush for 20
seconds, and finally, Shiny C aluminum-oxide paste
was used with the disc felt Shiny FD for 20 seconds
as a final polishing step. All were used under dry
condition with thorough rinsing with air-water spray
for ten seconds and air drying for five seconds after
each step as recommended by the manufacturer.

Group 2: Two-step Super-Snap X-treme discs
(Shofu INC, Japan): fine (green) and superfine
(red) used sequentially each for 20 seconds under
dry condition. After each step, all specimens
were thoroughly rinsed with air-water spray for
ten seconds and air dried for five seconds as
recommended by the manufacturer.

Table (2) Composition and list of the polishing systems used

Polishing system OneGlos*® Super-Snap X-treme Enamel Plus Shiny
No of application One-step Two-step Multi-step
steps
Matrix Synthetic rubber Base film (polyesther) Polyethyleneglykol
(Polyvinylsiloxiane) Mounting core (PVC)
Abrasives Aluminum oxide AI203 and Aluminum oxide Shiny A: diamond powder
Slicone oxide SiO2 grains Shiny B: diamond powder
Shiny C: Aluminium oxide powder
Particle size mean alumina particle size SS Green 20 ym Shiny A: 3 ym
85 um SS Red 7 ym Shiny B: 1 ym
Shiny C: N/A
Manufacturer Shofu INC, Japan Shofu INC, Japan Micerium, Italy
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Group 3: One-step OneGloss® (Shofu INC,
Japan): PS Silicone Polisher IC Inverted Cones
Points were used in a light feather pressure
(representing the polishing mode only) for 20 s with
intermittent water spray as recommended by the

manufacturer.

All specimens were thoroughly rinsed with air-
water spray for 10 seconds then stored in 100%
humidity container at 37° C for 24 hours before
being scanned with scanning electron microscope

(SEM) to evaluate average surface roughness (Ra).

Sample scanning & surface roughness measure-
ments

After polishing the resin composite samples
according to their assigned groups, the samples
were scanned using scanning electron microscope at
4000x magnifications using backscattered electron
detector (BSED). After which the scan of each
sample was analyzed using Gwyddion 2.56, (An
SPM data visualization and analysis tool supported
by the Czech Metrology Institute, 2020) in order
to gain the average surface roughness Ra of each

sample.

For image analysis, the scanned picture was
imported using the Gwydion Software then
“calculate roughness parameters” option was
selected to start retrieving the surface roughness

average (Ra) data.

Measuring average surface roughness was done
at four consistent levels, 2 horizontal planes and 2
vertical planes perpendicular on others and dividing
the scan into thirds, to ensure that the whole scan
surface is equally represented in the resulting value.
Then, the Surface Roughness Average (Ra) values
collected from each sample were inserted into
an Excel sheet for mean value calculations. The
quantitative data was collected and used to perform

the statistical analysis and results for each group.
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Statistical analysis:

Numerical data were explored for normality by
checking the data distribution using Shapiro-Wilk
test. Data showed parametric distribution so; they
were represented by mean and standard deviation
(SD) values. Two-way ANOVA followed by Tukey’s
post hoc test was used to study the effect of different
tested variables and their interaction. Comparison of
main and simple effects were done utilizing pooled
error term of the ANOVA model with benferroni
correction. The significance level was set at p <0.05
within all tests. Statistical analysis was performed
with R statistical analysis software version 4.1.2 for
Windows (R Core Team (2021). R: A language and
environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

RESULTS

Effect of resin composite

Mean and standard deviation (SD) values of
surface roughness (Ra) for different resin composites
were presented in Table (3).

Nanofill (10.66+£6.30 nm) had a significantly
higher value than Suprananofill (9.61+£5.56 nm)
(p<0.001).

TABLE (3): Mean # standard deviation (SD) of
surface roughness (Ra) for different resin

composites
Surface roughness (Ra) (mean+SD) p-value
Nanofill Suprananofill
10.66+6.30 9.61+£5.56 <0.001*

*: significant (p = 0.05) ns; non-significant (p>0.05)

Effect of polishing system

Mean and standard deviation (SD) values of
surface roughness (Ra) for different polishing
systems were presented in Table (4).
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There was a significant difference between
different groups (p<0.001). The highest value was
found in multi-step (19.95+1.51 nm), followed by
two-step (7.81+0.88 nm), then control (7.69+0.90
nm), while the lowest value was found in one-step
(5.07+£0.61 nm). Post hoc pairwise comparisons
showed multi-step to have a significantly higher
value than other groups (p<0.001). In addition, they
showed one-step to have a significantly lower value
than other groups (p<0.001).

TABLE (4): Mean =+
surface roughness

standard deviation (SD) of
(Ra) for different
polishing systems

Surface roughness (Ra) (mean+SD) p-value
Control Multi-step ~ Two-step  One-step
7.69+£0.90° 19.95+1.51* 7.81+£0.88® 5.07+0.61¢ <0.001*

Means with different superscript letters are statistically
significantly different *; significant (p < 0.05) ns; non-
significant (p>0.05)

Effect of resin composite with each polishing system

Mean and standard deviation (SD) values of
surface roughness (Ra) for different resin composites
and polishing systems were presented in Table (5)
and Figures (1).

Control:

Nanofill (8.26+0.69 nm) had a significantly
higher value than Suprananofill (7.13+£0.73 nm)
(p=0.009).

Multi-step:

Nanofill (21.13£0.79 nm) had a significantly
higher value than Suprananofill (18.77+1.02 nm)
(p<0.001).

Two-step:

Nanofill (7.88+0.90 nm) had a higher value than
Suprananofill (7.74+0.93 nm) yet the difference was
not statistically significant (p=0.739).
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One-step:

Nanofill (5.37+0.56 nm) had a higher value than
Suprananofill (4.78+0.55 nm) yet the difference was
not statistically significant (p=0.172).

TABLE (5): Mean * standard deviation (SD) of
surface roughness (Ra) for different resin
composites and polishing systems

Polishing Surface roughness (Ra) p-value
system (mean=SD)
Nanofill Suprananofill
Control 8.26+0.69 7.13£0.73 0.009*
Multi-step  21.13+0.79 18.77+1.02 <0.001%*
Two-step 7.88+0.90 7.74+0.93 0.739ns
One-step 5.37+0.56 4.78+0.55 0.172ns

Means with different superscript letters are statistically
significantly different within the same horizontal row *;
significant (p < 0.05) ns; non-significant (p>0.05)
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Fig. (1): Bar chart showing average surface roughness (Ra) for
different resin composites and polishing systems (A).

DISCUSSION

Several finishing and polishing systems have
been introduced with the aim of obtaining smooth
surface resin composite restoration. Conventionally,
multi-step systems are routinely used by dental
professionals as their effectiveness has been well
established."”’"'* More recently, single-step and two-
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step polishing protocols have been introduced by
several manufacturers, to be less time consuming
and more cost effective whilst maintaining at least
comparable aesthetic results.”>!® The specifications
of the finishing/polishing protocol applied as well
as the restorative material, can be associated with
changes in the surface roughness.® Besides, the
satisfactory polishing of resin composite depend
also on the filler type, loading, particle size and
morphology.!” Although their effects on surface
roughness of resin composites have been studied for
years, there is still no consensus on which system
could be more efficient and less time consuming.
Therefore, this study aimed to investigate the
influence of polishing system (one-, two- and multi-
step) and type of resin composite (nanofilled and
suprananofilled) on the surface roughness of the
resin composites. Special emphasis was given to
include various polishing systems with different
numbers of application steps to evaluate the results
for different restorative composite materials.

In this study the pre-roughening was done with
a wet 600-grit silicon carbide paper (equivalent to
the yellow-coded finishing stone) to insure even
initial surface topography, followed by randomized
allocation of samples into the experimental
groups. Several studies performed pre-roughening
of the surfaces with either diamond or tungsten
carbide burs to simulate the clinical procedures,'®
however pre-roughening with diamond burs creates
inhomogeneous surface texture which may increase
scattering of the results and may yield different
surface roughness on different dental materials
which makes it difficult to compare between them,
because of the different the initial values.'® The
selection of the discoid shape of the applied polishing
instruments, to reduce the effect of geometry of the
polishing systems.® Moreover, the resin composite
surface employed in this study was flat, therefore,
it might be easier to create a smooth surface with
relatively flat polishing tips as they come in direct
contact with the specimens.
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All polishing procedures were applied by the
same operator according to their corresponding
manufacturers recommendations in order to achieve
predictable results. Moreover, the speed, pressure,
motion used during the polishing were fixed, guided
by the range of their manufacturers, to reduce the
variability for all polishing protocols. The press-on
force during the polishing procedure in this study
was controlled using a kitchen scale to keep it at
approximately 0.3 newton, representing the light
pressure needed for the polishing procedure. In
addition, rehearsal on the applied pressure was done
prior to the experiment with other composite discs
samples mounted on the kitchen scale, which were
disregarded and not included in the experimental
samples, to insure the standardization of each
stroke within the range of approximately 30-40
grams during the polishing procedure. SEM allows
instinctive visualization and qualitative assessment
of surface structure and roughness.!” The surfaces
of resin composite samples were scanned by SEM
to represent the basic 2D topography of the resin
composite at 4000x magnification, on which
Gwyddion was used to gain statistical quantities
from the raw SEM data with a 3D reconstruction
model using the SEM (backscattered electron
detector) scans based on stereo-vision concept.?’

The type of resin composite influenced the
surface roughness outcome in this study, similar to
several studies that reported that the effect of several
material factors, such as the size, shape, type and
distribution of the inorganic fillers over the surface
roughness.?! However, this was not in accordance
with other works in the literature stated that even
with a considerable difference in resin composite
types, they do not certainly exhibit different surface
topography in terms of the surface roughness.??%
According to the findings of this study, the nanofill
had a significantly higher surface roughness value
than suprananofill (p<0.001). These findings are
in accordance with other studies that showed the
superior surface morphology of the suprananofill
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resin composite.>** The Omnichroma (OM) has a
careful design of widely dispersed spherical organic
fillers with a distribution of various particle sizes,
spherical inorganic fillers of 260 nm in diameter were
evenly distributed at almost the same density both
within the organic filler and within the surrounding
resin base and the coupling process that tightly
joins all of them. In contrast, the heterogenous
and irregular shape of the filler particles and
cluster system are more dominant in the Filtek™
7350 XT composite (FK). Resin composites with
spherical fillers tended to show the highest degree
of smoothness and gloss compared with composites
filled with irregular fillers,” as irregular particles
protruding from the surface produce sharper edges
compared to spherical fillers, which results in higher
surface roughness measurements.'

The difference found in surface properties as
surface roughness can be a result of the extremely
tight contact between the various fillers and the
resin base in OM. Furthermore, the degradation in
the organic filler has been reported to be almost at
the same extent of that of the surrounding matrix
confirming significant improvement of the coupling
technology for each of the interface areas in OM.”
Besides, it is possible that the higher filler content of
OM (68% by volume) than that of the FK (63.3% by
volume), worked in the favour of the suprananofill
resin composite.'* The high concentration of closely
packed fine filler particles decreases interparticle
spacing, which makes the composite material less
susceptible to lose particles by the abrasive, all
conducive to the smooth homogenous surface.>*
A lower ratio of fillers/organic matrix means more
organic matrix which is less hard than the filler and
can show some irregularities after polishing.”

The FK nanofill resin composite contains not
only nano-scaled silica/ zirconia fillers but also
nanoclusters produced in a broad range of sizes.”
The nano agglomerate size in the enamel shade
used in this study, (an average cluster particle size
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of 0.6 to 10 microns) is considered even larger than
the particle size of the OM (average 0.26 pm).
Moreover, the improper use of nanotechnology may
cause a significant increase in viscosity or excessive
undesired agglomerate, which could undo the
advantage of nanotechnology, mainly regarding the
polishing aspect, since these may behave as larger
particles.’® The results of the present study are in
disagreement with the proposal of nanotechnology,
as through the manufacturing process of nanofill
composite, each nanoparticle is silanized
individually, even those inside the agglomerates.
Thus, for a nanofill composite to be effectively
polished, it is necessary that the agglomerates
breakup into their primary nanoparticles during
the procedure when the surface is being cut, and
this controlled cutting of the agglomerate inhibits
the loss of larger particles. Therefore, the high Ra
values found in this study could be due to the non-
uniform and incomplete detachment of the particles
of the agglomerates. In addition, those agglomerated
nano particles could possibly fell off due to lack of
retention within the resin matrix during polishing,**
however other studies did not observe the same

finding.*®

The
influenced also by the resin matrix, while relatively

polishability of resin composite is
soft resin wears faster than harder filler particles,
this prevents homogenous abrasion and result in
surface irregularities.* It is important to underline
that the final hardness of resin matrix result not only
from the characteristics of individual monomers,
but above all, from the interactions that occur in
the monomer mixture and the characteristics of
the resulting polymer network.*> Previous studies
have indicated that UDMA/TEGDMA matrices
have higher hardness values than Bis-GMA based
matrices do; as UDMA has a lower viscosity and
is more flexible than Bis-GMA, which result in a
higher conversion and denser polymer network.*
The presence of aromatic rings and urethane
bonds increases the resin hardness values.”’” Tt is
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possible that the higher relative hardness of UDMA
based matrix of OM have contributed to the more

homogenous abrasion and efficient polishing than
the Bis-GMA based matrix of FK.

Although there are several works in literature
state that a greater surface smoothness is obtained
by the polyester matrix,”* this study showed that the
groups that did not receive finishing and polishing,
in other words, whose surface micromorphology
was obtained only by means of the mylar strip,
were not the ones with the lowest surface roughness
values. Despite the effort exerted to standardize
the methodology in this study, it is possible that
the surface set against the polyester matrix was
not free of imperfections due to the nature of the
resinous matrix as well as the possible flaws and
irregularities within the polyester matrix itself. The
surface produced was only as good as the mylar
strip itself and any surface imperfections existing in
the matrix will be reproduced in the surface of the
samples.® This finding reinforces the importance
of the finishing and polishing. With respect to
this issue, some authors declared that finishing
and polishing procedures are essential to obtain
surface smoothness, as they remove the excess of
restoration and any possible surface irregularities.
These procedures prevent critical problems related
to the quality of the restoration, such as staining,
bacterial plaque retention, gingival irritation and
recurrent caries. Moreover, removing the most
superficial resin-rich layer is essential to maintain
the surface quality and microhardness of the resin

composite ¥4

Apart from intrinsic factors related to the resin-
based composite material, the surface roughness
of resin composites depends on extrinsic factors,
such as the finishing and polishing technique
and the abrasive tools applied.* In this study, a
statistically significant difference was observed
among the polishing systems in terms of the surface
roughness, which was similar to other studies.*
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The highest value was found in Enamel Plus Shiny
polishing pastes (ES) multi-step, followed by
Super-Snap X-treme aluminium oxide discs (SS)
two-step, while the lowest surface roughness value
was found in OneGloss® (OG) one-step polishers.
This is not in accordance with the claim that to
achieve high surface quality, at least four finishing/
polishing steps are required, and the greater the
number of polishing steps, the better the surface
smoothness attained.”” Whereas the OG had the
superior surface smoothness in this study, this was
not the case in other studies that reported a higher
surface roughness parameters with the OG.!5
This could be because in those studies, the press-
on force was not controlled and this issue was not
even mentioned or discussed although it is the basis
of this system. The OG system combines both
finishing and polishing within the same disc, while
controlling the differential pressure applied, as the
polishing step needs approximately 30% of the
pressure used in the finishing step. On the contrary,
the pressure here was strictly controlled during the
whole polishing procedure to 0.3 N (approximately
30-40 grams), the polishing pressure recommended
by the manufacturer, as it has been used only in a
polishing mode.

It is possible that the OG system has polished
both the organic and inorganic components of the
resin composite equally and thus be able to create
a highest smoothness without causing any surface
damage. In addition, this was the only system used
with intermittent water cooling according to the
manufacturer instructions, unlike the other two-
and multi-step systems, that is why OG acted in a
polishing mode more than the other systems. Dry
finishing/polishing procedures have been revealed
to be less successful, attributed to the separation
of abrasive particles from the polishing tool which
could embed into the resin composite surface,
increasing the roughness parameter.
Moreover, the use of water coolant with the rubber

surface

disc prevents strain of the molecular arrangement
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of the resin matrix and prevents detachment of the
filler particles from the heat-softened resin.*

The two-step system SS discs obtained the
second smoother surface among the used polishing
systems. The fact that aluminium oxide coated
finishing and polishing discs can obtain a very
smooth surface with minimal surface irregularities is
supported by several studies.””? The effectiveness
of abrasive discs and the ability to produce a regular,
smooth surface mainly depends on flattening the
filler particles and abrading the softer resin matrix
at an equal rate.* In this study, the aluminum oxide
discs were used as a partial polishing system, using
only the last fine and superfine discs sequentially.
Therefore, this could have affected the outcome that
it could not surpass the OG, conforming to higher
Ra values obtained with the partial three step system
instead of the full system in several studies.’*
Moreover, the press-on force is less transmitted
with the flexible SS discs as they can bend and
counteract the exerted pressure,* whereas the OG
rubber discs are stiffer and do not deflect with the

same pressure,*>*

causing more efficient polishing.
Besides the dry polishing protocol, the grit of the
polishing discs may also contribute to the changes
in surface temperature, in fact when the disc is
switched from a greater grit size to a smaller grit
one, the temperature does not decrease, contrariwise

the temperature rise.*

When the roughness values obtained from these
systems were compared, it was evident that the
three-step ES polishing paste system was not as
effective as the OG and SS despite having more
application steps. The three-step polishing system
produced the largest Ra value, driven by the fact
that the grooves introduced by the pre-roughening
regime were not polished away when compared
to the other polishing protocols. This could be
attributed to the noticeable difference of abrasive
particle size between the 600-grit silicon carbide
sandpaper representing the finishing step (equivalent

Ghadeer Abo-Eldahab, et al.

to 30 um) and the first polishing paste used in the
polishing sequence “Shiny A” (equivalent to 3 ym).
Therefore, this system probably needs a finishing
step before polishing to achieve a smoother surface
prior to polishing and shining. The ES polishing
paste system has been reported to damage the
resin composites by creating scratches on their
surfaces.*” Similarly in this study, the surfaces of
the resin composite samples polished with ES were
characterized by scratches probably caused by the
hardness of the goat hair brush, as well as possibly
retained voids from the polyester matrix adaptation
or the pre-roughening step. In addition, polishing
pastes can probably act in a more aggressive, pre-
polishing mode when applied in a dry condition,
which may lead to crystallization of the colloidal
contaminants and scratches.®

An interaction was found in the present study,
which is in accordance with the results of previous
studies evaluating polishing systems and resins
composite.'®** Generally, the nanofill had higher
values of average surface roughness than the
suprananofill resin composite in the control and all
the polishing groups, however, the difference was
not statistically significant in the two-step and one-
step groups. Among the polishing systems used,
the three-step polishing paste was the only system
containing diamond, which is a very hard element
that can promote deep wear. The abrasive particles
that promote deep wear result in the exposure of
both nanofillers and larger cluster filler particles
present in the FK, considering that the size of filler
particles is related positively to the composite
surface roughness.!” In contrast, deep wear would
expose suprananofiller particles only on the sub-
subsurface of OM, providing a smoother surface.
Whereas the one-step and two-step polishing
systems containing aluminium oxide only or with
silicone oxide did not create the same wear and
exposed only the subsurface layer rich in smaller
nanosized filler particles in FK or suprananofiller
filler particles in OM.



THE EFFECT OF DIFFERENT POLISHING METHODS ON THE SURFACE ROUGHNESS

The matrix and filler particles have different
hardness, which may affect the polishability of the
resin composites. Insufficient abrasiveness of the
polisher particles compared with the fillers within
resin composite will mostly abrade the matrix, leav-
ing the filler particles in protrusion. In addition, in-
efficiently bonded fillers may debond and dislodge,
leaving a dull surface. Therefore, the results imply
that the combination of resin composite and polish-
er has an impact on the result, with some polishers
leaving an excellent surface on some resin compos-
ites but a less optimal surface on others.*

The effect of the polishing system on surface
roughness of resin composite material seems to be
both system- and material-dependant. Clinically, OM
suprananofill resin composite may be recommended
as a better choice regarding smoothness and
surface quality. Besides, intraoral adjustment of
direct composite resin restorations with OG one-
step polishing system, seems to be a better option
in terms of decreasing surface roughness and
improving surface properties. However, all the
polishing systems and both resin composites studied
can demonstrate a surface roughness average (Ra)
lower than the baseline value that could promote
bacterial adherence (Ra =0.2um). Taking this into
account, all polishing materials and both resin
composites can be considered clinically acceptable
alternatives.

CONCLUSION

Within the limitations of this study, the following
conclusions could be suggested:

1. Nopolishing system can reach surface roughness
average (Ra) above the clinically accepted
threshold. However, the one-step polishing
system produces the smoothest surface, even
smoother than setting against matrices.

2. Polishing pastes not preceded by a pre-polishing
step produces the roughest surface.

(4049)

3. The type of resin composite significantly affects
the surface roughness, the suprananofill resin
composite can obtain a smoother surface than
the nanofill resin composite.
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