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Abstract:

Objective: To determine the changes in surface roughness of different resin based composite materials having spherical
shaped fillers after finishing and polishing with different systems and various application steps either one, two or three-
steps. Materials and Methods: A total of 120 disc-shaped specimens (10 mm diameter x 2 mm thickness) were
prepared from three different RBC materials (n=40 discs/group): a Nano-fill resin composite (Omnichroma); a Nano-
ceramic resin composite (Neo Spectra ST) and a Nano-hybrid resin composite (Charisma Topaz). Each group was
subdivided into four subgroups (n=10) according to the finishing/polishing (F/P) system: control (without F/P), one-step
system (Enhance); two-step system (Super Snap Rainbow); and three-step system (Soflex). The mean Ra was measured
using the profilometer. To compare the surface roughness between RBC materials without and after F/P, the collected
data were subjected to statistical analysis using two-way analysis of variance (ANOVA), Student’s t-test and One-way
ANOVA with Tukey’s post hoc tests. The level of significance was seated p<0.05. Results: The Nano-fill resin
composite showed the lowest mean Ra while the Nano-ceramic resin composite showed the highest value. A
statistically significant difference was found in Ra and without and after F/P for the three RBC materials (p<0.001).
Conclusions: The various finishing and polishing systems had a noticeable effect on the surface roughness of the
RBCs. The Nano-fill resin composite had the lowest surface roughness. The two-step F/P system provided the best F/P
protocol of resin based composites evaluated.

Introduction: composites has long been considered as a parameter of
Resin—based composite restorations are highly high clinical relevance. The structures of resin matrix,

used in restorative dentistry. mainly because of coupling agent and the characteristics of filler particles
their esthetic quality g/n q gog d physical have a direct effect on the surface roughness of resin

properties. Varieties of dental resin composites (S:S:?;coesnersc;u -meessmoi |r2r[]>ortarrétst;‘?;[i% rrs] tg?; a]fiflelg:
are available for clinical use, presenting a wide range of g y
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handling properties and clinical use. The introduction of Pe g y P '

well dispersed inorganic particles into a resin matrix has Restorative resins are modified, from past to present,
been shown to be extremely effective for improving the from macro-fill, micro-fill, hybrid, and micro-hybrid
performance of resin Compositesll resin composites to recent nano-fill and bulk-fill resin

composites. Materials with fillers of larger sizes
generally demonstrate higher surface roughness than
those with fillers of smaller sizes. The smaller filler
particles can adhere to resin matrix thus providing
smoother surface finish.’

Improvements are mainly concerned about reducing
polymerization shrinkage and increasing both hardness
and compressive strength, by introducing of newer resin
formulations and filler content. Fillers in resin
composites have numerous roles such as reducing

polymerization shrinkage, coefficient of thermal Different composite series containing spherical,
expansion and water sorption. They reinforce the irregular and hybrid shape fillers; which are based on
material to enable better initial finishing/polishing with mono-, bi- or multimodal (trimodal) filler formulations,
polish retention, and to reduce wear during the providing different surface roughness due to difference
masticatory forces.** in shape. The monomodal spherical shaped show low

surface roughness while multimodal irregular filler
particles express high surface roughness. The concept of
multimodal fillers enables the composites to obtain high
filler loading and allows a strong integration of small
particles into resin matrix that can be eroded by
breakaing off small individual particles rather than large
ones.

The surface quality of resin composite restorations is
one of the most important factors determining their
clinical success in the oral cavity. The final esthetic of
the restoration, improved mechanical properties,
perception and comfort of the patient are highly
correlated with surface properties. Moreover, Smooth

and polished restorations are less susceptible to plaque
accumulation.*® Optimal finishing and polishing of resin composites are

essential for preserving esthetics and increase longevity
of resin-based restorations. Smooth and polished
restorations are less prone to plaque accumulation and

Surface roughness property of the resin based

'Postgraduate MSc student, Department of Operative Dentistry,

Faculty of Dentistry, Mansoura University, Egypt. Corresponding eXtrinSi(_: stains. It may also influence tf_]e physical and
author: adhamhashish@icloud.com mechanical properties of the restorations and wear
*Lecturer, Department of Operative Dentistry, Faculty of Dentistry, resistance of the restorations.?

Mansoura University, Egypt. . . .

%professor, Department of Operative Dentistry, Faculty of Dentistry, The Null Hypothesis was no difference in the effect of
Mansoura University, Egypt. finishing/polishing techniques on surface roughness of

doi: 10.21608/MJD.2022.259768

three resin composite materials.

September 2022 — Volume 9 — Issue 3 82 Mansoura Journal of Dentistry



Materials and Methods:

Materials:

Three different resin composite restorative materials
were used in the current study. One of these materials is
a Nano-fill resin composite with the supra nano
spherical and rounded filler particle geometry, the other
material is Nano-ceramic composite with spherical filler
particle geometry, and the third one is Nano-hybrid
composite with spherical filler particle geometry. They

Khairy et al
were manipulated according to the manufacturers’
recommendations. Their brand names, specifications,
composition, manufacturers and batch numbers are
listed in, (Table 1).

The finishing and polishing procedure  was
accomplished by three variable systems: one-step, two-
steps, and three-steps finishing/polishing system. All of
them were used as stated by the manufacturers’
instructions. Their full description was mentioned in,
(Table 2).

Table 1: Resin composite restorative materials used in the study

Brand name Specification Composition Manufacturer | Batch No.
OMNICHROMA | Nano-fill ~ with | Matrix:-UDMA/TEGDMA Tokuyama 014E49
spherical  and | -Mequinol, Dibutyl hydroxyl toluene | Dental, Tokyo, | 014E59
rou_nded fil!ers and UV absorber Japan 014E60
resin composite | pijler Type: -supra-nano spherical 014E61
zirconia-silica filler and round shaped
composite filler
Filler particle size: -0.2-0.6 pm mean
0.3 um
Filler Load:
-79% by weight 68% by volume
Neo Spectra™ ST | Nano-Ceramic Matrix:  -Methacrylate ~ modified | Dentsply 2010000764
with  spherical | polysiloxane (organically modified | Sirona, 2010000765
filler resin | ceramic) -Dimethacrylate resins Charlotte, NC. | 5010000766
composite -Ethyl4 (dimethylamino)benzoate United States 2010000767
-Bis(4-methyl-phenyl)iodonium
hexafluorophosphate
Filler Type:
-Barium glass, prepolymerized filler
and ytterbium fluoride
Filler Particle Size: -0.1-0.3 um mean
0.2 um
Filler Load: -78-80 weight
-% 60-62 volume-%
CHARISMA® Nano-Hybrid Matrix: TCD-DI-HEA and UDMA Kulzer GmbH, | K010052
TOPAZ with  spherical | Filler Type: -Barium Aluminium | Leipziger K010053
filler resin Fluoride glass -Pre-polymerized filler - | StraBe 2 63450 | 910065
composite Highly discrete nanoparticles Hanau, K010066
Filler particle Size:- 5 nm- 5 um Germany
Filler Load:- 69% filler by weight,
59% by volume
Table 2: Finishing/Polishing Systems used in the study
Material Specifications Composition Manufacturer Batch No.
Enhance®  Finishing | One-Step -Polymerized  Urethane | Dentsply LLC 00049937
System Dimethacrylate RESin; 38 West Clarke Avenue
-Aluminum Oxide; | Milford, DE 19963 USA
Silicon Dioxide
Super-Snap Rainbow® | Two-Step -Silicon Carbide Shofu Dental | 0219021
System -Aluminum Oxide Corporation, 1225 stone
drive, San Marcos, USA
Sof-Lex™  Finishing | Three-Step -Aluminum Oxide 3M ESPE, St Paul, MN, | 047025
and Polishing System USA
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Methods:

Specimens Preparation: One hundred and twenty disc-
shaped specimens were classified into two equal groups
(n=40 discs/group) according to used type of resin based
composite material: Nano-fill RBC, Nano-ceramic
RBC, and Nano-hybrid RBC.

A cylindrical plastic mold of 10 mm diameter x 2 mm
depth, fabricated by laser cut technique to prevent the
stickiness of the restorative material to the mold that
was utilized for discs fabrication. The mold was placed
above a microscopic glass slide, covered with a Mylar
strip (SS white, USA), then resin composite was applied
in one increment using the LM Arte Applica instrument
(LM Dental™, Norrbyn rantatie 8, FI-21600 Parainen,
Finland) until the whole mold space was filled totally.
Another microscopic glass slide was pressed on top of
resin composite surface. A constant pressure was
applied over the glass slide to extrude any excess
material and to reduce voids within the disc.

Resin composite was cured for 20 seconds with a LED
light curing device (RTA MINI S, Woodpecker, China)
through the glass slide on the top of the mold after
removal the weight. The light curing device was placed
in a perpendicular direction to the specimen’s surface
and in direct contact with the glass slide. The light
intensity was measured at 800mW/cm2 and checked
with a digital readout dental radiometer (Blue phase
Meter, Ivoclar vivadent, Austria) after each 5
specimens. Another 20 seconds of light curing was done
to both sides of each specimen after the removal of the
microscopic glass slide. The mold was opened and disc
shaped resin composite specimens were obtained. Any
external flanges of the specimens were removed using a
silicon carbide grinding paper (1200 grit).

Each group was subdivided into four subgroups (where
n=10 discs/subgroup) according to the finishing and
polishing technique used. Finishing and polishing
process of each subgroup was performed according to
the manufacturers’ instructions and done under air/water
spray to avoid heat generation. Low speed type
handpiece (Sirona T2 Revo, Dentsply Sirona, Charlotte,
NC, United States) was used at speed between 10,000-
15,000 RPM according to the finishing and polishing
system used. The handpiece was used in unidirectional
movements to avoid any scratches formation.

Subgroup 1 (Control group): each specimen was
fabricated using the Mylar strips only against the glass
slide and left without finishing and polishing.

Subgroup 2 (one-step finishing and polishing system):
each specimen was finished using the finishing discs
(particle size 40pum) that impregnated with aluminum
oxide and silicon dioxide particles. Then, it was
polished using the fine and extra fine pastes. Discs were
used with conventional speed (10000-15000 RPM) with
intermittent pressure without water coolant. A new disc
was used for each specimen.

Subgroup 3 (two-step finishing and polishing system):
each specimen was finished using the discs in sequence
started with the violet (medium) disc (safe side down,
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double sided and safe side up silicon carbide disc)
(particle size 30um). After that, the surface was
polished with the green (fine) disc (double sided
aluminum oxide grit) (particle size 20um) followed by
the red (super fine) disc (double sided aluminum oxide
grit) (particle size 7um). The discs dimensions are
12mm x 8mm. All the discs were used at average speed
(15000 RPM) with uniform, steady pressure for
finishing and feather light pressure for polishing. They
were used in a unidirectional movement to prevent
formation of secondary scratches. Brand new discs were
used for each specimen.

Subgroup 4 (three-step finishing and polishing system):
each specimen was finished using the discs according to
the instructions’ sequence beginning with the black
(coarse) disc (particle size 100um) impregnated with
aluminum oxide, then the blue (medium) disc (particle
size 29um), followed by the light blue (finishing) disc
(particle size 14um). Later on, it was polished using the
sky blue (super fine) disc (particle size 5um). The disc
dimensions are 12.7mm x 9mm. During the finishing
and polishing every specimen were rinsed with water
and then dried between each disc. All the discs were
used with light touches and in rotating motions covering
the whole surface to prevent any white line marks.
Every specimen was finished and polished with new
discs.

Finally, the specimens of all four subgroups were stored
in distilled water at 37+1°C for 7 days using incubator
(DRAWELL, Chongging, China) before they were used
for surface roughness measurement.

Measurement of Surface Roughness (Ra)

The average surface roughness (Ra) of each subgroup
was examined using a profilometer (Surftest SJ210,
Mitutoyo Corp., Kawasaki, Japan) according to the 1ISO
4287-1997. For this purpose, the probe was placed in
the middle of the specimen surface. Each specimen was
scanned 5 times and the mean roughness parameter (Ra)
was calculated in (um). The tracing length was 0.8 mm,
at a scanning speed 0.5 mm/s. The resolution of the
recorded data was 0.01 um. The device was set to read a
wide line from the specimen. Scanning was done by a
contact mode in a laboratory atmosphere under
controlled temperature and dry condition.

Statistical analysis: After conduction of the surface
roughness test, the data were collected, tabulated, and
examined by Shapiro-Wilk test to identify the normal
distribution. Results of Shapiro-Wilk test, (Table 3)
showed that Ra data was parametric (met the normal
distribution) and presented as meanzSD. The SPSS
statistical package for social science version 25 (SPSS
Inc., Chicago, IL, USA) was used for data analysis.
Two-way ANOVA was used to compare Ra (dependent
variable) among materials groups (Control, Nano-fill,
Nano-ceramic and Nano-hybrid) and finishing and
polishing techniques (One-step, two-step and three-
step). Then, Tuky post hoc test was used for pair-wise
comparisons, (Table 4). P value is significant if it was
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less than .05 at confidence interval 95%. Graphical
presentation of data was made using box plot with error
bars representing confidence interval, (Figure).

Results:

According to the average Ra values, Tukey post hoc test
showed no significance difference between RBC
(control groups) made with Mylar strips and each other.
The highest Ra values were recorded with the nano-
ceramic composite, to be followed by the nano-fill and
the nano-hybrid respectively.

Regarding to the one-step F/P system, there was a
significant difference (p<0.05) between Nano-fill resin
composite and the other two composites. While there
was no significant difference between the Nano-Hybrid
resin composite and the Nano-ceramic resin composite.
The lowest surface roughness value was shown by the
Nano-fill resin composite while the highest value was
the Nano-hybrid resin composite.

For the two-steps F/P system, there was no significant
difference between the three tested resin based
composites. The lowest value was stated by Nano-fill
resin composite, and the highest value was the Nano-
hybrid resin composite.

According to the three-steps F/P system, there was also
no significant difference between the three tested resin
based composite. The Nano-ceramic demonstrated the
lowest surface roughness value while the Nano-hybrid
had the highest roughness value.

Regarding to the effect of finishing and polishing
techniques within the Nano-fill composite group there
was no significant difference between the control group,
the one-step F/P and two-steps F/P groups, but there
was a significant difference (p<0.05) between the three-
steps F/P group and the other groups. The two-steps F/P
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group had the lowest Ra value among this RBC
followed by the control group, the one-step F/P group
and finally the three-steps F/P group.

For the Nano-Hybrid composite group there was no
significant difference between the control group and the
two-steps F/P group. Also between the one-step F/P and
three-steps F/P groups, while there was a significant
difference (p<0.05) between the two-step F/P group
with the one-step F/P and the three-step F/P groups. The
lowest Ra value was demonstrated by the Control
group, then the two-step F/P group, the one-step F/P
group and finally the highest was the three-step F/P
group.

Regarding to the Nano-ceramic composite there was no
significant difference between the control group and the
two-steps F/P group. Also between the one-step F/P
group and the three-steps F/P group, but there was a
significant difference (p<0.05) between the control
group, the one-step F/P and three-steps F/P groups. The
lowest Ra value was expressed by the two-steps F/P
group, to be followed by the control group, the one-step
F/P group and three-step F/P one in order.

Generally, between all the analyzed groups, the two-
step F/P system showed the lowest surface roughness
values followed by the one-step F/P while the three-step
F/P system showed the highest surface roughness
values.

Table 3: Two-way ANOVA test of Ra means (nm)

Source F Significance
Restoration Material 3.072 P=0.050
F/P System 138.967 P=0.00
Restoration X F/P 6.650 P=0.00

Table 4: Tukey post Hoc test showing Ra values of different restorative materials after finishing/polishing with

different techniques

Finishing and Polishing System

Restorative

Control mean

One-step mean

Two-step mean

Three-Step mean

LRIz xstandard deviation | zstandard deviation | *standard deviation | *standard deviation
Nano-fill 0.3264+0.5935 " 0.4115+0.5282 B¢ 0.2909+0.4016 *° 0.5934+0.3317 "
Nano-hybrid | 0.2637+0.3849 " 0.5394+0.5586 ** 0.3494+0.5926 ~° 0.6051+0.0919952
Nano-ceramic | 0.3380+0.05369"" 0.5101+0.08474"2 0.3089+0.05365"° 0.5305+0.7914 *2

Different upper case letters in the same column indicate significant differences between each two materials

Different lower case letters in the same raw indicate significant differences between each two finishing & polishing techniques
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Figure: Box Plot showing the relation between RA and different groups
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Discussion:

There are numerous methods for restoring destructed
teeth and treating dental caries. The tooth-colored
materials are in highly demand recently. Different
types of the resin composite have been used in the
clinic. Resin composite has many advantages over
dental amalgam as it is less damaging to natural teeth,
allows more conservative restorations, and better
esthetic.'®

The esthetic success of tooth-colored restorative dental
materials is affected by several factors such as, surface
roughness. Since the demand for improved esthetic of
restorations is still increasing, esthetic restorations
should reproduce the natural appearance and shape of
the natural teeth. Surface smoothness has been viewed
as vital property of resin composite.***?

Surface properties of resin composite have a crucial
role in the clinical success of the restoration; smooth
appearance is a result from adequate contouring, proper
finishing and polishing which is mandatory for healthy
oral tissues and marginal integrity."

On the other hand, a rough surface has a negative effect
on the esthetics. Moreover, plague accumulation is
significantly increases with rough surfaces causing a
high pace of developing cariogenic biofilms which
ends up with caries.™

The surface quality is affected by different factors
either related to the material itself or to the F/P system
being used. The polished surface of the restoration has
a direct effect on the aesthetic appearance and the wear
of the opposing teeth so, having a smooth polished
surface enhance the oral hygiene and the durability of
the restoration.™

Finishing and polishing procedures have a direct effect
on the surface quality of the tooth colored restoration.
Proper finishing and polishing procedures imply a
complex combination of factors such as, the restorative
material itself, the anatomy of the tooth being restored,
the F/P system used, the operator’s quality and ability
to use the system. The manual finishing and polishing
was used in this study because it simulates the clinical
conditions.*®

The size of the fillers are one of the most critical
factors that determine the properties of the restoration
surface, the Nano-fillers provide less inter-particle
spaces which resulted in softer composite matrix,
leading to the smoother restoration surface with
decreased roughness.’

The finishing and polishing systems are available in
different shapes including cups, discs and points to
help in the application of different teeth anatomical
forms, in this study the disc shaped was used for all the
systems to decrease any variability and to ensure that
the surface being uniformly finished and polished
regardless the used system. Also it is mainly indicated
to be used with the smooth surfaces like discs used in
this study. In addition, point shaped was not used as it
may cause scratches.
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The surface roughness was measured quantitatively by
using the profilometer device. The stylus type
profilometer used in this study provides meanings of
surface features on a scale size. The profilometer
allows more surface area to be scanned and provides
accurate roughness readings, consequently adequate
comparison between the studied restorative materials
and F/P systems.’®

Results obtained from this study regarding to Mylar
strip groups (control groups) which stated that the
unfinished surface made with direct contact with a
glass slap was more smooth than the finished and
polished surfaces, came in agreement with the results
of the study done by Korkmaz et al.® who studied the
influence of one-step polishing system on surface
roughness of Nano-composites and found the same
results regarding the surface roughness of the
composite materials made with Mylar strips without
finishing and polishing.

A smooth and glossy surface was obtained by using the
glass slap and Mylar strip without any finishing and
polishing procedures, this is not an accepted or
applicable scenario in clinical and real life situations,
the Mylar strip group has been used as a control group
as recommended by different studies.

However, F/P procedures are crucially required intra-
orally, Also the smooth surface obtained from the glass
slide and Mylar strip which directly contacted the
restorative material, has a resin-rich layer on its top
which needs to be removed. Accordingly; the removal
of this outer most resin rich layer by F/P procedures
allows production of a more wear resistant and glossy
restorative surface.?

The results obtained from this study showed that the
lowest surface roughness values were recorded with the
Nano-fill resin composite. This might be due to the
clustered arrangement of its filler particles, the wear
mechanism suggested was that the clusters of the
particles wear off instead of taking out the whole
particles; this is believed to be the reason for its
polishability and polish retention.?* In the study done
by Endo et al.?” similar results were obtained regarding
to the roughness of Nano-fill composite as it may be
usually higher than that provided by Nano-hybrid
composite.

Another important factor that might explain these
results is the filler particle shape. The spherical shaped
particles of the Nano-fill resin composite showed lower
surface roughness than the hybrid shaped particles.
This might be due to that the irregular shaped filler
particles can be subjected to more friction during the
polishing process as they have sharp edges and corners
that can be easily removed.”®

The findings of this study came in agreement with the
study done by Cao et al.** who studied the filler
morphology of different resin based composite
materials and the surface properties and came with the
conclusion that the spherical shaped fillers showed
lower surface roughness than other different shapes.
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The Nano-hybrid resin composite which has small
fillers particles, and the resin matrix surrounds the filler
particles which is the first thing that is worn out after
abrasion of the composite, leading to the protrusion of
the fillers, and formation of filler bumps on the outer
surface of the resin based composite, also the quality of
the matrix-filler silane bonding, all of these might be
the reasons regarding to the results obtained by the
profilometer analysis.”

The Nano-ceramic composite showed the highest
surface roughness, this may be attributed to its filler
particles size which ranges from 0.1um-0.3um with
filler load ranges from 78%-80% by weight and 60%-
62% by volume which is larger relatively than the other
composites used, also it doesn’t seem to have the same
mechanism as the Nano-fill composite, there are voids
present due to the plucking out of the filler particles
after the polishing, this would explain why the larger
particles are not broken during the finishing and
polishing procedures as the smaller particles but they
are plucked out leaving voids.?®

A crucial factor that implies an important effect on the
surface roughness of the resin composite is the
finishing instruments used and the technique they were
applied. The shape of the instrument used as well as the
hardness of the abrasive particles play an important
role during this step.™®

The two-steps F/P was able to provide better surface
roughness than the three-steps F/P this may be due to
the silicon carbide composition of it coarse disc which
doesn’t produce initial deep scratches as the three-step
F/P, and these scratches were easily removed by the
consequence discs used, also, the aluminum oxide discs
may have its own limitations in using because of its
geometry. These results was approved by Da Costa.?’
and his colleges who compared different finishing and
polishing systems including the same materials used in
this study. In contrast a study by Rodriguez et al.?®
stated that the multistep discs provided better surface
roughness than a two-step system used.

The two-step F/P system when compared to the one-
step F/P system has produced relatively smoother
surface among all the used composites, this might have
been a result of the sequential decreasing of the particle
size of the discs, the particles size of the two-step F/P
system has decreased sequentially from 60um to 7 pum,
while the particles size of the one-step F/P system was
40 pm.

The one-step F/P used in this study produced lower
surface roughness than the three-steps F/P among the
used resin based composites, this may be due to its
convenience and efficiency to produce smooth surface
without switching between different discs or using of
water coolant, without the need for wash and dry
between every step that leads to the removal of the
larger abrasive particles, the results was similar to the
study done by Da Costa.?’ and her colleges who
compared the effect of different finishing and polishing
systems including one-step F/P and three-step F/P

September 2022 — Volume 9 — Issue 3

87

Khairy et al
systems, came with the results that the one-step system
has lower surface roughness than the multi-step
system.

Within the limitations of this study, the null hypothesis
stated that there was no difference in the effect of
finishing/polishing techniques on surface roughness on
three resin composite materials, was rejected. Results
showed that there was a significant difference between
different finishing/polishing techniques on the surface
roughness the different resin based composites.

« Finishing and polishing with three different systems
affected the surface roughness of the resin based
composites.

» Nano-fill composite demonstrated lower surface
roughness than the Nano-hybrid and Nano-ceramic
resin based composite.

* The two-step F/P system provided the best F/P
protocol of resin based composites evaluated.
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