
The Influence of
One-step Polishing Systems
on the Surface Roughness

and Microhardness
of Nanocomposites

SUMMARY

Objectives: This in vitro study evaluated the sur-
face roughness and microhardness of nanocom-
posites that contain nanoparticles and a micro-
hybrid composite finished and polished with two
different one-step polishing systems and a con-
ventional multi-step polishing system.

Methods and Materials: The materials evaluat-
ed were Filtek Supreme XT, Grandio, Ceram X,
Aelite Aesthetic Enamel, Tetric EvoCeram and
Filtek Z250. A total of 240 specimens (10-mm in
diameter, 2 mm thick) were fabricated for both
tests (n=120 each test) in a plexiglass mold cov-
ered with a Mylar strip. After polymerization,
five specimens per group received no polishing
treatment and served as the control for both
tests. For each composite group (n=15), the spec-
imens were randomly divided into three polish-
ing systems: PoGo, OptraPol and Sof-Lex. All pol-
ishing systems were applied according to the
manufacturers’ instructions after being ground
wet with 1200 grid silicon carbide paper. The sur-
face roughness values were determined using a
profilometer. The microhardness measurements
were performed using a digital microhardness
tester (load 500 g; dwell time 15 seconds). The
data were analyzed using the one-way ANOVA
test at a significance level of 0.05 for both tests.
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Multiple comparison was performed with the
Duncan Multiple Range test.

Results: The smoothest surfaces were achieved
under Mylar strips in all composite groups
(p<0.05). There were no statistically significant
differences between polishing systems in the
Filtek Supreme XT, Ceram X, Aelite Aesthetic
Enamel and Grandio groups for surface rough-
ness (p>0.05). In the Tetric EvoCeram group, Sof-
Lex exhibited the highest roughness values. No
statistically significant differences were evaluat-
ed between polishing systems (p>0.05); whereas,
the surfaces under Mylar Strip showed statisti-
cally significant lower values than the polished
surfaces in terms of microhardness (p<0.05).

Conclusion: One-step polishing systems may be
successfully used for polishing nanocomposites.

INTRODUCTION

The clinical use of resin composites has expanded con-
siderably over the past few years, due to increased
esthetic demands by patients, new developments in for-
mulations and simplification of bonding procedures.1

Novel resin composites have improved filler technology,
modifications in organic matrixes and a greater degree
of polymerization that improves their mechanical and
physical properties.2 One of the most significant
advances in the last few years is resin composites con-
taining nanoparticles.

Proper finishing and polishing of composites are
important steps that enhance both the esthetics and
longevity of restorations.3-5 Restoration finish, surface
roughness and surface integrity, and the physico-chem-
ical properties of the material itself, can influence
plaque retention, periodontal disease and recurrent
caries, thus affecting the clinical performance of mate-
rials.6-7 Unfortunately, polishing is complicated by the
heterogeneous nature of the dental materials.8

The intrinsic characteristics of resin-based composite
materials, such as hardness and strength, are crucial
mechanical properties that provide clinical success of
the restorative material.9 Hardness may be explained
as the resistance of solid structures to permanent
indentation or penetration. Alterations in hardness
may reflect the state of the setting reaction of a materi-
al and the presence of an ongoing reaction or maturity
of the restorative material.10 In addition, hardness can
show the depth of cure of the material.9 Materials with
a low surface hardness are more susceptible to scratch-
ing.9 Surface scratches can compromise fatigue strength
and provoke premature failure of a restoration.11

Finishing is defined as the gross contouring or reduc-
tion of a restoration to obtain ideal anatomy. Polishing
refers to the reduction of roughness and stratches cre-
ated by finishing instruments.12 A variety of instru-

ments, such as carbide and diamond burs, abrasive fin-
ish strips and polishing pastes, may frequently be used
to finish tooth-colored restorative materials.4,13-15 Today,
many attempts have been made to develop composite
finishing instruments that are suitable for all steps of
the trimming procedure. A set of highly flexible
polyurethane-based finishing and polishing discs coat-
ed with aluminum oxide particles are widely used.6 A
responsible diamond micropolisher disc, commercially
named PoGo, has been developed as a one-step polish-
ing system.15 Recently, OptraPol, which is a special mix-
ture of silicones, and the specific composition and dis-
tribution of an abrasive particle one-step polishing sys-
tem for resin composites, has been introduced. This is
known as a “one-step polishing system,” because con-
touring, finishing and polishing procedures can be com-
pleted using a single instrument.

This in vitro study evaluated the surface roughness
and microhardness of nanocomposites that contain
nanoparticles and a microhybrid composite finished
and polished with two different one-step polishing sys-
tems and a conventional multi-step polishing system.

METHODS AND MATERIALS

Five nanocomposites and a microhybrid composite were
used in this study. The resin composites that were eval-
uated include Filtek Supreme XT, Ceram X, Aelite
Aesthetic Enamel, Tetric EvoCeram, Grandio and
Filtek Z250. The properties of these materials are
shown in Table 1. The finishing and polishing systems
evaluated were PoGo, OptraPol and Sof-Lex Pop-On
discs. Table 2 shows the composition and manufactur-
ers of the polishing systems tested.

A total 240 specimens (40 specimens of each restora-
tive material) were fabricated using a plexiglass well
(10 mm in diameter and 2 mm thick) covered by a
Mylar strip (SS White Co, Philadelphia, PA, USA) and
pressed flat with a microscopic glass slide using six dif-
ferent composite materials. All the restorative materi-
als were cured according to the manufacturers’ instruc-
tions with a halogen curing light (Optilux 501, Kerr,
Corporation, Orange, CA, USA). The curing light was
placed perpendicular to the specimen’s surface at or less
than a distance of 1.0 mm. The curing light intensity
was measured at 620 mW/cm2 and monitored with a
light meter.

To reduce variability, all specimen preparation, finish-
ing and polishing procedures were performed by the
same operator. The specimens were examined for obvi-
ous voids, labeled on the bottom and randomly separat-
ed into four treatment groups (n=10). The mylar strip
groups were selected and others were wet ground with
1200 grit silicon carbide paper on a metallurgical fin-
ishing wheel to provide a baseline before using the pol-
ishing systems.
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Group I (control): Mylar strip (no application).

Group II (PoGo): Flat, broad surface of the PoGo dia-
mond micropolisher disc, first application with light
hand pressure using a planar motion for 30 seconds at
15,000 rpm using a slow speed handpiece.

Group III (OptraPol): The same procedures as in
Group 2 were performed to the OptraPol group.

Group IV (Sof-Lex): Sof-Lex Pop-On Discs at medium,
fine and super-fine grits were used for 30 seconds each
on the composite samples. After each polishing step, all
the specimens were thoroughly rinsed with water and
air dried before the next step, until final polishing.

Each disc and diamond or silicon polisher was dis-
carded after use. Following polishing, the specimens
were stored in deionized water for 24 hours. All the
specimens were equally subdivided for the surface
roughness and microhardness tests.

Surface Roughness Test

The surface roughness test was performed with a pro-
filometer (Perthometer M1 Mahr, Göttingen,
Germany). Three successive measurements in different
directions were recorded for all the specimens in each

group. Average surface roughness (Ra) values were
obtained.

Microhardness Test

The Vickers hardness number (VHN) was determined
using a microhardness test machine (Buehler, Lake
Bluff, IL, USA). Indentations were made with a 500-g
load applied for 15 seconds. Three indentations were
recorded at different points on each specimen, and the
microhardness value was obtained as the average of
these findings.

Statistical Analysis

The data were analyzed using the one-way ANOVA test
at a significance level of 0.05 for both the surface rough-
ness and microhardness tests. A multiple comparison
was performed with the Duncan Multiple Range test

RESULTS

The average surface roughness values and standard
deviation produced by the Mylar strips, Sof-Lex discs,
PoGo and OptraPol on six resin-based composites are
listed in Table 3 and Figure 1.

Polishing Composition Manufacturers
Systems

PoGo Diamond coated mico-polisher Dentsply/Caulk, Milford, DE, USA
(One-Step)

OptraPol Mixture of silicones Ivoclar-Vivadent, Schaan, Liechtenstein
(One-Step)

Sof-Lex Medium aluminum oxide disc (40 µm) 3M ESPE, St Paul, MN, USA
Pop-On Discs Fine aluminum oxide disc (24 µm)
(Multi-Step) Ultra-fine aluminum oxide disc (8 µm)

Table 2: The Composition and Manufacturer of the Polishing Systems Investigated

Restorative Material Shade Filler Filler Average Filler Manufacturer
Materials Category Volume (%) Weight (%) Filler Size Type

(µm)

Filtek nanocomposite A2 59.5 78.5 0.6-1.4 zirconia/silica 3M ESPE,
Supreme XT cluster St Paul, MN, USA

Ceram X nano-ceramic A2 57 76 1.1-1.5 barium aluminum Dentsply, DeTrey,
restorative borosilicate glass Konstanz, Germany

Aelite Aesthetic reinforced A2 54 70-75 0.04 glass frit BISCO, Inc,
Enamel nanofill amorphous silica Schaumburg, IL, 

composite USA

Tetric nanohybrid A2 68 82.5 0.5 barium glass, Ivoclar-Vivadent,
EvoCeram ytterbium- Schaan,

trifluoride, Liechtenstein
mixed oxide,
prepolymer

Grandio nanohybrid A2 71.4 87 0.02-0.06 glass-ceramic Voco, Cuxhaven, 
Germany

Filtek Z250 microhybrid A2 60 66 0.01-3.5 zirconia/ 3M ESPE,
silica St Paul, MN, USA

Table 1: Characteristics of Resin Composites Tested
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The mylar strip exhibited significantly lower rough-
ness values (smoothest surface) than the polishing sys-
tems (p<0.05). There were no statistically significant
differences between PoGo, OptraPol and Sof-Lex for the
Filtek Supreme XT, Ceram X, Aelite Aesthetic Enamel
and Grandio groups (p>0.05). In the Tetric EvoCeram
group, Sof-Lex showed significantly higher roughness
values than other polishing systems (p<0.05). On the
other hand, in the Filtek Z250 group, PoGo exhibited
significantly higher roughness values than OptraPol
(p<0.05), but it was not significantly different from Sof-
Lex (p>0.05).

For the Mylar strip groups,
Filtek Supreme XT showed the
lowest surface roughness values
compared to the other composites
but not a significant difference
from Filtek Z250. Tetric
EvoCeram showed the highest
surface roughness values com-
pared to the other composites but
not a significant difference from
Ceram X and Grandio.

For the PoGo groups, the rank-
ing for surface roughness values
from least to most were as follows:
Filtek Supreme XT = Ceram X =
Aelite Aesthetic Enamel = Filtek
Z250 < Tetric EvoCeram <
Grandio (p<0.05).

For the OptraPol polishing sys-
tems, the ranking for surface
roughness values from least to
most were as follows: Filtek
Supreme XT = Ceram X = Aelite
Aesthetic Enamel = Filtek Z250 <
Tetric EvoCeram = Grandio
(p<0.05).

For the Sof-Lex groups, the
ranking for surface roughness
values from least to most were:
Filtek Supreme XT = Ceram X =
Aelite Aesthetic Enamel = Filtek
Z250 < Grandio = Tetric
EvoCeram (p<0.05).

The average microhardness val-
ues and standard deviations pro-
duced by Mylar strips, Sof-Lex
discs, PoGo and OptraPol on six
resin-based composites are listed
in Table 4 and Figure 2. According
to the microhardness values, no
statistically significant differ-
ences were observed between the
polishing systems (PoGo,

OptraPol and Sof-Lex) for all composite groups
(p>0.05). However, the Mylar strip created surfaces
that exhibited statistically significant lower microhard-
ness values compared with all the polishing systems for
the six resin composites tested (p<0.05).

For the Mylar strip group, the ranking for microhard-
ness values from least to most were: Ceram X < Tetric
EvoCeram = Aelite Aesthetic Enamel < Filtek Supreme
XT < Filtek Z250 < Grandio (p<0.05).

For the PoGo and OptraPol groups, the ranking for
microhardness values from least to most were: Tetric

Figure 1. Mean surface roughness values for the resin composites tested.

Groups Finishing n Mean Values and
System Standard Deviations (±)

Filtek Supreme XT Mylar Strip 5 0.03 ± 0.01
PoGo 5 0.12 ± 0.06

OptraPol 5 0.12 ± 0.05
Sof-Lex 5 0.09 ± 0.03

Ceram X Mylar Strip 5 0.07 ± 0.00
PoGo 5 0.12 ± 0.02

OptraPol 5 0.12 ± 0.05
Sof-Lex 5 0.14 ± 0.01

Aelite Aesthetic Enamel Mylar Strip 5 0.06 ± 0.01
PoGo 5 0.13 ± 0.03

OptraPol 5 0.14 ± 0.04
Sof-Lex 5 0.14 ± 0.02

Tetric EvoCeram Mylar Strip 5 0.08 ± 0.01
PoGo 5 0.38 ± 0.04

OptraPol 5 0.36 ± 0.11
Sof-Lex 5 0.54 ± 0.12

Grandio Mylar Strip 5 0.07 ± 0.02
PoGo 5 0.55 ± 0.21

OptraPol 5 0.44 ± 0.17
Sof-Lex 5 0.43 ± 0.15

Filtek Z250 Mylar Strip 5 0.05 ± 0.00
PoGo 5 0.20 ± 0.02

OptraPol 5 0.16 ± 0.03
Sof-Lex 5 0.17 ± 0.02

Table 3: Mean Values and Standard Deviations of Groups for Surface Roughness (Ra)
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EvoCeram = Ceram X = Aelite Aesthetic Enamel <
Filtek Supreme XT < Filtek Z250 < Grandio (p<0.05).

For the Sof-Lex group, the ranking for microhardness
values from least to most were: Tetric EvoCeram =
Aelite Aesthetic Enamel = Ceram X < Filtek Supreme
XT < Filtek Z250 < Grandio (p<0.05).

DISCUSSION

In esthetic dentistry, the restorative material should
duplicate the appearance of the natural tooth. It is
clinically important to determine the finishing tech-
nique that will result in the smoothest surface using
minimum time and instruments.16

Composite surface roughness is
basically dictated by the size,
hardness and amount of filler, all
of which influence the mechani-
cal properties of the resin com-
posites, and by the flexibility of
the finishing material, hardness
of the abrasive and grit size.17-18

Fruits and others19 have report-
ed that three types of motion
may be equally critical to the
development of optimal surface
smoothness: A rotary motion (cir-
cular), a planar motion and a
reciprocating motion. In the cur-
rent study, a planar motion,
which is a rotational movement
with the axis of rotation of the
abrasive device perpendicular to
the surface being smoothed
(abrasive discs), was used for all
polishing systems.

In this and other studies,12,20-22

mylar strips formed the
smoothest surface in all the com-
posite groups tested. Although
the surface obtained with a
mylar strip is perfectly smooth, it
is rich in resin organic binder.
Therefore, removal of the outer-
most resin by finishing-polishing
procedures would tend to pro-
duce a harder, more wear resist-
ant and, hence, a more estheti-
cally stable surface.23 In this
study, a Mylar strip-created sur-
face exhibited statistically lower
microhardness values than all
polishing systems.

In dentistry, surface roughness
measurements are usually car-
ried out with the help of a pro-

filometer.24-27 In the current study, the profilometer
was used to determine surface roughness.
Arithmetical roughness average is the most common-
ly used parameter in the assessment of surface rough-
ness.7,28-29

Clinically, some functional adjustment is necessary
in almost all restorations. In this study, finishing was
carried out with 1200 grid silicon carbide paper under
running water to simulate diamond bur texture and
produce specimens without undulations.

Numerous studies have shown the ability of abra-
sive discs to produce smooth composite surfaces.6-7,30

On the other hand, aluminum oxide discs have limi-

Groups Finishing n Mean Values and
System Standard Deviations (±)

Filtek Supreme XT Mylar Strip 5 65.14 ± 0.40
PoGo 5 77.12 ± 3.81

OptraPol 5 77.31 ± 3.63
Sof-Lex 5 76.67 ± 2.98

Ceram X Mylar Strip 5 49.45 ± 2.01
PoGo 5 68.36 ± 1.15

OptraPol 5 68.51 ± 2.03
Sof-Lex 5 69.39 ± 1.11

Aelite Aesthetic Enamel Mylar Strip 5 56.86 ± 2.77
PoGo 5 69.63 ± 2.70

OptraPol 5 68.83 ± 0.57
Sof-Lex 5 68.12 ± 1.19

Tetric EvoCeram Mylar Strip 5 55.85 ± 1.56
PoGo 5 67.86 ± 3.33

OptraPol 5 66.20 ± 3.13
Sof-Lex 5 67.54 ± 1.51

Grandio Mylar Strip 5 97.59 ± 0.65
PoGo 5 106.34 ± 5.32

OptraPol 5 107.86 ± 5.07
Sof-Lex 5 109.96 ± 1.78

Filtek Z 250 Mylar Strip 5 78.76 ± 0.65
PoGo 5 89.73 ± 4.74

OptraPol 5 89.01 ± 1.94
Sof-Lex 5 87.24 ± 4.35

Table 4: Mean Values and Standard Deviations of Groups for Microhardness (VHN)

Figure 2. Mean microhardness values for the resin composites tested.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



49Korkmaz & Others: Influence of Polishing Systems on Roughness and Microhardness of Nanocomposites

tations, due to geometry. When using the discs, it is
often difficult to efficiently create, finish and anatom-
ically polish contoured surfaces, especially in the pos-
terior regions of the mouth.16

Weitman and Eames and Shintani and others31-32

have reported no appreciable difference in plaque
accumulation between surfaces polished by different
methods, which resulted in Ra values within the 0.7-
1.4 µm range. The highest mean Ra value for all com-
posite materials tested in the current study was 0.55
µm. All nanocomposites and microhybrid composites
produced acceptable Ra values for all the tested pol-
ishing systems.

It has been reported that, because of the variations
in filler particles and types of resin, it is important to
pair a resin composite with a matching polishing sys-
tem. Other factors affecting polishing results may
include the amount of pressure used, orientation of
the abrading surface and the amount of time spent
with each abrasive material.23 In the current study,
Sof-Lex showed significantly higher roughness values
than other polishing systems in the Tetric EvoCeram
group. This can be attributed to the fact that products
from different companies may not be compatible with
each other.

The finishing procedure, as performed in a clinical
setting, can also affect the physical properties of resin
composites.33-34 Examination of the removed composite
restorations suggest that physio-chemical stresses
resulted in the formation of microcracks, microvoids or
interfacial gaps at the interface between the filler and
matrix.35-36 It is important to note that these observa-
tions were not made on the effects of finishing proce-
dures on surfaces with Mylar finishing; instead, they
were observed on composite surfaces with the resin-
rich layer removed.

It has been suggested that the degree of polymeriza-
tion of resin composites effects the hardness of the
resin matrix. The greater the conversion rate of car-
bon double bonds, the higher the hardness value.37-38 In
the current study, in order to obtain adequate poly-
merization, all samples were polymerized according to
the manufacturers’ instructions using a halogen cur-
ing light.

The relative importance of a microhardness test
shows the fact that it gives information as to the
mechanical properties of the material.39 A positive cor-
relation has been determined between the hardness
and inorganic filler content of composites.40 Increased
organic filler levels result in increased hardness val-
ues.41 In this study, the nanohybrid composite
Grandio, which had the highest filler content (87% by
weight), showed significantly higher microhardness
than the other materials. No other significant differ-
ence in hardness was observed among the different

polishing systems tested in all the composite groups.
Composites with harder filler particles exhibited high-
er surface roughness; however, the bond of filler parti-
cles to the polymer matrix affects their hardness val-
ues.11

The results of this in vitro study correlate to clinical
situations where there are accessible and relatively
flat surfaces. Future laboratory studies should be con-
ducted to establish the efficiency of one-step polishing
systems on concave and convex surfaces.

CONCLUSIONS

Under the conditions of this in vitro study, the
smoothest surfaces were produced with Mylar strips in
all the restorative materials tested. There were no sta-
tistically significant differences between one- and
multi-step polishing systems in the Filtek Supreme XT,
Ceram X, Aelite Aesthetic Enamel and Grandio groups
for surface roughness. Sof-Lex exhibited higher rough-
ness values than one-step polishing systems in the
Tetric EvoCeram group.

Mylar strip-created surfaces showed statistically sig-
nificant lower microhardness values than polished sur-
faces. There were no statistical differences between
one- and multi-step polishing systems in terms of
microhardness. The nanohybrid composite Grandio
exhibited the highest microhardness values compared
to the other composites for all polishing systems tested.

Considering the reduced steps, application time and
the elimination of cross-infection risks, one-step polish-
ing systems may be preferred for polishing nanocom-
posite materials.

(Received 12 February 2007)
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