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Abstract

Background. Rough, poorly polished surfaces contribute to staining, plaque accumulation, gingival irritation and
recurrent caries. Finishing and polishing techniques are critical factors contributing to the longevity of the direct
composite resin restorations.

Objectives. The aim of this in vitro study was to evaluate the effects of finishing and polishing systems on surface
roughness of six nanocomposite restorative resins.

Material and Methods. Thirty specimens of each restorative material (n = 180) were placed in a teflon mould
(6 mm in diameter and 3 mm in depth) and cured with a LED curing unit. Six specimens from each of restorative
material were randomly assigned to four groups for finishing and polishing (carbide burs, diamond burs, alumin-
ium oxide discs, silicon rubber polisher) techniques. Mylar strip formed specimens were served as control group.
After finishing and polishing procedures surface roughness was evaluated by a profilometer. The data was analyzed
by 2-way analysis of variance and the Tukey HSD test (a = 0.05).

Results. Significant differences were found between the groups in terms roughness (p < 0.001). The control group
and aluminium oxide discs group had the lowest Ra values and were significantly different from other groups
(p < 0.001). The roughest surface was obtained with diamond burs followed by silicon rubbers and carbide burs.
Opverall, the smoothest surfaces were obtained with the use the complete sequence of aluminum oxide discs.
Conclusions. In areas that could not be reached by the aluminum oxide discs, the carbide burs produced satisfac-
tory surface smoothness for the nanocomposite restorative materials. Although mylar matrix strip formed surfaces
presents lower surface roughness values, recountouring and polishing of resin restorations are often required in
clinical situations. Aluminium oxide discs and carbide finishing burs are suitable for finishing and polishing pro-
cedures for nanocomposite restorative resins (Adv Clin Exp Med 2015, 24, 5, 881-890).
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The clinical use of composite resins has in-
creased substantially and they are recommend-
ed for restoring all cavity classes over the past few
years [45]. Various classification systems for resin
composites have developed through the years based
on particle size. The traditional system includes tra-
ditional, small particle, microfilled and hybrid fill-
er particles [24]. Nanotechnology is of great inter-
est for the development of dental materials. This is
particularly true for purpose-designed nano and

microstructures, which can be used to produce low
shrinkage dental composites with high wear resis-
tance and biocompatibility [2]. Nanotechnology is
known as the production and manipulation of mate-
rials and structures in the range of about 0.1-100 nm
by various physical and chemical methods [4, 40].
Nanofilled resin composites utilize nano-meter-
sized particles throughout the resin matrix [40].
Nanohybrids combine nanometer-sized parti-
cles with more conventional filler technology. Due



882

A. AVSAR, E. YUZBASIOGLU, D. SARAC

to the reduced dimension of the particles and to
a wide size distribution, an increased filler load can
be achieved with the consequence of reducing the
polymerization shrinkage and increasing the me-
chanical properties such as tensile strength, com-
pressive strength ad resistance to fracture [4]. Addi-
tionally, the small size of the filler particles improve
the optical properties of resin composites because
their diameter is a fraction of the wavelength of vis-
ible light (0.4-0.8 pm), resulting in the human’s eye
inability to detect the particles [25].

A smooth surface finish is clinically impor-
tant for composite resin restorations, as it deter-
mines the esthetics and longevity of the composite
resin restorations [11, 36, 45]. Finishing and pol-
ishing procedures which refer to gross contouring
of the restoration to obtain the desired anatomy,
to reduce and smooth the roughness and scratch-
es created by finishing instruments, are essential to
periodontal integrity, marginal integrity and wear
reduction [18, 34] Also highly polished surfaces
minimize the plaque accumulation, gingival irrita-
tion, poor esthetics, surface discoloration and sec-
ondary caries [36, 42]. However, it was stated that
it is difficult to achieve a highly polished surface of
composite resin restorations due to different hard-
nesses of resin matrix and filler particles of com-
posite resins [14, 31]. For composite resins, the
smoothest surfaces were produced when the ma-
terials were allowed to polymerize against a strip
matrix [45, 14, 43]. Despite careful placement of
the matrix, removing excess material and re-con-
touring restorations is often clinically necessary.
This requires some degree of finishing and pol-
ishing, which may alter the smoothness obtained
with a matrix [14, 43]. The flexibility of the back-
ing material in which the abrasive is embedded,
the hardness of the abrasive, and the grit size influ-
ence surface roughness (Ra) of resin restoration af-
ter finishing and polishing procedures [14, 19, 31].

Optical properties of the dental composite resins
were influenced by surface changes during restor-
ative procedures of finishing and polishing [19, 26].
Color change (AE) mathematically expresses the
amount of difference between the L*a*b* coor-
dinates of different specimens or the same speci-
men at different instances [9]. Various studies have
reported different thresholds of AE values above
which the color change is perceptible to the human
eye [10, 20, 22, 27, 30, 35, 37]. These values ranged
from AE equal to 1 [27], between 2 and 3 [35], great-
er than or equal to 3.3 [22, 30], and greater than or
equal to 3.7 [20]. Values of AE in the range of 2 to
3 were perceptible, and values from 3 to 8 were
moderately perceptible, and values above 8 were
markedly perceptible [37]. A AE value of 3.7 or less
is considered to be clinically acceptable by Johnston

and Kao [20]. In general, polished composite resins
tend to appear lighter, whiter, and less glossy than
the corresponding matrix covered surfaces [15].

The objective of the present study was to eval-
uate the effects of four different finishing/polish-
ing techniques on the surface roughness and color
differences of 3 nanohybrid and 3 nanofilled com-
posite resin restorative materials. The research hy-
pothesis was that significantly different Ra and AE
values would be found for different composite res-
ins and polishing/finishing techniques.

Material and Methods

The materials used in this study are list-
ed in Table 1. Thirty-two disc-shaped specimens
were prepared for each composite resin materi-
al (6 x 3 mm), for a total of 192 specimens, using
a plastic transparent mould with a hole in the cen-
ter (6 mm in diameter and 3 mm in height). The
mould was slightly overfilled with composite res-
in material, covered on each side with a strip ma-
trix and placed between two glass slides. A weight
of 2 kg was applied to extrude the excess materi-
al. Then the composite resin material was light po-
lymerized for 20s with a quartz tungsten halogen
polymerizing light (QTH) (Astralis 3; Ivoclar Viva-
dent) with an output of 600 mW/cm?. The speci-
mens were polymerized from the two sides. Fol-
lowing light curing, specimens were removed from
the mold and stored in distilled water at 37°C for
24 h. Specimens of each composite resin were di-
vided into 4 groups, each containing 8 specimens.

Before finishing and polishing procedures, the
first color measurements of the specimens were
made using a small area colorimeter (CR-300; Mi-
nolta, Osaka, Japan). Three colorimetric measure-
ments were made for each specimen and the mean
CIE L*a*b* values were recorded. In order to posi-
tion the tip of the colorimeter to the same area of
the specimens, a white custom-made mold made
of polytetrafluoroethylene was prepared. The col-
orimeter was calibrated according to manufactur-
er’s instructions, before each measurement period
using the white calibration cap (CR-A43, Minolta,
Osaka, Japan) supplied by the manufacturer.

After colorimetric evaluation, surface rough-
ness of the specimens was measured using a pro-
filometer (Mitutoyo Surf Test 402 Analyzer; Mi-
tutoyo Corp, Japan). To measure the roughness
profile value, the diamond stylus (5-um tip radi-
us) was moved across the surface under a constant
load of 3.9 mN. The instrument was calibrated us-
ing a standard reference specimen, then set to trav-
el at a speed of 0.1 mm/s with a range of 600 um
during testing. This procedure was repeated
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Table 1. Materials used in this study

Material Product Code | Batch number | Manufacturer

Nanohybrid composite resin Grandio G 502162 VOCO, Cuxhaven, Germany
Nanohybrid composite resin Ice I 041117 SDI, Victoria, Australia
Nanohybrid composite resin Smile S 76910 Pentron, Wallingford, CT, USA
Nanofill composite resin Aelite Enamel A 050005319 Bisco, Inc. Schaumburg, IL, USA
Nanofill composite resin Premise 014533 Kerr Corporation, CA, USA
Nanofill composite resin Filtek Supreme XT | F 5AR 3M ESPE, St Paul, Minn
12-fluted carbide finishing bur - c FG 7214F KG, Sorensen, Barueri, Brazil
30-fluted carbide finishing bur - c FG 9642FF KG, Sorensen, Barueri, Brazil
Fine diamond finishing bur - d 2135F KG, Sorensen, Barueri, Brazil
Extrafine diamond finishing bur - d 2135FF KG, Sorensen, Barueri, Brazil
Aluminum oxide abrasive discs Sof-Lex disk a H22742 3M ESPE, St Paul, MN, USA
Silicone rubber - s - Kerr Corporation, CA, USA

Table 2. Finishing and polishing procedures used in this
study

Group Finishing and polishing procedure

ct (control) | untreated

c first 12-fluted then 30-fluted carbide burs
were used

d first fine then extrafine diamond burs
were used

a medium grit (40 um), fine grit (24 um),

extra-fine grit (8 um) aluminum oxide
abrasive discs were used, respectively

s first pre-polisher (yellow), then high gloss
polisher (white) were used

3 times for all specimens and the average value was
considered to be the first Ra value.

Subsequently, the surfaces of the specimens
were grounded with a 1000 grit silicon carbide pa-
per (Carbimet; Buehler, Lake Bluff, Ill) in the ex-
perimental groups (Table 2). In Group C the spec-
imens were polished firstly with 12-fluted then
with 30-fluted carbide burs; Group D specimens
were polished with fine and extrafine diamond
burs; Group A specimens were polished sequen-
tially with medium grit (40 um), fine grit (24 um),
and extra-fine grit (8 um) aluminum oxide abra-
sive discs; and in Group S the specimens were pol-
ished firstly with pre-polisher (yellow), then with
high gloss polisher (white). To reduce variabili-
ty, specimen preparation, finishing and polishing

procedures were carried out by the same operator.
After each finishing and polishing step, specimens
were flushed with water and air dried before start-
ing the next step. At the completion of the finish-
ing and polishing procedure, specimens were ultra-
sonically cleaned (Eurosonic energy; Euronda SpA,
Vicenza, Italy) with distilled water and dried with
a blast of air for 30 s before the measurements. Di-
amond and carbide burs were used with a slow-
speed handpiece (NBBW-E; Nsk Nakanishi Inc.,
Tochigi, Japan) under water cooling for 15 s. The
aluminum oxide discs and silicone-based polish-
er points were used with a slow-speed hand piece
(NBBW-E; Nsk Nakanishi Inc., Tochigi, Japan) ro-
tating at approx. 20,000 rpm with water cooling
for 30 s. Each bur was applied using light pressure
in multiple directions. The aluminum oxide discs
and silicon-based polishers were changed after the
polishing of each sample, while the diamond and
carbide burs and carbide burs were changed every
three samples. Subsequently, the specimens were
stored in distilled water at 37°C for 24 h.

After finishing and polishing procedures the
second color measurements of the specimens were
made. The quantitative AE values between the first
and second measurements of the specimens were
calculated with the following formula [15, 22]:

AE = [(L*s - L*p)* + (a*s - a*p)* +
+(b*s - b*p)?]”

where (L*g - L*g), (a* r — a*g), and (b* g - b* f) are
the differences in AL*, Aa*,Ab* values, respective-
ly. F represents the first measurement and S repre-
sents the second measurement. The AE values were
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analyzed statistically by 2-way analysis of variance
(ANOVA) with the Tukey multiple comparison
tests (a = 0.05).

After colorimetric evaluation, the second Ra
values were obtained with the same procedures as
previously stated. The Ra mean difference (ARa)
for each specimen was obtained by subtract-
ing the mean first readings from the mean sec-
ond readings. Therefore, a positive mean differ-
ence in ARa obtained would represent an increase
in smoothness and the larger the value, the greater
the smoothness. The data was analyzed by 2-way
ANOVA followed by a Tukey multiple comparison
test (a = 0.05).

To evaluate the effect of polishing and finish-
ing techniques on the composite resin surfaces
at a microscopic level, an additional 5 specimens
were prepared using Aelite Enamel composite res-
in since this composite resin showed the high-
er different values among the subgroups in terms
of the polishing and finishing techniques. One of
the specimens served as control and had no treat-
ment. The surfaces of the 4 specimens were rough-
ened with a medium-grit diamond rotary cutting
instrument and polished with 1 of the 4 polish-
ing and finishing techniques as previously de-
scribed. Subsequently, these specimens were gold
sputtered with a sputter coater (S150B; Edwards,
Crawley, England) and examined under a field
emission scanning electron microscope (SEM)
(JSM-6335F; JEOL, Tokyo, Japan) at 15.0 kV. The

SEM photomicrographs were made with %500
magnification for visual inspection.

Results

The result of the 2-way ANOVA used to test
the surface roughness of the composite resins
showed that the type of composite resin, polish-
ing techniques, and their interactions were statis-
tically significant (p < 0.001) (Table 3). The mean
values and standard deviations for surface rough-
ness of composites finished and polished by differ-
ent methods are summarized in Table 4.

When the Ra values of the groups compared
according to the composite resin, it was seen that
significant differences were found between the
composite resins (p < 0.001). The significance was
found between the nanohybrid and the nanofilled
composite resins.

When the finishing and polishing techniques
were compared, there were no significant differ-
ences between the Groups Ct, C, A (p > 0.05).
The highest Ra values were obtained with the use
of diamond burs (p < 0.001). The control groups
for each composite resin showed lower Ra values
than the experimental groups and there were no
significant differences between the control groups
(p > 0.05).

The color change results showed that while
the polishing techniques affected the color change

Table 3. Two-way ANOVA results for comparison of surface roughness

Source of variation Sum of squares df Mean square F ratio Sig.
Composite resin 1.361 5 0.272 16.582 0.0002
Polishing technique 17.579 3 5.860 357.091 0.0001
Composite resin x polishing technique 0.206 15 0.014 0.837 0.636
Error 2.757 168 0.016

Total 73.716 192

Table 4. The mean surface roughness values and standard deviations of the groups

[ d a s
G 0.400 £ 0.07 a 1.120 £ 0.25 b 0.375+0.15a 0.406+ 0.11a
1 0.481+0.14a 1.045 £ 0.06 b 0.344 £ 0.16 a 0.504 +0.16 a
S 0.465+0.10a 1.153+£0.15b 0.320 £ 0.06 a 0.598 £ 0.06 a
A 0.279 £ 0.06 a 0.960 + 0.18 b 0.156 + 0.06 a 0.314+0.09 a
P 0.319+0.15a 1.009 £ 0.18 b 0.188 £ 0.08 a 0.341 £ 0.09 a
F 0.284+0.14a 0.923+0.13b 0.181 +0.04a 0.305+0.10 a

Groups with same letter are not significantly different (p > 0.05).




Roughness and Color of Nanocomposite Resins 885

Table 5. Two-way ANOVA results for comparison of color difference

Source of variation Sum of squares df Mean square F ratio Sig.
Composite resin 0.032 5 0.006 0.349 0.882
Polishing technique 14.452 3 4.817 264.617 0.0002
Composite resin x polishing technique 0.432 15 0.029 1.582 0.083
Error 3.058 168 0.018

Total 696.280 192

Table 6. The mean AE values and standard deviations of the groups

c d a s
G 1.855 £ 0.07 a 2.313+0.23b 1.641 £ 0.05a 1.711 £ 0.21 a
I 1.765 £ 0.08 a 2.329+£0.18b 1.676 £ 0.07 a 1.754 £ 0.21 a
S 1.836 £ 0.06 a 2.470 £ 0.08 b 1.616 £ 0.09 a 1.684 £0.11 a
A 1.758 £ 0.06 a 2.408 +0.18 b 1.605 £ 0.06 a 1.744 £ 0.20 a
P 1.733 £0.07 a 2.279+0.13b 1.678 £0.09 a 1.829 £0.20 a
F 1.784 £ 0.09 a 2276 £0.13 b 1.628 £+ 0.83 a 1.741 £0.18 a

Groups with same letter are not significantly different (p > 0.05).

TUBITAK SEI 10.0kV X100 100pm W

Fig. 1a. SEM micrographs of control specimen
(no treatment). Original magnification x100

(p < 0.001), the type of the composite resin did
not effect on the color change of the specimens
(p > 0.05). The results of the statistical analysis are
presented in Table 5 and the mean AE values are
presented in Table 6. Diamond burs showed the
highest AE values.

When the SEM photomicrographs were ex-
amined, it was seen that the smoothest surface
was obtained with control specimen that had no
surface treatment (Fig. la, 1b). The experimental
specimens showed rougher surfaces when com-
pared with the control (Fig. 2-5). Diamond burs
created the roughest surface among the finishing
and polishing techniques (Fig. 3a, 3b).

TUBITAK SEI 100KV X500  10pm V)

Fig. 1b. SEM micrographs of control specimen
(no treatment). Original magnification x500

Discussion

The hypothesis of this study was that the dif-
ferent polishing and finishing techniques and the
type of the nanocomposite resin affect the surface
roughness. The results of this study support the
research hypothesis. Significant differences were
found in Ra values among the groups (p < 0.001).
Surface roughness of the restorations is an impor-
tant factor for bacterial adhesion. It was reported
that a further reduction in Ra below a threshold
level of 0.2 um had no effect on supra and sub-
gingival microbiological adhesion or coloniza-
tion [23]. The composite materials tested in the
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TUBITAK

Fig. 2a. SEM micrographs of the specimen treated with
carbide burs. Original magnification x100

TUBITAK

Fig. 3a. SEM micrographs of the specimen treated with
diamond burs. Original magnification x100

present study produced Ra values below or near
to 0.2 pm before and after finishing and polishing
techniques, except the use of diamond burs.
Previous studies have shown that the smooth-
est obtainable surface of composite resin restora-
tions is achieved by polymerizing the material in
direct contact with a smooth polyester matrix sur-
face [1, 29, 32, 45]. In the present study, the Ra val-
ues of the control specimens for all composite res-
ins which were polymerized in direct contact with
polyester matrix surface were found to be lower
than the other groups polished with different pol-
ishing techniques. Although the control groups for
each restorative material has the lowest Ra values,
the surfaces produced were not perfect (Ra val-
ue = 0). This was because the surfaces produced
were only as good as the matrix strip itself any sur-
face imperfections present in the matrix will be
reproduced in the surface of the specimens [5].
In this present study, as well as in others[17, 28, 44],
mylar matrix strip formed the smoothest surface.

TUBITAK S 0.0kV 10pm

Fig. 2b. SEM micrographs of the specimen treated with
carbide burs. Original magnification x500

TUBITAK

Fig. 3b. SEM micrographs of the specimen treated with
diamond burs. Original magnification x500

Nevertheless, resin-rich surface layer needs to be
eliminated; thus, finishing is indispensable [16].

For recountouring restorations or removing
excess material some abrasive instruments such
as flexible discs, finishing burs and etc. are used.
Ryba et al. [34] noted that aluminum oxide discs
provided a smoother surface than rubber polish-
ers. Numerous studies indicate that flexible alumi-
num oxide discs produce smoother surfaces than
diamond finishing burs, tungsten carbide burs,
mounted stones and rubber points when used with
polishing pastes [16, 44].

In the present study, aluminum oxide discs cre-
ated smoother surfaces than the other finishing and
polishing techniques. In a similar study it was re-
ported that after polyester matrix group, the lowest
Ra values were obtained with the aluminum oxide
abrasive disc group and the highest Ra values were
obtained with the use of polishing wheels [32].
To be an effective composite finishing system,
the cutting particles (abrasive) must be relatively
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TUBITAK SEI 10.0kV X100 100pm WY

Fig. 4a. SEM micrographs of the specimen treated with
aluminum oxide abrasive discs. Original magnifica-
tion x100

TUBITAK

Fig. 5a. SEM micrographs of the specimen treated with
polishers. Original magnification x100

harder than the filler materials [3]. Otherwise, the
polishing agent will only remove the soft resin ma-
trix and leave the filler particle protruding from the
surface [7]. According to Weinstein, by systemat-
ically decreasing the particle size of the abrasive,
a superior surface can be achieved. The grit in the
polishing material should be smaller than the parti-
cle size of the restorative material that is being pol-
ished in order to produce better results [41].

An earlier study showed that aluminum ox-
ide disc’s capability of producing smooth surfac-
es was related to their ability to cut the filler par-
ticle and matrix equally [39]. According to Tate
and Powers, the aluminum-oxide discs appear to
finish the materials without dislodging the glass
particles [38]. The aluminum oxide discs have
been shown to produce better surface smooth-
ness because they do not displace the composite
fillers [6, 26].

In the present study, diamond and carbide
burs showed higher Ra values than the other

TUBITAK

Fig. 4b. SEM micrographs of the specimen treated with
aluminum oxide abrasive discs. Original magnifica-
tion x500

TUBITAK

Fig. 5b. SEM micrographs of the specimen treated with
polishers. Original magnification x500

groups. These instruments are necessary for con-
touring anatomically structured and concave sur-
faces such as the lingual surface of anterior teeth
or the occlusal surfaces of posterior teeth [6, 26].
Jung suggested that finishing diamonds were best
suited for gross removal and contouring because of
their high cutting efficiency of composite surface,
while carbide finishing burs would be best suited
for smoothing and finishing as a result of their low
cutting efficiency. With hybrid composites, finish-
ing diamonds have been shown to produce rough
surfaces compared with those produced by carbide
burs [21]. Another study also found that finishing
diamonds were more efficient in removing materi-
al from the composite surface, although they tend-
ed to leave a more irregular surface when compared
with a finishing carbide bur [13]. Moreover, stud-
ies have reported that using finishing burs alone
provided a rough composite surface [8] and the lit-
erature [12] shows that diamond burs are respon-
sible for the highest surface roughness. Although
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diamond burs allow the elimination of materi-
al excesses especially in regions with difficult ac-
cess, they produce a relatively rough surface [12].
According to the authors, if diamond burs are used,
the material surface roughness should be reduced
or eliminated. In the present study, the diamond
bur groups showed the highest surface roughness
and this situation was confirmed by SEM photo-
micrographs (Fig. 1-5).

The use of tungsten carbide finishing burs cre-
ated smoother surfaces and showed the lower Ra
values than diamond burs in the study. This re-
sult showed that they are not effective to produce
smooth surface for resin restorations. Tungsten
carbide finishing burs are only recommended for
trimming restorations that require only little or
no excess removal and contouring, because they
are ineffective when a high cutting efficiency is
required [21].

Polishability of a resin composite is affected by
the filler particle size. Generally, the smaller the av-
erage particle size, the easier it will be to polish the
resin. The filler content of the composite also af-
fects its roughness, as microfilled composites show
smoother surfaces than hybrid composites [33].
In the present study, the composite resins showed
significantly different surface roughness, especially
nanofilled composite resins showed smoother sur-
faces than nanohybrid composite resins. As it was
stated before nanofilled composite resins contain
fillers with size ranging from around 5-100 nm,
and the particle size are similar [4, 40]. However,
nanohybrid composite resins contain fillers with
different particle size, but the majority of the fillers
are nanoparticles. For this reason nanofilled com-
posite resin groups showed smoother surfaces than
nanohybrid composite resin groups.

When the results were investigated in terms
of color difference, it was seen that no statistically
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