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ABSTRACT

Purpose: The aim of this study was to evaluate the effects of finishing
and polishing (F/P) techniques on resin restorative materials’ surface
roughness and microhardness.

Materials and methods: A total of 168 specimens were prepared using
compomer, resin composite, and giomer, and subjected to F/P and F/P
was performed using Sof-Lex Discs, Sof-Lex Spiral Wheels, and
Enamel Plus Shiny. No F/P was performed in the control group. Surface
roughness and microhardness were measured. Data were analyzed
using one-way ANOVA, two independent samples t-test, and Kruskal-
Wallis test. The correlations between parameters was investigated using
Pearson’s correlation test (p<<0.05).

Results: Enamel Plus Shiny and the control group were not
significantly different in terms of surface roughness. For Sof-Lex Disc,
Dyract XP resulted in a significantly higher surface roughness. For Sof-
Lex Spiral Wheels, Filtek™ Bulk Fill resulted in a statistically
significant lower surface roughness (p<0.05). In terms of
microhardness, Beautifil 1l resulted in a significantly higher
microhardness in the Sof-Lex Disc group (p<0.05). In the control group,
Dyract XP resulted in a significantly lower microhardness compared to
Filtek™ Bulk Fill and Beautifil 1. Sof-Lex Spiral Wheels and Enamel
Plus Shiny had statistically different microhardness results. Surface
roughness and microhardness values were positively correlated for
Filtek™ Bulk Fill and negatively correlated for Dyract XP and Beautifil
.

Conclusions: Proper F/P procedures are essential for aesthetics and
longevity of restorations. Within the limits of our study, it has been
concluded that the effects of the F/P process depend on both the
material and technique used for finishing and polishing, and the
restorative material.

Keywords: Dental finishing, dental polishing, dentistry, operative,
dental materials.
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Effect of Finishing and Polishing on Surface Propeties

INTRODUCTION
The surface characteristics of resin composite
restoratives are defined as one of the most
prominent factors determining the clinical
success.r® The presence of surface irregularities
can influence appearance, plaque accumulation,
surface discoloration, gingival inflammation,
discomfort, and treatment outcomes, including
mechanical weakness and aesthetic properties.?

Proper finishing of restorations is desirable
not only for aesthetic considerations but also for
oral health.»#58 Finishing and polishing are
required to improve both surface roughness and
microhardness for a successful restoration.*>#1°

Resin restorative materials are affected by the
flexibility of finishing and polishing materials, as
well as the hardness and size of the abrasive
particles.’™® Abrasive polishing discs are usually
produced by covering a polymer or plastic surface
with aluminum oxide particles.581%4 Polishing is
performed using thick-grained followed by finer-
grained discs.2® Abrasive-impregnated polishing
brushes are available in different shapes (pointed,
wheel-shaped, cup-shaped) and with polymer
strings, so that they can effectively reach fissures
and interproximal regions.® The effectiveness of
pastes containing diamond and aluminum oxide for
polishing resin materials have been indicated in
studies.®1® Using pastes can vyield results very
similar to the natural appearance of the teeth and
increases the surface roughness.®

Increased microhardness can improve the
fracture toughness and wear resistance of the
restoration'®!’, and prevents the deformation under
various forces.*® Filler particle size and ratio of the
particles within the material affect the
microhardness of a restorative material. 121719

There is no consensus regarding which
polishing and finishing system is more
effective.*%?° Furthermore, there are only a few
studies that evaluate the correlation of surface
roughness and microhardness?-%, and the existing
studies have not definitively concluded whether the
change in surface properties occur due to the
finishing and polishing techniques and/or the
characteristics of the material 12222

Hence, the aim of this study was to evaluate
the effects of various finishing and polishing
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techniques on the surface roughness and
microhardness of the resin restorative materials
used in pediatric dentistry.

The null hypothesis was “Ho: Various
finishing and polishing techniques do not affect the
surface roughness and microhardness of the resin
restorative materials used in pediatric dentistry”.
MATERIALS AND METHODS
Before starting the study, power analysis was
performed to determine the required sample size
for a maximum error of 20%, 5% type 1 error and
95% power for roughness and microhardness
assessments, and at least 7 discs were required. All
specimens were prepared and finished by the same
researcher strictly following the manufacturer's
instructions to reduce variability.

A total of 168 samples were prepared
according to the manufacturer’s instructions using
standard plexiglass molds (5-mm diameter, 2-mm-
thick) using three resin restorative materials. A2-
shade resin restorative materials were shown in
Table 1. Mylar strips (SNA, Universal Strips,
Germany) were placed and lightly pressed against
the specimens using 1 mm-thick glass slides on
both surfaces to prevent air bubble formation and
to obtain a leveled surface.



Giil Aydin E, et al.

Table 1. The resin restorative materials.

Weight/
Materials Contents Type 9f Volgme of Par'tlcle Color Producing
Material Filler Size Company
Particles
Urethan dimethacrylate
(UDMA), Dimethacrylate
modified carboxylic acid
(TCB resin), camphorquinone,
Ethyl-4-dimethylamino
Dentsply/De
benzoate, butyl hydroxy 0 o Average:
Dyract XP toluene (BHT), UV stabilizer, Compomer %73/ %47 0.8 um A2 Trey Konstanz,
. . . Germany
Strontium-alumino-sodium-
phosphorus Silicate glass,
silicon dioxide, strontium
ureide, iron oxide and titanium
oxide pigments
. Bis-GMA, UDMA, 1,12- . 0 i 3 M ESPE
Bulk W dodecan-DMA, BisEMA, Composite  wsoaol X0 A2 GmbH Seefeld,
Zirconia and Silica fillers e K USA
Bis-GMA (bisphenol A
glycidyl ether dimethacrylate),
Beautifil TEGDMA (triethylene glycol . %83.3/ i Shofu Inc.
1 dimethyacrylate), Giomer %68.6 0.01-5um A2 Kyoto,

Aluminofloro borosilicate
glass, camphorquinone

The light density of the LED light-curing unit (3M
ESPE Elipar S10 1790 mW/cm?) was measured
using a radiometer (HILUX Curing Light Meter,
Benlioglu;  Ankara, Turkey) before each
polymerization to confirm that the device had the
required light intensity. After polymerization, all
Table 2. The finishing and polishing techniques.

samples were stored in distilled water at 37 °C for
24 hours.

7 specimens from each group were allocated
as controls and received no finishing and polishing
technique. The finishing and polishing techniques
used in the study are presented in Table 2.

Finishing and Polishing
Techniques

Composition

Producing Company

Tungsten Carbide Burs

Sof-Lex® Disc
Sof-Lex Spiral Wheels ; .
aluminum oxide
Enamel Plus Shiny

Shiny A goat hairbrush

Shiny B goat hairbrush

Shiny C

12-bladed tungsten carbide bur

Aluminum oxide-coated abrasive discs

Abrasive wheels that are impregnated with

Abrasives containing 1-micron diamond paste +

Carbide Burs, Kerr

3M ESPE, St. Paul, MN,
USA
3M ESPE, St. Paul, MN,
USA

Abrasives containing 3-micron diamond paste +

Micerium S., Avegno, Italy

Aluminum oxide paste + the felt brush

For the experimental groups, the specimens were
finished using a high-speed handpiece under water-
cooling and tungsten carbide burs, all in the same
direction parallel to the surface. Subsequently, the
samples were randomly divided into groups of 7,
treated with three different polishing techniques
according to the manufacturer’s instructions.
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Low-speed handpiece at 20000 rpm was used
for finishing and polishing procedure and each
finishing and polishing material was replaced after
one use.

Discs (Sof-Lex® Disc, 3M ESPE, St. Paul, MN,
USA), spiral wheels (Sof-Lex Spiral Wheels) or
brushes (Enamel Plus Shiny, Micerium S., Avegno,
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Italy) used for polishing were applied with the same
pressure according to the manufacturer's instructions.
Moreover, for standardization, all finishing and
polishing agents were applied for 15 seconds, after
which each sample was washed with air-water spray
for 10 seconds and dried for 5 seconds.

Surface roughness was measured with a
profilometer (Perthometer M2 Profilometer, Mahr,
Germany). Three measurements from different
sites were made for each specimen, and the average
value (Ra) was used for statistical analysis.

Vickers microhardness number (VHN) was
evaluated using a microhardness  tester
(Zwick/Roell ZHV 10, Germany). During Vickers
hardness measurement, a 200 g load was applied
for 17 seconds. Three measurements from
different sites were made for each specimen, and
microhardness was calculated accordingly.

The Kolmogorov-Smirnov goodness-of-fit
test was used to decide which hypothesis testing
would be used for each obtained data set. Surface
roughness values of the resin composite restorative
materials were normally distributed; thus, the
independent samples t-test was used. The one-way
ANOVA (Analysis of Variance) test was used for
intergroup comparison. The Kruskal-Wallis Test
was used for to compare the groups in terms of
microhardness (p<0.05). The data conformed to
normal distribution was normally distributed,
therefore, Pearson’s correlation test was used to
investigate any correlations between the different
finishing and polishing techniques and the surface
roughness and microhardness values of the applied
resin restoratives materials (p<0.05).

RESULTS
The means and standard deviations of surface
roughness (Ra: um) are listed in Table 3.

Table 3. The means and standard deviations Surface Roughness Values of Resin Composite Restorative Materials
According to Finishing and Polishing Techniques (Ra: um) (mean = SD)

Finishing and Polishing

Techniques n Dyract XP Filtek™ Bulk Fill Beautifil 11
Control Group 7 0.062 (£0.015) A2 0.067 (+0.012) A 0.056 (+0.012) A
Sof-Lex Disc 7 0.279 (£0.167) B2 0.123 (£0.025) B 0.244 (£0.085) PAB
Sof-Lex Spiral Wheels 7 0.210 (£0.072) B2 0.135 (£0.031) ©B 0.236 (£0.048) A
Enamel Plus Shiny 7 0.161 (x0.66) B2 0.131 (£0.032) A 0.193 (£0.045) b4

p<0.05

Different lower-case letters in the same column
indicate a significant difference.

Different upper-case letters in the same row
indicate a significant difference.

The surface roughness obtained after using
Sof-Lex Disc was significantly higher for Dyract
XP compared to Filtek™ Bulk Fill (p<0.05). In the
Sof-Lex Disc group, surface roughness result of
Beautifil 11 was not significantly different than the
remaining two materials. The surface roughness
obtained after using Sof-Lex Spiral Wheels was
significantly lower for Filtek™ Bulk Fill than the
remaining two materials (p<0.05). It was
determined that the control and Enamel Plus Shiny
group displayed the lowest surface roughness
values on the restorative materials used in this
study and there was no statistically difference
between the two.
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Microhardness values of the resin restorative
materials according to the used finishing and
polishing techniques are presented in Table 4.
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Table 4. The Microhardness Values of the Resin Restorative Materials According to the
Finishing and Polishing Methods (VHN) (Mean + SD).
Finishing and Polishing Techniques n Dyract XP Filtek™ Bulk Fill Beautifil 11
Control Group 7 84.2%A (+2.041) 92.1%8 (+0.187) 97.4% (+£5.521)
Sof-Lex Disc 7 126.7°A (£4.036) 137.4%4 (£11.024) 188.1°8 (£16.448)
Sof-Lex Spiral Wheels 7 147.5% (£3.155) 138.7°8 (£4.091) 173.2°C (£14.790)
Enamel Plus Shiny 7 143.5%4 (£7.939) 104.8° (£7.904) 203.3°¢ (£3.987)

p<0.05

Different lower-case letters in the same column
indicate a significant difference.
Different upper-case letters in the same row
indicate a significant difference.
In the control group, the microhardness value of
Dyract XP was significantly lower compared to
Filtek™ Bulk Fill and Beautifil 1l (p<0.05). In the
Sof-Lex Disc group, the microhardness value of
Beautifil 11 was significantly higher compared to
the remaining two materials (p<0.05). In the Sof-
Lex Spiral and Enamel Plus Shiny groups, the
resulting microhardness values of the different
resin restorative materials were significantly
different (p<0.05) and were in the following order:
Beautifil 11> Dyract XP> Filtek™ Bulk Fill.
Correlation analysis results of surface
roughness and microhardness values are presented
in Figure 1.

The Distribution of the Correlation Values of Surface Roughness and Microhardness
Measurements
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Figure 1. The distribution of correlation values between the surface
roughness and microhardness values of the resin restorative materials
according to the finishing and polishing techniques.

Surface roughness and microhardness values
were positively correlated for Filtek™ Bulk Fill
and negatively correlated for Dyract XP and
Beautifil I1.

DISCUSSION

In clinical practice, the finishing of resin restorative
materials under a Mylar strip results in the lowest
surface roughness.24812142224 The jnijtial surface
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obtained by using a Mylar strip is an unstable and
resin free surface, rich in organic matrix and
monomers.2® Therefore, this layer should be
removed through finishing and polishing
prOCEdure.l4'20’22'25’26

In our study, the control group had the
smoothest surface and significantly lower surface
roughness compared to the Sof-Lex Disc and Sof-
Lex Spiral Wheels groups (p<0.05). However, the
control and Enamel Plus Shiny groups were not
statistically significantly different. For dental
Mmaterials, surface roughness below 0,2 pm
significantly reduced the possibility of bacterial
adhesion.?” Thus, it is recommended that the Ra
values should be lower than 0.2 um to prevent
bacteria accumulation in the mouth.?2728 It should
be noted that surface roughness in the Enamel Plus
Shiny group was below the indicated threshold.

In the Sof-Lex Disc and Sof-Lex Spiral
Wheels groups, the surface roughness of Dyract XP
was significantly higher (Ra: 0.279 pm, 0.210 pm)
compared to Filtek™ Bulk Fill (Ra: 0.123 um,
0.135 um). Ryba et al.?® indicated that resins with
larger particles result in rougher surfaces after
finishing and polishing. When the ratio of the
organic matrix is smaller than filler particles, it is
easier for the particles to come loose. Hence, resins
with smaller particles are easier to polish.*
Considering the particle sizes of Dyract XP (0.8
um) and Filtek™ Bulk Fill (0.01- 4.5 pm), our
results are consistent with the notion that surface
roughness is associated with the size of filler
particles.

In the Sof-Lex Disc group, surface roughness
was statistically different between Filtek™ Bulk
Fill and Dyract XP. However, surface roughness
was not statistically different between Beautifil 11
and the other two materials. This finding could be



Effect of Finishing and Polishing on Surface Propeties

ascribed to the shape and abrasive properties of the
finishing and polishing techniques and the size of
the filler particles of the restorative materials.

Sof-Lex Spiral Wheels used with Filtek™
Bulk Fill had a statistically significantly smoother
(p<0.05) surface compared to the other techniques.
The content and size of the filler particles of the
resin restorative materials play an important role in
the success of the finishing/polishing and longevity
of the restoration.®

The evaluation of the effectiveness of the
finishing/polishing  techniques  require  the
definition of the surface roughness, and
determining the microhardness values using
surface hardness tests, which is one of the most
important factors that determine the clinical
application and success of the material>>18192L |t js
also reported that when resin composite materials
are polymerized using a transparent band under
pressure, the ratio of particles decreases and the
ratio of the resin increases on the surface, thus
reducing microhardness.?! Therefore, finishing and
polishing techniques are critical and should be
applied to improve the chemical stability of the
material, the mechanical surface properties, and to
remove the resin-rich surface layer.?0:21.2

Every restorative material has a different
microhardness value as the chemical composition
and filler content affect physical properties.?131718
The materials with higher filler content have higher
microhardness values.?”° The filler weight ratios
of the used restorative materials were as follows:
83.3% for Beautifil Il, 73% for Dyract XP, and
64,5% for Filtek™ Bulk Fill 3233

In the control group, the microhardness of
Dyract XP (84.2 VHN) was significantly lower
(p<0.05) than Filtek™ Bulk Fill (92.1 VHN) and
Beautifil 11 (97.4 VHN). We ascribe this result to
the differences in the polymer matrix, rather than
particle content and amount.

In the Sof-Lex Disc group, the microhardness
of Beautifil 1l (188.1 VHN) was significantly
higher than the other two materials (p<0.05). We
ascribe this difference to the relatively higher filler
content of the Beautifil Il. Indeed, the literature
indicates that microhardness is positively
correlated with the filler content of the material.*"3
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In the Sof-Lex Spiral group, the
microhardness of the three resin restorative
materials were significantly different and in the
following order: Beautifil 11> Dyract XP> Filtek™
Bulk Fill. This result could be explained by the
filler content of the materials. The literature
indicates that resin composite materials with a
higher filler content have higher hardness values
compared to the resin materials without fillers.*

In the Enamel Plus Shiny group, the
microhardness of the three resin restorative
materials were significantly different and in the
following order: Beautifil 11> Dyract XP> Filtek™.
Enamel Plus Shiny contains aluminum oxide
particles together with diamond particles as
abrasives. The filler content of the Filtek™ Bulk
Fill is lower than the other two materials, and the
diamond particles are more abrasive than
aluminum oxide particles. Consequently, more
filler particles were removed from the surface of
the Filtek™ Bulk Fill, and thus surface
microhardness was lower.

There are heterogeneous components that
influence the surface roughness and microhardness
values of resin composite materials.'’'®* However,
it is accepted that finishing/polishing techniques
are effective in improving surface hardness.>?

The in vitro studies have concluded that
surface roughness and microhardness properties of
restorative materials were correlated.?® Tjan and
Chan.Z indicated that there was a direct correlation
between surface roughness and microhardness and
that the highest surface roughness values were
found together with the highest microhardness
values. Erdemir et al.?? reported that the high
surface roughness values were associated with high
microhardness values in tooth-colored restorative
materials.

The microhardness evaluation should be done
on a smooth surface.?* Even though we found that
the surfaces that were finished with the Mylar Strip
(i.e. the control group) had the smoothest surfaces,
this layer must be removed since due to poor
surface properties and higher organic content.

According to the results of the present study,
there was a positive correlation between the surface
roughness and the microhardness values of
Filtek™ Bulk Fill after finishing and polishing. In
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contrast, this correlation was negative for Dyract
XP and Beautifil Il. Our results are consistent with
the literature. 202!

The positive correlation determined for
Filtek™ Bulk Fill indicates that the final obtained
surface is smoother due to the smaller size of the
filler particles within the material and that the
microhardness values are lower because the filling
content is lower.

The purpose of finishing and polishing is to
obtain a more resistant and stable surface from the
resin materials. However, this is not always
possible due to the resin composite materials’
different filler particles, particle sizes, and different
hardness values associated with filler particles and
the matrix, as was observed in the present study.
CONCLUSIONS
Our null hypothesis “Ho” was rejected as all resin
restorative materials yielded different results for
different finishing and polishing techniques due to
their specific physical and mechanical properties.
In this context, it is not possible to say that a
finishing and polishing technique that yields the
best surface properties for a specific material may
do so when applied to a different material. It seems
that the ideal finishing and polishing techniques
should be chosen according to the properties of
resin restorative materials. Bulk fill composite
resins eliminate incremental technique and reduce
chair time in children, and when used with Enamel
Plus Shiny, the resulting smooth surface properties
will be useful in terms of pediatric dentistry in the
clinical setting.
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Hangi Bitirme Ve Parlatma Teknigi Yiizey

Piiriizliiliigii Ve Mikrosertlik Icin Daha Efektiftir?
0z
Amag: Bitirme ve parlatma (F/P) tekniklerinin kompozit
rezin restorasyon materyallerinin yiizey puiriizliiliigii ve
mikro sertligi iizerindeki etkilerini degerlendirilerek
materyal icin en ideal yiizey ozelligi olusturan bitirme
ve parlatma tekniginin arastiriimasidir. Gereg ve

Yontemler: Pleksiglas kalpplar kullanilarak 168 ornek
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hazirlamak i¢in kompomer, kompozit rezin ve giomer
kullanildi ve ornekler F/P tekniklerine tabi tutuldu.
Kontrol Grubunda F/P yapilmadi. F/P icin; Sof-Lex
Disk; Sof-LexTM Spiral Lastikler ve Enamel Plus Shiny
kullanildi. Yiizey piiriizliiliigii ve mikro sertlik degerleri
ol¢iildii. Veriler tek yonlii ANOVA, iki bagimsiz érnek t-
testi, Kruskal Wallis kullanilarak analiz edildi ve iki
korelasyon Pearson

parametre  arasindaki

korelasyon testi kullanildi (p<0,05). Bulgular: Elde

icin

edilen veriler dogrultusunda yiizey piiriizliiliik degerler
karsilastirildiginda; Enamel Plus Shiny ile kontrol
grubu arasinda istatistiksel olarak anlamli  fark
bulgulanmad:. Sof-Lex Disk kullanildiginda Dyract XP
grubunda, yiizey piiriizliiliigiiniin anlaml derecede daha
viiksek oldugu tespit edildi (p<0,05). Sof-Lex Spiral
Lastikler  kullamildiginda, FiltekTM  Bulk  Fill’in
istatistiksel olarak anlamli derecede daha diisiik yiizey
puiriizliiliigii degeri gosterdigi bulgulandr (p <0,05).
Mikrosertlik  degerlerinde  ise  Sof-Lex  Disk
kullanildiginda;  Beautifil Il ye ait mikrosertlik
degerlerinin anlamli olarak daha yiiksek oldugu tespit
edildi (p <0,05), kontrol grubu i¢in ise Dyract XP nin,
FiltekTM Bulk Fill ve Beautifil Il ile karsilastiridiginda
mikrosertlik degerinin en diisiik deger gosterdigi
bulgulandi. Sof-Lex Spiral Lastikler ve Enamel Plus
Shiny

degerleri

icin, restoratif materyallerin  mikrosertlik

arasinda  istatistiksel  olarak  anlamh
farkhiliklar gozlenmistiv. Yiizey piiriizliliigii ve mikro
sertlik arasindaki korelasyon ise; FiltekTM Bulk Fill
materyalinde pozitif korelasyona sahipken; Dyract XP
ve Beautifil 11 materyallerinde negatif korelasyona
sahiptir. Sonuclar: Uygun F/P prosediirleri, restoratif
materyaller icin estetik ve uzun omirliiliigii arttiran
gerekli adimlardir. Caliymamizin sinirlart dahilinde, en
ideal bitirme ve parlatma tekniginin kullanilan rezin
icerikli restoratif materyalin ozelliklerine bagh olarak
degiskenlik gosterdigi, F/P tekniklerinin etkilerinin hem
bitirme ve parlatma teknigine hem de restoratif
materyale bagh oldugu sonucuna varinmigtir. Anahtar
Kelimeler: Dis parlatma, dental materyaller, bitirme ve
parlatma materyalleri.
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