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ABSTRACT

Objective: The aim of this study was to evaluate the effects of different
types of finishing and polishing systems on the surface roughness of
indirect composite resins.

Materials and Methods: In this study, 2 indirect composite resins (Gradia
Plus (GC Inc., Kyoto, Japan, and Ceramage, SHOFU Inc., Kyoto, Japan) and
2 direct composite resins (Filtekz250, 3M ESPE, St. Paul, USA and
GradioSO, VOCO GmbH, Cuxhaven, Germany) were used. A total of 144
discs specimens were prepared. The specimens were randomly divided
into 3 subgroups (n=12). Group K: Mylar Strip Band (Control), Group L:
Silicone Polisher (Nais, Sofia, Bulgaria), Group D: Super Snap disc (SHOFU,
Kyoto, Japan) polishing systems were used. The surface roughness of the
specimens was measured using a profilometer (Surftest-211, Kanagawa,
Japan). The data were analyzed statistically (p<0.05).

Results: The Mylar strip band surface (control) was measured as the
smoothest surface in all groups. While the roughest surface measured was
polishing with silicone polishers. (p<0.05). While there is no significant
statistical difference between the Mylar strip band and yellow rubber
polishing system in all materials, a significant difference was found in the
Super Snap polishing disc system between Filtek Z250 and Ceramage
material (p=0.002).

Conclusions: In this study, both the polishing systems used and the
materials used had an effect on the surface roughness of indirect resin
composites.
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Amag: Bu calismanin amaci; farkl tipteki bitirme ve cila sistemlerinin indi-
rekt kompozit reginelerin ylzey partzliligine etkisini incelemektir.
Gereg ve Yontem: Bu calismada 2 indirekt kompozit rezin (Gradia Plus, GC
Inc., Kyoto, Japonya) ve Ceramage (SHOFU Inc., Kyoto, Japonya) ve 2direkt
kompozit rezin (FiltekZ250 (3M ESPE, St. Paul, ABD) ve GradioSO (VOCO
GmbH, Cuxhaven, Almanya) kullanilmistir. Toplam 144 adet disk seklinde
érnek hazirlandi. Ornekler rastgele 3 alt gruba ayrildi (n=12). Grup K:
Mylar Strip Band (Kontrol), Grup L: Silikon Parlatma Lastigi (Nais, Sofia,
Bulgaristan), Grup D: Super Snap disk (SHOFU, Kyoto, Japonya) polisaj sis-
temi kullanildi. Orneklerin yiizey pirizlilik &lgiimi profilometre
(Surftest-211, Kanagava, Japonya) kullanilarak 6lguldi. Elde edilen veriler
istatistiksel olarak analiz edildi (p<0,05).

Bulgular: Bitiin gruplarda istatistiksel olarak anlamli sekilde Mylar strip
band alti ylzey (kontrol) en plrizsiz yuzey olarak dlgtlurken; en puruzlu
yuzey silikon parlatma lastigiyle yapilan cilada olgulmustur. (p<0,05).
Buitlin materyallerde Mylar strip band ve silikon lastik cila sistemi arasinda
istatistiksel olarak anlamli bir fark gérilmezken; Filtek Z250 ve Ceramage
materyali arasinda Super Snap cila disk sisteminde anlamli fark bulunmus-
tur (p=0,002).

Sonuglar: Bu galismada, indirekt kompozit reginelerin ylzey plrazIlultgi-
ne hem kullanilan polisaj sistemlerinin hem de materyallerin etkisi olmus-
tur.

Anahtar Kelimeler: indirekt kompozit regine, cila sistemleri, yiizey piiriiz-
lalagu
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INTRODUCTION

Nowadays, the demand for tooth-colored restorations continu-
es to increase in direct proportion to the aesthetic expectations
of the patients. Composite resins are the first-choice materi-
als for direct restorations by clinicians (1). Indirect composi-
te resin restorations are also used in restorative dentistry to
overcome some of the disadvantages seen in direct composite
restorations, such as polymerization shrinkage and difficulties
in obtaining an ideal proximal contact and anatomical form
(2-4). Indirect composite resins (inlay, onlay, overlay, etc.) are
composite restorations prepared in laboratories. The indirect
composite inlay technique was introduced in the early 1980s
and first-generation indirect composites were produced thanks
to this technique. First-generation indirect composites have
advantages such as ease of fabrication, adequate marginal
adaptation, reduced polymerization shrinkage, and adequate
proximal contact. Despite these advantages, first-generation
composites have microfill filler content and have been shown
to have disadvantages such as marginal and isthmus fractures
under heavy occlusal loads, occlusal wear, and poor color sta-
bility. In the mid-1990s, a second generation of indirect compo-
sites was produced by Touati (3-5). The clinical performance of
second-generation indirect composite resins was found to be
better than first-generation composites, as they have impro-
ved mechanical properties with a high filler content of 60-70%
(3-5). For the polymerization of indirect composites used in
laboratories, special devices containing light, heat, pressure, or
a combination of these have been produced. This method of
polymerization increases the durability and longevity of com-
posites (5).

For a good composite restoration, in addition to the composite
resin properties, finishing and polishing processes are also of
great importance (6). Proper finishing and polishing of resto-
rative materials are very important procedures that increase
the aesthetic properties and the clinical life of restorations.
The composite resin’s organic matrix and inorganic filler types,
particle sizes and amounts, technique and the tools used affects
the surface structure of the restoration and determine its po-
lishability. The difference in hardness between inorganic filler
particles and organic matrices causes the surface to remain
rough after polishing. Inorganic filler particles are harder and
have less wear than organic matrix (6-8). The surface of a ro-
ugh restoration increases plaque accumulation which results in
gingival inflammation, surface discoloration, and discoloration
in the restoration. In addition, an increase in friction coefficient
and wear rate is observed on rough surfaces. Therefore, a smo-
oth surface is a crucial factor for the long-term clinical perfor-
mance of restorations (7). Also, a smooth surface contributes
to patient comfort, as a 0.2-0.3 um change in surface roughness
can be detected with the tip of the tongue (8).

While finishing means removing the irregularities at the finis-
hing border of the restoration and creating anatomical contours
in order to obtain the desired anatomy, polishing means redu-
cing the roughness created by the finishing tools and removing
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the scratches (6). Composite resins polymerized against clear
tape will have the smoothest possible surface, although not
devoid of surface imperfections. Although this surface is rich
in an organic matrix, this layer must be removed by finishing
and polishing operations. At the same time, with these finis-
hing and polishing processes, excess materials are removed
and restorations are reshaped (7).

One of the most important purposes of restorative dentistry
practices is to make restorations with the closest physical pro-
perties to the tooth tissue. It is the aim of well-finished and
polished restorations to have a surface similar to the enamel
tissue. In order to obtain a smooth surface, there are carbide
and diamond burs, white stones, polishing rubbers and discs,
tapes, aluminum oxide, or diamond-containing rubber and pads
on the market. However, properties such as the structure, filler
content, and type of composite resins affect the success of the
finishing and polishing processes (9).

According to the literature, there are many studies examining
the effects of polishing systems on the surface roughness of
composite resins (7,10-14). However, there are a limited num-
ber of studies examining the surface roughness of structurally
developed indirect composite resins, the usage areas of which
are gradually expanding (15,16).

The aim of this in-vitro study was to evaluate the effects of
different polishing systems on the surface roughness of indirect
composite resins. The null hypothesis of this study was diffe-
rent polishing systems do not affect the surface roughness of
indirect composites.

MATERIALS and METHODS

In this study, 2 different indirect composite resins, Gradia Plus
(GC Inc., Kyoto, Japan) and Ceramage (SHOFU Inc., Kyoto, Ja-
pan), and two different direct composite resins FiltekZ250 (3M
ESPE, St. Paul, USA) and GradioSO (VOCO GmbH, Cuxhaven,
Germany) were used. Table 1 shows the manufacturer and
material contents.

The required minimum number of specimens for the study was
calculated using G*Power v.3.1 software (Heinrich, Dusseldorf,
Germany), based on an alpha level of 0.05 (type | error), effect
size of 0.4, and beta power of 0.90 (1 - type Il error). The es-
timated minimum number of specimens for each group was
determined to be 12. In this study, a total of 144 specimens of
2 mm height and 6 mm diameter were prepared, 36 specimens
of each restorative material. After the composite resin was pla-
ced on the plastic molds, the upper surface was covered with
Mylar strip tape and compressed with a glass plate to obtain a
smooth surface. Then, the direct composite resins were light-
cured for 20 seconds using an LED light device (Elipar S10, 3M
ESPE, St. Paul, USA). To complete the polymerization of the
indirect composite resins, the specimens were placed in a la-
boratory light-curing device (GC LABOLIGHT LV-IIl, GC, Tokyo,
Japan) for 3 minutes according to the manufacturer’s instructi-
ons. After polymerization, all samples were removed from the




Bahadir, Cetinbak, Polatoglu, Celik Indirect composite’s surface roughness
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(3):317-322

Table 1: Materials, ingredients and manufacturers used in the study

Material Manufacturer x::enal Ingredients Lot number

Gradia Plus, . . UDMA, EDMA (weight 75% filler: Ceramic,

(Indirect composite) GC Inc., Kyoto, Japan Microhybrid Prepolymer, Si02) 1901151

Ceramage SHOFU Inc., Kyoto, . . UDMA, UDA, zirconium silicate (weight 73%

M h 12182

(Indirect Composite) Japan icrohybrid filler), Pigments and others. 828
Resin matrix: bis-GMA, TEGDMA, bis-EMA

GradioSO VOCO GmbH, . Filler: 1 p glass ceramic fillers with 2040 nm

(Direct Composite) Cuxhaven, Germany Nanohybrid silicon dioxide nanoparticles. 89% filler by 1921607
weight.
Organic matrix: TEGDMA < 1-5%; Bis-GMA <

Filtekz250 3M ESPE, St. Paul, MN, . . 1-5%; Bis-EMA 5-10%; UDMA 5-10%

(Direct Composite) ABD Microhybrid Filler: Zirconium/silica; 60% volume inorganic NA14156
filler

Super Snap Disc Set

(Aluminum oxide coated SHOFU Inc., Kyoto, Polishing disc Aluminum oxide 0321017

. Japan
discs)
Silicon Rubber Nais Ltd, Sofia, Bulgaria Polishing rubber  Fine grain silicon particle 1002F082017563

BisGMA: Bisphenol A diglycidyl ether dimethacrylate, BisEMA: Bisphenol A Polyethylene Glycol Diether Dimethacrylate, TEGDMA: Triethylene
Glycol Dimethacrylate, UDMA: Diurethane Dimethacrylate, SiO2: Silicon diooxide, EDMA: Ethyleneglycoldimethacrylate

plastic mold and kept in distilled water at 37 °C for 24 hours. All
specimens were then divided into 3 different groups (n=12) ac-
cording to finishing polishing procedures. All specimens except
for the control group (Mylar strip) were ground-finished, res-
pectively, with 400, 800, and1200 grit silicon carbide abrasive
paper (English Abrasives, UK) on a sanding machine (Phoenix
Beta, Buehler, Illinois, USA) and subjected to water cooling (300
revs/min, during 5 s) before polishing. A low-speed handpie-
ce at a maximum of 12000 rpm was used with a continuous
repetitive tapping motion. The polishing disc system was used
in 4 stages coarse, medium, fine, and extra-fine-grained, with
6 strokes at each stage . After each polishing disc stage, the
specimens were thoroughly rinsed with water for 10 seconds
to remove any residue on them and air-dried for 5 seconds.
The polishing discs were renewed after every 5 samples. All
operations were performed by a single operator (Hasibe Sevilay
BAHADIR) to reduce variability.

The groups were divided for each composite resin as follows:
Group K: (Control) (Mylar strip)

Group L: Silicone rubber

Group D: Super-Snap Polishing Disc

The polished composite resin samples were washed, left to dry,
and kept at 100% humidity for 24 hours before measuring the
average surface roughness values (Ra). The surface roughness
test was performed using a contact profilometer (Surftest-211,
Mitutoyo; Kanagawa, Japan) moved at a constant speed of 0.05
mm/s with a cut-off value of 0.25 mm. Three random measu-
rements were made on each surface and the average Ra was
calculated.
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Statistical Package for Social Sciences (SPSS, Chicago, IL, USA)
version 18 was used for data analysis. Whether the data were
normally distributed or not was determined by the Shapiro-
Wilk test. Also, the data were controlled with a Levene’s Test
for equality of variances. Data were statistically analyzed with
a two-way analysis of variance (ANOVA), multiple comparisons
were made with the Tukey post hoc, and pairwise comparisons
were made with the Bonferroni test at a significance level of
0.05.

RESULTS

Table 2 shows the average surface roughness values (Ra) of
composite resins after polishing. In all groups, the surface un-
der the mylar strip (control) was measured as the smoothest
surface. Following this, the Super Snap polishing system was
measured to be rougher than the mylar strip and finally, the
roughest surface measured was polishing made with silicone
rubber (p<0.05). While there was no significant statistical diffe-
rence between the materials, Mylar strip, and silicone rubber
system. A significant difference was found in the Super Snap
polishing disc system between Filtek Z250 and Ceramage ma-
terial (p=0.002), (Table 2).

DISCUSSION

Finishing and polishing processes are an important step that
directly affects the aesthetic properties and life of composite
resins, and finishing and polishing using a minimum amount
of time and tools is clinically important (7). In this study, it was
investigated whether polishing systems with different proper-
ties would affect the surface roughness (Ra) of different types
of composite resins, and the null hypothesis examined based
on the results of the study were rejected.
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Table 2: Average surface roughness(Ra) + standard deviation values of groups

Restorative Materials Mylar (Control Group) Silicon Rubber Super Snap Disc p

Ceramage 0.163+0.028° 0.612+0.028° 0.561+0.028 .000
Gradia Plus 0.110+0.028° 0.658+0.028° 0.474+0.028¢ .000
GrandioSO 0.093+0.028° 0.595+0.028° 0.453+0.028¢ .000
Filtek 2250 0.102+0.028° 0.730+0.028° 0.388+0.028+ .000

While statistical differences in the groups on the same line are shown with different letters (*>¢), statistical differences in the same column are

indicated by the symbol (¢ and <) (p<0.05).

In this study, different types of indirect and direct composites
were used. In order to ensure clinical standardization, all gro-
ups except the Mylar strip surface (control group) were sanded
under water with 1200 grid silicon carbide papers before the
finishing process (9,13). The findings were found to be compa-
tible with the results of many studies. In the studies conducted
by Tuncer et al., Antonson et al., Korkmaz et al., Duraes et al.,
and Baseren; The polymerized composite surface under the
Mylar strip band was determined as the smoothest surface (9,
10, 13, 15, 17). Even though, a low roughness surface is obta-
ined in composite resins made with Mylar strip; this surface is
rich in organic matrix. Therefore, this layer must be removed by
finishing and polishing operations. This will result in a harder,
wear-resistant surface (18).

When polishing systems are compared with each other; In all
materials, surfaces polished with the Super Snap disc system
were statistically significantly smoother than surfaces polished
with silicone rubber. Even though there was no significant sta-
tistical difference Ceramage indirect composite material po-
lished with a super snap disc system was found to be rougher
than Gradia Plus, and even though there was no significant
statistical difference (p>0.05). Ceramage indirect composite
material polished with silicone rubber polishers was found to
be smoother than Gradia Plus. GradioSO direct composite ma-
terial Filtek Z250 polished with Super Snap disc system has a
rougher surface, although there is no statistical difference com-
pared to direct composites; GradioSO direct composite materi-
al, which was polished with silicone rubber, was found to have a
less rough surface, although there was no statistical difference
compared to Filtek Z250 direct composite. The roughness of
the surfaces obtained by polishing depends on the efficiency,
geometry, flexibility, applied pressure, application time, and
particle hardness of the systems used for polishing (18).

In order for the polishing systems to be effective on the com-
posite resin surface; the abrasive particles must be harder than
the fillers of composite resins. If the abrasive particles in the
polishing system are softer than the fillers in composite resins,
only the soft resin matrix of the composites will disappear, ca-
using the filler particles to break off from the surface (11, 18).
Discs impregnated with aluminum oxide particles, one of the
polishing systems, have the same lifting capacity as filler par-
ticles and resin matrix. However, this polishing system has limi-

tations due to its geometry. It can be difficult to anatomically
finish and polish restorations in the posterior region, especially
on contoured surfaces (19). Bilgili et al., Lu et al., and Venturini
et al., concluded in their studies that aluminum oxide discs are
the best material to provide smoother surfaces in composite
resins (18, 20, 21). In our study, a Super Snap disc system con-
taining aluminum oxide was found to be the best polishing
method. At the same time, the highest surface roughness was
found in silicone rubber containing silicon particles. This is be-
cause silicon particles do not have harder abrasives than filler
particles of composite resins such as diamond or aluminum
oxide particles. Therefore, silicone rubbers are not sufficient
for effective finishing and polishing (11). Although there is no
statistical difference, polishing with a Super Snap disc may be
clinically preferable for Filtek Z250 and Gradia Plus materials.
Likewise, polishing with silicone rubber may be clinically pre-
ferable for Ceramage and GradioSO materials, although there
is no statistical difference.

In recent years, single or two-stage polishing systems have
been developed to reduce both the application phase and the
application time clinically. In addition to these advantages of
single-stage systems, minimizing the risk of cross-infection also
makes them more clinically preferred (9,12). Different results
have been obtained in studies on single or multi-stage polishing
systems. While Yap et al., and St- Georges et al., found similar
surface roughness values obtained with single or multi-stage
systems in their studies; Tuncer et al., Aytac et al., Bilgili et
al., and Uctasli et al., found that multi-stage polishing systems
have lower surface roughness values than single-stage polishing
systems (9, 11, 18, 22, 23, 24). In our study, single-stage silicone
polishing rubber and multi-stage Super Snap Disk systems were
compared, and the multi-stage polishing system was found to
be more successful.

For composite resins, the roughness value after polishing is
required to be below 0.2 um. It has been observed that the
adhesion of bacterial species and the risk of secondary cari-
es are reduced on restorations with a value of less than 0.2
pm (11). In a clinical study conducted by Aytac et al., it was
determined that the patients were able to notice an average
roughness value of 0.3 um. (11). The surface roughness value
for all composite resin types was found to be higher than 0.3
um for the finishing and polishing systems used in this study.




Bahadir, Cetinbak, Polatoglu, Celik Indirect composite’s surface roughness
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2023;6(3):317-322

In this study, when composite resin types were compared, a
statistical difference was observed between the surface rough-
ness of Filtek Z250 and Ceramage composite resin types polis-
hed only with Super Snap. Filtek Z250 composite material was
found to be smoother. Duraes et al., in a study they carried out,
they examined the effect of different polishing systems on the
surface roughness of Ceramage indirect composite resin and
they found the highest surface roughness in the silicone rubber
polishing system (15). Korkmaz et al., in a study they conduc-
ted, investigated the effect of different polishing systems on the
surface roughness of direct composite resins Grandio and Filtek
2250 and found that Filtek Z250, which was polished with an
aluminum oxide-containing polishing system, was statistically
smoother than Grandio (13).

Ersoz et al., in another study they conducted, they examined
the effect of a polishing system containing diamond particles
on the surface roughness of GrandioSO and Gradia Plus ma-
terials and found the surface roughness of both materials to
be similar (16). The surface roughness of composite resin ma-
terials depends on the structure of the composite material as
well as the finishing and polishing systems used (14,25). One
of the many factors affecting the surface properties of compo-
site resins is the filler size. At the same time, the type, shape,
amount, and bonding of the filler particles to the resin matrix
affect the clinical performance of composite resins (11). Com-
posites with harder and larger filler particles show higher Ra
values after finishing and polishing (9). While the filler particle
ratio of Ceramage, the indirect composite used in this study,
was 73%; Filtek Z250, which is a direct composite, has a filler
particle ratio of 60%. While a higher filler ratio provides a bet-
ter mechanical property; it can damage the aesthetics of the
material and make it difficult to polish (15). When we examine
the literature, while Endo et al., reported that the polishing
system had an effect on the surface roughness in their study,
Bashetty et al., reported that the material had an effect on the
surface roughness in their study (12, 26). In their study, Marg-
halani et al., reported that both the material and the polishing
system had an effect on surface roughness (27). In this study,
in accordance with the study of Marghalani et al., both the
polishing systems used and the materials had an effect on the
surface roughness.

This study has several limitations. Profilometer is used to me-
asure surface roughness in in-vitro studies. However, two-
dimensional data is obtained with the profilometer; Three-
dimensional information is not available. Obtaining surface
roughness with only a profilometer is one of the limitations
of this study. Another limitation is that polishing systems with
different abrasive content are not used. There is also a need for
long follow-up clinical studies that mimic the oral environment.

CONCLUSION

Within the limitations of this study, the following conclusions
were reached:

The lowest surface roughness was found in the Super Snap po-
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lishing system in all materials except the control group.

Filtek Z250 group, in which a Super Snap polishing system is
used, has a lower surface roughness than the Ceramage group.

The results of this study present different options for dentists
in choosing the appropriate finishing and polishing techniques
for clinical application.
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