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Abstract
The aim of this study was to evaluate the surface roughness of a silorane and methacrylate-based composite resins subjected to different 
finishing/polishing techniques. Twelve disk specimens were prepared from each composite resin: P90®, Z350® and Charisma, divided into 
12 groups according to the finishing/polishing technique: no finishing/polishing (control); finishing with 1112 FF diamond burs; finishing with 
1112 FF diamond burs associated to Enhance/Pogo; finishing with 1112 FF diamond burs associated to Enhance/Pogo/Polishing/Poli I and 
II pastes/Fotogloss. After initial readouts of surface roughness, the specimens were subjected to mechanical cycling (1.200.000 cycles) and 
immediately subjected to final roughness readouts.  Surface roughness means was statistically analyzed by ANOVA and Tukey-Kramer test 
(α=0.05). SEM images were realized after finishing/polishing and after mechanical cycling. The P90 composite showed surface roughness 
values   similar to other investigated composites. However, significant difference was observed in finishing/polishing techniques. The diamond 
burs group showed the highest surface roughness differing from the other composite resins (α < 0.05). Enance/Pogo showed the lowest results, 
which presented no difference compared to the polishing paste group (α > 0.05). The low-shrink posterior restorative showed similar surface 
roughness when compared to dimethacrylate composite resins and suitable to posterior restorations.  
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Resumo
O objetivo deste estudo foi avaliar a rugosidade superficial de resinas compostas à base silorano e metacrilato submetidas a diferentes técnicas 
de acabamento/polimento. Foram preparadas 12 amostras de disco de cada resina composta: P90®, Z350® e Carisma, divididas em 12 grupos 
de acordo com a técnica de acabamento / polimento: sem acabamento / polimento (controle); acabamento com ponta diamantada 1112 FF; 
acabamento com ponta diamantada 1112 FF associada a Enhance / Pogo; acabamento com ponta diamantada 1112 FF associada a Enhance / 
Pogo / Polishing / Pastas Poli I e II / Fotogloss. Após as leituras iniciais da rugosidade da superfície, os espécimes foram submetidos a ciclos 
mecânicos (1.200.000 ciclos) e submetidos imediatamente a leituras de rugosidade final. As medias de rugosidade superfícial foram analisadas   
estatisticamente por ANOVA e teste de Tukey-Kramer (α = 0,05). As imagens de MEV foram realizadas após o acabamento / polimento e 
após a ciclagem mecânica. O compósito P90 mostrou valores de rugosidade superficial semelhantes a outros compósitos investigados. Tough, 
mostrou diferença significativa nas técnicas de acabamento / polimento. O grupo de pontas damantadas apresentou maior rugosidade superficial 
que diferiu das outras resinas compostas (α <0,05). Enance / Pogo mostrou os menores resultados, que não apresentaram diferença em relação 
ao grupo de pasta de polimento (α> 0,05). O material restaurador posterior de baixa contração apresentou rugosidade superficial semelhante 
quando comparado as resinas compostas de dimetacrilato e são restaurações adequadas para região posterior.
Palavras-chave: Dente. Resinas de Silorano.  Propriedades de Superfície.
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1 Introduction 

Dimethacrylate based monomers such as Bis-GMA/
TEGDMA or urethane dimethacrylate (UDMA) are 
commonly used as the organic matrix in most commercially 
available composites1,2. However, this organic matrix has been 
considered the weakest link of the widely used methacrylate-
based composites due to their polymerization shrinkage 
that has been stated to be their main drawback, remaining 
a major obstacle 3. In this sense, the Filtek P90 low-shrink 
Silorane-containing posterior restorative composite resin was 
developed to present polymerization shrinkage below 1%, 

which decreases the stress shrinkage1. 
The silorane composite has different resin chemistry4, 

consisting of two main components, the siloxane, which is 
a hydrophobic part giving the stability of the material. The 
second part is oxirane, which is responsible for cationic 
polymerization reaction5. These composites exhibit similar 
or better mechanical and physical properties than the 
conventional methacrylate-based composites6. The presence 
of molecules of siloxanes and oxiranes offers hydrophobicity 
and low water sorption, resulting in reduced tendency of 
exogenous pigmentation, clinical longevity and similar wear 
strength to the dimethacrylate-based composites1,2,7. Another 
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aspect regarding silorane system is that the surface of the 
quartz particles is modified by a silane layer8. This difference 
may influence on the surface roughness and polishing of the 
restorative materials9,10. 

Surface roughness and gloss are recognized among the 
important properties of composite resin restoration. A smooth 
surface improves the esthetics; reduces plaque retention 
capacity, surface discoloration, tissue inflammation, and 
secondary caries11; and adds comfort to the patient12. Although, 
the difference in the surface roughness of these materials may 
be attributed to composition, size and the area occupied by the 
filler particles within a composite formulation, that is capable 
of  influencing the polishing performance 9,10. 

The proper finishing and polishing of dental restoratives 
are critical clinical procedures and very important for the 
esthetics and restoration longevity13,14. The finishing/polishing 
procedures require the use of sequence ranging from the 
coarsest grits to the finest grits, in order to achieve a smooth 
and gloss surface15. However, different particle sizes of 
composites promote different surface roughness and gloss; in 
addition, differing polishing systems yield different results on 
material surfaces16.

There are few studies in the literature that evaluate the 
surface smoothness of silorane composites. Thus, the purpose 
of this study was to evaluate roughness of the surfaces of Filtek 
P90 (3M ESPE) low-shrink posterior restorative compared to 
methacrylate-based composites: Filtek Z350 (3M ESPE) and 
Charisma (Heraus Kulzer), subjected  to different finishing/
polishing techniques. 

2 Material and Methods

2.1 Specimen preparation

Three types of composite resins differing in filler chemistry 
and composition were used for investigation in this study 
(Table I). Forty-eight disc specimens (Ø: 5 mm, h: 2 mm) 
were prepared of each type of composite resin using a stainless 
steel matrix. An instrument was used on the unique increment 
with the purpose of providing superficial smoothness and 
flowing the excessive material. After that, the specimens were 
irradiated for 20 seconds in a distance of 3 mm with a halogen 
light-curing unit (Vip Curing Ligths-BISCO Dental Products 
IL, USA) operated at 600 mW/cm2 irradiance and stored in 
artificial saliva at 37 °C for 24 hours.

Table 1 - The composition of composite resins investigated in this study
Composite resin

(Shade A3)
Composition Filler Size Filler Content (%wt)Matrix                         Filler

Z350 
 (Nanofilled)

Bis-GMA, Bis-EMA, 
TEGDMA, UDMA

Zirconia/ silica 
(nanoclusters); Silica 

(nanoparticles)

Nanoclusters 0.6-1.4 μm 
Nanoparticle 20 nm 60

P90         (Microhybrid) Silorane Quartz e Ytrium fluoride 0.4  μm 58

Charisma Microhybrid) Bis-GMA, TEGDMA Fluor/Barium/
SilicioSilca dispersed Ø 0.7 - 2 μm 64

Bis-GMA (bisphenol A glycidyl methacrylate); Bis-EMA (bisphenol A di-glycol ethoxylate dimethacrylate); TEGDMA (triethylene glycol 
dimethacrylate); UDMA (urethane dimethacrylate).

2.2 Finishing/polishing procedures

After the storage, all samples were subsequently subjected 

to finishing/polishing procedures divided into twelve groups 

(n=12) according description in Table 2.

Table 2 – The different finishing and polishing procedures performed in this study
Composite Group Finishing/polishing procedures

P90®
Microhybrid

Group 1 Without finishing/polishing (control group) 
Group 2 Finishing with 1112 FF diamond burs 
Group 3 Finishing with 1112 FF diamond burs, Enhance and Pogo
Group 4 Finishing with 1112 FF diamond burs, Enhance, Pogo and polishing paste Poli I,II and Fotogloss.

Z350® 
Nanofilled

Group 5 Without finishing/polishing (control group) 
Group 6 Finishing with 1112 FF diamond burs
Group 7 Finishing with 1112 FF diamond burs, Enhance and Pogo
Group 8 Finishing with 1112 FF diamond burs, Enhance, Pogo and polishing paste Poli I,II and Fotogloss.

Charisma® 
Microhybrid

Group 9 Without finishing/polishing (control group) 
Group 10 Finishing with 1112 FF diamond burs
Group 11 Finishing with 1112 FF diamond burs, Enhance and Pogo
Group 12 Finishing with 1112 FF diamond burs, Enhance, Pogo and polishing paste Poli I,II and Fotogloss.

Source: Research Data. 
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The polishing procedure was performed by a sole 
operator and according to the manufacturer’s instructions. All 
specimens were washed and dried with syringe to remove any 
remaining polishing debris.

2.3 Surface Roughness Measurements Initial

The surface roughness was read  with a SE 1200 surface 
roughness meter (Kosaka Lab, Tokyo, Japan), over 5 mm of 
distance and 0.8 mm cut-off at a speed of 0.25 mm/s. Four 
readouts were taken at different regions of the specimen 
surface and the mean surface roughness (Ra) was recorded.

2.4 Mechanical Cycling

After initial surface roughness measurements, the 
specimens were coupled to the mechanical cycling machine 
Erios (ER-37000, Mechanical Module) and subjected  to 
1.200.000 load cycles with 2 cycle/seconds to replicate an 
intermittent vertical load of 49 N on the restoration. During 
the test, the specimens were submerged in distilled water at 
37°C.

2.5 Surface Roughness Measurements Final

After the mechanical cycling, a new measurement of the 
surface roughness was recorded to verify the effectiveness of 
the finishing/polishing procedures.

2.6 Statistical analysis

Three-way analysis of variance (ANOVA) was used 
to analyze the influence of aging, composite material and 
finishing/polishing techniques on surface roughness. The 
Tukey test was applied at a level of significance (α =0.05).

3 Results and Discussion 

Three-way ANOVA showed statistically significant 
difference only to treatment and mechanical cycling factors. 
Tukey test was applied and presented in Table III, in which 
1112 FF diamond burs system showed the highest roughness 
values (0.70 μm). Diamond Burs + Pogo + Enhance showed 
the lowest results (0.44 μm) which did not differ from 
polishing paste and control groups. However, these groups 
significantly differed from diamond burs group that showed 
a rougher surface.

In the mechanical cycling analysis, the final roughness 
(0.58) was higher than the initial roughness (0.53) with 
statistical difference.  

Table 3 - Mean roughness to finishing/polishing procedures 
of the statistical analysis by Tukey.

Material Mean Ra (DP)
Diamond burs (DB) 0.70 (0.21) a

Without finishing polishing (C) 0.58 (0.24) b
Polishing paste (PP) 0.50 (0.21) bc

Rubberized abrasives (EP) 0.44 (0.15) c
*Difference letters indicate statistical significance difference (α <0.05).
Fonte: Research Data . 

SEM examination of the specimens confirmed the 
roughness data. Typical SEM photomicrographs images of 
the specimens with the finishing with 1112 FF diamond burs 
created a rougher surface for all the composite resins (Figures 
1A, 1B and 1C). More homogeneous and smooth surfaces 
were observed after finishing/polishing procedures of the 
polishing paste groups (Figures 2 A, B and C) and rubberized 
abrasives (Figures 3 A, B and C). 

Figures 1 - SEM photomicrographs images specimens of P90 
(A), Z350 (B) and Charisma (C) composites resin finishing 
with diamond burs.

Source: The authors .  

Figures 2 - SEM image (200X) specimens of P90 (A), 
Z350 (B) and Charisma (C) composite resin polishing with 
polishing paste.  

Source: The authors .  

Figures 3 - Photomicrographs (200X) of the specimens 
prepared with P90 (A), Z350 (B) and Charisma (C) composite 
resin polishing with rubberized abrasives.

Source: The authors.  

The main target of any esthetic restorative material is to 
have a durable restoration that can withstand function as well 
as a highly finished and polished surface that may contribute 
to a good appearance4. The composites of this study were 
selected because they represent different formulations of 
restorative materials with properties to be used as restorers 
for posterior teeth.

The results of this study showed that the restorative 
materials presented the same surface roughness pattern 
regardless of polishing system and mechanical cycling. The 
surface of the composite containing smaller filler particles, 
usually have more wear resistant showing more homogeneous 
14. These smaller particles can be worn rather than plucking, 
resulting in less friction and abrasion of the composite 
providing sufficiently smooth surfaces. Although the varied 
type of the investigated materials in this study and the most 
important difference between silorane-based and methacrylate-
based composite resins relates to the organic matrix of these 
composites, with regard to filler content, silorane composites 
contain fine particulate quartz fillers below 0.5 μm in size17. 
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parameters of finishing/polishing procedures. The procedures 
were kept to a total time of 30 seconds and 10 seconds for each 
step performed by a sole operator, in order to ensure a uniform 
polishing, the surface roughness probably was dependent on 
the abrasive, which showed a roughness texture similar for all 
tested composites.  

4 Conclusion 

Within the limitations of this in vitro study, the following 
conclusions can be draw:

The exclusive use of diamond burs to finishing/polishing 
procedures for composite resin resulted in a rough surface.

The low-shrink posterior restorative showed similar 
results when compared  with dimethacrylate composite resins.

Clinical Siginificance: Silorane dental composite can be 
indicated to posterior restorations.
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