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ABSTRACT: Secondary caries is an important factor in the replacement of the 
restorations, and it is thought that fluoride-releasing materials may prevent this problem. 
Furthermore, the fluoride release of the materials may be increased by polishing process. 
Available knowledge about the effect of polishing systems (PS) on the fluoride release 
of materials is limited. Therefore, this study was conducted to evaluate the effect of 
PS on the fluoride release of fluoride-containing materials. Restorative materials were 
divided into 6 groups: Fuji IX GP, Fuji II, Dyract XP, Beautifil II, Beautifil-Bulk, and Filtek 
Ultimate. Each group was also divided into four subgroups: Mylar strip, Sof-Lex Discs, 
Sof-Lex Diamond, and OneGloss. Fluoride release was determined using a fluoride 
ion-selective electrode. Surface roughness was evaluated with a profilometer. Two-
way repeated measure and one-way ANOVA tests were used for statistical analysis. 
The initial rapid fluoride release was observed only in Fuji IX. The PS increased the 
fluoride release of Fuji IX and Fuji II and Dyract XP materials while reducing the fluoride 
release of resin-based materials. The highest surface roughness values were obtained 
with OneGloss. Further, a significant relationship between fluoride release and surface 
roughness was found. The polishing provides an increase in fluoride release, especially 
in glass-ionomer-based materials. This article revealed that there is a relationship 
between fluoride release and surface roughness. Proper PS must be chosen according 
to the material to provide the best clinical benefits in terms of fluoride release and 
surface roughness.

KEYWORDS: Compomers; Composite resins; Dental materials; Fluorides; Glass ionomer 
cements. 
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RESUMEN: La caries secundaria es un factor importante para el reemplazo de 
restauraciones y se considera que los materiales que liberan flúor pueden prevenir este 
problema. Además, la liberación de fluoruro de estos materiales podría incrementarse 
mediante el proceso de pulido. El conocimiento disponible sobre el efecto de los 
sistemas de pulido (SP) en la liberación de fluoruro de los materiales es limitado. Por 
lo tanto, este estudio se realizó para evaluar el efecto de los SP sobre la liberación 
de fluoruro de materiales que contienen fluoruro. Los materiales de restauración se 
dividieron en 6 grupos: Fuji IX GP, Fuji II, Dyract XP, Beautifil II, Beautifil-Bulk y Filtek 
Ultimate. Cada grupo también se dividió en cuatro subgrupos: Banda Mylar, Discos 
Sof-Lex, Sof-Lex Diamond y OneGloss. La liberación de fluoruro se determinó usando 
un electrodo selectivo de iones fluoruro. La rugosidad de la superficie se evaluó con 
un perfilómetro. Se utilizaron medidas repetidas bidireccionales y pruebas ANOVA de 
una vía para el análisis estadístico. La liberación inicial rápida de fluoruro se observó 
solo en Fuji IX. El SP aumentó la liberación de fluoruro de los materiales Fuji IX y 
Fuji II y Dyract XP al tiempo que redujo la liberación de fluoruro de los materiales a 
base de resina. Los valores más altos de rugosidad de la superficie se obtuvieron con 
OneGloss. Además, se encontró una relación significativa entre la liberación de fluoruro 
y la rugosidad de la superficie. El pulido proporciona un aumento en la liberación de 
fluoruro, especialmente en materiales a base de ionómero de vidrio. Este artículo reveló 
que existe una relación entre la liberación de fluoruro y la rugosidad de la superficie. El 
SP adecuado debe elegirse de acuerdo con el material para proporcionar los mejores 
beneficios clínicos en términos de liberación de fluoruro y rugosidad de la superficie.

PALABRAS CLAVE: Compómeros; Resinas compuestas; Materiales dentales; Fluoruros; 
Cementos de ionómero de vidrio.

INTRODUCTION

Glass-ionomer cements (GICs), also known 
as polyalkenoate cements, take their names from 
an acid base reaction between fluoride-containing 
aluminosilicate glass and polyalkenoic acid (1). They 
have been widely used and continuously developed 
since they emerged. The most important features 
of this material are that they provide moisture 
tolerance, have a coefficient of thermal expansion 
similar to dentin and have fluoride release, 
consequently anticariogenic properties (2). Some 
studies have reported that fluoride release from 
GICs makes demineralization of the surrounding 
dentin or enamel slower and may support the 
remineralization of lesions near the restoration 
wall (3,4). The calcium fluoroaluminosilicate 

glass of GICs reacts with a polyacid to release 
the fluoride ions. This release constitutes the 
protective and therapeutic effect of GICs and cause 
no adverse effects on the physical properties of the 
material (5). However, sensitivity to early moisture 
contamination, inadequate compressive strength, 
low wear resistance and fracture toughness are 
disadvantages of GICs (6,7). Furthermore, there 
are some studies suggesting that insufficient 
physical properties of the GICs are associated with 
an increased fluoride release (8). Therefore, it is 
still ongoing to investigate materials that maintain 
both physical properties and that can make a long-
term fluoride release (9).

The most important factor in the failure and 
replacement of restorations is secondary caries 
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(10,11). It is thought that restorative materials 
that release fluoride may prevent or reduce this 
problem (12). In recent years, the use of fluoride-
releasing materials has rapidly increased for the 
restoration of cavities and core build-ups (13). Other 
fluoride-releasing restorative materials than glass-
ionomer are: resin-modified GICs, polyacid-modified 
composite resins (compomers), giomers, fluoride-
containing composite resins and fluoride-releasing 
resin cements. These resin-based restorative 
materials have different fluoride sources (14,15), 
varying depending on the composition, solubility 
and permeability of the resin matrix in resin-based 
materials, as well as the source and concentration 
of the fluoride (15,16). On the other hand, 
finishing and polishing procedures are essential 
for the clinical success of restorations (17). The 
aesthetics and longevity of dental restorations are 
closely related to the quality of surface integrity 
and smoothness. The increased surface roughness 
may facilitate biofilm formation (18). In addition, a 
positive correlation was observed between surface 
roughness and bacteria adhesion (19) that support 
periodontal diseases, secondary caries, surface 
staining and disturbances due to the retention of 
bacterial plaques. (20,21). Furthermore, fluoride 
release may be increased by finishing and 
polishing of the outermost layer of the compomers 
(23). However, there are limited numbers of studies 
on the effects of polishing systems on the fluoride 
release of fluoride-containing materials (23,24). 
Therefore, the aim of this study is to evaluate the 
effects of two polishing systems on the fluoride 
release ability during a 28-day period and surface 
roughness of different restorative materials. The 
null hypothesis of this in vitro study is that the 
polishing system has no statistically significant 
effect on the amount of fluoride release. 

MATERIALS AND METHODS

SPECIMEN PREPARATION

Six different restorative materials were 
included in this in vitro study. The compositions and 
manufacturers of the tested materials are given in 
Table 1. Disc shaped specimens were prepared 
for each restorative material tested (N=408). The 
specimens were prepared 5 mm in diameter and 
2 mm thick for fluoride release tests (n=168) and 
8 mm in diameter and 2 mm thick for the surface 
roughness tests (n=240).  The test materials were 
loaded into a standard Teflon® mold and pressed 
between two opposing Mylar strips; they were 
then covered with a 1 mm thick glass slide to 
remove excess material and to obtain a smooth 
material surface. The conventional GIC specimens 
were allowed to auto-polymerize for 10 minutes. 
All other restoratives were light cured (1750 mW/
cm2, Elipar Deep Cure, 3M ESPE) according to 
manufacturers’ instructions. After the completion 
of the setting, the specimens were removed from 
the molds. The specimens used for the surface 
roughness test were kept in deionized water at 
37°C for 24 hours before the polishing.

The prepared specimens were randomly 
divided into four subgroups according to the 
polishing system employed (Table 2). Mylar strip 
used as a control group. The specimens in the 
treatment group were wet-ground with 1200-
grit silicon carbide paper for 60 seconds using 
a polishing machine (MetaServ, Buehler, IL, USA) 
at 600 rpm under water-cooling to standardize 
samples before the polishing process, and then 
the specimens were polished with low-speed 
handpiece as described in Table 2.
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MEASUREMENT OF FLUORIDE RELEASE

All specimens were transferred to polyethylene 
vials containing 3 ml of deionized water, separately 
(n=7). The solutions were kept in incubator at 37°C 
and thoroughly shaken at the time of the readings. 
The first measurement of the fluoride concentration 
was performed at 24 hours after the specimen 
preparation. After the reading, each sample was 
rinsed with 1 mL of deionized water and transferred 
to a new vial filled with 3 mL of fresh deionized 
water. Following the first measurement, fluoride 
measurement was repeated on days 2,3,4,5,6, 
7,14,21 and 28. The fluoride concentration in 
these samples was analyzed using a fluoride ion 
selective electrode (9609 BN, Orion Research). The 
instrument (Orion 720A+) calibrated in accordance 
with the manufacturer’s recommendations using six 
standard fluoride solutions containing 0.20, 1.00, 
2.00, 10.00, 20.00 and 100 ppm F, respectively. 
Before measurement, 0.4 ml of TISAB III (940911, 
Orion Research) was added to each solution to 
provide constant background ionic strength. Then, 
the concentration of the specimens was calculated 
in parts per million (ppm) for comparison.

MEASUREMENT OF SURFACE ROUGHNESS

The surface was evaluated using a surface 
analyzer (Surtronic 25, Taylor Hobson Limited, UK) 
to obtain average surface roughness. Each sample 
was measured at three indiscriminate areas and 
averaged to generate average roughness value 
(n=10), and were recorded in Ra, μm.

STATISTICAL ANALYSIS

The means and standard deviations of the 
fluoride release and the Ra values were determined. 
Since the objective of this in vitro study not to make 
comparisons among different restorative materials, 
the fluoride release values of different materials 
were not compared with each other.

 

The fluoride release of the first week and 
weekly fluoride release was separately analyzed 
by two-way repeated measures ANOVA (factors: 
polishing and time). Surface roughness values 
were analyzed using one-way analysis of variance 
(ANOVA). Multiple comparisons were performed by 
the Tukey HSD test. The mean cumulative fluoride 
release within the 28 days for each material and 
the corresponding mean surface roughness were 
compared with the Spearman correlation test. 
All tests were performed by a statistical program 
(Prism 7, GraphPad Software, San Diego, CA, 
USA). Statistical differences at the p<0.05 level 
were considered statistically significant.

RESULTS

The fluoride release of materials and their 
comparisons according to the polishing system 
and to each other are presented in Table 3. The 
highest amounts were detected during the first 
days, tending to decrease with time (Figures 
1-6). When the first seven-day release values are 
examined, it is observed that different polishing 
methods have a significant effect on the amount 
of fluoride release (p>0.05). The polishing process 
increased the fluoride release of Fuji IX GP and 
Fuji II LC and Dyract XP materials while reducing 
the fluoride release of resin-based materials such 
as Beautifil II, Beautifil-Bulk and Filtek Ultimate 
(p>0.05). For the first three days, the fluoride 
release values of Fuji IX GP were almost doubled 
by the use of the polishing system.

A significant decrease was observed in the 
fluoride release of Fuji IX GP, Fuji II LC and Dyract XP 
materials after the first week, while the decrease in 
fluoride release of other materials was significant 
after the second week (p>0.05) (Table 3). Two-way 
repeated measures ANOVA revealed that time and 
polishing were statistically significant factors in 
fluoride release for all tested materials (p>0.05). 
Fluoride release of Fuji IX GP, Fuji II LC and Dyract 
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Material Type Composition and inorganic filler ratio

Fuji IX GP GC 
Tokyo, JAPAN

GIC Polyacrylic acid, fluoroaluminosilicate glass, polybasic carboxylic acid.
Particle size: 10 μm. (70–80%).

Fuji II LC, GC 
Tokyo, JAPAN

Resin-modified 
GIC

Alumino-fluorosilicate glass, polyacrylic acid, 2- hydroxyethylmethacrylate, 2,2,4-trimethyl 
hexamethylenedicarbonate, triethylene glycol dimethacrylate.
Particle size: 5.9 μm.

Dyract XP, 
Dentsply, 
DeTrey, 
Konstanz, 
Germany.

Polyacid-modified
composite resin
(compomer)

UDMA, carboxylic acid modified dimethacrylate, TEGDMA, trimethacrylate resin (TMPTMA), 
dimethacrylate resins, camphorquinone, ethyl-4 (dimethylamino) benzoate, butylated 
hydroxy toluene (BHT), strontium-alumino-sodium-fluoro phosphor-silicate glass, highly 
dispersed silicon dioxide, strontium fluoride, iron oxide pigments and titanium oxide 
pigments.
Particle size: 0.8 μm. (73 wt.%, 47 vol%).

Beautifil II, 
Shofu, 
Kyoto, 
JAPAN

Giomer BISGMA, TEGDMA, inorganic glass filler, aluminium oxide, silica, prereacted glass-ionomer 
filler, camphoroquinone.
Particle size: 0.8 μm, (83 wt.% 68.6 vol%).

Beautifil-Bulk, 
Shofu, Kyoto, 
JAPAN

Giomer Bis-GMA, UDMA, Bis-MPEPP, TEGDMA, S-PRG filler based on fluoroboroaluminosilicate 
glass, polymerization initiator.
(87.0 wt.%, 74.5 vol%).

Filtek Ultimate, 
3M ESPE, St Paul, 
MN, USA

Nanofill composite Bis-GMA, UDMA, TEGDMA, poly(ethylene glycol) dimethacrylate (PEGDMA), Bis-EMA. (72.5 
wt.%, 55.6 vol%).
Particle size: 20 nm silica particles, 4 - 11 nm zirconium particles.

Table 1. Material type, composition and manufacturer of the materials used.

XP materials reached a constant threshold after 
the second week and no statistically significant 
difference was found between the third and fourth 
weeks (p>0.05). When the fluoride release was 
evaluated cumulatively, Fuji IV GP released more 
fluoride than other materials, while the least 
fluoride release was observed in Filtek Ultimate 
(p<0.05).

SURFACE ROUGHNESS

Mean Ra values and standard deviations of 
six different restorative materials after different 
polishing systems are displayed in Table 4. Sof-Lex 
Discs polishing system in Fuji IX GP and Beautifil-

Bulk groups produced less roughness than other 
polishing systems (p<0.05). In the Fuji II LC, 
Dyract XP, Beautifil II and Filtek Ultimate groups, 
there was no significant difference between Sof-
Lex Discs and Sof-Lex Diamond. The highest 
surface roughness values of all other materials 
were obtained with OneGloss polishing system. 
There were no statistically significant differences 
between Sof-Lex Diamond and OneGloss for all 
groups, (p>0.05) except for Fuji IV.

The Pearson’s correlation coefficient of 0.745 
indicates a strong positive correlation between 
28-day cumulative fluoride release and surface 
roughness (r=0,745; p<0.05).

Bis-EMA: ethoxylated bisphenol-A dimethacrylate, Bis-GMA: Bisphenol A-glycidyl methacrylate, Bis-MPEPP: 2, 2'-Bis (4-Methacryloxy 
Polyethoxyphenyl), TEGDMA: Triethylene glycol dimethacrylate, UDMA: Urethane dimethacrylate, wt.%: weight percentage, vol%: volume 
percentage.
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Week 1 Week 2 Week 3 Week 4

Fuji IX GP

Mylar Band 24.32 ± 6.13ᵃᴬ 5,37 ± 0,52ᵃᴮ 1,81 ± 0,18ᵃᶜ 1,58 ± 0,17ᵃᶜ

S-Lex Disc 39.66 ± 3.20ᵇᴬ 6,41 ± 0,48ᵃᵇᴮ 2,01 ± 0,36ᵃᵇᶜ 1,78 ± 0,22ᵃᶜ

S-Lex Diamond 39.94 ± 2.18ᵇᴬ 7,48 ± 1,67ᵇᴮ 2,22 ± 0,24ᵇᶜᶜ 2,19 ± 0,40ᵇᶜ

One Gloss 43.81 ± 1.89ᵇᴬ 7,64 ± 1,69ᵇᴮ 2,40 ± 0,21ᶜᶜ 2,26 ± 0,09ᵇᶜ

Fuji II LC

Mylar Band 20.82 ± 0.83ᵃᴬ 5,68 ± 0,31ᵃᴮ 3,28 ± 1,07ᵃᶜ 3,31 ± 0,20ᵃᶜ

S-Lex Discs 26.83 ± 0.93ᵇᴬ 6,83 ± 0,37ᵇᴮ 4,43 ± 0,20ᵇᶜ 3,68 ± 0,16ᵃᵇᶜ

S-Lex Diamond 29.18 ± 1.57ᶜᴬ 6,89 ± 0,26ᵇᴮ 4,49 ± 0,21ᵇᶜᶜ 4,50 ± 1,45ᵇᶜ

One Gloss 31.56 ± 1,22ᵈᴬ 7,88 ± 0,38ᶜᴮ 4,49 ± 0,21ᶜᶜ 4,22 ± 0,21ᵃᵇᶜ

Dyract XP

Mylar Band 10,40 ± 0,56ᵃᴬ 4,01 ± 0,40ᵃᴮ 1,62 ± 0,10ᵃᶜ 1,95 ± 0,14ᵃᴰ

S-Lex Discs 12,80 ± 0,72ᵇᴬ 4,24 ± 0,72ᵇᵃᴮ 1,05 ± 0,18ᵃᶜ 0,68 ± 0,11ᵇᴰ

S-Lex Diamond 13,70 ± 0,71ᶜᴬ 3,43 ± 0,33ᶜᴮ 1,04 ± 0,14ᵃᶜ 0,40 ± 0,11ᵇᴰ

One Gloss 15,70 ± 0,99ᵈᴬ 4,80 ± 0,47ᵇᴮ 1,20 ± 0,15ᵃᶜ 0,46 ± 0,08ᵇᴰ

Beautifil II

Mylar Band 6,70 ± 0,36ᵃᴬ 6,69 ± 0,38ᵃᴬ 3,83 ± 0,26ᵃᴮ 2,99 ± 0,17ᵃᶜ

S-Lex Discs 4,07 ± 0,34ᵇᴬ 1,90 ± 0,30ᵇᴮ 2,64 ± 0,28ᵇᶜ 1,85 ± 0,16ᵇᴮ

S-Lex Diamond 3,83 ± 0,38ᵇᶜᴬ 1,49 ± 0,30ᵇᶜᴮ 2,11 ± 0,38ᶜᶜ 1,71 ± 0,15ᵇᴮ

One Gloss 3,42 ± 0,14ᶜᴬ 1,24 ± 0,14ᶜᴮ 1,91 ± 0,07ᶜᶜ 1,50 ± 0,05ᶜᴮ

Beauti Bulk

Mylar Band 5,88 ± 0,31ᵃᴬ 5,79 ± 0,57ᵃᴬ 3,30 ± 0,38ᵃᴮ 2,82 ± 0,17ᵃᶜ

S-Lex Discs 3,60 ± 0,23ᵇᴬ 2,47 ± 0,24ᵇᴮ 2,36 ± 0,22ᵇᴮ 1,72 ± 0,12ᵇᶜ

S-Lex Diamond 3,30 ± 0,20ᵇᴬ 1,82 ± 0,22ᶜᴮ 1,79 ± 0,09ᶜᴮ 1,55 ± 0,04ᶜᶜ

One Gloss 2,75 ± 0,15ᶜᴬ 1,57 ± 0,18ᶜᴮ 1,47 ± 0,05ᶜᴮ 1,28 ± 0,03ᵈᶜᴮ

F. Ultimate

Mylar Band 2,95 ± 0,24ᵃᴬ 2,85 ± 0,23ᵃᴬ 1,73 ± 0,14ᵃᴮ 0,60 ± 0,13ᵃᶜ

S-Lex Discs 1,73 ± 0,11ᵇᴬ 1,25 ± 0,14ᵇᴮ 1,17 ± 0,08ᵇᴮ 0,35 ± 0,03ᵇᶜ

S-Lex Diamond 1,57 ± 0,08ᵇᶜᴬ 0,98 ± 0,04ᶜᴮ 0,92 ± 0,05ᶜᴮ 0,31 ± 0,03ᵇᶜ

One Gloss 1,40 ± 0,04ᶜᴬ 0,87 ± 0,04ᶜᴮ 0,80 ± 0,06ᶜᴮ 0,28 ± 0,02ᵇᶜ

Table 3. Fluoride release patterns of test materials (ppm ± SD).

Polishing System Composition Application Method

OneGloss,
Shofu Inc., Kyoto, 
JAPAN.

One-step olyvinylsiloxane finisher 
and polisher are
mounted on mandrels (Al2O3, SiO2) 

OneGloss midi-points (ISO #060) were applied with light pressure on the 
discs for 20 s at low speed (10,000 rpm). The surfaces were then rinsed 
for 10 s.

Sof-Lex Discs,
3M ESPE, St. Paul, 
MN, USA.

Aluminum oxide-coated disc. 
Medium 40 μm,
Fine 24 μm, Ultrafine 8 μm.

The specimens were wet-polished with medium, fine and super-fine grits for 
20 s at low speed (10,000 rpm).

Sof-Lex Diamond,
3M ESPE, St. Paul, 
MN, USA.

Elastomer impregnated with 
aluminum oxide
particles (25–29 μm).

Firstly, Sof-Lex medium discs were applied the surfaces of specimens.
A beige Sof-Lex Diamond finishing wheel was applied with light pressure for 
20 s at low speed (10,000 rpm). Then, a white Sof-Lex Diamond polishing 
wheel was applied with light pressure for 20 s at low speed (10,000 rpm). 
The surfaces were rinsed for 10 s after each wheel used.

Table 2. Composition and application method of the polishing systems used.

*Different superscript: lowercase for each column and uppercase for each row imply significant difference according to the two-way repeated 
measures ANOVA and Tukey HSD (p<0.05).
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Figure 1. Mean fluoride release (ppm) of Fuji IV GP.

Figure 2. Mean fluoride release (ppm) of Fuji II LC.
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Figure 3. Mean fluoride release (ppm) of Dyract XP.
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Figure 4. Mean fluoride release (ppm) of Beautifil II.

Figure 5. Mean fluoride release (ppm) of Beautifil Bulk.

Figure 6. Mean fluoride release (ppm) of Filtek Ultimate.
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DISCUSSION

Finishing and polishing procedures are 
essential for the clinical success of restorations 
(17). Therefore, in our study, we aimed to evaluate 
the effects of different polishing systems on the 
fluoride release during the first week and weekly 
for 1 month. Surface roughness values were also 
analyzed. Considering the results of the study, both 
hypotheses of the authors were rejected. Both the 
restorative materials and the polishing systems 
used have affected surface roughness and fluoride 
release. In addition, a strong positive correlation 
between surface roughness and fluoride release 
was observed (r=0,745; p<0.05).

The GICs show a rapid fluoride release 
as a result of the acid base reaction. This rapid 
fluoride release so called “burst effect” occurs on 
the surface of the material and markedly reduced 
after the first week. In many studies, particularly 
after the second week, the rate of fluoride release 
is slowed so that there is virtually no difference 
in fluoride elution between days (8,24-26). This 
“burst effect” phenomenon and subsequent 
threshold of constant fluoride release level was 
also consistent with the present study.

The fluoride elution of resin-modified GICs 
depends not only on the source of fluoride, but also 
on the type of resin monomer used (25,27,28). The 
setting of these materials initially begins with light-

activated polymerization and is followed by the 
acid base reaction in association with the sorption 
of water. Fuji II LC contains HEMA hydrophilic 
monomer, which could increase the water sorption 
to allow fluoride ion diffusion (29). Similarly, in 
our study, the more fluoride release was observed 
in the traditional GIC material in the first week, 
whereas in the following weeks a greater amount 
of fluoride was released in the resin-modified GIC 
material. This can be also attributed to the acid 
base reaction and hydrogel thickening resulting 
from the water absorption indicated in another 
study (30).

The amount of fluoride released from 
the compomer material is less than that of both 
conventional and resin-modified GIC in accordance 
with previous studies (29-31). Dyract XP produced 
a higher amount of fluoride release than resin-
based composites. According to manufacturer 
information, Dyract XP contains strontium fluoride. 
In some studies, it was demonstrated that glass 
fillers and ytterbium trifluoride exhibited a superior 
fluoride release compared to strontium fluoride 
(28,31). The fluoride glass in the giomer has almost 
no glass-ionomer matrix, and there is a significant 
lack of acid base reaction since it has been pre-
reacted. In contrast, the acid base reaction in 
compomers occurs due to the water absorption. 
The authors thought that this variation may be 
the reason for the difference of fluoride release 
between these two materials. Mousavinasab and 

Mylar Band S-Lex Discs S-Lex Diamond One Gloss

Fuji IX GP 0.131 ± 0.011ᵃᴬ 0.386 ± 0.048ᵃᴮ 0.438 ± 0.045ᵃᶜ 0.476 ± 0.047ᵃᶜ
Fuji II LC 0.066 ± 0.012ᵇᴬ 0.201 ± 0.021ᵇᴮ 0.218 ± 0.024ᵇᴮ 0.267 ± 0,017ᵇᶜ
Dyract XP 0,04 ± 0,005ᶜᵈᴬ 0,175 ± 0,034ᵇᴮ 0,158 ± 0,013ᶜᵈᴮ 0,206 ± 0,018ᶜᶜ
Beautifil II 0,029 ± 0,004ᵉᴬ 0,121 ± 0,013ᶜᴮ 0,125 ± 0,010ᵉᴮ 0,152 ± 0,006ᵈᶜ
Beauti Bulk 0,034 ± 0,007ᵉᵈᴬ 0,125 ± 0,010ᶜᴮ 0,141 ± 0,004ᵉᵈᶜ 0,166 ± 0,010ᵈᴰ
F. Ultimate 0,025 ± 0,003ᵉᴬ 0,080 ± 0,006ᵈᴮ 0,082 ± 0,008ᶠᴮ 0,153 ± 0.028ᵈᶜ
*Different superscript (lowercase for each column and uppercase for each row) imply significant difference according to one-way ANOVA 
and Tukey HSD (p<0.05).

Table 4. Surface roughness (Ra) values of the test materials (µm ± SD).
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Meyers (25), similar to our study, reported that the 
fluoride release of giomers was lesser than the 
compomer material. However, in another study, the 
investigators did not find a significant difference 
between the fluoride release of giomers and 
compomers (24).

The smoothest surfaces are generally 
obtained by using the Mylar strip (24,32,33). 
Even if it has been applied successfully, it may 
be necessary to carry out finishing procedures 
in order to remove excess material or to obtain 
a good occlusal relationship. For this reason, in 
order to provide a standardization, the surface 
of the materials was polished using a 1200-grit 
silicon carbide paper with a polishing machine 
prior to polishing application to simulate finishing 
procedures(24,34). In our study, the smoothest 
surfaces were obtained in the Mylar strip group 
in accordance with many studies (24,32,33). 
The surface roughness of the materials was 
significantly increased with the application of 
polishing system (p<0.05). The surface roughness 
of the resin-based materials is significantly lower 
than the GIC material (p<0.05). On the other hand, 
there was no significant difference between the 
surface roughness of Beautifil II, Beautifil-Bulk 
and Filtek Ultimate materials in Mylar strip and 
OneGloss subgroups (p> 0.05). In giomers, Sof-
Lex Discs and Diamond systems were showed 
no statistically significant difference in surface 
roughness (p> 0.05), while Filtek Ultimate showed 
a better polishability (p<0.05).

As a result of the studies, a surface roughness 
of 0.2 μm is accepted as a threshold value for 
bacterial retention (35). In our study, the resin-
based materials remained below this threshold. 
Only Dyract XP produced a surface roughness of 
0.206 μm when polished with OneGloss. On the 
other hand, GIC-based materials have a surface 
roughness above 0.2 μm with all polishing 
systems. The lowest surface roughness in GIC-
based materials was obtained with the Sof-Lex 

Discs system. The flexible structure and the planar 
motion of these discs may be associated with low 
surface roughness values.

The effect of finishing and polishing 
systems on the fluoride release of restoration 
materials has so far been the subject of several 
studies (23,24,36). One of these studies stated 
that removal of the surface of the materials by 
air-abrasion increases the elution of fluoride. In 
the same study, this increase was related to the 
increase in surface roughness (23). In another study, 
it was found that different finishing and polishing 
systems were effective on fluoride release but no 
correlation was found (24). A positive correlation 
between surface roughness and fluoride release 
of materials was found in the present study. A 
significant increase was observed in the fluoride 
release of the material with the increase in surface 
roughness of GIC-based materials. The alterations 
in the surface of the material together with the 
polishing may have facilitated the penetration of 
the water required for the acid base reaction. On 
the other hand, polishing of resin-based materials 
(excluding compomer) reduced the fluoride release 
in accordance with the previous study (24).

Based on the results, it may be concluded 
that the polishing significantly increases the 
amount of fluoride release of restorative materials 
depending on the material type. Furthermore, a 
positive correlation was found between the surface 
roughness and fluoride release of the materials 
tested. However, it is important to remember that 
the correlation is not causality when interpreting the 
correlation. There may or may not be a causal link 
between the two related variables. Also, if there is 
a correlation, this may be indirect. The smoothest 
surfaces were obtained with Sof-Lex discs. Sof-
Lex Diamond system may be used especially for 
surfaces where the discs are difficult to use due 
to the anatomy of the teeth in the posterior region. 
GIC-based materials have more fluoride release 
than resin-based materials when polished.



ODOVTOS-International Journal of Dental Sciences Şişmanoğlu et al: Effect of Polishing Systems on Fluoride Release and Surface Roughness of Different Restorative Materials

ODOVTOS-Int. J. Dent. Sc. | No. 22-1: 81-92, 2020. ISSN: 2215-3411.90 ODOVTOS-Int. J. Dent. Sc. | No. 22-1: 81-92, 2020. ISSN: 2215-3411. 91

CONFLICT OF INTEREST

The authors have no conflict of interest 
relevant to this article.

 REFERENCES

1. Karantakis P., Helvatjoglou-Antoniades M., 
Theodoridou-Pahini S., Papadogiannis Y. 
Fluoride release from three glass ionomers, 
a compomer, and a composite resin in water, 
artificial saliva, and lactic acid. Oper Dent. 
2000; 25 (1): 20-5. 

2. Kent B. E., Lewis B. G., Wilson A. D. 
Glass Ionomer Cement Formulations: I. The 
Preparation of Novel Fluoroaluminosilicate 
Glasses High in Fluorine. J Dent Res. 1979; 
58 (6): 1607-19.

3. ten Cate J. M., van Duinen R. N. B. 
Hypermineralization of Dentinal Lesions 
Adjacent to Glass-ionomer Cement Restorations. 
J. Dent Res. 1995; 74 (6): 1266-71.

4. Hara A. T., Queiroz C. S., Freitas P. M., 
Giannini M., Serra M. C., Cury J. A. Fluoride 
release and secondary caries inhibition by 
adhesive systems on root dentine. Eur J Oral 
Sci. 2005; 113 (3): 245-50.

5. Anusavice K., Phillips R. Phillips’ Science 
of Dental Materials. 11th ed. St. Louis, USA; 
W.B. Saunders; 2003. 

6. Hewlett E. R., Mount G. J. Glass ionomers in 
contemporary restorative dentistry a clinical 
update. J Calif Dent Assoc. 2003; 31 (6): 483-92.

7. Khoroushi M., Keshani F. A review of glass-
ionomers: From conventional glass-ionomer 
to bioactive glass-ionomer. Dent Res J. 
(Isfahan). 2013; 10 (4): 411-20.

8. Kavaloglu Cildir S., Sandalli N. Compressive 
strength, surface roughness, fluoride release 
and recharge of four new fluoride-releasing 
fissure sealants. Dent Mater J. 2007; 26 (3): 
335-41.

9. Vermeersch G., Leloup G., Vreven J. 
Fluoride release from glass-ionomer cements, 

compomers and resin composites. J Oral 
Rehabil. 2001; 28 (1): 26-32.

10. Mjör I. A., Toffenetti F. Secondary caries: 
a literature review with case reports. 
Quintessence Int. 2000; 31 (3): 165-79.

11. D’Arcangelo C., Zarow M., De Angelis F., 
Vadini M., Paolantonio M., Giannoni M., et 
al. Five-year retrospective clinical study of 
indirect composite restorations luted with a 
light-cured composite in posterior teeth. Clin 
Oral Investig. 2014; 18 (2): 615-24.

12. Tam L. E., Chan G. P., Yim D. In vitro caries 
inhibition effects by conventional and resin-
modified glass-ionomer restorations. Oper 
Dent. 1997; 22 (1): 4-14.

13. McCabe J. F., Walls A. Applied dental 
materials. 9th ed. Chicago, USA: Blackwell 
Pub; 2008.

14. Savarino L., Breschi L., Tedaldi M., Ciapetti 
G., Tarabusi C., Greco M., et al. Ability of 
restorative and fluoride releasing materials to 
prevent marginal dentine demineralization. 
Biomaterials. 2004; 25 (6): 1011-7.

15. Burke F. M., Ray N. J., McConnell R. J. 
Fluoride-containing restorative materials. Int 
Dent J. 2006; 56 (1): 33-43.

16. Pellizzari V., Michels A., Luiz S., de Souza 
E., Tabchoury C., Rached R. Fluoride Ion 
Release of Self-Adhesive Resin Cements and 
Their Potential to Inhibit In Situ Enamel and 
Dentin Demineralization. Oper Dent. 2017; 
42 (5): 548-58.

17. Scheibe K.G.B.A., Almeida K.G.B., Medeiros 
I. S., Costa J. F., Alves C.M.C. Effect of 
different polishing systems on the surface 
roughness of microhybrid composites. J Appl 
Oral Sci. 2009; 17 (1): 21-6. 

18. Wessel S. W., Chen Y., Maitra A., van den 
Heuvel E. R., Slomp A. M., Busscher H. J., 
et al. Adhesion forces and composition of 
planktonic and adhering oral microbiomes. J 
Dent Res 2014; 93: 84-8.

19. Aykent F., Yondem I., Ozyesil A. G., Gunal 
S. K., Avunduk M. C., Ozkan S. Effect of 



ODOVTOS-International Journal of Dental Sciences Şişmanoğlu et al: Effect of Polishing Systems on Fluoride Release and Surface Roughness of Different Restorative Materials

ODOVTOS-Int. J. Dent. Sc. | No. 22-1: 81-92, 2020. ISSN: 2215-3411.92 ODOVTOS-Int. J. Dent. Sc. | No. 22-1: 81-92, 2020. ISSN: 2215-3411. 93

different finishing techniques for restorative 
materials on surface roughness and bacterial 
adhesion. J Prosthet Dent 2010; 103: 221-7.

20. McConnell M. D., Liu Y., Nowak A. P., Pilch 
S., Masters J. G., Composto R. J. Bacterial 
plaque retention on oral hard materials: Effect 
of surface roughness, surface composition, 
and physisorbed polycarboxylate. J Biomed 
Mater Res A 2010; 92: 1518-27.

21. Kimyai S., Lotfipour F., Pourabbas R., Sadr A., 
Nikazar S., Milani M. Effect of two rophylaxis 
methods on adherence of Streptococcus 
mutans to microfilled composite resin and 
giomer surfaces. Med Oral Patol Oral Cir 
Bucal 2011; 16: e561-7.

22. Heintze S. D., Forjanic M., Ohmiti K., RoussonV. 
Surface deterioration of dental materials after 
simulated toothbrushing in relation to brushing 
time and load. Dent Mater 2010; 26: 306-19.

23. Jost-Brinkmann P. G. Effect of air polishing 
on the fluoride release of (resin-modified) 
glass ionomer cements and of a polyacid-
modified composite resin. Clin Oral Investig. 
1998; 2 (2): 91-5.

24. Bayrak G. D., Sandalli N., Selvi-Kuvvetli 
S., Topcuoglu N., Kulekci G. Effect of two 
different polishing systems on fluoride 
release, surface roughness and bacterial 
adhesion of newly developed restorative 
materials. J Esthet Restor Dent. 2017; 29 (6): 
424-34.

25. Mousavinasab S. M., Meyers I. Fluoride release 
by glass ionomer cements, compomer and 
giomer. Dent Res J (Isfahan). 2009; 6 (2): 75-81.

26. Neelakantan P., John S., Anand S., Sureshbabu 
N., Subbarao C. Fluoride Release From a 
New Glass-ionomer Cement. Oper Dent. 
2011; 36 (1): 80-5.

27. Rothwell M., Anstice H. M., Pearson GJ. The 
uptake and release of fluoride by ion-leaching 
cements after exposure to toothpaste. J Dent. 
1998; 26 (7): 591-7.

28. Hattab F. N., el-Mowafy O. M., Salem N. S., 
el-Badrawy W. A. An in vivo study on the 
release of fluoride from glass-ionomer cement. 
Quintessence Int. 1991; 22 (3): 221-4.

29. Delbem A. C. B., Pedrini D., França J. G. M., 
Machado T. M. Fluoride release/recharge from 
restorative materials effect of fluoride gels and 
time. Oper Dent. 2005; 30 (6): 690-5.

30. Tay F. R., Pashley E. L., Huang C., Hashimoto 
M., Sano H., Smales R. J., et al. The Glass-
ionomer Phase in Resin-based Restorative 
Materials. J. Dent Res. 2001; 80 (9): 1808-12.

31. Yap A. U. J., Tham S. Y., Zhu L. Y., Lee H. 
K. Short-term fluoride release from various 
aesthetic restorative materials. Oper Dent. 
2002; 27 (3): 259-65.

32. Ehrmann E., Medioni E., Brulat-Bouchard N. 
Finishing and polishing effects of multiblade 
burs on the surface texture of 5 resin 
composites: microhardness and roughness 
testing. Restor Dent Endod. 2019; 44 (1). 

33. Ozel E., Korkmaz Y., Attar N., Karabulut 
E. Effect of one-step polishing systems on 
surface roughness of different flowable 
restorative materials. Dent Mater J. 2008; 27 
(6): 755-64.

34. Pala K., Tekçe N., Tuncer S., Serim M. 
E., Demirci M. Evaluation of the surface 
hardness, roughness, gloss and color of 
composites after different finishing/polishing 
treatments and thermocycling using a 
multitechnique approach. Dent Mater J. 
2016; 35 (2): 278-89.

35. Bollen C. M., Lambrechts P., Quirynen M. 
Comparison of surface roughness of oral hard 
materials to the threshold surface roughness 
for bacterial plaque retention: a review of the 
literature. Dent Mater. 1997; 13 (4): 258-69.

36. McKnight-Hanes C., Whitford G. M. Fluoride 
Release from Three Glass Ionomer Materials 
and the Effects of Varnishing with or without 
Finishing. Caries Res. 1992; 26 (5): 345-50.

Attribution (BY-NC) - (BY) You must give appropriate credit, provide a link to the license, and indicate if changes were 
made. You may do so in any reasonable manner, but not in any way that suggest the licensor endorses you or your 
use. (NC) You may not use the material for commercial purposes.


