Braz Dent J (2011) 22(4): 275-279

Fluoride release of a nanofilled glass ionomer

ISSN 0103-6440
275

Fluoride Release Profile of a Nanofilled
Resin-Modified Glass Ionomer Cement
Marco Aurélio Benini PASCHOAL1
Carla Vecchione GURGEL1
Daniela RIOS1
Ana Carolina MAGALHÃES2
Marília Afonso Rabelo BUZALAF2
Maria Aparecida de Andrade Moreira MACHADO1
1Department

of Pediatric Dentistry, Orthodontics and Community Health, Bauru Dental School,
USP - University of São Paulo, Bauru, SP, Brazil
2Department of Biological Sciences, Bauru Dental School, USP - University of São Paulo, Bauru, SP, Brazil

The present study aimed to compare the fluoride (F-) release pattern of a nanofilled resin-modified glass ionomer cement (GIC) (Ketac
N100 - KN) with available GICs used in dental practice (resin-modified GIC - Vitremer - V; conventional GIC - Ketac Molar - KM)
and a nanofilled resin composite (Filtek Supreme - RC). Discs of each material (n=6) were placed into 4 mL of deionized water in
sealed polyethylene vials and shaken, for 15 days. F- release (µg F-/cm2) was measured each day using a fluoride-ion specific electrode.
Cumulative F- release means were statistically analyzed by linear regression analysis. In order to analyze the differences among materials
and the influence of time in the daily F- release, 2-way ANOVA test was performed (α=0.05). The linear fits between the cumulative
F- release profiles of RC and KM and time were weak. KN and V presented a strong relationship between cumulative F- release and
time. There were significant differences between the daily F- release overtime up to the third day only for GICs materials. The daily
F- release means for RC were similar overtime. The results indicate that the F- release profile of the nanofilled resin-modified GIC
is comparable to the resin-modified GIC.
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INTRODUCTION
The glass ionomer cements (GIC) are waterbased cements, known as polyalkenoate cements.
Their generic name is based on the reaction between
fluoroaluminosilicate glass and polyalkenoic acid, and
setting results from an acid/base reaction between the
components (1).
These cements have unique properties such as
biocompatibility, adhesion to moist tooth structure,
coefficient of thermal expansion similar to the tooth
structure and anticariogenic action, due to F- release
(2). The conventional glass ionomer systems, however,
present certain limitations, which are the short working
time, the long set time, susceptibility to early moisture
contamination, desiccation after setting and brittleness

(3). Significant improvements have been made since the
initial development of conventional GICs and further
improvements are required in order to enhance their
physical properties (1,4).
As stated above, one of the advantages of GIC
is its ability to inhibit recurrent caries (5), mainly due
to its F- release property (6). However, there are a
great variance in F- release among different types of
GICs, probably due to the differences in composition,
powder/liquid ratio and mixing time (1,5). In addition,
it has been noted that decreased physical properties are
associated with increased F- release, so research into the
development of F- containing materials is ongoing with
the hope of maintaining the physical properties of these
materials and providing long F- release (7).
Nowadays, nanotechnology, also known as
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molecular nanotechnology or molecular engineering,
has been introduced in dental field providing a
cosmetically acceptable restoration with excellent
mechanical properties (8). The main point involved
with this new trend is the addition of nanofillers
particles to resin-based restorative materials. Recently, a
nanofilled resin-modified GIC has become commercially
available. This new material intends to bring adequate
mechanical properties, to enhance aesthetic in terms
of smoothness, polishability and precision of shade
characterization (9). However, it is necessary to clarify
the effect of the addition of nanoparticles along with
fluoroaluminosilicate glass on its F- release profile.
Thus, the aim of the present study was to evaluate
the F- release pattern of a nanofilled GIC (Ketac N100;
3M ESPE St. Paul, MN, USA) in deionized water,
comparing it to a conventional GIC (Ketac Molar Easy
Mix; 3M ESPE), a resin-modified GIC (Vitremer; 3M
ESPE) and a nanofilled resin composite (Filtek Supreme;
3M ESPE). The null hypothesis formulated was that there
are no significant differences in the F- release pattern
among the four materials studied over time, within the
parameters investigated.

MATERIAL AND METHODS
The restorative materials used in the present study
were a nanofilled resin composite (Filtek Supreme - RC),
a conventional GIC (Ketac Molar Easymix - KM), a
resin-modified GIC (Vitremer - V) and a nanofilled
resin-modified GIC (Ketac N100 - KN). Details about
the materials are given in Table 1 (10).
Sample Preparation Process

Six disc specimens (10 mm
diameter x 1.5 mm height) of each
material was dispensed into disposable
cylindrical polytetrafluoroethylene
moulds in the form of round discshaped samples. All restorative
materials were prepared according
to the manufacturers’ instructions
at room temperature (23 ± 1ºC) and
controlled relative humidity (50 ± 5%),
according to ISO specification #7489.
After placement of the material in the
mould, the surface of the restorative
materials was covered with a polyester
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strip and a glass slab under pressure to expel excess
material from the mould. For the light-cured materials,
the polymerization procedure was carried out through
the polyester strip following the manufacturers’
recommended exposure time, using a light-curing device
with a visible light intensity of 500 mW/cm2 (Dabi
Atlante, Ribeirão Preto, SP, Brazil). All samples were
removed from the moulds after 10 min.
Determination of Fluoride Release

Each specimen was placed in a polyethylene vial
filled with 4 mL of deionized water, which was changed
daily and kept under agitation at 1.4 Hz, 37ºC, for 15 days
(2). A nylon thread was incorporated into the materials
during setting, to place the specimens suspended in
deionized water.
F- release was determined in each day after
buffering the solutions with equal volumes of TISAB
II (Total Ionic Strength Adjustment Buffer, Analion).
F- was measured with a F- ion specific electrode (Orion
96-09; Orion Research Inc., Cambridge, MA, USA)
connected to an ion digital analyzer (Procyon SA 720;
Orion Research Inc.). The electrode was previously
calibrated with standards solutions of 0, 0.1, 0.2, 0.4,
0.8, 1.6, 3.2, 6.4, 12.8, 25.6, 51.2 µg F-/mL. The mV
readings were transformed into µgF/cm².
Statistical Analysis

In order to investigate F- release amounts and

Table 1. Restorative materials used in the study.
Brand

Category

Batch no.
(Powder/liquid)

Powder
liquid ratio

Mean filler
size
Nanocluster:
0.6-1.4 µm

Resin
composite

5AX

--

Conventional
GIC

308161
305465

2.9:1

14 µm**

Vitremer*

Resin-modified
GIC

7MX
3303L

2.5:1

3 µm***

Ketac
N100*

Nanofilled resinmodified GIC

K3K3

Paste/
paste

Data not
available

Filtek
Supreme*

Ketac Molar
EasyMix*

Nanofiller:
20 nm**

GIC = Glass ionomer cement. *Manufacturer: 3M ESPE St. Paul, MN, USA.
** Manufacturer information. ***Information from Xu and Burgess (10).
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patterns of the materials studied, it was used a linear
regression model involving a qualitative factor by using
the statistical software MINITAB 14. Two-way repeatedmeasures ANOVA were then performed to compare the
interactions between the factors (types of materials for
each time point). In order to assess significant differences
within these factors, Tukey’s test was applied. The value
of p<0.05 was set as the level of statistical significance.

RESULTS
Figure 1 shows the cumulative F- release pattern
for all restorative materials overtime. The linear fits
between the cumulative F- release profiles of RC and KM
and time were weak (RC: r2=0.21/ KM: r2=0.40, p>0.05).
The low r2-value detected indicated a high scattering of
the values for RC and KM. On the other hand, KN and
V presented a strong relationship between cumulative
F- release and time (KN: r2=0.95/ V: r2=0.95, p<0.05),
which, in turn, means that these materials were able to
keep a constant F- release pattern overtime.
Regarding the daily F- release, two-way repeatedmeasures ANOVA revealed significant differences
among the restorative materials (F=13.64, p<0.0001),
time (F=52.85, p<0.0001) and interaction between the
variables (F=31.08, p<0.0001). Generally, all GICs
presented the highest F- amount released at the first
day. Only for GIC materials (KM, KN and V), there
were significant differences between the daily F- release
overtime up to the third day, after which a plateau was
shown. The daily F- release means for RC was low and
similar overtime. When GICs were compared, KN and

Figure 1. The regression line and the cumulative fluoride release
points for the restorative materials at each day. Black circle = V
(r2=0.95, [F] = 22.85√t - 1.70t + 9.86); dark grey square = KN
(r2=0.95, [F] = 20.11√t - 0.95t - 8.57); bright grey diamond =
KM (r2=0.40, [F] = 7.82√t -0.20t + 11.16); black asterisk = RC
(r2=0.21, [F] = 0.57√t - 0.05t - 0.04).
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V significantly differ from KM up to the seventh and
sixth day, respectively; KN was significant different
from V up to second day (Fig. 2).
Based on the findings, the null hypothesis was
partially accepted.

DISCUSSION
Several investigations have been performed on Frelease from dental materials, as this property is related to
their cariostatic effect (6). The release of F- from dental
materials is governed by various intrinsic and extrinsic
factors. The intrinsic factors include composition,
powder/liquid ratio, mixing time, temperature, specimen
geometry, permeability, surface treatment and finishing
(11). Temperature, specimen geometry, permeability,
surface treatment and finishing were standardized
for all materials. However, the composition, powder/
liquid ratio and mixing time vary in according to the
studied materials. Extrinsic factors include type of
storage medium, experimental design and analytical
methods (12). These extrinsic factors make difficulty
any comparison between our data and those from other
studies.
Since the restorative materials do not have similar
composition, the discussion of the results are mainly
based on the comparison of the cumulative F- release
pattern rather than the F- release differences among
materials at each day. The daily F- release mean might
be influenced by several factors, such as the storage
medium, being of less importance to the scientific
knowledge (13).
Deionized water is a medium that have been
used for many years to evaluate the F- release from
dental materials (14). Over the last years, some authors
suggested that saliva or pH-cycling models could better

Figure 2. Daily fluoride release means (points) for the restorative
materials.
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simulate the oral environment and, consequently, be
more appropriated to study the F- release from the
materials (1,15). In spite of this fact, deionized water is
a medium that reflects well the property of the material
to release F- without any influence of minerals or organic
molecules which might be presented into de/re solutions
or saliva. Studies have shown that highest values of
F- release from dental materials were observed in pHcycling models, when compared with deionized water.
In fact, the most important finding is not the amount of
F- released from the material, but the F- release pattern
overtime. Accordingly, Garcez et al. (13) found that
the F- release pattern from restorative materials were
similar in deionized water and in solutions simulating
pH-cycling.
There are several studies showing higher (5),
similar (16,17) and lower F- release rates (3) for
conventional GICs, when compared with resin-modified
GICs. These discrepant findings are mainly related to the
extrinsic factors present in each study. In accordance with
our findings, Dionysopoulos et al. (3) showed that the
conventional GIC (KM) released less F- compared with
resin-modified GIC (V). The hypothesis given by the
authors was that the low solubility and the high powder/
liquid ratio of the KM could explain this difference (3).
Differences in F- release profiles between various
fluoride-containing materials have been reported
(5,6,18). A previous study has shown that F- release
from glass ionomer cements occurs by means of three
mechanisms: surface loss, diffusion through pores and
cracks, and bulk diffusion (19). The highest F- release
from the restorative materials studied was observed at the
first day and decreased thereafter up to the third day. The
high level of F- release on the first day might have been
caused by the initial surface loss; while the relatively
constant F- release during the following days might be
due to the F- ability to diffuse through cement pores
and fractures (11,15). Bulk F- diffusion occurs during
the maturation period as a consequence of the contact
of the material with the storage medium. The F- release
pattern found in the present study is in accordance with
the literature (3,5,7,15).
The present study showed that KN presented
a similar cumulative F- release pattern to V (Fig. 1).
The differences between both resin-modified GICs’
compositions are mainly related to the presence of
nanoparticles in the KN. Based on this, it might be
speculated that the nanoparticles presented in the tested
GIC (KN) do not have influence on the cumulative FBraz Dent J 22(4) 2011

release profile, considering the experimental conditions
of the present study.
This finding is in agreement to the daily F- release
means, as the values of KN were closer to V than KM
especially up to seventh day (Fig. 2). On the other hand,
KN presented lower F- release than the other GICs at the
first day. This phenomenon could be explained by its
low solubility, since it was shown by scanning electron
microscopy that the surface morphology of the KN
does not reveal voids, cracks and microporosities after
immersion in saline, as it was observed for all other GICs
tested (18). In addition, it was also found that KN did
not present superficial alterations even after immersion
in acidic solution (pH=2.5) (18). In the present study,
after the second day, KN presented a similar daily Frelease pattern to V.
It is important to point out that the extrapolation
of the laboratory findings to the in vivo performance of
the restorative materials should be done carefully, as the
conditions between both situations are different (19).
The present study should be considered as a preliminary
investigation limited on several distinct parameters.
Only controlled clinical trials as well as more complex
experimental designs comprising large number of
factors, which might influence the properties of dental
materials in real clinical situations, could provide more
valid conclusions.
In the clinical situation, for example, components
of saliva, acquired pellicle, pH, ion concentration and
temperature might decrease the F- diffusion from the
restorative materials in the oral cavity (20). The daily
use of F- incorporated into dentifrices and solutions
could also affect the amount of F- uptake and release
from the materials. Moreover, when pH decreases during
cariogenic and erosive challenges, it is suggested that
the F- release from the materials increases (18).
The F- release from the restorative materials
could affect the carious process through of reduction
of demineralization and increase the remineralization
during and after the cariogenic challenges (3,14,15).
Nevertheless, the amount of F- necessary for an effective
anticariogenic effect is still unknown.
Based on the results, it may be concluded that the
fluoride release profile of the nanofilled resin-modified
GIC (KN) is comparable to that of the resin-modified
GIC (V). However, other properties (mechanical and
chemical) of this nanofilled GIC should be investigated
in further studies, such as wear resistance and roughness,
before this new restorative material can be considered
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as a good option in dental practice.

RESUMO
O presente estudo teve como objetivo comparar o padrão de
liberação de fluoreto (F-) de um cimento de ionômero de vidro
(CIV) nanoparticulado modificado por resina (Ketac N100 - KN)
com CIVs disponíveis na prática clínica (CIV modificado por
resina - Vitremer - V; CIV convencional - Ketac Molar - KM)
e uma resina composta nanoparticulada (Filtek Supreme - RC).
Discos de cada material (n=6) foram imersos em 4 mL de água
deionizada em frascos de polietileno e agitados durante 15 dias.
A liberação de F- (µg F-/cm2) foi medida a cada dia utilizando
um eletrodo de F- específico. Os valores de liberação cumulativa
de F- foram analisados estatisticamente por análise de regressão
linear. Com o objetivo de analisar as diferenças entre os materiais
e a influência do tempo na liberação diária de F- foi aplicado o
teste ANOVA a dois critérios (α=0,05). A relação entre os padrões
de liberação de cumulativo de F- da RC e KM e o tempo foram
fracas. Os materiais KN e V apresentaram uma relação forte entre
a liberação cumulativa de F- e o tempo. Diferenças significativas
foram observadas entre a liberação diária de F- até o terceiro dia
somente para os cimentos ionoméricos. Os resultados indicam
que o padrão de liberação de F- do CIV modificado por resina
nanoparticulado é semelhante ao CIV modificado por resina.
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