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Dental caries and secondary caries are the most common problems in dentistry. Many studies provided
evidence for the anticariogenic effect of fluorides. The incidence of secondary caries is decreased in teeth
restored with fluoride releasing materials. The purpose of the present in vitro study is to evaluate the fluoride
release and uptake capability of two glass-ionomer cements and two compomers. A total number of 60
specimens were prepared according to the manufacturer’s instructions using silicone molds. The specimens
were transferred in plastic containers containing artificial saliva (pH=7), incubated at 37°C for 24 h and
divided in three subgroups: control group, varnish treated group and dentifrice treated group. The fluoride ion
content was measured on five times during a period of 30 days using an Orion 720A fluoride meter with
9609 BN fluoride ion electrode. The self-curing glass-ionomer cement released the highest amounts of
fluoride ions at the beginning and after the one month study period. The samples of the four materials tested
in the varnish treated groups showed significant differences compared to their control groups on the second
day. Dentifrice treated groups did not show significant differences compared to their control groups, except
values measured after 30 days. Application of fluoride varnish produced an increase of fluoride release for
the first 24 h in case of all materials. However, results suggest that the use of fluoridated dentifrice would be
more effective in caries prevention due to their fluoride uptake capability.
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Tooth decay due to dental caries is one of the most
common problems we can meet in dentistry. Another
constant problem in restorative dentistry is the secondary
caries. This is the reason why the role and the application
area of fluorides (F) is increased in the prevention of dental
caries.

Many researchers have demonstrated the anticariogenic
effects of fluorides. This effect has been reported widely in
the scientific literature. The influence of fluoride content of
different dental restorative materials on dental tissues has
been studied by many researchers [1-3].

It is a fact that the severity and incidence of secondary
caries are decreased in teeth restored with fluoride
releasing materials. On the other hand, the topically used
fluoride increases the fluoride content of the surrounding
tooth structure which leads to the forming of fluorapatite
crystals, which are more capable to resist to acid attack
[4].

Studies have proved that fluoride ion release from
restorative materials decrease with time, so in order to
sustain their anticarious nature it is necessary a longer
lasting and continuous capability of fluoride release. The
anticariogenic effect depends on the material’s ability to
exhibit fluoride rechargability also [5].

Glass-ionomer cements (GIC) are dental restorative
materials used in restorations where prevention of dental
caries is the priority. This powder-liquid biocomponent
system, from a chemical point of view, is a complex
polyacrylate or glass poly-alchenolate [6-8].

GICs were evolved from silicate cements. Since the
application of silicate cements, a significant decrease in
secondary caries activity around these restorations was
noticed [9].

Wilson and Kent were the first who introduced GIC in
1972. The GICs present a very good biocompatibility due
to their fluoride releasing and absorbing abilities. They have
a good adhesion to tooth structures, their pulp damaging
effect is minimal and thanks to their fluoride releasing
capability, they play a role in strengthening the tooth against
secondary caries, thus presenting cariostatic and
antimicrobial action [1, 2, 10, 11-15]. GICs are also used in
young patients’ permanent posterior teeth, where fast
adhesion is required [16]. They have the advantage of being
less sensitive to moisture than resin-based materials. When
moisture control is a problem, GICs may be a potential
alternative for resin-based materials [17-21].

In the late 1980s and early 1990s two new types of
restorative dental materials were placed on market, the
so-called ‘light cured GICs’. Two different materials were
introduced: the resin-modified GICs and the polyacid-
modified resin composites [22].

The polyacid-modified resin composite is the dental
compomer. The compomers were formed using
composites and GICs, possessing most of the properties
and characteristics of both materials. They function as acid
buffers along the interface with the tooth structure, release
fluoride ions continuously and have a good adhesion to
dentine. They can be regarded as the alternative of
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aesthetic dental filling materials (GICs and composites)
[22-25].

In Romanian Dental Medicine there are also other recent
in vivo and in vitro experimental study, performed especially
in the fields of implantology and endodontics [26-29].

The purpose of the present in vitro study is to evaluate
the fluoride release and uptake capability of two different
GIC and two different compomers.

Experimental part
Materials and methods

Four different restorative materials were used in this
study. Two of the materials used were glass-ionomer
cements: a self-curing (chemically cured) GIC and a light-
curing GIC. The other two restorative materials were
compomers (Table 1). For testing the fluoride release and
uptake capacity 60 specimens were prepared, 15-15
pieces of each material, according to the manufacturer’s
instructions. The prepared materials were placed in silicone
molds of 5.5mm diameter and 2mm height each. The
materials placed in the molds were captured between two
glass plates in order to eliminate the material excess and
to obtain plain surfaces. The setting of the self-curing GIC
(Glassfill) was complete after 5 minutes. The light-curing
GIC (Securafil) and the compomer (Glasiosite, TwinkyStar)
specimens were light-cured according to the
manufacturers’ instructions. After setting all specimens
were removed from the molds and transferred individually
in plastic containers containing 1ml of artificial saliva each.

The artificial saliva was prepared by adding 0.400g
natrium chloride, 0.400g potasium chloride, 0.795g calcium
chloride monohydrate, 0.69g sodium dihydrogen
phosphate, 0.005g sodium sulfide nonanhydrate and 1.0g
urea to 1000mL distilled water. The pH was adjusted to
seven. The containers were incubated and stored at 37°C
for 24 h.

The specimens in each group were subdivided into three
subgroups: A, B and C. The discs in subgroup A were placed
in artificial saliva for 30 days. The saliva was changed every
day with fresh artificial saliva. The discs in subgroup B were
placed in artificial saliva and after 24 h of incubation (1st

day) the specimens were treated with fluoride varnish
(Bifluorid 10, VOCO) for 1 min and rinsed with distilled
water, then placed in fresh artificial saliva. The saliva was
changed every day for a period of 30 days. The discs in
subgroup C were placed in artificial saliva, treated for 2
min daily with a fluoride containing dentifrice (Colgate,
1450 ppmF), rinsed with distilled water then placed in fresh
artificial saliva for the same period of 30 days.

The fluoride ion content was measured with an Orion
720A fluoride meter with 9609 BN fluoride ion electrode.
In the first step 1 ml of artificial saliva was mixed with 1 ml
of TISAB II (Total Ionic Strength Adjustment Buffer) buffer
solution. The TISAB II partially decomposes fluoride from
polyvalent cations, consequently, making fluoride available
for measurement. The fluoride calibration slope was
checked using standard solutions between 0.1ppm and
10ppm fluoride. Previously three specimens of artificial
saliva and three specimens of distilled water were tested
to determine the baseline concentration of fluoride. These
mean baseline concentrations were subtracted from each
of the values obtained. The measurements were made on
the 1st day, 2nd day, 3rd day, 10th day and the 30th day.

The data were statistically analyzed using one-way
ANOVA tests, independent and dependent t-tests
(GraphPad InStat software).

Results and discussions
The mean fluoride ion release values in the control

groups of the tested materials are shown in figure 1.
Comparing the two GIC sample groups, the Glassfill
showed significantly higher fluoride release values

Fig. 1. Fluoride release in the control group
of each material during the study period

Table 1
 MATERIALS TESTED FOR FLUORIDE

RELEASE AND UPTAKE
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(p=0.00001). This self-curing material released the highest
amounts of fluoride ions after the one month study period.

Differences among the mean fluoride contents,
representing the fluoride release values of the four
materials measured on the first day were statistically
significant (p=0.00001). Statistically significant higher
values were found on the second day in the varnish treated
groups (table 2), the highest values being in the TwinkyStar
specimen group.

Varnish treated groups showed significant differences
compared to their control groups on the second day, all the
samples from the four materials tested having higher
values of fluoride release. Regarding the varnish treated
samples after, 24 hours from the treatment, the TwinkyStar
samples were having significantly higher values than the
other materials (p=0.0002) (fig. 2).

Dentifrice treated groups did not show significant
differences compared to their control groups, only after 30
days, when the Securafil (p=0.025), TwinkyStar (p=0.002)
and Glasiosite (p=0.026) samples were having
significantly higher fluoride release values (Fig. 3).

Comparing the dentifrice and varnish treated groups,
the TwinkyStar (p=0.01) and the Glasiosite (p=0.01)

samples were releasing significantly higher amounts of
fluoride ions after 30 days.

Fluoride plays an important role in prevention of
secondary dental caries and helps remineralization [30].

Basic researches have shown that a fluoride
concentration of 2mg/L inhibits the bacterial plaque
formation and helps the formation of hydroxyfluoroapatite
which is resistant to acid attack, thus inhibiting the
formation of carious lesions [31]. Therefore several fluoride
releasing restorative materials have been described and
studied in the scientific literature. The most known and
often used are the GICs and the compomers. Fluoride
release is considered one of the most important qualities
of GICs. The fluoride release of these materials has been
presented in various studies using different research
methods. Many laboratory trials compared the fluoride
release of GIC with other restorative materials [5, 30, 32-
37]. Other studies showed that the fluoride release from
GIC is a complex process. First, an initial dissolution
process, a short-term reaction takes place when the readily
soluble fluoride is released. The second mechanism is
more gradual, it is a long-term and continuous release
process [38, 39].

Table 2
MEAN VALUES OF FLUORIDE RELEASE GROUPED BY MATERIAL AND TREATMENT (ALL VALUES ARE EXPRESSED IN ppm)

Fig. 2. Fluoride release in the varnish
treated group of each material during the

study period
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In case of an in vitro research many factors influence
the fluoride release and uptake. These could be the medium
in which the specimens are stored, the temperature and
the powder content of the material [40].

In the present study artificial saliva was chosen to
simulate the natural oral environment and the human saliva,
although it is impossible to simulate the properties of
human saliva due to its unstable nature. In this medium
the fluoride release properties of GIC and compomer
restorative materials were studied for a period of 30 days.
In order to evaluate the fluoride uptake capacity of the
materials, treatment with fluoride varnish and fluoride
containing dentifrice was used.

A control group was assigned for each material.
Observing these control groups, the fluoride release of the
two GICs used in the study were the highest on the 1st day,
after that a continouos decrease was shown until the 10th

day. The release activity was stable between days 10 and
30, while a slight increase was seen at the end of study
period. Thereby it has been demonstrated the phenomenon
of initial burst. These results are similar to the results of
earlier studies from the scientific literature [36, 41].

On the other hand the specimens of the two compomer
materials from the control groups did not show any
increases in fluoride release activity during the study. This
is in agreement with previous studies where other
compomer products were tested [33, 42].

However, there were studies where compomers
showed high initial fluoride release values, this property
was material-dependent [43]. In the present study the
mean fluoride release values measured in the self-curing
GIC (Glassfill) group were significantly higher than those
in the light-curing GIC (Securafil) group. The two
compomer groups were also showing a significant
difference, the Glasiosite samples were releasing more
fluoride.

The highest values of fluoride release were measured
on the 2nd day in the specimens treated with fluoride varnish,
followed by a continuous decrease until the 10th day, after
that the release activity was stabilized. Fluoride varnish
increased the fluoride release for a short time, and this
finding is in agreement with earlier studies [3, 36, 44, 45].

The Securafil restorative material is a light activated two-
component GIC. By the diffusion of sufficient water, the
fluoride ions are entered and firmly encapsulated in the

polyacrylate matrix. It can be assumed from the present
study that in this material, the fluoride ions encapsulated
by the matrix decelerate the fluoride release rate, which
might be slower and lower than in the self-curing GIC.

The specimens treated with fluoridated dentifrice did
not release significantly more fluoride at the beginning
compared to the specimens from the control groups.
Significantly higher values were measured only after a
month in case of the light-cured GIC (Securafil) and tested
compomers (Glasiosite and TwinkyStar). Similar results
were found in earlier studies [5, 33, 46]. This could be a
possible result of fluoride uptake of restorative materials
from the dentifrice.

GICs are capable of fluoride uptake, but this property is
material dependent. Currently, these materials are releasing
the greatest amount of fluoride with respect to dental
restorative materials [47].

Conclusions
The ability to release fluoride was detected initially in all

of the materials tested. The self-curing glass-ionomer
cement released the greatest amounts of fluoride during
the whole study period, except the next day after the
treatment with fluoride varnish. Application of fluoride
varnish produced an increase of fluoride release for the
first 24 hours in case of all materials, followed by a
continuous decrease. Results suggest that the use of
fluoridated dentifrice would be more effective on long term,
due to a possible fluoride uptake capability. Further studies
are planned to clarify the fluoride recharging mechanism.
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