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Fluoride release from orthodontic composites: in vitro study

Liberacao de fluior de compésitos ortodonticos: estudo in vitro
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ABSTRACT

Objective
To evaluate the behavior of orthodontic composites, given their fluoride release and uptake ability.

Methods

The materials were divided into 3 groups: 2 orthodontic composites and 1 resin-reinforced glass ionomer cement used for bonding orthodontic
brackets, as follows: Group Q (Quick Cure, Reliance), Group A (Aqualite, OrthoSource) and Group OGLC (Ortho Glass LC, DFL) and a control
group. The fluoride release was measured for 28 days (after 1 hour and then 1, 3, 7, 14, 21 and 28 days) via an ion-selective electrode
connected to an ion analyzer. To evaluate the recharge of fluoride, the specimens were exposed to sodium fluoride solution (1,000 ppm
fluoride) for 28, 30, 31 and 32 days. The variance analysis (ANOVA) and Tukey's tests were used to evaluate between groups (p< 0.05).

Results

The results showed that the materials reached the peak of fluoride release 24 hours after polymerization. There was a statistical difference
between groups Q and A at the time intervals of 1 hour and at at 1, 3, 7, 14 days and after recharge with fluoride (p 0.05). The Q and A
groups showed a statistical difference with the Group OGLC in all periods p< 0.05).

Conclusion
The Quick Cure composite showed a higher initial ability for fluoride uptake and release compared to the Aqualite composite. Both composites
showed similar performance after 21 dias.

Indexing terms: Composite resins. Fluorine. Sodium fluoride.

RESUMO

Objetivo
Avaliar o comportamento de compésitos ortodénticos, quanto a capacidade de liberacdo e captacao de fluor.

Métodos

Os materiais foram divididos em 3 grupos: 2 compésitos ortodénticos e 1 cimento de iondmero de vidro reforcado com resina utilizados para
colagem de braquetes ortodénticos, sendo: Grupo Q (Quick Cure, Reliance), Grupo A (Aqualite, OrthoSource) e Grupo OGLC (Ortho Glass
LC, DFL), como controle. A liberacao de fltor foi medida durante 28 dias (Th e 1, 3, 7, 14, 21 e 28 dias), através de um eletrodo ion seletivo
conectado a um analisador de fons. Para avaliacdo da recarga de fltor, os espécimes foram expostos a solucao de fluoreto de sédio (1000 ppm
de fltor) nos dias 28, 30, 31 e 32. A andlise de variancia (ANOVA) e teste de Tukey foram utilizados para avaliacao entre grupos (p< 0.05).

Resultados

Os resultados evidenciaram que os materiais atingiram o pico maximo de liberacdo de flior com 24 horas apés a polimerizacdo. Houve
diferenca estatistica entre os grupos Q e A nos tempos de 1 hora , 1, 3, 7, 14 dias e ap6s recarga com fltor (p<0.05). Os grupos Q e A
apresentaram diferenca estatistica com o grupo OGLC em todos os periodos (p<0.05).

Conclusao
O compésito Quick Cure apresentou maior capacidade de liberacdo e captacao de fluor inicial comparado ao compésito Aqualite. Ambos os
compdsitos apresentaram desempenho semelhante ap6s 21 dias.

Termos de indexagdo: Resina composta. Fltor. Fluoreto de sédio.
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INTRODUCTION

The demineralization of tooth enamel is common
in patients subjected to fixed orthodontic treatments
which present substandard oral hygiene'. In Orthodontics,
white spot lesions have been the motivation for a number
of studies', and the search for materials that could prevent
such damage, is a concern at the present time'2.

Fluoride's cariostatic action mechanism occurs
via the inhibition of demineralization and an increase
in remineralization of the affected area®. In addition,
the bactericidal and antienzymatic action of the sodium
fluoride has been reported. Given this, the application of
topical fluoride and/or the use of fluoride rinses linked with
oral hygiene can help to reduce demineralization of the
enamel adjacent to the orthodontic brackets®.

Amongst orthodontic materials, composites are
widely used and their capacity to release fluoride' over
long periods has been reported, as well as the potential
to minimize tooth demineralization®. Nevertheless, the
quantity of fluoride released from the resin composites is
small when compared to ionomer materials®>.

Given the importance of carrying out studies on
the release of fluoride from orthodontic materials, it was the
authors’ aim to evaluate the behavior of orthodontic composites
with regard to their capacity for fluoride uptake and release.

METHODS

Three materials used for bonding orthodontic
accessories were evaluated: 2 composites, Group Q
(Quick Cure, Reliance, Itasca, IL, USA); Group A (Aqualite,
OrthoSource, N. Hollywood, CA, USA) and 1 resin-reinforced
glass ionomer cement, Group OGLC (Ortho Glass LC, DFL,
Rio de Janeiro, Brazil), as a control group (Chart 1).

A total of 30 test specimens were produced, 10 for
each material, using silicon molds with a diameter of 4 mm
and height also of 4mm. The glass ionomer cement was
handled in accordance with the manufacturer’s instructions,
by one operator only. The materials were inserted into the
molds with the aid of a syringe (Centrix, DFL, Rio de Janeiro,
Brazil) in order to avoid the formation of bubbles. The
surface of the material was covered with a glass slide using
finger pressure, thus flattening out its surface, and then the
photopolymerization was carried out (Radii, SDI, Bayswater,
Victoria, Australia) according to the manufacturer's
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instructions. The test specimens were kept this way this for
10 minutes and were then stored for 30 minutes at 37°C
and a humidity of 100%. At the end of this interval, two
specimens were placed in 8 ml of deionized water by means
of a Milli-Q purification system (Millipore, Bedford, MA, USA)
in a glass container and maintained in an oven at 37°C. Every
24 hours, the specimens were lightly dried with absorbent
paper towels and the water in each container was replaced.
This procedure was followed in order to avoid a buildup of
fluoride, as reported by Kuvvetli et al.®.

The solutions of 8 ml and 2 ml of deionized water
used to wash the specimens were mixed and diluted 5 times
and adjusted with 50 ml of total ionic strength adjustment
buffer (TISAB). The fluoride concentrations were analyzed by
combining an ion-selective electrode (Thermo Orion 9609,
Orion Research Inc., Boston, MA, USA) and an ion analyzer
(pH/ion, 450M Analyzer, Sao Paulo, SP, Brazil). The electrode
was calibrated on a daily basis, with standard solutions of
0.05, 0.1 and 0.19 ppm of fluoride, throughout the study.
The concentrations of fluoride released from each material
were measured and the data were transformed into pg/cm?
to verify the amount of fluoride released by the area of the
test specimen. The release of fluoride was measured after 1
hour and then at 1, 3, 7, 14, 21 and 28 days.

At the end of 28 days, the specimens were washed
in deionized water for 20 seconds and the surface was
lightly dried using disposable, absorbent paper towels. The
specimens were then immersed in a solution of sodium
fluoride 0.221% (1,000 ppm of fluoride) on day 28 for
5 minutes and were subsequently washed with deionized
water for 20 seconds. Two specimens were placed in 8 ml
of deionized water in a glass container and the fluoride
release was measured after 24 and 48 hours (days 29 and
30) to observe the timing of the release of the absorbed
fluoride. On days 30, 31 and 32, new fluoride recharges
were performed as described above and the fluoride
release was measured after 24 hours (days 31, 32 and 33)
to observe the ability to retain the recharge.

The variance analysis (ANOVA) and Tukey test were
used for the evaluation between groups, with reliability
at a significance level of 0.05 for the identification of the
statistical difference in fluoride release.

RESULTS

The materials reached the maximum peak of
fluoride release 24 hours after polymerization (Figure 1).
There was a statistical difference between groups Q and
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a at the intervals of 1 hour and at 1, 3, 7 and 14 days (p
0.05) (Table 1). Groups Q and A demonstrated a statistical
difference with group OGLC at all the time intervals (p<
0.05) (Tables 1 and 2).

On day 29, the first day after the fluoride recharge,
all the groups showed higher fluoride release, with a
statistical difference between the groups (p= 0.001) (Table
2). On day 30, which corresponds to 48 hours after the
first fluoride recharge, there was a reduction in fluoride
release; there was a statistical difference between the
groups (p= 0.001). On days 31, 32 and 33, 24 hours after
the last fluoride applications (days 30, 31 and 32), it was
noted that the group OGLC had the highest capacity for
fluoride uptake and release, followed by groups Q and A;
there was a statistically significant difference between the
3 groups (p< 0.05) (Table 2).

Chart 1. Materials tested along with their respective manufacturers, composition
and production batch.

Material Manufacturer Composition Batch
Reliance Bis-GMA (Bisphenol
Q ltasca, IL A-Glycidyl methacrylate), diaks
USA fluoride, micro quartz (charge /
weight) and camphorquinone.
OrthoSource Resin with Eluoride: )
A N. Hollywood, CA B1S-GMA (Bisphenol A-Glycidyl e 5 40
USA methacrylate),
TEGDMA (Triethylene glycol
dimethacrylate),
Fluoro-aluminosilicate.
Reinforced-resin glass- ionomer
cement: Powder: strontium
DEL silicate and fluoro- aluminosili-
OGLC Rio éie Jangiro) RY gﬁ?irzlrllcg;}d(g'omd& activators 6091426
Brazil Liquid: HEMA (2-Hydroxyethy!
methacrylate), solution of
polyacrylic acid, activators,
co-activators & camphorquinone.
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Figure 1. Quantity of fluoride released from the materials evaluated during the
experiment
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FLUORIDE RELEASE FROM COMPOSITE

Table 1. Release of fluoride*, in pyg/cm?, of the materials evaluated over 28 days.

Groups 1hour 1day 3days 7days 14days 21days 28days
12.9 17.7 16.6 11.0 12.4 7.7 7.6
Q (0.07)a (0.03)a (0.09)a (0.08)a (0.0)a (0.09)a (0.09)a

6.9 9.1 6.2 6.1 6.9 6.8 6.0
A (0.05)b (0.08)b (0.05)b (005)b (0.08)b (0.09)a (0.08)a
39.8 70.1 411 27.0 16.5 17.5 14.2
OGLC (36)c (B2c (25¢c (389c (19c (1.4b (1.8)b
*Means (standard deviation) followed by separate letters differ statistically at a level
of significance of 0.05. Comparison in column for the same period of time analyzed.

Table 2. Release of fluoride*, in ug/cm?, of the materials after immersion in solution
of sodium fluoride.

Groups 28days 29days 30days 31days 32days  33days
12.2 10.1 14.6 14.7 15.6
Q 7.6(0.09)a (0.07)a (0.03)a  (0.06)a (0.07)a  (0.06)a

A 6.0(0.08)a 8.0 (0.06)b 6.9 (0.05)b 7.2 (0.07)b 8.9 (0.07)b8.8 (0.06)b
OGLC 14.2 (1.8)b 37.8 (2.6)c 19.3 (4.8)c 41.9 (3.5)c 43.7 (3.9)c 45.5 (2.9)c

* Means (standard deviation) followed by separate letters differ statistically at a level
of significance of 0.05. Comparison in column for the same period of time analyzed.

Patients with fixed orthodontic appliances’ are
more susceptible to tooth demineralization adjacent to the
orthodontic bracket, due to the greater retention of food
and to substandard hygiene?>#, So the use of adhesive
materials for orthodontic accessories that have the ability
to release fluoride is essential in helping to prevent such
demineralization.

Various fluoridated materials have been developed
for orthodontic use, including glass-ionomer cements,
resin-modified glass-ionomer cements (RMGIC), polyacid-
modified resin composites (compomers) and composites.
Many studies'*>¢89 have shown that these materials have
specific fluoride and the ability to release this fluoride'".

Amongst these materials, composites are widely
used in orthodontics', and serve as the main reservoir
of fluoride ions at the periphery of the orthodontic
accessories'?, however improvement is needed in terms of
their compositions, for the effective prevention of white
spot lesions'?. Therefore the objective of the authors was
to compare and contrast the performance of orthodontic
composites with regard to the release of fluoride.

The concentration of the fluoride solution used
was 1,000 ppm fluoride, as it is similar to the fluoride
concentration present in the majority of dentrifices used for
oral brushing®'®'4. Deionized water was used in this study
as it does not have any ions that could have an impact on
results® and the water was replaced daily to avoid a buildup
of fluoride in the solution3&°.

The use of silicon molds 4 mm high by 4 mm in
diameter was based on other studies® .
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The results showed that the release of fluoride
was present in all the materials tested and in all periods
of the study, and was greatest 24 hours after the initial
adhesion, decreasing by days 3, 7 and 14, and with very
little variation after the 14" day. These results are similar to
other orthodontic cements in similar studies?81014,

The release of fluoride from the composite Aqualite
was lower than with the other two materials, however its
release could be detected throughout the duration of the
experiment, which is significant for the effective prevention
of demineralization of the enamel around the orthodontic
appliances’™ . The behavior of the release of fluoride
from the composites Quick-cure and Aqualite is explained
by the composition of these materials, by the presence
of fluoridated monomer and fluoro-aluminosilicate
respectively. The amount of fluoride released from these
materials is related to the form of chemical combination
and/or the quantity of intrinsic fluorine.

The Ortho Glass LC RMGICs demonstrated the
best performance during the experiment. This result was
expected since the RMGICs have a more porous surface
than the composites and this porosity permits a mechanism
of greater diffusion of the fluoride recharge, which results
in a greater quantity of storage and release of this ion®.

Studies®'® have confirmed that the exposure of
adhesive materials to the solution of sodium fluoride leads
to the uptake and release of fluoride, shown by the increase
in fluoride release in the days subsequent to the recharge’.

In this study, the materials with the highest levels
of initial fluoride release had a similar performance after
the fluoride recharge, which demonstrates the greater
uptake and release capacity of this ion®'°by the materials.
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All the materials demonstrated fluoride release
in excess of 5 pg/cm? of fluoride, at all the time intervals
of the study which, according to Ten Cate et al.’8, is a
concentration sufficient to prevent the demineralization
of the dentin, however, when faced with patients with a
high risk of caries, the composite Quick-cure is the most
recommended.

In order to prevent white spot lesions adequately,
in addition to the release of fluoride from the adhesive
materials, the need for appropriate oral hygiene using
fluoridated dentrifice’ should be emphasized as well
as a periodic checkup by the orthodontist or GP, as the
released fluoride may not adequately prevent or inhibit
demineralization adjacent to the brackets81°,

Conclusion

The evaluated composites have different initial
fluoride uptake and release capacity, however they do
perform similarly after 21 days of evaluation.
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