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INTRODUCTION

Abstract

Objective: To investigate and compare the amount of fluoride release of conven-
tional, resin modified and nanofilled resin modified glass ionomer cements.
Materials and Methods: Tablets of glass-ionomer cements were immersed in
deionized water and incubated at 37°C. After 1, 2, 7, 15 and 30 days, fluoride ion
was measured under normal atmospheric conditions by fluoride ion selective elec-
trode. Buffer (TISAB I1) was used to decomplex the fluoride ion and to provide a
constant background ionic strength and to maintain the pH of water between 5.0
and 5.5 as the fluoride electrode is sensitive to changes in pH. Statistical evalua-
tion was carried out by one way ANOVA (Analysis of Variance) using SPSS
11.0. The significance level was set at p< 0.05.

Results: The release of fluoride was highest on day 1 and there was a sudden fall
on day 2 in all three groups. Initially fluoride release from conven-tional glass-
ionomer cement was highest compared to the other two glass-ionomer cements,
but the amount drastically reduced over the period. Although the amount of fluo-
ride release was less than both the resin modified and nanofilled resin modified
glass-ionomer cement, the release was sustained consistently for 30 days
Conclusion: The cumulative fluoride release of nanofilled resin modified glass
ionomer cement was very less compared to the conventional and resin modified
glass ionomer cements and Nanofilled resin modified glass ionomer cement re-
leased less but steady fluoride as compared to other resin modified glass ionomer
cements.
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of acids produced by the action of plaque bac-

The oral cavity is constantly exposed to demi- teria in the presence of dietary carbohydrates.
neralization and remineralization. Deminerali- Remineralization is seen conversely, when the
zation results when the pH falls due to release  pH rises with the deposition of calcium and
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phosphate ions®. Continuous demineralization
results in the loss of tooth structure. Therefore,
the best strategy for caries management is fo-
cus on the methods of improving the reminera-
lizing process. Various materials are available
that exclusively deliver remineralizing agents.
Incorporating fluoride, a remineralizing agent
in a restorative material, definitely reduces the
occurrence of secondary caries. Fluoride re-
leased from restorative materials has an effec-
tive zone of about 1 mm from the margin of
glass ionomer restorations [2]. Release of fluo-
ride from restorative materials also maintains
the fluoride level in the oral fluid. After
placement of glass-ionomer restorations, sali-
vary fluoride concentration is approximately
0.3 ppm immediately after and remains up to
0.04 ppm after 1 year [3].

The content of fluoride in glass ionomer res-
torative materials is about 10 to 23% [4] and a
direct relationship was detected between the
presence of fluoride in the cement and the
amount released [5]. Development in the field
of glass-ionomer cement has led to the intro-
duction of nanoionomer which is a nanofilled
resin-modified glass-ionomer cement. The
present study compared fluoride release
among nanoionomer, conventional and resin-
modified glass-ionomer cements.

MATERIALS AND METHODS

The present study was performed on conven-
tional glass ionomer (GC Corporation Tokyo,
Japan), resin-modified glass-ionomer and na-
noionomer (Ketac™ N100).

Conventional glass ionomer cements (GIC)
were first introduced in 1972 by Wilson and
Kent. They are derived from aqueous polyal-
kenoic acid such as polyacrylic acid and a
glass component that is usually a fluoroalumi-
nosilicate. They are dispensed as powder and
liquid which are mixed together to initiate an
acid-base reaction. Resin modified glass io-
nomer cements are conventional glass ionomer
cements with the addition of HEMA. (Hy-
droxyethylmethacrylate)
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They undergo both an acid-base ionomer reac-
tion as well as curing by photo-initiation and
self-cure of methacrylate carbon double
bonds. Ketac™ N100 is a two-part paste sys-
tem that makes the dispensing and mixing eas-
ier and faster. “Paste A is resin-based and con-
tains fluoroaluminosilicate glass, silane-treated
silica and zirconia silica nanofillers, methacry-
late and dimethacrylate resins, and photoinitia-
tors. Paste B is water-based and contains po-
lyalkenoic acid copolymer, silane-treated zir-
conia silica nanoclusters, silane-treated silica
nanofiller, and hydroxymethylmethacrylate
(HEMA). Ketac™ Nano Primer contains wa-
ter, HEMA, polyalkenoic acid copolymer, and
photoinitiators” [6].

Manufacturers claim that the presence of nano-
fillers in this material has improved esthetics,
wear resistance and still provides the benefits
of fluoride release [7].

The purpose of the present study was to com-
pare the fluoride release among conventional,
resin-modified and nanofilled glass ionomer
cements.

Sample preparation

Tablets of three glass ionomer cements (10 for
each group) were used for the study. They
were prepared from 9x2 mm sized cylindrical
brass moulds (Fig 1). A thick transparent sheet
was first secured on a flat surface. This pro-
vided the base for the mould. Glass ionomer
cements were then hand mixed according to
the manufacturer’s instructions.

The mixed material was placed into the mould
and covered with a mylar strip. A dental floss
was incorporated into the tablets during fabri-
cation to allow suspension into the test me-
dium (Fig 2).

A glass slide was then placed over the mould.
Hand pressure was applied to extrude excess
material and to ensure uniform and void free
specimen discs.Conventional glass ionomer
cement was set in the mould. The other two
glass ionomer cements were light cured for 20
seconds from the top.
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Figl. Cylindrical brass moulds

Then the glass slide was removed and cured
from below for 20 secs. The set discs were
gently pushed out of the moulds.Each disc
specimen was immersed in airtight polyethy-
lene bottle containing 20ml of deionized water
and incubated at 37-C and stored for 24 hours.

Determination of fluoride ion release
Fluoride ion measurement was performed at
the end of the first, second, seventh, fifteenth
and thirtieth day under normal atmospheric
conditions by fluoride ion selective electrode
(Fig 3) connected to an ion selective electrode
meter (ORION 940900) after calibration with
2.5, 5 and 10 part per million of standard fluo-
ride solution.

At the end of the first day, each specimen was
removed from the bottle, washed with 1ml of
deionized water, dried with absorbent paper
and then restored in a new 20 ml of fresh deio-
nized water and reincubated. 20 ml of the pre-
vious solution from the plastic bottle and 1ml
used for washing the disc was mixed with an
equal amount of total ionic strength adjustment
buffer (TISAB 11).

This was then transferred to a plastic vial into
which a magnetic stirrer was placed. The elec-
trode was dipped into the solution and fluoride
concentration was recorded in parts per mil-
lion. (TISAB 11) is used to decomplex the fluo-
ride ion, to provide a constant background io-
nic strength and to hold the pH of water be-
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Fig 2. Dental floss incorporated into the tablets

tween 5.0 and 5.5 as the fluoride electrode is
sensitive to changes in pH [4].

TISAB Il is prepared by adding 4 gms of
CDTA (cyclohexylenedinitrilo tetra acetate) to
57 ml of glacial acetic acid and 58 gms of so-
dium chloride and dissolving this in 500 ml of
double distilled water. The pH of the solution
is adjusted between 5.3 and 5.5 by slowly add-
ing 130 ml of 6N sodium hydroxide.

Each constituent plays an important role in
controlling the ionic strength and pH of the
analytic solution that may otherwise cause er-
ror and inaccuracy.

Similar steps were followed for the 2", 7™
15™ and 30" day and the electrode was recali-
brated with 2.5, 5 and 10 ppm of standard flu-
oride solution for each day.

Statistical analysis

Statistical evaluation was carried out using one
way ANOVA (Analysis of Variance) using
SPSS 11.0 for Windows (SPSS Inc., Ill, Chi-
cago, USA) at the level of significance of p<
0.05.

RESULT

In this study, we compared fluoride release
among three glass ionomer cements. The
means and standard deviations of fluoride re-
lease (in ppm) of each group on different days
are demonstrated in Table 1 and Table 2 gives
the intergroup comparison of fluoride release.
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Fig 3. Fluoride ion selective electrode connected to an ion selective electrode meter

Fluoride release was highest on day 1 and
there was a sudden fall on day 2 in all three
groups. Fluoride release later increased up to
day seven following which there was a gradual
decrease (Fig 4).

On the first day, fluoride release from conven-
tional glass ionomer cement was highest com-
pared to the other two glass ionomer cements
(p< 0.05), but the amount of release of fluoride
drastically reduced over the period. On the
contrary, the resin modified and nanoionomer
materials released less amounts on the first
day, but they continued to release fluoride
consistently for 30 days.For evaluation of the
cumulative fluoride release, both the conven-
tional and resin modified glass ionomer ce-
ments released significantly higher fluoride
than the nanoionomer cement (p< 0.05).

DISCUSSION

Fluoride release from a GIC is a complex
process and the released amount depends on
various factors. Intrinsic factors that may af-
fect fluoride release include formulation, solu-
bility or porosity of the material[8].

The lower the pH, the higher the fluoride re-
lease [10].

The higher the environmental temperature, the
greater the fluoride releasell. Other factors
such as an improper powder liquid ratio, im-
proper mixing and improper curing also affects
fluoride release [12-14].

El Mallakh and Sarkar NK [9] found that fluo-
ride release of glass ionomer cement was
higher in distilled water as compared to artifi-
cial saliva. pH of the media also affects the
fluoride release.

Table 1. Means and Standard Deviations of Fluoride Release (in ppm) by Tested Glass lonomer Cements

Conventional Glass lono- Resin modified Glass .
Day Nanoionomer
mer lonomer

1 3.38 +0.42 2.88 +0.49 1.76 £0.23

2 0.88 +0.18 0.77 £0.19 0.65 £0.07

7 2.51+ 0.37 2.06+0.18 1.74 +0.29
15 1.42+0.16 2.02 £+0.41 1.27+0.14
30 1.85+0.1 2.19+0.15 1.36+0.15

Level of Significance: <0.05
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Fig 4. Fluoride release from three glass

All glass ionomer cements evaluated in this
study released measurable amounts of fluoride
which was highest on the first day after which
the release reached to a low steady level. This
is a normal feature of glass ionomer cements
and is called as “Burst Effect” [15-17].

Table 2. Intergroup Comparison of Fluoride Release

7th day

15th day

30th day
® Nanofilled GIC

ionomer cements on different days

Perrin et al. [18] reported that the greatest
release of fluoride from glass ionomer oc-
curred on the first day followed by a sharp
decrease on the second day, and gradually di-
minished over 3 weeks to a low-level, long-
term release.

Group B
(Resin Modified GIC)

Group C
(Nanofilled Resin Modified GIC)

1"Day 2"™Day 7"Day 15" Day 30" Day 1%Day 2™Day 7"Day 15"Day 30" Day
Group A
(Conven- p=0.024 p=0.247 p=0.005 p=0000. p=0.005 p=0.000 p=0.007 p=0.000 p=0.370 p=0.000
tional GIC)
Group B p=0.000 p=0220 p=0.048  p=0.000  p=0.000
www.jdt.tums.ac.ir March 2013; Vol. 10, No. 2 138
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The burst effect is probably associated with
the release of fluoride which is loosely bound
in the glass ionomer cement and originates
from the initial acid-base reaction between the
glass and polyalkenoic acid [19]. The later
gradual release results from a balance between
erosive leaching of glass particles in the bulk
of the cement and diffusion of the leached flu-
oride through the cement matrix.

The burst effect of fluoride release is impor-
tant for remineralization as well as for the re-
duction of viability of bacteria that may have
been left in the inner carious dentine [20].
According to De Araujo FB et al. [21] and Di-
az Arnold et al. [22] resin modified glass io-
nomer cements release less fluoride initially
compared to the conventional glass ionomer
cement. In the present study, cumulative fluo-
ride release from conventional and resin mod-
ified glass ionomer cements were almost simi-
lar. This was in agreement with the study by
Mitra SB [23].

In accordance with the present study Paschoal
et al .[24] also observed that nanoparticulated
glass ionomer cement releases less but steady
release of fluoride as compared to other resin
modified glass ionomer cements. Fluoride re-
duces the translucency of the material and thus
the manufacturers may have compromised on
the initial amount of fluoride added to improve
the esthetic property of the material. This may
be the reason for low release of fluoride by the
nanoionomer cement.

The minimum amount of fluoride that is ne-
cessary for preventing or arresting a carious
lesion has not been well established [25]. Thus
it is difficult to conclude whether the lesser
amount of fluoride released by nanoionomer
may be adequate or not as an anticaries agent.
A long term clinical trial would be a step fur-
ther in establishing the anticaries effect of na-
noionomer.

CONCLUSION
1- The cumulative fluoride release of nano-
filled resin modified glass ionomer cement
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was very less compared to the conventional
and resin modified glass ionomer cements
which were almost similar to each other.

2- Nanofilled resin modified glass ionomer
cement released less but steady fluoride as
compared to other resin modified glass iono-
mer cements.
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