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Fluoride release from different tooth colored
restorative materials: An in vitro study

Abdul -Hag A SULIMAN?*
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ABSTRACT

This in vitro study evaluated the amount of fluoride released from
fluoride-containing materials over a period of (30) days. Twenty eight disk
samples (2.5 mm depth x 10 mm diameter) were prepared and divided into
four groups: Group I Vitremer glass ionomer, group II resin composite
Tetric, group III resin composite Definite, and group I'V Compoglass.

The samples were stored in an incubator at37° C for (24) hours.
Each disk was suspended in an individual plastic tube containing (3) ml of
deionized water. The water was changed every (24) hours, fluoride release
was determined at each day for (30) days, after buffering the solution with
equal volume of TISAB. The fluoride release was measured with a fluoride-
ion selective specific electrode previously calibrated from (0.05) to (100)
ppm. Fluoride release was expressed in part per million (ppm).

ANOVA test was used to evaluate the data. The results revealed that
Vetrimer glass ionomer released significantly more fluoride (41 ppm) for
the first day than all the other products. This was followed by Compoglass
which exhibits more fluoride release than the other two types (32 ppm), the
Tetric composite resin was the third material in the amount of fluoride
released (3.75 ppm), and finally the resin composite Definite released
fluoride in about (0.75 ppm). All fluoride release was decreased from day
(1) to (30) observation period.
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INTRODUCTION

Microleakage has been found to be responsible for recurrent caries.
Clinically there is no dental material that can produce perfect enamel and
dentin seal. Theoretically the continual release of fluoride ions from a
restorative material could reduce or eliminate recurrent caries ", Recurrent
caries is one of the primary causes of failure of dental restorations, which
lead to replacement of the dental restorations . Therefore, the addition of
fluoride to conventional dental material such as amalgam alloy, resin
composite, and various cements has generally been attempted. Specific
material containing fluoride has been recommended for the restoration of
root surface caries that are more likely to show recurrent caries ®. Although
silver amalgam has been successfully used to restore carious root, resin
composite, glass ionomer and resin modified glass ionomer are also used to
restore root surfaces since they are esthetically more acceptable and bond to
tooth structure. Fluoride release from these materials inhibits recurrent
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caries in the restored surfaces. The dynamic movement of fluoride into and
out of restorative materials and the role of fluoride releasing materials in the
inhibition of recurrent caries in vivo and in vitro have been studied .

In this concept, glass ionomer has been found to be the best material
for fluoride conduction into tooth substance . Glass ionomer cements
(GIC) have been shown to be a very useful adjunct to restorative dentistry.
Their major advantages including the ion exchange, adhesion to both
enamel and dentin and continuing fluoride release through out the life of the
restoration have been appreciated ). Also the uptake of fluoride by dentin
and enamel walls in contact with glass ionomer restorations has been
demonstrated Y.

The anticariogenicity of glass ionomer seems to be due to fluoride
flux centered into the component of the glass powder that leaks from this
material and reacts with the surrounding tooth structure to decreasing its
solubility ©.

Also the fluoride releasing glass ionomer has been reported to be
bactericidal in vitro. This may be beneficial to modern dentistry, which is
directed to the preservation of tooth tissue during restorative treatment, but
little is known about its in vivo behavior ‘%,

The purpose of this study is to determine and evaluate the amount of
the fluoride released from different tooth colored restorative materials.

MATERIALS AND METHODS

The materials used in this study are shown in table (1).

Table (1): Materials used in the study

1 Vitremer core build | 3M, Dental product,ST. 3303L
up restorative system Paul, MN 55144 USA

2 | comogusy | | Voo S| g

3 Tetric Ceram P e RS

= Definite Degussa-Hulls AH 039817

211



Al-Rafidain D J Fluoride release from different tooth zolored... Sp Iss. 2001

Twenty-eight disk samples were prepared and divided into four
groups, (7) disks for each group. Group I Vitremer glass ionomer, group II
resin composite Tetric ceram, group III resin composite Definite and group
IV Compoglass F. The samples were prepared by pouring the materials into
a stainless steel mold with the 2.5mm depth and 10 mm diameter.

Then a two glass slides used to compress the materials, during this a
stainless steel wire was incorporated into each disk sample to be served as
an attachment. All materials were then light cured by a curing gun (Dentsply
Equipment Division Dentsply International Inc USA). The curing was
applied in four perpendicular points for each surface, and for (40) seconds
each side.

After curing, the disk samples were removed from their molds, and
suspended into a polyethylene test tubes which contain 3() ml deionized
water. ‘

Sample were placed in an incubator at (37°) for the first (24) hour,
and after this (24) hour, the samples were removed from the incubator, and
each sample was removed from it’s tube, and placed into a new tube contain
(3) ml of deionized water and returned to the incubator.

The previous tubes which contain the deionized water into which
fluoride was released were buffered with similar amount of TISAB (3 ml),
then a fluoride -ion- specific electrode F1052f Radiometer A/S (Emdrupuej
72 DK 2400 Copenhagen NV Denmark) was used 1o measure the released
fluoride. This procedure was repeated every day and for (30) days.

The measuring unit is by Milivolts (Mv). Then the reading from the
device was pointed to the standard solution curve according to the
calibration curve method"'" the reading was determined by the use of the
non liner equation (Exponential ) to obtain the concentration of the
fluoride in part per million (ppm) .

Statistical Analysis

The means have been tested for their significant by using (ANOVA)
test, Duncan Multiple Range Test to comparzs the amount of fluoride
released between each type of the restorative materials. The differences
were considered to be significant when the probebility was equal or less
than 5% level p< 0.05.
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RESULTS

The amount of fluoride ion released from the tested materials in ppm
for the observation period is shown in table (2). The amount of fluoride
released from the glass ionomer materials is shown graphically in figures (1)
and (2) shows that released from resin composite materials.

Table (2): Amount of fluoride released in part per million (ppm)

1 0.75 | 41

2 0.375 | 30 3

3 0.475 | 18 0.8
4 A 15 0.75
5 0.225 18 0.2
6 0.225 18 0.4
7 0.225 15 8 0.7
8 0.225 | 15 7.5 0.7
g 046 | 15 9.9 0.7
10 0.225 7.75 9.9 0.4
11 0.15 .15 9 0.23
12 0.1 115 9 0.099
13 0.1 L 5 0.23
14 0.1 7.75 5 0.23
15 0.1 8 4.9 0.195
16 0.1 8 3 0.1
17 0.1 8 3 0.1
18 0.1 8 3 0.37
19 0.1 14 5 0.37
20 0.1 14 5 0.37
21 0.1 | 8 4.5 0.225
22 0.1 8 x5 0.09
23 0.08 7.4 0.4 0.09
24 0.08 7.4 0.7 0.08
25 0.08 7.4 0.4 0.08
26 0.08 7.4 0.4 0.08
27 0.08 | 7.4 0.38 0.025
28 0.08 7.4 0.38 0.025
29 0.08 1.4 0.38 0.025
30 0.08 7.4 0.38 0.025
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Figure (1): Fluoride release from Vitrmer core build up system (3M) and
Compoglass (Vivadent) the time in days
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Figure (2): Fluoride release for resin composite
Definite and Tetric Ceram (the time in days)
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For the glass ionomer material the maximum fluoride release was
observed in early days and decreased gradually to reached a constant level.
The greatest amount of fluoride released was found with Vitremer glass
ionomer followed by Compoglass F. '

For Vitremer glass ionomer the amount of the fluoride release in the
first day was very high (41 ppm). Gradually the amount of fluoride release
was diminished until it reaches (7.4) in day (23) and remain constant at that
level till the end of the experiment.

For Compoglass the amount of fluoride released in the first day was
(32 ppm), in the next day was (29 ppm). While in the third day increased to
(34 ppm). It decreased sharply to reach (8 ppm) in the seventh day, then
gradually the amount of fluoride released was diminished slowly until
reached (3.5 ppm) in day (22), then it reached (0.38 ppm) till the end of the
experiment. S

The fluoride released from the composites is presented in figure (2).
For both composites the maximum fluoride released was observed on the
first day the amount of fluoride released decreased sharply during the
following two days, and then gradually reached a constant level. The
greatest amount of fluoride released was found with Tetric ceram followed
by Definite which showed the least amount of fluoride released during all
time of experiment.

Fluoride released from resin composite Definite was very low as
compared to glass ionomer material used. The amount of fluoride released
in the first day was (0.75 ppm). In the second day there is a sharp decrease
(0.375 ppm) while in the seventh day it reached (0.22 ppm), then gradually
diminished until it reached (0.08 ppm) in day (23) and remain constant till
the end of the experiment. The resin composite Definite released fluoride
lesser than all other materials throughout the period of this experiment.

Fluoride release from Tetric ceram in the first day was (3.75 ppm).
In the next day (3.5 ppm), while in the seventh day decreased to reach (0.7
ppm), in the twentieth day (0.37 ppm) then it decreased until it reached
(0.025 ppm) in day twenty-seventh and remain constant till the end of the
experiment.

Table (3) shows the mean of fluoride released per week for each
materials during the experimental period and also determine the significant
difference between the same material at different weeks, and between the
different materials at the same week using Duncan Multiple Range test.
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Table (3): The weekly mean of fluoride release (ppm) for all types of materials

Compo-glass F | 24.78 (a.A) | 7.525 .(.B) 3.857 (b.B) | 0.4275 (b.C)
Vitremer G.I } 22.142 (a.A) | 9.5938 (a.B) | 9.5434 (a.B) | 7.4 (a.B)
Tetric ceram | 1.525 (b.A) | 0.2977 (c¢.B) | 0.1244 (c.B) | 0.04 (c.C) :

| Definite 0.3706 (b.A) | 0.1219 (c.A) | 0.01(c.B) 0.08 (c.B)

*Capital letter compare between the same material of different weeks.
Small letter compare between different materials at the same week.
Means with the same letters are statistically not significant.

The study revealed that the mean fluoride released by Compoglass F
and Vitremer in the first three weeks was significantly higher than Tetric
ceram and Definite, while in the fourth week the Vitremer material released
significantly higher amount of fluoride compared with the other three
materials,

The finding also show that the amount of fluoride release by each
materials in the first week was significantly higher than the rest of the time
intervals. The Compoglass F material reported high significant fluoride
released in the second week compared with fourth week, while the other
three materials their were decreased in amount of fluoride released but there
were no significant differences in the mean of the fluoride released per week
between second, third and fourth weeks.

The minimum and maximum amount of fluoride released for
different materials, and the mean and standard deviation of amount of
fluoride released during the experimental period is shown in table (4)

Table (4): Minimum, maximum, means and standard deviation of fluoride

released (ppm) for materials tested during (30) days
Vitremer G.1. 36 | 74 | 4 | 11925 | 1617
Compoglass F 30 0.38 34.00 8.8040 | 10.2961
Tetric ceram 30 0.025 372 0.5060 0.8812
Definite 30 0.8 0.75 0.1811 0.1584

N
N
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The Vitremer G.I reported the high mean of amount of fluoride
released (11.29 ppm) followed by Compoglass (8.80 ppm), while the Tetric
ceram and Definite reported low amount (0.50 ppm and 0.18 ppm)
respectively.

The ANOVA and Duncan's Test was used to determine the
differences in the mean amount of fluoride released from the different
restorative materials for the period of one month (Tables 5 and 6).

Table (5): ANOVA test result for the mean fluoride release
for the four materials during (30) days

3159.916

R R
SR
i
R

o
)
(@)
w

4780.254 116 | 105 25.5 8.5494

7940.170 119

Table (6): A comparison of mean fluoride release
between materials tested for the period of one month

T
e
AR
AT RIS,

SR
N

Compo-glass- s 30 8.8040. a
Vitremer G.1 30 11.9250 a
Tetric ceram 30 0.5000 b

Definite 30 0.1810 b

*Groups with the same letter are not significantly different.
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From these statistical analysis it was observed that there were highly
significant different between the materials. The G.I materials released high
amount of fluoride compared with resin composite and these difference
were highly significant, while there was no significant difference between
G.I materials (Compoglass F and Vitremer G.I) and there was no significant
difference between resin composite materials (Definite and Tetric ceram).

DISCUSSION

In this study, four types of commercial restorative materials had
been tested to evaluate the amount of fluoride release in short term (30 days)
and to compare between the ability of each material to release fluoride in
artificial environment (in vitro) through the use of deionized water as an
incubation media with incubation temperature of (37°)C.

The materials used in this study were four types of restorative
materials in which fluoride is incorporated with their composition two of
which were glass-ionomer, (Vitremer and Compoglass) and the other two
where a resin composite (Tetric ceram and Definite).

All materials chosen for the study were light cured in order to
eliminate the effect of weight and volume change as in self-curing glass
ionomer materials. Such effect which was mentioned by others %%,

The result of study revealed that all measurements of fluoride in the
four types of the materials were higher in the 1st'and 2nd days, then it was
decreased spontaneously till the last week of experiment and remain
constant. The initial release by all materials was highest during the first (24)
hours and decreased sharply this isin agreement with other studies ¢*'¥,
Vitremer material produced a significantly higher fluoride than the other
materials in the first day (41 ppm), followed by Compoglass (32 ppm),
while the Tetric ceram resin composite and the Definite resin composite
have a very low amount of fluoride release (3.75) ppm and (0.75) ppm
respectively. Within a few days their were slightly decreased in fluoride
released and then there were sharp decreased in fluoride released for each
materials reached a fairly constant level, that mean the pattern of fluoride
release was similar for all materials. However, the amount of fluoride
release was significantly greater for G.I.C materials at each measurement
intervals.

This results was in agreement with that of Kawai e al. @ Swift ),
and Aurjo ef al. (%) in which the pattern of fluoride release was similar for
all materials studied, being greatest at the beginning of the experiment and
gradually diminishing to a much lower and fairly constant level.
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During the measurement of fluoride release from the Compoglass
materials, a period of increasing in the fluoride released was obtained
following obvious decreased measurements as shown in figure (1). This is
attributed to the effect of resinous material incorporated in the material that
may affect the release of fluoride ions by delaying the dissociation and
release of these ions. The increase and decrease of fluoride ion released
from the glass ionomer may be due to the composition of the glass ionomer,
which consists of different salts of fluoride which may differ in their
solubility and cause these changes in releasing of fluoride every day along
the time of the experiment ') This pattern of fluoride release from glass
ionomer in this study is also in agreement with Tay and Brawen '®), it was
observed from the result of the study that the GIC (Vitremer) has very high
fluoride released at the last day of experiment (7.4 ppm) than the other
material used and this amount was even very high than the initial amount of
fluoride released in the first day of composite materials (Tetric ceram and
Definite). Also Compoglass F reported released high amount of fluoride at
the last day (0.38 ppm) compared with the composite materials (Tetric
ceram and Definite, 0.025 ppm and 0.08 ppm respectively).

The study reported the mean fluoride released per week for each
material during the experimental period (table 3). The findings show that the
mean fluoride release by Compoglass F (24.78 ppm) and Vitremer (22.14
ppm) in the first week was very significantly higher than of Tetric ceram
(1.53 ppm) and Definite (0.37 ppm). In the first week their were no
significant difference between Compoglass and Vitremer, while in the
second, third, and fourth weeks the Vitremer released a higher amount of
fluoride than Compoglass F.

The composite materials reported no significant difference between
them (Tetric ceram and Definite) in the (4) weeks of experiment, but
released significantly low amount of fluoride compared with (G.1.C)
materials.

The amount of fluoride released for each material at different week
interval table (3). The study revealed that the amount of fluoride released by
each material in the 1st is significantly higher than the rest ofithe time
intervals. The Compoglass F material recorded high significant fluoride
released in the second week compared with fourth week, while the other
three materials there was decreased in amount of fluoride released. However
there were no significant differences in the mean of fluoride released per
week between second, third and fourth week intervals.

The mean amount of fluoride released by each material for (30) days
(experimental period) is shown in table (6). The study indicate that the
(G.I.C) material released fluoride (20-50) times more than the composite
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materials, this finding is in agreement with the study carried by Arneds and
Robin “* and Arends ef al.?®. They show that approximately (10-50) times
more fluoride released by (G.I.C) than by fluoride releasing composite.

The study show that the Vitremer release high amount of fluoride.
(11.92 ppm) compared with the other materials, followed by Compoglass F
(8.8 ppm). However, there were no significant differences between Vitremer
and Compoglass in the mean of fluoride released for (30) days, while these
materials were very high significant difference than composite materials.

The composite materials released very small amount of fluoride and
there were a quick diminish in the amount of F. released this was in
accordance with other studies & '**1).

This result also in agreement with study carried out by Dijkman and
Arend ® who explained this sharp decreased in fluoride released from the
composite and polyacid modified resin occurred possibly because their were
two process involved: a rapid surface elution followed by a slower continues
bulk diffusion of fluoride ion. Recently, investigation have been made to
incorporate a micro encapsulated fluoride salts into the composite material
in order to maintain a gradual and continuos slowly release of fluoride ions
through a continuos process of fluoride ion diffusion from these very slowly
dissolute salts of fluoride including yttrium fluoride (YF3) and ytterbium
fluoride (YbF;) these salts have been found to be very slowly effected with
water and very slowly dissolute B8

CONCLUSIONS

1. From this study it was concluded that the amount of fluoride release was
significantly high for the glass ionomer (Vetrimer glass ionomer and
Compoglass) than the composite resin (Definite and Tetric ceram).

2. Greater amounts of fluoride were released during the 1st and 2nd days for
all the types of the materials used, than the rest of the observation time (30
days).

. The fluoride was released from all the materials till the last day of the
experlment (30th day)

4. The irregularities in the amount of the fluoride released (an increase in
the level of fluoride following a decrease) was explained by the content of
each type of the materials used which is slowly dissociated to released
fluoride indifferent levels.
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