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ABSTRACT
An in-vitro study was done to evaluate the effect of fluoride exposure, fluoride release and recharging capability by High strength Glass Ionomer restorative
material used with Atraumatic restorative technique. 20 specimens were divided into four groups of five specimens each. The results showed that High
strength Glass ionomer cements (Fuji IX) release fluoride, the greatest release takes place between 24- 48 hours.
High viscous High Strength Glass ionomer cements have the ability to recharge by external sources like fluoridated dentifrices and varnishes and thus acts as a
fluoride reservoir. The recommendation that individuals with a high caries rate and glass ionomer restoration should have fluoride treatment with dentifrice
and varnish seems appropriate.
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INTRODUCTION
A new generation of conventional glass ionomer cement
which are categorized as “Densified”, “Condensible”,
“Viscous” and have “High strength” were developed to be
used with Atraumatic restorative technique in geriatric
patients, patients with high risk, patients with compromised
self care skills and impairments. High strength glass
ionomers consists of an alumino-silicate glass filler and a
polyalkenoic acid, which set through a traditional acid base
reaction1. Atraumatic restorative technique (ART) follows the
concept of minimal intervention and is based on removal of
infected dentin by hand excavation and restoring the site with
a relatively technique insensitive fluoride releasing material
such as High viscous glass ionomer cement 2.
Although fluoride release from glass ionomer restorations has
been shown to occur for long periods. The greatest release
takes place in the first 24-48 hours (fluoride burst) .The
release has been shown to decrease with time and reach a
constant level after 2 years period 1 . .Glass ionomer have the
ability to replenish fluoride through exposure to outside
fluoride sources and release it into the oral environment and
thus this material can be looked upon as a “rechargeable slow
release fluoride system” 3.
A publication by Mjor in 1996 4 has questioned the
cariostatatic property of Glass ionomer and claims that its
performance is not superior to that of a non fluoride releasing
composite resin and is in conflict with other evidence in this
area.
Glass ionomer cement have been shown to be recharged from
topical fluoride applications. Fluoride rinses, varnish, gels are
being used as topical fluoride agents which act as “store
house” for fluoride ions 5. With the introduction of “Crest”
the first fluoridated toothpaste sanctioned by ADA in 1960 as
an effective decay preventive dentifrices, fluoride pastes have
become a major home care product6.
The application of sealants (varnishes) maintains the water
balance in glass ionomer cement since loss of water through
dehydration is the greatest problem.
Longitudinal studies have shown fluoride varnishes applied
four times per year was effective in preventing caries in high
risk group of patients and is as effective as topical fluoride

gels and safer7. Nevertheless fluoride recharging may come at
the cost of increased surface roughness in relation to sodium
fluoride and aluminium phosphate fluoride treatments with
pH of 5.8 which cause degradation of glass ionomer 5.
However fluoride varnishes and their combination with
dentrifices have not been studied for fluoride recharging
capability with high strength glass ionomers.
The ultimate goal of ART is to assign treatment according to
caries risk levels with increased fluoride release for high risk
subjects. The present study investigated the recharging
capability of High strength glass ionomers to achieve a
sustained fluoride release, to attain the required concentration
in high risk group.
Hence, the objective of the present study was to investigate
the fluoride ion release and uptake from High viscous glass
ionomer cements used with ART, after topical application
with fluoride Varnish, Dentrifice and their combination.
MATERIAL AND METHODS
An in-vitro study to evaluate the effect of fluoride exposure,
on fluoride release and recharging capability by High
strength Glass Ionomer restorative material used with
Atraumatic restorative technique was undertaken in the
Department of Conservative Dentistry and Endodontics, A.
B. Shetty Memorial Institute of Dental Sciences, Mangalore
in association with Civil Engineering Department, National
Institute of Technology –Karnataka (NITK), Surathkal.
Study Materials
Materials

Composition

Fuji IX GP

Powder –
-

Fluoride
varnish
(BiFluorid12)

95% by weight alumino-fluorosilicate glass
5% by weight polyacrylic acid.
Liquid –
50%distilled water
40%polyacrylic acid
10%polybasic carboxylic acid.
Sodium fluoride (6%)
Calcium fluoride (6%)

Fluoride dentrifice
(Colgate)

Sodium monofluorophosphate
(1000 ppm)

-
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Specimen Preparation
A total of 20 specimens of Fuji IX GP were prepared by
mixing powder and liquid in the ratio of 3.6:1.0, mixing time
25-30 sec according to manufactures instructions and placed
into brass mold of 5mm diameter X 3mm height. The
specimens were held in place by sandwiching with matrix
strip and glass slides on either side of brass molds and
allowed to set for 2minutes and twenty seconds. The
specimens were then removed from brass mould.
Preparation Of Fluoride Ion Measurements
20 specimens were divided into four groups of five
specimens each. Each specimen was placed in vial with 10 ml
of isotonic saline and stored at 4 degree Celsius.
Group I (Control Group)
The release of fluoride from Fuji IX was utilized as the
control (Group I).
The first five specimens did not receive a surface coating and
were immediately suspended inside individual bottles
containing 10 ml of fluoride-free isotonic saline and stored at
4 degree Celsius.
Group II (Dentifrice)
The specimens were brushed with a layer of fluoridated
dentrifice(Colgate-Palmolive Co.) waiting for one minute and
then suspended inside individual bottles containing 10 ml of
fluoride-free isotonic saline and stored at 4 degree Celsius.
Group III (Varnish)
Excess moisture from the specimens was removed by blot
drying. Fluoridated Varnish (Bifluorid12, Voco) was
dispensed in a dappen dish. Specimens were brushed with a
thin layer of varnish using disposable brush waiting for one
minute and then suspended inside individual bottles
containing 10 ml of fluoride-free isotonic saline and stored at
4 degree Celsius.
Group IV (Dentrifice and Varnish)
Application of dentifrice and varnish as in Group II and
Group III and then suspended inside individual bottles
containing 10 ml of fluoride-free isotonic saline and stored at
4 degree Celsius.
Fluoridated dentifrice was used once daily for one minute and
varnish application was done for one min during the testing
period.
Collection of storage media and transfer of specimens to
fresh media were accomplished at 2hours, 8hours, 24hours,
48hours, 1week, 1month, 2months and 3 months.
Principle Of Fluoride Ion Selective Electrode Method
The fluoride electrode is of the solid state type, consisting of
a lanthanum fluoride crystal: in use it forms a cell in
combination with the reference electrode, normally the
calomen electrode. The crystal contacts the sample solution at
one phase and an internal reference solution at the other. A
potential is established by the presence of fluoride ions across
the crystal which is measured by a device called ion meter or
by any modern pH meter having an expanded millivolt scale.
Fluoride activity depends on the total ionic strength of the
sample.
Determination Of Fluoride Ion Release
Electrode was calibrated with standard fluoride solutions
containing 2.5 mg/l,1.25mg/l and 5mg/l fluoride diluted with
total ionic strength adjustment buffer (TISAB). Thereby
fluoride concentration was converted from millivolts to ppm.
10 ml of isotonic saline was mixed with 10 ml of TISAB.
This resulted in a total of 20ml of solution for analysis. A
total ionic strength adjustment buffer solution (TISAB) is
normally added to the saline solution in order to control the
pH and prevent the formation of fluoride complexes. Then

the electrode was immersed in this solution and stirred
magnetically and reading was obtained from the instrument.
The fluoride concentration was measured with a fluoride
specific ion electrode (Model no.940900) using Orion
microprocessor ion analyzer (Model No.901) at National
Institute of Technology – Karnataka (NITK), Surathkal.
Following incubation of two hours, each sample was
transferred to a new bottle containing 10 ml of isotonic
saline, thus collecting the rinse saline in the tube. The
specimen was then placed in a new bottle stored at 4 degree
Celsius. Subsequent transfers were preferred after 8hours,
24hours, 48hours, one week, one month, two months and
three months.
For all groups, fluoride ion concentration was calculated in
parts per million. For each material, the ability to recharge
was defined as the difference in fluoride release between the
study groups and control.Data was statistically analyzed by
Methodology
repeated measures of ANOVA and Tukey
HSD test
(p=<0.001).

High strength Glass ionomer (Fuji- IX)
)))GP)

Dentifrice (Colgate)

Varnish (Bifluorid12)

Specimens immersed in 0.9% isotonic saline

Pipette
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Total ionic strength adjustment buffer

Specimen solution

Fluoride specific ion electrode (940900) using Orion micro processor ion
analyzer (Model No. 901)

RESULTS
Group I (Control) showed higher fluoride release initially 024 hours reaching a peak at 24 hours thereafter fluoride
release decreased slowly up to one month after which there
was a sudden drop reaching a steady plateau up to two
months. .The amount of fluoride release decreased
considerably after one month. This ascertains the importance
of recharging after one month in moderately high risk
patients. Group II,Group III and Group IV showed
significantly higher fluoride release than Group I and showed
a positive trend up to 1 month reaching values of 2.468ppm
with group II ,3.131ppm with group III and 3.527ppm with
Group IV thereafter showing a steady plateau up to 3
months.Group I showed the least fluoride release of
1.973ppm at 2 hours,increasing to 1.993ppm at 24 hours with
a gradual trend thereafter reaching 1.670ppm at I month
following which there was a steep descent to 0.98960.979ppm after the 2nd month .Group II and Group III
showed a trend in between the group IV and the control
group.Group II showed high fluoride release of 1.993ppm at
2 hours ,increasing to 2.181ppm at 24 hours with a gradual
positive trend thereafter reaching 2.468ppm at one month
following which there was a steady plateau of 2.438ppm after
the 2nd month.Group III showed fluoride release of 2.223ppm
at 2 hours ,increasing to 2.245ppm at 24hours with a steplike
ascent thereafter reaching 3.131ppm at one month following
which there was asteady plateau of 3.117ppm-3.121ppm after
the 2nd month.After 2 months all the specimens showed a
similar pattern that is,the fluoride release reached a plateau.It
is inferred that as the time increased,the amount of fluoride
recharging also increased.On analyzing the results using
ANOVA test it is seen that the difference in the mean amount
of fluoride released between all the groups in each time
period is very highly significant (p<0.001).On analyzing the
results using tukey hsd test the difference in the amount of
fluoride release during each time interval between the
control and the study group is statistically very highly
significant(0.001).The difference in the amount of fluoride
released during each time interval between group
II(dentrifice)
and
GroupIII(varnish)is very highly
significant(p<0.001),indicating
the
importance
of
combination method of fluoride recharge. The difference in
the amount of fluoride release between the control and group
IV was statistically very highly significant (p<0.001)
indicating the importance of recharging.
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COM PA RISON OF M EA N FLOU RIDE RELEA SE OF
DIFFERENT GROU PS - TIM EW ISE
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Graph I: BAR CHART SHOWING COMPARISON OF THE MEAN FLUORIDE RELEASE OF DIFFERENT GROUPS – TIME WISE

COMPARISON OF MEAN FLOURIDE RELEASE OF
DIFFERENT GROUPS - TIMEWISE
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Graph II: LINE GRAPH SHOWING COMPARISON OF THE MEAN FLUORIDE RELEASE OF DIFFERENT GROUPS – TIME WISE
C O M P A R IS O N O F M E A N R E C H A R G E O F G L A S S IO N O M E R B A S E D
R E S T O R A T IV E M A T E R IA L S F O L L O W IN G F L O U R ID E E X P O S U R E
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DISCUSSION
Fuji IX was specifically designed for use in Atraumatic
Restorative Technique (ART). Yip et al (2005)8has described
conventional glass ionomer to have larger mean particle size
than other restorative materials which is a contributing factor
to the relative weakness of the material. High viscous high
strength glass ionomer overcomes this weakness by
decreasing the mean particle size. The viscosity is increased
with the use of smaller grain size particles and the use of low
solubility glass achieves fast maturing property. Fuji IX
contains fewer monovalent ions which results in greater cross
linking of the polymer chains. Studies by Forsten have
shown, Fuji IX to release less amount of fluoride than
conventional glass ionomer9.
The release of fluoride from dental materials is governed by a
number of variables namely intrinsic and extrinsic factors.
The intrinsic factors are related to preparation of material, its
powder: liquid ratio, mixing time and temperature, specimen
geometry, surface protection and finish, permeability of the
material and type of incorporated fluoride complex. The
extrinsic factors are related to the storage, dissolution
medium (its pH, temperature and impurities), experimental
design (volume of storage solution, frequency of solution
change and stirring) and analytic method16,17 . In the present
study intrinsic and extrinsic factors were taken into
consideration.
In an attempt to determine the optimum concentration of
fluoride release to inhibit caries, Margolis et al in 19865 have
shown enamel demineralization is decreased in fluoride
concentration as low as 0.024 ppm and inhibited at
concentration of 1 ppm. Certainly a material that could
release 1 ppm of fluoride over life of restoration would be
desirable5. The present study Fuji IX showed a mean value of
0.979 after 3 months showing the necessity of recharging to
inhibit caries.
Based on the previous studies by John O.Burgess it is
recommended that materials with long term fluoride release
rate of at least 2-3μg/ml/day may be used in high risk group
of patients18. This can be achieved only by use of glass
ionomer cement with supplemental fluoride via recharge. The
results in the present study proved a combination of Varnish
and Dentifrice as recharging materials to achieve this peak
level of fluoride.
Literature on fluoride by Gao, Friedman, Diefenderfer,
Kofman S.H, Rothwell showed recharging capability of glass
ionomer has been mainly based on the use of APF gels, NaF
rinses and fluoride dentifrices19,20,21,13.
Studies by Rothwell M et.al 1998 have shown high fluoride
concentration after the use of fluoride dentifrice13. Studies
have also shown decrease in caries rate with use of 1000 ppm
dentifrice than 250 ppm23..
It is recommended to place an adhesive or protective surface
coating on the glass ionomer restoration as a final step in
finishing. Although this may improve aesthetics, the coating
decreases fluoride release or uptake until abrasion removes
the coating. Mc Knight, Whitford and Burkitt et al reported
varnishing Glass ionomer samples decreases fluoride release
by 61% - 76% 18. This contradicts to the present study, where
varnish application showed higher levels of fluoride release
than dentifrice, which can be explained by the fact that
fluoride containing varnish was utilized which allowed for
increased uptake of fluoride.
The present study utilized bifluorid12 varnish containing
sodium fluoride and calcium fluoride. Fluoride varnishes are
generally more effective in preventing caries.A study by

Marinho Vcc et.al has shown varnishes to decrease caries rate
by 46% compared to 24% of fluoride toothpaste and 26% of
mouth rinse and is more effective in smooth surfaces
compared with fissure sites24. It is recommended that
moderate to high caries risk patients should receive fluoride
varnish on smooth surface when indicated. The present study
used bifluorid12 which is a fluoride containing varnish and
desensitizing agent.
The present study utilized Fluoride ion specific electrode
(Model No. 940900) and Orion micro processor ion analyzer
(Model No. 901) since it is a accurate, simple and convenient
method25.
Varnish is fast setting, and slowly releases fluoride over time
and is retained on the surface of the restoration longer than
dentifrice. Longitudinal studies have shown fluoride varnish
applied four times per year was effective in preventing
caries7. In the present study, varnish applied once a month
also caused considerable recharge and fluoride release.
This study also confirms the finding of Forsten (1991),
Hatibovic-Kofman and Koch (1991) and Seppa (1993) who
demonstrated that increased exposure by external fluoride
sources increases fluoride uptake by the high strength glass
ionomer cement13.
Earlier studies by Kenneth J.Anusavice have shown the
recharging capability of conventional Glass ionomers
decreases with time26. The present study conflicts the earlier
results proving that the recharging capability of High strength
glass ionomer cement increases with time which is in
accordance with studies by Kofman S.H, Koch G., Ekstrand J
199727where it has been proved that glass ionomer can be
recharged for a long period of time and can keep substantial
and constant level of fluoride in their surroundings. The
reasons for the higher values in the present study may be
related to the use of High strength glass ionomers having
smaller particle size giving a sustained fluoride release. Also,
due to the use of fluoridated varnish in combination with
dentifrice.
High strength glass ionomer act as intra-oral devices for
controlled slow release of fluoride at sites at risk for recurrent
caries (P.Dionysoulos et.al.)28.
The ultimate goal in ART is to assign treatment according to
caries risk by increasing fluoride levels for enamel and
bacterial reduction for high risk subjects.
Studies by Marinho Vcc et.al have shown use of combination
techniques to decrease caries incidence rate in additional 10%
beyond the use of single materials24Since the effect of
combination techniques with glass ionomer cement is not
clearly established, this study examined the effect of
combination technique in recharging glass ionomer cements,
to determine if a 3ppm level could be achieved.
Short term studies by Rothwell M et.al (1998)13 have shown
High strength high viscous glass ionomer developed for ART
released smaller amount of fluoride than conventional
cements. The results of the present study have shown
statistically significant differences between group I and group
IV showing the importance of recharging which is also
accordance with studies of Deschepper and Rothwell 16,13.
The results showed that a combination technique would
significantly increase recharging capability and reached a
constant fluoride release of 3 ppm necessary in high risk
subjects.
CONCLUSION
The following conclusions were drawn:
High strength Glass ionomer cements (Fuji IX) release
fluoride, the greatest release takes place between 24- 48
Page 245

Hegde Mithra N et al. IRJP 2012, 3 (4)
hours. The release has shown to decrease with time and reach
a constant level.
High viscous High Strength Glass ionomer cements have the
ability to recharge by external sources like fluoridated
dentifrices and varnishes and thus acts as a fluoride reservoir.
Recharging capability differed significantly among the
selected material during tested time intervals.
Recharging capability increases with increased fluoride
concentration.
Fluoridated Varnish utilized with High strength glass
ionomer cement showed significantly better fluoride release
than Fluoridated Dentifrice.
Combination of Fluoridated Varnish and Dentifrice to
recharge High strength glass ionomer cement showed highest
fluoride release compared to other Groups.
The recommendation that individuals with a high caries rate
and glass ionomer restoration should have fluoride treatment
with dentifrice and varnish seems appropriate.
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