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ABSTRACT
Background: Fluoride, the pivot of preventive dentistry, continues to be the ideal agent for modern caries prevention
philosophy. Differential release of fluoride has implications on cariostatic property of the commercially available materials
and thus indicating the importance of fluoride release after the application. Therefore the objective of this study was to
assess the difference in fluoride release from the commercially available NaF, SnF2 and APF as compared to controls at
different time intervals. Methods: 40 caries free sound premolars were selected for the study and randomly divided into 4
groups (10 specimens each). Teeth specimens in each group were subjected to respective Fluoride treatment i.e. Group I
(2% NaF), Group II (8% SnF2), Group III (1.23% APF) and Group IV (No Fluoride treatment). All specimens were
immersed in deionized water and samples collected after 1 hour, 1 day and 1 week were subjected to Fluoride estimation.
Results: At 1 hour time interval, highest amount of fluoride release ranging from 6.76 to 8.58 ppm was observed in Group
II - SnF2 that was significantly higher than NaF and APF treated specimens. At 1-day time interval, Group II – SnF2 and
Group III – APF showed a higher release of fluoride ranging from 0.81–0.93 and 0.61–0.79 ppm respectively. At 1-week
time interval, the fluoride release almost reached baseline values in all the groups except in Group II – SnF2 that still
maintained a high fluoride release ranging from 0.62–0.84 ppm. Conclusion: 8% SnF2 is expected to have greater anticaries potential than 2% NaF and 1.23% APF gel, due to its high fluoride releasing property for prolonged period of
time.
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INTRODUCTION
Dental caries continues to plague majority of the
world’s population with giant unmet treatment
needs. It places a large financial, health and time
burden most frequently on those least able to bear it.
FLUORIDE, the pivot of preventive dentistry,
continues to be the ideal agent for modern caries
prevention philosophy.[1] More than 60 years of
extensive research with innumerable publications
has repeatedly demonstrated safety and cariostatic
effectiveness of this amazing element.
The current focus of attention in Fluoride research is
the role of firmly and loosely bound fluoride in
caries prevention. Firmly bound fluoride refers to
fluoride incorporated in the crystalline lattice of
hydroxyapatite i.e. fluorhydroxyapatite (FAP),
whereas loosely bound fluoride pertains to fluoride
adsorbed to apatite and fluoride leaching from
relatively soluble fluoride containing deposits i.e.
Calcium fluoride (CaF2). Today it is a well-known
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fact that fluoride in low concentration, i.e. ambient
fluoride released from CaF2 at enamel-plaque-saliva
interface has greater caries preventive effects than
firmly bound FAP. CaF2 acts as a fluoride reservoir
on the tooth surface and it is formed only during
treatment with high concentration fluoride
solutions.[2-8]
Differential release of fluoride has implications on
cariostatic property of the commercially available
materials and thus indicating the importance of
fluoride release after the application.
Though several studies have been conducted on the
various topical fluoride agents and their anti caries
efficacy but few have reported the amount of
fluoride release over a specified period of time.
Furthermore, the fluoride release over a longer
period of time gives us a reliable information about
the anti caries efficacy of the agent.
Therefore the objective of this study was to assess
the difference in fluoride release from the
commercially available Sodium Fluoride i.e. NaF,
Stannous Fluoride i.e. SnF2 and Acidulated
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from teeth after topical fluoride application, at
different time intervals.

MATERIALS & METHODS
This in-vitro study was conducted in the Department
of Pedodontics and Preventive Dentistry, Oral
Pathology and Microbiology, Jaipur Dental College,
Rajasthan and Department of Biotechnology,
Maharaj Vinayak Global University.
40 caries free sound premolars, extracted for
orthodontic purpose were washed thoroughly under
tap water to remove blood, saliva and tissue debris.
Soft tissue and other deposits covering the tooth
were carefully removed with scalers and pumice. All
the teeth were stored in normal saline at room
temperature till the initiation of the experiment. The
anatomic roots of all 40 teeth were coated with nail
varnish. The teeth were randomly divided into four
groups of 10 each for respective topical fluoride
application.
All the teeth specimens were blot dried and
subjected to their respective topical fluoride
treatment1. 2% NaF was applied for 20 seconds with
cotton applicator and permitted to dry for 4 minutes
(Group I). The specimens to be treated with 8%
SnF2 and APF gel were immersed in their respective
topical fluoride agents for 4 minutes each (Group II
and III respectively). Specimens treated with 1.23%
APF gel were rinsed with deionized water to remove
the gel. All specimens were blot dried. Group IV
specimens were not subjected to any fluoride
treatment and acted as controls. All 40 teeth were
immersed separately in 40 tightly capped plastic
containers containing 6 ml of deionized water in
each container at neutral pH (at room temperature).
After 1 hour each tooth was removed from deionized
water and transferred to new 6 ml deionized water
containers. After 1 day each tooth was removed from
deionized water and transferred to new 6 ml
deionized water containers. After 1 week each tooth
was removed from deionized water. All 120 samples
were subjected to Fluoride estimation.
Estimation of fluoride level in the samples was done
using fluoride ion selective electrode method. The
Fluoride concentrations of 120 samples were
recorded (in ppm) and the values were subjected to
statistical analysis.
To compare the fluoride release in the 4 groups;
mean and standard deviation of each were analysed
by Analysis of Variance (ANOVA).
Further, post hoc analysis was carried out through
Tukey’s Honest Significant Difference (HSD). All
the statistical calculations were done by SPSS-20.

RESULTS
The present study was conducted to evaluate and
compare the amount and pattern of fluoride release

Table 1: Inter-Group Comparison Of The Fluoride
Release (Ppm) Between Various Groups At 1 Hour
Time Interval
GROUPS
Mean ± SD
I. NaF
3.71 ±0.69
II. SnF2
7.83 ± 0.59
III. APF
3.30 ±0.47
IV. Control
0.50 ± 0.041
ANOVA results were significant
F
273.83
df
3
p
<0.001

Table 2: Inter-Group Comparison Of The Fluoride
Release (Ppm) Between Various Groups At 1 Day Time
Interval
GROUPS
I. NaF
II. SnF2
III. APF
IV. Control
ANOVA results were significant
F
df
p

Mean ± SD
0.50 ±0.066
0.87 ±0.043
0.72 ±0.058
0.44 ± 0.023
1.25
3
<0.001

Table 3: Inter-Group Comparison Of The Fluoride
Release (Ppm) Between Various Groups At 1 Week
Time Interval
GROUPS
I. NaF
II. SnF2
III. APF
IV. Control
ANOVA results were significant
F
df
p

Mean ± SD
0.44 ± 0.025
0.71 ± 0.063
0.50 ± 0.062
0.40 ± 0.021
0.57
3
<0.001

DISCUSSION
The purpose of this study was to study the amount
and pattern of fluoride ion released over a period of
time after topical fluoride application. The fluoride
release was evaluated at neutral pH, as it is already
known that the release of fluoride is greater in acidic
pH.[2,9] Since topically acquired fluoride may be
soluble in saliva, its timely release can have great
cariostatic
potential
by
enhancing
remineralization.[10-12]
Fluoride release from teeth was estimated because of
its current interest in caries prevention. 2% NaF, 8%
SnF2 and 1.23% APF were selected in this study
because they are the most commonly used
professionally applied topical fluoride agents.[13] The
specimens were kept in deionized distilled water
because, it is free from ions and it is easy to measure
fluoride, as it is not complexed with any chemical
used in the preparation of artificial saliva.[14]
In this study fluoride release was observed in all the
groups, at different time intervals. In the study
groups, maximum amount of fluoride release
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At 1 hour time interval, highest amount of fluoride
release ranging from 6.76 to 8.58 ppm was observed
in Group II - SnF2 which was significantly higher
than NaF and APF treated specimens. This could be
because of the high fluoride concentration in 8%
SnF2 solution (19400 ppmF-).[15] These findings are
similar to that of Skartveit L, Gjerdet NR and Selvig
KA,[16] where they have stated that higher release
from SnF2 treated specimens is due to high uptake
of fluoride.
At 1 day time interval, there was a drastic reduction
in fluoride release in all the groups except in the
control group. These findings are similar to those of
many studies.[6-8,17-22] The possible reason for this
may be because of the fact that most of the fluoride
release occurs immediately within 1 hour.[23,24] In
Group II – SnF2 and Group III – APF a higher
release ranging from 0.81–0.93 and 0.61–0.79 ppm
respectively was observed as compared to Group I–
NaF and Group IV–Control, 0.38–0.48 and 0.40–
0.44 ppm respectively. This could be because of
high fluoride concentration in SnF2 and APF as
compared to NaF.[15,25]
At 1 week time interval, the fluoride release almost
reached baseline values in all the groups except in
Group II – SnF2 which still maintained a high
fluoride release ranging from 0.62–0.84 ppm. Once
again the reason for this could be high fluoride
uptake in SnF2 treated specimens due to high
fluoride concentration in 8% SnF2 solution.[15,16,25]
The above observations clearly show that 8%
Stannous fluoride had highest fluoride release when
compared to 2% NaF and 1.23% APF gel at three
different time intervals. Further it is expected that the
dynamics of release and re-uptake will continue to
occur for prolonged period of time.

CONCLUSION
The present study was undertaken for the
comparative evaluation of the amount and pattern of
fluoride release from teeth after topical application
of 2% NaF, 8% SnF2 and 1.23% APF gel at three
different time intervals viz 1 hour, 1 day and 1 week.
Forty caries free sound premolars were randomly
divided into four groups and subjected to their
respective topical fluoride treatment. All the teeth
were immersed individually separate in deionized
water and were transferred to new containers at 1
hour, 1 day and 1 week time intervals. These 120
samples of 6 ml deionized water were divided into

•

•

two subgroups of 3 ml each (i.e. 240 samples).
Solutions from one subgroup were used for Fluoride
estimation by ion selective electrode method.
The following conclusions were drawn from the
study:
Highest amount of fluoride release occurred
immediately within 1 hour in all the groups, except
in control group, followed by drastic reduction at 1
day and gradual reduction thereafter at 1-week time
interval.
SnF2 treated specimens when compared to that of
NaF and APF at all the three different time intervals
observed highest Fluoride release. Fluoride release
by APF treated specimens was higher than NaF
treated specimens at 1 day and 1 week time
intervals, but the difference was statistically not
significant at 1 week time interval. Thus, 8% SnF2 is
expected to have greater anti-caries potential than
2% NaF and 1.23% APF gel, due to its high fluoride
releasing property for prolonged period of time.

REFERENCES
1. Tewari A. Fluorides and Dental Caries: A compendium 1st ed.
Indore, J Indian Dental Association; 1986.
2. Ten Cate JM, van Loveren C. Fluoride mechanisms. Dent Clin
North Am 43 (4): 713-742; 1999.
3. Featherstone JDB. The science and practice of caries
prevention. J Am Dent Assoc 131: 887-899; 2000.
4. Hellwig E, Lennon AM. Systemic versus Topical fluoride.
Caries Res 38 (3): 258-262; 2004.
5. Featherstone JDB. Prevention and reversal of dental caries:
Role of low level of fluoride. Community Dent Oral
Epidemiol 27 : 31- 40; 1999.
6. Arends J, Christoffersen J. Nature and role of loosely bound
fluoride in dental caries. J Dent Res 69 (Spec Iss): 601-605;
1990.
7. Toumba KJ. Slow-release devices for fluoride delivery to
high-risk individuals. Caries Res 35 (Suppl 1): 10-13 2001.
8. Sjogren K. How to improve oral fluoride retention? Caries Res
35 (Suppl 1): 14-17; 2001.
9. Ogaard B. CaF2 formation: Cariostatic properties and factors
of enhancing the effect. Caries Res 35 (Suppl 1): 40-44; 2001.
10. Mellberg JR, Ripa LW. Fluoride in preventive dentistry,
theory and clinical applications. 1st ed. Chicago, Quintessence
Publishing Co. Inc; 1983.
11. Birkeland JM. In vitro study on the mechanisms of action of
fluoride in low concentrations. Caries Res 9: 110-118; 1975.
12. Birkeland JM, Charlton G. Effect of pH on the fluoride ion
activity of plaque. Caries Res 10: 72-80; 1976
13. Wei SHY. Clinical uses of fluorides: A state of art conference
on the uses of fluorides in clinical dentistry. Philadelphia, Lea
& Febiger; 1985.
14. Shashibushan KK, Basappa N, Subba Reddy VV. Comparison
of antibacterial activity of three fluoride and zinc releasing
commercial glass ionomer cements on strains of Mutans
streptococci – An invitro study. Dissertation submitted to
Kuvempu University, Dept. of Pedodontics and Preventive
Dentistry, Bapuji Dental College and Hospital, Davangere,
Karnataka; 1997
15. Johnston DW. Current status of professionally applied topical
fluorides. Community Dent Oral Epidemiol 22: 159-163;
1994.
16. Skartveit L, Gjerdet NR, Selvig KA. Release of fluoride and
metal ions from root surfaces after topical application of TiF4,

Annals of International Medical and Dental Research, Vol (5), Issue (6)

Page 14

Section: Dentistry

ranging from 2.44 to 8.58 ppm [Table 1] was seen
immediately within 1 hour after topical application,
followed by a drastic reduction at 1 day, ranging
from 0.37 to 0.93 ppm [Table 2], and a gradual
reduction thereafter at 1 week, ranging from 0.38 to
0.84 ppm [Table 3].

Habib & Danish; Comparative Fluoride Release in Commonly Used Topical Fluoride Agents

18.
19.

20.

21.

22.

23.

24.

25.

Section: Dentistry

17.

SnF2 and NaF in vitro. Acta Odontol Scand 49: 127-131;
1991
Wei SHY, Schulz EM. In vivo microsampling of enamel
fluoride concentrations after topical treatments. Caries Res. 9:
50-58; 1975.
Duckworth RM, Morgan SN. Oral fluoride retention after use
of fluoride dentifrices. Caries Res 25: 123-129; 1991.
Yap AUJ, Khor E, Foo SH. Fluoride release and antibacterial
properties of new generation tooth-colored restoratives.
Operative Dentistry 24: 297-305; 1999.
Munshi AK, Reddy NN, Shetty V. A comparative evaluation
of three fluoride varnishes: An in-vitro study. J Indian Soc
Pedo Prev Dent 19 (3): 92-102; 2001.
Deshpande S, Dixit UB. Effect of post-brushing rinsing and
milk consumption on salivary fluoride concentrations in preschool children after brushing with fluoridated toothpaste.
Dissertation submitted to Rajiv Gandhi University of Health
Sciences, Bangalore, Karnataka . Dept of Pediatric and
Preventive Dentistry, P.M. Nadagouda Memorial Dental
College and Hospital, Bagalkot, Karnataka; 2002.
Dwijendra KS, Reddy JS. Comparative evaluation of fluoride
release from three glass ionomer cements at different salivary
pH levels in artificial saliva – An invitro study. Dissertation
submitted to the NTR University of Health Sciences, A.P.
Dept. of Pedodontics with Preventive Dentistry, Govt. Dental
College and Hospital, Afzalgunj. Hyderabad, Andhra Pradesh;
2001.
Munshi AK, Reddy NN, Shetty V. A comparative evaluation
of three fluoride varnishes : An in-vitro study. J Indian Soc
Pedo Prev Dent 19 (3): 92-102; 2001.
Mellberg JR, Ripa LW. Fluoride in preventive dentistry,
theory and clinical applications. 1st ed. Chicago, Quintessence
Publishing Co. Inc; 1983.
Fejerskov O, Ekstrand J, Burt BA. Fluoride in dentistry.
2nded. Copenhagen, Munksgaard; 1996.

How to cite this article: Habib I, Danish SM. Comparative
Fluoride Release in Commonly Used Topical Fluoride
Agents – An In Vitro Study. Ann. Int. Med. Den. Res. 2019;
5(6):DE12-DE15.
Source of Support: Nil, Conﬂict of Interest: None declared

Annals of International Medical and Dental Research, Vol (5), Issue (6)

Page 15

