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Impact of Fluoride Varnishes on Enamel Surface
Microhardness of Primary Teeth: An In Vitro Study
Uthman S Uthman

A b s t r ac t
Aim: Aim of the current research was performed to assess the outcome of three fluoride varnishes on enamel surface microhardness (SMH) of
primary teeth.
Materials and methods: A total of 60 primary teeth indicated for extraction were utilized in this research. The specimens were cleaned employing
pumice slurry. The specimens were subjected to storage in distilled water having 0.2% thymol for prevention of bacterial growth through the
period of the research. A 2 mm by 2 mm window was made on the enamel of the buccal surface, followed by embedding in acrylic with enamel
surface exposed. The specimens were then randomly allocated to one of the three investigational groups as follows: group 1- Bifluorid 10®
varnish, group 2- Clinpro white varnish, group 3- Fluorprotector varnish. The specimens underwent a pH cycle to replicate laboratory conditions
similar to the mouth. And every cycle lasted for 24 hours. The SMH of enamel was gauged prior to treatment at baseline and following pH cycles
employing the Vickers microhardness tester.
Results: Bifluorid 10® group exhibited a mean SMH of 328.32 ± 0.11, 332.14 ± 0.08 by the Clinpro white, and 331.13 ± 0.06 by the
Fluorprotector group at baseline, and there were no significant dissimilarities amid the various varnish groups. Clinpro white exhibited
the lowest SMH at 284.02 ± 0.17 in pursuit by Fluorprotector varnish at 268.58 ± 0.10 as well as Bifluorid 10® varnish at
229.86 ± 0.21. There were statistically significant dissimilarities amid the various varnish groups with p < 0.001.
Conclusion: The current research, amid its limitations, arrived at a conclusion that various fluoride-containing varnishes had a positive influence
on preventing demineralization of primary teeth. However, Clinpro white varnish delineated maximum efficacy in enhancing the resistance of
deciduous enamel to acid attacks vs Fluorprotector as well as the Bifluorid 10 fluoride varnish group.
Clinical significance: Cycles of demineralization and remineralization occurring in an alternative manner on the surface of enamel lead to
dental caries. Varnishes containing fluoride exhibit a dental caries preventive action on the dentition by exerting remineralizing effects. As a
result, the enamel becomes unyielding to disintegration by acids. Fluoride varnish is a noninterventional, anticariogenic substance that can be
used to manage early childhood caries (ECC).
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Introduction
Dental caries may arise in the deciduous dentition and could be
deep. The most initial clinical signal of ECC is an occurrence of
white spot lesions (WSL). WSLs represent regions of sub-surface
demineralization without the formation of a cavitated lesion.
Fortunately, the initial phase of WSL may be ceased as well as
probably turned around. In the absence of appropriate treatment,
WSL can lead to dental cavitated lesions on enamel. Hence, it is
very crucial for the dental specialist to identify and manage WSLs.
The contemporary dental practice aims at managing WSL in a
noninvasive manner thereby avoiding progress of dental caries,
leading to the preservation of nondiseased tooth structure.
One such noninvasive method of treating WSLs is the use of
remineralizing agents.1
Effective efforts to prevent dental caries and noninvasive
treatment of incipient caries lesions in young children are
needed. The use of fluorides has gained wide recognition as a
valuable preventive methodology for dental caries. Identification
of the anticaries capacity of fluorides historically signifies a
key milestone in dentistry. 2 It represents one of the frequently
employed remineralizing agents in dental practice. Caries
arresting potential exhibited by fluoride is because of its capability
to reduce the demineralizing rate owing to the formation of
fluorhydroxyapatite, thereby increasing remineralization of
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initial dental caries. Substances that are composed of fluoride
are employed in topical/systemic fluoride treatment to prevent
dental decay. 3
In order to find an alternate treatment for traditional topically
applied fluorides, varnishes composed of fluorides were pioneered.
Such a varnish represents a technically coated adhering substance
that is composed of a surplus quantity of fluoride in the form of a
salt/saline formulation within a quick-dry, alcohol/resin vehicle
preparation. The advantages of such fluid varnishes include
effective avoidance of dental caries, ease of control of fluoride
release, reduced chair-side time vs traditional solutions/gels.4
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Enamel Surface Microhardness of Primary Teeth
Fluoride-containing varnishes effectively cause the production
of reservoirs of fluoride in the oral cavity by producing calcium
fluoride. As the production of such pools of fluoride is restricted
by the presence of calcium/fluoride ions, the addition of ionic
calcium to these varnishes attempts to enhance the retention
of calcium/fluoride ions in the oral milieu. Also, it is well-known
that the salivary remineralizing capacity is restricted by the
quantity of present calcium. Thus adding ionic calcium/phosphate
through a source such as a fluoride varnish may add to increased
remineralization of initial carious lesions.5 Thus, the current research
was performed to assess the outcome of Bifluorid 10 varnish, Clinpro
white varnish, Fluorprotector fluoride varnishes on enamel SMH of
primary teeth.

M at e r ia l s

and

Methods

Preparation of Specimens
This research was performed in the college of dentistry, Prince
Sattam Bin Abdulaziz University, Alkharj, Kingdom of Saudi Arabia.
A total of 60 primary anterior teeth indicated for extraction were
utilized in this research. Teeth having >1 intact tooth surface,
lack of obvious dental caries, hypoplastic regions/stains/WSL
constituted the inclusion criteria. The exclusion criteria were
teeth having developmental abnormalities, deformed crowns,
and large restorations. Debris and calculus on the surface of each
tooth specimen were eliminated with the surface scaling. The
specimens were cleaned employing pumice slurry. The specimens
were subjected to storage in distilled water having 0.2% thymol for
prevention of bacterial growth through the period of the research.
A 2 mm by 2 mm window was made on the enamel of the buccal
surface, followed by embedding in acrylic with enamel surface
exposed. The specimens were subjected to grinding beneath
flowing water with the use of a polishing machine having 600and 1200-grit silicon-carbide papers to generate consistent even
surfaces. The remaining area was painted with nail varnish and
permitted to dry. Subsequent to this, the principal microhardness
of the specimens were gauged and documented by application
of a load of fifty grams for ten seconds, causing indentation of
enamel to assess the SMH.6 The measure depicted by the machine
was thus made note of.

Varnish Application
All 68 were allocated at random to one of the following three
investigational groups:
Group 1: Bifluorid 10® varnish (VOCO, Cuxhaven, Germany)
Group 2: Clinpro white varnish (3M Espe, MN, USA)
Group 3: Fluorprotector varnish (Ivoclar Vivadent, Amherst,
N.J, USA)

The varnish containing fluoride was subjected to application on
the specimen as per the recommendations of the manufacturer,
followed by storage in a moist atmosphere for 24 hours.
Following meticulous removal of the varnish remnants using
acetone-containing cotton as well as the surgical blade, the
specimens were subjected to washing with deionized water for
60 seconds7 and then the process of pH cycling.

pH Cycling Process
The specimens underwent a pH cycle to replicate laboratory
conditions similar to the mouth. Every cycle lasted for 24 hours.
First, the specimens were positioned in a demineralizing solution
composed of 2.2 mM CaCl2, 2.2 mM NaH2PO4, 0.05 M acetic acid
buffered with 1 mL KOH, 15 mL per specimen at pH of 4.5 for
3 hours, followed by immersion in distilled water for 30 minutes.
Following this, the specimens were kept in a remineralizing
solution with 1.5 mM CaCl2, 0.9 mM NaHPO4, KCl 0.15 mM; 15 mL
per specimen at pH of 7.0 for 20 hours, followed again by washing
and immersion in distilled water for 30 minutes. This cycle was
continued every day for 2 weeks.8,9 All procedures were conducted
by two calibrated investigators.

Evaluation of Enamel Surface Microhardness
The SMH of enamel was gauged prior to treatment at baseline and
following pH cycles employing the Vickers microhardness tester
(HM112, Mitutoyo Corporation, Tokyo, Japan) under a load of 50 gm
for 10 seconds. Three indentations at distances of 100 μm were
carried out in the middle of the enamel specimens. The average
values were measured as well as documented as the Vickers
microhardness number (VHN) for every specimen.

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) software of
version 20.0 was employed to calculate and assess the mean and
standard deviation. The comparative analysis was performed
using the one-way analysis of variance to gauge within and amid
the fluoride varnishes. Statistical significance was set at a p-value
lower than 0.05.

R e s u lts
Table 1 and Figure 1 depict the mean microhardness of the
surface enamel prior to the use of fluoride varnish in the different
investigational groups. Bifluorid 10® group exhibited a mean SMH
of 328.32 ± 0.11, 332.14 ± 0.08 by the Clinpro white, and 331.13
± 0.06 by the Fluorprotector group at baseline. There were no
significant dissimilarities amid the various varnish groups.
Table 2 and Figure 2 show the mean microhardness of the
surface enamel following pH cycling (VHN2) amid the different

Table 1: Evaluation of the mean enamel surface microhardness before application of fluoride varnish among different experimental groups
Groups

n

Mean ± SD (VHN1)

F-value

p-value

Group 1: Bifluorid 10®
Group 2: Clinpro white
Group 3: Fluorprotector
Groups
Group 1: Bifluorid 10®
Group 2: Clinpro white

20
20
20
n
20
20

328.32 ± 0.11
332.14 ± 0.08
331.13 ± 0.06
Mean ± SD (VHN2)
229.86 ± 0.21
284.02 ± 0.17

21.026

0.284

F-value

p-value

19.183

0.001

Group 3: Fluorprotector

20

268.58 ± 0.10
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Table 2: Evaluation of the mean enamel surface microhardness after
pH cycling (VHN2) among different experimental groups
Groups

n

Mean ± SD
(VHN2)

F-value

p-value

Group 1: Bifluorid 10®
Group 2: Clinpro white

20
20

229.86 ± 0.21
284.02 ± 0.17

19.183

0.001

Group 3: Fluorprotector

20

268.58 ± 0.10

Fig. 1: Mean enamel surface microhardness before application of
fluoride varnish

investigational groups. Clinpro white exhibited the lowest SMH
at 284.02 ± 0.17 in pursuit by Fluorprotector varnish at 268.58 ±
0.10 as well as Bifluorid 10® varnish at 229.86 ± 0.21. There were
statistically significant dissimilarities amid the various varnish
groups with p < 0.001.
Table 3 reveals the comparative evaluation of mean VHN prior
to and following pH cycling amid the different investigational
groups. Clinpro white exhibited the lowest VHN difference at
48.12 ± 0.09 in pursuit by Fluorprotector varnish at 62.55 ± 0.04 as
well as Bifluorid 10® varnish at 98.46 ± 0.10. There were statistically
significant dissimilarities amid the various varnish groups with
p < 0.001.
The inference of the present indicates that the Clinpro white
varnish group shows the effectiveness in increasing the acid
resistance of primary enamel compared to the Fluorprotector and
Bifluorid 10 fluoride varnish group.

Discussion
Hydroxyapatite plus fluorapatite, along with some delta calcium
metaphosphate, constitutes the human enamel. A sensitive method
to gauge the efficiency of fluoride is the assessment of initial
surface alterations of enamel on teeth. This technique also offers
the highest predictive importance with regard to anticariogenic
capabilities.10
A long and intimate contact amid fluoride and enamel is the key
goal of applying varnish on the tooth surface. Calcium fluoride-like
substance in globular form precipitates on the surface of enamel
upon exposure to a high quantity of ionic fluoride in the varnishes
containing fluorides. Such a reaction reduces the dissolution of
ionic calcium/phosphate thereby causing the dissemination of ionic
fluoride and enhancing the ionic calcium/phosphate diffusion within
the tooth micro-atmosphere. In other words, such a response aids
in avoiding the disintegration of ionic calcium/phosphate as well as
enhances the reuptake/remineralization of missing minerals.11
As the surface layer is of key significance in the progress
of dental caries, the assessment of alterations in this area is
appropriate and hence, SMH gauging to evaluate the amount
of demineralization is an apt methodology. Determining the
microhardness for a substance such as enamel that has an intricate

Fig. 2: Mean enamel surface microhardness after pH cycling

microstructure, fragile quality while being nonhomogenous, and
having the likelihood to crack is fitting. The notching caused while
assessing the SMH is easy, noninvasive as well as a quick technique
of studying the demineralization/remineralization.12 In this research,
VHN was employed as the foundation for examination as the square
shape of the indentation that resultantly occurs is further precise to
gauge. Very small alterations in the square shape notch that is seen
following the assessment may be effortlessly noted.
The results from the current research depict that deciduous
specimens that were subjected to treatment with Fluorprotector
delineated an enhanced SMH vs Bifluorid 10.
These differences could be attributed to the quantity/nature of the
fluoride complex that forms on the enamel surface. Around 0.9%
difluorsilane in a polyurethane varnish base plus ethyl acetate
and isoamyl propionate solvents constitute Fluorprotector with
the quantity of fluoride being equal to 0.1%, or 1000 parts per
million (ppm) in solution. The quantity of surface fluoride further
enhances to up to 10 times the original following evaporation of
the solvents. Also, owing to the lower viscosity, fluoride also enters
into the interproximal spaces. According to the research of Erdem
et al.13 Fluorprotector produces a thin see-through film that is firmly
adherent to the enamel surface. de Bruyn et al.14 states that as the
varnish solidifies to form a lucid see-through film on the surface
of teeth, it provides excellent esthetics. Delbem et al.15 note that
the fluoride dispersed by varnish has superior contact with sound
enamel with lower lost minerals.
Clinpro white is a type of fluoride varnish that additionally has
tricalcium phosphate and is also now accessible. It has been
noted by Karlinsey et al.16 that adding tricalcium phosphate
to fluoride toothpaste enhances fluoride with holding in both
enamels as well as dentin along with promoting the process of
remineralization. In agreement with this research, Alamoudi
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Table 3: Comparison of mean VHN before and after pH cycling among experimental groups
Groups
®

Group 1: Bifluorid 10
Group 2: Clinpro white
Group 3: Fluorprotector

VHN before application of
fluoride varnish

VHN after pH cycling

VHN1-VHN2

F-value

p-value

328.32 ± 0.11
332.14 ± 0.08
331.13 ± 0.06

229.86 ± 0.21
284.02 ± 0.17
268.58 ± 0.10

98.46 ± 0.10
48.12 ± 0.09
62.55 ± 0.04

12.278

0.001

et al. 8 compared the actions of fluoride varnish in the presence
and absence of tricalcium phosphate on the microhardness
of the deciduous enamel and found that adding tricalcium
phosphate considerably enhanced the defensive capability of
the varnish.
Bifluorid 10 varnish employed in the current research exhibited
less SHM following pH cycling in spite of greater fluoride release.
de Bruyn et al.14 rendered an explanation that Bifluorid 10 has
greater viscosity vs Fluorprotector that attaches superiorly to
regions of demineralization, fissures, open dentinal tubules as well
as cervical regions in contrast to even enamel surfaces. Likewise,
Doddamani GM et al.17 states the varnishes, when subjected
to application on undamaged enamel surfaces, impede the
penetration of calcium and sodium fluoride from Bifluorid 10®
resulting in greater mineral loss from the subsurface at the time of
the remineralization-demineralization process.
This research did not account for the quantity of minerals lost
from the enamel surface or the penetrability of the fluoride varnish,
which is a limitation of this study. The results of the current in vitro
research may differ when performed in the existence of dynamic
exchanges that occur at the tooth surface in the mouth. Thus, in vivo
studies ought to be performed to authenticate the interpretation
of this research.

5.
6.

7.
8.

9.

10.

11.
12.

C o n c lu s i o n
The current research amid its limitations arrived at a conclusion
that various fluoride-containing varnishes had a positive influence
on preventing demineralization of primary teeth. However, Clinpro
white varnish delineated maximum efficacy in enhancing the
resistance of deciduous enamel to acid attacks vs Fluorprotector
as well as the Bifluorid 10 fluoride varnish group.
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