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Abstract
Background: White spot lesion is considered as one of the main problems in the orthodontic treatment. Brackets used in fixed
orthodontic treatment create an environment that provides enamel demineralization.
Objectives: The objective of the current study was to perform an in vitro study to compare different applications of fluoride supplements on enamel demineralization adjacent to orthodontic brackets and finally to understand the best supplement to recommend
the patients.
Methods: One hundred and twenty extracted caries-free human premolar teeth were randomly assigned into six groups: group 1:
Control group, group 2: Fluoride toothpaste, group 3: Fluoride toothpaste/mouth rinse, group 4: Fluoride toothpaste/vanish, group
5: Fluoride toothpaste/gel and group 6: Fluoride toothpaste/foam. After bonding the brackets to the teeth, the fluoride supplements
were applied based on each group above, except the control group. Then all the specimens were cycled for 30 days in demineralization solution for 8 hours a day, rinsed, placed in artificial saliva for 4 hours a day, brushed (except the control group), and put back
to artificial saliva for 12 hours. DIAGNOdent laser fluorescence was used to quantify the demineralization changes.
Results: Significant differences existed between all fluoride-containing groups and control group. Analyses of the results showed a
significant difference between control group and the rest 5 treatment groups (P < 0.001). Other significant differences were between
groups 2/5, 3/5, 2/4 and 5/6 (P < 0.05). There was no significant difference among the other groups (P > 0.05).
Conclusions: According to the results, all fluoride supplements could be used during orthodontic treatment to decrease the enamel
demineralization. It has been illustrated that fluoride-containing toothpaste and mouth rinse is better than no fluoride treatment
but is not effective as well as fluoride gel and varnish.
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1. Background
White spot lesions represent superficial dissolving of
enamel of the tooth. Enamel demineralization is the primary stage of tooth decay (1, 2). Fixed orthodontic appliances using brackets are one of the reasons of enamel demineralization because the brackets are closely attached to
tooth surface and these attachments prevent achieving adequate oral hygiene (3). Enamel demineralization occurs at
low pH when the enamel crystals are dissolved by organic
acids such as lactic and acetic acid which are produced by
plaque and biofilm. The acidogenic bacteria of biofilm can
transform fermentable carbohydrates to organic acids (4,

5). The buccal surface of teeth is usually the region of bonding of fixed orthodontic appliances and due to inadequate
cleansing of this area, it is more sensitive to enamel demineralization (5).
The prevalence of enamel demineralization during orthodontic therapy has been reported about 50% and can be
developed only one month after the beginning of the treatment (6-8).
There are some methods to produce an accurate reading of the mineral content of dental enamel. One of the
most commonly is DIAGNOdent. DIAGNOdent is a portable
laser fluorescence apparatus which works simple, provides

Copyright © 2019, Iranian Journal of Orthodontics. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

Mohammadi Shayan A et al.

quantitative comparable data and can detect the mineral
loss of enamel before the cavity formation (9).
Enamel demineralization is early decay but can be reversible and fluoride can decrease the white spot lesions
(10-12).
There are some various forms of fluoride now a days.
2. Objectives
Therefore, the aim of this study was to compare different fluoride therapies including fluoride-containing
toothpaste, mouth rinse, varnish, gel and foam during an
in vitro study and to find the most effective treatment to
recommend the patients.

then rinsed and dried. The light cure resin bonding composite (Transbond XT, 3M Unitec, USA) was used for bonding, cured with light cure device (D-Lux, DiaDent, Korea).
The intensity of light 1600 mw/cm2 , its wavelength 450 nm
for 10 second. The tape was then removed. The enamel fluorescence was determined beneath the bracket base on gingival surface by DIAGNOdent (KaVo, Germany) prior to fluoride treatments (fluorescence value1: FV1). The teeth were
kept in artificial saliva for 16 hours at room temperature.
After that the teeth were removed, rinsed, and fluoride supplements were applied based on each group above, except
for the control group. The artificial saliva contained of different materials listed in Table 1.
Table 1. The Ingredients of Artificial Saliva

3. Methods
In this study 120 extracted caries-free human premolar teeth, which had been extracted for orthodontic reasons were randomly collected from the Department of
Oral Surgery, Tabriz Faculty of Dentistry, Iran. The research was reviewed by the Ethics in Research Committee of Medical University of Tabriz, Iran. The collected
teeth were kept in 0.1% thymol solution at room temperature. Soft tissue remnants and debris were removed
from teeth and they were randomly divided into different 6 groups, of 20 each. Group 1: Control group;
without treatment, group 2: Fluoride-containing toothpaste group (Oral-B pro-expert enamel protected toothpaste, Oral-B, USA), group 3: Fluoride-containing toothpaste/mouth rinse group (Oral-B pro-expert multi protection alcohol free mouthwash 0.05% Sodium Fluoride, OralB, USA), group 4: Fluoride-containing toothpaste/vanish
group (5% Sodium Fluoride Varnish Fluorilaq™, Pascal,
USA), group 5: Fluoride-containing toothpaste/gel group
(pH7® Neutral 2% Sodium Fluoride Fluoride Gel, Pascal,
USA) and group 6: Fluoride-containing toothpaste/foam
group (PUFF® , 2.0 % Neutral Sodium Fluoride Non-Aerosol
Foam, Pascal, USA). Randomly assignment of the teeth to
the groups was performed by using random list numbers.
Before bracket bonding, the roots of the teeth from CEJ to
apex were mounted in cubes made of self cure polymethyl
metaacrilate acrylic resin (PMMA) (Acropars Self-cure, Marlik, Medical Co, Iran) and then were polished with rubber
cup and fluoride-free prophylactic paste, then were rinsed
and were dried with air. All of the surfaces of teeth except the place of the bracket were covered by a tape. The
standard edgewise bracket, slot 0.022 inches for premolars
(American Orthodontics, USA) was bonded to the center of
buccal surface, 3 mm gingivally from buccal cusp tip. The
window on buccal surface was etched with 37% acid phosphoric gel (Dia-Etch, DiaDent, Korea) for 30 seconds and
2

Component
Carboxy methyl cellulose (CMC)
MgCl2
KCl

Concentration (g/L)
12
0.052
1.2

CaCl2

0.146

NaCl

0.844

K2 HPO4 , 2H2 O

0.342

Sorbitol
Methyl Paraben

30
1

Applying fluoride toothpaste involved twice daily
brushing for 2 minutes finished by swishing of toothpaste and water for 30 seconds (13). Daily use of 0.05%
sodium fluoride mouth rinse in accompany with fluoride toothpaste was the most recommended fluoride regimen by orthodontists (14). Fluoride varnish was applied
around brackets with the aid of brush applicators during
orthodontic treatment (15). For applying fluoride gel and
foam, trays were filled about 1/2 to 1/3 with gel and fully
with foam and fluoride therapy came about in 4 minutes
(16, 17).
Teeth were rinsed again after treatment and put in
to the demineralization solution (acetic acid 50 mM,
NaH2 PO4 , 2H2 O 2.2 mM, CaCl2 2.2 mM, KOH 1 M) which has
been described by ten Cate and Duijsters, pH 5.0, for 8
hours at room temperature (18).
All of them except the control group were brushed
by orthodontic brush (Oral-B orthodontic brush, OralB, USA) and fluoride-containing toothpaste (Oral-B proexpert enamel protected toothpaste, Oral-B, USA). The teeth
were put back to artificial saliva for 12 hours until the next
fluoride therapy. These procedures were repeated every
day for 30 days.
The enamel fluorescence was determined after treatment by DIAGNOdent and fluorescence value2 (FV2) was
Iran J Ortho. 2019; 14(1):e64157.
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recorded for each tooth of the 6 different groups. The technicians were blind for different groups in this procedure.
∆FV (FV2-FV1) was recorded for each tooth of 6 groups. The
mean and standard deviation of ∆FV were calculated for
each group (Table 2).

10.00

Toothpaste
+ Foam

Toothpaste
+ Gel

Toothpaste+
+ Varnish

Toothpaste

.00

Toothpaste +
Mouth Rinse

5.00

Control

According to Kolmogorov-Smirnov test, the hypothesis of normality of data was rejected. Therefore, One-way
ANOVA analysis could not be used in this case. Since P
value of levene’s test was less than 0.001 and it was concluded that the variance of fluorescence value was not homogeneous in the six groups, therefore non parametric
evaluation test (Kruskal Valis) was selected to analysis data
pre and post fluoride treatment and the data was analyzed
by Mann-Whitney test to compare between groups. The P
value < 0.05 was considered as significant difference between heterogeneous groups by SPSS software (version 19).

15.00
Fluorescence

3.1. Statistical Analysis

20.00

Groups
Figure 1. Box plot diagram of fluorescence value among different groups

4. Results
As the mean and standard deviation of ∆FV for each
group has been listed in Table 2, the highest mean was for
control group (14.64) and the lowest mean was for fluoridecontaining toothpaste/gel group (group 5 = 4.10).
The levene’s variance between control group and
the rest 5 groups was significant (P < 0.001). Another
significant variances were between fluoride-containing
toothpaste and fluoride-containing toothpaste/gel group
(group 2 and 5) (P = 0.001), fluoride-containing toothpaste/mouth rinse group and fluoride-containing toothpaste/gel group (group 3 and 5) (P = 0.005), fluoridecontaining toothpaste and fluoride-containing toothpaste/varnish group (group 2 and 4) (P = 0.007), fluoridecontaining toothpaste/gel and fluoride-containing toothpaste/foam group (group 5 and 6) (P = 0.015), The rest of
variances between groups was non-significant (P > 0.05)
Table 3 and Figure 1.

5. Discussion
In spite of many improvements in orthodontic techniques, enamel demineralization is still one of the most
important challenges of orthodontic therapy. Fixed appliances in orthodontic treatment can increase the incidence of white spot lesions from 73% to 95% (1, 19). In another study the prevalence of enamel demineralization before orthodontic therapy was 32% and after that was 74%,
10% of them with cavity (20). According to the study, after demineralization-remineralization cycle (30 days) the
Iran J Ortho. 2019; 14(1):e64157.

mean and standard deviation of fluorescence were increased. This means that demineralization occurred in all
groups. This increase was much higher in control group
than all treatment groups.
There are some different mechanisms for enamel demineralization reduction by fluoride therapy in oral cavity;
fluoride ions adsorb on the surface of enamel crystals and
make a barrier for organic acid dissolving of enamel crystals, therefore, fluoride inhibits enamel demineralization.
Fluoride also inhibits the bacterial enzymes which produce organic acids (12, 21). Fluoride induces the enamel
remineralization by settlement of the Calcium and Phosphate ions of saliva (4, 22).
According to the results, fluoride containing toothpaste was significantly better than control group but there
was also significant difference between fluoride containing toothpaste group and fluoride containing foam, varnish and gel (P < 0.05). This difference might be caused
by these complicated cumulative components of calcium
phosphate and fluoride ions of these products. Fluoride
containing foam, varnish and gel can be saturated on teeth
and lead to enamel demineralization suppression.
In an in vitro study that demineralization had been created by lactate and acetate buffer. The enamel demineralization had been reduced by fluoride treatment which was
analyzed by energy dispersive X-ray (23).
Fluorides containing mouthrinse and toothpaste have
been recommended by many orthodontists to reduce
enamel demineralization during orthodontic therapy. In
this research, enamel demineralization was decreased by
3
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Table 2. Mean and Standard Deviation (SD) of FV1, FV2 and ∆FV Among Different Groupsa
Group Number

Group Name

Number of Teeth

FV1

FV2

∆FV

1

Control

20

0.40 ± 0.68

15.05 ± 3.37

14.65 ± 3.68

2

Toothpaste

20

0.60 ± 0.88

8.01 ± 3.02

7.50 ± 2.83

3

Mouthrinse + toothpaste

20

0.35 ± 0.74

6.85 ± 2.34

6.50 ± 2.21

4

Varnish + toothpaste

20

0.40 ± 0.99

4.60 ± 1.23

4.20 ± 1.43

5

Gel + toothpaste

20

0.45 ± 0.75

4.55 ± 1.27

4.10 ± 1.16

6

Foam + toothpaste

20

0.00 ± 0.00

4.30 ± 2.00

4.30 ± 2.00

a

Values are expressed as mean ± SD.

Table 3. Mean, Standard Deviation (SD), P Value and Significance (Sig) Between Fluoride Different Groups
Groups

Mean ± SD

P Value

Significant

7.15 ± 1.04

0.000

S

C/MR + TP

8.15 ± 0.96

0.000

S

C/V + TP

10.45 ± 0.88

0.000

S

C/G + TP

10.55 ± 0.86

0.000

S

C/F + TP

10.35 ± 0.94

0.000

S

TP/MR + TP

1.00 ± 0.80

0.269

NS

TP/V + TP

3.30 ± 0.71

0.007

S

TP/G + TP

3.40 ± 0.68

0.001

S

C/TP

TP/F + TP

3.20 ± 0.78

0.124

NS

MR + TP/V + TP

2.30 ± 0.58

0.067

NS

MR + TP/G + TP

2.40 ± 0.56

0.005

S

MR + TP/F + TP

2.20 ± 0.67

0.629

NS

V + TP/G + TP

0.10 ± 0.44

0.144

NS

V + TP/F + TP

- 0.10 ± 0.55

0.169

NS

G + TP/F + TP

- 0.20 ± 0.52

0.015

S

Abbreviations: F, foam; G, gel; MR, mouth rinse; NS, non-significant; S, significant; TP, toothpaste;V, varnish.

fluoride containing mouthrinse and toothpaste but there
was no significant difference between fluoride containing
mouthrinse and toothpaste group and fluoride containing
toothpaste group (P > 0.05). Similar result was observed in
Geiger et al. study which they found no significant difference between fluoride containing mouthrinse and toothpaste against WSL in orthodontic patients (24).
Fluoride varnish was effective on enamel demineralization reduction, remineralization improvement and caries
cure (remission) closed to orthodontic brackets (15, 25, 26)
as well as some similar studies on orthodontic patients
(27-29). According to the results, fluoride varnish was significantly better than control groups (P < 0.05). Fluoride
varnish had significantly decreased interproximal enamel
4

demineralization which had been assessed by scanning
electron microscopy (SEM) and energy dispersive X-ray
(EDS) in an in vitro study (P < 0.05) (30). In an in situ observation of enamel demineralization by SEM and EDS, titanium tetrafluoride varnish could significantly decrease
enamel demineralization (P < 0.05) (31). Fluoride varnish
has a sticky potential on teeth, therefore calcium fluoride
precipitate as a source of fluoride ions for low pH plaques.
Combination of fluoride containing mouthrinse, varnish and gel was more effective on enamel demineralization decreasing in comparison with separate usage of
these products (32). In this research, fluoride varnish
and toothpaste group was significantly more effective on
enamel demineralization reduction than fluoride containing toothpaste group (P < 0.05) but there was no significant difference among fluoride varnish with fluoride gel
and foam groups (P > 0.05). Fluoride gel was significantly
better than fluoride containing mouth rinse (P < 0.05). Different density of fluoride gel and mouth rinse and duration of treatment could have caused this difference.
In this study, not only fluoride gel and foam were significantly different with control group (P < 0.05) but also
fluoride gel was significantly better than fluoride foam in
enamel demineralization reduction (P < 0.05). It could be
result of low density and high solubility of foam (17). Therefore, this substance was rinsed easily from dental surface.
In some similar studies fluoride gel affected on enamel
demineralization reduction (16, 33, 34). Fluoride gel and
foam was observed effective on remineralization improvement (35).
There were some difficulties during this research, that
one of the most important one, was finding suitable premolar teeth for the study which was time consuming. Although, there are some new techniques such as quantitative light fluorescent (QLF) and scanning electron microscopy (SEM) with energy dispersive X-ray (EDS) analysis that can compensate to DIAGNOdent for assessment of
enamel demineralization but such equipment didn’t exist
in Tabriz Faculty of Dentistry, Iran.
Iran J Ortho. 2019; 14(1):e64157.
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5.1. Conclusions
There are some different factors that can cause enamel
demineralization in a patient during orthodontic therapy
such as diet, oral hygiene, saliva (its flow rate and pH) and
microbial factors (4, 22, 36). In Iran, there is no information
of enamel demineralization prevalence during orthodontic therapies but it is proposed that the prevalence is more
than the developed countries. According to the results, it is
recommended that one of the most effective fluoride supplements -fluoride gel, fluoride varnish and fluoride foam
is used as a routine procedure during orthodontic therapy.
The final goal of this in vitro study was to find the best solution for the enamel demineralization during orthodontic therapy for patients but it is recommended that it will
be completed by an in vivo study to compare the results
because the intervals of the fluoride applications are different in real condition. It is also recommended that prior
to orthodontic treatment, the susceptibility of the patient
is assessed then the most effective fluoride therapy is selected.
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