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Abstract 
Background: There is a lack of information about the association of high-fluoride dentrifrice and fluoride-contai-
ning bonding material to prevent enamel white spot lesions development adjacent to brackets. The aim of this in 
vitro study was to evaluate the effect of high-fluoride dentifrice and fluoride-containing bonding material on enamel 
demineralization adjacent to orthodontic brackets.
Material and Methods: Forty-eight enamel specimens with 7x7x2 mm were obtained from bovine incisors. Ortho-
dontic brackets were bonded with fluoride-containing resin composite (OrthoCem®) or fluoride-free low viscosity 
resin. The specimens were submitted to an 8-day pH cycling that consisted in the daily immersion of specimens in 
the demineralizing solution for 4 h and in artificial saliva for 20 h in an incubator at 37° C. The treatments consisted 
in 5 min-immersion between the cycles of fluoride (F) suspensions containing 275 µg F/mL, 1,250 µg F/mL or dis-
tilled water (negative control). The 275 and 1,250 µg F/mL concentrations were used to simulate salivary dilution 
of 1,100 and 5,000 µg F/g dentifrices during toothbrushing.  After the experiment, cross-sectional hardness was 
performed to analyze the lesion area of the specimens. Tukey post hoc test after two-way ANOVA with p at 5% was 
used as statistical analysis.
Results: The specimens treated with high-fluoride dentifrice showed significantly less demineralization in compari-
son with the other treatments (p>0.05). There was a significant difference in the cross-sectional hardness values for 
the specimens bonded with OrthoCem when compared to the low viscosity resin (p>0,05).
Conclusions: The use of high-fluoride dentifrice associated with fluoride-containing bonding material promoted a 
greater reduction of enamel demineralization adjacent to orthodontic brackets.
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Introduction
White spot lesions are early manifestations of dental ca-
ries in enamel and it is frequently observed adjacent to 
the orthodontic brackets (1). These lesions are favored 
by orthodontic appliances that retain the biofilm com-
bined with poor hygiene of the patients and long term 
of treatment (2). Indeed, orthodontics patients are in the 
high-risk group of dental caries development, particu-
larly white spot lesions. Therefore, preventive measu-
res are recommended to reduce the demineralization of 
dental tissues like dietary control, regular professional 
prophylaxis, use of F-varnish, and F-dentifrice to cite 
some (3). The use of fluoride-containing materials for 
bonding orthodontic brackets have also been investiga-
ted, but with weak evidence of effectiveness (4).
Fluoride mouth-rinse solutions are also routinely pres-
cribed as a protocol for controlling dental caries in pa-
tients under orthodontic treatment by orthodontists (5). 
However, it has been observed that these prescriptions 
have not shown effectiveness since they are dependent 
on the patient’s collaboration, which does not usually 
occur because it consists in a modification in their rou-
tine of daily hygiene (6).On the other hand, the use of 
high-fluoride dentifrice (5,000 µg F/g) has been shown 
effective results on the reduction of enamel deminerali-
zation (7-9) and could be adopted without difficulty for 
the orthodontic patient as a biofilm control method, re-
placing conventional dentifrice (3). Also, this dentifrice 
provides higher fluoride release in biofilm (10-12) and 
saliva (13,14), which could act as F-reservoirs in the oral 
cavity.
Despite the promising results on enamel demineraliza-
tion obtained with the use of high-fluoride dentifrice, 
there is a lack of studies in the literature to recommend 
it as a protocol for the management of white spot lesions 
in patients that are under orthodontic treatment. On the 
other hand, the use of fluoride-containing composite 
resins for bracket bonding showed a weak evidence in 
the reduction of enamel demineralization, needing more 
studies with robust design to subsidize their use (15,16).  
Therefore, the evaluation of the synergistic effect of F 

from the bonding material associated with the one from 
F-dentifrice on enamel demineralization is relevant, sin-
ce there are few well-designed studies for this purpo-
se. Thus, this in vitro study evaluated the effect of hi-
gh-fluoride dentifrice associated to a bonding-brackets 
fluoride-containing resin composite on enamel demine-
ralization adjacent to orthodontic brackets. 

Material and Methods
Forty-eight enamel specimens with dimensions 7x7x2 
mm were acquired from bovine incisors. Those teeth 
were prior sterilized in 10% formaldehyde solution for 
10 days (17) and then selected by surface hardness ave-
rage using a microdurometer (Future Tech FM Hardness 
Tester, Future Tech Corporation, Kawasaki, Japan) ac-
copled to a Knoop penetrator with a load of 25g for 5s 
(18). The overall average of the specimens was 346.2 
(±32.56) Kg/mm2 and they were random-allocated to the 
different treatments (bonding composite materials and 
dentifrices, n=8 in each group). The sample size was 
determined based on previous findings using the same 
experimental protocol, with a statistical power higher 
than 0.8.  After allocation in the groups, no statistical 
difference was observed in the surface hardness of the 
specimens (ANOVA, p>0.05), attesting homogeneity 
among the groups.
The surface of the specimens was protected with adhe-
sive tape with a square window made with a 3 mm side. 
Then, it was conditioned with phosphoric acid (FGM, 
Joinville, Brazil) for 30 seconds, washed with distilled 
water, and dried with air jets. Metallic orthodontic brac-
kets (Edgewise Slim – Slot 022 REF 10.65.203, Morelli, 
Nickel Free, São Paulo, Brazil) were placed and bonded 
on the window with fluoride-containing composite re-
sin for bonding (OrthoCem®, FGM, Joinville, Brazil) 
or low viscosity resin fluoride-free (Natural Flow, Nova 
DFL, Taquara, Brazil) and photoactivated as recommen-
ded by the manufacturers. After that, the adhesive tape 
was removed, and the specimen’s surface was cleaned 
with gauze. The information about materials composi-
tion is displayed in Table 1.

OrthoCem® Low-viscosity resin (Natural Flow)
Bisphenol A Diglycidyl ether methacrylate Bisphenol A Diglycidyl ether methacrylate

Triethylene glycol dimethacrylate Glass baron-aluminium silicate

Phosphatic methacrylate monomer Synthetic silica
Canopyquinone Canopyquinone
Sodium fluoride Dyes

Silanized silicon dioxide
nº Lot 060117 nº Lot 17050298

Table 1: Composition of materials used for bracket bonding*.

*manufacturers’ information
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The demineralizing solution was prepared to be 50% 
saturated regarding the enamel solubility with 0.05 M 
acetate buffer (pH 5.0). Thus, 0.05 mol/L acetate buffer, 
pH 5.0, containing 1.28 mmol/L Ca, 0.74 mmol/L Pi, 
and 0.03 μg F/mL was prepared from the salts of Ca(-
NO3)2.4H2O, KH2PO4, and NaF, respectively. This so-
lution was used to simulate caries lesions in enamel spe-
cimens exposed to pH cycling. A solution of 1.5 mmol/L 
Ca, 0.9 mmol/L P, 150 mmol/L KCl, 0.05 mg F/mL in 
0.1 mol/L Tris buffer, pH 7.0, was also prepared to simu-
late the components present in human saliva and served 
as a remineralization solution (19).
The specimens were divided randomly into pairs (one 
specimen with OrthoCem® and other with low viscosity 
resin) in three groups: suspensions with 1,250 µg F/mL 
or 275 µg F/mL and deionized and distilled water as the 
negative control. The 275 and 1,250 µg F/mL concentra-
tions simulate the salivary dilution during a toothbrush 
with 1,100 and 5,000 µg F/g dentifrices, respectively. 
The experiment was performed in 24-well plates con-
taining 2 ml per well of the assigned solution (de or 
remineralization solutions and treatments) with the 
specimens fixed in holders to facilitate the immersion 
in the solutions. The specimens were then immersed in 
the treatments for 5 minutes. Then, they were washed 
with distilled water for 1 minute, immersed in the de-
mineralizing solution and left for 4 h in an incubator at 
37°C. Thereafter, a second wash with distilled water for 1 
minute and immersion in treatment for 5 min was accom-
plished. After the treatments, the specimens were washed 
and kept individually in artificial saliva overnight in the 
incubator to simulate the remineralization process. The 
solutions were changed daily. After the eighth cycle, the 
specimens remained in artificial saliva for another 24 h.
After the experiment, the enamel specimens were 
cross-sectioned with a diamond disc, adjacent to the 
bonded bracket (without removing it), embedded in 
acrylic resin and polished. Cross-sectional hardness was 
measured in three lines (one immediately adjacent to the 
bracket and the others 100 µm apart from the previous 
one) using distances of 10, 20, 40, 80, 120, and 200 μm 
from enamel surface with a microhardness tester (Futu-
re Tech FM Hardness Tester, Future Tech Corporation, 
Kawasaki, Japan) accopled a Knoop penetrator with a 
load of 25g for 5s (Fig. 1) (18). The hardness loss was 
used as an indicator of enamel demineralization. Also, 
the lesion area (ΔS) for each treatment was calculated by 
the subtraction of the area under the curve of the sound 
enamel from the area under the curve of the deminera-
lized enamel (20). The flowchart (Fig. 2) summarizes 
step-by-step the methodology used. 
For the statistical analyses, data were analyzed using 
SAS software (version 9.0) for Windows with p fixed 
at 5%. After verification of equality of variance and 
normal distribution of errors for the response variables, 

Fig. 1: Scheme of enamel cross-sectional hardness analysis. After 
the enamel cross section, the indentations were made at diferrent dis-
tances from the surface.

they were transformed into a base 10-logarithm. Two-
way ANOVA was performed (considering the dentifrice 
and bonding resin composites as factors) followed by 
the Tukey post hoc test. 

Results
Two-way ANOVA showed a significant effect for the 
factors under study (dentifrices and bonding material, 
p<0.05), but not for the interaction (p>0.05) for the stu-
died variables cross-sectional hardness and ΔS. Table 2 
shows the cross-sectional hardness average in the ena-
mel adjacent to orthodontic brackets bonded with Or-
thoCem® according to the distance from the surface, 
and it can be observed a higher hardness value in the 
specimens where the high-fluoride dentifrice was used, 
and it occurs more noticeable in the superficial layers 
(p<0.05). Although the treatment with 5,000 µg F/g 
dentifrice leads to higher hardness values, no statisti-
cal difference among treatments was observed from 40 
µm-depth on (p>0.05).  
Table 3 shows a cross-sectional hardness average in ena-
mel adjacent to orthodontic brackets bonded with low 
viscosity resin. The treatment with 5,000 µg F/g dentifri-
ce leads to higher hardness values in all depths evaluated 
(p<0.05). 
Figure 3 shows the lesion area average in the specimens 
according to the treatments and bonding materials applied. 
The specimens treated with high-fluoride dentifrice pre-
sented a lower lesion area than the specimens treated 
with the other dentifrices irrespective of bonding material 
(p<0.05). No difference was observed between the bon-
ding materials, except for placebo treatment, which spe-
cimens bonded with OrthoCem® had a lower lesion area 
than that bonded with low-viscosity resin (p<0.05).

Discussion
Although the advances in orthodontic materials and 
treatment mechanics, the placement of fixed appliances 
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Fig. 2: Flowchart of the experiment and sample distribution.

Depth OrthoCem®

(µm) 0 µg F/g 1,100 µg F/g 5,000 µg F/g

10 274.17 (24.71) a 341.95 (15.74) b 409.71 (18.61) c

20 311.40 (55.83) a 329.87 (56.57) a 413.14 (26.78) b

40 351.25 (49.03) a 367.07 (40.01) a 409.97 (30.13) a

80 359.81 (24.64) a 360.01 (67.45) a 395.90 (21.76) a

120 349.53 (30.51) a 369.95 (25.86) a 384.70 (24.31) a

200 341.24 (33.49) a 368.07 (29.85) a 372.12 (23.34) a

Table 2: Mean (±SD) of cross-sectional hardness in enamel adjacent to orthodontic brackets 
bonded with fluoride-containing resin composite (OrthoCem®) according to the treatments 
(n=8).

Different letters indicate a statistically significant difference between treatments (p<0,05)

Depth Low viscosity resin

(µm) 0 µg F/g 1,100 µg F/g 5,000 µg F/g

10 243.84 (51.11) a 324.22 (20.93) b 379.25 (8.84) c

20 293.18 (37.69) a 340.64 (22.94) b 401.55 (27.47) c

40 335.73 (37.05) a 352.33 (18.59) a 399.80 (18.05) b

80 344.74 (40.61) a 352.84 (18.84) a 396.14 (17.26) b

120 359.63 (29.44) a 352.88 (18.22) a 398.18 (12.17) b

200 355.62 (37.01) a 342.71 (25.80) a 401.63 (22.70) b

Table 3: Mean (±SD) of cross-sectional hardness in enamel adjacent to orthodontic brackets 
bonded with low-viscosity resin according to the treatments (n=8).

Different letters indicate a statistically significant difference between treatments (p<0,05)
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is yet related to a high risk of white spot lesions develop-
ment (21). Studies have demonstrated that caries lesions 
around orthodontic brackets could be reduced (21,22) or 
even totally inhibited with the use of F-dentifrice com-
bined with a mouth-rinse (23). However, this treatment 
has low adequacy considering the absence of patient co-
llaboration (6).
On the other hand, F-dentifrice is viewed as the most 
reasonable approach to manage tooth decay (24) and the 
dose-response between F-concentration in dentifrices 
and the preventive effect on enamel caries is well-eluci-
dated (25). Particularly, the impact of high-fluoride pro-
ducts as dentifrices on the reduction of demineralization 
is already shown (8,25), and could be corroborated in 
the present study, since the high-fluoride dentifrice re-
duced the enamel demineralization compared the other 
treatments (Fig. 1).
Regarding the cross-sectional hardness analysis, it can be 
observed in Tables 1 and 2 that the average in the ena-
mel adjacent to orthodontic brackets increases propor-
tionally in relation to the concentration of fluoride in the 
treatments, corroborating with other studies (7-9). This 
result confirms the effective reduction of enamel demine-
ralization by fluoride but also demonstrates that its con-
centration in dentifrices is directly proportional to their 
caries-preventive effect (24,25). Also, the lesion area was 
lower for the specimens treated with high-fluoride denti-
frice than the other treatments. These findings are in line 
with others in vitro (8) and in situ (7,9) studies.
Regarding the materials used for bonding procedures 
of orthodontic brackets to the enamel, it is possible to 
notice a difference in the cross-sectional hardness va-
lues between the specimens bonded with OrthoCem® 

Fig. 3: Mean (±SD) of the lesion area (ΔS) according to the treatments and bonding ma-
terials applied (n=8). Capital letters represent differences between dentifrices within each 
bonding material and lower case represent differences between bonding materials within 
each dentifrice (p<0.05).

or low viscosity resin, the first one having a lower de-
mineralization. This difference could be ascribed to the 
fluoride release from the fluoride-containing resin com-
posite. Despite the efficacy of this material observed in 
this study, the literature has indicated low effectiveness 
for fluoride-containing resins composite due to the short 
term of fluoride release compared to the longevity of or-
thodontic treatments (around 2 years duration) and the 
high risk of bias in the studies analyzed (3,4). This can 
be explained because of the greater complexity of the 
oral environment that cannot be totally simulated in la-
boratory studies. 
The shear bond strength of the composites was not eva-
luated in this study since it was observed that it does 
not significantly influence the effect of reducing enamel 
demineralization of fluoride-releasing composites (26). 
However, a previous study has shown that OrthoCem® 
has a similar shear bond strength of Transbond XT, 
which is commonly used as a gold standard for ortho-
dontic cement (27). Although there is a lack of compari-
son between the orthodontic cement and flowable resin 
used in this study in the literature, some studies using 
other flowable composite and orthodontic bonding sys-
tems have described a clinically satisfactory bond stren-
gth for both materials (28-30).
This study has limitations inherent to in vitro experi-
ments, since dental demineralization occurred under 
controlled conditions in the laboratory, without the com-
plexity present in oral cavity. However, the pH-cycling 
model used was responsive to the treatments applied, 
and lesion area has been used as indicator of mineral 
loss and gain (8). Besides, our findings are in accordance 
with what is reported in the literature regarding fluori-
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de effect. Considering the heterogenicity of the results 
about bracket-bonding fluoride-containing composites, 
we believe that further clinical studies are necessary.  
However, we consider our study an early step in unders-
tanding the effect of high-fluoride dentifrice on the de-
mineralization of enamel adjacent to orthodontic brac-
kets and it may support further studies.

Conclusions
We concluded that the association of high-fluoride denti-
frice with a fluoride-containing resin composite for brac-
kets bonding showed a synergistic effect, promoting a 
larger reduction of enamel demineralization adjacent to 
orthodontic brackets. 
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