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Abstract Objective This study aimed to evaluate in vitro the effects of whitening dentifrices
on enamel color, the shear bond strength of orthodontic brackets and adhesive rem-
nant index (ARI).

Materials and Methods Eighty bovine teeth with brackets were randomly divided
into four groups (n = 20): control group (GC)-water, test group 1 (GT1)-Colgate Total
12, test group 2 (GT2)-Curaprox Black Is White, and group test 3 (GT3)-Luminous
White. All groups were submitted to brushing, simulating 12 months. The specimens
were exposed to spectrophotometer color evaluation and to a shear strength test in
a universal test machine using a 300 kN load with a crosshead speed of 0.5 mm/min.
The ARI was evaluated with a stereoscopic magnifying glass.

Statistical Analysis Nonparametric Kruskal-Wallis and Dunn’s tests were used for the
color analysis, and Friedman and Nemenyi tests were used to compare the times in the
variable. To compare the shear force between the groups, the data were evaluated by
one-way analysis of variance and Tukey’s test, and ARl was analyzed using Fisher’s exact
test, always with a significance level of 5%.

Results In the color analysis, GT3 presented the greatest progression in whitening

Keywords effect. GT1 had greater shear strength than GT3 did (p < 0.05). For ARI, the score 1 was
= orthodontic brackets predominant in the GC and GT1. The GT2 and GT3 groups had scores of 3.
= dentifrices Conclusion The whitening dentifrices promoted significant color change over the
= tooth bleaching 12-month brushing time and may have interfered in the resistance to shear bond
= shear strength strength and ARI.

Introduction the perceived whiteness.? Tooth bleaching is a process that

results in whiter teeth and may include mechanical, chemi-
cal, and optical approaches that remove surface stains using
abrasives and substances such as whitening dentifrices.??

The use of different types and concentrations of abra-
sives does not promote tooth whitening but is based on
the mechanical or abrasive activity of removing biofilms
and pigments adhered to the surface of tooth enamel,
thus improving aesthetics and restoring the natural dental
color.*

Aesthetic demands have increased among patients and inter-
est in seeking procedures to provide better smile aesthet-
ics, associated with the growing development of techniques
and materials, has led to important advances in aesthetic
dentistry.! Although the terms “bleaching” and “whitening”
are often used indiscriminately in dentistry, they are not syn-
onymous. Bleaching is a process involving an oxidizing chem-
ical that alters the absorption/reflection of light, increasing
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Whitening dentifrices containing hydrated silica, calcium
carbonate, dicalcium dihydrate phosphate, calcium pyro-
phosphate, alumina, perlite, or sodium bicarbonate mechani-
cally remove biofilm stains on the surface of tooth enamel. In
addition, daily use of these abrasives modifies the surface of
the enamel by reducing biofilm adhesion, decreasing dental
stains, and altering its color.> Activated charcoal has attracted
interest because it is present in some dentifrices, acting in
superficial areas, and it has the ability to adsorb pigments
and dyes responsible for changed tooth color.®

Factors such as smoking, consumption of foods, and/
or beverages containing pigments, use of products such as
chlorhexidine and orthodontic treatments associated with
toothbrush deficiency negatively influence smile aesthetics.
Well-aligned white teeth show health and youth, so tooth
whitening and orthodontic therapy are common treatments
to promote beautiful smiles.”®

The patient aesthetic expectation associated with
orthodontic treatment has led the orthodontist to question
the influence of whitening agents on brackets bond strength.
Often the patients have desired to perform aesthetic
treatments before and even during orthodontic therapy.’
Thus, this study evaluated the bond strength of the bonding
and remnant adhesive of orthodontic brackets as well as the
color change in bovine teeth submitted to simulated brushing
with dentifrices containing bleaching and whitening agents.

Materials and Methods

Sample Preparation

The specimens were obtained from bovine incisor crowns and
adapted on a cutting machine (model ELSAW, EIQuip). With the
aid of a diamond disc (model ER04003 HC 4 x 0.012 x 15, ERIOS
equipment), they were sectioned with the crown separated
from the root of the dental units. Buccolingual cuts were
made to obtain 80 fragments of 8 x 8 x 2 mm in size, which
were flattened for standardization of the surfaces in a PL VOG0
(Biopdi; Sdo Carlos, SP, Brazil) with silicon carbide water sand-
ing discs of 180, 400, and 600 grit (3M Company, Brasil Ltda).
The granulations by Caldeira et al'® and from the recommen-
dations of ISO/TS 11405"! were used to plan the bonding area.
After polishing, they were fixed in orthophthalic resin, placed
in an L-200 ultrasonic vat (Schuster Ltda.) for 10 minutes for
cleaning and organized into experimental groups according
to the selected dentifrice (~Table 1). After the experimental
period, the specimens were evaluated in terms of whitening

Table 1 Selected dentifrices’ composition and manufacturer

action by the dentrifrices, shear strength and adhesive rem-
nant index (ARI) (~Fig. 1).

For this study, the sample calculation was performed in
the Gpower 1 and R2 programs, based on the effect sizes
found in the literature' and ISO/TS 11405 recommenda-
tions for study design.” Thus, the sample size of 80 dental
units (n = 20/group) provided a power of 0.80 for a signifi-
cance level of 5%.

Orthodontics Brackets Bonding

The specimens were cleaned according to the manufac-
turer’'s recommendations (3M Company; St. Paul, MN,
United States). Subsequently, 37% phosphoric acid condi-
tioner gel was applied to the dental surfaces for 30 seconds,
which were then rinsed with water and air dried. A uniform
layer of primer was applied to the tooth surfaces, and Trans-
bond XT adhesive (3M Company; St. Paul, MN, USA) was
applied to the base of the bracket positioned on the tooth
surface. The Transbond XT bracket-bonding adhesive system
(3M Company) was chosen because it has lower TEGDMA
release and is considered the gold standard in orthodon-
tics.'#17 Excess material was removed, and the surfaces were
light cured (DB 686 Wireless Dabi Atlante) at a distance of 2
to 3 mm for 10 seconds on each interproximal face.!

Dentifrices Solutions

The dentifrices were weighed on an AY 220 precision scale
(Shimadzu Ltda.), diluted 1:2 in deionized water, and sub-
jected to pH verification (Model 2000 Quimis Apparatus,
Cientificos Ltda.) after calibration in triplicate.'s

Simulated Brushing Abrasion Test

Fifty thousand simulated brushing cycles were performed,
which corresponds to one year of brushing.!® The speed of the
simulated brushing machine (EIQuip) was 4.5 cycles/second in
10 back-and-forth arm movements. Each specimen was posi-
tioned on the machine by group, with a pre-fitted brush (Slim
Soft Black, Colgate, Colgate-Palmolive Co, Itda.) and a 20-ml
syringe that injected 0.4 ml of the solution every 2 minute.'®

Color Analysis

The Easyshade Vita spectrophotometer provides read-
ings on the CIE L*a*b* system, in which colors are defined
in three parameters: L *-brightness, which ranges from
0to 100; a *-red-green, ranging from -80 to +80; and b *~blue
yellow, ranging from -80 to +80. This system also allows

White
alcohol, lemon Cl 75815, Cl 77289

Dentifrice Principal composition Whitening Manufacturer
agents
Colgate Total 12 0.32% sodium fluoride (1,450 ppm fluoride), 0.3% triclosan, Mechanical Colgate-Palmolive
water, hydrated silica
Curaprox BlackIs | Water, sorbitol, hydrated silica, glycerin, activated charcoal, Mechanical Curaden-Swiss

aroma, bentonite, sodium monoflourophosphate, mica, cetearyl

Luminous White
Advanced

2% hydrogen peroxide, 0.76% sodium monofluorophos-
phate, propylene glycol, calcium pyrophosphate, glycerine,
2% polyvinylpyrrolidone-hydrogen peroxide, silica

Mechanical and
chemical

Colgate-Palmolive
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Orthodontic Simulated Cleaning in
braces bonding » brushing abrasion » ultrasonic vat
in bovine enamel test
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= 1year of brushing

Metallic brackets
Transbond XT adhesive

10 min for cleaning and organized
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to the selected dentifrice

4.5 cycles/sec in 10 back-and-forth

arm movements

Shear test

Color analysis

300 kN load with a crosshead of 0.5
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0 - being no adhesive remains on the tooth surface;
1 - if less than 50% remains on the tooth surface;
2 - if a further 50% remains on the tooth surface;

a 3 - if 100% of the adhesive remains adhered to the

tooth surface.

Fig. 1 Experimental design. ARI, adhesive remnant index.

the color difference between two samples to be mea-
sured (AE - AE) and demonstrates the amount of color change
between two readings. The color parameters were obtained
before and at 6 and 12 months of simulated brushing.!°2°

Shear Test and Adhesive Remnant Index

The shear test was performed in a universal testing machine
(Model DL 23-300; EMIC - Instron Brazil) using a 300 kN load
with a crosshead of 0.5 mm/min.

The enamel surface and support base of each tooth were
examined for remnant adhesive. The ARI is an index pro-
posed by Artun and Bergland?' with scores from O to 3, with
0 being when no adhesive remains on the tooth surface; 1
if less than 50% remains on the tooth surface; 2 if a further
50% remains on the tooth surface; or 3 if 100% of the adhesive
remains adhered to the tooth surface with a visible support-
ive impression.

Statistical Analysis

The maximum force in N was converted to Mpa. The maxi-
mum force data were submitted to one-way analysis of vari-
ance (ANOVA) and Tukey’s test. Kruskal-Wallis and Dunn’s
nonparametric tests were used for color analysis to compare
groups, and Friedman and Nemenyi tests were used to com-
pare times. ARI analysis was performed with Fisher’s exact
test. All analyses were performed using the R program, with
a significance level of 5%.

Results

Shear strength, ARI, and color variation were analyzed. GT1
presented significantly higher shear force than GT3 (p < 0.05).

Easyshade - Vita® spectrophotometer
CIEL*a*b*

Table 2 Average (pattern deviation) of maximum shear force
(N) as a function of group

Maximum shear force
190.89 (107.12)°
208.35 (99.68)°

165.75 (110.48)*
126.20 (90.24)°

Note: Superscript letters show difference between the groups with
significance level of 5% (p <0.05).

Group
Water
Colgate Total 12

Curaprox Black Is White

Luminous White Advanced

The other groups did not differ in maximum strength
(p > 0.05). GT3 presented lower shear force (=~Table 2). In the
CG, only 5% of the specimens had 100% adhesive on the den-
tal surface. In the experimental groups, this percentage was
15% in GT1, 40% in GT2, and 45% in GT3. In the CG, 90% of the
specimens had between 0 and 50% adhesive on the dental
surface. The experimental groups had 70% for GT1, 45% for
GT2, and 45% for GT3 (~Fig. 2).

At 6 months of brushing, the L value increased signifi-
cantly (p <£0.05) for all groups except for GT1 (p < 0.05). The
value of a decreased significantly in all groups (p < 0.05). The
value of b significantly decreased in GT2 and GT3 (p < 0.05).
The total color variation (AE) was significantly higher in GT3
than in the other groups (p < 0.05). At 12 months, the value of
L was significantly higher in all four groups than in the initial
evaluation (p < 0.05). The value of L was significantly higher
in GT3 than in GT1 and CG (p < 0.05). In all four groups, the
value of a was significantly lower than at baseline (p < 0.05).
In GT2 and GT3, the value of b was significantly lower than
in the initial evaluation (p < 0.05). Lastly, AE was significantly
higher in GT3 than in CG and GT1 (p < 0.05) (~Fig. 3).

European Journal of Dentistry Vol. 14 No. 1/2020

15



16 Whitening Dentifrices and Orthodontics Torres et al.

100 -

~
(&)
1

(%)

(42
o
1

Percentage

N
[$)]
1

| —

Water

ARI

Colgate Total 12

Curaprox Luminous White

Jod01@m2ms3

Fig. 2 Specimen distribution in each group as a function of adhesive remnant index. ARI, adhesive remnant index.
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Fig. 3 Box plot of the value (AE) as a function of group and time. Period 1: 6 initial brushing months, period 2: 12 initial brushing months.

Discussion

The use of whitening dentifrices during orthodontic treat-
ment may interfere with the brackets’ adhesion and con-
sequently in the instituted therapy, as well as produce
alterations to abrasiveness and color in the dental enamel,
altering the aesthetics at the end of the treatment. Thus, the
present study evaluated the interference of these whiten-
ing agents in the resistance to orthodontic bonding and the
abrasiveness and color of the enamel after detachment of the

brackets.

European Journal of Dentistry Vol. 14 No. 1/2020

Commercially available products may have whiten-
ing properties and remove extrinsic stains from the dental
surface, such as silica and activated charcoal. On the other
hand, bleaching agents such as H,0, change the intrinsic
color of the dentin and enamel in a deeper and more lasting
way.?? A wide variety of whitening dentifrices are available
in the market, and their main action is through mechanical
removal of acquired film and extrinsic stains and polishing
of the enamel surface.? Some of these products with bleach-
ing agents have low concentrations of H,0,, in an attempt to
improve abrasive cleaning, to help remove extrinsic stains.?*?*



Another abrasive agent, activated charcoal, may be added
to a dentifrice’s formulation to promote whitening. However,
there is no evidence that dental enamel damage can occur.?
Patients should be directed to use these formulations prop-
erly, as there may be potential for increased abrasiveness and
damage to enamel.*??

Whitening dentifrices can be more effective in altering
the color of teeth than the conventional dentifrices. The
best whitening performance was obtained in microsphere
dentifrices, followed by those with hydrogen peroxide and
blue covarine dye (CI74160).*'? These results corroborate the
present study, in which groups containing abrasive agents
such as activated charcoal or bleaching agents such as hydro-
gen peroxide showed significant color change over the initial
6 months and progressive change over the final 6 months.
H,0, showed a higher perception of whiteness compared
with the other groups. The group with activated charcoal also
showed significant color change, and the presence of bright
microspheres during the study may suggest an optical effect
besides the mechanical whitening effect. In this same group,
at the end of the 12 months of simulated brushing, a whiten-
ing effect was observed in H,0, group. The silica and water
groups had the lowest color variation values.

The American Dental Association considers bleaching
effective when AE is at least 3.2 In the present study, this
parameter was greater than 3 in all of the analyzed peri-
ods, demonstrating that whitening was effective after 6 and
12 months of brushing in all of the analyzed groups.

Microleakages can be observed at the interfaces of
orthodontic brackets bonded to different adhesive sys-
tems.?” The brushing abrasion with whitening or bleaching
agents presents in dentifrices can promote greater enamel
wear than the conventional dentifrices.?® Such condition
may have favored microleakage and interfered with the
adhesion of brackets to the enamel surface. In the present
study, silica group presented higher shear strength than
the other groups, and H,0, group presented lower resis-
tance. Reduced bracket bond strength in bleached teeth
has been related to changes in enamel mineral and protein
content and not to the effects of residual oxygen.?®

According to the results obtained in our study, the acti-
vated charcoal and H,0, groups presented an ARI of around
45% with score 3, thus suggesting some interference in the
adhesive-base mechanical adhesion of the bracket submitted
to the activated charcoal agent or H,0, bleaching agent. The
hardness, shape, size, and concentration of particles in den-
tifrices influence their abrasiveness.*® H,0, dentifrices and
activated carbon seems to have influenced the reduction of
bond strength of the metal brackets. Due to their abrasive
and high-dissolution effects and fluidity when present in
dentifrices, these substances may interfere with orthodontic
adhesion.®' Thus, it is hoped that the results of the present
study can positively inform and influence the guidance given
to patients. The professional has an important role in indicat-
ing the most suitable dentifrice for each need once in vitro
studies are similar to those in vivo.*

Whitening Dentifrices and Orthodontics Torres et al.

Conclusion

Simulated brushing with whitening dentifrices containing
mechanical and chemical agents was effective in modifying
the visual perception of the color of bovine enamel; however,
the dentifrices containing the oxygen peroxide agents and
activated charcoal seems to have negatively influenced the
shear bond strength.
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