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Aim: The present study aimed to assess, in vitro, the effect 
of chlorhexidine on the potentiation of polycrystalline ceramic 
bracket staining. Methods: Seventy-two polycrystalline 
ceramic brackets of upper right central incisors were divided 
into six groups (n=12) according to immersion solution. The 
groups were G1 - distilled water (control); G2 - chlorhexidine; 
G3 - coffee; G4 - red wine; G5 - chlorhexidine associated with 
coffee; and G6 - chlorhexidine associated with red wine. The 
samples were analyzed by means of a spectrophotometer 
according to the CIEL*a*b* system, and color change (ΔE*) 
was calculated. The readings were performed at the following 
times: T0 - After package removal and T1 - After staining. The 
data were analyzed by Kruskal Wallis and t tests (p<0.05) 
at 5% significance level. Results: The total color variation 
(ΔE*) was greater in the group that received chlorhexidine 
associated with red wine (p<0.05) and lower in the groups that 
received distilled water. All other groups showed greater value 
variations when compared to G1 and G2. Group G6 showed a 
greater color change due to the potentiation of chlorhexidine 
with the dye substance. Conclusion: It is concluded that 
chlorhexidine potentiates the staining caused by red wine in 
polycrystalline ceramic brackets. 
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Introduction

Over the last years, patients seeking orthodontic treatment have not only been 
demanding an effective occlusal result, but also looking for the satisfaction of a har-
monious appearance, aiming to resemble the color of tooth enamel1,2. The use of 
esthetic devices is mainly indicated for adult patients who wish to maintain a natural 
aspect to their smile and correct its positioning at the same time3.

The first esthetic orthodontic devices were polycarbonate brackets, which present 
negative characteristics such as high deformation rate, structural fragility, low adhe-
sion, and low stain resistance, thus compromising clinical performance and not 
reaching the esthetic objective4.

Attempting to solve such problems, a few structural changes were performed, such 
as the reinforcement with ceramic loads and glass fiber, which originated the esthetic 
ceramic brackets5. According to the fabrication process, there are two forms of 
ceramic brackets: polycrystalline and monocrystalline6. The polycrystalline ceramic 
or polycrystalline alumina brackets are made of aluminum oxide crystals fused at high 
temperatures that allow molding several brackets simultaneously. Among esthetic 
brackets, these are the most common and popular, due to material quality and the 
ease of production in comparison to monocrystalline alumina brackets7. 

The ceramic brackets, although desired by patients, still deteriorate in the oral cav-
ity and present some limitations when exposed to certain substances such as cof-
fee, black tea, and red wine, causing color change and consequently the loss of the 
esthetic standard desired8-10. This impregnation of food and beverage pigments is 
considered one of the main extrinsic staining factors of such devices11.

In the clinical procedure during orthodontic treatment, the use of mouthwashes is 
rather common12. However, few studies show the effects of mouthwashes on the 
color stability of polycrystalline ceramic orthodontic brackets13 and composite res-
ins14. Chlorhexidine gluconate, from the biguanide family, is considered the gold stan-
dard in therapies for controlling plaque15, thus preventing potential inflammation of 
the periodontal tissue adjacent to the orthodontic appliances. On the other hand, the 
continuous use of chlorhexidine can generate the appearance of dark spots on dental 
surfaces, presenting variation according to the frequency of use and concentration of 
the product used15. 

Due to the presence of pigmentation in esthetic orthodontic brackets caused by the 
consumption of coloring foods and mouthwashes, the present study aimed to assess, 
in vitro, the effect of chlorhexidine on the potentiation of ceramic bracket staining. The 
null hypothesis in this study was that chlorhexidine does not have the capacity to 
potentiate staining in ceramic brackets

MATERIAL AND METHODS
The sample size considered the previous literature9,13, significance level of 0.05, and 
test power of 0.80. Therefore, the final sample included 72 polycrystalline ceramic 
brackets (Iceram, Orthometric, Marília, São Paulo, Brazil; Batch 037268001) of upper 
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right central incisors, which were divided into six groups (n=12) according to dye solu-
tion: G1 - distilled water (control group, Asfer, Indústria Química, São Caetano do Sul, SP, 
Brazil; Batch 274); G2 - 0.12% chlorhexidine (Periogard, Colgate; Batch 7125BR121A); 
G3 - instant coffee (Nescafé, Nestlé, São Paulo, Brazil; Batch 80301210); G4 - red wine 
(Reservado, Carbenet Sauvignon 12.5% alcohol volume, Concha y Toro/ Santiago do 
Chile; Batch: 1110716); G5 - chlorhexidine and coffee; G6 - chlorhexidine and wine, 
as Figure 1 shows.

PIGMENTATION PROCESS
The instant coffee solution was prepared according to the concentration suggested 
by the manufacturer, with 100 ml of boiling water to two teaspoons of powder. The 
other solutions did not require previous preparations.

The specimens were immersed in staining solutions and maintained under agitation 
(ultrasonic tank) according to each group described. The samples were immersed for 
three minutes, once a day for five days of the week during 28 days16-18. Then, the solu-

Figure 1. Experimental design of the study.
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tions were removed and the specimens were washed with distilled water and dried 
with absorbent paper. Next, the specimens were stored in distilled water at 37°C until 
the next staining protocol18,19. On the other hand, the control group remained in distilled 
water for the entire experimental period. All groups were immersed in 3 ml of each dye 
solution, stored in units in a lidded polypropylene recipient to prevent the evaporation 
of solutions and identify the group name in order to to codify it for individualization.

COLOR READING
The samples were subjected to color reading using a SP62S X-Rite spectrophotometer 
(Grand Rapids, Michigan, USA) with the QA Master software. This reading was performed 
at the times described, that is, initial time (T0), immediately after package removal, imme-
diately after water storage, and at the end of the entire pigmentation process (T1).

This spectrophotometer presents focal aperture of 4 mm and diffuse geometry of 
D/8°. It emits light with wavelength from 400 to 700 nm on the object and measures 
the reflection of such spectrum. Color was measured with the CIEL*a*b* color sys-
tem. The ∆E*, that is, the total difference between two color stimuli, was calculated 
with the following formula: ∆E* = √(∆L*)² + (∆a*)² + (∆b*)².

For the color readings, the brackets were supported on a white surface properly stan-
dardized for the reading so it was not affected by the background color. For the readings, 
the brackets were manipulated with clinical tweezers and procedure gloves. The position-
ing for the reading was always the center of the spectrophotometer, with the incisal side 
toward the center of the device and the buccal surface upward, and it was determined 
by tagging the bracket to standardize the position for color reading in the different axes 
(L*a*b*). The L* parameter corresponds to the value or degree of lightness or brightness 
and a*b* values of chroma, where +a* is red and -a* is green, +b* is yellow and -b* is blue. 

This process was performed once per bracket and time, always repositioning the 
bracket in the center of the device.

Figure 2. Color reading analysis.
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STATISTICAL ANALYSIS
The exploratory analysis showed the data do not meet the assumptions of an analysis 
of variance. Then, generalized linear models were adjusted considering the outline of 
measures repeated in time for L*, a*, and b* values. The variation data (deltas) were 
analyzed with Kruskal Wallis and Dunn’s non-parametric tests. The analyses were per-
formed in the R and SAS software (Institute Inc., Cary, NC, USA, Release 9.3, 2011) at 
5% significance level.

The numerical data were analyzed with the Kruskal Wallis test at p<0.05. The differ-
ence of final values observed for L*, a* and b* of each sample from their initial values 
was considered a variable. A non-parametric test was selected for the statistical anal-
ysis of the data observed in the experiment.

RESULTS
There was a statistically significant decrease in the L* value after the immersion in 
all solutions and distilled water (p= 0.0002). The highest L* value was observed in the 
groups with distilled water and chlorhexidine (p<0.05) and the lowest values in the 
group with chlorhexidine associated with wine (p<0.05).

As for the a* values, there was a significant increase after the immersion in all solu-
tions and distilled water (p<0.0001). At the final time, the highest values were observed 
for the groups that received wine and chlorhexidine associated with wine (p<0.05), 
and the lowest values were observed for distilled water and chlorhexidine (p<0.05).

The b* value also showed a significant increase at the final time relative to the ini-
tial time in all groups (p<0.0001). At the final time, the highest values were observed 
for instant coffee and the lowest values for distilled water, chlorhexidine, and wine 
(p<0.05).

Table 1 presents the analysis of variation for L*, a*, and b* values (ΔL*, Δa*, and Δb*) 
and total color variation (ΔE*). It is observed that when immersed in chlorhexidine 
associated with wine, the brackets presented greater variations in the L* value than 
when immersed in chlorhexidine and distilled water (p<0.0001). Except for the brack-
ets immersed in chlorhexidine, all the other groups presented greater variation of 

Table 1. Median (minimum and maximum values) of the variation of L*, a*, and b* (delta L, delta a, and delta b) 
and total color (delta E) values according to solution, at the final time relative to the initial time (TFinal-T0).

Solution Delta L* Delta a* Delta b* Delta E*

Distilled water -2.51 (-8.79; -0.99) a 0.18 (0.13; 0.29) bc 1.28 (0.03; 2.74) c 2.89 (1.00; 8.85) c

0.12% 
chlorhexidine -3.47 (-4.93; -2.83) ab 0.16 (0.01; 0.29) c 1.67 (1.15; 2.49) bc 3.90 (3.25; 5.06) c

Instant coffee -6.23 (-11.50; -2.60) bc 1.06 (0.68; 2.42) a 7.87 (4.30; 11.33) a 9.91 (5.07; 16.32) b

Red wine -7.16 (-11.76; -5.81) c 2.09 (0.77; 2.76) a 2.02 (0.86; 5.29) bc 7.89 (6.40; 13.09) b

Chlorhexidine 
and coffee -6.24 (-9.42; -3.93) bc 1.02 (0.47; 2.14) ab 6.55 (3.54; 8.97) a 9.31 (5.31; 12.95) b

Chlorhexidine 
and wine -14.32 (-19.86; -4.12) c 2.13 (0.83; 3.06) a 6.00 (0.81; 7.58) ab 15.68 (4.28; 21.32) a

Medians followed by different letters vertically differed from each other (≤0.05).
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the a* value when compared with the control group, which received distilled water 
(p<0.05), according to Table 1. The groups that received instant coffee, chlorhexidine 
associated with coffee, and chlorhexidine associated with wine presented greater vari-
ation in the b* value than the control group (p=0.0007). Table 1 also shows that ΔE* 
(color variation) was greater in the group that received chlorhexidine associated with 
wine and lower in the groups that received distilled water and chlorhexidine (p<0.05).

DISCUSSION
In this study, the null hypothesis was rejected because that chlorhexidine potentiates 
staining when associated with dye substances, and chlorhexidine associated with red 
wine promotes greater color change than the other substances and associations tested. 

In dentistry, the antibacterial agents can perform a bactericidal action that is rather 
important for controlling bacterial colonies, thus safely promoting anticariogenic ben-
efits. In this context, the current gold standard of antibacterial agent is chlorhexidine, 
because it is a cationic detergent from the class of bisbiguanides and available in the 
forms of acetate, hydrochloride, and gluconate. The latter is the salt most commonly 
used in formulas and products20,21. However, chlorhexidine has some undesirable 
effects such as the appearance of extrinsic coloration in tooth enamel.

In the present study, the polycrystalline ceramic brackets were subjected to treat-
ments with chlorhexidine associated or not with dye substances, which were previ-
ously used in studies on staining9,10.

The spectrophotometer measures a wavelength by time from the reflective property 
or object transfer22. This study assessed the samples immersed in staining solution 
for three minutes under agitation, once a day for five days of the week, during 28 days, 
according to the protocol used by Godoi et al.16 (2011). These 28 days represent clin-
ically 4 indications of use of this mouthwash for 5 days. It is noteworthy that these 
4 indications are present within the average clinical time of orthodontic treatment 
which is approximately 1.5 years.

The L*, a*, and b* values were used for each bracket, in which L* corresponds to lumi-
nosity and a* and b* correspond to chromaticity. If L* is positive, the color will change 
toward white and if negative, the color will change toward black. Positive a* changes 
toward red and negative a* toward green, while positive b* changes toward yellow 
and negative b* toward blue. Color change is obtained with the following calculus: 
ΔE*=[(ΔL*)2 + (Δa*)2 + (Δb*)2]½22. The ΔE* value considers the total color change rela-
tive to the L*, a*, and b* axes. According to a previous study, if ΔE*<1.0, color change is 
nor visibly perceptible; if 1<ΔE*<3.3, color change is considered clinically acceptable; 
and if ΔE*>3.3, color change has clinical significance23.

Several hypotheses were investigated for the mechanisms associated with staining. 
This finding may be explained by the fact that the cationic molecule of chlorhexidine 
is rapidly attracted by the negative load of the cell membrane and it is adsorbed to 
the cell membrane by electrostatic interactions, potentially by hydrophobic ligation or 
hydrogen bridges. Such adsorption is concentration-dependent. Thus, at high doses, 
it causes the precipitation and coagulation of cytoplasmic proteins and bacterial 
death. At low doses, the integrity of the cell membrane changes, resulting in an over-
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flow of the bacterial components of low molecular weight24. This study showed that 
among the ΔE* (color variation) results, the group of chlorhexidine associated with 
wine presented statistical difference when compared with other experimental groups. 
The explanation of the potentiation of chlorhexidine staining when associated with 
chromogenic foods may lie in the fact that cationic mouthwashes such as chlorhex-
idine may precipitate or ligate to anionic dyes contained in foods and beverages25.

When considering the ΔL*, the groups of distilled water and chlorhexidine did not 
show statistically significant difference (p<0.05). Despite the little influence on color 
change, water seems to change the brightness of brackets, even though such change 
is not significant, because the color change is considered clinically acceptable12.

 The groups of chlorhexidine and chlorhexidine associated with coffee did not present 
statistical difference in value when compared with the control group that received dis-
tilled water (p<0.05). Groups of instant coffee, red wine, and chlorhexidine associated 
with red wine were likely to increase the red color with greater variation of the a* value, 
which may occur due to the excessive consumption of red wine, causing extrinsic pig-
mentation due to the high content of tannin compounds that are highly denaturing26. 
Similarly, a previous study showed higher staining potential in red wine, because its 
composition contains a high concentration of pigments and it presents low pH and a 
reasonable amount of alcohol27.

The groups that received instant coffee, chlorhexidine associated with coffee, and chlor-
hexidine associated with wine presented greater variation for the b* value than the con-
trol group (p<0.05) and they were likely to increase the yellow color, which agrees with 
a previous study that observed that the yellow pigment in coffee is less polar and there-
fore less hydrophilic. In studies with resin composites, the discoloration by coffee is pro-
cessed by absorption and adsorption of polar dyes, potentially due to the compatibility 
of the organic phase of the polymer with this specific dye28, and the staining increased 
when the surface of the specimen tested was subjected to the use of chlorhexidine.

The group chlorhexidine associated with red wine has potentiated the effect of the 
staining in relation to the other substances, because the red wine has in its com-
position a tannin, a polyphenol, with high molecular weight, generally between 500 
and 3000 daltons, soluble in water and in addition, may still be favored by the use of 
cationic antiseptics such as chlorhexidine29, precipitating or bind to anionic coloring 
agents contained in foods and beverages30. 

In studies with ceramic brackets, in which the major component is inorganic, the litera-
ture has not yet explained the interaction among dyes from solutions and the compo-
nents of such materials. Hence, the development of further studies in this field would 
be important. Whitin this, it is concluded that chlorhexidine potentiates the staining 
caused by red wine in polycrystalline ceramic brackets. 
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