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ABSTRACTABSTRACTABSTRACTABSTRACT::::    

Objective:Objective:Objective:Objective: To investigate the discoloring effect of certain 
foods and photoaging on the color stability of the three different 
types of polycarbonate brackets. Materials and Methods: Materials and Methods: Materials and Methods: Materials and Methods: Eighty four 
brackets were selected and divided into three groups: (1) Composite 
brackets with ceramic like filler (Silicon brackets); (2) Composite 
unfilled brackets (Spirit brackets) and (3) Polyoxymethylene brackets 
(Brilliant brackets). Seven specimens of three different esthetic 
brackets were exposed to tea, coke, curry and accelerated 
photogeing device to a xenon lamp to simulate natural day light. 
The brackets were analyzed at the beginning of the experiment 
and after 24 and 72 hours and 25 days of exposure. Color 
measurements were performed by means of Vita Easy shade 
Spectrophotometer according to CIELCh coordinates lightness, 
chroma and hue and color changes (∆E) were computed. Results:Results:Results:Results: 
Almost all investigated brackets showed clinically unacceptable 
discoloration during in vitro exposure to food dyes and UV light 
with the exception of the polyoxymethylene brackets which 
showed nonperceptible color change after storage 25 days in coke 
and UV. Tea and curry discolor all brackets and showed a sharp 
increase in discoloration after 24 hour. Most of the brackets 
became yellower after UV light exposure. Conclusions: Conclusions: Conclusions: Conclusions: These 
current in vitro findings indicate that even newly developed 
plastic brackets, consisting of composite materials or modern 
polymers (polyoxymethylene) may have clinically unacceptable 
color stability in the long-term. 
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INTRODUCTION 

The request for esthetic fixed orthodontic appliances has been 
increased. More young patients want an esthetic appearance during 
treatment with fixed appliances. Esthetic bracket materials are plastic or 
ceramics.

1
Early attempts to make the appliance more esthetic in 

appearance resulted in the introduction of plastic brackets which was first 
reported by Newman in 1969.

2 
 

Proffit 
3 
and Winchester 

4
 reported that, although plastic brackets 

were introduced with considerable enthusiasm , they suffer from that they 
are not durable enough to hold up in the mouth in the long term because 
of staining, discoloration, absorption of water and saliva ,wear of the 
brackets and tie-wing fracture.  

Swartz found that some problems encountered in plastic brackets 
were eliminated through recent advances by development of ceramic 
brackets which were first introduced in 1987 as a more esthetic 
alternative to their plastic predecessors.

5
 Gottleieb et al noticed that, 

between 1986 and 1990, the use of ceramic brackets increased from  
6.6% to 88.2 %, whereas the use of polycarbonate brackets decreased 
from 57.8 % to 24.3 %.

6
  

Arici and Regan reported that, the advantages of ceramic brackets 
include color stability and great strength. Nevertheless, the use of ceramic 
brackets may result in problems with excessive bond strength, damage to 
the enamel during removal, and bracket breakage because of brittleness.

7 

Therefore, Brantley and Eliades found that current research on 
reinforcement methods of plastic brackets, including reinforcement of the 
polymer by fillers (so- called‘composites’) or fibers, or the use of 
metallic inserts on the bracket slot.

8 

The color stability of plastic brackets was found to depend on 

various factors, such as filler level and type of discoloration.
9
 Color 

stability of brackets is due to exogenous and endogenous factors. The 

reason for endogenous discoloration can be found in ultraviolet (UV) 

irradiation and thermal energy. UV light can induce physico-chemical 

reactions in the polymer, causing irreversible color changes of the 

brackets. Exogenous influences are foods that stain and even colored 

mouth rinses .
10-13 
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In the present study, the influence of the long term photoageing and 
food colorants on the color stability of the three different types of plastic 
brackets was tested. Hypothetically, the ceramic filler should reduce 
staining of the brackets and also reinforce the plastic bracket. On the 
other hand, the metal slot should prevent distortion during torque force 
application and reduce bracket friction with the metal arch wire.

4 

MATERIAL AND METHODS 

Eighty four plastic orthodontic brackets from three different 
companies were exposed to tea, coke, curry and UV light for 24 hours,  
72 hours and 25 days at 37°C. The color stability of each bracket was 
evaluated by the color difference before and after its immersion in 
different color affecting media with a Vita Easyshade Spectrophotometer 
device according to CIEL Ch (Commission Internationale de l’Eclairage) 
coordinates lightness, chroma and hue. 

The brackets were divided into three groups (28 per bracket group):  

1. Group I: Silicon Brackets
*
. They were composed of plastic with 

ceramic like filler. (Figure 1)  

2. Group II: Brillant Brackets
**
. They were composed of polyoxymethylene 

material. (Figure 2)  

3. Group III: Spirit MB Brackets
***

. They were composed of composite 
with stainless steel reinforced slot. (Figure 3) 

     
             Figure 1                                   Figure 2                                  Figure 3 
         Silicon Bracket                        Brillant Bracket                        Spirit Bracket 

                                                 
*
 American Orthodontic, USA. 

**
 Forestadent, Germany. 

***
 Sybron Dental Specialties Ormco, USA. 
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Methods: A black 3.5 cm circular sample holder with 4mm diameter 

window in the center for each type of the brackets was fabricated with 

self curing acrylic resin to position the brackets in standardized settings. 

All brackets were rinsed with running water; air dried and then color 

measurements taken as a baseline measurements using the self-calibrating 

electronic tooth-color measurement device VITA Easyshade (Figure 4). 

 

Figure 4: Vita Easy Shade Spectrophotometer 

Seven brackets per group were placed in a glass container with one 

of the three media at 37°C and allowed to soak for 24 hours. Another 

seven brackets of each group underwent accelerated photoageing in an 

irradiation chamber to investigate the influence of UV irradiation on the 

brackets for 24 hours. They were then removed, rinsed; air dried and 

color readings taken. After the 24 hours, the brackets soaked again in the 

solutions and exposed to UV irradiation for 72 hours and then removed, 

rinsed, air dried and color measurements taken. After that, the brackets 

exposed to all media for 25 days and then color measurements were taken 

in the same way. 
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All measurements were done in the internationally standardized 

CIELAB color space.
14
 The changes in the lightness and chromaticity 

coordinates  

(∆L*, ∆a* and ∆b*) as a result of exposure to diet substances were 

determined first and the color difference (∆E) was calculated using the 

relationship:  

∆E= [ (∆L*)2₊ (∆a*)2₊ (∆b*)2] 1/2 

Ruyter et al 
15 

reported that a shift in ∆E value of >3.3 reflects  

a change that is a clinically significant visual discoloration. 

Statistical Data Analysis:  

The statistical analysis was done using Statistical Package for Social 

Sciences (SPSS, version 15.0). Descriptive statistics were displayed for 

values of color change (∆E) between different groups at different follow 

up periods as mean, median and standard deviations. Normality testing 

was done using Kolmogrov Smirnov test and values were found to be 

normally distributed. Chi square test was used to compare values between 

different groups followed by Fisher's Exact Test probability for 

statistically significant differences. Significance level was set at 5%. 

Simple linear Regression Equation was used to compare trends of delta E 

for the different brackets in different media. Boxplot chart was used for 

graphical presentation. 

RESULTS 

There was statistically significant color change between the brackets 

after overall comparison to all media at 25 days. (Table I, Figure 5) The 

Brillant brackets had the least median value of ∆E in comparison with the 

other bracket groups (∆E=8.5). The Silicon brackets showed greater color 

change followed by Spirit brackets which were (∆E=11.7), (∆E=11.6) 

respectively.   
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Table I. Overall comparison of ∆E between bracket groups at 25 days 

Brackets Median Mean Std. Deviation Median Test 

1 Silicon 11.7 14.7 8.2 

2 Brillant 8.4 14.6 15.5 
2
=1.143 

3 Spirit 11.6 12.6 5.6 P=0.565 

 

Figure 5. Overall comparison of ∆E between bracket groups at 25 days for  

                    all foods. 

In this study, we were interested in observing whether the tested 

brackets showed perceptible color changes rather than just statistically 

significant color differences. Color changes that are perceptible may 

compromise the clinical acceptability of the brackets. Ruyter et al
15 

considered that the values of ∆E greater than or equal to 3.3 are visually 

perceptible and clinically unacceptable. As testing began, a light 
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discoloration on the brackets was observed; later, by enhancing the 

exposure time from 24 to 72 hours, all brackets showed a significant 

increase of ∆E values and a discoloration on the brackets was observed. 

At the end of testing after 25 days, all bracket groups achieved a certain 

saturation of discoloring, the brackets became darker and they also 

represented clinically significant changes as was evident from Ruyter 

criteria. (Figures 6-9) 

A   A  

B    B  

C    C  

Figures 6. Comparison of control brackets 

(on the left) to those immersed in tea  

(on the right) on day 25: a) Silicon brackets, 

b) Brillant brackets, c) Spirit brackets 

Figures 7. Comparison of control brackets 

(on the left) to those immersed in coke  

(on the right) on day 25: a) Silicon brackets, 

b) Brillant brackets,  c) Spirit brackets. 
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A     

B     

C     

Figures 8. Comparison of control brackets 

(on the left) to those immersed in curry  

(on the right) on day 25: a) Silicon brackets, 

b) Brillant brackets, c) Spirit brackets. 

Figures 9. Comparison of control brackets 

(on the left) to those immersed in UV  

(on the right) on day 25: a) Silicon brackets, 

b) Brillant brackets, c) Spirit brackets. 

DISCUSSION 

The present study was designed to evaluate the color stability of 

esthetic plastic brackets during exposure to food dyes and UV irradiation 

over time intervals of 24, 72 hours and 25 days and determine clinically 

perceptible color changes (∆E) between different plastic brackets. 

Color stability is an important parameter for modern esthetic brackets. 

Color changes can be distinguished by a colorimeter, spectrophotometer  

or visually. 

It was necessary to create standard measurement criteria for 

three-dimensional brackets. This is why the Easyshade measuring probe 

was chosen because the probe thoroughly shields the area to be measured 

from external light.
16 

The advantages of CIELAB system for color 
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measurement is that it more closely represents human sensitivity to color 

and equal distances in this system approximately equal perceived color 

differences.
17 

Numerous tests have been used for artificial aging of bracket 

materials to investigate color stability in vivo and in vitro. As clinical 

testing is difficult to carry out and results may not be comparable due to a 

combination of miscellaneous factors, an in vitro investigation was 

undertaken.
18 

Various techniques have been described to study 

discoloration of orthodontic materials. The solutions used in this study 

which were coke, curry, tea and accelerated photoageing, do not consider 

all substances to which bracket materials may be exposed, though they 

have been used in similar research 
16 
and represent media common to the 

oral environment. It has been shown that the type of immersion solution 

can affect the degree of color change, with curry and tea often 

contributing to the most significant staining.
19
 
 

Several studies concluded that a period of 24 hour artificial treatment 

is too short to investigate discoloration of dental materials.
20 
Since this 

work complements previous studies, that extension of the exposure time 

to 25 days was considered suitable to examine the color stability of the 

plastic brackets. 

Coupled with the previous finding that measured color change ∆E 

increased from 24hour to 72 hours and 25 days, it can be concluded that 

brackets discoloration progresses with immersion time increase rather 

than bracket materials from which they are made.  

In this study, we were interested in observing whether the tested 

brackets showed perceptible color changes rather than measuring the 

statistical significance of color differences. This depends in part on the 

patient’s idea of what is esthetically attractive and also on the patient’s 

perceptive abilities. According to Ruyter et al,
15 
a ∆ E of 3.3 is visually 

perceptible and therefore clinically unacceptable, all tested brackets had 

perceptible color changes after exposure to all media except Brilliant 

brackets which showed nonperceptible color change after storage 25 days 

in coke and UV.  
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Satisfactory color stability was measured for the Brillant brackets 

after coke and UV irradiation. The Brillant brackets consisting of 

polyoxymethylene53, was the only bracket that showed a highly visible 

discoloration towards the bright yellow color of curry after 24h .This can 

be explained by the fact that the Brillant bracket already has a more 

yellowish color due to manufacturing conditions. This was in agreement 

with the study done by Susanne Wriedt et al 
16 
in which they showed that 

Brillant bracket, unlike all the other materials, becomes deeply discolored 

in curry and they thus recommend that, for esthetic reasons, such brackets 

are unsuitable for patients who enjoy curry. 

The Spirit brackets consisting of composite showed undesirable 

discoloration after 24hours from storage in all media. According to Janda 

et al
21
, the resin matrix itself influences color stability. Rosentritt et al 

reported no synergetic effects on color behavior after UV ageing and 

storage in food dyes.
22 

Silicon brackets consisting of composite with 

ceramic like filler seem to be less susceptible for endogenous 

discoloration than the Spirit bracket. This might explain why highly filled 

composite brackets had less endogenous discoloration than unfilled 

brackets.
23 

Color stability is only a variable that must be considered when 

choosing a bracket material, but it may be of great importance to patients 

and clinicians when working in the esthetic zone. In some patients, the 

color change is very minute and not perceptible by the patient while in 

other patients, it is huge and noticed by the patient depending on the 

patient’s diet and hygiene habits. Clinical trials and experience are 

required to assess whether particular bracket materials will meet the 

esthetic demands for color stability in a clinical setting. Despite our 

results, the clinical performance of the bracket depends on various 

synergistic effects in the oral environment that cannot be simulated 

precisely by in-vitro investigations. 
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