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ABSTRACT 
Objective: The aim of the invitro study was to analyze the color stability of monocrystalline and 

polycrystalline ceramic brackets after immersion in artificial saliva and a potentially staining 
health drink solution. 
Methods: Twenty monocrystalline and twenty polycrystalline ceramic brackets of American 

orthodontics were immersed in artificial saliva and health drink solution intermittently for 15 
months, respectively. Color changes were measured by a spectrophotometer and visual 
assessment scale at 0, 3,6,9,12,15 months. Statistical analyses were performed with IBM SPSS 
version 17. Data were assessed by Multivariate Profile Analysis, Analysis of Variance (ANOVA), 
and Multiple Comparison Tests of means. 
Results: The results from the spectrophotometer and visual assessment show that the 

polycrystalline ceramic brackets showed a greater degree of stain uptake when immersed in a 
nutritive health drink solution and the monocrystalline ceramic brackets showed less staining at 
the end of 15 months.  
Conclusion: Both the monocrystalline and polycrystalline ceramic brackets undergo staining 

when placed in staining solutions. Comparatively monocrystalline ceramic brackets produced 
less stain and were better than the polycrystalline ceramic brackets when immersed in a health 
drink solution by 25%. The combined effect of time, type of bracket, and type of staining solution 
had influenced the degree of stain uptake. 
Keywords: Ceramic Brackets, Color Stability, Artificial Saliva, Staining Solution, U-V 

Spectrophotometer, Visual Assessment. 
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INTRODUCTION 

Webster has defined the term esthetics as “appreciative of, 

responsive to, or zealous about the beautiful” [24]. The 

esthetic demand is not only after the orthodontic therapy but 

even during the course of treatment. This has resulted in the 

development of ceramic brackets which were introduced in 

1980. There are two types of ceramic brackets based on the 

manufacturing process. They are the monocrystalline and 

polycrystalline ceramic brackets. Monocrystalline ceramic 

brackets have a clear appearance because of the larger grain 

size and reduced impurities, whereas the polycrystalline 

brackets tend to reflect light which causes some degree of 

opacity due to the presence of more impurities during the 

manufacturing process [34,29]. Thedrawback of ceramic 

brackets is that they are stained by various food solutions 

such as tea, coffee, drinks, wine when exposed to the oral 

environment. 

Discoloration of the ceramic brackets generally occurs by two 

factors – intrinsic and extrinsic factors [1, 2]. 

1. Intrinsic factors such as water absorption, the composition of 

the bracket matrix. 

2. Extrinsic factors such as pigments present in food, beverages, 

tea, coffee, wine, mouth rinses. 

Olivera et al [7], Faltermeier et al [2] and Yadav et al [26] had used 

red wine, coffee, tea, coke, and artificial saliva as the staining 

solutions in their studies. Nutritive health drink powder solution 

(Boost) is taken as a staining solution for the present study. 

Artificial saliva has been used to imitate the oral environment 

because it responds to the sample material in the same way as 

the natural saliva does. Artificial saliva as a medium has been 

used in several studies by Olivera et al. The artificial saliva 

which is used in the study is made by B.N laboratory, 

Mangalore. 
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Olivera et al, Faltermeier et al, and Yadav et al conducted the 

studies to determine the color changes of the ceramic 

brackets immersed in food solutions for only a short period 

of one month [26, 7, and 2]. The duration of orthodontic treatment 

timingis about 15 months. The duration of this study is about 

15 months and is not carried out in any of the previous 

studies. 

 Investigating the color changes can be determined by anyone 

of these methods; spectrophotometer, colorimeters, digital 

photographic analysis, and visual assessment. 

Spectrophotometer analysis is an effective method for 

evaluating the color changes and used in several studies done 

by Lee et al, Olivera et al, Faltermeier et al and Yadav et al. 

A double beam spectrophotometer is used in this study, 

wherein a beam of light is allowed to pass through the object 

and the color of the object is assessed in terms of light 

transmittance [26, 7, and 2]. Here color changes of the ceramic 

brackets of two different crystalline structures are 

determined. When there is a higher demand for esthetics and 

the patient prefers the ceramic brackets, they expect the 

brackets to appear esthetically on direct vision throughout the 

procedure. A study conducted by Olivera et al used the visual 

assessment scale to determine the color changes of ceramic 

brackets on direct vision suggested by Mancuso et al varying 

from +5 to -5 [7, 8]. 

 The purpose of the study is to evaluate the color stability of 

the monocrystalline and polycrystalline ceramic brackets 

immersed in artificial saliva and nutritive health drink 

powder solution for duration of 15 months by UV 

spectrophotometer and visual assessment scale. 

MATERIAL AND METHODS 

GROUPING OF SAMPLES: 

Forty ceramic brackets manufactured by American 

orthodontics were chosen for the study. Out of which, twenty 

were monocrystalline ceramic brackets (Radiance brand) and 

the other twenty were polycrystalline ceramic brackets (20/40 

brand). 

The ceramic brackets were divided into two groups: 

1. Group A consists of 10 monocrystalline and 10 

polycrystalline ceramic brackets. 

2. Group B consists of 10 monocrystalline and 10 

polycrystalline ceramic brackets. 

Group A was sub-grouped as M1 and P1 each consisting of 

10 monocrystalline (AM1) and 10 polycrystalline (AP1) 

ceramic  brackets.  

Group B was sub-grouped as M2 and P2 each consisting of 

10 monocrystalline (BM2) and 10 polycrystalline (BP2) 

ceramic brackets. 

PROCEDURE FOR THE STUDY: 

Four Petri-plates (Borosil) containing the artificial saliva (made 

by B.N.Laboratory, Mangalore) were taken for the study. 

Among the four Petri-plates, two were placed under group A 

(control group) and two Petri-plates were placed under group B 

(experiment group). In group A, the ceramic brackets consisting 

of subgroups M1 and P1 were immersed separately in 2 Petri-

plates with artificial saliva continuously for a period of 15 

months. In the group B, the ceramic brackets comprising of 

subgroups M2 and P2 were immersed separately in 2 Petri-

plates with artificial saliva solution and intermittently placed in 

health drink powder solution (1/2 teaspoon of boost/50 ml of 

water) for 10 minutes every day and returned back to artificial 

saliva for a period of 15 months. The entire setup was placed 

inside the refrigerator maintaining 4-8 degrees Celsius regulated 

by a thermometer (Legacy pro 6). Once in a month, the saliva 

was changed and the pH of the saliva was maintained and 

checked using a litmus paper. 

EVALUATION OF CERAMIC BRACKETS: 

A total of 10 brackets were available in each of the four 

subgroups (AM1, AP1, BM2, and BP2). Two brackets (S1 and 

S2) of monocrystalline and polycrystalline were chosen 

randomly from group A and group B for the evaluation of color 

change by using a spectrophotometer and visual assessment 

scale. 

SPECTROPHOTOMETER ASSESSMENT: 

The ceramic brackets were evaluated periodically at 0, 3, 6, 9, 

12, 15 months using Spectrophotometer (UV−Vis−NIR 

Spectrometer Perkin Elmer Lambda 19) to assess the color 

change in the ceramic brackets periodically and the values were 

given as T0 (before immersion), T1 (3 months), T2 (6 months), 

T3 (9 months), T4 (12 months), T5 (15 months). 

A double beam Spectrophotometer device consists of the light 

source (Deuterium UV, Tungsten−Halogen Vis/NIR) of 

wavelength 200 to 2500nm for reflectance which was passed 

through a collimator. This collimated beam enters the 

diffraction grating (i.e, prism) and is converted into a spectrum 

of different wavelengths. A slit was present which allowed a 

beam of a particular wavelength to pass through the same. The 

amount of light transmitted through the sample was obtained. 

The digital reading was recorded as T0, T1, T2, T3, T4, and T5. 

The initial value T0 was recorded by spectrophotometer before 

immersion and followed by visual assessment, the brackets 

were immersed in the artificial saliva solution. The sequence 

was repeated for every 3 months and the spectrophotometer 
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values for the brackets in group A and group B were recorded 

as T1, T2, T3, T4, T5 after immersion. The values obtained 

from the spectrophotometer were tabulated in Armstrong (Å) 

units. 

VISUAL ASSESSMENT 

Before immersion in the artificial saliva, visual assessment 

for the same brackets (S1, S2) of group A and group B was 

done by 2 operators using the Visual assessment scale as 

suggested by Mancuso et al [8]. Mancuso et al standardized 

the visual assessment scale with values varying from 5 to +5. 

The initial value was recorded according to the visual 

assessment scale before immersion and returned back to the 

artificial saliva. The sequence was repeated every 3 months 

and the visual assessment values of the ceramic brackets in 

group A and group B were recorded after immersion. Inter 

operator variability was also assessed. The visual assessment 

values given by operator 1 and operator 2 were tabulated. 

 

Figure-1- UV−Vis−NIR spectrophotometer

 

Polycrystalline brackets 

 

Monocrystalline Brackets 

Artificial saliva and health drink powder solution 

 

Polycrystalline brackets 

 

Monocrystalline Brackets 

STATISTICAL ANALYSIS 

Statistical analyses were performed with IBM SPSS version 

17(SPSS Inc., Chicago, IL). Descriptive statistics were 

computed. The data was found to be in normal distribution 

using the Shapiro Wilks test. 

One way Analysis of Variance (ANOVA) was carried out to 

analyze significant differences in color changes in terms of 

mean light transmission between the four subgroups at different 

time intervals. These analyses were preceded by a test of 

homogeneity of variances. Hence homogeneity of variances was 

violated; ANOVA was replaced by Brown-Forsythe test. Post 

hoc Tamhane’s test is used to determine the significance 

between the four subgroups by multiple comparisons in pairs. 

Repeated measures Multivariate Analysis of variance 

(RMANOVA), and Pillai Trace test were used to evaluate the 

influence of one or more variables on the degree of staining. 

Pillai trace test is used as a test statistic in RMANOVA which is 

a positively valued statistic ranging from 0 to 1. Significance 

was set as p < 0.05. 

RESULTS 

SPECTROPHOTOMETER ASSESSMENT: 

The mean values obtained from the spectrophotometer were in 

terms of light transmittance. As the staining of the ceramic 

brackets increases, the light transmittance decreases. The mean 

values were evaluated by one way ANOVA and Brown 

Forsythe test; the results were tabulated in Table 1. This shows 

the comparison of mean light transmission between the four 

subgroups at different time intervals. 

From Table 1, it was found that the significant differences in the 

color changes were seen in all the time periods (T1-T5) and it 

was statistically significant except for the baseline values 

(T0).On comparing the mean values between the four 

subgroups, the mean value of the polycrystalline ceramic 

brackets was about 3.03 and the monocrystalline ceramic 

brackets were about 3.90 at the end of 15 months when placed 

in the staining solution. The mean value of polycrystalline 

ceramic brackets was about 4.39 and the monocrystalline 

ceramic brackets were about 4.51 at the end of 15 months when 

placed in artificial saliva. This shows that the polycrystalline 

brackets produced greater staining and showed less light 
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transmittance which was statistically significant (p =0.001) 

whereas monocrystalline brackets had less stain uptake and 

more light transmittance in all time intervals. 

Graph 1 represents the comparison of mean light 

transmission between groups at different intervals. There is 

an overall decrease in the mean light transmission of the 

ceramic brackets over a period of time in all groups which 

means that there is a gradual increase in the degree of stain 

uptake from T0 to T5. At T0, the mean values of 

monocrystalline ceramic brackets before immersion in both 

solutions showed similar values and the same with the 

polycrystalline ceramic brackets have been observed. At the 

time of T1, T2, T3, T4, and T5, among the four subgroups, 

the polycrystalline ceramic brackets immersed in staining 

solution showed the maximum stain uptake with decreased 

light transmittance. The monocrystalline in artificial saliva 

showed less stain uptake with increased light transmittance. 

 

GRAPH 1:Comparison of mean light transmission between 4 

subgroups at different time intervals. 

From Graph 1 and Graph 2, the monocrystalline ceramic brackets 

immersed in the staining solution do not show much of color change 

at T1, T2, and T3. The maximum color uptake was seen in T4 and 

T5 on exposure to staining solution. The polycrystalline ceramic 

brackets do not show much of color change at T1 whereas there was 

a significant color change at the time T2, T3, T4, and T5 on 

exposure to staining solution. significant color change at the time 

T2, T3, T4, and T5 on exposure to staining solution. 

On comparing both the Graphs, at the time of T2, T3, T4, and T5 

the color uptake of the polycrystalline ceramic brackets was greater 

than the monocrystalline ceramic brackets immersed in staining 

solution. This shows the influence of time on the degree of staining in 

the brackets. 

GRAPH 2: Comparison of mean light transmission based on time 

trend between monocrystalline. 

 

 

Table 2 showed the pairwise possible comparisons between 

groups to substantiate in which group such differences were 

resulted using the Post hoc Tamhane’s test. It was found that 

there was no significant difference in color alteration of similar 

brackets before the immersion in different solutions at baseline 

(T0) but significant color changes occurred after immersion of 

brackets in the staining solution. The mean difference between 

the monocrystalline and polycrystalline ceramic brackets placed 

in the staining solution was about 0.258 at T0 (before 

immersion). At the end of 15 months (T5), the polycrystalline 

ceramic brackets showed a greater mean difference of 0.870 

when compared with monocrystalline ceramic brackets which 

were statistically significant. 

Comparatively polycrystalline brackets showed more color 

alteration from T1 to T5. The brackets immersed in the health 

drink staining solution also showed more color change from T1 

to T5. This explains the effect of the crystalline structure of the 

ceramic brackets and the type of staining solution on the degree 

of stain uptake. 

TABLE 1: Comparison of mean light transmission between 4 subgroups at different time intervals 

 Artificial saliva Staining solution  

 Monocrystalline Polycrystalline Monocrystalline Polycrystalline P-value 

T0a 
5.70 ± 0.06 5.46 ± 0.04 5.68 ± 0.03 5.42 ± 0.04 

0.076 

T1 
5.48 ± 0.06 5.24 ± 0.07 5.15 ± 0.05 4.86 ± 0.06 0.001* 

T2 
5.14 ± 0.06 5.00 ± 0.06 4.94 ± 0.03 4.21 ± 0.05 0.001* 

T3 a 
4.94 ± 0.03 4.83 ± 0.11 4.59 ± 0.05 3.86 ± 0.04 0.001* 

T4 a 
4.77 ± 0.05 4.63 ± 0.10 4.08 ± 0.05 3.51 ± 0.04 0.001* 

T5 a 
4.51 ± 0.04 4.39 ± 0.11 3.9 ± 0.03 3.03 ± 0.06 0.001* 

One way ANOVA test; * shows (p<0.05). Notes: 1) In times marked with a variance are not equal. In this case, ANOVA was replaced by the 

Brown-Forsythe test. 
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TABLE.2: Post hoc pairwise multiple comparisons of mean light transmission between groups. 

Time (I) grp (J) grp Mean difference (I-J) Std error p-value 

T0 

monocrystalline in artificial 
saliva 

Polycrystalline in artificial saliva .24300* 0.02 0.001* 

Monocrystalline in staining 
solution 0.02 0.02 0.876 

Polycrystalline in staining solution .27500* 0.02 0.001* 

Polycrystalline in artificial 
saliva 

Monocrystalline in staining 
solution -.22600* 0.02 0.001* 

Polycrystalline in staining solution 0.03 0.02 0.50 

Monocrystalline in staining 
solution 

Polycrystalline in staining solution .25800* 0.02 0.001* 

T1 

monocrystalline in artificial 
saliva 

Polycrystalline in artificial saliva .24900* 0.03 0.001* 

Monocrystalline in staining 
solution .33100* 0.03 0.001* 

Polycrystalline in staining solution .62400* 0.03 0.001* 

Polycrystalline in artificial 
saliva 

Monocrystalline in staining 
solution .08200* 0.03 0.029* 

Polycrystalline in staining solution .37500* 0.03 0.001* 

Monocrystalline in staining 
solution 

Polycrystalline in staining solution .29300* 0.03 0.001* 

T2 

monocrystalline in artificial 
saliva 

Polycrystalline in artificial saliva .13800* 0.03 0.001* 

Monocrystalline in staining 
solution 
solution 

.20000* 0.03 0.001* 

    

Polycrystalline in staining solution .92600* 0.03 0.001* 

Polycrystalline in artificial 
saliva 

Monocrystalline in staining 
solution 0.06 0.03 0.081 

Polycrystalline in staining solution .78800* 0.03 0.001* 

Monocrystalline in staining 
solution 

Polycrystalline in staining solution .72600* 0.03 0.001* 

T3 

Monocrystalline in artificial 
saliva 

Polycrystalline in artificial saliva .11700* 0.03 0.004* 

Monocrystalline in staining 
solution .35500* 0.03 0.001* 

Polycrystalline in staining solution 1.08300* 0.03 0.001* 

Polycrystalline in artificial 

saliva 

Monocrystalline in 
staining solution .23800* 0.03 0.001* 

Polycrystalline in staining solution .96600* 0.03 0.001* 

Monocrystalline in 
staining solution 

Polycrystalline in staining solution .72800* 0.03 0.001* 

T4 

monocrystalline in artificial 

saliva 

Polycrystalline in artificial saliva .14000* 0.03 0.001* 

Monocrystalline in staining 
solution .68800* 0.03 0.001* 

Polycrystalline in staining solution 1.25900* 0.03 0.001* 

Polycrystalline in artificial 

saliva 

Monocrystalline in 
staining solution .54800* 0.03 0.001* 

Polycrystalline in staining solution 1.11900* 0.03 0.001* 

Monocrystalline in staining 
solution 

Polycrystalline in staining solution .57100* 0.03 0.001* 

T5 

monocrystalline in artificial 
saliva 

Polycrystalline in artificial saliva .12000* 0.03 0.005* 

Monocrystalline in staining 
solution .61100* 0.03 0.001* 

Polycrystalline in staining solution 1.48100* 0.03 0.001* 

Polycrystalline in artificial 
saliva 

Monocrystalline in staining 
solution .49100* 0.03 0.001* 

Polycrystalline in staining solution 1.36100* 0.03 0.001* 

Monocrystalline in staining 
solution 

Polycrystalline in staining solution .87000* 0.03 0.001* 
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Table 3 represents the descriptive statistics in which “a word” 

is given to represent the summarized data. Three factors were 

considered as descriptive statistics: 

1.Bracket 

2.Solution 

3.Time 

 

The mean values were summarized under each factor and 

Repeated measures of Multivariate analysis (RMANOVA) 

were carried out. 

Table 4 represents the degree of color change and how 

multivariate analysis is effective in explaining the variance of 

outcome variables. The results of RMANOVA and Pillai 

trace method which shows the effect of time, bracket, and the 

staining solution on the color change.  

Considering the time factor, the observed power value was 1 

which means there is a greater effect of the time factor on the 

stain uptake which means that the stain uptake had increased 

between the time periods. On combining two factors the time 

and type of brackets, the power observed was 1 and showed 

polycrystalline brackets had more color alteration over a time 

period. Similarly for the other two factors time and type of 

staining solution, the power observed was 1 and shows the 

greater effect on the color change shows that staining 

solution produced more color changes over a period of time. 

Similarly, in combined Time * brackets * solution effect, 

polycrystalline brackets in staining solution showed 

significantly higher color uptake over a time period. All three 

factors showed a significant effect on the color change which 

was statistically significant. 

Table 5 describes the effect of 3 combined factors such as 

time*brackets*solution on the color change which is done by 

Multivariate analysis. This shows that on exposure to 

staining solution it led to higher staining patterns on both 

bracket types at all-time intervals and relatively polycrystalline 

brackets in staining solution showed a higher degree of staining. 

VISUAL ASSESSMENT: 

The results of the visual assessment showed that at the end of 15 

months, operator 1 observed that the polycrystalline ceramic 

brackets appeared to be slightly darker than the monocrystalline 

ceramic brackets when immersed in staining solution based on 

the visual assessment scale given by Mancuso et al.  Operator 2 

observed that the polycrystalline ceramic brackets appeared to 

be darker than the monocrystalline ceramic brackets placed in 

the staining solution. 

From the overall visual assessment readings, it showed that 

polycrystalline brackets showed more staining than the 

monocrystalline ceramic brackets on direct observation based 

on the visual assessment scale. The inter-operator variability 

was assessed to find out the variations in the readings of the 

observers and it was about 37%. 

DISCUSSION 

Many orthodontic patients are concerned about the unaesthetic 

appearance of the metal brackets and were in need of an 

alternative. To overcome this problem, the ceramic brackets 

were introduced in 1980 and are aesthetically accepted by the 

patients. Based on the manufacturing process, two forms of 

ceramic brackets are available [22, 9, and 3]. They are 

monocrystalline and polycrystalline ceramic brackets which 

were described by Birnie [9], Russell [28], Bishara et al [29]. 

Even though the ceramic brackets satisfied the esthetic needs of 

the patient, there was a drawback that these ceramic brackets 

undergo staining over a period of time. 

Effect  Mean Std. Error 

Bracket Monocrystalline 4.911 0.009 

Polycrystalline 4.54 0.009 

Solution Artificial saliva 5.011 0.009 

Standard solution 4.44 0.009 

Time T0 5.57 0.008 

T1 5.188 0.01 

T2 4.825 0.009 

T3 4.56 0.011 

T4 4.252 0.011 

T5 3.958 0.012 
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Axante et al [1] and Faltermier et al [2] reported that the 

external discoloration of the ceramic brackets is caused by 

food solutions and mouth rinses. The discoloration of the 

ceramic brackets can also occur due to internal factors such 

as composition, structure, and water absorption. Faltermier et 

al and Arthur et al [2] found that the color changes in the 

esthetic brackets can be influenced by a number of factors 

such as type of staining solution, structure and composition 

of the brackets, oral hygiene, water absorption. In the present 

study, three factors were considered such as duration of 

immersion, the crystalline structure of the brackets and the 

type of staining solution. 

The purpose of the present in vitro study was to investigate 

the color stability of monocrystalline and polycrystalline 

ceramic brackets immersed in artificial saliva and a 

potentially staining health drink solution intermittently. 

For assessing the color stability of esthetic brackets many 

authors had used different solutions as a  medium for 

immersion. Filho et al [13] and Kannan et al [18] used common 

beverages like black tea, coffee and coke. Tangjit et al [23] 

used yellow curry and green curry; Wried et al [33] used 

orange juice, red wine and curry; Ismael et al [21] used 

different plaque solutions as the staining solution. In the 

present study, a nutritive health drink powder solution has 

been used as the staining solution as the majority of 

adolescent patients consume the health drink. Polonczyk et al 
[27] suggested the use of artificial saliva in the invitro studies 

in order to simulate the oral environment and was chosen as a 

medium for immersion in the present study. However, the 

composition of artificial saliva varies among different 

manufacturers and does not function in the same way as the 

natural saliva does [27]. 

Olivera et al immersed the brackets in the staining solutions for 

a period of 21days. Faltermier et al [2] investigated the color 

stability after the immersion for about 72 hours. Kannan et al [18] 

immersed the brackets for about 6 days. Wried et al [33] 

evaluated the color changes after 5 days of immersion period. 

The duration of immersion was found to be less in all the 

previous studies. Hence the duration of immersion in the present 

study was taken as 15 months which is the same duration as the 

orthodontic treatment. 

Color changes can be assessed by different methods such as 

spectrophotometer, colorimeters, digital analysis and visual 

assessment. Yadav et al [26], Lee et al [37], and Olivera et al [7] 

used spectrophotometers for the measuring of color changes of 

the aesthetic brackets. Akyalcin et al [30] analysed the staining of 

the brackets using digital analysis. Johnston [17] by using the 

clinical colorimetry and visual assessment evaluated the color 

stability of the restorations. Mancuso et al used the visual 

assessment to determine the color stability of facial silicones [8]. 

Cal et al [6], Jee Ha Choi et al [16], and Stephen J. Chu et al [32] 

reported that the measurements made from the 

spectrophotometer and the digital analysis were similar and 

more accurate than the colorimeter and visual assessment 

method. Gupta et al considered the spectrophotometer to be a 

gold standard device for measuring the color changes [10]. 

Hence, a spectrophotometric method of assessing the color 

changes has been chosen in the present study. 

TABLE 4:Multivariate test for significance of color change for brackets exposed to different staining solutions: time and bracket type 

factors.  Intraindividual factor = time. 

Effect 

Pillai' 

Trace 
F df1 df2 p-value 

Effect size 
(Partial Eta Squared) 

Observed power 

Time 0.998 3.5553 5 32 0.001* 0.998 1 

Time * 
brackets 

0.797 25.094 5 32 0.001* 0.797 1 

Time * 
solution 

0.981 3.2772 5 32 0.001* 0.981 1 

Time* 
brackets * 
solution 

0.901 58.509 5 32 0.001* 0.901 1 

RMANOVA (Pillai trace method) ; * shows (p<0.05) 
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UV- Vis – NIR Spectrophotometer Perkin Elmer Lambda [19] 

model has been used for measuring the color changes in 

terms of light transmittance in the present study. When the 

light from the device is allowed to pass through the ceramic 

brackets some of the light gets transmitted which is perceived 

as the color of the object as described by Smitha in her 

literature [31]. The spectrophotometric readings were 

expressed as numerical values. In the present study, a visual 

assessment scale given by Mancuso et al [8] was used to 

determine the color changes of the ceramic brackets on direct 

vision. However Johnston reported that the visual assessment 

method is not reliable and visual error does occur because of 

the variations in individual perceptions [17]. 

 

In the present study, the color changes in the ceramic brackets 

were assessed before immersion and after immersion for every 

3 months by spectrophotometer and visual assessment scale 

given by Mancuso et al [8] for a period of 15 months. The visual 

assessment was done by two operators. The readings obtained 

from the spectrophotometer and visual assessment were 

tabulated and the data analysis was done using IBM SPSS 

version 17(SPSS Inc., Chicago, IL). One way Analysis of 

Variance (ANOVA) and Multivariate Analysis of variance was 

done to analyze the differences in color changes in terms of 

light transmission. Significance was set as p < 0.05.In the 

spectrophotometer assessment, the results of the multivariate 

analysis showed that both types of ceramic brackets undergo 

staining gradually in all time periods except for the baseline 

TABLE 5: Descriptive statistics for the effect of combined factor (Time* brackets * solution) in Multivariate analysis 

Type of 

brackets 

Solution Time Mean Std. 

Error 

95% Confidence 

Interval 

Lower 
Bound 

Upper 
Bound 

Monocrystalline Artificial saliva T0 5.70 0.02 5.67 5.74 

T1 5.49 0.02 5.45 5.53 

T2 5.14 0.02 5.11 5.18 

T3 4.95 0.02 4.90 5.00 

T4 4.77 0.02 4.73 4.82 

T5 4.51 0.02 4.46 4.56 

Staining 
solution 

T0 5.69 0.02 5.66 5.72 

T1 5.16 0.02 5.12 5.20 

T2 4.94 0.02 4.91 4.98 

T3 4.59 0.02 4.55 4.64 

T4 4.09 0.02 4.04 4.13 

T5 3.90 0.02 3.85 3.95 

Polycrystalline Artificial saliva T0 5.46 0.02 5.43 5.49 

T1 5.24 0.02 5.20 5.28 

T2 5.00 0.02 4.97 5.04 

T3 4.83 0.02 4.79 4.88 

T4 4.63 0.02 4.59 4.68 

T5 4.39 0.02 4.34 4.44 

Staining 
solution 

T0 5.43 0.02 5.40 5.46 

T1 4.87 0.02 4.83 4.91 

T2 4.22 0.02 4.18 4.25 

T3 3.87 0.02 3.82 3.91 

T4 3.52 0.02 3.47 3.56 

T5 3.03 0.02 2.98 3.08 
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value i.e., before immersion. The monocrystalline ceramic 

brackets showed maximum stain uptake during T4 and T5 

whereas the polycrystalline ceramic brackets showed 

maximum stain uptake during T2, T3, T4 and T5 on exposure 

with the staining solution. There is a gradual increase in the 

degree of staining over a period of time for both 

monocrystalline and polycrystalline ceramic brackets 

immersed in the staining solution. 

Olivera et al [7] and Guignone et al [5] concluded that there 

was a gradual increase in the stain uptake with an increase in 

the time of immersion which is in accordance with the 

present study. This explains how the duration of immersion 

affects the degree of staining. Tangjit et al [23] reported that 

both the monocrystalline and polycrystalline ceramic 

brackets do not follow the same pattern of staining which is 

in contrast with the present study. From the one way analysis 

of variance (ANOVA), the polycrystalline type of ceramic 

brackets placed in staining solution showed greater staining 

and the monocrystalline ceramic brackets placed in artificial 

saliva showed the least staining at the end of 15 months. The 

results from the studies done by Olivera et al [7] and Hussain 

et al [12] showed that monocrystalline ceramic brackets 

produced least staining which is in accordance with the 

present study. 

Guignone et al showed that monocrystalline ceramic brackets 

showed more staining which is in contrast with the present 

study [5]. Most of the previous studies showed the comparison 

between different brands of the ceramic brackets and very 

few studies had compared the two crystalline structures by 

using the spectrophotometer [7, 12]. Hussian et al and Ismael et 

al compared the brackets made of different materials such as 

plastic, composite, monocrystalline, polycrystalline, 

polycarbonate and zirconium [21,12]. The results of the study 

showed that the monocrystalline type of ceramic brackets 

showed least staining which explains that the material of the 

bracket does influence the stain uptake. This factor was not 

considered in the present study as the comparison was 

between two crystalline structures. 

The effect of the crystalline structure over the staining of the 

brackets is explained by Yoshimura et al [39], Jauhar P 

Mohamed et al [15] and Elliades et al [34]. Based on the 

manufacturing process the monocrystalline ceramic brackets 

appear clearer and called translucent brackets which show 

more light transmittance whereas the polycrystalline ceramic 

brackets are non-translucent brackets and show limited light 

transmission [3]. When the ceramic brackets are exposed to 

staining solution, they undergo discoloration irrespective of 

the crystalline structure. As the stain uptake of the ceramic 

brackets increases, the translucency of the material reduces 

and thus light transmittance is limited [39, 31, 35]. This explains 

how the crystalline structure does influence the degree of 

staining and the light transmittance. Lee et al in his study 

determined that both crystalline structures of ceramic brackets 

had stain uptake and there is no correlation between the 

crystalline structure and staining which is in contrast with the 

present study [37]. 

Another factor to be considered is the type of staining solution 

used for the immersion of the ceramic brackets. In the present 

study, the nutritive health drink powder solution caused a 

greater degree of staining than the artificial saliva. Few other 

studies done by Wried et al [33] and Axante et al [1] used sauce, 

curry, red wine as the staining solution which produced a 

greater degree of staining. This shows that not only the 

crystalline structure but also the type of staining solution affect 

the degree of stain uptake which is in accordance with the 

present study. The results of the present study showed the 

combined effect of duration of immersion, type of brackets and 

the type of the staining solution do influence the degree of 

staining. There is a gradual increase in the degree of staining 

over a period of time for both monocrystalline and 

polycrystalline ceramic brackets immersed in staining solution. 

At the end of 15 months, monocrystalline ceramic brackets 

produced less staining and were better than the polycrystalline 

ceramic brackets by 25%. 

From the visual assessment scale given by Mancuso et al, the 

polycrystalline ceramic brackets placed in the staining solution 

appeared to be darker than the monocrystalline ceramic brackets 

reported by 2 operators. Inter Operator variability is about 37%. 

Even though the visual assessment scale is not a reliable method 

for evaluating the color change, it can be used along with a 

standard method like a spectrophotometer. 

The present study is of in vitro study and further in vivo studies 

are needed to evaluate the color stability of ceramic brackets in 

the oral environment. 

CONCLUSION 

The results from the spectrophotometer shows that the 

polycrystalline ceramic brackets showed a greater degree of 

stain uptake when immersed in a nutritive health drink solution 

and the monocrystalline ceramic brackets showed less staining 

at the end of 15 months. There was a significant difference in 

the color change between the monocrystalline and 

polycrystalline for all the time intervals except for the baseline 

reading (T0). There was a gradual increase in the stain uptake 

for both the brackets placed in the staining solution. 

The degree of staining for the monocrystalline was maximum at 

the time T4 and T5 and for the polycrystalline it was maximum 

at T2, T3, T4 and T5 from Graph 2 and 3. 

The visual assessment scale given by Mancuso et al showed that 



Ajit Jaiswal et al 

30 

 

 

polycrystalline ceramic brackets appeared darker than 

monocrystalline brackets on direct vision. However the 

visual assessment is not an accurate method for color 

assessment, but can be used along with thestandard method.  

 Three factors influenced the degree of staining from the 

present study: 

1. Duration of immersion 

2. Type of bracket 

3. Type of staining solution 

From the present study, it was concluded that both the 

monocrystalline and polycrystalline ceramic brackets 

undergo staining when placed in the staining solution. 

Comparatively monocrystalline ceramic brackets produced 

less stain and were better than the polycrystalline ceramic 

brackets about 25%. The combined effect of time, type of 

bracket and type of staining solution had influenced the 

degree of stain uptake. 

However the present study is in vitro study, further in vivo 

studies are to be carried out to find the color stability of the 

ceramic brackets. 
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