Original Article

The color stability of esthetic brackets

Nathaphon Tangjit, Kanok-on Tantipanichkul, Phonlakorn Buranaprasertsuk, Supatchai
Boonpratham, Suwannee Luppanapornlarp

Department of Orthodontics, Faculty of Dentistry, Mahidol University

Objective: To evaluate and compare the discoloration of the esthetic ceramic brackets after stimulating
staining in vivid-colored food solutions and coffee.

Materials and methods: 108 ceramic brackets from 4 brands (Inspire Ice™, Radiance Plus™, Clarity™, and W&H)
were immersed in 4 solutions (Tom-Yum-Goong, yellow curry, green curry, and coffee) at 37°C for 3 and 7 days.
Distilled water was used as a solution in the control group. Color changes (AE) were measured by
a spectrophotometer for CIE L*, a* and b* system. Then, the National Bureau of Standards (NBS) value was
calculated. Statistical analysis was done using the Kruskal-Wallis test and the Mann-Whitney U Test (o = 0.05).
Results: Immersed longer, there was a perceptible change of color in all ceramic brackets in Tom-Yum-Goong,
yellow curry, and coffee, but no change was noticed in distilled water (AE* < 3.7). The color alteration of
brackets in green curry was found in Clarity™ and W&H brackets.

Conclusion: Time, various vivid-colored food solutions, and coffee affect changes in the color of esthetic
ceramic brackets. However, the same crystal formation, either monocrystalline or polycrystalline, does not
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follow the same pattern in color change, varying according to bracket manufacturing fabrication.
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Introduction

In contemporary orthodontics, there has
been a significant increase in the search for an
attractive appearance during treatment with fixed
orthodontic appliances. Technologies have been
developed and new, increasingly discrete colorless
or white esthetic brackets have appeared on the
market. The main factor that may justify the search
for such appliances includes the larger demand
among patients, especially adults who now seek
orthodontic treatment. [1-3] Among many options
for more esthetic orthodontic appliances, the
lingual brackets, and transparent orthodontic
aligners (Invisalign, Align Technology, Santa
Clara, California, U.S.A.) are the least visually
perceptible; however, only esthetic brackets
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allow a conventional orthodontic procedure to be
performed. [4, 5] Furthermore, plastic and ceramic
brackets have become popular and have been
available for clinical use for approximately twenty
years in spite of several uncertain physical and
mechanical properties. [6-9]

Although color features of ceramic brackets
are their major advantage over metallic brackets,
there is limited number of reports analyzing their
optical properties over time. [8, 10, 11] Esthetic
brackets become discolored after long wear,
even in patients with excellent oral hygiene.
Various studies have reported color changing of
brackets in vitro after immersed in certain food or
beverage, such as red wine and high caffeine
containing products (coffee, tea).[2, 8, 10, 12-18]
This can result in an esthetic problem. Current in vitro
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study has shown that the optical properties of both
ceramic and plastic brackets is affected by thermal
cycling, while the crystal structure of the ceramic
brackets does not influence color stability. [19]
Discoloration of brackets is caused by intrinsic
and extrinsic factors. Intrinsic color alteration
is generated by water absorption, incomplete
polymerization of the adhesive resins, bracket
matrix composition, the content and the size
of the particles. [20-22] Whereas, extrinsic
discoloration is generated by the contact with
pigment-containing-food or beverage, colored
mouth rinses, [23-25] colored saliva, [26] nicotine,
[27] lipsticks, [22, 25] heat, [2] surface roughness
of brackets, [23, 25] duration and intensity of
polymerization. [28]

The efficient method for measuring color
should be reliable, easy to use, and allow outcome
assessment. Spectrophotometer is an instrument
widely used for measuring surface color, due to its
reliability, precision, and accuracy. [29] Assuming
that exposure to certain food and beverages
can compromise the long-lasting esthetic effect
of ceramic brackets, it is important to assess
susceptibility to staining of these materials by
those particular diets. Moreover, there is no study
of discoloration of ceramic brackets after exposed
to Thai food. The purpose of this study therefore,
was to evaluate and compare in vitro, the
discoloration of the esthetic ceramic brackets of
various commercial brands after they were
exposed to vivid-colored food solutions and
coffee with digital spectrophotometer.

Materials and methods

Ceramic brackets

This study was designed to be an experimental
study. One hundred and eight maxillary right central
incisor ceramic brackets, slot size 0.022 x 0.028-
inch in Roth prescription of four commercial brands
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(n =27) were selected (Table 1). Bonding surfaces
at the base of all brackets were worn with a diamond
drill bit to prevent the surface of different brands
from interfering in the staining process.

The brackets were immersed in solutions of
Tom-Yum-Goong, Thai yellow curry, Thai green
curry, coffee, and distilled water which was used
as a control. In the experimental group, Thai food-
simulating, staining vivid color solutions and coffee
solution were prepared in the same concentration
everyday by dissolving seasoning powder in
distilled water (Table 2).[15, 30-32] Each of
these solutions was distributed into glass
chambers with partitions to separate the
different brands of brackets. These containers
were placed in an incubator at a temperature
of 37°C, [12, 14, 15, 18, 30, 33] wrapped in
black plastic bags to eliminate the interference
of light. The solutions were changed every
24 hours and their pH was measured with a pH
meter (ORION 3-star, Expotech, Houston, Texas.
U.S.A.) at each change to check whether it
remained the same. [15]

The first thirteen brackets of each brand
were immersed for three days (T1), and the other
thirteen were immersed for seven days (T2). All
brackets were divided into five groups, according
to the solution in which they were immersed
(control group; n = 1, experiment group; n = 3).
Before immersion, all brackets had initial color
measured as baseline data (T0) (n = 1). After
complete immersion, the color of each bracket
was measured with a portable digital
spectrophotometer, (Vita Easyshade® Compact;
VITA Zahnfabrik, Bad Sackingen, Germany).
Before each color reading, brackets were washed
with distilled water in an ultrasonic cleaner
(Vibraclean 300, MDT Biologic Company,
Gardena, California, U.S.A.) for 5 minutes and
were blotted to remove any residual waste from
the dyes on the brackets.[2, 14, 15, 30, 32]
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Table 1

Type Brand Composition

Translucent Inspire Ice™ Monocrystalline

Translucent Radiance Plus™  Monocrystalline

Nontranslucent  Clarity™ Polycrystalline

Nontranslucent W&H Polycrystalline

Table 2 Solutions, brands, and preparation method.
Solution Brand
Distilled water -

Lobo (Globo Foods Ltd.,

Samutprakan, Thailand)

Tom-Yum-Goong

Yellow curry Lobo (Globo Foods Ltd.,
Samutprakan, Thailand)

Green curry Lobo (Globo Foods Ltd.,
Samutprakan, Thailand)

Coffee Nescafe (Nestlé, Frankfurt,

Germany)

The colorimetric readout of the labial surface
of the brackets was performed with a digital
portable spectrophotometer positioned
perpendicularly to the bracket with a prefabricated
holder under the same room lighting condition.
The brackets were arranged on a mirrored surface
because the spectrophotometer did not read
this kind of surface. Also, this surface did not
influence the color of the brackets as the black
and white surface, thus avoiding the influence
of background. [30, 34] To exclude any
environmental factors, we used a black opaque
cardboard mask with a central window covered
the size of the bracket. Then, measurements were
made without moving the position of the
spectrophotometer. [14, 30, 34-36] Color was
evaluated according to the Commission
Internationale I'Eclairage (CIE) color scale
relative to the D65 illumination pattern. A three-

Distribution of the groups according to the type of bracket, brand, composition, and manufacturer.

Manufacturer
Ormco® (Orange, California, U.S.A.)
American Orthodontics® (Sheboygan, Wisconsin, U.S.A.)
3M Unitek® (Monrovia, California, U.S.A.)
W&H Tech® (Zhejiang, China)

Preparation
Solution ready for consumption.

Solution prepared by pouring 200 ml of boiling distilled
water through 20 g of seasoning powder placed in

a paper filter.

Solution prepared by pouring 200 ml of boiling distilled
water through 40 g of seasoning powder placed in

a paper filter.

Solution prepared by pouring 200 ml of boiling distilled
water through 40 g of seasoning powder placed in

a paper filter.

Solution prepared by pouring 200 ml of boiling distilled
water through 50 g of seasoning powder placed in

a paper filter.

*

dimensional color graph consisting of L*, a*,
and b* co-ordinates can be produced by means
of mathematical transformations. The L* parameter
corresponds to the degree of lightness and
darkness and the a* and b* values to the chroma,
where +a* is red, —a* is green, +b* is yellow,
and —b* is blue. [37, 38] The advantage of this
system for color measurement is that it more
closely represents human sensitivity to color and
the equal distances in this system approximately
equal perceived color differences. [37]

Three measurements were made for each
bracket without removing the spectrometer from
its position. The value obtained for each bracket
(L *a*b* was the mean of these measures.
The color change (AE*) between the means
was calculated by using the equation below,
where L,*, a,* and b,* were the values obtained
from brackets in baseline group (T0).
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AE* = [(L*L,*) + (a,*a,")” + (b,*b,*)"

To relate the amount of color change (AE*)
recorded by the spectrophotometer to a clinical
environment, the data were converted to the
National Bureau of Standards (NBS) units through
this equation, where critical remarks of color
differences were expressed in terms of NBS units.
These values are shown in Table 3. [39]

NBS units = AE* x 0.92

The surfaces of the brackets were evaluated
by scanning electron microscope (SEM, JSM-
6610LV, JEOL Ltd., Tokyo, Japan) at 25, 150, 1,000,
and 10,000 magnifications to observe any
differences in bracket roughness. Images were
captured to compare the bracket surfaces to
assess the degrees of staining.

Statistical analysis

Statistical analysis was performed using
SPSS® 12.0 (Statistical Package for the Social
Science, SPSS Inc., Chicago, U.S.A.). Descriptive
statistics were calculated for AE* and NBS
results. To evaluate the error of the method, two
measurements were made for each variable.
Reproducibility was assessed by means of the
Intraclass Correlation Coefficient (ICC). Tests of
normality using Kolmogorov-Smirnov and Shapiro-
Wilk test found that data was not normally

distributed. The group comparison of each bracket
brands was performed using the Kruskal-Wallis
test, and the Mann-Whitney U test with significance
level set at 95%, respectively. The Mann-Whitney
U test was used to compare AE* mean values
intergroup at day3 and day7 with significance
level set at 95%.

Results

Results of intraclass correlation coefficients
(ICC) revealed that the method for measuring
color of ceramic brackets was effective. A high
degree of reproducibility as obtained for parameter
of color (AE*) indicated negligible method error
(ICC =0.87).

The results of AE* for assessing color
change over time are presented in Table 4. Color
of ceramic brackets changes over time was
founded in every brand and solution. Furthermore,
there was no similarity of color change over time
among all brackets. Coffee was the solution that
caused the most intense staining of almost every
bracket brand tested except W&H. The next
staining was followed by Tom-Yum-Goong in
Inspire Ice™ and Radiance Plus™ brackets,
including green curry in Clarity™ brackets. The
most intense staining solution of W&H brackets
was Tom-Yum-Goong, followed by coffee.

Table 3  Description of visible color change equivalent to given ranges of NBS units of color difference.

Values (NBS units)
0.0-0.5
0.5-1.5
1.5-3.0
3.0-6.0
6.0-12.0

12.0 or more
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Description of visible change
Trace: extremely slight change
Slight: slight change
Noticeable: perceptible change
Appreciable: marked change
Much: extremely marked change

Very much: change to another color
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Table 4 Means and standard deviations of color alteration (AE*) produced by solutions on ceramic brackets over time.

Time of Distilled water ~ Tom-Yum-Goong Yellow curry Green curry Coffee
immersion AE* AE* AE* AE* AE*
Mean = S.D. Mean = S.D. Mean = S.D. Mean = S.D. Mean = S.D.
Inspire lce™
Day3 1.35+0.87 5.37£0.12 1.24 £0.53 1.23+0.57 13.65 £ 0.71
Day7 1.45+0.68 6.41£0.79 490+ 1.16 2.35+0.96 15.00 £ 3.48
Radiance Plus™
Day3 2.26+0.14 3.36 £0.42 3.411£0.47 2.74+0.22 581+ 1.85
Day7 2.31+0.20 3.69 = 0.58 3.76 £ 0.67 3.62+1.10 7.75 % 0.89
Clarity™
Day3 3.53+0.17 4.44 +0.59 3.53 £ 0.56 5.55+0.74 14.06 £ 0.66
Day7 3.67 £0.19 6.54 + 1.51 4.37+0.85 6.97 + 0.52 14.84 + 0.80
W&H
Day3 2.10+0.33 6.96 = 0.56 6.07 = 0.31 3.08 £0.49 5.33 £0.50
Day7 1.99 £ 0.07 7.31£0.40 7.14 £0.55 5.70 £ 1.05 6.80 = 0.95

Comparative study of various solutions for color
change produced on brackets within each
immersion time

In this analysis, solutions were compared
for color alterations produced on brackets of
each brand tested within each time period
(Table 4). The threshold for clinical perception of
color alteration was considered with values of
AE* > 3.7. [19] Thus, distilled water did not
produce major changes distinguished by the
naked eye. Oppositely, Tom-Yum-Goong, yellow
curry, and green curry promoted visible changes,
in general, on day7. Coffee promoted visible
changes on day3.

Comparative staining study of ceramic bracket
brands by solution and immersion time

Bracket brands (two monocrystalline and
two polycrystalline) were investigated for color
change produced by each solution within each
time period (Table 5 and Figure 1). After being
immersed in distilled water in both day3 and day?7,
no statistically significant color alteration presented

in every brand which meant stable color change in
every group. An overall pattern of increasing color
change for all brands was showed from day3 to
day7. However, brackets with the same crystal
structure did not follow similar patterns of color
change. In other words, monocrystalline or
polycrystalline structures did not relate to the
staining of brackets.

When immersed in Tom-Yum-Goong on
day3, W&H presented statistically significant
(p < 0.05) color alterations in comparison to
otherbracketbrands. Onday7, W&H still presented
the most staining capacity to Tom-Yum-Goong
but not statistically significant with Inspire Ice™.
Furthermore, W&H showed statistically significant
(p < 0.05) color alterations when immersed in
yellow curry in comparison to other bracket brands
on both day3 and day7. The most staining of
green curry was found in Clarity™ brackets.
Finally, Inspire Ice™ and Clarity™ presented
statistically significant (p < 0.05) color alterations
when immersed in coffee in comparison to other
bracket brands on day3, as well as day?.
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Table 5 Means and standard deviations of color alteration (AE*) of ceramic brackets in each solution and time.

Time of immersion Inspire Ice™ Radiance Plus™ Clarity™ W&H
AE* AE* AE* AE*
Mean * S.D. Mean £ S.D. Mean * S.D. Mean £ S.D.
Distilled water
Day3 1.35+0.87 226 £0.14 3.53+£0.17 2.10 £0.33
Day7 1.45+0.68 2.31+0.20 3.67+£0.19 1.99 £ 0.07
Tom-Yum-Goong
Day3 5.37+£0.12 3.36 £0.42 4.44 £ 0.59 6.96 + 0.56
Day7 6.41+0.79 3.69 = 0.58 6.54 +1.51 7.31+£0.40
Yellow curry
Day3 1.24 +£0.53 3.41+£047 3.53 £0.56 6.07 £0.31
Day7 490+1.16 3.76 £ 0.67 4.37 £0.85 714 +£0.55
Green curry
Day3 1.23£0.57 2.74+0.22 555+0.74 3.08 £0.49
Day7 2.35+0.96 3.62+1.10 6.97 £ 0.52 5.70 £ 1.05
Coffee
Day3 13.65 £ 0.71 5.81+£1.85 14.06 £ 0.66 5.33 £ 0.50
Day7 15.00 £3.48 7.75+£0.89 14.84 £0.80 6.80 £0.95
16.00
14.00
12.00
10.00 B Distilled water
% 8.00 B Tom-Yum-Goong
6.00 Yellow curry
4.00 B Green curry
B Coffee
2.00
0.00
Ice Radiance Clarity W&H
Day3
20.00
18.00
16.00
14.00
12.00 B Distilled water
% 10.00 B Tom-Yum-Goong
8.00 Yellow curry
6.00 I Green curry
4.00
B Coffee
2.00
0.00
Ice Radiance Clarity W&H
Day7
Figure 1 Mean values and S.D. of color change by brand in distilled water, Tom-Yum-Goong, yellow curry,

green curry, and coffee at day3 and day7.
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Visual Inspection

Color changes were found in all brands of
brackets analyzed after day3 of immersion.
Thereafter, there was progressive staining of
brackets after day7 of immersion (Figure 2).
Brackets immersed in distilled water revealed
no visible color changes after day7 of immersion
(Figure 2A). Bracket immersed in Tom-Yum-
Goong did not change color markedly despite
having a high AE* value (Figure 2B).

The NBS values

The NBS indexes of each group were also
determined (Table 6), and showed that all brackets
had some color changes when immersed in
all solutions. The NBS indexes of Inspire Ice™
and Clarity™ brackets that immersed in coffee for
both 3 days and 7 days were higher than 12.0.
This means, those brackets with changes from
the initial color were potentially perceptible to
the human eye (Figure 3).

A. B. C.

D. E.

Figure 2 W&H brackets after day3 (top) and day7 (bottom) immersion: A) distilled water, B) Tom-Yum-Goong,

C) Yellow curry, D) Green curry, E) Coffee.

Table 6 NBS values of brackets immersed in different solutions and over different periods of time.

Inspire lce™

Day7 1.33

Day3

2.08

Day7

Day3

13.80

5.34

13.65

4.91
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Figure 3 Comparison of control brackets (left) to those immersed in coffee on day3 (middle) and on day7 (right);
Inspire lce™ (A, B, and C), and Clarity™ (D, E, and F).

Figure 4 SEM photomicrographs of the surfaces of the esthetic brackets during the experiment at different
magnifications (25, 1,000, and 10,000): images A, B, and C are the W&H bracket that immersed in
Tom-Yum-Goong. Images D, E, and F are the W&H bracket that immersed in coffee. Images G, H, and

| are the Clarity™ bracket that immersed in Tom-Yum-Goong. Images J, K, and L are the Clarity™ bracket
that immersed in coffee.
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Figure 5

SEM photomicrographs of the surfaces of the esthetic brackets at different magnifications: images A, B,

and C are the bracket that showed the greatest color alteration during the experiment at magnifications
of 25, 1,000, and 10,000, respectively. Images D, E, and F are the bracket that showed the least color
alteration during the experiment at magnifications of 25, 1,000, and 10,000, respectively.

Evaluating surfaces of the brackets

From the SEM studies, the surface
evaluations of the brackets showed topographical
differences, with evidence of greater roughness in
polycrystalline brackets immersed in Tom-Yum-
Goong. That is, W&H brackets (Figure 4 A-C)
exhibited more intense staining when immersed
in Tom-Yum-Goong than in coffee (Figure 4 D-F).
Oppositely, Clarity™ brackets, another polycrystalline
brackets with evidence of greater roughness when
immersed in Tom-Yum-Goong (Figure 4 G-l),
exhibited staining capacity lower than those
immersed in coffee significantly (Figure 4 J-L).
Moreover, the surface roughness of most staining
bracket was similar to the least staining bracket
(Figure 5). Therefore, no correlation could be found
between the surface roughness of the brackets
and the staining values.

Discussion

Few previous studies regarding color changes
of different esthetic ceramic brackets after immersion

in solutions were reported.[12, 15, 18, 40] According
to them, the color of ceramic brackets changes
over time when exposed to potentially staining
solutions commonly present in people’s diet. In
addition, staining is cumulative; it increases as the
time of exposure to the coloring elements increases.
Nevertheless, only a few studies could compare
with the results similarly to this study, because
most of them compared ceramic with plastic
brackets. However, those studies show the results
in accordance with our findings.

From this study, brackets with the same
crystalline structure did not follow similar patterns
of color alteration when exposed to the same
solutions under the same conditions. This finding
coincided with the study of Yu and Lee. [41] The
size, shape, and thickness of brackets could be
different by bracket brand, which will influence
their aesthetic color performance. Moreover,
brackets in the same composition category
produced by different manufacturers might be
used with different materials; they might also have
distinctive properties compared with brackets
using different compositions. The factors that
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affect different staining capacities were
manufacturing process of each brands, total
exposure time, and the staining properties of
solutions.

Evaluation of the brackets by SEM showed
that color alteration was mainly due to stain
adsorption and sub-surface stain absorption
taking place between the staining solution and
the ceramic brackets which is in concurrence with
a previous study.[25] Moreover, greater porosities
and surface roughness from acid destruction [42]
in the brackets immersed in Tom-Yum-Goong may
facilitate higher penetration of pigments that
contributes to a greater degree of brackets
discoloration. Park et al. [43] also showed that pH
was not the main element responsible for color
changes.

Regarding the staining potential of each
solution, an interesting result was observed.
Tom-Yum-Goong, the experimental acidic solution
that caused little color changes by visual inspection
(Figure 2B), yielded high AE* values from the
assessment by spectrophotometry. A possible
explanation is that, due to its acidity, this solution
had the ability of changing the material surface as
shown from SEM, leading to greater absorption of
coloring pigments from the solution, which could be
detected accurately by the spectrophotometer
while not detected by the human eye.

It is important to mention that these results
should not be extrapolated to the real clinical
outcome because of the methodological limitations
when assessing color alterations of brackets in
vitro. In addition, the condition presented in oral
cavity is quite complex due to several factors,
such as the complex normal flora and its
by-products, [44] the biofilm deposition at the
surface of brackets, quality and quantity of saliva.
Therefore, further clinical studies investigating
color stability of esthetic brackets should be
conducted in order to serve orthodontic patients’
demand.
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Conclusions

1. Time, bracket manufacturing fabrication,
various vivid-colored food solutions, and coffee
affect changes in color of esthetic ceramic brackets.

2. The most staining capacity on Inspire
Ice™, Radiance Plus™, and Clarity™ brackets was
found in coffee, whereas on W&H brackets was
found in Tom-Yum-Goong.

3. Food composition partly plays an
important role in color susceptibility of esthetic
ceramic brackets.

4. No significant relationship was found
between the degree of color alteration and the
degree of surface roughness of brackets.

5. The most surface roughness of brackets
was found in Tom-Yum-Goong.

6. This study was in vitro. Clinical study may
be needed.

Conflict of interest
All authors have no conflict of interest in this
study.

Acknowledgement

This study was supported by the Research
Center Grant, Faculty of Dentistry, Mahidol
University.

References

1. Faltermeier A, Behr M, Mussig D. Esthetic brackets:
the influence of filler level on color stability. Am J
Orthod Dentofacial Orthop 2007; 132: 13-6.

2. Faltermeier A, Behr M, Mussig D. In vitro colour
stability of aesthetic brackets. Eur J Orthod 2007;
29:354-8.



The color stability of esthetic brackets

10.

11.

12.

13.

14.

16.

16.

Kim SH, Lee YK. Measurement of discolouration
of orthodontic elastomeric modules with a digital
camera. Eur J Orthod 2009; 31: 556-62.

Russell J, S. Aesthetic orthodontic brackets. J Orthod
2005; 32: 146-63.

Ziuchkovski JP, Fields HW, Johnston WM, Lindsey DT.
Assessment of perceived orthodontic appliance
attractiveness. Am J Orthod Dentofacial Orthop
2008; 133: 68-78.

Choi SH, Kang DY, Hwang CJ. Surface roughness of
three types of modern plastic bracket slot floors and
frictional resistance. Angle Orthod 2014; 84: 177-83.
Jena AK, Duggal R, Mehrotra AK. Physical properties
and clinical characteristics of ceramic brackets: a
comprehensive review. Trends Biomater Artif Organs
2007; 20: 101-15.

Karamouzos A, Athanasiou AE, Papadopoulos MA.
Clinical characteristics and properties of ceramic
brackets: A comprehensive review. Am J Orthod
Dentofacial Orthop 1997; 112: 34-40.

Matsui S, Umezaki E, Komazawa D, Otsuka Y, Suda
N. Evaluation of mechanical properties of esthetic
brackets. J Dent Biomech 2015; 6: 1-7.

Bishara SE, Fehr DE. Ceramic brackets: something
old, something new, a review. Semin Orthod 1997;
3: 178-88.

Ozcan M, Finnema K, Ybema A. Evaluation of failure
characteristics and bond strength after ceramic and
polycarbonate bracket debonding: effect of bracket
base silanization. Eur J Orthod 2008; 30: 176-82.
Akyalcin S, Rykiss J, Rody WJ, Wiltshire WA. Digital
analysis of staining properties of clear aesthetic
brackets. J Orthod 2012; 39: 170-5.

Bishara SE. Ceramic brackets: a clinical perspective.
World J Orthod 2003; 4: 61-6.

De Mendonca MR, Fabre AF, Goiatto MC, Cuoghi
OA, Martins LP, Verri CG. Spectrophotometric
evaluation of color changes of esthetic brackets
stored in potentially staining solutions. RPG Rev
Pés Grad 2011; 18: 20-7.

De Oliveira CB, Maia LG, Santos-Pinto A, Gandini
Junior LG. In vitro study of color stability of
polycrystalline and monocrystalline ceramic
brackets. Dental Press J Orthod 2014; 19: 114-21.
Fernandez L, Canut JA. In vitro comparison of
the retention capacity of new aesthetic brackets.
Eur J Orthod 1999; 21: 71-7.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ghafari J. Problems associated with ceramic brackets
suggest limiting use to selected teeth. Angle Orthod
1992; 62: 145-52.

Wriedt S, Schepke U, Wehrbein H. The discoloring
effects of food on the color stability of esthetic
brackets--an in-vitro study. J Orofac Orthop 2007;
68: 308-20.

Lee YK. Changes in the reflected and transmitted
color of esthetic brackets after thermal cycling.
Am J Orthod Dentofacial Orthop 2008; 133: 641.e1-6.
Johnston WM, Reisbick MH. Color and translucency
changes during and after curing of esthetic restorative
materials. Dent Mater 1997; 13: 89-97.

Sham AS, Chu FC, Chai J, Chow TW. Colour stability
of provisional prosthodontic materials. J Prosthet
Dent 2004; 91: 447-52.

Swartz ML. Ceramic brackets. J Clin Orthod 1988;
22: 82-8.

Leibrock A, Rosentritt M, Lang R, Behr M, Handel G.
Colour stability of visible light curing hybrid composites.
Eur J Prosthodont Restor Dent 1997; 5: 125-30.
Khokhar ZA, Razzog ME, Yaman P. Color stability of
restorative resins. Quintessence Int 1991; 22: 733-7.
Dietschi D, Campanille G, Holtz J, Meyer JM.
Comparison of the color stability of ten new generation
composites: an in vitro study. Dent Mater 1994; 10:
353-62.

Meyer LH, Umland N, Hopfermuller W, Kielbassa AM.
Effect of mucina alone in combination with various
dentifrices on in vitro remineralization. Caries Res
2004; 38: 478-83.

Prayitmo S, Addy M. An in vitro study of factors
affecting the the development of staining associated
with the use of clorhexidine. J Period Res 1979; 14:
397-402.

Hosoya Y. Five year colour changes of light cured
resin composites: influence of light-curing times.
Dent Mater 1999; 15: 268-74.

Paravina RD, Roeder L, Lu H, Vogel K, Powers JM.
Effect of finishing and polishing procedures on
surface roughness, gloss and color of resin-based
composites. Am J Dent 2004; 17: 262-6.

Filho HL, Maia LH, Araujo MV, Eliast CN, Ruellas AC.
Colour stability of aesthetic brackets: ceramic and
plastic. Aust Orthod J 2013; 29: 13-20.

Um CM, Ruyter IE. Staining of resin-based veneering
materials with coffee and tea. Quintessence Int 1991;
22: 377-86.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 203



Nathaphon Tangjit, et al

32.

33.

34.

35.

36.

37.

38.

Yannikakis SA, Zissis AJ, Polyzois GL, Caroni C.
Color stability of provisional resin restorative materials.
J Prosthet Dent 1998; 80: 533-9.

Chan KC, Fuller JL, Hormati AA. The ability of foods
to stain two composite resins. J Prosthet Dent 1980;
43: 542-5.

Lee YK, Lim BS, Kim CW. Effect of surface conditions
on the color of dental resin composites. J Biomed
Mater Res 2002; 63: 657-63.

Filho HL, Maia LEG, Araujo MVA, Ruellasb ACO.
Influence of optical properties of esthetic brackets
(color, translucence, and fluorescence) on visual
perception. Am J Orthod Dentofacial Orthop 2012;
141: 460-7.

Bolt RA, Bosch JJ, Coops JC. Influence of window
size in small-window colour measurement, particularly
of teeth. Phys Med Biol 1994; 39: 1133-42.

Eldiwany M, Friedl KH, Powers JM. Color stability of
light-cured and post-cured composites. Am J Dent
1995; 8: 179-81.

Commission Internationale de I’'Eclairage (CIE).
Colorimetry technical report CIE publication no.15.
Vienna, Austria: Bureau Central de la CIE; 2004.

204 M Dent J 2018 December 38 (3): 193-204

39.

40.

41.

42.

43.

44,

Koksal T, Dikbas I. Color stability of different denture
teeth materials against various staining agents.
Dent Mater J 2008; 27: 139-44.

Guignone BC, Silva LK, Soares RV, Akaki E, Goiato
MC, Pithon MM et al. Color stability of ceramic brackets
immersed in potentially staining solutions. Dental
Press J Orthod 2015; 20: 32-8.

Yu B, Lee YK. Aesthetic colour performance of plastic
and ceramic brackets -- an in vitro study. J Orthod
2011; 38: 167-74.

Kukiattrakoon B, Hengtrakool C, Kedjarune-Leggat
U. Effect of acidic agents on surface roughness of
dental ceramics. Dent Res J (Isfahan) 2011; 8: 6-15.
Park K, Yoon H, Kim S, Lee G, Park H, Park Y. Surface
roughness analysis of ceramic bracket slots using
atomic force microscope. Korean J Orthod 2010;
40: 294-303.

Eliades T, Bourauel C. Intraoral aging of orthodontic
materials: the picture we miss and its clinical relevance.
Am J Orthod Dentofacial Orthop 2005; 127: 403-12.



