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ABSTRACT

Aim: The aim of this study was to evaluate the effect of optical characteristics of two different kinds of ceramic brackets in
masking and reflecting color of four different adhesives by means of digital measurements in vitro.

Material and Methods: 160 artificial maxillary central incisors were divided into two groups of 80, and assigned to
monocrystalline bracket group (Group 1) and polycrystalline bracket group (Group 2). Both groups were further divided into
four equal sub-groups according to the adhesives. After bonding, all samples were colorimetrically evaluated before (T0) and
after (T1) thermocycling and photoaging. Values for L*, a* and b* parameters were recorded and color differences (AE) were
calculated. The results were statistically analyzed using the Kruskall-Wallis test. Evaluation among subgroups was performed
using Dunn’s multiple correlation test (P<0.05). The clinical detection threshold for AE value was set at 3.7 units.

Results: AE values between TO and T1 showed an increase in all four sub-groups in the monocrystalline group and the highest
value was 1.49+0.66 for the Transbond XT group. There was no significant difference in AE values in any adhesive sub-group
in the polycrystalline group.

Conclusion: Monocrystalline brackets are more likely to reflect color of orthodontic adhesives while polycrystalline brackets
have a masking effect Therefore, while treating patients with more esthetic concerns, monocrystalline translucent brackets
should be preferred.
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Amag: Bu galismanin amaci, yapisal olarak farkliik gosteren iki farkl estetik braketin optik 6zelliklerinin dort farkl ortodontik
adezivin renk degisimlerini yansitma veya maskeleme etkilerini dijital olarak in vitro ortamda incelemektir.

Gereg ve Yontem: 160 adet yapay (st santral keser dis her biri 80 adet olacak sekilde monokristalin ve polikristalin braket
uygulanmak lizere sirasiyla Grup 1 ve Grup 2 olarak iki gruba ayrilmistir. Her iki grup, kullanilan ortodontik adeziv sistemine
go6re dort esit alt gruba ayrilmistir. Braket uygulamasini takiben 6rnekler termal dongl ve suni giin 1s1§1 uygulamasindan 6nce
(TO) ve sonra (T1) olmak Uzere iki defa renk Olgimi islemine tabi tutulmustur. L*, a* ve b* parametrelerinin degerleri
kaydedilip her érnek igin renk farki (AE) hesaplanmistir. AE bulgulari Kruskall-Wallis testi ile, Alt gruplar ararsi degerlendirme ise
Dunn’in ¢oklu karsilastirma testi ile yapilmistir (P<0.05). Klinik olarak tespit edilebilir AE degeri 3.7 (inite olarak belirlenmistir.
Bulgular: Monokristalin braket grubundaki tiim alt gruplarda TO ve T1 arasindaki AE dederlerinde istatistiksel olarak anlamli bir
artis gozleniren, polikristalin braket grubunun alt gruplarinda anlamli bir fark bulunmamistir. En fazla AE artisi monokristalin
braket grubunda Transbond igin tespit edilmistir (1.49+0.66).

Sonug: Seramik braketlerin altindan yansiyan ortodontik adeziv sistemlerinin renk degdisimi monokristalin braketler tarafindan
daha fazla yansitilirken, polikristalline braketlerde maskeleme etkisi nedeni ile daha az oldugu tespit edilmistir. Estetik kaygisi
yliksek olan hastalarda polikristalline braketlerin tercih edilmesi digiindlmelidir.

Anahtar kelimeler: Ortodonti, ortodontik braketler, aliiminyum oksit, ortodontik adezivler, estetik
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INTRODUCTION

The improved physical advantages of ceramic
brackets provide an enticing option specially for adults
seeking for more esthetic solutions during orthodontic
treatment with fixed appliances.! Esthetic brackets
made of high quality ceramic material became incre-
asingly popular with the increasing demand for an
esthetic look during orthodontic treatment with fixed
appliances since the 1980s.2 Ceramic brackets are
more preferred due to their ability to resist against
fractures while having a high optical esthetic, being
resistant to staining and discoloration.3 Another ad-
vantage of ceramic esthetic brackets is that they can
be used in patients who require a routine head and
neck MRI scanning without causing artifacts.*

The two main structural forms which the ceramic
brackets can be found are polycrystalline and mo-
nocrystalline forms. The structural form of polycrys-
talline brackets is basically made of fused aluminum
oxide (Al,O3) crystals at high temperatures.> This
fusing process leads to formation of a microstructure
network of crystal grain boundaries that reflect light
which makes them translucent rather than trans-
parent.® In contrast, monocrystalline brackets are
composed of a single of Al,O3 crystal fused at a much
higher temperature and cooled down very slowly. This
process enables control of crystallization which leads
to passage of light making transparent.”

There is a strong relationship between translu-
cency and color of esthetic brackets which should be
considered in clinical use. It is hard to match the color
of translucent brackets and natural teeth.” While using
monocrystalline brackets there is no need to match
tooth color because of the optical characteristics being
transparent they will reflect the tooth color on which
being placed. In other words, the optical clarity of
monocrystalline brackets is higher than polycrystalline
brackets, however, a disadvantage of transparent
brackets is that they would allow the underlying tooth
color or orthodontic adhesive color to shine through
them.” As a result they may show the slightest disco-
loration of the underlying adhesive which may be deri-
ved from material related factors such as water ab-
sorption, incomplete polymerization of the adhesives,
brand, tone or extrinsic factors such as coloration
effect of food dyes, mouth rinse use, saliva compositi-
on, nicotine, heat, time and polymerization intensity.8°

Color stability of orthodontic adhesives is an
important issue during orthodontic treatment with
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esthetic brackets as the color change of the adhesive
will be visible through the esthetic brackets which may
lead to patient complaints.

Color change is scientifically defined using color
coordinates and measurable data referring to the
mathematical structured color identification system,
CIE (Commission Internationale de I'Eclairage) which
uses coordinates on three dimensions (L*, a*, b*) to
represent a human visual color; one vertical black
(0O=pure black) to white (100=diffuse white) axis for
lightness (L*) and two horizontal dimensions for color
plane (a* and b*) indicating green (- a*) to red (+ a*)
and blue (- b*) to yellow (+ b*).10 The CIEL*a*b*
color space has also been used in the field of esthetic
dentistry specially to detect color alterations in
restorative materials which is found to be not reliable
when performed by the naked human eye. In color
research articles it has been advised to use an
instrumental system that is able to record detailed and
standardized data of color parameters to evaluate
color changes scientifically.!?

The present study aimed to evaluate the effect
of different structural differences of polycrystalline and
monocrystalline brackets in reflecting the color alte-
rations of four different orthodontic adhesives indu-
ced by photo aging and thermal cycling procedures by
means of digital colorimetric measurements.

MATERIALS AND METHODS

In order to standardize tooth color variable,
one hundred and sixty artificial maxillary right incisors
KaVo Model Teeth, KaVo Dental GmbH, Biberach, RiB,
Germany) made of plastic with the same color were
used in this study. The vestibular surfaces of the teeth
were covered with a black colored tape leaving only
the vestibular surface area, where the brackets will be
placed, open. All digital color data was collected from
the exposed tooth window to standardize the teeth
surface intended for analysis.

Exposed surfaces of all teeth were rinsed and
dried for 10 seconds before the application of 38%
phosphoric acid etching gel (Etch-Rite Etchant gel,
Pulpdent, Watertown, Massachusetts, USA) for 30
seconds. After etching procedure all teeth were
cleaned with water, and dried with compressed air.

All prepared samples were divided into two
main groups of 80. Inspire ICE Clear Braces and
Clarity Ceramic Brackets were used for Group 1 and
Group 2 respectively and then both main groups were
further diverged into four subgroups of 20 each
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according to the adhesives used. Ceramic brackets
and adhesives used in the present study are listed in
Table 1.

Table 1. Ceramic bracket and adhesive combination used in
the two groups.

Group n Brackets Adhesive n
. Transbond XT Light cure adhesive,
Inspire ICE 3M Unitek 20
Clear Braces, Brace Paste, American
Ormco Orthodontics, Sheboygan, Wisconsin
Group : 80 Corporation, USA 20
Orange, .
California, Blugloo, Ormco Corporation 20

USA Light Bond, Reliance Orthodontic
Products Inc., Itasca, Illinois, USA 20

Clarity

Ceramic

Brackets, 3M
Group . 80 Unitek,

Transbond XT Light cure adhesive 20
Brace Paste, American Orthodontic 20
Blugloo, Ormco Corporation 20

Monrovia,
California, Light Bond, Reliance Orthodontic
USA Products Inc. 20

Upper central incisor were placed onto the
teeth surfaces any peripheral excess adhesive material
around the bracket was removed with an explorer.
Transbond XT, Light Bond and Brace Paste were cured
for 40 seconds and then Blugloo for 15 seconds as
recommended by the manufacturers. The same visible
light-curing unit (Optilux ™ XT, 3M Unitek, Monrovia,
California, USA) was used for all samples. The
combination of two different esthetic ceramic brackets
and four different adhesives are shown in Table 1.

All bonded artificial teeth were numbered for
identification. Initial calorimetrically evaluation of all
samples was performed by using the VITA Easyshade
Advance 4.0 (VITA Zahnfabrik, Bad Sackingen,
Germany) digital spectrophotometer. All colorimetric
measurements were performed by the same operator
(GT) and recorded as AE1l. All measurements were
repeated five times as advised by the CIE L*a*b*
system.12

After initial color evaluation (T0), all samples
were stored in water for two days and then exposed
to an artificial light source (Sunset CPS plus, Atlas
Material Testing Technology, Gelnhausen, Germany).
To imitate the oral environment, all samples were
stored in artificial saliva for 30 days and then thermal
cycled at 5£2°C and 55+2°C for 10000 cycles with 30
seconds of dwell time and 15 seconds of transfer time.
After photo aging and thermal cycling process, a
second digital color measurement was performed by
the same operator (GT) (T1) and recorded as AE2.

The color changes (AE values) were calculated
according to the following formula: LIT113
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AE = [(AL*P+(Aa*P+(Ab*P P>

The Ethics Committee of Science, Social and
Non-invasive Health Sciences Research of Istanbul
Yeni Yuzyil University approved the study design at
the 7t of October in 2019. The present investigation
was conducted in conformity with Helsinki Declaration.

Statistical analysis

Statistical analysis of this study was administered

using the NCSS-PASS statistical software package
version 2007 (Kaysville, Utah, USA). Besides mean
and standard deviation calculations, a Friedman test
was used for examining consecutive measurements. A
Kruskal-Wallis test was used for the inter-group
comparison. The differences among subgroups were
calculated using the post hoc Dunn’s multiple compa-
rison tests and Mann-Whitney-U tests. The reliability
among repeated measurements was indicated using
Intra-class correlation coefficient (ICC). The statistical
significance level was set at P<(0.05 and confidence
interval was established as 95 per cent. The visible
clinical significance of level was set at AE>3.7 units.

RESULTS

All ICC values were greater than or equal to
0.90 and within the confidence limits of 95 per cent
which indicated that the operator was consistent in
the repeated measurements.
Color changes calculated at TO and T1 for Inspire
Ice brackets combined with four different adhesives
and Clarity brackets combined with the same four ad-
hesives are shown in Table 2 and Table 3 respectively.
All AE values were under the clinically observable
level for the human eye (AE<3.7) A significant
difference in absolute values of AE differences (AE1-
AE 2) was observed between all subgroups when two
groups were compared (Table 4). AE differences were
significantly higher for all subgroups in Groupl
(Graphic 1). The lowest AE difference was detected in
the Clarity bracket and Light Bond adhesive
combination and the highest AE was observed in the
Inspire ICE bracket and Transbond XT adhesive.
These results were statistically significant (P<0.001)
although, not clinically observable.

DISCUSSION

The focus of this investigation was to evaluate
level of transmitted color alteration of four different
adhesives used to bond two different ceramic brackets
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Table 2. Delta E (AE) measurements for Group1, AE1 and
AE2 calculated for the first and second colorimetric
measurements

Time  Transbond P
AE Point XT Blugloo  LightBond Brace Paste valve  Significance
MeanzSD  MeanzSD  MeanzSD  MeanzSD
(n=20) (0=20) (n=20)
AE 1 T0 0652047 0442031 0.44:0.28 0.061 NS
AE2 T1 1.49:0.66 1.32:0.98 1.26£1.39 0.509 NS
P value 0.006 0.034 0.032
Significance - * * *

SD. Standard deviation; NS, not significant ~ *P<0.05; **P<0.01

Table 3. Delta E (AE) measurements for Group2, AE1 and
AE2 calculated for the first and second colorimetric
measurements.

AE Time Point Transhond XT Blugloo Light Bond Brace Paste Palue Significance
MeanzSD MeansSD MeansSD Mean=SD
(0=20) (n=20) (0=20) (0=20)
AE1 T0 0.7620.45 0442031 0692055 0562026 0.063 NS
AE2 n 1.09=0.76 1.04=0.94 1052067 1022137 0.469 N§
Pralue 0212 0449 0462 0.420
Significance NS NS NS NS

SD. Standard deviation; NS, not significant
*P<0.05; **P<0.01

Table 4. AE Differences (AE1-AE2) for Group 1 and 2 at TO

and T1.
Transbond - Brace
Groups XT Blugloo Light Bond Paste
Mean+SD Mean+SD Mean+SD Mean+SD
Group 1 (Inspire
ICE Clear Braces) 0.84+0.47 0.88+0.52 0.67+0.38 0.82+0.42
Group 2 (Clarity
Ceramic 0.40+0.49 0.50+0.45 0.38+0.45 0.46+0.48
Brackets)
p * * * *
SD. Standard deviation *P<0.05.

Visible clinical significance of AE1-AE2 level was set at 3.7.
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~+-Group 2 (Clarity Ceramic
Brackets)

-=-Group 1 (Inspire ICE Clear
Braces)

Transbond Blugloo Light Bond Brace Paste
XT

Graphic 1. Comparison of AE differences for Group 1 and
Group 2.

by evaluating color change induced by photo aging
and thermal cycling procedures in vitro.

Besides having the disadvantage of being
difficult to perform, results of clinical testing may not
be comparable due to a combination of many varied
intrinsic and extrinsic factors. Therefore in the present
study an in vitro investigation was undertaken.
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In the literature, a variety of artificial ageing
procedures have been used in testing color stability of
teeth and dental materials.*!> In the present study, in
order to stimulate color alteration possible to be seen
in the oral cavity, artificial photo aging and thermal
cycling was used. Thermal cycling for 10000 cycles
resembles 1 year of clinical service to accelerate the
aging process. This method was previously used in the
literature to test color stability of esthetic restorative
materials.16:1

Photo aging used in this study is a process in
which the tooth surface is exposed to a one day
illuminance in a continuous manner of approximately
135.000 Lux at 400 nm. which is equal to sun
irradiation exposure in Central Europe for 30 days.!®
In a previous study it was emphasized that photo
aging induced color changes in different kinds of
orthodontic adhesives.!?

Color changes can be detected visually or by
using a digital device like a colorimeter. The human
eye is limited in detecting minor color differences and
the interpretation of visual color comparisons is limited
to the human perception of color.!! For this reason,
digital colorimetric measurements are preferred to
achieve reproducible results for color determination.°
In this study, the detection of discoloration between
TO and T1 was evaluated digitally using the VITA
Easyshade instrument, which is reported to be one of
the most dependable and exact instruments for
measuring tooth color. 2

Numerus  studies evaluating long-term
discoloration of brackets and adhesives mainly
concluded that ceramic brackets undergo color change
when exposed to colorants, like food dyes, which are
generally present in people’s daily diet. 222> However,
results of a recent study indicated that the crystalline
structure, either monocrystalline or polycrystalline do
not interfere in how brackets are stained.?* In this
study the relationship between degree of transparency
and adhesive color change by time seen through the
esthetic bracket was investigated. Therefore, no
additional colorant solutions were used.

In a previous study it was found that
translucency was significantly influenced by the
brackets’ physical properties like composition, and
thickness.? Therefore, in the present study, AE values
calculated for the first and second measurements for
combination of same adhesive and different ceramic
brackets were not compared.
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Results of this study revealed that color
changes for all four adhesives are more visible
through Inspire ICE Brackets and that Clarity Brackets
masked the adhesive color change making it less
visual for the naked eye during the orthodontic
treatment. These findings were parallel to the results
of previously performed researches.?>2¢ This could be
due to the different structure of these brackets.®
Inspire Ice brackets are crystal clear, completely
transparent monocrystalline brackets which means
when light encounters this bracket material, almost all
of it passes directly through them while Clarity
Ceramic brackets are translucent polycrystalline
brackets which means they are slightly opaque and
allow only some light to travel through them. Lack of
formation of grain boundaries in the monocrystalline
ceramic bracket structure could be the reason why
these brackets are transparent, which can lead to
unaesthetic results after the color of the underlying
orthodontic adhesive changes.

In Group 1 and Group 2 the highest AE value
was recorded for Transbond adhesive as 1.49+0.66
and 1.09+0.76 respectively, which may be due to the
composition and inorganic filler level of the adhesive.*
These results were parallel to the findings of a
previous research in which it was also stated that AE
values limited to one unit are accepted as exact color
matches because they cannot be clinically identified by
the human eye.?6 It has been emphasized that color
differences above two units may demonstrate a color
change for restorative materials, however, most
recent studies set the acceptable color matching limit
to 3.7 units and emphasized that AE values higher
than 3.7 units are accepted to be visible by the human
eye.?’ In this study, the AE threshold was set at 3.7
units.

Although, thermal cycling and artificial photo
aging combination was used in the present study it
should be considered that the micro environmental
characteristics of the oral cavity cannot be reliably
simulated. Also, it must be noted that, orthodontic
treatment usually continues for at least 1 to 2 years
and longer aging periods should be studied.

Especially adult patients with great concerns on
their facial esthetics wish to have an orthodontic
treatment with less visible mechanics. In this case,
monocrystalline brackets being transparent are
logically less visible and therefore more often
preferred by these patients. However, it should be
considered that more transparency causes more
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reflection of even the slightest color change of the
orthodontic adhesive between the esthetic bracket and
tooth surface. Therefore, polycrystalline brackets
which are less transparent but still less visible than
metallic brackets should be considered for patients
with higher esthetic anxiety during orthodontic
treatment with fixed appliances.

Color changes induced by colorants /n vivo
were not included in the present study design.
Therefore future studies should be designed to assess
the effect of different colorants on the combination of
different ceramic brackets and adhesives.

The present study was performed on artificial
teeth which may not completely imitate natural teeth.
This could be a limitation of this study.

CONCLUSION

Transparent monocrystalline brackets may
seem to be more esthetic at the beginning of the
orthodontic treatment, however, by time orthodontic
adhesives in the oral environment tend to change
color and this discoloration is more visible under more
transparent brackets. Patients with higher esthetic
demands during fixed orthodontic treatment should be
advised to use more opaque and tooth colored or less
translucent polycrystalline ceramic brackets in order to
eliminate illuminated adhesive discoloration. However,
it must be noted that the present study design did not
include the color change induced by any colorant on
brackets.
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