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ABSTRACT: The objective of this study was to evaluate the possible changes in color of aesthetic elastic ligatures
soaked in different solutions. Five different brands of aesthetic elastic ligatures were evaluated in the present study.
Measurement of the discs” color was performed using a reflectance spectrophotometer (UV-visible spectrophotometer, UV-
2450, Shimadzu®, Kyoto, Japan). Subsequently, the discs were immersed in artificial saliva (AS) or three different solutions:
red wine (RW) (Miolo Terranova® 2010, Casa Nova, Brazil), coffee (CF) (Café Trés Coragdes®, RioGrande do Norte, Brazil)
or Coca-Cola® (CC) (Coca-Cola®, Belo Horizonte, Brazil). It was determined that the tested solutions were able to cause
color changes in the aesthetic elastic ligatures. The coffee solution caused the greatest color change in all of the brands of
ligatures evaluated, followed by the red wine solution. In conclusion, OSE and GAC brands of aesthetic elastic ligatures

displayed the best performance.
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INTRODUCTION

There has been a growing demand for aesthetic
orthodontic appliances in clinics, especially among
adults. To meet this demand, ceramic brackets, which
have the great advantage of being transparent, have
been developed (Ryu et al., 2011; Nishio et al., 2004;
Samruajbenjakul & Kukiattrakoon, 2009). Although the
aesthetic advantages are greatly enhanced by these
materials, the improvement is not complete because
aesthetic brackets and ligatures of these appliances
still face the challenge of maintaining their color stability
in the oral environment. This issue is included in the
majority of patient’ s questions and inquiries regarding
the use of these types of devices and represents one
of the major challenges for the orthodontic materials
industry.

Orthodontic elastic ligatures are composed of
polyurethane and can be produced by matrix molding

or modular injection processes (Ardeshna &
Vaidyanathan, 2009; Renick et al., 2004).
Polyurethanes are not inert materials, and they
decompose when in prolonged contact with enzymes,
water or humid heat (Han et al., 2011; Mohamed et al.,
2011). There are reports that these ligatures may
discolor or stain if the patient eats certain types of foods
or uses mouthwash or lipstick (Ardeshna et al.; Kim &
Lee, 2009). This effect can cause problems because,
whereas the ceramic brackets are somewhat resistant
to staining, the aesthetic elastic ligatures do stain.

A number of studies have been conducted on
elastic ligatures, investigating their loss of force
(Lacerda Dos Santos et al., 2011), the frictional
resistance of the elastic chains (Baccetti & Franchi,
2006; Chimenti et al., 2005), the prevention of caries
due to the release of fluoride by the ligatures (Benson
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et al., 2004a, 2004b) and their overall flexibility
(Renick et al.), elasticity (Huget et al., 1990; von
Fraunhofer et al., 19929) and degradation (Lacerda
Dos Santos et al.; dos Santos et al.; Santos et al.,
2011). However, although the limitations derived from
the discoloration of elastic ligatures are well known,
there are few quantitative studies on this subject
(Ardeshna et al.; Kim & Lee). Based on this premise,
the aim of the present study was to evaluate the
possible changes in color of aesthetic elastic ligatures
soaked in different solutions.

MATERIAL AND METHOD

Five different brands of aesthetic elastic
ligatures were evaluated in the present study (Table
I). Given that the evaluation of a possible color change
derived from ligatures’ immersion in potentially
staining solutions is performed using a
spectrophotometer, and that these measurements

Fig. 1. Device used to standardize the elastic discs evaluated.

Table I. Orthodontic elastic ligatures tested.

should be performed on a flat surface, the arms of
the module that holds the ligatures were used as
representative samples. Itis important to mention that
the composition of the arms is identical to that of the
ligatures. To standardize the samples, a cutting
apparatus specifically designed for this experiment
was used to generate flat discs (Fig. 1).

The measurement of the discs’ color before
being immersed in the solutions (i.e., dried discs) was
performed using a reflectance spectrophotometer
(UV-visible spectrophotometer, UV-2450,
Shimadzu®, Kyoto, Japan). Subsequently, the discs
were immersed in artificial saliva (AS) or three
different solutions: red wine (RW) (Miolo Terranova®
2010, Casa Nova, Brazil), coffee (CF) (Café Trés
Coragdes®, RioGrande do Norte, Brazil) or Coca-
Cola® (CC) (Coca-Cola®, Belo Horizonte, Brazil).
These solutions were distributed into 4 small
containers, each holding 8 ligature discs from the
same manufacturer. Containers were stored in the
dark at room temperature and solutions were changed
every 24 hours. The group of ligatures immersed in
AS was used to test the possible effects of hydration
on discs’ color.

The color change (AE*ab) was calculated using
the following equation18: DE*ab = [(DL*)> + (Da*)}Y
+(Db*)3 112

The changes in the color parameters (DL*, Da*
and Db*) were calculated by subtracting the final
values from the initial values (dry discs). Prior to each
measurement, the discs were washed with distilled
water to avoid the possibility of reading solution
residues deposited on the surfaces of the discs.

The statistical significance (p=0.05) of the effect
of the different solutions on different brands of elastic
ligatures was tested by one-way or two-way repeated
measures analysis of variance (ANOVA, post hoc
analysis - Fisher PLSD test). The statistical analysis
was performed using the software SPSS 15.0 (SAS
Institute Inc., Abacus Concepts, Cary, North Caroli-
na, USA).

Manufacturer Code n
Dynaflex, St. Ann, Missouri, USA DF 32
GAC International Inc., Bohemia, New York, USA GAC 32
G&H Wire Company, Franklin, Indiana, USA GH 32
Orthodontic Supply & Equipment Co. Inc., Gaithersburg, Maryland, OSE 32
3M/Unitek, Monrovia, California, USA 3M 32
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RESULTS

In the present study, we investigated the possible
effects of four different solutions on the color of five
orthodontic elastic ligature tie (OLT) brands. Analysis
by two-way repeated measures ANOVA revealed main
effects among the OLT brands (p<0.001) and solutions
(p<0.001). Moreover, interactions between the OLT
brands and the solutions (p<0.001) were also observed.
Therefore, to detect staining differences among
solutions as well as OLT brand behavior in each
solution, analysis by one-way repeated measures
ANOVA was conducted.

It was observed that, independent of the OLT
brand, the CF promoted a significantly higher DE in
comparison with CC (p<0.001), RW (p=0.015) and AS
(p<0.001) (Table II). RW also promoted a significantly
higher DE in comparison to CC (p<0.001) and AS
(p<0.001), and DE differences between CC and AS
were not encountered (p=0.09).

The DE values among OLT brands after OLT
exposure to specific solutions are described in Table III.
The OLT brands evaluated in the present study did not
exhibit significant differences in the DE values after 14
days of exposure to AS or to CC. In contrast, specific
differences in the DE values among the OLT brands
were observed after exposure to CF. The DE values of
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DF, GH and 3M were not significantly different, although
they were significantly (p<0.0001) higher than those of
GAC and OSE. GAC DE value was significantly
(p<0.0016) higher than that of OSE. Specific differences
in the DE values among the OLT brands were also
observed after exposure to RW. The DF, GAC, GH and
3M DE values were not significantly different, although
the DF, GH and 3M DE values were significantly higher
than that of OSE (p=0.0011, p=0.0040 and p=0.0154,
respectively). Finally, the GAC and OSE DE values did
not show significant differences (p=0.1012).

DISCUSSION

It is essential that an orthodontist have an
understanding of new materials to best utilize their
qualities in the clinic while also being aware of their
limitations (Kwon et al., 2002; Pithon et al., 2010;
Eliades et al., 2005). Thus, an orthodontist who treats
an adult patient seeking aesthetics throughout the
orthodontic treatment, despite of being conscious of
the good aesthetic stability offered by porcelain
brackets, should also be aware and inform the patient
of the possible color changes that may occur in
aesthetic elastic ligatures.

Table Il. Comparison of color changes (DE) promoted by different

solutions.
Solutions AE values Significant p values (p<0.05)
AS 0.382
CF 2.607 CFxAS; CFXCC: CFXRW: RWxAS; RWxCC
cc 0.728
RW 2.092

Artificial saliva (AS); red wine (RW); coffee (CF); Coca-Cola® (CC)

Table lll. Orthodontic elastic ligatures (OLT) color changes after exposure to specific solutions.

. AE values of OLT brands
Solutions

Significant p values (p<0.05)

DF GAC GH OSE  3M®
AS 0443 0408 0438  0.311 0.374 None
(0.243)  (0.298)  (0.167)  (0.198)  (0.213)
oF 2269 1841 2115 1384 2277 DFXGAC; DFXOSE; GACXGH; GACYOSE;
(0.301)  (0.235)  (0.301)  (0.120)  (0.220) GACx3 M®; GHxOSE; OSEx3 M®
ce 0754 0679 0697 0590  0.544 None
(0.134)  (0.113)  (0.095)  (0.171)  (0.090)
RW 1828 1472 1738 1147 1636 DFxOSE; GHxOSE;
(0.251)  (0.240)  (0.225)  (0.224)  (0.272) OSEx GAC®

DE values correspond to mean and standard deviation. Manufactures and solutions code are described on Table | and Table

II, respectively.
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In the oral environment, the clinical behavior of
the ligatures is problematic. When stretched beyond their
elastic limit and maintained under constant tension,
polyurethanes exhibit an undesired characteristic known
as load relaxation (Huget et al.). The degradation of the
polyurethane elastic ligatures in the oral environment
may be associated with the process of color change
undergone by the ligatures, and this process may be
reduced by determining its cause (Kim & Lee). In this
context, the concentration and frequency of consumption
of certain products in the diet can alter the staining
caused by these products. In addition, considering that
elastic ligatures manufactured by different
manufacturers differ, variations in staining have been
described in the literature (Renick et al.). Ardeshna &
Vaidyanathan evaluated the color change of different
colors of elastic ligatures. These authors found that white
and transparent ligatures had the highest DE values,
suggested that the deposition of pigments from the
solutions studied likely occurred on the surface of the
ligatures and hypothesized that changes in the surface
texture and morphology might contribute to the observed
differences found among ligatures from different
manufacturers.

In the present study, a reflectance spectro-
photometer was used to evaluate the possible color
changes due to orthodontic elastomeric ligatures
staining. This instrument measures the amount of light
at each wavelength reflected by a sample that is
illuminated with polychromatic and diffuse light.
Therefore, the basic operation of the device consists of
illuminating the sample with white light and calculating
the amount of reflected light at different wavelength
intervals. From these data, a reflectance factor is
recorded, and tristimulus values (L*, a* and b*)
calculated (Kwon et al.), where L* is a measure of
brightness of the object, a* is a measure of the amount
of red (+a*) and green (-a*) and b* the amount of yellow
(+b*) and blue (-b*).

This analysis determined that CF caused the
greatest color change in the ligatures, followed by RW,
CC and AS (Table II). A large color change caused by
coffee was also observed in a previous study. Using
distilled water, 75% ethanol and 2% methylene blue
solutions, Kim & Lee showed that even distilled water is
able to cause a color change in aesthetic elastic
ligatures, although the values resulting from this solution
were much lower than those resulting from the ethanol
and 2% methylene blue. In the present study, different
ligature brands showed no significant differences when
exposed to AS or CC. However, exposure to CF caused
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greater color changes in DF, GH and 3M, lower color
changes in GAC and even fewer in OSE. When exposed
to RW, DF, GH, and 3M again showed higher readings
than those of GAC and OSE.

The present study showed that all solutions
caused some color change in the aesthetic elastic
ligatures evaluated, although more significant changes
were observed in the samples exposed to CF and RW.
Additionally, samples from specific manufacturers
exhibited variations in performance, of which GAC and
OSE exhibited the lowest changes and consequently,
the greatest color stability in the solutions tested.

In everyday clinical orthodontics, upon placing the
aesthetic devices, itis necessary to tell the patient about
the color changes that aesthetic elastic ligatures
experience over time due to exposure to the intraoral
environment. The orthodontist’s should select materials
that are more resistant to color changes. It is also
important to warn the patient about the staining potential
of certain foods. Therefore, patients who drink coffee
and/or red wine should be warned about the staining
that can be caused by these solutions. Additionally, if
the patient frequently drinks these beverages, the results
of the present study indicate that the use of specific
brands of ligatures (i.e., OSE and GAC) may be more
appropriate.

CONCLUSIONS

i) Tested solutions were able to cause color changes
in the aesthetic elastic ligatures; ii) The coffee solution
caused the greatest color change in all of the brands
of ligatures evaluated, followed by the red wine solution
and iii) OSE and GAC brands of aesthetic elastic
ligatures displayed the best performance.

SILVA, L. K.; GUIGNONE, B. C.; MARINHO, K. C.; GOIATO,
M. C.; PITHON, M. M.; SOARES, R. V. & OLIVEIRA, D. D.
Evaluacién in vitro de los cambios de color en ligaduras elasticas
ortodonticas estéticas. Int. J. Odontostomat., 8(3):399-403, 2014.

RESUMEN: EI objetivo de este estudio fue evaluar los
posibles cambios en el color de ligaduras elasticas estéticas em-
bebidas en diferentes soluciones. Cinco diferentes marcas de li-
gaduras elasticas estéticas fueron evaluados en el presente estu-
dio. La medicion de discos de color se realizé con un
espectrofotémetro de reflectancia (espectrofotémetro UV-visible,
UV-2450, Shimadzu®, Kyoto, Japoén). A continuacion, los discos
se sumergieron en saliva artificial o tres soluciones diferentes: vino



SILVA, L. K.; GUIGNONE, B. C.; MARINHO, K. C.; GOIATO, M. C.; PITHON, M. M.; SOARES, R. V. & OLIVEIRA, D. D. /n vitro evaluation of color changes of aesthetic orthodontic
elastic ligatures. Int. J. Odontostomat., 8(3):399-403, 2014.

tinto (Miolo Terranova® 2010, Casa Nova, Brasil), café (Café Trés
Coragdes®, RioGrande do Norte, Brasil) o Coca-Cola® (Coca-
Cola®, Belo Horizonte, Brasil). Se determind que las soluciones
testeadas fueron capaces de causar cambios de color en las liga-
duras elasticas estéticas. La solucién de café causo6 el mayor cam-
bio de color en todas las marcas de ligaduras evaluados, seguido
por la solucién de vino tinto. En conclusion, las marcas de ligadu-
ras elasticas estéticas OSE y GAC muestran el mejor desempefio.

PALABRAS CLAVE: ligaduras ortodéncicas, ligaduras
elasticas, cambios de color, aparatos de ortodoncia estéticos.
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