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Influence of exogenous pigmentation on the
optical properties of orthodontic elastic ligatures
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ABSTRACT

bjectives: The aim of this study was to assess the optical properties of orthodontic

elastic ligatures under the influence of exogenous pigments contained in the daily diet.
Material and methods: For the analysis, colorless (clear) elastic segments (ORTHO
Organizers, lot 660625A10) were used as received from the manufacturer, and were divided
into 8 groups of 3 segments each. Each group was immersed in 200 mL of a solution
containing a determined substance, as follows: distilled water (control group), Coca-Cola®,
Pomarola brand tomato sauce (Cica®), acai, Jasmine® brand green tea, Royal Blend®
black tea brand, Pildao® brand coffee and Palmares® wine brand. All test specimens were
immersed in the solutions and kept in an appropriate receptacle for 7 days at 37°C*4. After
the staining session, the test specimens were washed with distilled water in an ultrasonic
vat for 5 min and dried with paper tissues®. The portable digital spectrophotometer Vita
Easyshade Compact was used to assess if there was color variation of the test specimens.
This variation was quantified and qualified at the initial time (T0) and after staining (T1).
Results: These results were analyzed statistically using the software SPSS version 18.0.
The Shapiro-Wilk test of normality was applied followed by the one-way analysis of variance
and the Tukey’s post hoc test. The level of significance adopted was 5%. Conclusions: From
the substances evaluated in this study, those with higher staining potential on esthetic
elastic ligatures were black tea, coffee and wine, respectively. Knowing this information,
the dentist may advise their patients to avoid certain foods because of elastic staining may
occur thus decreasing the aesthetics of the material.
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INTRODUCTION covered wires, lingual brackets, colorless elastics,
among others.

Esthetics has become a demand even during Patients who seek invisibility of orthodontic
orthodontic treatment, particularly in adult patients, appliances usually prefer colorless elastic ligatures
who do not like accessories that call people’s (crystal)? that complement the good appearance
attention. In a recent study with 27-year-old of esthetic brackets!?. However, after a few weeks,
individuals in Sweden, 67% of the interviewees when the patients return for maintenance of the
would wear metal brackets if needed, which means orthodontic appliance, yellowing of the elastics is
that one third of young adults would refuse to wear visibly clear'?. It is reported in the literature that
non-esthetic brackets?:. For this reason, the number color degradation occurs due to endogenous factors,
of esthetic products has significantly increased on such as ultraviolet irradiation and thermal energy,
the orthodontic market, such as brackets, Teflon- and exogenous factors, such as pigmented foods
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and beverages and mouthwashes!319,

Therefore, preventing stains on the elastics
has become a significant challenge since the oral
environment is exposed to several substances in
the daily diet that stain or alter the surface causing
esthetic degradation?. Studies also reveal that
prolonged exposure to Coca-Cola® causes color
alteration in restorative resins!’. Other products
that may cause staining are spices, which are
important products in processed foods (prepared
foods, snacks, sauces, condiments, salad dressings)
and in typical Mexican, Italian and Asiatic foods?.

Innumerable studies in the areas of Dentistry
and Prosthesis have endeavored to establish
the influence of foods and beverages on the
color stability of resin composite and porcelain
restorations. However, in the orthodontic literature,
little is found on the subject probably due
to limitations in measuring the colors of the
objects until a few years ago. Nowadays, studies
frequently use colorimeters, digital cameras or
spectrophotometers to assess color alterations.
Color degradation of elastic ligatures (clear) of
all the manufacturers tested was higher than the
threshold of human visual perception, and the value
of 3.7251112 has been shown by various authors!!.

In an attempt to further characterize the
exogenous color alteration of elastic ligatures under
the influence of foods and beverages, this study
assessed the possible color change of colorless
elastic ligatures according to the different types of
food and beverage.

MATERIAL AND METHODS

Twenty-four colorless (clear) elastic segments
from the manufacturer ORTHO Organizers,
Carlsbad, CA, USA, lot 660625A10, were used to
assess color stability.

For the analysis, elastic segments were used as
presented by the manufacturer (Figure 1). They
were divided into 8 groups of 3 segments each.
Each group was immersed in one of the following
substances: distilled water (control group), Coca-
Cola®, Pomarola brand tomato sauce (Cica®), agai,
Jasmine® brand green tea, Royal Blend® black tea
brand, Pildo® brand coffee and Palmares® wine
brand.

Staining

After dividing the elastic segments into groups,
they were immersed in 200 mL of each solution
tested. The green and black tea and coffee solutions,
which needed previous preparation, were made in
accordance with the manufacturer’s instructions.

The green tea solution was prepared using 2
teabags immersed in 200 mL of boiling distilled
water for 10 min. The black tea solution was

prepared using 2 teabags immersed in 200 mL of
boiling distilled water for 10 min??2, The coffee
solution was prepared using 6 g of coffee in 200
mL of boiling distilled water poured into a paper
filter. All the test specimens were immersed in the
solutions and kept in an appropriate receptacle for
7 days at 37°C3, equivalent to the recommended
time of 21 days to exchange elastic during the
consultation service.

After the staining session, the test specimens
were washed with distilled water in an ultrasonic
vat for 5 min and dried with paper tissues?°.

Sample reading

The portable digital spectrophotometer Vita
Easyshade Compact was used to assess if there was
variation of shine and color of the test specimens.
This variation was quantified and qualified at the
initial time (TO) and after staining (T1).

The measurement of translucent materials
is influenced by background propertiest¢. There
are different possible backgrounds to make this
measurement. The fund could be black, white
or mirrored. Among these a mirrored surface
dimensions of 15.5x7.5 mm?2 was chosen to avoid
any interference. For the measurements, the

Figure 1- Test specimen before staining
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Figure 2- Position of the digital spectrophotometer on the
standardized area and the test specimen on the mirrored
surface
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spectrophotometer was placed perpendicularly on
a standardized area of the test specimen (Figure
2). Reading was performed in the same ambient,
all on the same day without any light difference.
For each test specimen, 5 measurements were
made and the values of a, b, L and the specific color
on the classical VITAPAN® scale were obtained.
The AE values were obtained using the formula
AE*=[(AL)?+(Aa)?+(Ab)?]¥? where AL, Aa, Ab are
the differences in the values of L, a and b before
staining (T0) and after staining (T1). These results
were statistically analyzed using the software SPSS

Lightness
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Yellow

Color Plane
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v

Figure 3- CIEL*a*b* color scale

Table 1- Statistical analysis

version 18.0 (Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA). The Shapiro-Wilk
test of normality was applied followed by the one-
way analysis of variance and the Tukey’s post hoc
test. The level of significance was set at 5%. The
surface color of the elastic ligatures was calculated
in accordance with the Commission Internationale
de L'Eclairage (CIEL*a*b*) color scale (2004),
related to the illuminant standard D65, which
divides the color through a mathematical process
of colorimetric curve into 3 fields: L* or AL*, which
represents luminosity or the color values (from
black to white), a* or Aa* axis, which measures
from green to red, and b* or Ab*, which measures
the axis from yellow to blue (Figure 3)!61819 Thus,
an estimation occurs in all three axes of color,
aiming for a more complete reading of the color
variation of orthodontic elastics.

RESULTS

Table 1 shows the statistical analysis of the
groups and multiple comparisons of them. Table 2
shows a descriptive analysis (mean and standard
deviation) of groups according to CIEL*a*b*
components before and after the experiment.
Figure 4 presents the test specimens after staining,
showing the visual difference that each solution

Changes in the ligatures according to the coloring solution

Statistical distilled water Coca-Cola® tomato sauce agai greentea blacktea coffee wine
analysis
AL (p<0.0001) A A A B C D F E
Aa (p<0.0001) A A A A A B D C
Ab (p<0.0001) A A B B C D D D
AE (p<0.0001) A A A B C D F E

* equal letters represent absence of a statistically significant difference

Table 2- Descriptive analysis (mean and standard deviation) of groups according to CIEL*a*b* components before and

after experiment

groups AE* mean (s.d.) AL* mean (s.d.) Aa* mean (s.d.) Ab*mean (s.d.)
distilled water 17.1 (0.1841) 17.0 (0) -5.2 (1,134) 0.3 (0.8179)
Coca-Cola® 17.2 (0.4372) 17.4 (0) -1.7 (2,107) 1.5 (1,029)
tomato sauce 17.2 (0.3464) 17.2 (0) -3.2 (1,084) 9.4 (0.766)
acai 20 (1,359) 19.4 (1,525) -2.7 (1,208) 11.9 (0.5846)
green tea 21.9(0.3169) 28.8 (0.3062) -3.8 (1,074) 17.6 (0.3653)
black tea 26.2(1,554) 26.5 (1,297) 3.5 (0.6464) 12.7 (9,001)
coffee 33.7 (0.7445) 33.4 (0.2271) 6.1 (0.4668) 44.8 (0.6022)
wine 31.4 (0.6499) 31.5 (1,147) 5.9 (4,241) 43.9 (2,142)

s.d.= standard deviation
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Figure 4- Color alteration after staining — from left to right, distilled water, Coca-Cola®, tomato sauce, agai, green tea, black

tea, wine and coffee group

caused on the elastic ligatures.
DISCUSSION

All the solutions altered the final aspect and
color of the test specimens. In an ascending order,
staining of the test specimens was as follows:
distilled water, Coca-Cola®, tomato sauce, acai,
green tea, black tea, wine and coffee (Figure 5).

These results become important since adult
patients are extremely critical about esthetics of
the orthodontic appliance and they are frequent
consumers of red wine, coffee and tea. These results
are similar to those of Ardeshna and Vaidyanathan?
(2009) whose highest colorimetric alterations were
found in the tea and coffee groups and the lowest
in the group stained by cola, considered clinically
acceptable. However, their study did not investigate
the color alterations caused by red wine. Red wine,
in turn, showed a great staining effect on resin
restorations in another study?2.

These accessories are made by polyurethane
synthesis and it involves several stages. Polyurethane
is the final product of several chemical reactions that
involve various substances. Therefore, polyurethane
can be produced with different chemical products.
Chemical alteration also influences the configuration
of elastomeric chains and their capacity of resisting
to deterioration of external agents and processing
conditions. Processing conditions may also affect
the structure and configuration of the polymer
chains. Furthermore, the surface characteristics,
such as texture and porosity, may be different and
influenced by the external agents?.

Studies have shown that exposure of elastomers
to water leads to weakening of intermolecular
strength and simultaneous formation of hydrogen
bridges between the water molecules and elastomer
macromolecules. The water molecules facilitate
movement of elastomer molecules. This reaction
is catalyzed by substances with low pH such as
Coca-Cola®, black tea, red wine and coffee. These
substances can penetrate into the polymer structure,
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altering its colori®. Another important aspect is the
concentration of the immersion medium, which
could define the greatest staining potential of some
substances over other substances; in addition, it
is possible that different brands of these coloring
agents may present various effects, even due to
the coloring degree of each one of them.

Morphological alterations, such as porosity and
roughness, may affect color perception because
the surface texture modifies the effects of light
scattering significantly. Cut elastic modules may
present higher porosity due to air trapping during
processing. During processing, microfissures may
cause light dispersion due to the rough morphology
and higher penetration of pigments contributing to
greater coloring or discoloring of the sample2.

From a clinical perspective, this study showed
that transparent elastic ligatures are prone to
significant color changes in the oral environment.
The dentists must be aware of color instability of
elastics to be able to guide patients, who seek for
esthetics, with regard to their daily diet. The present
study is also important to make the manufacturers
aware that the structure of elastics is modified when
they are immersed in different solutions.

CONCLUSION

It may be concluded that among the substances
assessed the ones that had a higher staining
potential on esthetic elastic ligatures were black
tea, coffee and wine, respectively. Knowing this
information, the dentist may advise their patients
to avoid certain foods because elastic staining may
occur thus decreasing the aesthetics of the material.
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