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Abstract:

Proposition:

The purpose of this study was to evaluate in vitro the color changes of esthetic orthodontic elastomeric ligatures of different shades
when exposed to four food colorings commonly found in the diet of patients.

Materials and Methods:

The sample consisted of esthetic orthodontic elastomeric ligatures in the colors pearl, pearl blue, pearl white and colorless, which
were immersed for 72 hours in five different solutions: distilled water (control group), coffee, tea, Coca-Cola * and wine. The color
changes of the esthetic orthodontic elastomeric ligatures were measured with the aid of a spectrophotometer, at T1 - as provided by
the manufacturer; and T2 - after colorings process.

Results:

The results indicated that the esthetic orthodontic elastomeric ligatures of all initial hues are susceptible to pigmentation. Among the
evaluated colors, all changed the finished look and the color of the samples tested. In ascending order, the color of the samples was
as follows: distilled water, Coca-Cola®, black tea, wine and coffee.

Conclusion:
The substances that have a greater potential for pigmentation in esthetic orthodontic elastomeric ligatures were black tea, wine and

coffee, respectively. All shades of esthetic orthodontic elastomeric ligatures are susceptible to color change.

Keywords: CIE - Commission Internationale de I'Eclairage, Esthetic degradation, Esthetic orthodontic elastomeric ligatures, Food
colorings, IRR (Incidence Rate Ratio), Pigmentation.

INTRODUCTION

The demand for esthetic orthodontic appliances has increased particularly in the treatment of adult patients has
increased significantly in the orthodontic market [1, 2]. While the ceramic brackets are resistant to color change,
orthodontic elastomeric are subject to staining by foods which have a high potential for colorings, resulting in a esthetic
problem [3 - 8].

The ability to avoid colorings of esthetic orthodontic elastomeric ligatures has become a major challenge due to the
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fact that the oral environment is exposed to a variety of food colorings on a daily basis. Many of these colorings may
stain, alter the surface of the elastomeric, and cause esthetic degradation. Therefore, it is important to know not only if
the exposure to food colorings can change the color of the esthetic orthodontic elastomeric ligatures, but also if it is a
change that can be perceived by the human eye [9].

In the orthodontic literature, little is found about it, probably due to limitations in measuring the colors of objects
until a few years ago. Nowadays, studies often use colorimeters, spectrophotometers, or digital cameras to evaluate
color changes. In preliminary studies, all esthetic orthodontic elastomeric ligatures tested presented color degradation
larger than the threshold of human visual perception [1, 3, 9, 10].

To characterize the color changes of esthetic orthodontic elastomeric ligatures under the influence of food and
drinks, the objective of this study was to evaluate in vitro the possible color change of esthetic esthetic orthodontic
elastomeric ligatures of four shades exposed to different food colorings.

MATERIALS AND METHODS

This study was approved by the Ethics in Research Committee of the School of Dentistry at the Pontifical Catholic
University of Rio Grande do Sul (FO-PUCRS) in Porto Alegre, Brazil. The main purpose was to evaluate the color of
esthetic elastomeric orthodontic ligatures under the influence of the ordinary beverages present in the daily life. For this
reason were employed similar esthetic colors from two different companies. The samples were divided into four groups
of esthetic orthodontic elastomeric ligatures of different colors: colorless, pearl, pearl blue and pearl white (Table 1).
Each orthodontic elastomeric ligatures was analyzed before and after a 72-hour immersion in one of the five solutions
used. The total number of samples tested was 480 (4 different colors X 24 specimens X 5 solutions).

Table 1. Esthetic orthodontic elastomeric ligatures analyzed in the study.

Group n Color Manufacturer

1 24 Colorless American Orthodontics (Sheboygan, WI, USA)
2 24 Pearl Ortho Technology (Tampa, FL, USA)

3 24 Pearl Blue Ortho Technology (Tampa, FL, USA)

4 24 Pear] White American Orthodontics (Sheboygan, WI, USA)

The following coloring solutions were used: Coca-Cola”, coffee (Trés Coragdes, MG, BR); red wine (Viu Manet,
cabernet sauvignon, reserve 2009, Chile) and black tea (Twinings of London, UK). Distilled water was used as control
group. The black tea and coffee solutions were previously prepared according to the manufacturer's recommendations.

All the esthetic orthodontic elastomeric ligatures were separated into individual containers (Fig. 1) and immersed in
the solutions for 72 hours at 37°C, according to the methodology proposed by Ardeshna and Vaidyanathan [9] (2009).
After the immersion process, the samples were cleaned with distilled water and dried with paper towel.

Fig. (1). Samples individualized and immersed in the red wine solution.

With the aid of a portable spectrophotometer SP60 (X-Rite, Grand Rapid, MI, USA) and on a white surface, each
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sample was evaluated as provided by the manufacturer (T1) and after the immersion in the solutions (T2).

To calculate the intensity of the color variation numerically and quantitatively, the CIEL * a * b * color space was
defined by the International Commission on Illumination (CIE - Commission Internationale de 1'Eclairage) [11] in 1978.
The CIEL * a * b * color space is made up of three coordinates L *, a *, b *. The coordinate L * refers to lightness and
its values go from zero (completely black) to 100 (pure white). The coordinate a * indicates the chromaticity of the red
to green axis, positive values indicate the red color and negative values indicate the green color. The b * coordinate
indicates the chromaticity of the yellow to blue axis, positive values indicate the yellow color and negative values
indicate the blue color [12].

The total alteration of color (AE) was calculated using the formula:

AE = [(AL*)? + (A@*)? + (Ab*)?]
2

where AL* = L*,—L*; Aa* = a*;—a*; e Ab* = b*;—b*,, and the letters “i” e “f” represent the initial and final values.

The advantage of the CIEL * a * b * system is that the color differences can be expressed in units, allowing the
relation with visual perception and clinical significance [13]. AE values greater than 3.3 are clinically visible, and this
value was used to define the clinical significance [6].

All samples were analyzed by a single examiner blinded with random placements in the equipment, in order to
obtain the individual average of each.

STATISTICAL ANALYSIS

Data were analyzed statistically using the STATA software 12.0 software (Stata Corporation, College Station, TX,
USA). Testing for normality was carried out using the Kolgomorov-Smirnov test and revealed non-normal distribution.
Data analysis was performed using generalized linear models by applying Poisson regression to determine the ratios of
the averages of the esthetic orthodontic elastomeric ligatures group and the solutions groups, with group 1 and water
solution as controls to compare with. The significance level used for all tests was 0.05.

RESULTS

The values found are presented descriptively in Table 2. By evaluating the results, it can be observed that the
behavior of the groups was similar, as it can be verified in Table 3, where the change AE was not influenced by the
color of the esthetic orthodontic elastomeric ligatures.

The IRR (Incidence Rate Ratio) is the average ratio, having as denominator the group with lower value. Thus, it is
considered that group 2 has shown color change 1.08 times higher than group 1. It was not possible to determine
statistically significant differences between the groups (Table 3).

When analyzing the figures for the solutions, it can be observed that they represent statistically significant influence
on AE, as shown in Table 4. Coca-Cola” had the lowest variation, showing a variation 2 times higher than the control
group. Coffee was the solution with the highest variation, presenting a variation 9.83 times higher than the control
group.

The values helped confirm that regardless of the esthetic orthodontic elastomeric ligatures, the solutions exert
statistically significant influence on AE.

Table 2. Descriptive statistics of the values found by the present study.

Descriptivestatistics
Solution group N Mean Std. Deviation
Coca-Cola 1 24 1.21 0.35
Coffee 1 24 5.14 2.88
Tea 1 24 4.90 0.35
Wine 1 24 342 0.26
Water 1 24 0.35 0.08
Coca-Cola 2 24 1.05 0.17
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(Table 2) contd.....

Descriptivestatistics
Coffee 2 24 5.24 0.19
Tea 2 24 5.49 0.42
Wine 2 24 3.66 0.11
Water 2 24 0.76 0.11
Coca-Cola 3 24 0.93 0.14
Coffee 3 24 4.98 0.15
Tea 3 24 4.54 1.09
Wine 3 24 4.26 0.37
Water 3 24 0.57 0.11
Coca-Cola 4 24 1.04 0.09
Coffee 4 24 5.37 0.70
Tea 4 24 4.98 1.50
Wine 4 24 4.34 0.13
Water 4 24 0.44 0.10

Table 3. Distribution of groups tested by IRR (Incidence Rate Ratio).

Groups IRR Std. Err. P 95% conf. interval

2 1.08 0.08 0.293 0.94 1.25
3 1.02 0.08 0.812 0.88 1.18
4 1.08 0.08 0.309 0.93 1.24

Table 4. Distributions of the solutions tested by IRR (Incidence Rate Ratio).

Solutions IRR Std. Err. P 95% conf. interval
Coca-Cola” 2.00 0.35 0.00 1.43 2.80
Coffee 9.83 1.45 0.00 7.36 13.12
Tea 9.44 1.39 0.00 7.06 12.60
Wine 7.3 1.11 0.00 5.54 9.97
DISCUSSION

The choice of esthetic braces will be incomplete if the characteristics of the esthetic orthodontic elastomeric
ligatures used for the application of orthodontic mechanics to the tooth are not analyzed. Esthetic orthodontic
elastomeric ligatures can be colorless or in pearl color variations. Color change is observed after exposure to colorings
present in food and drinks, regardless of the esthetic orthodontic elastomeric ligatures’s initial, and this is one of the
known clinical shortcomings of elastomers. In order to identify the color change of esthetic orthodontic elastomeric
ligatures under the influence of the most commonly ingested drinks by patients, this study has evaluated the color
change of esthetic orthodontic elastomeric ligatures of different shades exposed to four different food colorings.

All solutions have changed the final aspect and color of the samples tested, regardless of the color of the esthetic
orthodontic elastomeric ligatures. In ascending order, the color of the samples was as follows: distilled water, Coca-
Cola”, black tea, wine and coffee.

These results are relevant due to the fact that adult patients are extremely critical of the esthetic orthodontic
elastomeric ligatures and are frequent consumers of red wine, coffee and tea. In the study by Fernandes ef al. [1], where
the same solutions were tested, the results were equivalent, despite the fact that esthetic orthodontic elastomeric
ligatures of a different manufacturer were evaluated.

Ardeshna and Vaidyanathan [9] also found similar results, with the largest changes found in groups of tea and
coffee, and the smallest color variation was also found in the group immersed in the cola solution. However, color
changes caused by red wine were not investigated. Red wine, however, showed a strong effect on the coloration of the
resin restorations in other studies [8, 14].

In restorative materials, staining by tea may be due to the adsorption of dyes on the material’s surface, which can be
removed by brushing. On the other hand, staining by coffee may be due to both absorption and adsorption of dyes. This
absorption and penetration of dyes is probably due to compatibility with the yellow dyes from coffee [15, 16]. In the
esthetic orthodontic elastomeric ligatures, although coffee causes a higher colorings than tea [1, 9], there is no account
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of the difference between adsorption and absorption of dyes in these materials.

Pigment absorption is potentially related to water retention and the resultant swelling of the polymer. The size of the
surface and volume of samples can strongly influence the absorption of water, representing color variations of the
elastomeric modules [9]. The studies by Ardeshna and Vaidyanathan [9] and Fernandes et al. [1] did not measure the
esthetic orthodontic elastomeric ligatures themselves, but an area of the stem which joins the esthetic orthodontic
elastomeric modular ligatures units, thus finding AE values higher than the ones found in the present study.

In the literature there is no consensus on the limits of chromatic variation that would be noticeable to the human eye.
Most researches consider AE values greater than 3.3 visually noticeable, based on previous investigations [6, 17, 18]. In
this study, the AE values for the groups immersed in distilled water were all <0,76, regardless of the initial color, which
are changes considered visually imperceptible. These results were similar to the ones by Soldati et al. [10], and indicate
that water is a good means of control and can simulate the effect of saliva in the oral environment.

Although the AE values of samples immersed in Coca-Cola” are below 3.3, which would be clinically acceptable
for resin restorations, the esthetic orthodontic elastomeric ligatures presented distinguishable color variations in
comparison with the control group. This means that the value of 3.3, although suitable for restorative composites,
cannot be considered a limit to the visibility of color variations when evaluating esthetic orthodontic elastomeric
ligatures.

Regardless of the hue tested, all solutions exerted statistically significant influence when compared with the control
group. These results demonstrate that esthetic orthodontic elastomeric ligatures are susceptible to pigmentation, as
described by several authors [3, 9, 10, 19].

Esthetic orthodontic elastomeric ligatures are made by synthesis of polyurethane, which can be produced with
different chemicals. The chemical alteration influences the configuration of the elastomeric chains and its ability to
resist decay by external agents. The processing conditions can also affect the structure and configuration of the polymer
chains. Furthermore, the surface characteristics, such as texture and porosity, may be different between manufacturers
and influenced by external agents [1, 9, 20].

From a clinical point of view, the study has shown that the esthetic orthodontic elastomeric ligatures of all hues are
prone to significant color changes. Orthodontists should be aware of the instability of the color of the esthetic
orthodontic elastomeric ligatures, and plan a shorter time interval between appointments, in order to meet the esthetic
needs of patients.

CONCLUSION

Among the substances evaluated, those that have a greater potential for staining the esthetic orthodontic elastomeric
ligatures were black tea, wine and coffee, respectively. All shades of esthetic orthodontic elastomeric ligatures are
susceptible to color change, with no statistically significant difference between the tested colors.

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

[1] Fernandes AB, Ribeiro AA, Araujo MV, Ruellas AC. Influence of exogenous pigmentation on the optical properties of orthodontic elastic
ligatures. J Appl Oral Sci 2012; 20(4): 462-6.
[http://dx.doi.org/10.1590/S1678-77572012000400012] [PMID: 23032209]

2] Lew KK. Staining of clear elastomeric modules from certain foods. J Clin Orthod 1990; 24(8): 472-4.
[PMID: 2084167]

[3] Kim SH, Lee YK. Measurement of discolouration of orthodontic elastomeric modules with a digital camera. Eur J Orthod 2009; 31(5):
556-62.
[http://dx.doi.org/10.1093/ejo/cjp030] [PMID: 19474228]

[4] Abu-Bakr N, Han L, Okamoto A, Iwaku M. Color stability of compomer after immersion in various media. J Esthet Dent 2000; 12(5): 258-63.
[http://dx.doi.org/10.1111/j.1708-8240.2000.tb00232.x] [PMID: 11338492]


http://dx.doi.org/10.1590/S1678-77572012000400012
http://www.ncbi.nlm.nih.gov/pubmed/23032209
http://www.ncbi.nlm.nih.gov/pubmed/2084167
http://dx.doi.org/10.1093/ejo/cjp030
http://www.ncbi.nlm.nih.gov/pubmed/19474228
http://dx.doi.org/10.1111/j.1708-8240.2000.tb00232.x
http://www.ncbi.nlm.nih.gov/pubmed/11338492

Analysis of the Influence of Food Colorings The Open Dentistry Journal, 2016, Volume 10 521

[10]

[15]

[16]

[17]

(18]

[19]

[20]

Fay RM, Servos T, Powers JM. Color of restorative materials after staining and bleaching. Oper Dent 1999; 24(5): 292-6.
[PMID: 10823076]

Ruyter IE, Nilner K, Moller B. Color stability of dental composite resin materials for crown and bridge veneers. Dent Mater 1987; 3(5):
246-51.
[http://dx.doi.org/10.1016/S0109-5641(87)80081-7] [PMID: 3479360]

Uchida H, Vaidyanathan J, Viswanadhan T, Vaidyanathan TK. Color stability of dental composites as a function of shade. J Prosthet Dent
1998; 79(4): 372-7.
[http://dx.doi.org/10.1016/S0022-3913(98)70147-7] [PMID: 9576308]

Wiltshire WA, Labuschagne PW. Staining of light-cured aesthetic resin restorative materials by different staining media: an in vitro study. J
Dent Assoc S Afr 1990; 45(12): 561-5.
[PMID: 1711721]

Ardeshna AP, Vaidyanathan TK. Colour changes of orthodontic elastomeric module materials exposed to in vitro dietary media. J Orthod
2009; 36(3): 177-85.
[http://dx.doi.org/10.1179/14653120723166] [PMID: 19741179]

Soldati DC, Silva RC, Oliveira AS, Kaizer MR, Moraes RR. Color stability of five orthodontic clear elastic ligatures. Orthodontics (Chic)
2013; 14(1): e60-5.
[http://dx.doi.org/10.11607/ortho.892] [PMID: 23646339]

International Commission on Illumination. Recommendations on uniform color spaces, color difference equations and psychometric color
terms. Vienna, Austria: CIE Publication 1978.

Mclaren K. Development of cie 1976 (lab) uniform color space and color-difference formula. J Soc Dyers Colouris 1976; 92(9): 338-41.
[http://dx.doi.org/10.1111/j.1478-4408.1976.tb03301.x]

Burkinshaw SM. Colour in relation to dentistry. Fundamentals of colour science. Br Dent J 2004; 196(1): 33-41.
[http://dx.doi.org/10.1038/sj.bdj.4810880] [PMID: 14966502]

Yannikakis SA, Zissis AJ, Polyzois GL, Caroni C. Color stability of provisional resin restorative materials. J Prosthet Dent 1998; 80(5):
533-9.
[http://dx.doi.org/10.1016/S0022-3913(98)70028-9] [PMID: 9813802]

Bagheri R, Burrow MF, Tyas M. Influence of food-simulating solutions and surface finish on susceptibility to staining of aesthetic restorative
materials. J Dent 2005; 33(5): 389-98.
[http://dx.doi.org/10.1016/j.jdent.2004.10.018] [PMID: 15833394]

Um CM, Ruyter IE. Staining of resin-based veneering materials with coffee and tea. Quintessence Int 1991; 22(5): 377-86.
[PMID: 1924691]

Valentini F, Oliveira SG, Guimardes GZ, Barbosa RP, Moraes RR. Effect of surface sealant on the color stability of composite resin
restorations. Braz Dent J 2011; 22(5): 365-8.
[PMID: 22011890]

Vichi A, Ferrari M, Davidson CL. Color and opacity variations in three different resin-based composite products after water aging. Dent
Mater 2004; 20(6): 530-4.
[http://dx.doi.org/10.1016/j.dental.2002.11.001] [PMID: 15134940]

Cavalcante JS, de Castellucci e Barbosa M, Sobral MC. Evaluation of the susceptibility to pigmentation of orthodontic esthetic elastomeric
ligatures. Dental Press J Orthod 2013; 18(2): e21-8.

Wong AK. Orthodontic elastic materials. Angle Orthod 1976; 46(2): 196-205.
[PMID: 1064346]

© Dias da Silva et al.; Licensee Bentham Open

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License
(CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/legalcode), which permits unrestricted, non-commercial use, distribution and
reproduction in any medium, provided the work is properly cited.


http://www.ncbi.nlm.nih.gov/pubmed/10823076
http://dx.doi.org/10.1016/S0109-5641(87)80081-7
http://www.ncbi.nlm.nih.gov/pubmed/3479360
http://dx.doi.org/10.1016/S0022-3913(98)70147-7
http://www.ncbi.nlm.nih.gov/pubmed/9576308
http://www.ncbi.nlm.nih.gov/pubmed/1711721
http://dx.doi.org/10.1179/14653120723166
http://www.ncbi.nlm.nih.gov/pubmed/19741179
http://dx.doi.org/10.11607/ortho.892
http://www.ncbi.nlm.nih.gov/pubmed/23646339
http://dx.doi.org/10.1111/j.1478-4408.1976.tb03301.x
http://dx.doi.org/10.1038/sj.bdj.4810880
http://www.ncbi.nlm.nih.gov/pubmed/14966502
http://dx.doi.org/10.1016/S0022-3913(98)70028-9
http://www.ncbi.nlm.nih.gov/pubmed/9813802
http://dx.doi.org/10.1016/j.jdent.2004.10.018
http://www.ncbi.nlm.nih.gov/pubmed/15833394
http://www.ncbi.nlm.nih.gov/pubmed/1924691
http://www.ncbi.nlm.nih.gov/pubmed/22011890
http://dx.doi.org/10.1016/j.dental.2002.11.001
http://www.ncbi.nlm.nih.gov/pubmed/15134940
http://www.ncbi.nlm.nih.gov/pubmed/1064346
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Analysis of the Influence of Food Colorings in Esthetic Orthodontic Elastomeric Ligatures 
	[Proposition:]
	Proposition:
	Materials and Methods:
	Results:
	Conclusion:

	INTRODUCTION
	MATERIALS AND METHODS
	STATISTICAL ANALYSIS
	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




