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ABSTRACT

Introduction: The aim of this in vitro study was 

to evaluate the interference of three beverages 

(coffee, Coca-Cola® and red wine) in the color of 

resin composites: Transbond XT®, Orthocem®, 

Fill Magic® and Z100®. Methods: The sample 

was made up of 160 test specimens (n=10), 

with a total of 40 for each composite. During 

the experimental period of 28 days, the test 

specimens were immersed in distilled water and 

kept in an oven at 37° C. The experimental groups 

were immersed in coffee, red wine or coca cola, 

respectively, 5 days a week, for 3 minutes a day. 

The color variations were quantified, considering 

the variation expressed in delta E (ΔL*, Δa* and 

Δb*). The data were statistically analyzed by 

means of the nonparametric Kruskal Wallis and 

Dunn tests, considering a level of significance 

of 5%. Results: No significant differences were 

verified among the brands (p>0.05) for variation 

in color (ΔE), when they were immersed in the 

same solution. For the Transbond XT brand, 

higher variation in color values (ΔE) were 

observed for the composites immersed in wine 

(p<0.05), followed by coffee and Coca-Cola. For 

Fill magic, Orthocem and Z100, the composites 

immersed in coffee or wine showed higher 

variation in color values. Conclusion: All the 

composites showed higher variation in color 

values when immersed in wine and coffee when 

compared with Coca-Cola and distilled water. 

The composites of the Transbond XT and Z100 

brands showed lower variation in color values 

than Fill Magic and Orthocem when immersed 

in Coca-Cola and distilled water.
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INTRODUCTION

Esthetics forms part of day-to-day life in a 

wide variety of health care areas, and the 

incessant quest for perfection is shared 

by both patients and professionals. Or-

thodontics did not remain far from these 

concerns, because some esthetic appli-

ances were developed over the course of 

the years. The use of resin composites in 

orthodontic treatment has enabled the di-

rect bonding of brackets to tooth enamel, 

with the quality of the bond and color sta-

bility being essential factors in the appli-

cation of these materials.1  

 In spite of dental composites having ad-

vantageous esthetic possibilities,2 color 

changes in restorative composites after 

being exposed to simulated oral environ-

ments have been the object of study in re-

searches.1,3-6 Studies have predicted that 

esthetic properties may be considerably 

compromised as a result of these materi-

als becoming discolored. Resin composites 

are capable of acquiring different degrees 

of discoloration, and this change of color 

in the materials results from extrinsic and 

intrinsic factors.2  

Among the intrinsic factors is the varia-

tion in chemical structure of these ma-

terials. At present, the majority of resin 

composites are activated by light. This ac-

tion is related to some chemical activation 

components in the cure formulations. The 

best known photoinitiator contained in 

resin material is camphorquinone.  Some 

manufacturers include other photoiniti-

ators, normally with a reduced yellowing 

effect. Consequently, they have better col-

or stability.7 The degree of change under-

gone by the organic matrix of a composite 

is an essential factor for color stability, 

as the quantity of monomers converted 

into polymers during the polymerization 

procedure is proportional to the stain re-

sistance of the product.8 Moreover, in the 

presence of oxygen, this conversion does 

not occur completely, so that the uncon-

verted monomers results in an unpolym-

erized layer, susceptible to staining.9
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Whereas the extrinsic factors involve the shade 

of resin material used, with the darker types be-

ing less subject to absorbing pigments and ad-

sorption or absorption of exogenous substanc-

es coming from foods. Dark beverages, such 

as wine and cola-based soft drinks may cause 

different degrees of staining in these materials, 

which vary according to the composition of each 

of these.10  Coffee is also particularly known to 

cause staining of teeth and resins.11,12

Pigmentation around ceramic brackets, at the 

interface between the bracket and tooth enamel, 

filled with resin to promote bonding - a routine 

fact observed in clinical practice - was one of the 

great motivators for conducting this study.

In the literature, there are some research-

es comparing the properties of composites 

among them, and also with ionomer ce-

ments.1,4,6 However, contemporary compos-

ites that are appearing on the market, es-

pecially Orthocem®, Transbond XT® and Fill 

Magic Orthodontic® have hardly been tested. 

Therefore, in the present research conduct-

ed by an in vitro study, the  interference of 

three beverages (coffee, Coca-Cola® and red 

wine) and a control liquid (distilled water) in 

the color of composite resins of the Ortho-

cem®, Transbond XT®, Z100® and Fill Magic 

Orthodontic® were evaluated.

MATERIAL AND METHODS

The sample was made up of 160 test speci-

mens fabricated of resin composite, with a 

total of 40 for each composite (n=10).

For fabricating the test specimens, the fol-

lowing resin composites were used: Z100® 

(3M ESPE, SP, Brazil) in shade A2, Trans-

bond XT® (3M, ESPE, SP, Brazil), Ortho-

cem® (FGM, SP, Brazil), Fill Magic® (COL-

TENE, SP, Brazil) (Table 1). 

The test specimens (6 mm in diameter and 

2 mm thick) were fabricated with the aid 

of a two-piece Teflon matrix. The resin 

composite was inserted into the matrix in 

a single increment with the aid of a dual 

Titanium spatula (Millennium, Golgran, SP, 

Brazil). After inserting the material, a poly-

ester matrix (KDent, Quimidrol, SC, Brazil) 

was placed on the surface of the material 

with a glass slide over it. Then a load of 1 
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kg was placed on the glass slide (Golgran, 

SP, Brazil) for 30 s to guarantee that the 

matrix was filled and that the excess ma-

terial would exude.  After removing the 

load, the material was light activated with 

a light polymerizing appliance Emitter A Fit 

(Schuster, SP, Brazil) in accordance with 

the manufacturers’ indications. After each 

light activation procedure, the power (600 

mW/cm 2) of the appliance was monitored 

with a radiometer (RD7, Ecel, SP, Brazil).

 After light activation, the test specimens 

were withdrawn from the matrix and one 

PRODUCT MANUFACTURER COMPOSITION

Z100® na cor A2 3M ESPE, SP, Brazil

TEGDMA, BisGMA, silanized treated 
Ceramic, 2-Benzotriazolyl-4-
methylphenol;
* Fillers containing silica-zirconia;
Microhybrid

Transbond XT® 3M, ESPE, SP, Brazil

Organic Matrix: Bis-GMA and TEGDMA 
Inorganic Part: Silanized silica with 
70 to 80% by  volume of n-dimethyl 
benzocaine, hexafluorphosphate, 
Camphorquinone

Orthocem® FGM, SP, Brazil

Methacrylic monomers such as BisGMA, 
TEGDMA and phosphate methacrylate 
monomers, stabilizer, camphorquinone, 
co-initiator and  nanometric silicon 
dioxide filler particles.

Fill Magic® Coltene, SP, Brazil

Bis-GMA, Bis-EMA, 
UDMA,TEGMA,EDAB,BHT,  
camphorquinone, filler particles and 
pigment.

Table 1: Composite Compositions and Manufacturers 
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of the surfaces was duly identified to serve 

as a guide when positioning the specimen 

on the spectrophotometer to obtain the 

colorimetric values. Throughout the entire 

experiments, all the test specimens were 

stored in distilled water at 37±1°C.

The color readouts were made after the 

test specimens were fabricated, and on 

conclusion of the experimental period of 

28 days. For color assessment the spec-

trophotometer model SP62S with Model 

QA Master I Software (X-Rite Incorporated 

- Neu-Isenburg Germany) was used, with 

focal aperture of 4 mm, spherical geome-

try d/8º, and angle of observation of 10°. 

Each test specimen was carefully manip-

ulated by using clinical forceps (Millen-

nium, Golgran, SP, Brazil), to prevent the 

evaluator from making manual contact 

with the specimen, which could lead to 

depositing residues and/or grease on it, 

and influence the values that were found. 

The test specimens were also carefully 

dried with absorbent paper to prevent in-

terference of humidity in the color change 

values. At the time of readout, the test 

specimens were placed on a white device, 

duly prepared, so that the readouts could 

be taken in the correct position. 

The colorimetry appliance emitted a light 

source with waves ranging from 400 to 700 

nm on the object and measured the reflec-

tion of this spectrum. For translucent ob-

jects, the value of the background color is 

added to the color value of the object.  To 

standardize the values of these measure-

ments, the test specimens were placed on 

a block with a white, opaque, background 

color. The color measurements were ob-

tained by means of using the CIE L* a* b* 

color system. The ΔE*; that is, the total 

difference between two color stimuli was 

calculated by using the following formula:

ΔE* = √(ΔL*) + (Δa*) + (Δb*).

The CIE L*a*b* system used three param-

eters for defining color: lightness, hue 

and saturation13. Lightness represents the 

degree of brightness and darkness of the 

object represented by the value of L*, with  

L* = 100 for the brightest white and L* = 

0 for darkest black. The parameters  a* e 
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b*, called the chromatic scale (hue), repre-

sent red if +a* and green if –a*, yellow if +b* 

and blue if –b*.14 Saturation and intensity 

of the hue are given by the numerical value 

of a* and b*. The values of ΔL*, Δa*, Δb*, cor-

respond to the difference in the values of 

L*, a*, b*, respectively, in comparison with 

the first color readout (baseline/initial).

The test specimens were submersed in a recep-

tacle containing distilled water and after this 

they were placed in an oven at 37° C, for 28 days. 

For the period of 28 days the resin com-

posite discs of the experimental groups 

were immersed in the coloring solutions 

for 5 days a week, 3 minutes per day in 250 

ml of coffee, 250 ml of red wine and 250 

ml of Coca-Cola®. The variations in color in 

the experimental groups were quantified 

in the following time intervals: baseline/ 

initial and 28 days after pigmentation. 

DATA ANALYSIS

The exploratory analysis showed that the 

data did not meet the presuppositions of 

a parametric analysis. Therefore, the non-

parametric Kruskal Wallis and Dunn tests 

were used for making comparisons among 

the brands and solutions.  Analyses were 

performed with the R software program 

(R Core Team, 2017, R:  A Language and 

Environment for Statistical Computing. R 

Foundation for Statistical Computing, Vi-

enna, Austria. URL) with a level of signifi-

cance of 5%.

RESULTS

In this experimental study, it was possible 

to compare the color stability of four com-

posites of different commercial brands 

(Transbond XT, Fill magic, Orthocem and 

Z100) used for orthodontic bracket bond-

ing, submitted to experimental pigmenta-

tion (coffee, red wine, Coca-Cola and dis-

tilled water - control), for the period of 28 

days. 

In Table 2 we could verify that in the anal-

ysis of ΔE no significant differences were 
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observed among the brands, when im-

mersed in the same solution (p>0.05) in 28 

days. However, when Transbond XT resin 

was compared with Fill Magic resin and 

immersed in Coca-Cola, it showed lower 

variation in color. In the time interval of 

28 days, for immersion in Coca-Cola, the 

Transbond XT and Z100 resins showed the 

lowest variation in color values when com-

pared with the other materials. 

TIME SOLUTION
COMPOSITE BRAND

TRANSBOND FILL MAGIC ORTHOCEM Z100

ΔL

Coffee -7.86 (-12.04; -6.35) Ab -10.21 (-14.77; 0.75) Ab -9.72 (-17.81; -6.74) Ab -11.35 (-14.20; -8.09) Ac

Wine -14.35 (-20.92; -5.27) Bc -13.34 (-25.14; -9.28) Bc -9.44 (-13.60; -5.31) Ab -10.36 (-17.04; -4.90) ABc

Coca -4.57 (-5.62; 1.42) Aa -7.50 (-10.17; -4.79) Ab -7.08 (-10.01; -5.40) Ab -5.08 (-7.42; -4.08) Ab

Control -0.48 (-3.63; 1.28) Aa -1.72 (-3.77; 2.88) Aa -1.70 (-4.15; -0.96) Aa -0.18 (-2.08; 1.41) Aa

Δa

Coffee 2.87 (1.57; 4.56) Ba 6.01 (0.08; 8.08) Aa 3.46 (2.16; 5.97) ABa 4.23 (2.44; 5.16) ABa

Wine 3.34 (1.93; 5.09) Ba 6.74 (2.98; 9.04) Aa 4.30 (2.41; 7.73) ABa 1.66 (0.64; 4.24) Cb

Coca 1.96 (1.53; 3.02) Aab 2.51 (1.27; 2.95) Ab 3.26 (2.36; 4.63) Aa 1.52 (1.27; 1.89) Ab

Control 0.35 (-0.28; 0.59) Ab 0.64 (-0.07; 1.20) Ab 0.66 (0.02; 1.25) Ab 0.00 (-0.36; 0.29) Ab

Δb

Coffee 3.67 (-5.26; 12.48) Aba 4.62 (-0.18; 10.89) Aa -0.25 (-5.77; 4.56) Ca 0.72 (-2.58; 6.35) BCa

Wine -2.20 (-6.51; 3.29) Ab -1.98 (-5.34; 2.25) Ab -6.70 (-9.37; -2.68) Bb -6.51 (-10.23; -2.69) Bb

Coca 2.01 (0.51; 9.48) Aa -0.02 (-6.00; 2.59) ABb -2.33 (-5.81; 2.41) Ba 0.44 (-0.80; 2.54) ABa

Control 1.05 (-0.73; 3.27) Aab -0.62 (-2.42; 3.26) Ab -1.70 (-4.14; 2.03) Aa -0.09 (-3.35; 1.79) Aa

ΔE

Coffee 10.55 (7.73; 14.97) Ab 14.00 (6.60; 16.26) Aa 10.72 (7.24; 18.79) Aa 12.14 (8.84; 16.28) Aa

Wine 15.08 (7.68; 21.75) Aa 15.07 (9.98; 26.36) Aa 11.90 (7.30; 17.56) Aa 12.07 (8.18; 20.32) Aa

Coca 5.43 (4.29; 10.05) Ac 7.93 (5.48; 10.62) Ab 8.41 (6.30; 12.24) Ab 5.50 (4.35; 7.73) Ab

Control 1.45 (0.96; 4.89) Ac 2.87 (2.17; 4.64) Ac 2.80 (1.22; 5.96) Ab 1.70 (0.51; 3.39) Ab

Table 2: Median (minimum value and maximum value) of delta L, a, b and E considering the solution and commercial brand of composite.

Means followed by different letters (capitals in the horizontal, and lower case letters in the vertical comparing solutions within each 

time interval and brand) differ among them (p≤0.05).
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In the evaluation according to solution, 

both coffee and red wine showed higher 

color change values, however, for some 

brands of resin, no difference was shown 

for Coca-Cola, which showed no signifi-

cant difference from the control groups 

for any of the evaluations.  

In Table 2, the results of delta L are shown. 

No significant difference between the 

brands was observed for the composites 

immersed in coffee, Coca-Cola and dis-

tilled water (p>0.05). When immersed in 

red wine, the composites of the Orthocem 

brand showed the lowest variation in the 

value of ΔL (delta minus negative) than 

those of the Transbond XT and Fill Magic 

brands (p<0.05). For Orthocem and Z100 

there was no significant difference be-

tween the composites immersed in coffee 

or red wine (p>0.05).

Relative to value Δa, the Transbond XT 

brand composites showed lower variation 

in color than those of the Fill Magic brand 

when immersed in coffee or red wine. Fill 

Magic brand composites showed high-

er variations in color value Δa when im-

mersed in coffee or red wine. Whereas for 

Transbond XT and Orthocem, no signifi-

cant difference was observed between in 

coffee, red wine and Coca-Cola (p>0.05). 

The Z100 brand composites immersed in 

coffee showed the highest variation in col-

or values than those immersed in  red wine, 

Coca-Cola and distilled water (p<0.05).

Analysis of the value Δb showed a reduc-

tion value when Transbond XT specimens 

were immersed in red wine, and an in-

crease in value when they were immersed 

in coffee, Coca-Cola and distilled water. 

For Fill Magic there was an increase (me-

dian of the variation>0) when specimens 

were immersed in coffee. For Orthocem 

and Z100 higher variation in values (delta 

plus negative) in composites immersed in 

red wine (p<0.05).



Color stability of resin composites for orthodontic use

113

©Dental Press Publishing - J Clin Dent Res. 2020 May-Aug;17(2):104-17

DISCUSSION 

The aim of this experimental in vitro study 

was to simulate situations that occur in 

the oral cavity. Therefore, immersion in 

pigmenting substances for 3 minutes was 

used, as was done in previous studies.15 

Thus, it was possible to compare the col-

or stability of four composites of different 

commercial brands (Transbond XT, Fill 

magic, Orthocem and Z100) used for or-

thodontic bracket bonding, submitted to 

experimental pigmentation (coffee, red 

wine, Coca-Cola and distilled water - con-

trol), for the period of 28 days. 

The color change of resin composites is 

related to the type of composite (type of 

resin matrix and filler particles, size of 

filler particles) and time of immersion in 

the solutions.7,16-18 

For the purpose of verifying changes in 

color, some reference needs to be used to 

which to relate the color of the composite 

before and after exposure to the stain-

ing tests.19 The color of materials may be 

demonstrated in the form of coordinates 

to locate a color in a color space. Therefore, 

the variation in the values of the color co-

ordinates may be considered quantifiers 

in the color of the material.13 A Commis-

sion Internationale de l’Eclairage (CIE) is 

an entity recognized as being an authority 

on the science of light and color.20 This in-

stitution has considered tree color spac-

es, CIE XYZ, CIE L*C*h and CIE L*a*b* - for 

the communication and expression of col-

ors.21 At present, the CIELAB color space is 

the most appreciated of the uniform col-

or spaces used for evaluating colors. This 

being so, the CIE color parameters L* a* b* 

(L*, lightness, a*, chromatic coordinate on 

the green-red axis; and b*, chromatic co-

ordinate on the yellow-blue axis) may be 

used to evaluate the optical properties of 

orthodontic resin composites.13

According toe the CIELab Standards of 

1968, ΔE= 1 is the smallest difference in col-

or perceived by a trained observer, and ΔE 

≤ 3, are acceptable differences. According 

to Tekce et al,20 the clinically refusal limit of 

color change is ΔE>3,3. In this study, we ver-
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ified that the median of the delta E values 

exceeded 3.3 in all the coloring liquids in 

which the composites were immersed, irre-

spective of the brand of composite tested, 

with the exception of those immersed in 

distilled water - the liquid used as control. 

In the literature, no studies that evaluated 

composites used for bonding orthodontic 

accessories were found.  However, stud-

ies conducted with restorative composites 

have shown color changes resulting from 

intrinsic and extrinsic factors.5,17,18,23 Ex-

trinsic stains are mainly associated with 

the unstable conditions of the oral cavity. 

These conditions vary right from depo-

sition of coloring agents present in foods 

through to factors related to products used 

by patients to perform oral hygiene.16

In the present study red wine was found to 

have a greater capacity for staining in all 

the resins tested, throughout the time in-

terval that elapsed. Readouts were taken 

throughout this time, showing greater vari-

ation in the delta E value.  Furthermore, 

coffee was also found to cause intense 

staining when compared with Coca-Cola®. 

For Fill magic, Orthocem and Z100, the com-

posites immersed in coffee or wine showed 

higher variation in color values. The Z100 

brand of composite immersed in coffee 

showed color change comparable with that 

caused by red wine. Coffee contains yel-

low coloring constituents with low polari-

ty that may cause deeper staining in resin 

composite by means of mechanisms of ad-

sorption and absorption.3,5 With regard to 

red wine, in addition to its inherent color, 

it has a physico-chemical effect on the res-

in composite due to fermentation. There 

are ascetic acid, propionic acid and lactic 

acid among its constituents and by-prod-

ucts. These acids are capable of causing 

superficial softening in restorative resins, 

influencing their resistance to abrasion, 

and increasing the chances of staining oc-

curring.23

In the present study, there were no signifi-

cant changes in color in the test specimens 

stored in distilled water (in the control 

group) in the different time intervals. This 

result is in line with the findings in the stud-

ies of Manojlovic et al.18 and Lepri et al.24, in 

which they verified that the variation in the 

colors of resins immersed in water were 
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shown to be imperceptible. Therefore, the 

absorption of water separately is not re-

sponsible for visible chromatic changes.18 

Moreover, reports have stated that the 

smaller the filler particles, the  higher 

would be the degree of polymerization 

shrinkage, water sorption. Greater su-

perficial wear and thermal expansion.26 

According to Lepri et al.24, resins with a 

smaller quantity of filler particles, such 

as those used for bonding orthodontic 

accessories, have shown lower resistance 

to staining. However, in the present study 

Transbond XT® resin was found to under-

go color change similar to that of Z100® 

resin. Certain characteristics, such as 

hardness, flexural strength, translucence 

and coefficient of thermal expansion are 

known to be related to the organic matrix 

of the resin, while   chromatic stability 

is influenced by the organic matrix. Both 

the above-mentioned composites had the 

same organic matrix composition, TEGD-

MA, BisGMA, and an inorganic part, si-

lanized ceramic, differing in percentage by 

volume. The Z100 composite has Zirconia/

Silica 84.5% by weight and 66% by volume, 

with a mean particle size of 0.6 microme-

ters. Whereas Transbond XT® resin con-

tains silanized silica, 70 to 80% by volume 

n-dimethyl benzocaine, hexafluorphos-

phate, and camphorquinone.

Moreover, worth emphasizing is that in-

trinsic factors may cause changes in col-

or stability when these resin materials 

are aged by exposure to different physi-

co-chemical conditions such as oxidation 

of the residual monomers, concentration 

of the initiator and quantities of filler par-

ticles.5,17 However, in this study, the influ-

ence of intrinsic factors was not tested, 

only those coming from the diet were.

Considering that this in vitro study was 

conducted for 28 days and that orthodon-

tic treatment normally has a longer period 

of duration, further studies are suggested 

to evaluate the behavior of these compos-

ites over a longer period of time. Never-

theless, the results of the present study 

simulated a real condition, and may serve 

to guide orthodontists with regard to the 

choice of bonding material, and to guide 

their patients relative to their diet.



116

©Dental Press Publishing - J Clin Dent Res. 2020 May-Aug;17(2):104-17

Lima HMS, Godoi APT, Custodio W, Venezian GC

REFERENCES

1. Fleming PS, Eliades T, Katsaros C, Pandis N. Curing lights for 
orthodontic bonding: a systematic review and meta-analysis. Am J 
Orthod Dentofacial Orthop. 2013;143(4):92-103.

2. Harorli OT, Barutcigil Ç, Bayindir YZ, Bayindir F. Effect of water 
storage and additional polymerization on the color parameters of 
flowable resin composites. J Contemp Dent Pract. 2013;14(6):1109-14.

3. Nahsan FPS, Veda JK, Silva JO, Schmitt VL, Naufel FS, 
Formighieri LA, et al. Estabilidade de cor de resina composta após 
imersão em café, água e solução de clorexidina. Rev Bras Pesqui 
Saúde. 2009;11(2):13-7.

4. Domingos PA, Garcia PP, Oliveira AL, Palma-Dibb RG. Composite 
resin color stability: influence of light sources and immersion 
media. J Appl Oral Sci. 2011; 19(3):204-11. 

5. Salvego RN, Dias RPB, Figueiredo JLG. Estabilidade de cor de 
resinas compostas no processo de manchamento e clareamento. 
Rev Dental Press Estét. 2013;10(3):54-62.

6. Falkensammer F, Arnetzl GV, Wildburger A, Freudenthaler J. Color 
stability of different composite resin materials. J Prosthet Dent. 
2013;109(6):378-83.

7. Bicalho AA, Valdívia ADCM, Barreto BCF, Tantbirojn D, Versluis A, 
Soares CJ. Incremental filling technique and composite material–
part II: shrinkage and shrinkage stresses. Oper Dent. 2014; 39(2), 
83-92.

8. Al Kheraif AA. Effects of curing unit and staining solutions on the 
color susceptibility of a microhybrid composite resin. J Dent Sci. 
2011;6(1):33-40.

CONCLUSION

Within the limitations of this in vitro 

study, it was concluded that there was no 

difference among the brands for the com-

posites immersed in red wine, coffee and 

Coca-Cola. Throughout the course of the 

study time interval, red wine, followed by 

coffee, were the beverages with the high-

est potential for staining in comparison 

with the tested soft drink. As regards dis-

tilled water, used as control, there was no 

significant difference relative to staining. 

When immersed in red wine for up to 28 

days, the composites of the Orthocem, 

Transbond XT®, Fill Magic Orthodontic®  

and Z100® brands, higher variation values 

(delta plus negative) were observed when 

the composites were immersed in coffee 

or red wine, in all the time intervals.



Color stability of resin composites for orthodontic use

117

©Dental Press Publishing - J Clin Dent Res. 2020 May-Aug;17(2):104-17

9. Shawkat ES, Shortall AC, Addison O, Palin WM. Oxygen inhibition 
and incremental layer bond strengths of resin composites. Dent 
Mater. 2009;25(11):1338-46.

10. Mundim FM, Garcia LFR, Cruvinel DR, Lima FA, Bachmann LL, 
Pires-de-Souza FCP. Color stability, opacity and degree of 
conversion of preheated composites. J Dent. 2011;39(suppl 1):25-9.

11. Tornavoi DC, Agnelli JAM, Panzeri H, Dos Reis AC. Color change of 
composite resins subjected to accelerated artificial aging. Indian J 
Dent Res. 2013;24(5):605-9.

12. Hotwani K, Thosar N, Baliga S. Comparative in vitro assessment 
of color stability of hybrid esthetic restorative materials against 
various children’s beverages. J Conserv Dent. 2014;17(1):70-4.

13. Commission Internationale de L’Eclairage. Recommendations 
on uniform colour spaces, colour difference equations and 
psychometric colour terms. Paris: Bureau Central de la CIE; 1978.

14. Schulze KA, Marshall SJ, Gansky SA, Marshall GW. Color stability 
and hardness in dental composites after accelerated aging. Dent 
Mater. 2003;19(7):612-9.

15. Godoi APT, Freitas DB, Traught KGS, Colucci V, Catirse ABCEB. 
Combined effect of the association between chlorhexidine and a 
diet protein on color stability of resin composites. Int J Clin Dent. 
2011;4(2):1-9.

16. Festuccia MSCC, Garcia LFR, Cruvinel DR, Pires-de Souza FCP. Color 
stability, surface roughness and microhardness of composites 
submitted to mouthrinsing action. J Appl Oral Sci. 2012; 20(2):200-5.

17. Beheshteh MA, Amir G, Asrin M, Zhara A, Alireza AB, 
Mohammad KK. Effect of ingested liquids on color change of 
composite resins. J Dent. 2015;12(8):577-84.

18. Manojlovic D, Lenhardt L, Milićević B, Antonov M, Miletic VM, 
Dramićanin D. Evaluation of staining dependent colour changes 
in resin composites using principal component analysis. Sci Rep. 
2015;5:14638.

19. Ozdas DO, Kazk M, Cilingir A, Subasi MG, Tiruaki M, Gunal S. Color 
stability of composites after short-term oral simulation: an in vitro 
study. Open Dent J. 2016;10:431-7. 

20. Tekce N, Tuncer S, Demirci M, Serim ME, Baydemic C. The 
effect of different drinks on the color stability of different 
restorative materials after one month. Restor Dent Endod. 2015 
Nov;40(4):255-61.

21. Vrochari AD, Petropoulou A, Chronopoulos V, Polydorou O, 
Masseu W, Hellwing E. Evaluation of surface roughness of ceramic 
and resin composite material used for conservative indirect 
restorations, after repolishing by intraoral means. J Prosthodont. 
2017 Jun;26(4):296-301.

22. Silva JC; Silva DR, Barbosa DN. Estabilidade de cor das resinas 
compostas: um desafio para a dentística restauradora. Arch Health 
Invest. 2017;6(10):451-7.

23. Minelli CJ, Chaves PHF, Silva EMC. Alteração de cor de resinas 
compostas (Parte I). Influência das soluções de café, chá e vinho. 
Rev Odontol Univ São Paulo. 1988; 2(3):143-7.

24. Lepri CP, Ribeiro MV, Dibb A, Palma-Dibb RG. Influence of mouth 
rinse solutions on the color stability and microhardness of a 
composite resin. Int J Esthet Dent. 2014; 9(2):238-46.

25. Kentrou C, Papadopoulos T, Lagouvardos P. Color changes in 
staining solutions of four light-cured indirect resin composites. 
Odontology 2014;102(2):189-96.

26. Hammad SM, Enan ET. In vivo effects of two acidic soft drinks on 
shear bond strength of metal orthodontic brackets with and without 
resin infiltration treatment. Angle Orthod. 2013;83(4):648-52.




