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Aim: The objective of this study was to evaluate the effects 
of solutions on the color stability of nanohybrid composite 
resins. Methods: The experimental sample consisted of 90 
composite specimens (Beautifil II; Z350XT; Premisa), divided 
into three subgroups (n=10) according to the solutions 
(matte tea; lemon flavor isotonic drink; artificial saliva). The 
specimens were immersed in the solutions (5 mL/specimen) 
while stirring for 5 minutes, four times a day, with 1-hour 
intervals, repeated for 15 days. The color of the specimens 
was analyzed before (baseline) and after the 15th day of 
cycling using the CIELAB system. Data were analyzed using 
the two-way analysis of variance (ANOVA) and Tukey’s test 
(α=5%). Results: Different behaviors were observed among 
resins. Beautifil II presented the highest color change 
(∆E=4.18) and less color stability, statistically different from 
the others (p<.05). The solutions also presented different 
behaviors. The lemon flavor isotonic drink (∆E=3.95) 
promoted the highest color change, statistically different from 
saliva (∆E=2.75; p<.05). The interaction between Beautifil II 
and isotonic drink became even more evident and significant 
(p<.05). Conclusion: The isotonic drink was the solution that 
most affected the resins, and Beautifil II presented the worst 
color stability.
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Introduction

The demand and advances in the aesthetic area have grown, primarily with an evo-
lution of composite resins in dental practice1,2,3. Alteration of color is one of the 
many reasons for replacement of a composite resin restoration. However, this pro-
cedure costs time and money and increases the size of the cavity4. Color alteration 
is attributed to intrinsic discolorations due to physicochemical reactions, such as 
the quality of the polymer matrix of the resin or the quality of photopolymeriza-
tion5,6. There are also extrinsic discolorations, which are related to biofilm accu-
mulation and staining by adsorption or absorption of pigments, mostly present in 
drinks and food7,8. In addition, other properties should be considered, such as the 
surface texture, staining agent, exposure time to the pigment, and characteristics 
of the restoration material4.

Some studies3,8-12 demonstrated that some drinks, such as tea, red wine, coffee, juice, 
and soft drinks, are responsible for staining the composite resins to various degrees. 
Besides these, sports drinks can also influence the stability of color of composite 
resins13. The consumption of this kind of beverage is elevated14 due to a new beauty 
standard that promotes a “new” modern lifestyle with a “healthy diet” and regular exer-
cise, and the researches are not involving this category14.

Many modifications have been taking place regarding composite resin to produce 
a material that is more aesthetic with better polish and good mechanical prop-
erties. This change has been occurring in the size of particles, which produce a 
functional material with nanosized phases called nanocomposites15. This change 
in charged particles and the monomers of the matrix results in a lower polymer-
ization shrinkage, better retention, and better aesthetics1,16 without compromising 
mechanical strength17.

Despite this, there are few studies regarding the color stability of these materials. 
Therefore, the aim of this study was to evaluate the color stability of nanohybrid com-
posite resins in the immersion of different commercial drinks.

Materials and Methods

Experimental Design

The experimental sample consisted of 90 resin specimens of composite resin. The 
specimens were divided into nine groups/subgroups (n=10), considering three com-
posite resins: Beautifil  II (Shofu, Kyoto City, Kyoto Prefecture, Japan), Z350XT (3M 
ESPE, St. Paul, Minnesota, USA), and Premisa (Kerr, Orange, California, USA) and three 
solutions: matte tea (Leão Alimentos e Bebidas, Fazenda Rio Grande, Paraná, Brazil), 
lemon flavor isotonic drink (Gatorade - Ambev., Jaguariúna, São Paulo, Brazil; glucose, 
water, sucrose, sodium chloride, sodium citrate, potassium phosphate, citric acid, and 
flavoring), and artificial saliva.

This study was conducted using a randomized complete block design. The quantita-
tive response was the color stability (∆E, ∆L, ∆a, and ∆b).
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Preparation of Specimens

The composite resins (Table 1) were manipulated according to the manufactur-
er’s instructions and were inserted into cylindrical metal molds of stainless steel 
(4  mm diameter x 2 mm thickness/height). This insertion was performed in a 
single increment.

Table 1. Composite resins tested in this study.

Composite 
Resin Matrix Size of Fillers Percentage of 

Fillers Filler Manufacturer

Beuatifil II Bis-GMA, TEGDMA 10nm - 20nm 54% (L/V) 74% 
(L/Wt) S-PRG Shofu Inc

Filtek Z350XT
Bis-GMA, UDMA, 

TEGDMA, PEGDMA, 
Bis-EMA

4–11 nm, 20 
nm

63.3% 
(V)/78.5% 

Weight

Zirconia, silica 
cluster (20 

nm)
3M ESPE

Primesa Bis-GMA, BisEMA,  
TEGDMA 0.02 μm 84% (Wt)

PPF filler, 
Point 4 filler, 

0.02 μm
Kerr Corp

After the insertion, the matrices were covered with a glass slide. Then, an axial 
load of 500 g was applied on each specimen for 1 min. This compress created a 
flat surface and standardized the thickness. After 1 min, the load was removed, 
and the material was photopolymerized using Kavo Poly Wireless (Kavo do Brasil, 
Joinville, Santa Catarina, Brazil) through glass with visible light for 20 seconds. The 
intensity of the visible light was monitored by a radiometer and was maintained at 
around 1100 mW/cm².

After preparation, the specimens were held and stored in artificial saliva in the oven 
at 37ºC (+/- 1ºC). After 24 h, the specimens were submitted to finishing and polishing 
phases in a polish machine (Arotec, São Paulo, São Paulo, Brazil) with water sandpa-
per 600 and 1200 and with 0.3- and 0.05-µm alumina suspensions. By the end of these 
procedures, the specimens were washed with distilled water for 30 s, submerged into 
distilled water at the ultrasound for 5 min, dried with paper towels, and then immersed 
in artificial saliva for 24 h at 37ºC.

Baseline Color Analysis

Before the cycling, the original color of each specimen was analyzed with a spec-
trophotometer (Color guide 45/0, PCB 6807 BYK-Gardner GmbH, Geretsried, Bavaria, 
Germany) on a white background. This handheld portable equipment measures color 
and gloss attributes simultaneously. The spectro-guide spectrophotometer allows 
repeatable results using color guide 45/0 and a 4-mm aperture and circumferential 
illumination. The standard of observation simulated by spectrophotometer follows 
the CIELAB system, recommended by the Commission Internationale de l’Éclairage 
(CIE). This consists of two axes: a* and b*. They have right angles, representing the 
size of the shade or color. The third axis is the brightness: L*. It is perpendicular to the 
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plane with axes a* and b*. With this system, any color can be specified by the coordi-
nates L*, a*, and b*. We activated the spectrophotometer (30 LED lamps) with 10 dif-
ferent colors, arranged in a circular shape, and focused the light beam at 45º with the 
material surface. This beam is reflected back at 0º to the apparatus, and it captures 
and records the values L*, a*, and b* of each sample.

Cycling of Samples

Specimens of each composite resin were randomly divided into three subgroups. 
The control group was kept in artificial saliva and the other two experimental 
groups were submitted into cycling with the selected drink (matte tea or lemon 
flavor isotonic drink). The drinks were used in their consumption temperature, with 
matte tea at 40ºC and the isotonic drink at 4ºC. Temperatures were measured 
with a digital thermometer.

For 5 min, specimens were immersed in the drinks (5  ml/specimen) under agita-
tion (Orbital Shaker Table CT-155, Cientec Laboratories Equipment, Piracicaba, São 
Paulo, Brazil), 4 times a day, with 1-h intervals. Among the cycles, the specimens were 
immersed in artificial saliva at 37ºC (+/- 1ºC). For the control group, the specimens 
were kept in an oven at 37ºC (+/-1ºC) changing the solution daily. These procedures 
were repeated for 15 d.

Final Color Analysis

After the cycling period, the color was measured again. The difference between 
the color results was obtained by calculating ∆E* = [(∆L*)2+(∆a*)2+(∆b*)2]12. 
The brightness differences of ∆L, ∆a, and ∆b were also calculated by the formulas 
∆L* = L*(t)-l*(0), ∆a* = a*(t)-a*(0), and ∆b* = b*(t)-b*(0), where (t) is the time and (0) is 
the baseline. The color changes were obtained by the values ∆E, ∆L, ∆a, and ∆b.

Data were analyzed based on distribution and homogeneity, showing normal (Sha-
piro-Wilks) and homogeneous (Levene’s) results. The analysis of variance (ANOVA) 
used two criteria (two-way ANOVA: resin and solution) and the Tukey test (p < .05) to 
distinguish the means.

Results

Change in Brightness (∆L)

For factor composite resins, similar results (p > .05) were observed for the three 
nanohybrid composite resins. However, for the solutions, the lemon flavor isotonic 
drink was the solution that most affected the specimens, making them clearer, which 
was a statistically significant difference from the other solutions studied (p < .05). 
The other two solutions presented similar results (p > .05). In the interaction, the com-
posite Premisa showed no significant difference for the solutions (p > .05; Table 2). 
The tea solution darkened the Z350 and Beautifil II, and the isotonic drink samples 
were lighter.
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Table 2. Mean and standard deviation of ΔL for the different resins and solutions.

Composite Resin Saliva Tea Isotonic Drink

Premisa 1.58±2.40 a A -0.04±3.22 a A 0.44±1.94 b A

Z350 XT 1.12±3.48 a A -1.92±2.49 a B 0.27±1.27 b AB

Beautifil II -0.51±2.04 a B -0.97±2.41 a B 6.25±4.78 a A

*Capital letter indicates statistical difference among columns.
Lowercase indicates statistical difference among lines.

Change in Color (∆E)

In the color analysis for the composite resin factor, Beautifil II showed the greatest 
change and presented a statistical difference from the other composites studied 
(p < .05). In turn, Premisa and Z350 were similar (p > .05).

Comparing the solutions, the lemon flavor sports drink caused changes in the com-
posite resin, with a statistically significant difference compared with the other solu-
tions (p < .05). The other two solutions were similar (p > .05). Considering the interac-
tion, only Beautifil II showed significant changes for the isotonic drink (p < .05; Table 3).

Table 3. Mean and standard deviation of ΔE for the different resins and solutions.

Composite Resin Saliva Tea Isotonic Drink

Premisa 2.57±1.43 a A 3.04±1.84 a A 2.53±1.27 b A

Z350 XT 3.34±2.09 a A 3.32±0.93 a A 1.98±0.82 b A

Beautifil II 2.32±1.05 a B 2.88±1.65 a B 7.35±3.71 a A

*Capital letter indicates statistical difference among columns.
Lowercase indicates statistical difference among lines.

Changes in a* and b*

Regarding Δa, the three resins presented different behaviors (p < .05), and the com-
posite resin Z350 demonstrated the most variance. However, statistically, the solu-
tions did not affect the samples (p > .05). In the interaction of the factors, only Beautifil 
II showed significant changes for the isotonic drink (p < .05; Table 4).

Table 4. Mean and standard deviation of Δa for the different resins and solutions.

Composite Resin Saliva Tea Isotonic Drink

Premisa 0.28±0.44 a A 0.05±0.54 b A 0.29±0.38 a A

Z350 XT 0.50±0.82 a A 1.07±0.47 a A 0.80±0.63 a A

Beautifil II 0.02±0.67 a A -0.05±0.70 b AB -0.72±3.71 b B

*Capital letter indicates statistical difference among columns.
Lowercase indicates statistical difference among lines.
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In the analysis, the three composites showed similar results for Δb (p > .05). However, 
the lemon flavor isotonic drink affected the specimens and demonstrated a distinct 
behavior from the artificial saliva and matte tea (p < .05). In the interaction, only Beau-
tifil II showed significant changes with the lemon flavor sports drink (p < .05; Table 5).

Table 5. Mean and standard deviation of Δb for the different resins and solutions.

Composite Resin Saliva Tea Isotonic Drink

Premisa 0.43±0.68 a A -0.33±1.70 a A -1.38±1.54 a A

Z350 XT -0.22±1.51 a A -0.34±1.09 a A -1.22±0.79 a A

Beautifil II -1.00±1.4 a A -0.43±2.10 a A -2.12±1.27 b B

*Capital letter indicates statistical difference among columns.
 Lowercase indicates statistical difference among lines.

Discussion
Consuming sports drinks and teas has increased considerably due to habit changes 
for a healthier lifestyle13. However, these solutions provide erosion and staining in 
tooth structure and esthetic restorative materials14,18,19, and this effect can directly 
affect patient satisfaction with the color of the restoration20. Also, at long term, the 
association of the consumption of these kind of beverages with toothbrushing can 
influence on the material’s longevity in relation to the contour and coloration3. 

The perception of color is related to psychological aspects and can be interpreted 
based on different factors according to the observer’s skills. Because of these errors, 
devices that assist in the evaluation of color were used, and data were obtained using 
the CIELAB system21,22. In several studies23,24, the color change is deemed acceptable 
for values ​​up to ΔE = 3.3, determining a threshold for visual perception. In the pres-
ent study, the three resins showed color alteration after immersion into the tested 
solutions, including artificial saliva (control). This might have occurred because of the 
period to which the samples were immersed, since the artificial saliva significantly 
influences the color stability of restorative materials because of its components and 
water sorption by the resin matrix3. The color alteration can be attributed to intrinsic 
discolorations due to physicochemical reactions and to the quality of the polymer 
matrix of the resin or the quality of photopolymerization6. It can also be attributed to 
the extrinsic discolorations, which are related to biofilm accumulation and staining 
by adsorption or absorption of pigments that are present in food and drinks20. Differ-
ent drinks, such as tea, soda, beer, coffee, and orange juice, can affect the physical 
and chemical structures of restorative materials17. In addition, the oral environment 
associated with the characteristics of the beverage can influence the discoloration of 
restorative materials and affect the surface integrity25.

Results shows that, among the drinks, isotonic drinks presented the most distin-
guished results affecting the brightness for axis a* and axis b* of the resins, leading 
to a significant color change in the composite Beautifil II. Of the solutions, the lemon 
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flavor isotonic drink most altered the stability of the tested composites, that can be 
explained because of the acid pH of these beverage19. Although tea is considered one 
of the most decolorizing beverages26, its consumption is still very high in the popula-
tion. In our study, it did not cause a major alteration of color in the composite resins 
tested, presenting similar behavior to saliva. In this study, artificial saliva did not pro-
voke major color alteration either20.

In the analysis of ΔE values, Premisa presented better stability to immersion in vari-
ous solutions, and any solution promoted color alteration up to 3.3, since ΔE values 
up to 3.3 is considered clinically accepted3. Filtek Z350 XT and Beautifil II showed a 
higher color change when compared to Premisa. Beautifil II showed higher values 
(ΔE = 7.35) when immersed into the sports drink (isotonic drink), indicating clinically 
visible change in color. One hypothesis for these results is that the acid solution may 
have degraded resin surface, interfering with the light reflection. This fact can be 
observed by the brightness in the analysis of the ΔL27; the values ​​showed that the 
Premisa resin was more stable and that Beautifil II had also suffered major changes 
in both drinks. The different results observed among the composites is due to its 
composition, which differ from resin matrix composition, particle size and conver-
sion after polymerization3. The resin matrix, which is responsible for the stability of 
color, can influence a higher staining25,28. Depending on the composition, it can absorb 
more or less water (and other substances), which leads to discoloration19. Another 
possibility is the presence of triethylene glycol dimethacrylate (TEGDMA), which can 
increase the hydrophilicity compared to urethane dimethacrylate (UDMA), and is more 
resistant to staining than bisphenol A glycidyl ether dimethacrylate (Bis-GMA)29. Thus, 
the color stability of Premisa resin can be justified by its complex composition of the 
resin matrix: Bis-GMA, BisEMA, and TEGDMA. Therefore, the unstable behavior of the 
Beautifil II can also be justified by its simplicity because of the presence of two resin 
monomers (Bis-GMA and TEGDMA). 

Our results corroborates with Taşkinsel et al.19 (2014), which demonstrated a con-
siderable color alteration of nano and micro hybrids composites resins when fre-
quently immersed in sports drinks. In agreement with Mara da Silva et al.3 (2019), 
in this present study Beautifil II had the highest value of ΔE as well as the highest 
variation compared to Filtek Z350 XT. It was demonstrated that the consumption of 
beverages able to stain associated with brushing challenges leads to a decrease in 
microhardness, which was severer in Beautifil II; therefore, the surface treatments 
reduced the properties of Filtek Z350 XT and Beautifil II. In another study30 was 
observed that Beautifil II had the highest values for surface roughness after some 
superficial treatments. This fact can explain the considerable color alteration in the 
present study, since the surface roughness can influence the esthetic and biological 
outcomes of the composites30. 

This study demonstrated the color alteration of composite resins induced by different 
solutions. This data complements the existing studies in the literature3,8,10,11,30. Provid-
ing subsidies to conclude the different compositions of the resinous matrix can pro-
mote different results with natural or synthetic pigmentation drinks. Additionally, the 
drink’s acidity can significantly alter the stability of the color of the composites, gen-
erating aesthetic disadvantages and disturbing clinical practice25. Thus, professionals 
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should focus more attention to the different characteristics of each patient, such as 
their habits and customs, and then select the best restorative material.

More in vitro, ex vivo, and in vivo studies are needed for a greater understanding of the 
behavior of nanohybrid composite resins in the oral environment when in contact with 
solutions and commercially consumed drinks.

Considering the limitations of this study, it can be concluded that Premisa resin 
showed less change, while Beautifil II was more susceptible to staining. Among the 
beverages, the lemon flavor isotonic drink promoted major alterations.
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