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ABSTRACT 

  

Objectives: The aim of this study is to evaluate the color changes and surface roughness (Ra) of 
different types of resin composite after their immersion in different sport drink types for 7days, 1 

month, 3 months as well as 6 months. 

Materials and methods: Sixty disk-shaped specimens (diameter: 10 mm, and thickness: 2 mm) were 
made from four different resin composites (Filtek Z250, Vertis Flow and Spectrum). Each specimen 

was cured under mylar strips for 20 sec for both top and bottom surfaces. All of the specimens were 

stored in distilled water for 24 h at 37˚C. Color measurements of each specimen were performed with 

Color Eye system. All the measurements were performed at baseline and at 7days, one month, 3 
months and 6 months of immersion in the selected sport energy drinks (Code Red, Red Bull and 

Bison). Another Thirty six disc-shaped specimens with the same dimensions were prepared for 

surface roughness (Ra) determination using a noncontact 3D-optical-profilometer. Baseline and after 
immersion in the different sport energy drinks for 6 months were determined. Surface topography 

(Ra) and color changes (DE values) of the groups were recorded and statistically analyzed.  

Results: Variations in the composition of different sport drinks media did not affect the color changes 
of resin composite groups tested. When comparing the effect of the immersion media on the different 

types of resin composite, E showed; from 1 to 7 days immersion Spectrum and Vertise Flow showed 
higher changes in color than Filtek Z250. From 7 days to 1 month Vertise Flow showed the highest 

changes in color followed by the Spectrum while Filtek Z250 showed the lowest color changes. From 

1 to 3 months constant color were maintained for all the rein composite tested groups. From 3 to 6 
months of immersion Filtek Z250 and Spectrum showed higher changes in color than Vertise Flow. 

The effect of time showed that the color changes of all resin composite groups tested are directly 

proportional to the increase in time. Surface roughness (Ra) showed insignificant difference between 

the groups except for the Spectrum when immersed in code red the Ra increased.  
Conclusion: 1. All resin composite tested showed color changes when immersed in sport drinks 

solutions. 2. The color changes is directly proportional to the time of immersion of resin composite. 

3.Vertise Flow showed the least color changes by time followed by the Filtek Z250 while the 
Spectrum showed the highest color changes. 4. The higher the amount of urethane dimethacrylate in 

the composition of resin composite the higher is the color changes and the surface roughness of the 

material.  
Keywords: Color change, surface roughness, sport drinks, composite resins. 

 

1. INTRODUCTION 

For aesthetic demands composite 

materials have been used in dental practices 

to restore teeth since introduced a composite 

to the dental market in 1964. Resin 

composite restorations mainly contain 

organic matrix, fillers, coupling agent, 

activator initiator systems and some minor 
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elements.
 [1]

 The early materials with their 

organic matrix were chemically cured. High 

wear, color changes, and lack of bonding to 

tooth surfaces were some of the issues 

associated with these early materials 

specially with the fluctuation of pH and 

temperature inside the oral cavity. 
[2]

 

Different modifications were done for the 

composition of resin composite materials in 

order to improve their properties, among 

these modifications the change in the 

polymerization strategies of these materials. 

The resin phase of composite materials 

presently represents the area through which 

the greatest changes in composite practice 

may be achieved. The low methacrylate 

conversion leads to significant amounts of 

unreacted monomer that may be leached 

from the restoration over time, resulting in 

concerns regarding long-term 

biocompatibility and color stability. High 

methacrylate conversion also limits the 

ability to incorporate high filler volumes 

into the resin. To achieve low volume 

shrinkage, high mechanical properties and 

color stability, filler contents of 60 to 87 

weight% are necessary to decrease the 

amount of organic resin used. 
[3]

 Although 

modern resins have many advantages over 

other aesthetics materials used until now, 

they are still short from providing optimal 

color appearance due to intrinsic and 

extrinsic factors. 
[4]

 Impregnation from food 

and beverage pigments is considered the 

main extrinsic pigmentation factor. 
[5]

  

Discoloration of composite resins 

can be caused by internal or external factors. 

Internally induced discolorations are 

permanent and are related to polymer 

quality, filler type, and amount, as well as 

the synergist added to the photoinitiator 

system. In light-cured composite resins, if 

curing is inadequate, unconverted 

camphorquinone will cause a yellowish 

discoloration. Furthermore, other 

components of the photoinitiator system 

namely tertiary aromatic or aliphatic amines 

tend to cause yellow or brown discoloration 

under the influence of light or heat. The 

resin's affinity for extrinsic stains is 

modulated by its conversion rate and 

physicochemical characteristics, with the 

water sorption rate being of particular 

importance. In the oral cavity, because of 

superficial degradation or a slight 

penetration and adsorption of staining 

agents at the superficial layer of the 

composite resins, discoloration of the 

surface or subsurface of the resin 

restorations can result. Moreover, externally 

induced discoloration can be related to 

surface roughness, surface integrity, and the 

polishing technique. 
[6] 

During the last few years the 

consumption of sport drinks and diet 

beverage has increased among adolescents. 
[7] 

Sports drinks were created in 1965 in the 

United States as dietary supplements for 

athletes in an effort to address certain 

sports-related physiological and nutritional 

issues. 
[8]

 These beverages were designed 

for individuals needing replenishment of 

water as well as carbohydrates and 

electrolytes lost or utilized during prolonged 

vigorous physical activity, including 

activities performed in high temperatures 

and humidity. Sports drinks typically 

contain water, electrolytes (primarily 

sodium and potassium), coloring agents and 

carbohydrates. 
[9] Carbohydrate options 

found in a number of popular sports drinks 

include high fructose corn syrup, fructose, 

sucrose, sucrose syrup, brown rice syrup, 

cane juice, and maltodextrin. 
[10] Sports 

drinks also are being consumed by non-

athletes those who are looking for a 

different kind of beverage. 
[11] None 

identified the exercise related rehydrating 

properties as the reason for the consumption 

of these beverages. 
[12] 

The aim of this study is to evaluate 

the color changes and surface roughness of 

different types of resin composite when 

immersed in some common sport drinks for 

7days, 1 month, 3 months and 6 months. 

 

2. MATERIALS AND METHODS 

Materials 

The present study considered three 

direct composite resins currently indicated 
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for aesthetic anterior and/or posterior 

restorations: Filtek Z250 (3M ESPE, St. 

Paul, MN, USA), Vertise Flow (Kerr, 

Scalfati (SA), Italy) and Spectrum (Dentsply 

DeTrey GmbH, Germany) in the A3 shade. 

Together with three immersion media which 

are; Bison (AbulJadyel Brugace Inc. Saudi 

Arabia), Red Bull (Red Bull GmbH, Am 

Brunnen, Austria), or Code Red (Alssayl 

Beverage Corporation. Saudi Arabia) that 

are the most sport drinks used nowadays.  

 

Methods: 

Twenty disc-shaped specimens, 10 

mm in diameter and 2-mmthick, were 

prepared for each composite resin (a total of 

60 specimens) using a customized 

cylindrical metal mold. No power analysis 

was used to determine the sample size. The 

author based the sample size on the 

investigation of Kakaboura A et al., in 

which five specimens were fabricated for 

each combination of composite resin and 

experimental condition. After pouring a 

composite material into the mold, a 

polyester strip (Mylar strip; SS White Co., 

Philadelphia, PA, USA) was pressed onto 

the mold surface with a glass plate to obtain 

a flat surface without bubble formation. The 

composite material was polymerized from 

both the top and bottom sides for 20 s, 

according to the manufacturer’s 

recommendations, using a LED light curing 

unit (Elipar S10, 3MESPE, Seefeld, 

Germany). operating in standard mode and 

emitting not less than 600 mW/cm2, as 

measured with a light-meter that was placed 

on the curing unit before beginning 

polymerization. The guide of the light 

curing unit was placed perpendicular to the 

specimen surface, and the distance between 

the light source and specimen was 

standardized using a 1-mm glass slide. 

Afterward, all the specimens were stored in 

distilled water for 24 h at 37 0C to ensure 

complete polymerization. The top surfaces 

of all the specimens were then sequentially 

polished with medium, fine, and super-fine 

aluminium oxide-impregnated disks (Sof-

Lex; 3 M ESPE, St. Paul, MN, USA) using 

a slow-speed hand piece under dry 

conditions for 30 s. After each polishing 

step, the specimens were thoroughly rinsed 

with water for 10 s to remove debris, air 

dried for 5 s, and then polished with another 

disc of lower grit for the same period of 

time as a final polishing. 

 

2.2.1. Immersion of specimens in 

solutions 

To evaluate the color stability in 

different solutions, 20 specimens from each 

group were subdivided into three subgroups 

of five specimens each, which were 

immersed in three different solutions 

(Bison, Red Bull, and Code Red). The 

specimens of each composite resin were 

individually immersed (n = 5) in vials 

containing 5 mL of Bison (AbulJadyel 

Brugace Inc. Saudi Arabia), Red Bull (Red 

Bull GmbH, Am Brunnen, Austria), or Code 

Red (Alssayl Beverage Corporation. Saudi 

Arabia) for 10 min a day at room 

temperature. After this daily 10-min 

immersion in the sports drink, the samples 

were washed with distilled water and then 

stored in distilled water at 37 0C. The vials 

were sealed to prevent the evaporation of 

the solutions. The solutions were renewed 

daily, and daily pH value measurements 

were taken using a pH metre (HI 221; 

Hanna Instruments Inc. Woonsocket, RI, 

USA) before immersing the specimens. 

 

2.2.2. Assessment of color changes 

Baseline color measurements of all 

the specimens were performed according to 

the CIE L*a*b* color scale relative to 

standard illuminant D65 over a white 

background using a reflection 

spectrophotometer (Color Eye 7000; 

Gretag-Macbeth, NY, USA) and the 

ultraviolet (UV) component of the pulsed-

xenon source was included (the UV filter 

was completely removed) with the specular 

component excluded (SCE) geometry. The 

aperture size was 3 mm_ 8mm, and 

illuminating and viewing configurations 

were CIE diffuse/108 geometry. Before 

each measurement, the spectrophotometer 
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was calibrated according to the 

manufacturer’s recommendations using the 

supplied white calibration standard. The 

spectrophotometer was used to 

automatically calculate the mean color of 

the specimens of each material. The CIE 

L*a*b* color system is a three-dimensional 

color measurement system, where L* refers 

to the lightness coordinate, which has a 

value ranging from 0 for perfect black to 

100 for perfect white, and a* and b* are the 

chromaticity coordinates on the green–red 

(_a* = green; +a* = red) and blue–yellow 

(_b* = blue; +b* = yellow) axes, 

respectively. All the color measurements 

were obtained by one operator. The color 

measurements were performed at the 

baseline and then after 1-week, 1 month, 3 

months and 6-months periods. All the 

specimens were wiped dry using tissue 

paper and then placed in the viewing port of 

the spectrophotometer. The L*, a*, and b* 

values of each specimen after immersion for 

the specified time period (1week, 1 month, 

3months and 6 months) were measured 

thrice by placing each specimen on the 

measuring head and covering it with the 

black cover. The mean values of ∆L*, ∆a*, 

and ∆b* after three measurements were 

automatically calculated by the 

spectrophotometer and recorded. The color 

difference, ∆E, was calculated from the 

mean ∆L*, ∆a*, and ∆b* values for each 

specimen using the following formula: 

∆ E = [(∆L*)
2
 + (∆a*)

2
 + (∆b*)

2
]
1/2

 

where ∆L*, ∆a*, and ∆b* are the 

differences in the L*, a*, and b* values, 

respectively, before and after immersion for 

each time period. 

 

2.2.3. Surface roughness measurement: 

Thirty six samples are made of the 

three composite resins used (Z250, Vertise 

Flow and Spectrum). Each group of samples 

(n=12) are marked to be placed in the three 

sport drinks (Code Red, Red Ball and 

Bison) 4 samples each. The specimens of 

each composite resin were individually 

immersed (n = 4) in vials containing 5 mL 

of Bison, Red Bull, or Code Red for 10 min 

a day at room temperature. After this daily 

10-min immersion in the sports drink, the 

samples were washed with distilled water 

and then stored in distilled water at 37 0C 

till the time of immersion like done with the 

color changes specimens till 6 months.  

Surface roughness analysis of each 

composite was assessed quantitatively by a 

noncontact optical profilometry (Novacam 

Technologies Inc.277 Lakeshore Road, 

Suite #04 Pointe Claire, Quebec, H9S4L2 

CANADA). Each surface was scanned by 

eleven parallel tracings (length = 1mm) per 

area of 1mm× 1mm. One area per specimen 

was analyzed for the samples without any 

polishing treatment, whereas two areas were 

analyzed for the polished surfaces. 

Measurement areas were chosen randomly, 

excluding a surface of 1mm from the edge, 

which was not representative of the 

polishing. The average surface roughness 

(Ra) of each specimen was calculated with a 

cut-off value of 0.08mm. One representative 

zone of 0.3mm× 0.3mm of each composite 

and of each surface treatment (matrix, Sof-

Lex, CompoSystem) was scanned by 151 

parallel tracings to give a 3D reconstructed 

image. 

  

2.2.4. Statistical analysis 

Numerical data were explored for 

normality by checking the distribution of 

data and using tests of normality 

(Kolmogorov-Smirnov and Shapiro-Wilk 

tests). Surface roughness (Ra) as well as 

color changes data (ΔE, ΔL, Δa and Δb) 

showed non-parametric distribution. Data 

were presented as mean, median, standard 

deviation (SD), minimum, maximum and 

95% Confidence Interval (95% CI) for the 

mean values. Kruskal-Wallis test was used 

to compare between composite types as well 

as immersion media. Mann-Whitney U test 

with Bonferroni's adjustment was used for 

pair-wise comparisons when Kruskal-Wallis 

test is significant. Friedman's test was used 

to compare between the different time 

periods. Wilcoxon signed-rank test with 

Bonferroni's adjustment was used for pair-

wise comparisons when Friedman's test is 
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significant. The significance level was set at 

P ≤ 0.05. Statistical analysis was performed 

with IBM® SPSS® Statistics Version 20 for 

Windows. 

 

3. RESULTS 

3.1. Color changes (ΔE): 

Descriptive statistics of ΔE are presented in 

Table (2).  

 
Table (1): Descriptive statistics of ΔE values 

Composite 

type 

 Time Mean SD Median Minimum Maximum 95% CI 

Immersion 
medium 

Lower 
bound 

Upper 
bound 

Filtek Z250 Code Red 7 days 0.52 0.43 0.35 0.09 1.21 0.03 0.82 

1 month 0.97 0.88 0.48 0.44 2.00 -1.22 3.17 

3 months 0.99 0.37 0.91 0.62 1.59 0.31 1.34 

6 months 12.37 0.24 12.40 12.08 12.71 11.80 13.07 

Red Bull 7 days 0.56 0.24 0.50 0.26 0.84 0.12 0.90 

1 month 2.90 2.07 2.17 1.40 5.85 -0.39 6.19 

3 months 1.16 0.46 1.05 0.69 1.72 0.32 1.80 

6 months 12.79 0.11 12.78 12.62 12.89 12.95 12.99 

Bison 7 days 0.43 0.26 0.37 0.20 0.83 0.10 0.76 

1 month 2.30 1.22 2.04 0.82 3.83 0.78 3.82 

3 months 0.68 0.08 0.71 0.57 0.77 0.58 0.78 

6 months 13.37 0.56 13.27 12.85 14.31 12.68 14.06 

Spectrum Code Red 7 days 3.13 0.66 3.33 2.16 3.90 2.32 3.95 

1 month 3.30 0.65 3.16 2.54 4.22 2.49 4.11 

3 months 3.81 0.61 3.99 3.15 4.37 3.05 4.56 

6 months 12.92 0.67 13.01 12.03 13.73 12.09 13.75 

Red Bull 7 days 3.15 0.36 3.16 2.80 3.73 2.71 3.60 

1 month 3.35 0.28 3.23 3.17 3.84 3.01 3.69 

3 months 3.34 0.52 3.19 2.86 4.20 2.70 3.98 

6 months 13.54 1.19 13.28 12.58 15.54 12.06 15.02 

Bison 7 days 3.69 0.85 3.27 3.11 5.11 2.64 4.75 

1 month 4.33 0.97 4.61 2.98 5.36 3.13 5.53 

3 months 3.34 0.54 3.22 2.86 4.26 2.67 4.01 

6 months 14.00 0.78 14.33 12.80 14.80 13.03 14.96 

Vertise Flow Code Red 7 days 3.65 0.98 2.96 2.89 4.83 2.43 4.87 

1 month 6.99 0.90 7.14 5.81 8.05 5.88 8.10 

3 months 6.66 0.83 6.35 5.77 7.62 5.64 7.69 

6 months 8.82 0.34 8.68 8.48 9.34 8.40 9.25 

Red Bull 7 days 3.87 0.77 4.34 2.94 4.57 2.91 4.83 

1 month 6.89 1.06 7.00 5.48 8.08 5.57 8.21 

3 months 6.53 0.94 7.10 5.44 7.33 5.36 7.71 

6 months 8.79 0.70 8.63 8.11 9.79 7.92 9.65 

Bison 7 days 4.58 1.63 4.57 3.01 7.07 2.56 6.60 

1 month 6.95 1.31 7.58 4.77 8.01 5.33 8.57 

3 months 7.27 0.97 7.80 5.89 8.07 6.06 8.48 

6 months 9.04 0.96 8.88 8.11 10.08 7.85 10.23 

 

3.1.1. Comparison between immersion 

media (Table 2) 

With Filtek Z250, there was no 

statistically significant difference between 

mean ΔE after immersion in different media 

for 7 days, 1, 3 as well as 6 months (P-value 

= 0.677, 0.214, 0.080 and 0.054, 

respectively). Also with Spectrum, there 

was no statistically significant difference 

between mean ΔE after immersion in 

different media for 7 days, 1, 3 as well as 6 

months (P-value = 0.566, 0.151, 0.403 and 

0.179, respectively). Similarly with Vertise 

Flow, there was no statistically significant 

difference between mean ΔE after 

immersion in different media for 7 days, 1, 

3 as well as 6 months (P-value = 0.336, 

0.990, 0.249 and 0.827, respectively). 

 

 

 

IBM%20Corporation,%20NY,%20USA.
SPSS,%20Inc.,%20an%20IBM%20Company.
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Table (2): The mean, standard deviation (SD) values and results of Kruskal-Wallis test for comparison between ΔE of the three 

immersion media 

  Code Red Red Bull Bison  P-value 

Composite type Time Mean SD Mean SD Mean SD 

Filtek Z250  7 days 0.52  0.43 0.56  0.24 0.43  0.26 0.677 

1 month 0.97  0.88 2.90  2.07 2.30  1.22 0.214 

3 months 0.99  0.37 1.16  0.46 0.68  0.08 0.080 

6 months 12.37  0.24 12.79  0.11 13.37  0.56 0.054 

Spectrum  7 days 3.13  0.66 3.15  0.36 3.69  0.85 0.566 

1 month 3.30  0.65 3.35  0.28 4.33  0.97 0.151 

3 months 3.81  0.61 3.34  0.52 3.34  0.54 0.403 

6 months 12.92  0.67 13.54  1.19 14.00 0.78 0.179 

Vertise Flow 7 days 3.65 
 

0.98 3.87  0.77 4.58  1.63 0.336 

1 month 6.99  0.90 6.89  1.06 6.95  1.31 0.990 

3 months 6.66  0.83 6.53  0.94 7.27  0.97 0.249 

6 months 8.82  0.34 8.79  0.70 9.04  0.96 0.827 

*: Significant at P ≤ 0.05 

 

 
Figure (1). Box plot representing color change (ΔE) of different composite types with each immersion medium (Circles and stars 

indicates outliers) 

  

3.1.2. Comparison between resins 

composite types (Table 3) 

After immersion in Code Red for 7 

days; there was a statistically significant 

difference between composite types (P-

value <0.001). Pair-wise comparisons 

between composite types revealed that there 

was no statistically significant difference 

between Spectrum and Vertise Flow; both 

showed the statistically significantly highest 

mean ΔE values. Filtek Z250 showed 

statistically significantly lower mean ΔE. 

After immersion in Code Red for 1 month 

as well as 3 months; there was a statistically 

significant difference between composite 

types (P-value <0.001 and <0.001, 

respectively). Pair-wise comparisons 

between composite types revealed that 

Vertise Flow showed the statistically 

significantly highest mean ΔE. Spectrum 

showed statistically significantly lower 

mean value. Filtek Z250 showed the 

statistically significantly lowest mean ΔE. 

After immersion in Code Red for 6 months; 

there was a statistically significant 

difference between composite types (P-

value <0.001). Pair-wise comparisons 

between composite types revealed that there 

was no statistically significant difference 

between Filtek Z250 and Spectrum, both 

showed the statistically significantly highest 

mean ΔE values. Vertise Flow showed 

statistically significantly lower mean ΔE. 

Similar results were obtained either after 

immersion in Red Bull or Bison (All P-

values <0.001). 
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Table (3): The mean, standard deviation (SD) values and results of Kruskal-Wallis and Mann-Whitney U test for comparison 

between ΔE of the three composite types 

  Filtek Z250 Spectrum Vertise Flow P-value 

Immersion medium Time Mean SD Mean SD Mean SD 

Code Red 7 days 0.52 
B
 0.43 3.13 

A
 0.66 3.65 

A 
0.98 <0.001* 

1 month 0.97 
C
 0.88 3.30 

B
 0.65 6.99 

A
 0.90 <0.001* 

3 months 0.99 
C
 0.37 3.81 

B
 0.61 6.66 

A
 0.83 <0.001* 

6 months 12.37 
A
 0.24 12.92 

A
 0.67 8.82 

B
 0.34 <0.001* 

Red Bull 7 days 0.56 
B
 0.24 3.15 

A
 0.36 3.87 

A
 0.77 <0.001* 

1 month 2.90 
C
 2.07 3.35 

B
 0.28 6.89 

A
 1.06 <0.001* 

3 months 1.16 
C
 0.46 3.34 

B
 0.52 6.53 

A
 0.94 <0.001* 

6 months 12.79 
A
 0.11 13.54 

A
 1.19 8.79 

B
 0.70 <0.001* 

Bison 7 days 0.43 
B
 0.26 3.69 

A
 0.85 4.58 

A
 1.63 <0.001* 

1 month 2.30 
C
 1.22 4.33 

B
 0.97 6.95 

A
 1.31 <0.001* 

3 months 0.68 
C
 0.08 3.34 

B
 0.54 7.27 

A
 0.97 <0.001* 

6 months 13.37 
A
 0.56 14.00 

A
 0.78 9.04 

B
 0.96 <0.001* 

*: Significant at P ≤ 0.05, Different superscripts in the same row are statistically significantly different 

 
Figure (2). Box plot representing color change (ΔE) at different time periods with each composite types and immersion medium 

(Circles and stars indicates outliers) 

  

3.1.3. Comparison between immersion 

times (Table 4) 

After immersion of Filtek Z250 in 

Code Red, there was a statistically 

significant change in mean ΔE by time (P-

value = 0.007). Pair-wise comparisons 

between time periods revealed that there 

was no statistically significant change in 

mean ΔE from 7 days to 1 month as well as 

from 1 month to 3 months. From 3 months 

to 6 months, there was a statistically 

significant increase in mean ΔE. After 

immersion of Filtek Z250 in Red Bull as 

well as Bison, there was a statistically 

significant change in mean ΔE by time (P-

value = 0.007 and 0.007, respectively). Pair-

wise comparisons between time periods 

revealed that there was a statistically 

significant increase in mean ΔE from 7 days 

to 1 month. From 1 month to 3 months, 

there was no statistically significant change 

in mean ΔE. From 3 months to 6 months, 

there was a statistically significant increase 

in mean ΔE. After immersion of Spectrum 

in Code Red, Red Bull as well as Bison; 

there was a statistically significant change in 

mean ΔE by time (P-value = 0.005, 0.008 

and 0.003, respectively). Pair-wise 

comparisons between time periods revealed 

that there was no statistically significant 

change in mean ΔE from 7 days to 1 month 

as well as from 1 month to 3 months. From 

3 months to 6 months, there was a 

statistically significant increase in mean ΔE. 

After immersion of Vertise Flow in Code 

Red, Red Bull as well as Bison, there was a 

statistically significant change in mean ΔE 

by time (P-value = 0.003, 0.004 and 0.003, 
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respectively). Pair-wise comparisons 

between time periods revealed that there 

was a statistically significant increase in 

mean ΔE from 7 days to 1 month. From 1 

month to 3 months, there was no statistically 

significant change in mean ΔE. From 3 

months to 6 months, there was a statistically 

significant increase in mean ΔE. 

 
Table (4): The mean, standard deviation (SD) values and results of Friedman's test and Wilcoxon signed-rank test for comparison 

between ΔE at different immersion times 

  7 days 1 month 3 months 6 months P-value 

Composite type Immersion medium Mean SD Mean SD Mean SD Mean SD 

Filtek Z250  Code Red 0.52 
B
  0.43 0.97 

B
 0.88 0.99 

B
  0.37 12.37 

A 
0.24 0.007* 

Red Bull 0.56 
C
 0.24 2.90 

B
 2.07 1.16 

B
 0.46 12.79 

A
 0.11 0.007* 

Bison 0.43 
C
 0.26 2.30 

B
 1.22 0.68 

C
  0.08 13.37 

A
 0.56 0.007* 

Spectrum  Code Red 3.13 
B
 0.66 3.30 

B
 0.65 3.81 

B
 0.61 12.92 

A
 0.67 0.005* 

Red Bull 3.15 
B
 0.36 3.35 

B
 0.28 3.34 

B
 0.52 13.54 

A
 1.19 0.008* 

Bison 3.69 
B
 0.85 4.33 

B
 0.97 3.34 

B
 0.54 14.00 

A
 0.78 0.003* 

Vertise Flow Code Red 3.65 
C 

0.98 6.99 
B
 0.90  6.66 

B
 0.83 8.82 

A
 0.34 0.003* 

Red Bull 3.87 
C
 0.77 6.89 

B
 1.06 6.53 

B
 0.94 8.79 

A
 0.70 0.004* 

Bison 4.58 
C
 1.63 6.95 

B
 1.31 7.27 

B
 0.97 9.04 

A
 0.96 0.003* 

*: Significant at P ≤ 0.05, Different superscripts in the same row are statistically significantly different 

 
Figure (3). Box plot representing color change (ΔE) of different immersion media with each composite type (Circles and stars 

indicates outliers) 

   

3.2. Surface roughness (Ra) 
Table (5): Descriptive statistics of Ra values (µm) 

Composite type Immersion medium Mean SD Median Minimum Maximum 95% CI 

Lower bound Upper bound 

Filtek Z250 Code Red  0.194 0.019 0.195 0.175 0.213 0.147 0.242 

Red Bull 0.232 0.018 0.234 0.214 0.249 0.189 0.276 

Bison 0.278 0.106 0.274 0.174 0.385 0.015 0.540 

Spectrum Code Red  0.567 0.278 0.458 0.359 0.883 -0.125 1.258 

Red Bull 0.301 0.036 0.297 0.267 0.338 0.212 0.389 

Bison 0.322 0.071 0.347 0.242 0.376 0.147 0.497 

Vertise Flow Code Red  0.217 0.006 0.215 0.212 0.224 0.201 0.233 

Red Bull 0.335 0.046 0.344 0.285 0.375 0.221 0.448 

Bison 0.325 0.080 0.344 0.238 0.394 0.127 0.523 

  

3.2.1. Comparison between composite 

types (Table 6) 

After immersion in Code Red, there was a 

statistically significant difference between 

composite types (P-value = 0.039). Pair-

wise comparisons revealed that Spectrum 

showed the statistically significantly highest 

mean Ra. There was no statistically 

significant difference between Filtek Z250 

and Vertise Flow; both showed statistically 

significantly lower mean Ra values. While 

after immersion in Red Bull or Bison, there 
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was no statistically significant difference 

between composite types (P-value = 0.051 

and 0.875, respectively). 

 
Table (6): The mean, standard deviation (SD) values and results of Kruskal-Wallis and Mann-Whitney U tests for comparison 

between Ra (µm) of the three composite types 

Immersion medium Filtek Z250 Spectrum Vertise Flow P-value 

Mean SD Mean SD Mean SD 

Code Red  0.194 
B 

0.019 0.567 
A 

0.278 0.217 
B 

0.006 0.039* 

Red Bull 0.232 0.018 0.301 0.036 0.335 0.046 0.051 

Bison 0.278 0.106 0.322 0.071 0.325 0.080 0.875 

*: Significant at P ≤ 0.05, Different superscripts in the same row are statistically significantly different 

 
Figure (4). Box plot representing surface roughness of different immersion media with each composite type 

   

3.2.2. Comparison between immersion media (Table 7) 

Either with Filtek Z250, Spectrum or Vertise Flow, there was no statistically significant 

difference between mean Ra values after immersion in different solutions (P-value = 0.301, 

0.066 and 0.099, respectively). 

 
Table (7): The mean, standard deviation (SD) values and results of Kruskal-Wallis test for comparison between Ra (µm) of the three 

immersion media 

Composite type Code Red Red Bull Bison P-value 

Mean SD Mean SD Mean SD 

Filtek Z250 0.194 
B 

0.019 0.232 0.018 0.278 0.106 0.301 

Spectrum  0.567 
A 

0.278 0.301 0.036 0.322 0.071 0.066 

Vertise Flow  0.217 
B 

0.006 0.335 0.046 0.325 0.080 0.099 

*: Significant at P ≤ 0.05 

 
Figure (5). Box plot representing surface roughness of different immersion media with each composite type 
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Figure (6): Surface roughness of different composites a) Filtek 

Z250, b) Spectrum and c) Vertis Flow stored at the different 

storage media (Code Red, Red Bull and Bison) 

 

4. DISCUSSION 

Color perception is a psychological 

issue and is affected by the observer's skill 

and may be reported differently on different 

occasions. To overcome such errors, color 

evaluating devices were employed and the 

data were recorded in the CIE L*a*b* 

system, this system records small color 

changes and has advantages as repeatability, 

sensitivity and objectivity. 
[4]

 The CIE 

system uses three-dimensional colorimetric 

measurements: L* values correspond to the 

brightness of the color, a* values to the red–

green content, and b* values to the yellow–

blue content. The color changes (ΔE) are 

calculated from the L*, a*, and b* values 

for each specimen, according to the 

following formula, which determines the 

three-dimensional color space: ΔElab* = 

[(ΔL*)2 + (Δa*)2 + (Δb*)2]
1/2

, while 

luminosity values (L*) were reached using 

ΔL* = L* (tx)–L*(t0), where (tx) represents 

immersion time and (t0) the baseline. 
[13]

 A 

perceptible color changes that is ΔE* > 1.0 

will be referred to as acceptable up to the 

value ΔE* = 3.7, in subjective visual 

determinations made in vitro under optimal 

lighting conditions. 
[14] 

It has been revealed that water 

sorption of different beverages as well as 

the strength of filler resin interface are the 

contributing factors to composite color 

stability. Also, the soaking time is of great 

importance, as it affects the composite color 

stability as well. 
[15]

 These factors hydrolyze 

the silane coupling agent at the interface 

between the organic matrix and the 

inorganic fillers creating progressive 

microcracks by time. As a result, the 

microcracks allow stain penetration and 

discoloration. 
[16] 

In studies of resin composite 

restorative material pigmentation, 

discoloration varies from resin composite to 

others. 
[17]

 The quantity of bisphenol A 

diglycidylether methacrylate (Bis-GMA) as 

well as the ethoxylated bisphenol A 

dimethacrylate (Bis-EMA) molecule present 

in the resin composition can signicantly 

affect the capacity of color stability. 
[5] 

The 

new resin system of 3M
TM

 Filtek
TM

 Z250, 

and Spectrum of Dentsply, the majority of 

TEGDMA has been replaced with a blend 

of UDMA (urethane dimethacrylate) and 

Bis-EMA (Bisphenol A polyetheylene 

glycol dietherdimethacrylate). This is why 

these resin systems showed less color 

stability by time than resin system of 

Vertise Flow which contains less amount of 
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these components and higher amount of 

TEGDMA.  

The DC or degree of polymerization 

of the aliphatic C=C is an important factor 

because it affects the physical and 

mechanical properties of resin materials 

such as hardness, tensile strength, 

compressive strength, dissolution 

(solubility), degradation and 

biocompatibility. 
[18] 

The conversion of 

monomers is determined by the percentage 

of the remaining methacrylate groups after 

curing, when compared to the quantity 

present in the uncured material. 
[19]

 Studies 

show that monomer leaching from resins 

can occur at two time points: during the 

resin setting period and when the resin is 

degraded. Monomer leaching at the first 

time point is related to the degree of 

conversion. 
[20] 

Correlating the DC % values and the 

viscosity of the materials investigated by De 

Araujo LOF et al 2015, 
[21] 

the highest DC 

mean values were found in the low viscosity 

samples, suggesting a relationship between 

the DC and viscosity of materials. The filler 

content and the viscosity of resins may 

interfere in the monomer conversion, 

because they can limit the mobility of 

monomers and propagation of the 

polymerization reaction. The lower 

viscosity of resins allows better monomeric 

mobility and distribution of free radicals 

inside the material, which can enhance the 

polymerization process leading to a greater 

monomer conversion. Because of this 

principle, low viscosity composites may 

allow enhanced diffusion of reactive groups 

and promote the curing reaction, resulting in 

a higher DC. This explains the changes in 

color when the time of immersion is 

increasing for the three types of resin 

composite tested specially for the Vertise 

Flow which showed higher color changes 

more than the other two resin composite 

tested for the first two periods (from 1 to 7 

days and from 7 days to 1 months), while 

the least color changes after 6 months of 

immersion.  

The three types of resin composite 

while immersed in the sport drinks showed 

a constant changes in color during the stage 

from 1 to 3 months this may be related to 

lack of acidic carbonate present in the 

beverages, as acidic carbonate is the main 

reason for the progressive dental erosion. 
[22] 

Surface roughness results for Filtek 

Z250 and Vertise Flow showed insignificant 

differences before and after immersion of 

the specimens in different sport beverage 

drinks, this may be due to the finishing of 

the specimens using the Soft-Lex system, 

which has a high filler surface and is less 

susceptible to chemical degradation. 
[23]

 

Spectrum after the immersion in code red 

showed surface roughness as it possesses 

the largest fillers size. This result is in 

accordance with other studies, they 

suggested that the filler particle size affects 

the surface roughness. The larger the filler 

particle size, the rougher would be the resin 

composite surface. Also this may be due to 

the excessive presence of urethane 

dimethacrylate in its organic matrix. 
[24] 

 

5. CONCLUSION 
All resin composite tested showed 

color changes when immersed in sport 

drinks solutions. 

The color changes is directly proportional to 

the time of immersion of resin composite. 

Vertise Flow showed the least color changes 

by time followed by the Filtek Z250 while 

the Spectrum showed the highest color 

changes. 

The higher the amount of urethane 

dimethacrylate in the composition of resin 

composite the higher is the color changes 

and the surface roughness of the material.  
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