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A b s t r ac t
Aim: The study aimed to compare the color stability of nanohybrid composites, a nanoceramic composite, and a universal nanofilled composite
using a spectrophotometer.
Materials and methods: A total of 144 disk-shaped specimens were prepared with a specially constructed mold into groups I, II, and III of ceram.x
SphereTEC one, Brilliant™NG, GC SOLARE Sculpt, respectively. The samples were immersed in beverages containing tea, coffee, green tea, and
Coca-Cola. After initial color measurements, 12 sample disks from each composite group were immersed in one of the solutions for 3 hours a
day. The second measurements were made on the 7th day of immersion with the same digital spectrophotometer. The same procedure was
repeated on the 15th and 30th days.
Results: There was a statistically significant difference (p < 0.05) for ceram.x SphereTEC one (group I) in tea, coffee, green tea, and Coca-Cola
at 7, 15, and 30 days. Tea (1.85 ± 1.0) showed the lowest, whereas Coca-Cola (10.11 ± 4.6) revealed the highest ΔE value at 7 days. The ΔE
values gradually increased for 15 and 30 days. The ΔE value increased for Coca-Cola in 7 days (6.96 ± 1.78) to 30 days (8.7 ± 1.3) in group II. The
ΔE value increased for tea, coffee, and green tea from 7 to 30 days in group III. GC SOLARE Sculpt was the restorative material most prone to
discoloration among the three.
Conclusion: Tea showed maximum staining among all beverages. Green tea showed the least staining among all beverages. Tea, coffee, and
Coca-Cola showed clinically significant staining properties among all beverages.
Clinical significance: Composite discoloration is a common complaint among patients, and evaluation of color stability of composites is also
of paramount importance in clinical dentistry.
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Introduction

1,2,4–6

The demand for an esthetically pleasing smile is increasing among
patients. Composites are the material of choice for esthetic
purposes as it resembles tooth structure, their capability to adhere
to the tooth, ease in manipulation and application, and they are
relatively cheap. The color matching ability of the composite to
the adjacent tooth should not just pertain postoperatively but
should last for a long period. The failure of an esthetic material is
majorly due to discoloration and is dependent on properties like
color stability.1
The property of stability of color is often overlooked over
other properties while selecting a composite. Despite all the
advancements, discoloration of composite is still a huge challenge
to the clinician. Many factors impact the stability of color of a
composite.2 Filler gives the physical properties to the composite
like strength, wear resistance, translucency, fluorescence, color, etc.
The advances in fillers have led to a noteworthy upgrade in filler
size and resistance against wear and degradation of composites.
Additionally, reduced filler size might show some effect in reduction
of staining and enhance the esthetic appearance. 3
The characteristics of composite which affect the staining
potential are the degree of water absorption, the hydrophilicity of
the resin matrix, and the size of the filler.4 Water absorbed by the
composite leads to the expansion and plasticizing of the matrix
and hydrolyzes the silane group, which leads to micro or interfacial

cracks at the intersection between the filler and matrix, allowing
stain permeation and discoloration.5
There are three types of discoloration mentioned in the literature.
External discoloration, subsurface, and intrinsic discolorations.5
Cumulative effects of frequently consumed beverages are also
found to be a major cause of discoloration. Tea, black coffee, green
tea, and Coca-Cola are the most commonly consumed beverages
by the Indian population. The consumption of green tea has been
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increased for its health benefits. Numerous in vitro experiments
have shown us that commonly consumed beverages and food
items containing color lead to external discoloration of composites.
Few studies are evaluating the effects of the consumption of green
tea on the surface discoloration of composites.6 This study aimed
to evaluate the consequence of tea, black coffee, green tea, and
Coca-Cola on the color stability of a nanohybrid resin composite
Brilliant™NG, a nanoceramic composite ceram.x SphereTEC one,
and a universal nanofilled composite GC SOLARE Sculpt every
7 days time interval for 30 days, using a spectrophotometer.

M at e r ia l s

and

Methods

Specimen Preparation
A total of 144 disk-shaped specimens, which were 2 mm in
thickness and 5 mm in radius, were prepared with a special
frame made of Teflon. Uncured experimental composite resin
was packed between two glass plates with Mylar strips (Samit®,
India), and a smooth flat surface was obtained. The samples
were then light cured for 40 seconds with a light cure unit. The
polymerized samples were removed from the frame. The finishing
and polishing of the samples were performed using a finishing and
polishing kit (Rainbow, Shofu). A specially constructed specimen
holder (self-cure acrylic resin) was used to hold the specimen
(Fig. 1). All procedures were carried out at room temperature
(23°C) by the same operator. All sample disks were submerged
in distilled water for a day. The next day, the base values of the
samples were recorded using a digital spectrophotometer (3nh,
Shenzhen, China) (Fig. 2). After initial color records, 12 specimens
from each composite group were placed in one of the solutions
for 3 hours/day (Fig. 3). Solutions were refreshed every day.
On the 7th day, the samples were rinsed in running water for
2 minutes and then blot dried before color measurements.
The second measurements were made with the same digital
spectrophotometer. Before every recording on the 15th and
30th days, the same procedure was performed. The readings of
the 1st, 7th, 15th, and 30th days were tabulated and evaluated.

Fig. 1: Specially constructed mold for finishing and polishing

Fig. 2: Spectrophotometer showing readings

Solution Preparation
•
•
•
•

Tea: For tea solution, to a cup of boiled water, one teaspoon of
tea leaves was added and boiled till dark color was obtained.
The solution was strained.
Black coffee: The coffee was prepared by dissolving a sachet of
10 gm of coffee powder in a cup of boiled water.
Green tea: The green tea solution was prepared by adding one
teaspoon of Lipton green tea to 200 mL of boiling water for
10 minutes.
Coca-Cola: Available commercially.

Specimen Segregation
•
•
•

Group I: ceram.x SphereTEC one (n = 48).
Group II: Brilliant™NG (n = 48).
Group III: GC SOLARE Sculpt (n = 48).

Twelve samples from each group were further immersed into the
solutions (Table 1):
•
•
•
•

Subgroup A (tea).
Subgroup B (black coffee).
Subgroup C (green tea).
Subgroup D (Coca-Cola).

Fig. 3: Samples were immersed in the respective solution for 7, 15, and
30 days

Sample Analysis
S a m p l e s we r e w a s h e d w i t h w ate r b e f o r e d o i n g t h e
spectrophotometric analysis. The immersion period was
standardized as 7 days. After every 7 days, the color of the samples
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Table 1: Segregation of sample specimen
Subgroup A
Tea

Subgroup B
Coffee

Subgroup C
Green tea

Subgroup D
Coca-Cola

Group I
Group II

n = 12
n = 12

n = 12
n = 12

n = 12
n = 12

n = 12
n = 12

Group III

n = 12

n = 12

n = 12

n = 12

Table 2: Comparison of composite groups and beverages
Groups

Drinks

7 days

15 days

30 days

p-value

Group I

Tea
Coffee
Green tea
Coca-Cola
Tea
Coffee
Green Tea
Coca-Cola
Tea
Coffee
Green Tea

1.85 ± 1.0
5.74 ± 2.0
6.64 ± 2.6
10.11 ± 4.6
6.31 ± 1.6
7.04 ± 2.2
5.64 ± 2.4
6.96 ± 1.78
5.98 ± 1.57
6.63 ± 1.97
5.21 ± 1.92

6.65 ± 1.4
6.88 ± 1.8
6.61 ± 2.0
5.71 ± 1.1
5.42 ± 1.5
5.94 ± 1.8
5.06 ± 1.9
5.54 ± 1.1
5.96 ± 1.5
6.58 ± 1.9
6.21 ± 2.4

6.42 ± 1.0
6.19 ± 1.9
5.88 ± 1.9
5.65 ± 1.0
5.61 ± 1.2
5.55 ± 1.9
6.8 ± 1.7
8.7 ± 1.3
9.77 ± 1.3
7.94 ± 2.9
6.82 ± 1.9

0.001*
0.001*
0.010*
0.010*
0.217
0.003*
0.01*
0.001*
0.001*
0.006*
0.11

Coca-Cola

9.28 ± 2.63

8.45 ± 3.10

6.68 ± 3.1

0.001*

Group II

Group III

Repeated measures ANOVA; Bonferroni correction; p < 0.05 is considered statistically significant
Bold values indicate intragroup or intergroup highest or lowest values
*Denotes significance

was recorded by spectrophotometer. Staining was checked
on the 7th, 15th, and 30th days. The variation in color pre and
postimmersion was derived using:
ΔE = √[(ΔL*) 2 + (Δa*) 2 + (Δb*) 2]
∆L = L1 – L2 (L1 = baseline and L2 = time of exposure)
∆b = b1 – b2,
∆a = a1 – a2.

Statistical Analysis
The Statistical Package for Social Sciences (SPSS) for Windows 26.0 was
used for data analysis (SPSS, Inc. Chicago, Illinois). Confidence
intervals were set at 95%, and a p-value of ≤5 was considered
statistically significant. Repeated measures analysis of variance
was used to check the significance of the difference in mean
composite groups, beverages, and ΔE for 7, 15, and 30 days. Further,
Bonferroni’s post hoc analysis was carried out to compare intragroup
group differences (Table 2).

R e s u lts
There was a statistically significant difference (p < 0.05) for ceram.x
SphereTEC one (group I) in tea, black coffee, green tea, and
Coca-Cola at 7, 15, and 30 days. Tea (1.85 ± 1.0) showed the lowest,
whereas Coca-Cola (10.11 ± 4.6) revealed the highest ΔE value at
7 days. The ΔE values gradually increased for 15 and 30 days. There
was a statistically significant difference (p < 0.05) for Brilliant™NG
one (group II) in black coffee, green tea, and Coca-Cola at 7, 15,
and 30 days. The ΔE value increased for Coca-Cola in 7 days (6.96
± 1.78) to 30 days (8.7 ± 1.3). There was a statistically significant
difference (p < 0.05) for GC SOLARE Sculpt (group III) in tea, coffee,
and Coca-Cola at 7, 15, and 30 days. The ΔE value increased for
tea, coffee, and green tea from 7 to 30 days in group III. However,
S30

the ΔE value decreased for Coca-Cola from 7 days (9.28 ±2.63) to
30 days (6.68 ± 3.1).
The staining property of composite in relation to beverages
from maximum to minimum is shown as follows:
GC SOLARE Sculpt + tea > ceram.x SphereTEC one + Coca-Cola
> GC SOLARE Sculpt + black coffee > GC SOLARE Sculpt + green tea
> GC SOLARE Sculpt + Coca-Cola > ceram.x SphereTEC one + green
tea > Brilliant™NG + tea > Brilliant™NG + black coffee > Brilliant™NG
+ green tea > Brilliant™NG + Coca-Cola > ceram.x SphereTEC one +
tea > ceram.x SphereTEC one + black coffee.

Discussion
Resin-based composites are the most desired material for anterior
restorations. This is due to its ability to resemble tooth color. Patients
often come back with complaint of discolored and unesthetic
appearance of composite restorations. Hence color stability is the
most important property desired in the composite. Color is the
ability possessed by an object visible to an observer as a result of
the reflections of light.1
Consumption of beverages in Indian households has steadily
grown over the past few years. Coca-Cola is a much-loved
drink among young people. Drinking tea is a tradition and
holds sentimental value in India. Coffee is seen as an “energy
booster.” Recently, awareness for health has increased among
all age groups, and there is a change in trend from traditional
beverages like tea and black coffee to healthier options. Hence
the consumption of green tea has also increased. There are very
few studies where discoloration of the composite due to green
tea was studied. Hence, the study aimed to compare the color
stability of composites when stained with beverages namely, tea,
coffee, and Coca-Cola with green. According to Guler et al., 7 days
of storing samples in a beverage replicated 6–7 months of coffee
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drinking. It can be assumed that similar effects can be considered
for other beverages also.7
In this study, the spectrophotometer gave the readings in the
CIELAB system. The equation to evaluate color change is ∆E = √[(ΔL*)
2 + (Δa*) 2 + (Δb*) 2]. ∆E is additionally descriptive as it summarizes
the variance in the three color vectors and denotes their combined
effect on color change. It uses three parameters, L*, a*, and b*, which
are the color coordinate values in a three-dimensional color space,
where L* specifies brightness or blackness (i.e., value), a* denotes
the hue (i.e., color on a red/green axis), whereas b* values represent
chroma (i.e., the position on a yellow/blue axis).8,9
Extrinsic discolorations are also associated with the properties
of the composites, apart from the effects of staining agents in
drinks and food items. The amount of fillers and matrix affects
the absorption of water, dissolution, hydrophilic nature, and
other properties of the composites, which might impact the
prolonged color constancy of resin restorations. 8–11 Bisphenol
A-glycidyl methacrylate (Bis-GMA) and a minor amount of
triethylene glycol dimethacrylate (TEGDMA) into resin might also
considerably enhance the water sorption than resins that comprise
chiefly urethane dimethacrylate (UDMA). The characterization
of the composites microstructure and composition allows the
establishment of structure/property relationships that help
the understanding of the material’s behavior in service and the
improvement of the material’s design.12
According to Topcu et al.,13 TEGDMA comprises a core ethoxy
group that has a high attraction to water particles.14 This results in
increased hydrophilic properties of resin-based composite. Such
composite resins show more vulnerability to stains as colorants
are absorbed along with water. Adsorption and absorption of
colorants are influenced by the size and type of inorganic fillers
distribution and affinity with the resin matrix. Many studies have
shown that organic matrices and inorganic fillers which will give
the long-term esthetic outcome of composite resin. These studies
suggest that there is no definite ideal proportion of organic matrices
and inorganic fillers which will give optimal esthetic outcomes
without compromising the mechanical properties of composite
resin restorations.11
GC SOLARE Sculpt is the least color resistant. This is due to
the increased resin content and high porosity of these restorative
materials. Thus, there is an increase in water sorption in the case
of GC SOLARE Sculpt.15
Considering the abovementioned aspects, tea had the highest
discoloring ability, and GC SOLARE Sculpt was the restorative
material most prone to discoloration among the three. The results of
the current study indicated that there was a significant color change
in all the samples over a time of 1 month. There was a significant
color change from baseline to 7 days and 15 to 30 days. The data
showed that the color change from 7 to 30 days was not significant
for most of the solutions than 15–30 days.
Among the beverages, tea showed maximum ability to stain
composite samples, followed by black coffee, Coca-Cola, and green
tea. The present study showed that immersion in tea caused a high
color change in the specimens with a difference in ∆E values of 10.8.
Our results slightly varied with Fontes et al.,16 wherein they
stated that it is the acidic pH of the beverage that affects the
composite staining, and Coca-Cola was responsible for maximum
staining of composite, as it was the most acidic solution. Filtek
Z350 was the experimental composite used. The standard pH of
beverages used in this study, that is, tea, black coffee, Coca-Cola,
and green tea is 5.3,17 5.70,18 2.5,19, and 7–10,19 respectively,

according to various studies. But in our study, despite the low pH
of Coca-Cola and black coffee, tea showed maximum staining. The
composite discoloration capacity of tea can be attributed to its
water absorption and the hydrophilic nature of the resin matrix.
The results of this study are not in accordance with the study done
by Malekipour et al.,20 Mardiati et al.,18 and Rajkumar et al.15 This
may be due to the tea variety used in this study. The Taj tea bags
(Hindustan Unilever Limited) contains fewer amounts of tannic
acid than tea leaves. The Coca-Cola drink, despite the presence of
phosphoric acid components, does not affect the color change of
composites strongly. GC SOLARE Sculpt was the least stain-resistant
among all materials. Our results matched with Manohar and
Jeevanandan. This can be owed to its increased resin content and
highly porous resin structure.6 Their resinous matrix is composed
of Bis-GMA, UDMA, bisphenol-A ethoxylated dimethacrylate
(Bis-EMA), and TEGDMA. UDMA is more resistant to staining than
Bis-GMA due to its low sorption and water solubility characteristics.
In the micro-hybrid resin system, the main components are
Bis-GMA, UDMA, and Bis-EMA. In addition to these, there is still
a small amount of TEGDMA, a hydrophilic monomer, mixed with
the UDMA and Bis-EMA, promoting a hydrophobicity characteristic
of the composite resin.21
Large sample size and in vivo studies are required to support
the results.

C o n c lu s i o n
Despite the limitations of the study, the following inferences can
be concluded. The samples from all the groups showed an increase
in staining postexposure. GC SOLARE Sculpt showed maximum
color change for all beverages tested. ceram.x SphereTEC one
showed the least staining of all materials. Tea showed maximum
staining among all beverages. Green tea showed the least staining
among all beverages. Tea, black coffee, and Coca-Cola showed
clinically significant staining properties among all beverages. All
the solutions displayed staining ability in all tested samples. The
surface properties of resin samples, nature and effects of oral
fluids, changes in the oral environment, and interactions with food
colorants should also be taken into consideration. The sample size
considered in the present study was relatively small, and the study
was carried out in an in vitro setting. Therefore, large sample size
and in vivo studies are required to support the results.
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