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ABSTRACT

INTRODUCTION

Aim: This study is aimed to evaluate the effect of staining
solutions on the color stability of bulk fill and conventional
nanohybrid resin composites (RCs) when subjected to various
immersion periods.

Patients’ great demand for esthetic appearance increases
the significance of resin composite (RC) restorations in the
dentist’s routine practice.1 Esthetic failure remains the
most common reason for the replacement of these restorations.2
Several intrinsic and extrinsic factors cause the discoloration of resin-based composites.3 Extrinsic factors
include poor oral hygiene, smoking and drinking habits,2
adsorption and absorption of water-soluble stains,4 and
ultraviolet radiation.5 The susceptibility to extrinsic
staining is also affected by composition and size of filler
particles.6
Intrinsic factors affecting the color stability include
the composition of resin matrix, depth of cure, shade
and degree of conversion,7 photoinitiator,8,9 and water
sorption.10 Insufficient depth of cure is considered as
the main disadvantage of resin-based composites. 11
Due to the insufficient depth of cure, incremental placement technique is employed with each increment not
exceeding 2 mm while restoring deep cavities.12 As this
procedure is time consuming, bulk fill composites have
been introduced with an increased increment thickness.
Generally bulk fill composites are claimed to be curable
to a thickness at 4 mm without adverse effect on polymerization shrinkage, cavity adaptation, and degree of
conversion.13-16
In the dental literature, many studies compared the
color stability of various conventional RC materials upon
immersion in coffee, tea, and other beverages. Chan
et al17 investigated two composites by immersing the
specimens in soy sauce, cola, coffee, tea, and distilled
water and reported that soy sauce and coffee showed
greater discoloration and stain resistance is affected by
the type of material used.
Dietschi et al10 tested 10 conventional composite
materials and reported that erythrosine and coffee
caused greatest color change among the solutions used
(Table 1). The authors also concluded that the resistance
to discoloration for an RC can be increased by polished
surfaces, low water sorption, a high filler–resin ratio,
reduced particle size and hardness, and an optimal
filler–matrix coupling system, but only a few studies

Materials and methods: A total of 120 cylindrical Teflon molds
(4 × 4 mm) were obtained and divided into four groups of
30 each. Molds of groups I and II were filled with Tetric N Ceram
Bulk Fill (Ivoclar Vivadent, Schaan, Liechtenstein) and Filtek
Bulk Fill (3M ESPE, St. Paul, MN, USA). Molds of groups III and
IV were filled with Tetric N Ceram (Ivoclar Vivadent) and Filtek
Z250 XTE (3M ESPE) incremental fill RC. Photo-activation was
performed and specimens were incubated. Spectrophotometer
analysis was done according to Commission Internationale
d’Eclairage Lab color scale. After taking the baseline measurements, 10 samples from each group were immersed in distilled
water (control, subgroup a), tea (subgroup b), and coffee (subgroup c) respectively, for 1, 7, and 30 days. The color values
of each specimen were remeasured and color change value
(E*ab) was calculated after 1, 7, and 30 days. Data were analyzed by Friedman’s test and Mann–Whitney U-test; p < 0.05 is
considered to be statistically significant.
Results: Group III specimens showed perceptible color changes
at 30-day immersion period in coffee and tea. In group I specimens, color changes were perceptible at 7- and 30-day immersion periods in coffee and only 30-day immersion period in tea.
Groups II and IV specimens showed perceptible color changes
after all immersion periods in coffee and after 30 days in tea.
Conclusion: It can be concluded that Tetric N Ceram has less
color change than the other nanohybrid RCs investigated when
immersed in coffee and tea after various immersion periods.
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reported the color stability of bulk fill composites. Ertan
Taskinsel et al 18 stated that nanocomposites exhibit
better color stability than microhybrid composites due
to the latter’s low polishability.
However, there are no studies comparing the color
stability of bulk fill and incremental fill nanohybrid RCs.
So, the aim of this study is to compare the effect of the
individual staining solutions on the color stability of different nanohybrid RCs used in the study.

MATERIALS AND METHODS
A total of 120 cylindrical split teflon molds (4 × 4 mm)
were obtained and divided into four groups of 30 each.
Molds of groups I and II were filled with Tetric N Ceram
Bulk Fill (Ivoclar Vivadent, Schaan, Liechtenstein) and
Filtek Bulk Fill (3M ESPE, St. Paul, MN, USA). For the
bulk fill composites, a mylar strip was placed on a glass
plate and the teflon mold was placed over it. The bulk
fill composite was packed in bulk inside the mold until
it was slightly overfilled and covered with a mylar strip.
A glass slide of 1 mm thickness was placed on top of the
mylar strip to remove excess material and to obtain a
flat surface.
Molds of groups III and IV were filled with Tetric N
Ceram (Ivoclar Vivadent) and Filtek Z250 XTE (3M ESPE)
incremental fill RC respectively. For incremental fill RCs,
the material was packed in 2 mm increments according
to the manufacturer’s instructions; each increment was
cured from the top surface of the specimen.

Photoactivation was performed according to the manufacturer’s instructions for 10 seconds at 1200 mW/cm2 with
a light-emitting diode light curing unit (3M ESPE, ELIPAR).
The light guide tip was placed in contact with glass slide
on the top surface of specimen. The output power was
checked regularly with a radiometer (Ivoclar). Polishing
techniques were not used to avoid modification of surfaces
of the specimens, which may have influenced the results.
The specimens were incubated at 100% humidity
at 37°C for 24 hours. The baseline measurements were
performed using a spectrophotometer. The calibration
was made with a standard white card, and the readings
were recorded according to Commission Internationale
d’Eclairage (CIE Lab). The measurements were taken at
the center of the resin discs and were repeated twice in
each sample, and the mean values were calculated.
After taking the baseline measurements, each group
was divided into three subgroups of 10 samples each.
Samples from each subgroup were immersed in distilled
water (control, subgroup a), tea (subgroup b), and coffee
(subgroup c) respectively, for 1, 7, and 30 days.

PREPARATION OF STAINING SOLUTIONS
Tea solution was prepared by dissolving 5 gm of instant
tea (Taj Mahal, Brooke Bond, Mumbai, Maharashtra,
India) into 250 mL of boiling water for 6 minutes. After
stirring for 1 minute, the solution was filtered through
filter paper. Coffee (Bru, Hindustan Unilever, Chennai,
Tamil Nadu, India) solution was also prepared by the
same method. The solutions were prepared daily.

Table 1: Composition of the resin composite materials used in the study

Groups
I

II

III

IV

Resin composite
and shade
Tertic N ceram
Bulk Fill (Ivoclar
Vivadent, Schaan,
Liechtenstein), A1
Filtek Bulk Fill (3M
ESPE, St. Paul, MN,
USA), IVA

Filler
weight
(%)
75–77

Filler
volume
(%)
53–55

76.5

Tertic N ceram
81
(Ivoclar Vivadent,
Schaan,
Liechtenstein), A1
Filtek Z250XTE (3M, 82
ESPE, St Paul, MN,
USA), A1

Filler type
Barium glass filler,
Ytterbium trifluoride,
Silicon dioxide

Filler size
0.6 μm

58.4

Non-aggregated zirconia
and silica filler, aggregated
zirconia/silica cluster filler,
Ytterbium trifluoride

62–64

Barium glass filler,
Ytterbium trifluoride, Mixed
oxide, Polymer Filler

Non-aggregated silica filler:
20 nm, non-aggregated
zirconia filler: 4 to 11 nm,
aggregated zirconia/silica
cluster filler: 20 nm silica
and 4 to 11 nm zirconia
0.6-10 μm

68

Non-aggregated zirconia
and silica filler, aggregated
zirconia/silica cluster filler,
Ytterbium trifluoride

Monomer
composition
Bis-GMA, Bis-EMA,
UDMA

Bis-GMA, Bis-EMA,
UDMA, AUDMA,
DDDMA

Bis-GMA, Bis-EMA,
UDMA

Aggregated zirconia/silica
TEGDMA Bis-EMA,
cluster filler: 0.01-3.5μm with UDMA
an average particle size of
0.6μm, non-aggregated silica
filler: 20 nm, non-aggregated
zirconia filler: 4 to 11 nm
Abbreviations: BisGMA: Bisphenol A glycidylmethacrylate; UDMA: Urethane dimethacrylate; BIS-EMA: Ethoxylated bisphenol A
glycol dimethacrylate; AUDMA: Aromatic dimethacrylate; TEGDMA: Triethylene glycol dimethacrylate; DDDMA: 1,12-dodecanediol
dimethacrylate
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The color difference (ΔE*ab) was calculated from the
equation19 ΔE – *ab = [(ΔL*)2 + (Δa*)2 + (Δb*)2]½, where L*
represents lightness, a* depicts chromaticity in green–red
axis (−a = green; +a = red) and b* depicts chromaticity in
blue–yellow axis (−b = blue; +b = yellow).
Each specimen should be rinsed thoroughly with
water for 1 minute and dried with absorbent paper
before each measurement. All the measurements were
performed on the same surface of the specimens.
For statistical analysis, Statistical Package for the
Social Sciences for windows version 11.5 was used.
Friedman’s test was used to compare the groups of each
staining solution after different immersion periods. To
compare the staining solutions after each immersion
period, Mann–Whitney U-test was used; p < 0.05 is considered to be statistically significant for all tests.

RESULTS
The mean and standard deviations of color change
values (ΔE*ab) of composite specimens after immersion
in staining solutions are shown in Table 2. When the
ΔE*ab value was > 3.3, staining was considered visually
perceptible.20
Group I (Tetric N Ceram Bulk Fill): These specimens
showed perceptible color changes after 30 days of immersion in tea and after 7 and 30 days of immersion in coffee
(Table 2).
Group II (Filtek Bulk Fill): Color changes were perceptible in these specimens after 30-day immersion in tea.
Perceptible staining was found in specimens immersed
in coffee at all immersion periods (Table 2).
Group III (Tetric N Ceram): These specimens showed
perceptible color changes after 30 days of immersion in
tea and coffee (Table 2).
Table 2: Mean and standard deviations of groups I, II, III
and IV staining solutions

Resin composite
Groups
Days
I
1
7
30
II
1
7
30
III
1
7
30
IV
1
7
30

Water
(sub-group I)
Mean SD
2.01
0.20
2.06
0.18
2.24
0.19
1.28
0.28
1.85
0.17
1.92
0.16
1.11
0.30
1.53
0.23
1.87
0.13
1.83
0.19
2.18
0.16
1.94
0.19

Staining solutions
Tea
(sub-group I)
Coffee
Mean SD
Mean SD
2.33
0.34 3.16
0.17
2.27
0.30 3.49
0.38
4.04
0.31 5.34
0.49
2.22
0.25 4.54
0.23
2.45
0.20 5.48
0.21
8.33
0.23 7.97
0.19
2.28
0.20 2.74
0.31
2.10
0.23 2.53
0.21
4.49
0.39 4.73
0.33
2.33
0.25 3.54
0.18
2.63
0.25 4.41
0.17
8.14
0.21 8.25
0.23

Group IV (Filtek Z250 XTE): Color changes were perceptible in specimens after 30 days of immersion in tea.
Perceptible staining was found in specimens immersed
in coffee at all immersion periods (Table 2).

Multiple Groups Comparison among
Staining Solutions (Table 3)
Group I: After 1 day, no significant difference was
observed between the staining solutions. After 7 and 30
days, significant difference was observed between water
and tea and water and coffee.
Group II: Significant difference was observed among
all the staining solutions after all immersion periods
except between tea and coffee after 30 days of immersion.
Group III: After 1 day, no significant difference was
seen among the staining solutions. After 7 days, significant difference was seen only between water and
coffee. After 30 days, significant difference was observed
between water and tea and water and coffee.
Group IV: Significant difference was observed among
all the staining solutions after all immersion periods except
between tea and coffee after 30 days of immersion (Table 3).

DISCUSSION
Esthetic failure remains the major cause for the replacement of RC restorations.21 The color stability is determined by resin matrix, staining agents, depth of cure,
and dimensions of filler particles.22 To evaluate the color
changes, CIE L*, a*, b* coordinates system was used in
this study as it is appropriate for the determination of
small color changes and shows sensitivity, repeatability,
and objectivity.10
On evaluating the effect of staining solutions on the
color stability of Tetric N Ceram, Tetric N Ceram Bulk
Fill, Filtek Z250 XTE, and Filtek Bulk Fill, significantly
higher discoloration was observed in Filtek Z250 XTE
and Filtek Bulk Fill specimens after 30 days of storage in
Table 3: Mann–Whitney U-test results for ΔEab in terms of the
staining solutions
Immersion Staining
period
solutions
Group I Group II Group III Group IV
1 Day
Water-tea
–
+
–
+
Water-coffee –
+
–
+
Tea-coffee
–
+
–
+
7 Days
Water-tea
+
+
–
+
Water-coffee +
+
+
+
Tea-coffee
–
+
–
+
30 Days
Water-tea
+
+
+
+
Water-coffee +
+
+
+
Tea-coffee
–
–
–
–
+ indicates statistically significant difference (p<0.05); – indicates
no statistically significant difference (p>0.05)
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coffee and tea. These color changes were related to the
compositions of the RCs. Filtek Z250 XTE and Tetric N
Ceram have similar resin matrix compositions with the
addition of triethylene glycol dimethacrylate (TEGDMA)
in the resin matrix of Filtek Z250 XTE. Previous studies
reported the increase in the water uptake in the bisphenol
A–diglycidylether methacrylate-based RCs from 3 to 6%
as the proportions of TEGDMA increased from 0 to 1%.23
This explains the greater discoloration of Filtek Z250 XTE
compared with Tetric N Ceram. The greater color stability
of Tetric N Ceram may also be attributed to the relatively
higher percentage of urethane-dimethacrylate, which is
more resistant to water, in its resin matrix.
Filtek Z250 XTE with smaller particle size is expected
to have smoother surface and less discoloration. But
the greater discoloration may be due to the presence of
nanocluster and agglomerated filler particles. Previous
studies concluded that these particles possess high water
sorption character, thus making them less color resistant.24
The increased discoloration of Filtek Bulk Fill is explained
by the less filler loading (56–59% by volume) and also by
the less water-resistant nanoclusters in the filler composition; due to the lower filler content, more water might get
absorbed at the matrix–filler interface causing hydrolytic
degradation of filler and eventually debonding of matrix–
filler interface.25 The less color stability of Tetric N Ceram
Bulk Fill compared with Tetric N Ceram may be explained
by the less filler loading in its composition (54–56% by
volume) compared with Tetric N Ceram.
All the RCs investigated in this study exhibited acceptable color changes (ΔE < 3) for all immersion periods
after immersion in water; this finding is consistent with
previous reports.26 All the four composite resins demonstrated unacceptable color changes after 30 days of
storage in coffee and tea. Chan et al17 and Ertas et al24
also reported that coffee causes more discoloration than
tea. This greater color change following the immersion in
coffee is attributed to the presence of yellow low-polarity
chains. These low-polarity stains can penetrate deeper
into polymer matrices of RCs both by adsorption and
absorption. The high-polarity yellow stains from tea can
precipitate on the surface only through adsorption.27 Due
to the stain’s mobile and high-polarity phases,28 they get
eluted after rinsing with water.10,29
ΔEab values > 3.3 were considered clinically unaccep
table by many authors.2,20 In this study, color changes
of Tetric N Ceram specimens exceeded the ΔEab value
of 3.3 only after 30 days of immersion in coffee and tea
solutions. Tetric N Ceram Bulk Fill showed ΔEab > 3.3
after 30 days of immersion in tea and after immersion
in coffee for 7 and 30 days. Filtek Z250 XTE and Filtek
Bulk Fill demonstrated perceptible color changes after
30 days of immersion in tea and for all immersion periods
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in coffee. These results were in agreement with a study
conducted by Yannikakis et al.29 The author reported that
as the immersion time is increased, the color changes
became more intensive.
This study demonstrates the effect of tea and coffee
on the discoloration of two bulk fill and two conventional
nanohybrid RCs. Further research is needed to investigate
the effect of other frequently consumed drinks, such as
soft drinks and alcoholic beverages on the RCs. Moreover,
this study includes only one shade of each resin system.
Further research should be done comparing the esthetic
stability of different shades in each resin system as the discoloration is influenced by the shade of composite resin.9

CONCLUSION
Within the limitations of this study, the following conclusions can be made:
• Tetric N Ceram appeared to be more color stable than
other RCs.
• All the four RCs compared are more vulnerable to
coffee staining than tea.
• The discoloration effect of both the staining solutions
depends on immersion time and resin matrix and filler
loading.

REFERENCES
1. Sachdeva GS, Ballal S, Kandaswamy D. Evaluation of the color
matching ability of three light cure composite materials, in
variable thickness with their respective shade guides and the
standard vitapan shade guide using CIE Lab spectroscopy - an
invitro study. J Conserv Dent 2007;10:77-82.
2. Bansal K, Acharya SR, Saraswathi V. Effect of alcoholic and
non-alcoholic beverages on color stability and surface roughness of resin composites: An in vitro study. J Conserv Dent
2012;15:283-288.
3. Albers HF. Tooth-colored Restoratives. Principles and Techniques. London: BC Decker Inc; 2002.
4. Lu H, Roeder LB, Lei L, Powers JM. Effect of surface roughness on stain resistance of Dental resin composites. J Esthet
Restor Dent 2005;17:102-109.
5. Mutlu-Sagesen L, Ergün G, Ozkan Y, SemizM. Color stability
of a dental composite after immersion in various media. Dent
Mater J 2005 Sep;24(3):382-390.
6. Reis AF, Giannini M, Lovadino JR, Ambrosano GM. Effects of
various finishing systems on the surface roughnessand staining susceptibility of packable composite resins. Dent Mater
2003;19(1):12-18.
7. Janda R, Roulet JF, Kaminsky M, Steffin G, Latta M. Color
stability of resin matrix restorative materials as a functionof
the method of light activation. Eur J Oral Sci 2004 Jun;112(3):
280-285.
8. Domingos PA, Garcia PP, Oliveira AL, Palma-dibb RG. J
Composite resin color stability: influence of light sources and
immersion media. Appl Oral Sci 2011;19(3):204–211.
9. Uchida H, Vaidyanathan J, Viswanadhan T, Vaidyanathan TK.
Color stability of dental composites as a function of shade. J
Prosthet Dent 1998;79(4):372-377.

JODE
Effect of Staining Solutions on the Color Stability of Conventional and Bulk Fill Nanohybrid Resin Composites
10. Dietschi D, Campanile G, Holz J, Meyer JM. Comparison of
the color stability of ten new-generation composites: an in
vitro study.Dent Mater 1994;10(6):353-362.
11. Sakaguchi RL, Douglas WH, Peters MC. Curing light performance and polymerization of composite restorative materials.
J Dent 1992;20:183.
12. Chandrasekhar V, Reddy LP, PrakashTJ, Rao GA, Pradeep M.
Spectrophotometric and colorimetricevaluation of staining of
the light cured composite after exposurewith different intensities of light curing units. J Conserv Dent 2011;14:391-394.
13. SDR. Instructions for use. DENTSPLY Caulk 2012.
14. 3M ESPE. Filtek Bulk Fill Flowable Restorative. Minnesota,
USA: 2012.
15. X-tra fil. Instructions for use. VOCO 2010.
16. Tetric EvoCeram Bulk Fill Instructions for use. Ivoclar
Vivadent; 2011.
17. Chan KC, Fuller JL, Hormati AA. The ability of foods to stain
twocomposite resins. J Prosthet Dent 1980;43:542-545.
18. Taskinsel E, Ozel E, Ozturk E. Effects of sports beverages
and polishing systems on color stability of different resin
composites. J Conserv Dent 2014;17:325-329.
19. Wyszecki G and Siles WS. Color Science: Concepts and
Methods, Quantitative Data and Formulae John Wiley & Sons
New York 166-169.
20. Ahmed KI, Sajjan G. Color stability of ionomer and resin
composite restoratives in various environmental solutions:
An invitro reflection spectrophotometric study. J Conserv
Dent 2005;8:45-51.

21. Garoushi S, Lassila L, Hatem M, Shembesh M, Baady L,
Salim Z, et al. Influence of staining solutions and whitening
procedures on discoloration of hybrid composite resins. Acta
Odontol Scand 2013;71:144-150.
22. Inokoshi S, Burrow MF, Kataumi M, Yamada T and Takatsu
T. Opacity and color changes of tooth-colored restorative
materials. Oper Dent 1996;21(2):73-80.
23. Canay S, Cehreli MC. The effect of current bleaching agents on
the color of light-polymerized composites in vitro. J Prosthet
Dent. 2003 May;89(5):474-478.
24. Ertas E, Güler AU, Yücel AÇ, Köprülü H, Güler E. Color stability of resin composites after immersion in different drinks.
Dent Mater 2006;25(2):371-376.
25. Vandewalle KS, Roberts HW, Tiba A, Charlton DG. Thermal
emission and curing efficiency of LED and halogen curing
lights. Oper Dent 2005;30(2):257-264.
26. Nomoto R, McCabe JF, Hirano S. Comparison of halogen,
plasma and LED curing units. Oper Dent 2004;29(3):
287-294.
27. Um CM, Ruyter IE. Staining of resin-based veneering materials with coffee and tea. Quintessence Int 1991 May;22(5):
377-386.
28. SarafianouA, Iosifidou S, Papadopoulos T, Eliades G. Color
stability and degree of cure of direct composite restoratives
after accelerated aging. Oper Dent 2007;32(4):406-411.
29. Yannikakis SA, Zissis AJ, Polyzois GL, Caroni C. Color stability of provisional resin restorative materials J Prosthet Dent
1998;80(5):533-539.

Journal of Operative Dentistry and Endodontics, January-June 2017;2(1):1-5

5

