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Abstract Objective The aim of this study was to test the effect of different bleaching protocols
on surface roughness, color stability, and translucency parameter of coffee-stained
nanohybrid dental composites with different viscosities.
Materials and Methods Five nanohybrid dental composites with different viscosities
(n¼250)—Neo Spectra LV, Neo Spectra HV, Neo Spectra Flow (Dentsply, Konstanz,
Germany), Grandio, and Grandio Flow (Voco, Cuxhaven, Germany)—were used to test
surface roughness, color stability, and translucency parameter after bleaching of
coffee-stained specimens using either in-office bleaching, home bleaching, or a
combination of both. The viscosity of the five types of dental composites was tested
using a viscometer. A scanning laser microscope (SLM) was used to examine the surface
topography of representative samples from each dental composite after the combined
effect of both bleaching agents. Effect of composite type, bleaching protocol, and their
interaction was assessed by two-way analysis of variance. For multiple comparisons,
Tukey’s post hoc test was used with Bonferroni correction.
Results Surface roughness of all coffee-stained dental composites increased after
bleaching; however, those of Grandio and Grandio Flow increased significantly
(p<0.0001). This was confirmed by SLM images that showed rough surface with
protruding fillers after in-office and home bleaching protocol. Results revealed that
bleaching, regardless of the protocol, decreased the delta E values of all dental
composites; however, it was still higher than the accepted threshold value of 3.7.
Neither of the bleaching protocols enhanced translucency parameter of all dental
composites. Neo Spectra Flow and Voco Flow had the highest translucency parameter
after the three bleaching protocols.
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Introduction

Dental composites have undergone several improvements
either in the organicmatrix composition or the inorganicfiller
technology to enhance physio-mechanical and biological
properties.1 To achieve better adaptation of dental composites
to tooth structure for better sealing and with a tooth-restora-
tion interface without gaps, dental composites with different
viscosities are needed. Viscosity is dependent on matrix
composition and filler size, percentage, and distribution.2

Manufacturers supply different viscosities, ranging fromflow-
able to low viscosity to high viscosity to bulk-fill dental
composites.

Nanohybrids are dental composites containing nanofillers
(<100nm) and sub-micron particles (�1 μm), which allow for
more durable and esthetic restorations.3,4 Surface roughness
of nanohybrid dental composites is determined by the resin
composite composition and polishing procedures. The size of
filler particles in resin composites has been reported to have a
significant impact on the transmittance and reflectance of the
final restoration. The surface finish achieved during finishing
and polishing methods affects composites’ optical qualities,
such as color, gloss, and texture.5

Color and surface topography changes in nanohybrid
dental composites have been associated with diet type,
oral hygiene habits, and type of dental composite. Beverages
such as tea, coffee, and soft drinks may have a negative effect
on surface roughness and color of dental composites.6,7

Composite resin discoloration can result from either
internal or external sources. Internally produced discolora-
tions are persistent and related to polymer quality, filler
type, and amount and type of photoinitiator system. The
resin’s affinity for extrinsic stains is influenced by its degree
of conversion and physicochemical properties, such as water
sorption rate, adsorption of stains on the superficial layer,
surface roughness, and polishing technique.8

Dental bleaching can be used to enhance the esthetics of
discolored dental composites.9 Bleaching products contain
peroxides that act as powerful oxidizing agents, generating
free radicals that break chromophores into smaller com-
pounds. This might enhance the esthetic outcome of dental
composites but also might have a detrimental effect on
surface roughness, color stability, and translucency, accord-
ing to the used protocol: either in-office bleaching, home
bleaching, or a combination of both.10

Several studies have shown that bleaching has a negative
effect on properties of nanohybrid dental composites such as
microhardness, surface roughness, and color stability.11–13

However, not enough studies are available on the effect of
bleaching on properties of nanohybrid dental composites

with different viscosities and compositions. Thus, the pur-
pose of this study was to test the effect of different bleaching
protocols on surface roughness, color stability, and translu-
cency parameter of coffee-stained nanohybrid dental com-
posites with different viscosities. The null hypothesis was
that there will be no difference between unbleached and
bleached coffee-stained nanohybrid dental composites with
different viscosities, regarding surface roughness and color
parameters.

Materials and Methods

Materials
Five nanohybrid dental composites with different viscosities
and composition have been used in this study: Neo Spectra
LV (LV), Neo Spectra HV (HV), Neo Spectra Flow (F) (Dentsply,
Konstanz, Germany), Grandio (V), and Grandio Flow (VF)
(Voco, Cuxhaven, Germany) (►Table 1).

Methods

Specimen Preparation
A total of 250 specimens were prepared to obtain (n¼10)
specimens per subgroup of each material (►Fig. 1), based on
sample size calculation by G�Power version 3.1.9.4 (Heinrich
Heine; University of Dusseldorf, Germany) to achieve a
power of 80%, a significance level of 0.05, and an effect size
of 0.25. A custom-made Teflon mold was used to prepare
disks (2�6mm). A celluloid strip (Tor VM.; Moscow, Russia)
and a microscope glass slide were placed on specimens
before polymerization to achieve a smooth surface. A light
curing unit (Bluephase style; Ivoclar Vivadent, Liechtenstein)
was used to polymerize specimens, after the light intensity
was checked using a radiometer (Bluephase meter II; Ivoclar
Vivadent, Liechtenstein). Irradiation time was 10 seconds,
following the recommendations of the manufacturer of each
composite. All specimens were polished using a one-step
dental composite polishing system (ComposiPro, Brasseler,
United States) with cooling, to achieve a smooth surface.
Polishing was done by a single operator to avoid variability
and each specimen was polished for 15 seconds using a low-
speed hand piece at a speed of 20,000 rpm.14 Specimens
were stored in distilled water at 37°C in an incubator for
24 hours.

Staining in Coffee
Specimens were immersed for 3hours a day at 37°C for a 30-
day staining period in 20mL coffee (Nescafe Gold; Gatwick,
UnitedKingdom). Toprepare the staining solution, 6 gof coffee

Conclusion Bleaching does not improve color stability and translucency of coffee-
stained nanohybrid dental composites regardless of the viscosity. Surface roughness of
coffee-stained nanohybrid dental composites increases after application of bleaching
agents.
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wasdissolved in250mLofhotwater andwas reprepareddaily.
Specimenswere immersed for 3hours in the staining solution
then removedandwashed, and stored indistilledwater for the
rest of the 24hours, before repeating same steps.15

Bleaching Procedure
An in-office bleaching agent containing 37.5% hydrogenperox-
ide (Pola officeþ ; SDI, Australia) and a home bleaching agent
containing 16% carbamide peroxide (Pola night; SDI, Australia)
were used in this study. Coffee-staineddental compositeswere
divided into subgroups (n¼10) according to the bleaching
procedure, either in-office bleached, home bleached, or a
combination of both (►Fig. 1). For in-office bleaching, gel
wasapplied for8minutes, thenwashedanddried. Theprevious
stepwas repeated three times, as recommended by themanu-
facturer. Forhomebleaching, gelwasapplied for1.5hours, then
washed and dried. This step was repeated 14 times, according
to manufacturer’s instructions. For in-office and home
bleached subgroup, both steps were combined.

Surface Roughness
Surface roughness (Ra) of coffee-stained specimens from
each composite type was measured before and after bleach-
ing using a calibrated contact surface profilometer (Marsuf
PS10; Göttingen, Germany) with a cutoff value of 0.25mm.
Threemeasurementswere done for each composite disk, and
meanwas calculated.16 Surface topography of representative
specimens from the group that combined home and in-office
bleaching were then investigated using a scanning laser
microscope (SLM) (Keyence Vk-X100 Series; Osaka, Japan).

Color Stability
Coffee-staineddental composites color stabilitywas evaluated
afterbleachingusing the color parameters (L�, a�, b�)measured
over awhite background (L�¼95.1; a� ¼0.1, and b� ¼3.1), by a

digital shade guide (Vita Easyshade V; Bad Sackingen,
Germany). Color change (DE�) was measured according to
ISO/TR 28642:2016,17 using the following formula:18

where DL�, Da�, and Db� are the differences between the final
(afterbleachingofcoffee-stained specimens) and initial (before
coffee staining) color parameters L�, a�, and b�, respectively.

Translucency Parameter
Translucency parameter was determined according to ISO/TR
28642:2016 standard. Color parameters (L�, a�, b�) were mea-
sured on white (L�¼95.1; a�¼0.1, and b�¼3.1) and black
backgrounds (L�¼9.1; a�¼–0.1, andb�¼ –1.3)before andafter
bleaching of coffee-stained dental composites. Translucency
parameter (TP) was calculated according to the formula:18

where, Lw, aw, bw, Lb, ab, and bb are color parameters
measured on white and black backgrounds, respectively.

Viscosity
Viscosity measurements were assessed using a cone-plate
viscometer (DV2T Brookfield Viscometer; Middleboro, United
States); 0.25gofeach compositewasdispensedon theplate and
tested under the following parameters: 25°C temperature,
200 rpm speed, 1 second�1 shear rate, and 15-second run
time.19Threereadingswererecordedforeachdental composite.

Statistical Analysis
Normaldistributionwasapproved for all databyShapiro–Wilk
test and Q-Q plots; thus, mean and standard deviation were
used for data presentation. Two-way analysis of variance

Table 1 Nanohybrid dental composites and their composition

Material Viscosity Manufacturer Matrix Fillers Filler
wt.%

Lot number

Neo Spectra
ST-HV (HV)

High Dentsply,
Konstanz,
Germany

Methacrylate modified
polysiloxane
(organically modified ceramic)
dimethacrylate resins

Spherical, prepolymerized
SphereTEC fillers (15 µm),
nonagglomerated barium
glass (0.6 µm), and ytterbium
fluoride (0.6 µm)

78–80 2101001138

Neo Spectra
ST-LV (LV)

Low Dentsply,
Konstanz,
Germany

76–78 2101000486

Neo Spectra
ST-Flow (F)

Flowable Dentsply,
Konstanz,
Germany

Ethoxylated
bisphenol-A-dimethacrylate,
dodecanediol dimethacrylate,
and urethane modified
Bis-GMA resin

Barium-aluminum-borosilicate
glass, ytterbium fluoride, and
highly dispersed silicon dioxide
0.1–3.0 μm

62.5 2108000560

Grandio (V) Conventional Voco,
Cuxhaven,
Germany

Bis-GMA, UDMA,
and TEGDMA

1-μm sized glass ceramic
microfiller, and 20–60 nm sized
spherical SiO2 nanofillers

87 2113163

Grandio
Flow (VF)

Flowable Voco,
Cuxhaven,
Germany

Bis-GMA, UDMA, TEGDMA,
and HEDMA

80.2 2048319

Abbreviations: Bis-GMA, bisphenol-A-glycidyl methacrylate; HEDMA, hydroxyethyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate;
UDMA, urethane dimethacrylate.
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(ANOVA) was used to assess the effect of composite material
and bleaching protocol and their interaction on dependent
outcomes (surface roughness, and color and translucency
parameters). Tukey’s post hoc test was performed with Bon-
ferroni correction for multiple comparisons adjustments. Sig-
nificance level was set at p-value � 0.05. Data were analyzed
using IBM SPSS for Windows, version 23 (Armonk, New York,
United States).

Results

There was no significant difference (p>0.05) between HV, LV,
and V dental composites regarding viscosity. However, their
viscosity was higher (p<0.0001) than that of the flowable
composites F and VF, and there was no significant difference
(p>0.05) between viscosity of both flowable composites
(►Table 2). Surface roughness of all coffee-stained dental

Fig. 1 Flowchart showing subgroups according to composite type and bleaching protocol.
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composites increased after bleaching; however, those of Vand
VF increased significantly (p<0.0001) (►Table 3 and►Fig. 2).
Two-way ANOVA revealed a significant effect of composite
type (p<0.0001), bleaching protocol (p<0.0001), as well as
their interaction (p<0.0001) on surface roughness (►Table 4).
SLM images showed rougher surface of V and VF, with pro-
truding fillers after in-office and home bleaching protocol
(►Fig. 3).

Results revealed that bleaching, regardless of the protocol,
decreased the ΔE values of all dental composites (►Table 3

and ►Fig. 2). Two-way ANOVA revealed a significant effect
of composite type (p<0.0001) and bleaching protocol
(p<0.0001) on color stability, but no effect of their interaction
(p¼0.113) on color stability (►Table 4). Both in-office bleach-
ing and home and in-office bleaching protocols decreased
translucency parameters of all dental composites (►Table 3

and►Fig. 2). Two-way ANOVA revealed no significant effect of
composite type (p¼0.366), but a significant effect of bleaching
protocol (p<0.0001) and their interaction (p<0.001) on
translucency parameter (►Table 4).

Discussion

This study aimed to test the effect of different bleaching
protocols on surface roughness, color stability, and translu-
cency parameter of coffee-stained nanohybrid dental com-
posites with different viscosities. The null hypothesis was
rejected as there was an effect of bleaching on the tested
parameters of nanohybrid dental composites with different
viscosities.

Dental composites are clinically subjected to different
staining beverages such as coffee, tea, and soft drinks, which
have a detrimental effect on color stability and surface
topography. In this study, specimens were aged in coffee
for 3 hours a day at 37°C for a 30-day staining period to
simulate 5 years of clinical usage.15 Coffee is commonly used
as an artificial staining solution and it has been reported that
coffee stains are more resistant to be removed compared
with tea.20 Coffee stains are caused by water-soluble poly-
phenols such asmelanoidins, tannin, and caffeine, which can
penetrate deeply into the resin matrix.21,22

Table 2 Mean and standard deviation of viscosity of nanohybrid dental composites

LV HV F V VF

Viscosity (kg/m.s) 861.6�99.08a,c 931.8� 178.3a,c 74.44�7.26b 815.20�62.85c 34.62� 4.02b

F-test
p-Value

220.51
<0.0001�

Abbreviations: F, Neo Spectra ST-Flow; HV, Neo Spectra ST-HV; LV, Neo Spectra ST-LV; V, Grandio; VF, Grandio Flow.
a,b,cindicates significant difference between groups in the same. row.
�Statistically significant difference at p-value � 0.05.

Table 3 Mean and standard deviations of surface roughness, color stability, and translucency parameter of coffee-stained dental
composites after bleaching

Bleaching protocols LV (n¼ 10) HV (n¼ 10) F (n¼10) V (n¼10) VF (n¼10)

Surface roughness (Ra) in µm

Control 0.04� 0.02 0.03� 0.01 0.03� 0.01 0.04� 0.03 0.09� 0.02

CoffeeþHome bleaching 0.14� 0.05 0.14� 0.03 0.09� 0.01 0.44� 0.04 0.75� 0.08

Coffeeþ In-office bleaching 0.13� 0.03 0.14� 0.03 0.11� 0.01 0.24� 0.14 0.67� 0.09

CoffeeþHomeþ In-office bleaching 0.13� 0.03 0.16� 0.04 0.10� 0.01 0.42� 0.03 0.69� 0.08

Color stability (ΔE)

Control 2.14� 1.91 2.55� 0.96 2.98� 1.54 2.84� 0.97 2.53� 2.17

Coffee 7.11� 2.25 5.79� 1.56 11.72�2.82 8.66� 2.20 25.44� 5.20

CoffeeþHome bleaching 6.25� 1.30 5.06� 2.84 11.25�3.20 6.32� 1.14 14.51� 0.78

Coffeeþ In-office bleaching 6.53� 2.44 4.61� 1.74 6.25� 1.28 6.70� 1.60 18.08� 3.05

CoffeeþHomeþ In-office bleaching 6.17� 2.89 4.39� 1.33 7.23� 1.08 7.22� 0.56 21.10� 4.94

Translucency parameter (TP)

Control 10.55� 2.13 9.73� 2.14 11.86�1.94 9.70� 5.19 10.36� 1.24

Coffee 10.11� 2.25 8.00� 1.83 9.79� 3.10 7.69� 1.45 6.61� 1.03

CoffeeþHome bleaching 8.47� 1.66 8.16� 3.13 6.20� 2.21 7.74� 0.69 10.30� 1.42

Coffeeþ In-office bleaching 7.23� 1.68 7.81� 2.74 8.81� 1.95 8.97� 2.01 8.97� 2.10

CoffeeþHomeþ In-office bleaching 6.61� 1.20 8.02� 1.96 9.22� 1.98 8.38� 0.91 7.37� 1.24

Abbreviations: F, Neo Spectra ST-Flow; HV, Neo Spectra ST-HV; LV, Neo Spectra ST-LV; V, Grandio; VF, Grandio Flow.
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Restoration of esthetics of dental composites can be done
by repolishing with or without bleaching or even replace-
ment. Bleaching gels are composed of carbamide peroxide
and hydrogen peroxide with different concentrations,

whether used as in-office bleaching or home bleaching
agents. Carbamide peroxide breaks down into urea and
hydrogen peroxide. Hydrogen peroxide has a potent oxidiz-
ing effect by forming free radicals, anions, and reactive

Fig. 2 Graphs showing difference between coffee-stained dental composites after bleaching, regarding (A) surface roughness, (B) color
stability, and (C) translucency parameter.

Table 4 Two-way analysis of variance assessing the effect of composite material, bleaching protocol, and their interaction on
surface roughness, color stability, and translucency parameter

Mean square F-test p-Value

Surface roughness (Ra)

Composite 1.524 574.362 <0.0001a 0.927

Bleaching 0.777 292.672 <0.0001a 0.830

Composite x bleaching 0.151 56.954 <0.0001a 0.792

Corrected model 0.539 203.100 <0.0001a 0.955

Color stability (ΔE)

Composite 1,405.441 220.018 <0.0001a 0.830

Bleaching 115.370 18.061 <0.0001a 0.231

Composite x bleaching 48.129 7.535 0.113 0.334

Corrected model 344.496 53.930 <0.0001a 0.851

Translucency parameter (TP)

Composite 5.056 1.083 0.366 0.019

Bleaching 51.154 10.957 <0.0001a 0.163

Composite x bleaching 15.551 3.331 <0.0002a 0.192

Corrected model 19.736 4.227 <0.0001a 0.311

aStatistically significant difference at p-value � 0.05; : Partial Eta squared, adjusted R squared¼ 0.95, 0.835, and 0.237, respectively.
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oxygen species. This might have a detrimental effect on
dental composites through softening and degradation of
the resin matrix, causing changes in color, translucency,
and surface roughness.10

In this study two families of nanohybrid dental composite
were used: (1) Neo Spectra family, supplied as high viscosity,
low viscosity, and flowable dental composites. Neo Spectra
dental composites are claimed by the manufacturer to have
an advanced granulated filler technology that provides
better handling properties with a single translucency that
matches surrounding teeth. (2) Voco Grandio family, sup-
plied as a conventional composite and a flowable composite.
Voco Grandio dental composites have higher filler loading
than Neo Spectra family as shown in ►Table 1. Viscosity
testing results revealed no significant difference (p>0.05)
between the three composites of both families (LV, HV,
and V) and no difference (p>0.05) between the flowable
composites of both families (F and VF). Flowable composites
have a reduced filler load, improved flowability, weaker
mechanical properties, and lower viscosity. Flowable com-
posites offer the advantages of ease of handling properties, a
lower shrinkage rate than conventional compositematerials,
and better adaptation to cavity walls.23

Results revealed that VF dental composite had higher sur-
face roughness values regardless of the bleaching protocol,
followedbyVdental composite.NeoSpectradental composites
had lower surface roughness values before and after bleaching,
that did not exceed 0.2µm, which aids in the decreased
accumulation of plaque, caries, and periodontal inflamma-
tion.24 Resin matrix composition and fillers play a crucial
role in determination of surface roughness of dental compo-
sites. InVFandVdental composites, the resinmatrix ismade of

hydrophilic bisphenol-A-glycidyl methacrylate (Bis-GMA),
urethane dimethacrylate, and triethylene glycol dimethacry-
late (TEGDMA).Ethoxygroups inTEGDMArender ithydrophilic
in nature and this leads to increased water sorption from
staining solutions, which leads tomatrix-filler interface degra-
dation, and when bleaching agents are applied this further
enhances chemical degradation of the resin matrix, leaving
fillers protruding and increasing surface roughness.25

Surface roughness of nanohybrid dental composites is
also dependent on filler size, percentage of surface area
occupied by filler particles, and filler hardness. Variations
in interparticle spacing, filler dispersion, the existence of
filler agglomeration and clusters, and the degree of filler
adhesion to the matrix may all influence surface rough-
ness.26 Neo Spectra dental composites contain perfectly
spherical fillers and are thoroughly impregnated with resin,
which is an organically modified ceramic, and not distin-
guishable fromother parts of thefiller system, thus the lower
surface roughness.27 These findings agree with Chakraborty
et al who found that surface roughness of dental composites
with spherical fillers is not affected by bleaching because the
prepolymerized filler particles of nonagglomerated barium
glass and ytterbium fluoride, as well as a resin matrix
containing highly distributed methacrylic polysiloxane
nanoparticles, have chemical properties similar to glass
and ceramics. This filler formulation is more resistant to
abrasion and inorganic filler loss on the surface.28

SLM offers a three-dimensional measure and view of
surface roughness using a noncontact and nondestructive
measurement technique across X, Y, and Z axes as opposed
to the two-dimensional contact destructive profilometry
technique.29 SLM images (►Fig. 3) showed rough surface

Fig. 3 Scanning laser microscope images of home and in-office bleached coffee-stained dental composites (A) Neo Spectra HV, (B) Neo
Spectra LV, (C) Neo Spectra Flow, (D) Grandio, and (E) Grandio Flow, showing rough surface of the latter two dental composites with protruding
filler particles.
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of VF and V dental composites with protruding fillers on the
surface following in-office and home bleaching.

Color stability of all coffee-stained composites decreased
after bleaching but still was higher than the threshold value
of 3.7, thus color changes were perceptible.30 VF dental
composite showed the highest color change, followed by F
dental composite. This can be attributed to the composition
of VF dental composite that has hydrophilic Bis-GMA,
hydroxyethyl dimethacrylate, and TEGDMA monomers;
thus, coffee stains penetrate deeply into the composite resin
and bleaching was unable to decreaseΔEvalues regardless of
the protocol used. This agreeswith Erturk-Avunduket alwho
found that nanohybrid flowable dental composites have
lower color stability after application of whitening agents
when compared with composites with higher viscosity.31

Translucency parameter, TP, is the difference in color of a
material with a given thickness measured over black and
white backgrounds. A material’s TP would be zero if it were
completely opaque and a material with high TP values has
greater translucency, and this is important to simulate
natural tooth appearance. The factors controlling translu-
cency include the amount of opacifier, degree of polymeri-
zation, filler particles, as well as the extrinsic factors such as
thermal changes, stains, and bleaching agents.32,33 Results of
this study revealed that F dental composite had the highest
TP regardless of the bleaching protocol. This can be attribut-
ed to the new filler technology and resinmatrix composition.
This finding agrees with the findings of Gurgan et al who
found that Neo Spectra dental composites have the highest
translucency parameter after coffee staining and polishing.27

Nanohybriddental compositesdiffer in theresinmatrixand
composition,which in turn affects itsproperties although they
are all marketed under the same category. It is not necessary
that an increase in filler weight percentage enhances physical
and mechanical properties. However, advancements in filler
technology and resin matrix composition can enhance prop-
erties of dental composites. Limitations of this study include
the need to test bleaching effect on stained nanohybrid dental
composites with various staining solutions other than coffee.
There is a need to test clinically bleaching effect on esthetic
outcomes of nanohybrid dental composites, as dentists might
consider replacement of nanohybrid dental composites rather
than using bleaching to restore esthetics.

Conclusion

Bleaching does not improve color stability and translucency
of coffee-stained nanohybrid dental composites regardless of
the viscosity. Surface roughness of coffee-stained nanohy-
brid dental composites increases after application of bleach-
ing agents.

Clinical Significance

Bleaching does not enhance color and surface properties of
coffee-stained nanohybrid dental composites. More clinical
studies are needed to test effect of bleaching agents on
nanohybrid dental composites because the results of this

in vitro study suggest that dentists might consider replace-
ment of coffee-stained nanohybrid dental composites rather
than bleaching to achieve better esthetic outcomes.
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