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ABSTRACT
Statement of problem. Some mouthwash ingredients may stain composite resin restorations, but
how the daily use of mouthwashes might affect the color of composite resin restorations is unclear.

Purpose. The purpose of this systematic review was to investigate whether mouthwashes can
affect the color of direct composite resin restorations.

Material and methods. Bibliographical searches were carried out in PubMed, Scopus, Cochrane
Library, and Web of Science databases, with no restriction on language, country, or date of
publication. Studies addressing the effect of mouthwashes on the color stability of composite
resins were included. The level of evidence of selected articles was determined by a qualitative
scoring system and classified as high, moderate, or low.

Results. Based on the search strategy, a total of 129 articles were retrieved; of which, 15 met the
inclusion criteria. Most of the studies (93%) were classified as having a high level of evidence. Filtek
Z350 and Listerine were the most frequently tested composite resin and mouthwash. Eight studies
used distilled water as a control, 5 used artificial saliva, 1 study used an alcohol solution, and 1 did
not include a control group. The composite resins were continuously immersed in the
mouthwashes in 9 studies or in daily cycles in 6 studies. All studies tested the color change of
the specimens after immersion in the mouthwashes. The color change was considered clinically
acceptable (DE�2.7) for all test mouthwashes in 10 studies.

Conclusions. Most studies reported that mouthwashes did not cause a clinically unacceptable color
change in composite resins. (J Prosthet Dent 2021;126:386-92)
Patient expectations and
awareness of dental esthetics
have been increasing over the
last several years. Therefore,
the success of a restorative
treatment depends not only on
the reestablishment of func-
tion but also on the correct
reproduction of tooth contour
and esthetics, with the resto-
ration color remaining con-
stant throughout the lifespan
of the restoration.1

Composite resins consist of
a resin matrix and inorganic
particles that have been
chemically and physically
engineered to meet esthetic
requirements.2 However,
pigmentation or discoloration
of composite resin restorations

with aging is one of the leading reasons for replacement.3

Such color changes may result in esthetic concerns,
which are time consuming and expensive to resolve.4

Color changes in composite resin materials can be
caused by intrinsic or extrinsic factors. Intrinsic factors
involve discoloration of the composite resin itself and
depend on the resin matrix, load weight, particle size
distribution, and type of photoinitiator. Extrinsic factors
include coloration by adsorption or absorption of dyes
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from exogenous sources and depend on the individual’s
nutrition and habits, such as smoking.3-6 Beverages such
as coffee, tea, red wine, and mouthwashes have been
reported to stain composite resin restorations in varying
degrees.7-9

Mouthwashes are an effective method of assisting in
biofilm control and preventing bad breath and caries.9,10

However, some mouthwashes contain ingredients that
may stain composite resin restorations, and alcohol can
tos, Paraíba, Brazil.
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Table 1.Methodological assessment of studies included

Criteria Evaluated Score

Control Group Control substance with dye(s) in composition: 2 points
Comparison with other staining substance only: 1 point
No comparison with other substances: 0 points

Sample size Sample size per experimental group (n): n>10:
3 points
5�n�10: 2 points
n<5: 1 point

Light-
polymerization
protocol

Clearly describes time, power density, and light-
polymerization protocol: 3 points (1 point each)

Immersion time Clearly describes time, temperature, and storage media: 2
points

Color quantification
method

Spectrophotometer with CIELab system: 2 points
Visual method: 1 point

Clinical Implications
Clinicians should be aware that mouthwashes play
only a minor part in staining composite resin
materials and that they should not cause clinically
unacceptable color change.
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cause wear and degradation of the composite resin sur-
face, resulting in extrinsic staining.10 The dyes present in
mouthwashes can be absorbed into restorative materials
as a consequence of water absorption, affecting appear-
ance.9,11,12 In addition, mouthwashes may have in-
gredients such as detergents, emulsifiers, and organic
acids that cause degradation and softening of the surface
and discoloration.13,14

Organic acids present in mouthwashes, such as citric
and phosphoric acids, reduce the oral pH, degrade the
polymer matrix, and reduce the microhardness of com-
posite resins.15,16 Low-pH and alcohol-based mouth-
washes may affect some physical-mechanical properties
of composite resins, degrading the material. The com-
posite polymer matrix may collapse and lead to discol-
oration with the release of monomeric residue, wear, and
erosion.9,14 Some mouthwashes contain hydrogen
peroxide and alcohol, and it has been speculated that the
oxidative power of the bleaching agents in contact with
organic molecules can change the polymer bonds and
make the composite resin more susceptible to
degradation.13

The daily use of mouthwashes could change the
surface morphology and color stability of composite
resins.15 Therefore, the objective of this systematic review
of the literature was to determine whether mouthwashes
can affect the color of composite resins used in direct
restorations.

MATERIAL AND METHODS

This systematic review followed the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses17 and was registered on the PROSPERO
database under protocol number CRD42017065059. This
study investigated whether mouthwashes cause color
changes in composite resins used for direct restorations.

Studies addressing the effect of mouthwashes on the
color stability of composite resins were included. Clinical
cases, case series, literature review, books, reports, letters
to the editor, and studies in which data could not be
collected were excluded from the analysis. There was no
restriction on language, country, or date of publication.

Bibliographical searches were carried out in January
2019 and updated in June 2019 in 4 databases (PubMed,
Scopus, Cochrane Library, and Web of Science) by 1
Morais Sampaio et al
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examiner (G.A.M.S.) with the following search strategy:
(Oral antiseptic OR Mouthwash OR Mouth rinse OR
Mouth rinsing) AND (Color Change OR Color stability)
AND (Composite resin OR Restorative materials). The
lists of references of included studies were also manually
searched for additional articles. A software program
(Reference Manager, v12.0.3; Thomson Reuters) was
used for file management.

The retrieved articles were analyzed independently by
2 calibrated examiners (L.R.P., G.V.N.). The articles were
screened for eligibility based on titles and abstracts. For
calibration purposes, 10% of the retrieved studies were
analyzed independently by the examiners (Kappa=0.81).
In case of disagreement, decisions regarding eligibility
were discussed between the examiners until a consensus
was reached. The studies that met the inclusion criteria
were then submitted to full-text analysis. When infor-
mation in the title was insufficient and/or the abstract
was not available, the corresponding full text was ob-
tained for analysis. The studies that did not meet the
inclusion criteria were excluded from the analysis. If
needed, full texts were requested from the authors.

The data were extracted by 2 examiners (L.R.P.,
G.V.N.), and any related issues were resolved by
consensus with the assistance of a third examiner
(G.A.M.S.). The following information was collected from
the selected studies: country, experimental composite
resins and mouthwashes, materials used as control(s),
immersion time protocol, results of color stability, and
sample size of each group.

The selected studies were assessed for their meth-
odological quality by 2 examiners (L.R.P., G.V.N.) based
on the study design, sets of experiments, and method-
ological information available. Published scoring sys-
tems18,19 were used as a starting point to develop the
methodological scoring system used, as shown in
Table 1.

In the assessment of the study design, different scores
were given to studies comparing color variations of the
composite resins exposed to mouthwashes versus a
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Table 2. Full-text articles excluded

Articles Exclusion Criteria

Colucci et al, 200911 Did not evaluate color stability

Gurdal et al, 200228 Immersion of other substances

Harorli and Barutcigil, 20144 Did not evaluate color stability

Lee et al, 200029 Materials not direct composite resins

Mutlu-Sagesen et al, 200530 Materials not direct composite resins

Özdas et al, 20163 Immersion of various substances

Yanikoglu et al, 201031 Materials not direct composite resins
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substance without dyes (control group) versus other
staining material. The control group solution (with no
dyes in its composition) was used to demonstrate that
the material absorbed water but did not stain the com-
posite resin.

The sample size and the color quantification method
of the selected studies were also considered. The Com-
mission Internationale de l’Eclairage color system has
been recognized as a practical method of quantifying the
color of a given object and comparing it with a standard
reference. L* indicates the achromatic coordinate or
brightness of the object. The axes a* and b* indicate the
chromatic coordinates. The color difference (DE) can be
calculated based on values obtained after the initial and
definitive readings by using the formula DE=[(DL*)2 +
(Da*)2+(Db*)2]1/2. A lower DE value corresponds to
smaller color differences between the initial and defini-
tive colors of the composite resin.20

The perceptibility threshold (PT) refers to the smallest
color difference that can be detected by an observer.
Analogously, the smallest difference in color that is
acceptable for observers corresponds to the acceptability
threshold (AT).21 A systematic model for interpreting
findings related to visual thresholds presents excellent
match (�PT)=DEab�1.2, acceptable match (>PT, �AT)
=1.2<DEab�2.7, moderately unacceptable (>AT, �ATx2)
=2.7<DEab�5.4, clearly unacceptable (>AT, �ATx3)
=5.4<DEab�8.1, and extremely unacceptable (>ATx3)
=DEab>8.1.22

,23

Different parameters have been reported to affect the
degree of polymerization of composite resins, including
the technical characteristics of the photoactivating unit
(light intensity, thermal emission, wavelength range, and
tip diameter), photopolymerization conditions (applica-
tion mode and exposure time),24 and the postirradiation
period and temperature.25-27 The light polymerization
protocol (time, power density, and light-polymerizing
unit used for photoactivation of the specimens) was
also considered because it has been strongly related to
the mechanical properties of the composite resin.19 In
addition, the description of the immersion protocol (time,
media, and temperature) was also analyzed. Finally, the
testing time is also an important factor to consider in
scientific investigations of color stability.

The methodological quality scores were reported as a
percentage of the maximum achievable score (12 points),
as follows: mean score<60%=low level of evidence;
60%�mean score�70%=moderate level of evidence;
mean score>70%=high level of evidence.19

RESULTS

A total of 128 articles were retrieved (76 articles indexed
in PubMed, 4 articles in Cochrane, 19 articles in Scopus,
and 29 articles in the Web of Science); of which, 13 were
THE JOURNAL OF PROSTHETIC DENTISTRY
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duplicate records. One additional article was selected by
manual search. Therefore, 116 titles and abstracts were
analyzed for eligibility; of which, 22 were selected for full-
text analysis and 15 met the inclusion criteria (Table 2).
Figure 1 illustrates the study selection and preliminary
screening of the studies. All selected studies were pub-
lished in English between 1995 and 2018, conducted in
Saudi Arabia,1 Egypt,9 the United States,32 Turkey,10,12,33

Brazil,2,15,34-36 Austria,37 Romania,38 Serbia,39 or Iran16

(Table 3).
Methodological quality scores ranged from 67% to

100% of the maximum achievable score, with a mean
score of 89%. Fourteen studies were classified as having a
high level of evidence (>70%),1,2,9,10,15,16,33-39 and 1 had a
moderate level of evidence (67%)32 (Tables 4 and 5). No
meta-analysis was carried out because of the heteroge-
neous methodologies of the selected studies.

Filtek Z350 resin (3M ESPE) was the most common
composite resin, which was tested in 5 studies,9,15,16,34,35

followed by Filtek Z250 (3M ESPE), tested in 3 studie-
s16,34,38(Table 3). Listerine (Johnson & Johnson) was the
most common mouthwash, which was tested in 8
studies,2,9,10,32-34,36 followed by Colgate (Colgate-Pal-
molive Co.) in 4 studies,1,2,32,39 and Oral B (Procter &
Gamble), also tested in 4 studies.10,15,33,35 Eight studies
used distilled water as a control,1,10,32-34,37,39 whereas 5
studies used artificial saliva,2,15,16,35,38 1 study used an
alcoholic solution,36 and 1 study did not include any
control9 (Table 3).

The protocols for immersing the resins in the
mouthwashes varied widely among the articles. In 8
studies, the composite resins were continuously
immersed and had their color variation measured at
different time periods, as follows: 12 hours,10,33 24
hours,9,35,38 48 hours,1 3 days,39 7 days,35,38 or 28 days37

In the other studies, the resins were immersed in cycles
of 1 minute2,15,34 or 2 minutes12,16,32 repeated daily
once,15,16,32 twice,12 3 times,2 or 12 times27 for 7 days,32

14 days,32 21 days,12 30 days,34 60 days,15 or 6
months.32 Pelino et al36 used 3 cycles of 10, 30, or 60
minutes each with three 10-, 30-, or 60-minutes in-
tervals, respectively (Table 3).

All studies included in this systematic review reported
color variation of the specimens after immersion in
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Studies included in
qualitative synthesis

(n=15)

Full-text articles assessed
for eligibility
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Records screened

(n=116)
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Full-text articles excluded
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Figure 1. Flow diagram of article screening and selection.
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mouthwashes, although such variation was considered
an acceptable match (DE�2.7) for all test mouthwashes
in 10 studies.1,2,12,15,16,34,36-39 In the study by Oliveira
et al,35 only Fluorigard mouthwash (Colgate-Palmolive
Co) caused significant color variation (DE=4.43). Ac-
cording to Celik et al,33 the Oral B mouthwash (Procter &
Gamble) caused moderately unacceptable color variation
in the Aelite All-Purpose Body (BISCO Dental Products)
(DE=3.34) and Ceram-X (Dentsply Sirona) (DE=3.52),
the Klorhex mouthwash (Drogsan Pharmaceuticals) in
the Filtek Supreme XT (3M ESPE) (DE=3.13) and Ceram-
X (Dentsply Sirona) (DE=3.48), and the Listerine (John-
son & Johnson) in the Aelite LS Packable (BISCO Dental
Products) (DE=3.08). The study by Toz-Akalın et al10

found that only SonicFill (Kerr Corp) specimens
exposed to Oral-B alcohol-free (Procter & Gamble) and
Listerine (Johnson & Johnson) demonstrated clinically
unacceptable values (DE=4.25 and DE=4.12, respec-
tively). In the study by Settembrini et al,32 the Lavoris
mouthwash (DEP Corp) caused color variation that was
considered unacceptable (DE=28.0). Finally, Elembaby9

reported that Flucal mouthwash (Alexandria Co Phar-
maceuticals) colored the restorative materials tested in a
clinically unacceptable way, DE=15.27 for Tetric Evo-
Ceram (Ivoclar Vivadent AG) and DE=4.53 for Filtek
Morais Sampaio et al
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Z350 XT (3M ESPE), followed by Listerine, DE=9.41 for
Tetric Evo-Ceram and DE=2.9 for Filtek Z350 XT and
Antiseptol (Kahira Pharmaceuticals and Chemical In-
dustries Co), DE=6.38 for Tetric Evo-Ceram (Table 3).
DISCUSSION

The aim of the present systematic review was to deter-
mine whether mouthwashes can affect the color of
composite resins used in direct restorations. The findings
demonstrated that mouthwashes appeared not to cause
clinically unacceptable color changes in composite resins.

Several factors may have contributed to the differ-
ences observed in color stability, including the type of
composite resin, mouthwash formulation, and immer-
sion time.22 Nineteen different resins were tested in the
studies included in this review. While all of them were
dimethacrylate-based materials, there are important dif-
ferences to consider in their chemical formulations and
compositions. Overall, the color change in the specimens
can be attributed to different resin formulations.8 Water
absorption may decrease the durability of a composite
resin by expanding and plasticizing its components, hy-
drolyzing the silane coupling agents, and allowing
penetration of stains.5,9
THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 3. Characteristics of studies included

Articles Country
Composite

Resin Mouthwash Control Immersion Time Color Variation n

Settembrini
et al, 199532

The
United
States

APH
(Dentsply
Sirona)

Listerine
Scope
Viadent
Plax
Lavoris
Clear Choice
Rembrandt Mouth Refreshing
Rinse

Distilled water 2 min a day, 5
d per wk for 6 mo

Rinsing with mouthwashes for 6 months can cause
composite resin to undergo color variations. Color
changes, except for one product, not clinically significant.

3

Celik et al,
200833

Turkey Aelite All-
Purpose
Body
Aelite LS
Packable
Filtek
Supreme XT
Ceram-X

Listerine Tooth Defense
Anticavity Fluoride Rinse
Oral B Alcohol-free
Klorhex

Distilled water 12 h Oral B caused color variation in Aelite All-Purpose Body
and Ceram-X, Klorhex in Filtek Supreme XT and Ceram-X
and Listerine in Aelite LS Packable.

10

Festuccia et al,
201234

Brazil Filtek Z250
Filtek Z350

Colgate Plax Classic
Colgate Plax Alcohol-free
Periogard Colgate
Listerine Cool Mint

Distilled water 12 cycles of 1 min
for 30 d

None of test composite resins showed color variations
higher than clinically acceptable values

10

Falkensammer
et al, 201337

Austria Gradia
Direct
Tetric Evo-
Ceram

Chlorhexamed
Tebodont
Meridol

Distilled water 28 d Test mouthwashes did not cause perceptible color
changes in composite resins

12

Ghiorghe et al,
201338

Romania Filtek
Ultimate
Filtek Z250

Corsodyl Artificial saliva 24 h and 7 d Test composite resins had discrete color variation,
although higher than clinically acceptable values

10

Elembaby,
20149

Egypt IPS Empress
Direct
Tetric Evo-
Ceram
Filtek Z350
XT

Antiseptol
Flucal
Listerine

- 24 h Flucal significantly stained test restorative materials,
followed by Listerine and Antiseptol.

10

Lepri et al,
20142

Brazil Esthet-X Listerine
Periogard Colgate
Colgate Plax

Artificial saliva 3 cycles of 1 min
for 30 d

Test mouthwashes promoted color alteration of test
composite resin, but no significant difference compared
with control

10

Oliveira et al,
201435

Brazil Filtek
Z350XT

Fluordent Reach
Oral B
Fluorigard

Artificial saliva 7 d Only Fluorigard mouthwash promoted significant color
variation.

15

Oliveira et al,
201415

Brazil Filtek Z350
XT

Fluordent Reach
Oral B
Fluorigard

Artificial saliva 1-min cycle for
60 d

Among test solutions, Fluorigard promoted greatest color
change, although not clinically perceptible

15

Manojlovic
et al, 201539

Serbia Gradia
Direct

Colgate Plax Cool Mint Distilled water 3 d Test mouthwash produced color variation lower than
perception limits.

21

Khosravi et al,
201616

Iran Filtek Z250
Filtek Z350
XT

Kin
Vi-One
Epimax
Hexodine
Chlorhexidine
Najo
Behsa

Artificial saliva 2-min cycle for
7 and 14 d

Test composite resins showed acceptable color change.
Mouthwashes containing alcohol and citric acid led to
lower color stability of composite resins.

10

Toz-Akalın
et al, 201610

Turkey SonicFill
Filtek Z550

Oral B Alcohol-free
Listerine Tooth
Defense Rinse
Pharmol Zn
Nilera

Distilled water 12 h SonicFill specimens exposed to Oral-B alcohol-free and
Listerine showed color variation higher than acceptable
values.

8

Al-Samadani,
20171

Saudi
Arabia

Herculite
Xrv Ultra
EsteliteP

Quick
Z Hermack
Versa Comp
Sulta
IPS Empress
Direct

Colgate Pro-Relief
Colgate Plax Soin

Distilled water 24 h, 48 h, and
72 h

Test mouthwashes affected color of all composite resins
and changes exacerbated over time. However, effects of
discoloration not clinically perceptible.

6

Pelino et al,
201836

Brazil Tetric N-
Ceram

Listerine Cool Mint Listerine
Total Care Listerine Whitening

Hydroalcoholic
solution

3 cycles of 10, 30,
or 60 min

Long-term exposure of mouthwashes caused no change
in restorative materials.

5

Ulusoy et al,
201812

Turkey Filtek
Ultimate

Klorhex
Tantum Verde
Kloroben
Listerine Cool Mint

Distilled water 2 cycles of 2 min
for 21 d

Color variation of specimens exposed to Klorhex
significantly lower than that of specimens exposed to
other mouthwashes. However, none of mouthwashes
produced clinically noticeable color variation

10
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Table 4.Quality assessment scores (maximum score = 12 points)

Articles Control Group Sample Size Light Polymerization Immersion Time Evaluation of Color Score

Settembrini et al, 199532 2 1 1 2 2 8

Celik et al. 200833 2 2 3 2 2 11

Festuccia et al, 201234 2 2 3 2 2 11

Falkensammer et al, 201337 2 3 3 2 2 12

Ghiorghe et al, 201338 2 2 2 2 2 10

Elembaby, 20149 0 2 3 2 2 9

Lepri et al, 20142 2 3 3 2 2 12

Oliveira et al, 201435 2 3 3 2 2 12

Oliveira et al, 201415 2 2 3 2 2 11

Manojlovic et al, 201539 2 3 3 2 2 12

Khosravi et al, 201616 2 2 3 2 2 11

Toz-Akalın et al, 201610 2 2 3 2 2 11

Al-Samadani, 20171 2 2 2 2 2 10

Pelino et al, 201836 2 2 1 2 2 9

Ulusoy et al, 201812 2 2 3 2 2 11

Table 5.Quality assessment scores: classification of level of evidence

Articles Score Percentage Score (%) Classification

Settembrini et al, 199532 8 67 Moderate

Celik et al, 200833 11 92 High

Festuccia et al, 201234 11 92 High

Falkensammer et al, 201337 12 100 High

Ghiorghe et al, 201338 10 83 High

Elembaby, 20149 9 75 High

Lepri et al, 20142 12 100 High

Oliveira et al, 201435 12 100 High

Oliveira et al, 201415 11 92 High

Manojlovic et al, 201539 12 100 High

Khosravi et al, 201616 11 92 High

Toz-Akalın et al, 201610 11 92 High

Al-Samadani, 20171 10 83 High

Pelino et al, 201836 9 75 High

Ulusoy et al, 201812 11 92 High
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Some studies included in this review did not find
clinically detectable color changes in composite resins
exposed to alcohol-containing mouthwashes,2,32,37,38

even when compared with alcohol-free mouth-
washes.12,33 One study reported similar color changes in
alcohol-containing and alcohol-free mouthwashes.10

Three studies tested only alcohol-free oral rinses.1,36,39

The other authors, however, reported a greater color
change in composite resins exposed to alcohol-free
mouthwashes when compared with those containing
alcohol.9,15,16,34,35 This can be explained by the presence
of other substances that cause a pH drop and consequent
degradation of the composite resin surface.13,14

Most of the studies used distilled water as a control
for pairwise comparison with water absorption. The af-
finity of the resin matrix to pigments is modulated by its
degree of conversion and some physical properties, such
as water absorption capacity. Water absorption of com-
posite resins depends on the composition of the resin
Morais Sampaio et al
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matrix.2,34 In addition, the composite resin should exhibit
uniform distribution of particles throughout the polymer
network to minimize the formation of charge-rich and
charge-defective areas.6 Artificial saliva was also used as
a control with the objective of simulating the oral envi-
ronment.16 An alcoholic solution was used as a control in
the study by Pelino et al36 and compared with alcohol-
free mouthwashes.

Different immersion protocols were used simulating
different use patterns. The immersion protocols in 9
studies simulated daily use of mouthwashes for
months2,10,15,16,32-34,36 as compared with daily use for 2
years or more in the other studies.1,9,35,37-39 The experi-
mental immersion time is a critical factor to consider, as
color variations of composite resins were clinically
perceptible only in protocols that simulated daily use of
mouthwash for 1 year10 or more.9,35

Ten of the 15 studies included in this review did not
report a clinically perceptible color variation in composite
resins exposed to mouthwash. However, different factors
may affect the color stability of restorative materials in
the clinical setting, such as the presence of saliva, salivary
film, and the effect of different foods and beverages,
which are difficult to simulate in an in vitro environ-
ment.16 The results of the present review may be influ-
enced by the absence of these chromogenic materials,
which could potentially intensify the chromogenic po-
tential of mouthwashes.

CONCLUSIONS

Based on the findings of this systematic review, the
following conclusion was drawn:

1. When tested in different in vitro immersion pro-
tocols, most studies reported that mouthwashes
were not able to cause clinically unacceptable color
changes in composite resins.
THE JOURNAL OF PROSTHETIC DENTISTRY
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