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Abstract
Objective. To assess the staining susceptibility of four acrylic resin (Ivostar, SR Vivodent PE, Major Dent, Integral) and a
nanocomposite resin (Veracia) artificial teeth and to evaluate the stain removal efficacy of denture cleansers. Materials and
methods. Sixty maxillary incisors of each brand (total = 300) were divided into three groups according to staining solution as
coffee, red wine and tea. Baseline color measurements were performed with a spectrophotometer. Specimens were immersed
in staining solutions for 14 h (2 h � 7 days) and then second color measurements were performed. Each group was further
divided into four sub-groups according to denture cleanser as Corega tabs, Fittydent, NaOCl (0.5%) and distilled water
(control) (n = 5). Specimens were immersed in denture cleansers for 8 h and third color measurements were made. Thus, the
weekly simulation period was completed. This cycle was repeated 12 times to simulate a 3-month time period and
measurements were performed at the end of the 4th, 8th and 12th cycles. DE values were calculated and data were analyzed
with 3-way repeated measures ANOVA and Bonferroni tests. Results. Significant color differences were found among the
teeth and staining solutions, but all of the color differences were in the clinically acceptable range (DE < 5.5). Integral showed
the highest DE values for all solutions, while Ivostar and Vivodent demonstrated the lowest DE values for red wine and tea
solutions. There was no significant difference among the denture cleansers in terms of stain removal efficacy. Conclusions.
Cross-linked acrylic (Integral) and nanocomposite (Veracia) resin teeth were more susceptible to staining. Denture cleansers
were efficient on stain removal from artificial teeth.
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Introduction

Recently, esthetic demands and expectations of
patients increased in every field of dentistry. For
removable dentures, selection of artificial teeth is of
great interest since the color stability and staining
susceptibility of artificial teeth play a significant role
in the overall esthetics of the denture [1,2]. Acrylic
resin, porcelain and composite resin artificial teeth are
available in the dental market for removable dentures.
When the artificial teeth are compared in terms of color
properties, porcelain teeth have a good resistance to
discoloration [3]. Acrylic resin teeth are more prone to
discoloration and wear [1]; however, they outshined
with better chemical bonding to the denture base,
lighter weight and higher resistance to fracture [3,4].
Therefore, to improve the physical and mechanical

properties of resin teeth, cross-linked acrylic, micro-
filled hybrid and nanocomposite resin teeth were
developed [5]. Cross-linked acrylic resin teeth may
consist of various polymer structures; namely, blend
polymer, interpenetrating polymer network (IPN),
double cross-linking (DCL) and organic modified
polymer network (OMP-N). Another approach to
improve the mechanical properties of acrylic resin
teeth was addition of inorganic fillers to the polymer
matrix [4]. In the literature, there arenumerous studies
that assessed the effect of cross-linking agents and
fillers on the wear resistance, hardness and bond
strength of acrylic resin teeth to denture base. How-
ever, the data regarding the discoloration of reinforced
resin artificial teeth [1–3,6] is limited.
Discoloration of artificial teeth may be caused by

composition, wear, hygiene of patient and exposure to
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staining solutions [2]. In previous studies [1–3,6] it
has been suggested that artificial teeth exposed to
coffee, tea, cola, red wine and curry solutions showed
slight-to-noticeable color changes.
The extrinsic staining of teeth and denture may

be removed by mechanical or chemical denture-
cleansing regimens [7]. Numerous denture cleansers
are available for chemical cleansing with various
constituents, such as alkaline peroxides, alkaline
hypochlorites, acids, disinfectants and enzymes [8].
The efficacy of different types of denture cleansers on
stain removal from acrylic resin was investigated in a
few studies [9,10] by measuring optical density. It has
been suggested that all types of denture cleansers had
a capacity to remove stain, but the tendency of a
cleanser to remove stain is dependent on the formu-
lation of the product itself [10]. In previous studies,
only tea [9,10] and chlorhexidine [10] stain removal
capacities of denture cleansers were evaluated. More-
over, to the best of the authors’ knowledge, the color
change of stained artificial teeth after exposure to
denture cleansers has not been investigated. The
aim of this in vitro study was to investigate the color
change of five different brands of resin artificial teeth
exposed to coffee, red wine and tea solutions and the
effectiveness of denture cleansers on the stain removal
from resin artificial teeth by evaluating the color
difference (DE). The first null hypothesis of this study
was that there is no difference among the artificial
teeth in terms of staining susceptibility after immer-
sion in staining solutions. The second null hypothesis
of this study was that there is no difference among the
stain removal efficacy of denture cleansers.

Materials and methods

Five different brands of artificial teeth (Table I), three
staining solutions and three denture-cleansing agents
(Table II) were used in the present study. Sixty
maxillary central incisors of shade A2 of each brand
were used, for a total of 300 specimens. Each brand of
teeth was randomly divided into three equal groups
according to staining solution as coffee, red wine and
tea. Each group was further divided into four sub-
groups according to denture-cleansing protocol as
Corega tabs, Fittydent, sodium hypochlorite and dis-
tilled water (control group) (n = 5). Before staining,

after staining and after denture cleansing protocols,
color measurements were performed and DE values
were calculated.

Color measurements

Before immersing in staining solutions, CIE L*a*b*
color co-ordinates of each specimen were recorded
with the use of a clinical spectrophotometer (VITA
Easyshade Compact, VITA Zahnfabrik, Bad Säckin-
gen, Germany). The contact probe tip of VITA
Easyshade Compact is ~5 mm in diameter and, dur-
ing the measurement process, the tooth is illuminated
by the periphery of the tip, directing the light from
white LEDs into the tooth surface. Each specimen
was stored in distilled water at 37 ± 1�C for 24 h
before color measurements. A silicon mold and a
positioning transparent jig were prepared for each
brand of teeth to standardize the repetitive color
measurements. Specimens were placed into the sili-
cone mold and measurements were repeated 3-times
for each specimen, CIE L*a*b* values were recorded.

Staining and denture cleansing procedures

Filtered coffee (Starbucks Breakfast Blend, Amster-
dam, Netherlands), red wine (Melen Merlot, Tekir-
dag, Turkey) and tea (Lipton Yellow Label Tea,
Unilever, Turkey) were used as staining solutions
in this study and all solutions were prepared according
to manufacturers’ instructions. Coffee solution was
prepared by adding 100 g of coffee to 1800 ml of cold
water into a filter machine and filtered. Tea solution
was prepared by immersing 10 teabags into 2000 ml
of boiled water for 2 min.
Twenty specimens of each brand were used for each

staining solution and each group was randomly sub-
divided into four groups for evaluating the denture
cleansing protocols. Each specimen was stored in a
separate plastic container and the containers were
coded according to the brand of artificial teeth,
staining solution and denture cleanser.
The specimens were immersed in staining solutions

for 14 h to simulate the weekly exposure time
(2 h � 7 days) with the beverages [11]. After the
storage, the specimens were taken out of the solutions
and they were rinsed with distilled water and

Table I. Artificial teeth used in the study.

Artificial teeth Shade/form Composition Manufacturer Lot No

Ivostar A2/ 32 PMMA Ivoclar Vivadent, Schaan, Liechtenstein MT0552

SR Vivodent PE A2/ A12 PMMA Ivoclar Vivadent, Schaan, Liechtenstein 10295

Major Dent A2V/18A PMMA Major Prodotti Dentari Spa, Moncaileri, Italy 9071

Integral A2/ BM Cross-linked PMMA (OMP-N) Merz Dental GmbH, Lütjenburg, Germany 24008

Veracia A2/06 Nanocomposite Shofu Inc, Kyoto, Japan 1208
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air-dried. Then, the color measurements were
repeated as described above. After that, specimens
were immersed in denture cleansers which were pre-
pared according to the manufacturers’ instructions or
distilled water (control group) for 8 h. Then, they
were rinsed with distilled water and air-dried and the
third color measurements were performed. In this
manner, the weekly procedure was completed. After-
wards, the specimens were immersed in fresh staining
solutions for 14 h and then into fresh denture cleans-
ers for 8 h, as described. This cycle was repeated
12-times to simulate the 3-month usage of denture.
The color measurements were repeated at the end of
the 4th, 8th and 12th cycles [11].
The CIE L*a*b* color differences between the

baseline–1st week, –1st month, –2nd month and
–3rd month were calculated for each specimen
with the following formula:

�E = [(�L*)2 + (�a*)2 + (�b*)2]1/2

where DL*, Da* and Db* indicate the differences
between the baseline and staining solution immersion
and baseline and denture cleanser immersion. DE
value >5.5 was considered clinically unacceptable
and DE value >2.6 was considered as perceptible to
the human eye [12].

Statistical analysis

Normality of the data distribution was checked by the
Shapiro–Wilks test and parametric tests were chosen
since the data were distributed normally. Three-way

repeated measures ANOVA was used for analysis and
post-hoc comparisons were performed by using the
Bonferroni testwhen significancewas detected.Values
of p < 0.05 were accepted as statistically significant.

Results

Color changes (DE values) of artificial teeth after
immersion in staining solutions are shown in Table
III and the results of three-way repeated measures
ANOVA are shown in Table IV. All of the DE values
were under the color mismatch acceptability thresh-
old (DE < 5.5). When the staining ability of solutions
were evaluated statistically within each artificial teeth
group, red wine showed significantly higher DE values
compared to coffee and tea solutions (p = 0.001).
Also, color changes caused by red wine solution were
perceivable to the eye (DE > 2.6). For coffee solution,
DE values of Integral group and for tea solution DE
values of Integral and Veracia groups were above the
perceptibility threshold (DE > 2.6).
Statistical analysis revealed that there were signif-

icant differences among artificial teeth for staining
susceptibility (p < 0.01) (Table III). Integral showed
the highest DE values for all solutions in comparison
to the other artificial teeth (p = 0.001). For red wine
and tea solutions, Ivostar and SR Vivodent PE were
the least staining groups (p < 0.05), with no significant
difference between them for both red wine (p = 1.0)
and tea (p = 0.98) solutions. However, for the coffee
group, there was no significant difference among
Major Dent, Veracia, SR Vivodent PE and Ivostar

Table II. Denture cleansers used in the study.

Denture cleanser Manufacturer Principal ingredients

Corega Tabs Block Drug Company Inc., Jersey City, NJ Potassium monopersulfate, sodium bicarbonate,
sodium lauryl sulfoacetate, sodium perborate monohydrate,
sodium polyphosphate

Fittydent Fittydent International GmbH, Pinkafeld,
Austria

Sodium perborate, sodium bicarbonate, potassium
monopersulfate, trisodium phosphate, sulfamic acid

Sodium hypochlorite Prepared in laboratory Water, 0.5% sodium hypochlorite

Table III. Means and standard deviations (SD) of DE values between the baseline and after staining.

DE (Baseline – Staining)

Coffee Red wine Tea

Artificial teeth Mean SD Mean SD Mean SD

Ivostar 0.8a 0.38 3.7c 0.89 1.3f 0.48

SR Vivodent PE 1.3a,i 0.67 3.5c 0.81 1.7f,i 0.95

Major Dent 1.6a,j 0.68 4.6d 0.93 2.5g,j 1.12

Integral 3.3b 1.21 5.1e 1.29 4.3h 1.23

Veracia 1.5a 0.72 4.5d 0.89 3.0g 0.81

Same letters show no statistically significant difference.
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(p > 0.05), whereas Integral showed the highest DE
values (p = 0.001).
Color change of artificial teeth after staining and

immersing in denture cleansers at different time per-
iods are presented in Table V. Statistical analysis
showed that there was no significant difference among
the stain removal efficacy of denture cleansers
(NaOCl, Corega tabs and Fittydent) for all of the
artificial teeth groups stained with different solutions
(p = 1.0). However, for red wine and tea stains,
denture cleansers exhibited statistically significant
lower DE values in comparison to the control group
(distilled water) at the end of the 3rd month
(p = 0.001). Baseline-staining DE values of the speci-
mens immersed in red wine were significantly higher
than the other time periods for all denture cleanser
groups (p = 0.001). When the DE values were com-
pared according to different time periods, specimens
exposed to red wine and tea solutions and cleaned by
distilled water (control group) showed significantly
increasing DE values with time (p = 0.001). At the end
of the 3rd month, all of the artificial teeth exposed to
red wine and immersed in distilled water showed
clinically unacceptable color changes (DE > 5.5)
and all of the teeth stained with tea and immersed
in distilled water exhibited perceptible color changes
(DE > 2.6).

Discussion

Color stability of artificial teeth is an important factor
to evaluate the longevity and patient acceptance of a
removable denture. Artificial teeth are exposed to
several beverages that can cause staining. Especially
for removable partial dentures, the color difference
between natural teeth and artificial teeth may cause an
esthetically unpleasant view. Therefore, color stability
of the artificial teeth is a critical selection criterion. In
the present study, five different resin artificial teeth
were exposed to three different staining solutions and
the first null hypothesis was rejected since statistically
significant differences were found among the color

changes of the artificial teeth according to the solution
(p < 0.05). However, all color changes were within the
clinically acceptable range (DE < 5.5). The second
null hypothesis was accepted, as no statistically
significant difference was detected among the stain
removal efficacy of denture cleansers.
In the present study, the CIE L*a*b* color system

was used to measure color differences (DE). There are
several in vivo and in vitro studies to determine the
color perceptibility [12–16] and acceptability [12,15–
19] thresholds for different dental materials. The
threshold for perceptible and clinically acceptable
color difference values ranged from 1.0 DE units
[13] to 3.7 DE units [15] and 1.7 DE units [18] to
6.8 DE units [15], respectively. In an in vivo study,
Douglas et al. [12] determined the thresholds using
denture teeth. Therefore, in this study, the thresholds
suggested by Douglas et al. [12] were used and
DE < 2.6 was evaluated as perceptible and
DE > 5.5 was evaluated as clinically unacceptable.
Staining susceptibility of artificial teeth was found

to be material- and staining solution-dependent in
this study. Among the artificial teeth evaluated, Inte-
gral demonstrated the highest color change for all the
solutions tested, statistically. According to the man-
ufacturer, Integral is a tight cross-linked OMP-N
material. The staining susceptibility of Integral
may be related to the difference in chemical structure
of the material. Veracia, a nanocomposite artificial
tooth, showed a perceptible discoloration when
immersed into red wine and tea (Table III). Veracia
consists of a co-monomer of urethane dimethacrylate
(UDMA), methylmethacrylate, polymethylmethacry-
late (PMMA) and nanosized fillers [5]. UDMA-based
matrix resin has been reported to be more prone to
discoloration [20]. The higher color change of Veracia
may be relevant to the UDMA-based matrix of the
nanocomposite resin.
In this study, conventional PMMA artificial teeth

SR Vivodent PE and Ivostar exhibit a better color
stability in comparison to reinforced acrylic and nano-
composite resin artificial teeth. However, another

Table IV. Results of three-way repeated measures ANOVA.

Source Type III sum of squares df Mean square F p

Intercept 5074.539 1 5074.539 1646.8170 0.000

Staining solutions 400.949 2 200.475 65.059 0.000

Artificial teeth 326.939 4 81.735 26.525 0.000

Denture cleansers 1463.184 3 487.728 158.280 0.000

Staining solutions*Artificial teeth 55.204 8 6.900 2.239 0.026

Staining solutions*Denture cleansers 1090.376 6 181.729 58.976 0.000

Artificial teeth*Denture cleansers 142.776 12 11.898 3.861 0.000

Staining solutions*Artificial teeth*Denture cleansers 166.963 24 6.957 2.258 0.001

Error 665.587 216 3.081
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Table V. Mean and SD of DE values of artificial teeth after staining and immersion into denture cleanser at different time periods.

Artificial
teeth

Staining
solutions

Denture
cleansers

Baseline–Staining
Mean ± SD

Baseline–1 week
Mean ± SD

Baseline–1 month
Mean ± SD

Baseline–2 month
Mean ± SD

Baseline–3 month
Mean ± SD

Ivostar Coffee NaOCl 0.9 ± 0.33 2.7 ± 0.88 1.5 ± 0.69 1.2 ± 0.60 1.4 ± 0.90

Corega 0.8 ± 0.39 2.5 ± 0.77 1.0 ± 0.47 1.5 ± 0.47 1.5 ± 0.24

Fittydent 0.7 ± 0.37 1.5 ± 0.33 1.4 ± 0.58 1.2 ± 0.37 1.3 ± 0.59

DW 0.8 ± 0.38 1.3 ± 1.19 0.8 ± 0.49 0.9 ± 0.60 0.9 ± 0.15

Red Wine NaOCl 4.2 ± 0.82 0.7 ± 0.56 0.8 ± 0.56 0.9 ± 0.36 1.1 ± 0.70

Corega 3.5 ± 0.77 2.0 ± 1.13 1.7 ± 0.97 1.9 ± 1.05 2.1 ± 1.17

Fittydent 3.5 ± 0.68 1.2 ± 0.21 0.8 ± 0.43 0.9 ± 0.39 1.2 ± 0.50

DW 3.7 ± 0.79 1.3 ± 0.96 3.7 ± 0.55 8.8 ± 1.38 13.4 ± 1.33

Tea NaOCl 1.2 ± 0.47 1.2 ± 0.57 1.9 ± 0.82 1.4 ± 0.53 1.9 ± 0.78

Corega 1.2 ± 0.39 0.7 ± 0.29 0.8 ± 0.11 0.7 ± 0.53 0.6 ± 0.24

Fittydent 1.4 ± 0.62 0.5 ± 0.22 0.7 ± 0.32 1.4 ± 0.89 0.7 ± 0.40

DW 1.4 ± 0.59 0.8 ± 0.43 0.8 ± 0.43 2.4 ± 0.75 4.4 ± 1.02

SR
Vivodent
PE

Coffee NaOCl 1.3 ± 0.63 1.5 ± 1.76 1.5 ± 0.96 1.3 ± 0.60 0.9 ± 0.75

Corega 1.2 ± 0.52 0.6 ± 0.37 1.1 ± 0.39 1.0 ± 0.38 0.9 ± 0.32

Fittydent 1.3 ± 0.73 1.6 ± 0.86 0.4 ± 0.43 0.9 ± 0.47 1.0 ± 0.92

DW 1.5 ± 0.49 0.7 ± 0.47 1.2 ± 0.98 1.4 ± 0.92 1.5 ± 0.60

Red Wine NaOCl 3.7 ± 0.87 1.4 ± 0.55 1.4 ± 0.55 1.1 ± 0.82 1.7 ± 0.80

Corega 3.6 ± 0.92 2.7 ± 0.74 1.5 ± 0.97 1.6 ± 0.99 1.9 ± 1.14

Fittydent 3.4 ± 0.81 1.0 ± 0.68 1.1 ± 0.98 1.0 ± 0.89 0.9 ± 0.42

DW 3.2 ± 0.73 1.4 ± 0.51 2.6 ± 0.87 8.5 ± 1.20 14.2 ± 1.43

Tea NaOCl 1.8 ± 0.99 1.4 ± 0.72 1.3 ± 1.08 1.2 ± 0.24 0.7 ± 0.40

Corega 1.5 ± 0.87 1.3 ± 0.38 1.4 ± 0.98 1.6 ± 0.68 1.5 ± 1.10

Fittydent 1.6 ± 0.92 1.2 ± 0.75 1.6 ± 0.33 0.8 ± 0.93 1.2 ± 1.03

DW 2.0 ± 0.94 2.1 ± 1.13 1.7 ± 0.71 1.6 ± 0.56 3.6 ± 1.08

Major
Dent

Coffee NaOCl 1.3 ± 0.72 1.5 ± 1.08 1.3 ± 0.68 1.2 ± 0.42 1.0 ± 0.60

Corega 1.8 ± 0.64 0.6 ± 0.38 1.3 ± 0.57 1.6 ± 0.84 1.1 ± 0.61

Fittydent 1.6 ± 0.66 1.8 ± 0.77 2.1 ± 1.12 1.9 ± 1.21 2.0 ± 1.23

DW 1.7 ± 0.78 1.0 ± 0.60 1.6 ± 0.88 1.9 ± 1.05 1.9 ± 0.99

Red Wine NaOCl 4.4 ± 0.92 1.4 ± 0.35 1.6 ± 1.11 1.0 ± 0.09 1.0 ± 0.32

Corega 5.0 ± 0.87 1.4 ± 0.58 1.1 ± 0.44 1.3 ± 0.90 1.7 ± 0.92

Fittydent 4.6 ± 0.99 0.9 ± 0.38 1.6 ± 0.98 1.5 ± 0.64 1.4 ± 0.78

DW 4.4 ± 0.93 0.7 ± 0.35 4.5 ± 0.73 5.8 ± 1.07 9.5 ± 1.23

Tea NaOCl 2.3 ± 1.00 1.4 ± 0.89 1.7 ± 0.72 1.3 ± 0.44 0.8 ± 0.46

Corega 2.2 ± 0.99 1.5 ± 0.65 2.4 ± 1.08 1.2 ± 0.40 1.4 ± 0.58

Fittydent 2.5 ± 1.21 1.5 ± 0.49 1.7 ± 1.06 2.1 ± 0.86 2.0 ± 1.21

DW 3.0 ± 1.11 2.6 ± 1.11 2.9 ± 1.14 3.2 ± 1.19 4.5 ± 1.22

Integral Coffee NaOCl 2.1 ± 1.21 0.6 ± 0.56 1.2 ± 0.64 2.1 ± 1.09 1.9 ± 1.19

Corega 4.1 ± 1.25 1.4 ± 0.93 3.0 ± 1.11 3.1 ± 0.99 2.9 ± 1.07

Fittydent 2.3 ± 1.18 0.8 ± 0.20 0.9 ± 0.50 1.5 ± 1.01 2.1 ± 1.22

DW 4.5 ± 1.15 2.6 ± 1.21 3.7 ± 1.14 3.5 ± 1.12 2.8 ± 1.03

Red Wine NaOCl 5.5 ± 1.21 2.2 ± 0.95 2.4 ± 1.15 2.1 ± 1.21 1.7 ± 1.28

Corega 5.1 ± 1.28 2.4 ± 1.18 1.7 ± 1.01 2.1 ± 1.08 1.1 ± 0.68

Fittydent 4.7 ± 1.32 2.2 ± 1.70 1.5 ± 1.01 2.5 ± 0.98 1.3 ± 0.55

DW 5.2 ± 1.30 2.6 ± 1.02 5.2 ± 0.55 13.7 ± 1.20 17.3 ± 1.31

Tea NaOCl 4.0 ± 1.20 1.8 ± 1.10 2.6 ± 0.65 1.2 ± 0.66 1.3 ± 0.69

Corega 4.2 ± 1.25 1.3 ± 0.89 3.2 ± 1.02 0.6 ± 0.45 1.6 ± 0.57
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PMMA-based teeth Major Dent showed higher DE
values. PMMA-based teeth have a high conversion
rate and contain low levels of dibenzoyl peroxide,
which remain after the conversion reaction and may
cause the deterioration of color stability [21]. The
differences in staining susceptibility of the PMMA-
based teeth may be due to the level of dibenzoyl
peroxide existing in the material. The hydrophobic
or hydrophilic character of the monomer liquid also
affects the color stability of PMMA-based materials.
Generally, hydrophilic materials show a greater
degree of color change [22]. Higher DE values
detected on Major Dent may be relevant to the
more hydrophilic monomer liquid of the material.
Statistical analysis revealed that there are significant

differences in staining ability of solutions. Red wine
caused the highest discoloration in comparison to
coffee and tea and for red wine solution the color
differences of all artificial teeth were perceptible to the
human eye (DE > 2.6). This finding was consistent
with the previous studies [23–25]. It has been
reported that alcohol enables staining by softening
the resin matrix [26]. Therefore, the alcohol compo-
nent in red wine (13% alcohol by volume) tested in
this study may cause surface roughness that facilitates
the staining [26]. For Integral, Ivostar and Veracia,
tea solution caused a higher color change than coffee
(p < 0.05), while there were no significant differences
between these solutions for SR Vivodent PE and
Major Dent (p > 0.05). Consistently with the current
study, it has been reported that tea has a greater
discoloration effect on the polymeric dental materials
than coffee [27,28].
The effectiveness of two peroxide type denture

cleansers (Corega tabs, Fittydent) and an alkaline

hypochlorite solution on stain removal from artificial
teeth was investigated in this study. Alkaline hypo-
chlorites show efficiency by dissolving or solubilizing
organic matter or matrices and they also have a
disinfection effect on the dentures [9]. When alkaline
peroxide effervescent tablets dissolve in water, the
sodium perborate readily decomposes to form an
alkaline peroxide solution that releases oxygen.
Thereby, alkaline peroxides provide both chemical
and mechanical cleaning through oxygen bubbles
[29]. According to the results of statistical analysis,
all of the denture cleansers were found to be efficient
on stain removal compared to the control group.
There was no significant difference among the den-
ture cleansers in terms of stain removal efficacy
(p > 0.05). In a previous study, Al-Huraishi et al.
[10] compared different denture cleansers and
reported that the efficiency of denture cleanser on
stain removal was not related to whether the cleanser
contained hypochlorite or peroxide, but it could be
dependent on the formulation of the cleanser itself.
Significant differences were found among the arti-

ficial teeth in terms of staining susceptibility; however,
after denture cleansing protocol there was no signif-
icant differences among the DE values of artificial
teeth and all of the values except for the red wine
control group were under the perceptible threshold.
Besides the staining susceptibility, it is also important
for artificial teeth to be cleansable for esthetics and
longevity of the denture.
The texture of the surface resin plays an important

role in retaining stain [9]. It has been suggested that
0.5% NaOCl [30] and alkaline peroxides [31]
increased the surface roughness of PMMA. The effect
of denture cleansers on the surface roughness of

Table V. (Continued).

Artificial
teeth

Staining
solutions

Denture
cleansers

Baseline–Staining
Mean ± SD

Baseline–1 week
Mean ± SD

Baseline–1 month
Mean ± SD

Baseline–2 month
Mean ± SD

Baseline–3 month
Mean ± SD

Fittydent 4.4 ± 1.22 2.7 ± 0.82 3.9 ± 0.95 1.3 ± 1.08 1.9 ± 1.00

DW 4.7 ± 1.24 4.1 ± 1.15 5.9 ± 0.94 5.2 ± 1.21 5.3 ± 1.23

Veracia Coffee NaOCl 1.3 ± 0.77 0.9 ± 0.43 0.7 ± 0.35 0.8 ± 0.17 0.9 ± 0.37

Corega 1.1 ± 0.71 0.8 ± 0.41 1.0 ± 0.58 1.1 ± 0.64 0.9 ± 0.24

Fittydent 1.4 ± 0.69 1.2 ± 0.56 0.9 ± 0.43 1.5 ± 1.02 1.1 ± 0.38

DW 2.0 ± 0.73 1.1 ± 0.61 1.6 ± 0.73 2.5 ± 0.93 2.2 ± 1.00

Red Wine NaOCl 4.3 ± 0.92 1.3 ± 0.89 0.7 ± 0.53 1.2 ± 0.99 1.0 ± 0.45

Corega 4.7 ± 0.88 1.0 ± 0.46 1.6 ± 0.95 0.6 ± 0.19 1.1 ± 0.56

Fittydent 4.3 ± 0.90 0.9 ± 0.57 1.0 ± 0.49 0.7 ± 0.85 0.8 ± 0.32

DW 4.6 ± 0.87 1.9 ± 0.47 4.8 ± 1.17 11.4 ± 1.32 16.0 ± 1.40

Tea NaOCl 3.2 ± 0.79 0.9 ± 0.59 1.4 ± 0.28 1.4 ± 0.28 1.6 ± 0.51

Corega 3.1 ± 0.86 1.2 ± 0.34 1.1 ± 0.60 1.2 ± 0.93 0.9 ± 0.30

Fittydent 2.7 ± 0.85 0.7 ± 0.67 1.7 ± 1.12 0.9 ± 0.58 0.9 ± 0.69

DW 3.1 ± 0.74 1.5 ± 0.26 2.6 ± 0.26 3.6 ± 0.94 4.9 ± 1.02
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nanocomposite resin is unknown. In the present
study, surface roughness of artificial teeth was not
investigated. However, the color differences between
baseline and 3-month values of artificial teeth were
under the color perceptible threshold. On the other
hand, the staining of the artificial teeth between the
denture cleansing protocols were not detected and the
time period simulated in this study might be short.
Therefore, it cannot be concluded that the denture
cleansers had no effect on the staining susceptibility of
resin teeth according to this study. In further inves-
tigations, it could be useful to study the effect of
denture cleansers on the surface roughness and the
correlation between surface roughness and staining
susceptibility of the artificial teeth with long time
periods.
Artificial teeth were exposed to denture cleansers

for 8 h to simulate the overnight soaking as recom-
mended by the manufacturers’. One of the limitations
of this study may be the protocol used for simulation
of the application frequency of denture cleansers,
because the teeth were not cleaned chemically or
mechanically during a week, thus the simulation
was of a patient with poor maintenance. Another
limitation was the types of denture cleansers tested.
The ingredients of the peroxides were similar to each
other and only one concentration of NaOCl was used.
Further studies are needed to evaluate the efficacy
of different types and concentrations of denture
cleansers on the stain removal from artificial teeth.
Besides the efficacy on stain removal from artificial

teeth, active ingredients of denture cleansers may have
some side-effects on denture base materials. Perox-
ides and hypochlorites can cause bleaching of the
acrylic resin [7] and hypochlorites can be corrosive
to CoCr frameworks of partial removable dentures
[7,9]. These effects of denture cleansers were not
evaluated in this study and could be subject of further
investigations.
Cross-linked acrylic and nanocomposite resin teeth

are developed to improve mechanical properties of
resin artificial teeth. However, according to the results
of the present study, staining susceptibility of artificial
teeth should also be taken into consideration. Patients
may be warned about the staining effect of red wine
and Corega, Fittydent and 0.5% NaOCl can be
advised to patients that have staining beverages in
their diets.
Within the limitations of this study the following

conclusions were drawn:

(1) Color changes of all artificial teeth after immer-
sion in staining solutions were within a clinically
acceptable range (DE < 5.5).

(2) There were significant differences among the
artificial teeth in terms of staining susceptibility.
Cross-linked acrylic (Integral) and nanocompo-
site (Veracia) resin teeth were found to be more

susceptible to staining, whereas conventional
PMMA artificial teeth were found to be more
resistant to staining.

(3) Red wine solution caused the highest staining,
regardless of the artificial teeth group.

(4) All of the denture cleansers were found to be
efficient on removal of coffee, tea and red wine
stains. There was no statistically significant dif-
ference among the denture cleansers in terms of
stain removal capacity.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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