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Abstract: The color stability of interim computer-aided design and computer-assisted manufacturing
(CAD/CAM) materials has not been exhaustively investigated. The aim of this study was to com-
pare the translucency (TP) and contrast ratio (CR) of CAD/CAM blocks and conventional interim
materials, as well as the effects of varnish application and tooth-brushing on color stability after
immersion in different staining solutions. Four hundred and eighty specimens were fabricated with
four different interim materials (n = 120) and were divided into three experimental, and one control
group (n = 30). The color measurements were taken at the initial time (T0), 24 h (T1), 7 days (T2),
and 30 days (T3) after immersion in different solutions. CIEDE2000 (∆E00) values were analyzed
with ANOVA and Fischer’s LSD test with a 95% confidence interval. The relationship between
TP and CR was analyzed with a Pearson correlation. All interim materials showed a significant
difference (p < 0.05) in color change after 30 days. Results showed that polyethyl methacrylate resins
(PEMA) had the highest stability over time. The TP and CR were statistically significant (p < 0.05).
It was observed that brushing improved the color stability but the ∆E00 were the highest when the
varnish alone or varnish and brushing were used, except in the bis-acryl group, in which varnish and
brushing decreased the color stainability.

Keywords: color stability; CAD/CAM manufacturing; provisional restoration; varnish; brushing

1. Introduction

Interim materials should have appropriate mechanical, biological and aesthetic prop-
erties until the cementation of the definitive restoration [1–4]. Powder and liquid methacry-
late resins and paste–paste composite resin-based materials have been used in recent
years to manufacture interim restorations [5,6]. These materials can be polymerized by
different reactions (chemical, light or dual reactions) that are activated by one or several
initiators (benzoyl peroxide activated by a tertiary amine or camphorquinone) [1,5]. A
number of interim resins are used in clinical practice; the most widely used are polymethyl
methacrylate resins (PMMA), polyethyl methacrylate resins (PEMA), and resins based on
multifunctional methacrylic acid esters (bis-acryl) [4,6].

One of the drawbacks of interim materials when exposed to the oral environment
is their propensity to change color. The degree of color change is affected by exogenous
and endogenous factors. Exogenous factors include patient habits, such as diet, tooth
brushing or staining solutions, namely coffee, red wine, and black tea, among others.
Endogenous factors include the initiator systems, polymerization, matrix composition,
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particle size, hardness, water sorption, hydrolysis, oxidation of the unreacted carbon dou-
ble bonds [6–14], and surface roughness [15]. In order to overcome some of the problems
related to the amount of powder and liquid or paste–paste mixed, manufacturers have
recently introduced blocks for interim restorations to computer-aided design and computer-
assisted manufacturing (CAD/CAM) [16]. These blocks are mainly based on polymethyl
methacrylates (PMMAs), which are industrially polymerized at high pressure and tem-
perature, a process that significantly increases fracture load compared with conventional
interim materials [17–19].

Considering the increase in surface roughness and the decrease in material brightness
with tooth brushing, which affect the aesthetic quality of the restoration [20–22], some
studies have proposed the use of sealant agents or varnish to cover the interim restoration
surfaces to fill the irregularities in order to reduce porosity, increase wear resistance, and
reduce the color stainability of the material [23–28]. However, a recent study suggested that
a resin sealant may provide adequate protection for surfaces in the short term, but repeated
applications are necessary for surfaces requiring protection over the longer term [29].

Research findings have pointed to qualitative and quantitative approaches to evaluate
color differences. Qualitative methods are based on a subjective comparison of the specimen
with a shade guide, while quantitative evaluations use a spectrophotometer to prevent bias
due to human perception limits [1,7,11,30]. Several dental studies of color have applied the
parameters of the Commission Internationale de l‘Eclairage Color System (CIE). According
to the CIELAB system, color relates to the proportions of the three basic colors: red, blue and
green [1,31]. A spectrophotometer expresses measurements in terms of three coordinate
values (L*, a*, b*). The L* coordinate represents the brightness; the a* value represents red
or green chroma; and the b* value represents the yellow or blue chroma [1]. The CIELAB
formula has been the classical parameter for color measurements. However, in order to
analyze color stability with better adjustment, acceptability, and human perceptibility, some
authors have recommended using the CIEDE2000 (∆E00) instead of the CIELAB (∆Eab)
color-difference formula [32–34] The CIEDE2000 formula was published by CIE in 2001;
it reinforces the conceptual developments of the Munsell system by using concepts of
lightness, chroma, and hue, with an interaction between chroma and hue, providing much
better fits for the experimental data characterized by small color differences [34–37].

In addition, other researchers have reported color parameters to evaluate translucency
and opacity, such as the translucency parameter (TP) and contrast ratio (CR), both of
which are based on CIE colorimetry. Translucency is known as the state between complete
transparency and complete opacity, which occurs when a light beam passes through
the material and part of the light is transmitted and reflected through the object. If the
material is completely opaque TP = 0, and the light passes completely through the object,
translucency will be greater [38–44]. A contrast ratio (CR) is defined as the ratio of the
luminance of the brightest color (white) to that of the darkest color (black), resulting in
the capacity of the material itself to hide a background [11,40]. This parameter depends
upon the thickness of the material and the reflectance of the background [42–44]. Little
research has been published comparing the color stability of CAD/CAM interim blocks
with conventional interim materials. Furthermore, to our knowledge, no studies have
evaluated the effect of brushing and varnish protection over these materials when they are
immersed in staining solutions. The aim of this study was to compare the translucency
and contrast ratio between CAD/CAM blocks and conventional interim materials, as well
as the effect of varnish application and tooth-brushing on color stability after immersion
in different staining solutions. Therefore, the two null hypotheses of the study were
that: 1. No difference would be found in color stability between CAD/CAM blocks and
conventional interim materials after being immersed in different staining solutions for four
weeks; and 2. Varnishing and brushing do not influence the color stability of the material.
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2. Materials and Methods

Three interim materials for the direct technique and one material for the CAD/CAM
technique were used to fabricate four hundred and eighty specimens in accordance with
the manufacturer’s recommendations, and these were divided into three experimental
groups (brush (n = 30); varnish (n = 30); and brush–varnish (n = 30)) and one control group
(without brush and varnish (n = 30)) (Table 1). The sample size was determined by using
sample size and power calculator software (GRANMO; Institut Municipal d´Investigació
Mèdica, Barcelona, Spain). Figure 1 shows a diagram of the study design.

Table 1. Provisional materials used in the study.

Dental Materials
(n) *

Product Name
(Manufacturer)

Composition **
Groups

Batch
NumbersCode Brushing Varnish

(Easy Glaze)

Bis-acryl
(n = 120)

Structur 3
(VOCO GmbH)

Urethane dimethacrylate (UDMA),
bisphenol A-glycidyl methacrylate

(Bis-GMA), benzoyl peroxide.

S3 NO NO

1212333
S3B YES NO
S3V NO YES

S3BV YES YES

Polyethyl
methacrylate

(n = 120)

Trim
(Bosworth)

P: ethyl methacrylate pre-polymers,
benzoyl peroxide, pigments, TiO2.
L: isobutyl methacrylate, di-butyl

phthlate, dimethyl-p-toluidine.

T NO NO
P: 1206–284
L: 1206–286

TB YES NO
TV NO YES

TBV YES YES

Polymethyl
methacrylate

(n = 120)

DuraLay Crown
&- Bridge
(Reliance)

P: benzoyl peroxide, dialkyl phthalate,
residual monomers, titanium dioxide,

mineral pigment, disazo pigment.
L: methyl methacrylate.

DL NO NO
P: 092611
L: 091411

DLB YES NO
DLV NO YES

DLBV YES YES

Polymethyl
methacrylate blocks

for CAD/CAM
(n = 120)

Telio CAD
(Ivoclar Vivadent)

Polymethyl methacrylate (PMMA)

TC NO NO

R29681
TCB YES NO
TCV NO YES

TCBV YES YES

P, powder; L, liquid. * 120 specimens per material were subdivided into groups of 30 specimens (n = 30). ** Information provided by the
manufacturers’ safety data sheets. CAD/CAM: computer-aided design and computer-assisted manufacturing.

A stainless steel mold was used to make the interim material specimens for the direct
technique. The mold was held between two glass slides, which were gently pressed
together to eliminate excess material. Each direct technique specimen had a diameter of 10
± 0.1 mm and a height of 2 ± 0.05 mm, and blocks of polymethyl methacrylate (Telio CAD;
Ivoclar Vivadent, Schaan, Liechtenstein) were cut into 2 mm slices with a 1

2 inch (12.7 mm)
diamond specimen with the Isomet 1000 Precision Saw (Buehler, Esslingen am Neckar,
Germany).

Once the specimens had been made, they were polished on the edges only with grit
sandpaper (P.320; Hitech Europe MP Series, Corsico, Italy) at 50 rpm. Then, the specimens
were calibrated by using a digital calibrator to verify the size to 2 ± 0.05 mm thickness
in order to achieve standardization. Finally, a small mark was made on the surface of
the specimen to identify the same side for the color measurements. Varnish (Easy Glaze;
VOCO GmbH, Cuxhaven, Germany) was applied over the surface of half of the specimens
following the manufacturer’s instructions.

Afterwards, five specimens per experimental group and staining solution were placed
into 24-well cell culture plates, immersed in distilled water for rehydration and then
left in a stove (Memmert) at 37 ◦C for 24 h. The specimens were then dried with gauze
and the baseline color was measured (T0) with the spectrophotometer (SpectroShade;
Micro-Dental Spectrophotometer MHT;Arbizzano di Negar, Italy). The pH of the solution
was measured during each solution replacement to verify its quality, and the specimens
were then immersed in 2 mL staining solutions (Table 2). Before each measurement, the
spectrophotometer was calibrated according to the manufacturer’s instructions, by using
the calibration supply and during measurements of each specimen. The color was measured
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in a black room without windows using black and white backgrounds to minimize the
influence of external light on the borders of each specimen.
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Figure 1. Diagram of the study design.

Table 2. Staining solutions used in the study.

Scheme (n) * Manufacturer pH ** (SD) Abbreviation

Distilled water (n = 20) SOSMI S.A, Spain 6.73 (0.62) DW
Orange juice (n = 20) Pascual, Spain 3.77 (0.19) OJ

Black tea (n = 20) Classics English Breakfast Tea,
Twining, England 5.03 (0.25) BT

Coffee (n = 20) Nescafé Classic, Nestlé, Spain 4.83 (0.11) CF
Red wine (n = 20) Don Simon, Spain 3.50 (0.10) RW

Coca-Cola (n = 20) Coca-Cola, The Coca-Cola Company,
Spain 2.57 (0.15) CC

* (n = 20) specimens per material in each solution. ** pH is a mean of values obtained during each solution
replacement. SD: standard deviation.

2.1. Color Evaluation

Color measurements were measured with the same procedure before staining (T0) and
after immersion in staining solutions after 24 h (T1), 7 days (T2), and 30 days (T3). Twice a
week, the staining solution was replaced, and half of the whole specimen was brushed for
10 s with an electric toothbrush (Oral-B Professional Care Triumph 5000) impregnated with
Colgate toothpaste (Colgate-Palmolive); each solution had its own brush head. Silicone
holders were used to fix the specimens and the toothbrush in the same horizontal positions.
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The brush operated at 8800 oscillations–rotations per minute and 40,000 pulsations per
minute [26].

The same protocol of changing the staining solutions twice a week was followed for
the duration of this study.

Each specimen with a black background was analyzed by using the SpectroShade
program. The image was opened and a contour of 300 µm was established with the
metric tool; this same tool was used to locate the center of the specimen. The analysis was
undertaken following the same steps; in this way, the procedure was standardized for each
specimen and each measurement was made in the same center spot.

Calculation for the CIEDE2000 (∆E00) color difference was performed according to
Equation (1) [35,36,45]:

∆E00 =

[
(

∆L′

KLSL
)

2

+ (
∆C′

KCSC
)

2

+ (
∆H′

KHSH
)

2

+ RT

(
∆C′

KCSC

)(
∆H′

KHSH

)]1/2

(1)

For this analysis, the CIEDE2000 color-differences formula in Microsoft Excel (Excel
14.5.7, Mac, Microsoft Corporation, Redmond, DC, USA) was used, as proposed by Sharma
et al. [35].

To determine the acceptability and perceptibility thresholds of color change, we
used the parameters described by Ghinea et al. in 2010. The color change was clinically
acceptable when ∆E00 = 2.23 and considered perceptible when ∆E00 = 1.25 [34].

2.2. Translucency Parameter (TP)

TP values were determined by calculating the color differences against black and
white backgrounds for the same specimen, according to the Equation (2) [38,41,44]:

TP = [(∆LB* − ∆LW*)2 + (∆aB* − ∆aW*)2 + (∆bB* − ∆bW*)2]1/2 (2)

where the subscripts B and W refer to the color coordinate values obtained against black
and white backgrounds, respectively.

2.3. Contrast Ratio (CR)

The CR values were calculated from the spectral reflectance (Y) of the specimens with
a black (YB) and white (Yw) background as follows in the equation 3 [39,44]:

CR = YB/Yw (3)

The specimens with CR = 0.0 and CR = 1.0 were considered transparent and totally
opaque materials, respectively [39].

2.4. Statistical Analysis

Two-way ANOVA was performed to determine the color change (∆E00) between
materials and treatments, and the Fisher’s post hoc test was used for multiple comparisons
between groups. Pearson’s correlation test was used to analyze the relationship between
TP and CR values. A confidence level of 95% was used in all tests. Statistical analysis
was performed with a statistical software program (StatGraphics Centurion XV, StatPoint
Technologies, Inc.; Warrenton, VA, USA).

3. Results
3.1. Color Change Evaluation

The two-way repeated measures ANOVA showed a significant difference (p < 0.05) in
the color changes (∆E00) of all tested materials after being immersed in different staining
solutions for 30 days. Regarding the stability of the materials tested, ∆E00 (T3) values
showed that PEMA had the highest stability over time, followed by PMMA, PMMA blocks
for CAD/CAM, and finally bis-acryl, which obtained the greatest color change (Table 3).
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Table 3. Mean of the color changes (∆E00) for each material immersed in different staining solutions
according to the time (Equation (1)).

Material
∆E00

∆E00 (T1)
(SD)

∆E00 (T2)
(SD)

∆E00 (T3)
(SD)

Bis-acryl (Structur 3) 1.82 c (1.42) 2.88 c (2.30) 5.52 c (4.89)
PEMA (Trim) 1.08 a (0.87) 2.11 a (1.34) 3.08 a (1.64)

PMMA (DuraLay) 1.32 b (1.06) 2.55 b (1.80) 3.39 a (1.85)
PMMA blocks for CAD/CAM

(Telio CAD) 1.53 c (1.07) 2.40 a,b (1.80) 3.83 b (3.51)

Values with the same uppercase letter do not differ significantly (p > 0.05). T1: 24 h; T2: 7 days; T3: 30 days.
SD: standard deviation. The mean values correspond to 30 specimens per material immersed into six staining
solutions with black background.

Regarding the color stability of the groups, Table 4 shows the ∆E00 black background
mean values of each group after 24 h (T1), 7 days (T2), and 30 days (T3). Furthermore,
Figures 2 and 3 show the ∆E00 black background mean values of each group and staining
solution after four weeks (T3). For the PEMA material, the TB group obtained the highest
stability after T3 with statistical significance respect to T, TBV, and TV (p < 0.05). In the
PMMA material, DB had less color changes compared with D, DBV and DV (p < 0.05). The
PMMA blocks for CAD/CAM showed the highest color stability in the TCB group, with
statistical significance (p < 0.05), followed by TC, TCBV and TCV. Finally, bis-acryl material
obtained the greatest color stability in the S3BV group (p < 0.05) followed by S3B and S3V
without significant difference, and the S3 group with the least color stability.

Table 4. Mean of color stability (∆E00) for each group immersed in different staining solutions
according to the time (Equation (1)).

Material Groups
Mean ∆E00

∆E00 T1 (SD) ∆E00 T2 (SD) ∆E00 T3 (SD)

Bis-acryl

S3 1.83 e,f (1.33) 4.09 i (2.93) 7.41 i (6.15)
S3B 1.67 d,e (1.31) 2.70 f,g (1.58) 5.14 h (3.33)

S3BV 1.52 c,d (1.01) 1.77 a,b (1.24) 4.42 e,f (4.48)
S3V 2.24 g (1.85) 2.93 g,h (2.48) 5.11 g,h (4.87)

Polyethyl
methacrylate

T 1.12 a,b (0.68) 2.23 c,d,e (0.98) 3.30 b,c (1.08)
TB 0.86 a (0.39) 1,74 a (1.08) 2,54 a (1.01)

TBV 1.35 b,c (1.16) 2.33 d,e,f (1.13) 3.18 b,c (1.83)
TV 0.99 a,b (1.01) 2.13 b,c,d,e (1.94) 3.31 b,c (2.24)

Polymethyl
methacrylate

D 1.13 a,b (0.65) 2.00 a,b,c,d (0.56) 2.88 a,b (1.02)
DB 1.06 a (0.56) 1.89 a,b,c (0.55) 2.51 a (0.77)

DBV 1.57 c,d,e (1.35) 3.03 g,h (1.63) 3.94 d,e (1.91)
DV 1.50 c,d (1.35) 3.29 h (2.90) 4.22 d,e,f (2.58)

Polymethyl
methacrylate

blocks for
CAD/CAM

TC 0.91 a (0.62) 2.45 e,f (2.25) 3.86 d (3.71)
TCB 1.03 a (0.70) 1.72 a (1.15) 3.20 b,c (3.27)

TCBV 1.99 f,g (1.16) 2.32 d,e,f (1.63) 3.70 c,d (3.29)
TCV 2.18 g (1.10) 3.11 h (1.80) 4.59 f,g (3.78)

Values with the same lower case superscript letters within column denote groups whose color does not differ
significantly for each staining solution (p > 0.05) (a = low staining and i = high staining). The method used to
discriminate among the means is Fisher’s least significant difference (LSD). T1: 24 h; T2: 7 days; T3: 30 days. SD:
standard deviation. Letter B in the groups denote brushing process and groups with letter V indicate varnish
application. The mean values correspond to five specimens per group immersed in six staining solutions with
black background.



J. Compos. Sci. 2021, 5, 106 7 of 12

J. Compos. Sci. 2021, 5, x FOR PEER REVIEW 7 of 12 
 

 

Polymethyl meth-
acrylate blocks for 

CAD/CAM 

TCB 1.03 ª (0.70) 1.72 a (1.15) 3.20 b,c (3.27) 
TCBV 1.99 f,g (1.16) 2.32 d,e,f (1.63) 3.70 c,d (3.29) 
TCV 2.18 g (1.10) 3.11 h (1.80) 4.59 f,g (3.78) 

Values with the same lower case superscript letters within column denote groups whose color 
does not differ significantly for each staining solution (p > 0.05) (a = low staining and i = high stain-
ing). The method used to discriminate among the means is Fisher’s least significant difference 
(LSD). T1: 24 h; T2: 7 days; T3: 30 days. SD: standard deviation. Letter B in the groups denote 
brushing process and groups with letter V indicate varnish application. The mean values corre-
spond to five specimens per group immersed in six staining solutions with black background. 

 
Figure 2. Mean ΔE00 (T1, T2, and T3) interaction for each group and different staining solution: (A) bis-acryl (Structur 3); 
(B) PEMA (Trim); (C) PMMA (DuraLay); and (D) PMMA blocks for CAD/CAM (TelioCAD). 

Figure 2. Mean ∆E00 (T1, T2, and T3) interaction for each group and different staining solution: (A) bis-acryl (Structur 3);
(B) PEMA (Trim); (C) PMMA (DuraLay); and (D) PMMA blocks for CAD/CAM (TelioCAD).

J. Compos. Sci. 2021, 5, x FOR PEER REVIEW 8 of 12 
 

 

 
Figure 3. Mean ΔE00 (six staining solutions) interaction for each group and time: T1 (24 h); T2 (7 days); T3 (30 days). (A) 
bis-acryl (Structur 3); (B) PEMA (Trim); (C) PMMA (DuraLay); and (D) PMMA blocks for CAD/CAM (TelioCAD). 

For the different groups evaluated, the highest staining potential values were ob-
served in the red wine solution followed by coffee, black tea, orange juice, Coca-Cola, and 
distilled water (p < 0.05) (Figure 2). 

When each group was analyzed with a clinical perceptibility threshold (PT) and clin-
ical acceptability threshold (AT), the results showed that in the first day (T1) TB, TC, TV, 
TCB, DB, T, and D groups were in the PT (ΔE00 = 0.91–1.13), while the other groups main-
tained AT within a range of ΔE00 = 1.83–2.23. 

In T2 (7 days), all the groups were above PT. However, TCB, TB, S3BV, DB, D, and 
TV groups maintained AT with a range of ΔE00 = 1.72–2.13. Finally, in T3 (30 days), all the 
groups were out of the threshold. 

3.2. Translucency Parameter and Contrast Ratio 
The mean translucency values measured by TP and CR were statistically significant 

(p < 0.05). These methods showed a strong correlation (r2 = 0.96), as seen in Table 5. 

Table 5. Mean of initial (T0) translucency parameter (TP) and contrast ratio (CR) by material. 

Material TP (SD) CR (SD) 
Bis-acryl 15.45 d (0.78) 1.40 d (0.02) 

PEMA 11.70 b (1.39) 1.34 b (0.05) 

PMMA 7.14 a (0.57) 1.22 a (0.03) 

PMMA blocks for CAD/CAM 13.37 c (0.63) 1.38 c (0.03) 

Different letters show statistical differences of mean values within the parameter (column) (p < 
0.05); Fisher’s least significant difference. SD: standard deviation. 

  

Figure 3. Mean ∆E00 (six staining solutions) interaction for each group and time: T1 (24 h); T2 (7 days); T3 (30 days). (A)
bis-acryl (Structur 3); (B) PEMA (Trim); (C) PMMA (DuraLay); and (D) PMMA blocks for CAD/CAM (TelioCAD).



J. Compos. Sci. 2021, 5, 106 8 of 12

For the different groups evaluated, the highest staining potential values were observed
in the red wine solution followed by coffee, black tea, orange juice, Coca-Cola, and distilled
water (p < 0.05) (Figure 2).

When each group was analyzed with a clinical perceptibility threshold (PT) and
clinical acceptability threshold (AT), the results showed that in the first day (T1) TB, TC,
TV, TCB, DB, T, and D groups were in the PT (∆E00 = 0.91–1.13), while the other groups
maintained AT within a range of ∆E00 = 1.83–2.23.

In T2 (7 days), all the groups were above PT. However, TCB, TB, S3BV, DB, D, and TV
groups maintained AT with a range of ∆E00 = 1.72–2.13. Finally, in T3 (30 days), all the
groups were out of the threshold.

3.2. Translucency Parameter and Contrast Ratio

The mean translucency values measured by TP and CR were statistically significant
(p < 0.05). These methods showed a strong correlation (r2 = 0.96), as seen in Table 5.

Table 5. Mean of initial (T0) translucency parameter (TP) and contrast ratio (CR) by material.

Material TP (SD) CR (SD)

Bis-acryl 15.45 d (0.78) 1.40 d (0.02)
PEMA 11.70 b (1.39) 1.34 b (0.05)
PMMA 7.14 a (0.57) 1.22 a (0.03)

PMMA blocks for CAD/CAM 13.37 c (0.63) 1.38 c (0.03)
Different letters show statistical differences of mean values within the parameter (column) (p < 0.05); Fisher’s
least significant difference. SD: standard deviation.

4. Discussion

The first null hypothesis of the study was partly accepted because the CAD/CAM
blocks had a color-difference from some conventional materials (PEMA and bis-acryl) after
immersion in staining solutions for four weeks. The second null hypothesis was accepted
but should be analyzed separately regarding varnish and brushing.

In this study, four materials were used (PEMA, PMMA, PMMA blocks for CAD/CAM,
and bis-acryl); each material was divided into four groups, which were exposed to different
surface treatments and immersed in six staining solutions. The color values were analyzed
by using CIEDE2000 but to our knowledge, no studies exist comparing the color stability
of PMMA blocks for CAD/CAM with conventional interim materials with and without
varnish and brushing.

To analyze the color stability in the present study, we accounted for perceptibility
(PT) and acceptability (AT) thresholds 50:50% published in 2010, which uses TSK Fuzzy
Approximation in preference to an S-shaped curve due to the slightly higher accuracy of
the former. The perceptibility threshold was ∆E00 = 1.25 (r2 = 0.89) and the acceptability
threshold was 2.23 (r2 = 0.89) [34]. In the present study, it was found that all materials
values in the first day (T1) were within the parameters of acceptability, however, the bis-
acryl material was slightly higher (p < 0.05). From seven days (T2) the mean value showed
that all materials were above the acceptability threshold (∆E00 > 2.23), except the PEMA
which obtained ∆E00 = 2.11 (p < 0.05). Ertaş et al. [12] suggest that 24 h of immersion
simulates about one month of consumption. Therefore, the values of the present study in
T1, T2, and T3 should be equivalent to 1, 7, and 30 months, respectively, in vivo.

Staining is a common problem for all restorative materials after long-term use [46].
Changes in the optical properties have been attributed to the oxidation of the polymer
matrix or oxidation of unreacted double bonds in the residual monomers [7]. The results
of the present study are in agreement with the others showing high color stability for
PEMA materials after 30 days of immersion [13] and the least color stability in bis-acryl
materials after immersion in coffee solution [7]. Furthermore, the present findings accord
with those of studies where more color stability was obtained in PMMA than in bis-acryl
materials [4,47].
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The color stability of organic molecules is related to their capacity to absorb light into
energy levels involving molecular orbitals, which are generally based on covalent chemical
bonding in a conjugated system of alternating single and double bonds, which may have
attached to it electron donor and acceptor groups [48]. Exogenous and endogenous factors
decompose the original molecular structure and organization, disturbing the color stability
of the material.

In common with other studies, red wine caused the most staining in all experimental
groups, followed by coffee, black tea, orange juice, Coca-Cola, and distilled water [12]. In
spite of Coca-Cola having the lowest pH, which might modify the material surface, in the
present study it did not have a stainability as high as other solutions such as black tea,
coffee, and orange juice [12]. According to Um et al. [14], solutions such as tea and coffee
contain yellow colorants, which have different polarities (higher polarity for tea and lower
polarity for coffee). The materials immersed in coffee solutions pigmented more than tea
because the lower polarity of the solution promotes a high penetration of pigments into the
organic phase due to adsorption and absorption processes, whereas solutions with high
polarity such as tea do not penetrate easily into the materials, and therefore the pigments
can be removed by tooth brushing.

These results are at odds with the suggestions of Dede et al. [23] and Doray et al. [24]
who found better results applying the surface varnish because it improved the staining
resistances of the interim materials. Similarly to the works of some authors, the present
study found that when varnish was applied, the values of color stability exceeded the
clinical acceptability parameter (∆E00 > 2.23) [49,50], probably because, as explained by
some authors, surface varnish tends to separate and degrade with tooth brushing [26,27].

Regarding the effect of tooth brushing on the color stability of materials, the present
study found better color stability with interim materials such as other authors who brushed
their specimens, because some absorbed colorants or surface staining can be removed by
tooth brushing [45,51].

Although the Telio CAD is a PMMA block without filler content, and it is possible
to create abrasions during brushing, resulting in increased roughness [52], the results
described in the present study regarding color stability are favorable.

Finally, to evaluate the translucency parameter (TP) and contrast ratio (CR), in the
literature there are no data with optimal or acceptable TP values for dental materials.
However, Paravina et al. [38] suggest dividing the TP range into low translucency (TP
= 2.0–3.7), medium translucency (TP = 3.8–5.4), and high translucency (TP > 5.5). The
results of the present study showed a high TP in all materials evaluated (range TP =
7.14–15.45), with significant differences of translucency (p < 0.05). Considering the TP
and CR of interim materials, we agree with the consensus in the literature on when an
aesthetic interim restoration is necessary; to hide the background, the restoration should be
made with a greater thickness [42,43]. As in previous studies, TP and CR were strongly
correlated; when TP decreases CR increases (r2 = 0.96) [39,43].

The effect of absorption influence and roughness parameters on color stability should
be evaluated in future studies.

5. Conclusions

Within the limitations of this in vitro study, the following conclusions were drawn:
PEMA had the highest stability over time, followed by PMMA, PMMA blocks for

CAD/CAM, and finally bis-acryl, which obtained the greatest color change.
From seven days of immersion, the mean value showed that PMMA, PMMA blocks for

CAD/CAM, and finally bis-acryl materials were above the clinical acceptability threshold.
The lower staining values were presented in groups with brushing when compared

with the other groups (p < 0.05).
The varnish does not reduce the color stainability of materials with different composi-

tions, such as PEMA, PMMA, and PMMA blocks for CAD/CAM. It was more favorable in
bis-acryl material.
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TP and CR showed a strong correlation for all the interim materials evaluated.
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