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Abstract

Background: To evaluate the effect of staining beverages on the color stability, translucency and gloss of two pro-
visional restorative materials.

Material and Methods: Sixty discs (8 mm x 2 mm) were manufactured for Duralay and Protemp 4. The discs were
randomly divided according to the beverages: tea, coffee, wine, Coca-Cola and “Chicha morada” (n=12). The
discs were polished and initial recordings of color and translucency were made with a spectrophotometer, and the
gloss was measured with a glossmeter. The discs were immersed for 5 days in each of the beverages at 37°C, and
the color, translucency and gloss were recorded again. The differences between the initial and final records were
calculated to obtain the values of AE, ATP, AGU. For the analysis, the two-way MANOVA model was chosen, and
the significance level was set at 5%.

Results: A significant interaction was observed between the type of material and the staining beverages on the
changes observed in the values of AE, ATP, AGU (p<0.05). AE values for Duralay and Protemp 4 were affected by
coffee (7.48+1.53) and wine (11.02+1.07), respectively. The greatest change in ATP for Duralay were generated
by tea (-1.79+0.62), and coffee (-5.65+0.66) for Protemp 4. Gloss was affected mainly by coffee for both materials
(Duralay = -6.44+1.17 , Protemp 4 = -8.28+1.09).

Conclusions: The type of material and the pigment drinks act together to influence changes in color, translucency
and gloss. The methacrylate-based resin was more stable than the bis-acrylic resin to changes in color, translucency
and gloss.
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Introduction

Provisional restorations play an important role in the
success of restorative treatment in dentistry (1). Provi-
sional restorations restore the aesthetics, biological, and
mechanical functions such as the restoration of occlu-
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sion, resistance to wear, precision in the marginal adap-
tation and optical properties during different periods of
time until the change for definitive restorations (2).

Provisional restorations must meet aesthetic characteris-
tics in shape, color, gloss and translucency that approxi-
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mate them to the definitive restorations, and consequent-
ly to the natural teeth (3). Failure to comply with these
characteristics can impair the aesthetic appearance of the
restorations (1,3).

There are various materials that are used to manufac-
ture provisional restorations, including self-curing, pho-
to-curing and thermo-curing resins (4). Polymethyl me-
thacrylate (PMMA) presents a high resistance, achieving
acceptable aesthetic levels and allowing temporary res-
toration of function (5). However, it has an exothermic
release during its polymerization that is accompanied by
shrinkage and poor marginal sealing (1). Bis-acrylic re-
sins present a low exothermic reaction, low shrinkage
level and better marginal adaptation, improvement in
surface micro-hardness, while presenting quite accepta-
ble color stability over long periods of time (6).

The aesthetic properties of provisional restorations can-
not be predicted solely based on the chemical compo-
sition of the material, factors such as surface finish can
contribute to the properties of resisting pigmentation,
considering that a porous surface exhibits a greater pos-
sibility of staining than a material properly polished (7).
Discoloration of provisional restorations can be caused
by the consumption of various foods and beverages (8).
On the market, there are products with the ability to ge-
nerate pigmentation or color change in provisional res-
torations, including industrialized beverages such as co-
ffee, carbonated beverages, processed juices, tea, wine,
fruit juices, among others (9-12).

Janani et al., demonstrated that provisional materials and
staining solutions act together and are significant factors
that affect color stability. Furthermore methacrylate-ba-
sed resins were more stable to color change than bis-
acrylic resin (9). Mazaro et al., observed that acrylic
resins were more stable to color change than bis-acrylic
resins, while coffee was the beverage with the greatest
staining potential (10). Kotnarin et al., also reported that
bis-acrylic resins showed greater color change than me-
thacrylate-based resins (11).

Despite the existence of reports on the color change of
different provisional restoration materials using various
staining solutions, the literature continues to be limited
to the study of other properties such translucency and
gloss. The aim of this study was to evaluate the effect
of staining beverages on the color stability, translucency
and gloss of two provisional restorative materials. The
null hypothesis tested in this study was that there is no

Table 1: Provisional materials used in this study.
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significant interaction effect between the type of resto-
rative material and staining beverages on color, translu-
cency, and gloss.

Material and Methods

-Sample size calculation

The sample size was calculated using the Real Statistics
resource Pack software (Release 7.6). A power of 0.9,
and a partial n? effect size of 0.06 for the interaction be-
tween the two factors were considered. Resulting in a
total of 120 samples.

-Specimen preparation

In this study, an autopolymerizing PMMA resin and a
bis-acrylic resin were used. Details of the restorative
materials are presented in Table 1. The discs were prepa-
red in a metal mold with a diameter of 8 mm and a height
of 2 mm (11). Each material was prepared according to
the manufacturers’ instructions. Materials were inserted
in a single increment into the molds. An acetate strip and
a glass plate were placed on the mold to promote remo-
val of excess material and ensure a flat, parallel surface
for easy reading of the samples (11). The bis-acrylic re-
sin samples were rubbed for 20 s with a gauze soaked in
alcohol to remove the inhibiting layer (10). The samples
were visually inspected to discard those with bubbles or
surface alterations.

To standardize the surface of the samples, silicone san-
ding discs (3M ESPE) were used in the sequence of P240,
P320 and P360 for 20 s under refrigeration (7). The sam-
ples were polished with a goat hair brush (Becht, Labor-
dental Ltda, Sao Paulo, SP, Brazil) and extra fine grain
polishing paste (2-4 microns, Diamond Excel, Dentscare,
Ltda., Joinville-SC, Brazil ) using a micromotor under a
rotation of 18,000 rpm for 1 min. The samples were was-
hed with distilled water for 30 s and placed in an ultraso-
nic bath for 10 min (7). Finally, The samples were stored
in distilled water at 37°C for 24 h until use (12).
-baseline measurement of the parameters

Initial color measure (T1) was performed using the CIE
L*a*b* coordinate criteria (13), with a VITA Easysha-
de® spectrophotometer (VITA Zahnfabriik, Bad Sac-
kingen, Germany). The color was taken on a light gray
background to avoid contrast and to be able to standar-
dize the process. The tip of the spectrophotometer was
located perpendicular to the center of the disk (12). Me-
asurements were performed in triplicate and the value
was averaged for recording.

Material Type Manufacturer Composition Shade
Duralay Methacrylate Reliance, Cotia-SP, | Copolymer of plasticizable methacrylate, methyl 62
Brazil methacrylate monomer, paraffin, mineral oil
Protemp™ 4 | Bis-acrylic 3M ESPE, Seefeld, Dimetacrylate polymer. Bis-GMA, zirconium A2
Germany particles, silica and silane, pigments
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Translucency was measured using the CIE L* a* b*
parameter against a black and white background using
a VITA Easyshade® spectrophotometer. The tip of the
spectrophotometer was positioned perpendicular to the
center of the disk. The Translucency (TP1) was calcu-
lated using the following formula: TP = [(L*b - L*w)?
+ (a*b — a*w)? + (b*b — b*w)?]'2 (14), where L*w, a*w
and b*w belong to the white background and L*b, a*b
and b*b belong to the black background.

Initial gloss (GU1) was measured with a BEVS1506
glossmeter (BEVS Industrial Co., Ltd. Guangzhou,
Guangdong, China), with a measurement area of 2mm
x 2mm and a light incidence geometry of 60° (15). The
values obtained were expressed in gloss units (GU). A
plastic jig was used to block and eliminate ambient light
interference and allow reproducibility of measurements
that were performed in triplicate for each sample.
-Grouping of the samples

The samples were randomly distributed into 12 groups (n
= 12) using the Research Randomizer Form 4.0 software
(Social Psychology Network, Middletown, CT, USA).
The samples were placed individually in a container,
10 mL of the beverages were added, and the containers
were stored at 37°C for 5 days. The solutions were chan-
ged every 24 h. For the coffee groups (Nescafé tradicion,
Nescafé®, Nestlé Brasil Ltda., Araras, SP, Brazil), 4 g of
coffee were dissolved in 300 ml of boiling distilled wa-
ter (11). After 10 min the solution was filtered through
filter paper number 1. For the black tea group (Lipton,
Unilever Korea Co., Ltd., Seoul, Korea) four tea bags
were immersed in 300 ml of boiling distilled water, the
solution was filtered through filter paper number 1. (9).
For the wine groups, a Carménére wine was used (Cha-
man Gran Reserva, Viia Santa Cruz, Colchagua, Chile).
For the Cola groups, Coca-Cola© (The Coca-Cola Com-
pany, Lima, Peru) was used. For the Chicha groups, a
commercial purple corn-based beverage “Chicha mora-
da” (Leche Gloria S.A. Lima, Peru) was used, Distilled
water was used as a control group.

-Recording parameter differences

After the immersion period in the beverages, the para-
meters were measured again. Color differences (AE)
were calculated considering the initial values of L,
a and b (T1) and the final values after the immersion
time (T2), using the following formula: AE = [(AL*)? +
(Aa*)> + (Ab*)?] . The differences in translucency were
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calculated from the difference between the calculated
values: ATP = PT, — PT, (16). The difference in gloss
was calculated from the following formula: AGU = GU,
-GU, (15).

-Statistical analysis

Data was analyzed using Stata® 17 Software (Stata-
Corp LP, College Station, TX, USA), As there are two
independent grouping variables and three continuous
dependent variables, the two-way MANOVA model
was chosen to test whether the non-metric values of the
independent variables determine the equality of vector
means of a series of groups on the dependent variables.
To visualize the variation of multivariate null hypothe-
ses (H) relative to error covariation (E), a HE plot was
processed with the Rstudio software (version 3.6.1; R
Foundation for Statistical Computing, Vienna, Austria).
The significance level was set at 5%.

Results

Data from the control groups were not included in the
analysis, as they were considered as outliers, and the
differences between the measurements before and after
immersion in the staining beverages were not signifi-
cant. Two-way MANOVA results showed that there is a
significant interaction between the type of Material and
the Staining beverage (Table 2), because the p value is
very small for the multivariate test. This finding indi-
cates that factors act together to influence color chan-
ge, translucency, and gloss parameters. The effect size
(rfp = 0.458) indicates that the variability detected in the
parameters is explained in 45.8% due to the interaction
between the type of material and the staining beverages.
The HE plot showed the size and orientation of hypo-
theses variation in relation to error as ellipsoids (Fig. 1).
The HE plots showed that the multivariate test is signifi-
cant (p<0.05). Each panel shows the bivariate ellipsoids
in terms of the variables material, beverage, and their
interaction. With all the combinations in the HE plots,
we can observe that the ellipsoids of the interaction and
of the main effects are highly significant since they are
projected outside the ellipsoid of the error. In more de-
tail, for the AE*ATP y AE¥*AGU cases, the significant
Material:Beverage measurement interaction occurs pri-
marily in terms of between-group differences in the AE
response, with little contribution from ATP. In the case
of ATP*AGU, the significant interaction is mainly due to

Table 2: MANOVA results for main effects and interaction.

Source Test statatistic Df | Approx.F Ilzp Prob>F
Material Wilks 0.2856 90.03 0.701 <0.001
Beverage Wilks 0.1493 25.07 0.593 <0.001
Material#Beverage Wilks 0.2266 17.94 0.458 <0.001

Df = Degree of freedom; rsz = Partial eta squared
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Fig. 1: HE plots for the two-way MANOVA scaled for significance of effect according to the factors type of material, beverage, and their interac-
tion. (A). HE plot for effects on AE y ATP. (B) HE plot for effects on AE y vGU. (C) HE plot for effects on ATP y AGU.

the differences between the groups in the ATP response.
Figure 2 shows the behavior of the combined data of the
type of material and beverage on the optical parameters.
In the case of AE, it can be observed that there were di-
fferences between the samples of both materials when
they were subjected to coffee and wine. For ATP, the
differences between the materials were observed when
the samples were subjected to tea, coffee and wine. Fi-
nally, in the case of AGU, the differences were observed
when tea and coffee were used as staining solution. The
comparisons of pairs were made through the linear pre-
diction of the margins, the results are shown in Table 3.

Discussion

Although provisional restorations are intended to be
used for a limited period of time, aesthetic properties are
an important aspect, especially when the treatment rea-

ches areas with high aesthetic requirements such as the
anterior region (1,3,16). Among the aesthetic properties
that must be considered in these materials, we have color
stability, translucency and gloss, among others (1). It is
known that these properties can be affected by various
factors, including the consumption of food and bevera-
ges, which have the potential to penetrate the matrix of
the material, behaving as extrinsic pigmentation (3,9-
12).

Several studies have evaluated the color stability of va-
rious restorative materials, including different evalua-
tion periods. It is expected that the longer the immer-
sion time, the greater the color change. However, these
prolonged periods of immersion are not comparable to
the time that the materials would be in contact with the
staining solutions under clinical conditions. Therefore,
the results must be interpreted carefully. In this study,

Adjusted predictions of Beverage#Material with 95% Cls

9-

Linear prediction

Tea Coffee Wine
Beverage

—e— Duralay, AE
®— Duralay, AGU
—®— Duralay, ATP
¢~ Protemp 4, 4AE
—e— Protemp 4, AGU
@~ Protemp 4, ATP

|
Coca-cola

|
Chicha

Fig. 2: Adjusted predictions from the margins for beverages and type of provisional restorative material.
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to simulate the effect of one year of drinking beverages,
it was considered that the average consumption time of
a 250 ml cup of coffee or tea is approximately 20 min,
with a consumption of two cups per day (17). An immer-
sion time of 120 hours or 5 days was estimated.

In general, previous studies individually evaluate the
effect of staining agents on the aesthetic properties of
various temporary prosthetic restoration materials, wi-
thout considering other properties and factors that may
influence their behavior. In this study, it was considered
to establish a multivariate model to verify if the interac-
tion between the type of material and the type of staining
beverage have an impact on aesthetic properties such as
color, translucency and gloss. The results indicate that
the null hypothesis of no significant effect of the inte-
raction of the type of material and staining beverages on
color, translucency, and gloss was rejected (A = 0.2266,
F = 17.94, p<0.001, rfp = 0.458). These results show
that there is a significant interaction between the type
of material and the staining beverages, that is, the fac-
tors act together to influence the color, translucency and
gloss parameters.

When analyzing the behavior of color, we can obser-
ve that the highest values of AE were in the Protemp 4
group when tea, coffee and wine were used as staining
beverages. In the literature, a value of AE > 3.7 is propo-
sed as a threshold to establish a clinically perceptible co-
lor difference (18). In this study, all the combinations of
materials and staining beverages showed a color change
above 3.7, with the exception of the Protemp 4 samples
immersed in chicha morada. For both types of materials,
coffee had a larger effect on color change. Consequent-
ly, both materials showed clinically unacceptable color
changes, although Duralay was more stable to color
change. These results are in agreement with those repor-
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ted by other authors.

Kotnarin et al. (11), observed that Protemp 4 discs
when subjected to coffee had AE values of 5.26+1.33 to
16.69+3.18 at 7 and 16 days, respectively. Costa et al.
(19), evaluated the color stability of a methacrylate-ba-
sed resin (Duralay) and a bis-acrylic resin (Protemp 4)
subjected to Coca-Cola, wine and coffee. Their results
showed that in the case of Duralay the values of AE
were 1.08+1.12, 0.94+0.84 and 3.9242.43 for each be-
verage; while for Protemp 4, the values were 4.71+3.36,
11.73+3.47 and 10.60+1.66, these results showed that the
methacrylate-based resin had better color change stability.
The greater color change observed in the bis-acrylic re-
sin may be due to the high diffusion coefficient com-
pared to methacrylate-based resins, so bis-acrylic resins
have a higher water absorption, which leads to a greater
color change (20). Another factor that can influence the
pigmentation of bis-acrylic resins is that they are more
polar than PMMA polymers, which generates a greater
affinity for water and other liquids (21). Bis-acrylic re-
sins have bis-GMA (bisphenylglycidyl dinthecrylate) as
resin matrix, this monomer is hydrophilic, and due to its
hydroxyl group it can form hydrogen bonds with wa-
ter (22). Due to the heterogeneous composition of bis-
acrylic resins, it has been observed that after the setting
reaction, gaps are formed in their structure, which would
facilitate pigmentation (23), (Table 3).

In relation to the staining beverages, they can have di-
fferent polarities, and this factor can influence the poten-
tial to penetrate the matrix of the restorative material or
generate a pigmentation just on the surface (24). In this
study, high consumption beverages such as tea, coffee,
wine, a carbonated drink and a traditional drink made
from purple corn were selected. Tea is high in tannins
and coffee contains a high amount of chromogens, which

Table 3: Mean and standard deviation of differences in color, translucency and gloss by type of provisional restor-

ative material and beverages.

Material Beverage AE ATP AGU
Duralay Tea 7.30+1.4848 -1.79+£0.624 -4.58+1.314¢
Coffee 7.48+1.538¢ -1.19+£0.574 -6.44+1.17°
wine 5.66+1.45AF -1.71£0.64* -6.03+1.29¢P
Coca-cola 3.88+1.48"F -1.28+0.61* -3.47+1.314E
Chicha morada 4.2541.515F -1.39+0.59* -3.51£1.334E
Protemp 4 Tea 8.17+1.488¢ -2.77£0.65 -7.04+1.198P
Coffee 11.02+1.07° -5.65+0.66 -8.28+1.09°
wine 9.28+0.77¢P -4.82+0.63 -6.37+1.28P
Coca-cola 4.37+1.51%F -1.76+0.324 -2.53+1.27¢
Chicha morada 3.23+1.51F -1.35+0.624 -2.81+1.278

Values with the same upper letter in columns have no significant differences (P > 0.05).
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are pigments with high molecular weight that have the
potential to stain provisional restorations (25). Coffee
and tea has the quality of being a low polar solution,
which allows it to easily penetrate into the polymeric
matrix (26). On the other hand, staining solutions such
as wine have high polarity, so their staining potential oc-
curs on the surface of the material.

The cola drink had low staining potential when compa-
red to other beverages such as tea, coffee, and wine. In
general, it has been observed that cola drinks have low
staining potential in resin materials, despite being more
acidic than other drinks. This could be explained by the
presence of phosphate ions in the drink, which has been
associated with the prevention of damage to the surface
of the resin material (27). The purple corn beverage has
a high content of anthocyanins that, associated with low
pH levels in the drink, can cause damage to the surface
of the material and allow the penetration of pigments,
demonstrating a high staining potential in resin mate-
rials (28). In this study, the color changes produced by
the “chicha morada” beverage were less than those ob-
served in the other beverages, this can be explained be-
cause a commercial product based on purple corn was
used, which could have decreased the staining potential
observed in the natural beverage.

The results showed that the translucency was reduced in
all samples. These findings are in agreement with other
study that have reported a decrease in translucency in me-
thacrylate-based resins (29). As the material matrix absorbs
the solution, the pigment constituents penetrate deeper,
decreasing light transmittance and translucency. In the li-
terature, a value of ATP = 2 has been reported as the thres-
hold of perceptibility (15,17). In this study, the decrease in
translucency was greater in the Protemp 4 group compared
to Duralay, and was mainly affected when coffee and wine
were used as staining solutions, thus the changes in decrea-
sed translucency were clinically perceptible.

Changes in gloss are clinically perceptible with varia-
tions greater than 6.4 GU (30). When analyzing the gloss
values in the groups, it was observed that the Duralay
discs were more stable to the decrease in gloss than tho-
se of Protemp. Particularly, the change for Protemp can
be considered clinically perceptible when they were im-
mersed in tea and coffee, since the change was greater
than the threshold value.

The optical properties of dental materials depend on va-
rious factors that cannot be reproduced in a laboratory
environment. Factors, such as the presence of saliva, tis-
sues surrounding the restoration, the background of the
oral cavity, among others, affect the optical properties
and their clinical perceptibility. Thus, further studies that
evaluate these characteristics in provisional restorations
in situ, could provide a greater understanding of the be-
havior of provisional restorative materials.
Conclusions

€540

Optical properties of two provisional restorative materials

The results showed that there is a significant interaction
between the type of material and the staining beverages,
acting together to influence the observed changes in co-
lor, translucency and gloss. The methacrylate-based re-
sin was more stable than the bis-acrylic resin to changes
in the dependent variables. Coffee, tea, and wine were
the beverages that negatively affected color, translucen-
cy, and gloss, promoting values higher than those clini-
cally acceptable.
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