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Effect of different solutions on color
stability of acrylic resin-based dentures

Abstract: The aim of this study was to evaluate the effect of thermocy-
cling and immersion in mouthwash or beverage solutions on the color
stability of four different acrylic resin-based dentures (Onda Cryl,
OGC; QC20, QC; Classico, CL; and Lucitone, LU). The factors evaluated
were type of acrylic resin, immersion time, and solution (mouthwash
or beverage). A total of 224 denture samples were fabricated. For each
type of resin, eight samples were immersed in mouthwashes (Plax-
Colgate, PC; Listerine, LI; and Oral-B, OB), beverages (coffee, CP; cola,
C; and wine, W), and artificial saliva (AS; control). The color change
(AE) was evaluated before (baseline) and after thermocycling (T;), and
after immersion in solution for 1 h (T,), 3 h (T5), 24 h (T,), 48 h (T5),
and 96 h (T,). The CIE Lab system was used to determine the color
changes. The thermocycling test was performed for 5000 cycles. Data
were submitted to three-way repeated-measures analysis of variance
and Tukey’s test (p < 0.05). When the samples were immersed in each
mouthwash, all assessed factors, associated or not, significantly in-
fluenced the color change values, except there was no association be-
tween the mouthwash and acrylic resin. Similarly, when the samples
were immersed in each beverage, all studied factors influenced the
color change values. In general, regardless of the solution, LU exhibit-
ed the greatest AE values in the period from T, to Ts; and QC present-
ed the greatest AE values at T. Thus, thermocycling and immersion
in the various solutions influenced the color stability of acrylic resins
and QC showed the greatest color alteration.

Descriptors: Denture, Complete; Polymers; Coloring Agents.

Introduction

For many years, acrylic resin has been successfully used for denture
fabrication. It has many advantages, like its ease of manipulation,'? low
cost, adequate physical and mechanical properties, biocompatibility,
and satisfactory appearance.** However, these materials exhibit, over
time, unsatisfactory characteristics such as loss of elasticity, abrasion,
porosity, and color change.>®

Color stability is one of the most important clinical properties for
dental materials, and color change may be an indicator of aging or
damaging of materials."*”® Furthermore, the aesthetic appearance of a
prosthesis is certainly an important feature required by patients and
must satisfy their expectations.”
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The color change of a polymeric material may be
caused by intrinsic and extrinsic factors. Intrinsic
factors involve resin discoloration itself and matrix
changes,"? occurring during the aging process of the
material due to many physical and chemical condi-
tions. Furthermore, extrinsic factors such as thermal
changes, stain accumulation, artificial dyes used in
food, cleaning procedures, and handling by the pa-
tient can also cause discoloration.?¢!

It has been reported that thermocycling**** and
contact with mouthwashes'®?* and beverages'>**
influence the color change of resin. Thus, oral hy-
giene and eating habits must be considered in order
to preserve most of the acrylic resin properties, such
as color stability, hardness, and durability, among
others. For example, hygiene and habits have been
correlated to the color stability of acrylic resins.>¢*
However, little is known regarding the color stabili-
ty of acrylic resin-based dentures that have been in
contact with beverages and mouthwashes.

The aim of this study was to evaluate the effect of
themocycling as well as immersion in beverages and
mouthwashes on the color stability of acrylic resin-
based dentures to test the hypothesis that themocy-
cling and immersion in coloring agents will influence
the color stability of acrylic resin-based dentures.

Methodology

In this study, a total of 224 specimens (56 of each
type of acrylic resin) that were medium pink in col-
or were fabricated according to the manufacturer’s
instructions (Table 1). For each brand of resin, sam-
ples (n = 8) were submitted to thermocycling and
immersed in artificial saliva (AS; control) or one of
six solutions (Table 2).

For sample fabrication, silicone rubber disks
(Zetalabor, Badia Polesine, Italy) with dimensions

ased dentures

of 30 x 3 mm were added to flasks (Vipi, Pirassu-
nunga, Brazil) that were filled with dental stone
(Vigodent, Rio de Janeiro, Brazil), and impressions
were created.’®® The acrylic resin material was
packed into the molds, and the polymerization cy-
cles were performed (Table 1).

Next, the samples were stored in distilled water
in a bacteriological incubator (Cienlab, Campinas,
Brazil) at 37°C + 1°C for 24 h. Excess sample was
removed with a Maxi-Cut abrasive drill (Vicking,
Sdo Paulo, Brazil), and surfaces were polished us-
ing a sequence of metallographic sandpapers in an
automated polishing machine (Arotec, Cotia, Bra-
zil) for 1 min for each sandpaper with constant wa-
ter irrigation and a speed of 300 rpm."*°

Color changes were evaluated by visible ultraviolet
refraction spectrophotometry with a UV-2450 reflec-
tance spectrophotometer (Shimadzu, Nakagyo-ku, Ja-
pan).1%*#2 Color changes were calculated according to
the International Commission on Illumination.

The color stability test was performed before
and after thermocycling and at the end of each im-
mersion period. Color change (AE) was calculated
for the following time periods: from baseline to
after thermocycling (T,); and from after thermocy-
cling to after immersion for 1 h (T,), 3 h (T;), 24 h
(T,), 48 h (T5), and 96 h (T).

The CIE Lab system allows color perception in
three-dimensional space through a wavelength
versus refraction index. The “L” axis is luminos-
ity and ranges from 0 to 100, the “a” coordinate is
the quantity of red and green, and the “b” coordi-
nate is the quantity of yellow and blue.”* The CIE
Lab system calculates color variation between two
points, based on the following formula:

AE = [(AL)? + (Aa)* + (Ab)*]”

Table 1 - Polymers and polymerization procedures used in this study.

Material Manufacturer

Onda Cryl (OC) Classico Dental Products, Sdo Paulo,
Brazil

QC20 (QQ) Dentsply Ltda., Rio de Janeiro, Brazil

Classico (CL) Classico Dental Products, Séo Paulo,
Brazil

Lucitone (LU) Dentsply Ltd., Rio de Janeiro, Brazil

2 Braz Oral Res., (Sdo Paulo) 2014;(28)1:1-7

Polymerization procedure

Microwave polymerization: 3 min at 30% power;
4 min at 0% power, and 3 min at 60% power

Immerse flask in water at 100°C for 20 min

Immerse flask in cold water, maintain in low heat for 30 min. Turn off heat
for a further 30 min, and then heat until boiling for 1 h

Immerse flask in water at 73°C for 90 min and at 100°C for 30 min



Table 2 - Solutions used in this study.
Solutions

Coffee Pilao (CP)

Cola soft drink (C)

Periquita dry red wine (W)

Colgate Plax Fresh Mint (PC)

Listerine® Cool Mint (LI)

Oral-B® - mint flavor - Alcohol free (OB)
Artificial saliva (AS)

Delta values were calculated based on the dif-
ference between the final and baseline values for
each coordinate (L% a* and b¥).

After the initial color test, the samples were sub-
mitted to thermocycling (Convel, Aragatuba, Brazil)
for 5000 cycles, simulating 5 years of clinical use.®
Each cycle consisted of alternating 30 s baths with
a temperature between 5°C + 1°C and 55°C + 1°C,
simulating thermal changes that occur in the oral
cavity.' Immediately after thermocycling, new color
stability readings were performed (T).

Samples were immersed in one of three bever-
ages (CP, C, and W) and one of three mouthwashes
(PC, LI, and OB; Table 2). Furthermore, eight sam-
ples were immersed in AS as a control.

Each sample was placed in a container contain-
ing 25 mL of the test solution, and the container was
closed to prevent evaporation' and placed in a solu-
tion agitator (Cienlab, Campinas, Brazil)."® The sam-
ples were immersed in solutions for 1, 3, 24, 48, and
96 h.'* and agitated for 2 min every 3 h.'® After each
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Manufacturer

Sara Lee, Jundiai, Brazil

Coca-Cola, Ribeirdo Preto, Brazil

José Maria da Fonseca Vinhos S.A., Azeitdo, Portugal
Colgate-Palmolive, Sdo Bernardo do Campo, Brazil
Johnson & Johnson, Séo José dos Campos, Brazil
Eurofarma, ltapevi, Brazil

Farmdcia Manipulagéo Apothicério, Aracatuba, Brazil

period, the solutions were changed, the samples
were washed with water and dried with a paper
towel, and new color evaluations were performed.

A three-way repeated-measures analysis of
variance was performed using SPSS 21.0 statistics
software (IBM Corporation, New York, USA) to
verify if there were significant differences among
the studied factors (resins, dye solutions, and time).
The Tukey-Kramer honestly significant difference
test was used as a post-hoc test. All data were ana-
lyzed at a significance level of 0.001.

Results

Tables 3 and 5 show that all evaluated factors
and the interactions among them significantly af-
fected the color change values (p < 0.001), except
that mouthwash was not associated with resin.

For the QC resin, T, significantly influenced the
color change values, independent of the immersion
solution, compared to the other resins and time pe-
riods analyzed (Tables 4 and 6).

Table 3 - Three-way repeated-measures analysis of variance of acrylic resins in mouthwash.

Source df SS MS F p

Mouthwash 3 16.02 5.34 6.63 < 0.001*
Resin 3 271.16 90.39 112.25 < 0.001*
Mouthwash x resin 9 11.99 1.33 1.65 0.109
Between subjects 112 90.18 0.81

Period 5 404.58 80.92 335.22 < 0.001*
Period x mouthwash 15 34.80 2.32 9.61 < 0.001*
Period x resin 15 1058.82 70.59 292.43 < 0.001*
Period x mouthwash x resin 45 90.65 2.01 8.35 < 0.001*
Within subjects 560 135.17 0.24

p < 0.001 denotes a statistically significant difference; df, degrees of freedom; SS, sum of squares; MS, mean squares; F, F-statistic value; p, p-statistic value.

Braz Oral Res., (Sdo Paulo) 2014;(28)1:1-7 3



B Effect of different solutions on color stability of acrylic resin-based dentures

Table 4 - Color changes (mean values + standard deviation) of each acrylic resin in each mouthwash.

Period of time
Mouthwash | Resin
15 T, T, 1 T 1l

OoC 0.60 +0.15 48 0.33+0.14 % 0.42+0.18% 0.54+0.17 % 0.67 £0.13 % 0.69 +0.36 %

AS QC 1.06 +0.42 A8 0.52+0.16 % 0.63+0.16% 0.66 +0.14 % 0.75+0.28 % 5.12+0.59
CL 0.94 + 0.40 48 0.48 +£0.22 % 0.93 +0.30 #be 0.96 + (.32 Abe 0.97 £ 0.40 #ee 0.98 + 0.37 4B
LU 1.78 +£0.33 A 2.07 +£0.67 B 2.08 +0.53 ®e 2.30+0.28°8% | 217 +0.22 % 1.54 +0.70 #8ce

OoC 0.79 +£0.20 * 0.59 +0.23 % 0.65 +0.29 # 0.68 +0.24 * 0.77 +0.52 A8 0.98 +£0.53 4B

1 QC 0.78 +£0.20 * 0.49 +0.09 * 0.92 +£0.17 Ao 1.20+0.51 %8¢ | 0.53 +£0.06 * 7.72+0.31 %
CL 1.11 £ 0.28 #8b 0.50£0.11 % 1.90+0.38¢% 1.154£0.43 A8k | 1.33 + (.54 A8Ceb 1.87 £ 0.84 #8cb

LU 1.85 £ 0.42 A8 2.14+£0.53 % 2.10+£0.63 B 1.95+0.65 B 2.11+£0.65% 2.30+£0.82 8¢
OC 0.61 £0.19 4B 0.64 £0.23 % 0.65+0.27 % 0.66+0.21 % 0.64 £0.08 # 1.69 £ 0.75 #BCe

pC QC 0.36 + 0.09 48 0.36 £ 0.09 4@ 0.36 £0.16 4 0.50 £ 0.24 4 0.74 +£0.17 * 8.97+0.73
CL 1.13 £ 0.69 #& 0.95+0.24 %8 | 0.91 £0.39 A 0.80 £0.34 # 1.00 + 0.33 #8e 1.05+£0.71 #ee
LJ 1.99 +0.57 Ao 2.65+0.338%¢ | 2.56+0.46°8P | 244 +0558 | 2,41 +0.56 8 2.12 +0.87 "8

OoC 0.80+0.35% 0.69 +0.30 % 0.74 +£0.24 % 0.59 +0.08 * 0.62 +0.25% 0.57 £0.24 %

OB QC 0.75+0.21 % 0.74£0.25% 0.63+0.16% 0.61 £0.22% 0.61 £0.18 % 10.33+£3.12¢
CL 1.10 £ 0.51 #ABe 1.17 £0.76 #% 1.21 £0.61 #8Ce 1.26 £0.53 8¢ | 1.24 £ (.59 Abe 1.21 £0.83 #BCe

LU 2.04 +£0.52 B 2.31+0.31 e 2.37 £ 0.54 8¢ 2.08+0.13 % 2.52 +0.53 8¢ 2.13+0.60

The same superscripted capital lefters in the same column and lower-case letters in the same line represent a statistically significant difference at a 0.1%

level of significance (p < 0.001) by Tukey's test.

Discussion

Thermocycling and immersion in mouthwash
or beverage solutions caused color changes in the
acrylic resins that increased throughout the study
(Tables 4 and 6). These color changes might be re-
lated to extrinsic factors that cause discoloration,
such as absorption and adsorption of water,%'"!?
and to intrinsic factors, like changes in cast or ma-
terial ageing.’*'*'® Furthermore, thermocycling can

promote volumetric contraction and expansion of
materials, leading to degradation.'61

When water molecules are absorbed by acryl-
ic resin, they act like plasticizers to damage the
material’s mechanical resistance through the for-
mation of microcracks related to absorption and
hydrolytic degradation of the polymer, resulting
in linkage cleavage and gradual deterioration of
its infrastructure.®*

Table 5 - Three-way repeated-measures analysis of variance of the color changes of acrylic resins in beverages.

Source df SS MS F p

Beverage 3 25.02 8.34 18.62 < 0.001*
Resin 3 453.08 151.03 337.20 < 0.001*
Beverage x resin 9 26.40 2.93 6.55 < 0.001*
Between subjects 112 50.16 0.45

Period 5 260.77 52.15 275.46 < 0.001*
Period x beverage 15 20.79 1.39 7.32 < 0.001*
Period x resin 15 609.41 40.63 214.58 < 0.001*
Period x beverage x resin 45 42.12 0.94 4.94 < 0.001*
Within subjects 560 106.03 0.19

*p < 0.001 denotes a statistically significant difference; df, degrees of freedom; SS, sum of squares; MS, mean squares; F, F-statistic value; p, p-statistic value.
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Table 6 - Color changes (mean values + standard deviation) of each acrylic resin in each beverage.

Beverage | Resin

Period of time

T, T, Ts T, Ts Te
OC | 0.60£0.15% 0.33£0.14 % 0.42£0.08 * 0.54+£0.17 0.67 £0.22 Abe 0.69 £0.25
QC 1.06 + 0.52 Abe 0.52£0.15% 0.63 +£0.06 * 0.66 £0.24 0.75£0.12 A 5.12+0.59 <
" CL 0.94 £0.40 0.48£0.18 % 0.93+£0.22 % 0.96 £ 0.32 A% 0.97 £ 0.40 e 0.98+0.37 *
LU 1.78£0.33 & 2.07 £0.67 * 2.08 £0.53 t 2.30+£0.68 < 2.17 £0.22 b 1.54 £0.70 *
OC | 0.70£0.35% 0.55+£0.14 0.59 £0.20 * 0.68 £0.09 0.70£0.16 *Be 0.76 £0.20 *
QC | 0.99+£0.36" 0.49£0.16 % 1.34 £ 0.40 A 0.84 £ 0.29 A& 0.95 £ 0.31 e 6.09 £1.28 <tb
< CL 1.17 £0.28 A 0.40£0.18 % 0.76 £0.35% 0.95 £ 0.25 A 1.19£0.43 & 1.38£0.30 *
LU 1.80 £0.49 b 3.96 +1.33 Bbc 2.76 £ 0.49 Bcebd | 289 +0.41 P4 | 2,17 £ 0.22 BCed 3.32 £0.83 Bee
OC | 0.68+£0.41% 0.59 £0.23 % 0.61£0.25% 0.66 £0.22 * 0.59 £0.21 Ao 0.78 £0.27 e
QC | 0.82+0.35% 0.48£0.12 % 0.47£0.11 % 0.43+£0.15% 0.52 £0.26 A 7.04+£0.42°0
¢ CL 1.18 £ 0.62 " 0.85+£0.41 % 0.57 £0.30 % 0.82£0.17 4B 0.82 +£0.35 "8 1.10+£0.88 %
LU 1.96 £0.33 & 3.50+0.7258% | 3.30+0.46 3.13+£0.68 P | 3.45+0.51 Db 2.80+0.37 Beb
OC | 0.64+£0.44% 0.46 £0.25% 0.58 £0.20 * 0.80 £ 0.38 A 0.77 £0.10 4B 0.82£0.29
W QC | 0.96+0.38"% 0.54+£0.16% 0.50+0.25% 0.47 £0.08 0.83 £ 0.36 #8e 6.75+0.62 %
CL 0.89 + 0.42 At 0.56 £0.11 # 1.23 £ 0.49 A8bc | 1,66 + 0.44 B¢« 2.33+0.62 ¢ 2.77+£0.85%
LU 2.06 £0.59 ® 2.89+0.81 ¢ | 2.86+0.538¢ | 3.47+1.08™ 3.43+0.54 ™ 2.80 £ 0.37 Beb

The same superscripted capital letters in the same column and lower-case letters in the same line represent a statistically significant difference at a 0.1%

level of significance (p < 0.001) by Tukey's test.

The LU resin showed the greatest AE values
from T, to T,, and QC showed the greatest AE val-
ues at T, (Tables 4 and 6). The variance between
brands regarding susceptibility to color change
may be justified by the different product compo-
sitions. The color change of LU may be due to its
molecular structure, which favors water absorp-
tion and has a greater porosity due to the release of
residual monomer.”?® Moreover, the components
used for chemical activation in addition to thermal
activation, contained in the short-cycle resins, may
be responsible for the results shown by the QC
resin.? These results are in agreement with those
by Hersek et al.,* who evaluated the color stabil-
ity of acrylic resins in three colorants used in food
and verified that LU followed by QC presented the
greatest color changes.

There is evidence that beverages and some artifi-
cial colorants used in food may increase the staining
of acrylic resin."*?>* The dark pigment of W and its
low pH can cause drastic staining, negatively affec-
ting the surface integrity by softening the matrix.** In

this study, only OC did not show a statistically sig-
nificant color change when immersed in W (Table 6).
Similarly, Imirzalioglu et al.? evaluated the pigmenta-
tion ability of acrylic resins when immersed in coffee,
tea, and nicotine and verified visual color changes in
all samples after immersion in dye solution.

Our statistical analysis demonstrated that the
immersion time period was associated with the
mouthwashes, which caused material degradation
that interfered with color stability (Table 3). These
results show that these differences were due to the
material structure and the time period, not to the
mouthwashes themselves (Table 4). It is important
to highlight that even the control group showed a
color change. Absorption may be the major cause
of color change due to the polarity of the acrylic re-
sin.” Color alteration occurred owing to water mol-
ecules in the mouthwashes and AS, which acted
like plasticizers as previously explained.’®

Although it was not statistically significant, it was
observed that the beverages C and CP caused more
intense color alterations of the resins. C may have al-
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tered the resin color because its low pH possibly af-
fects the surface integrity of the material.! Regarding
CP, its chemistry changes under different conditions,
such as storage time, temperature, and humidity. In
addition, caffeine and caffeic acid in coffee may cause
discoloration of polymeric materials.?

There are controversies regarding setting an
unsatisfactory clinical value for the derived col-
or.*42 Goldstein and Schmitt® state that AE values
greater than 3.7 are not clinically acceptable. Based
on the results of this study, QC undergoes a major
color change when immersed in coloring agents.
Thus, caution is needed regarding its indication for
making denture bases.

This in vitro study only simulated a clinical con-
dition in which many other factors can affect color;
thus, it has its limitations. It is important to empha-
size that other factors, isolated or associated, such
as poor cleaning of prosthesis'**’ components,
particles of the oral environment,'*'*** material po-
rosity associated with the fabrication technique,*

6 Braz Oral Res., (Sdo Paulo) 2014;(28)1:1-7

surface flaws of the material,’**! and the polishing
surface'” may influence the color stability of acrylic
resins. Therefore, additional studies must be per-
formed to evaluate the chemical interactions be-
tween coloring agents and acrylic resins.

Conclusion

In conclusion, thermocycling alone provided a col-
or change of the acrylic resin. In addition, all factors
(acrylic resin, immersion time, and solution), associ-
ated or not, influenced the color change of the acrylic
resins assessed, except that mouthwash was not asso-
ciated with the acrylic resin. Finally, the QC resin suf-
fered the greatest color change, which was clinically
noticeable at the end of immersion in solution for 96
h. Thus, caution is needed regarding its indication.
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