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ABSTRACT

AIM: evaluate the color changes in acrylic resins immersed in two
pigmented beverages in different time periods, proportional to the
frequency and volume of consume by the population with and
without the use of artificial saliva. MATERIAL AND METHODS:
Thirty thermo-polymerizable resin disks were confectioned with 3.0
+- 0.1 mm thickness, initially immersed in distilled water for 24
hours and randomly divided into 2 groups (n=15): GC - with
artificial saliva and GS - without artificial saliva. They were, then,
subdivided into 3 subgroups (n=5): G1 - distilled water (control); G2
- red wine; G3 - black tea. These groups were daily immersed inside
beverages for 15 days, with daily immersion frequency equal to the
beverage ingestion and the period of each immersion equal to 1
minute/10 ml of beverage per capita. Between each immersion the
disks were stored inside distilled water. The color of resins was
measured according to the CIE-Lab scale before and after the
immersion periods, and the color variation was calculated (AE). The
values AL*, Aa* e Ab* were also evaluated. RESULTS: Analysis of
variance was performed, and have shown significant difference
(p<0.05) among G1 and the other solutions, without significant
difference between G2 and G3 for AE, AL, Aa and the module Ab.
There was no difference between GC and GS. CONCLUSION: It was
concluded that the use of artificial saliva did not change
pigmentation degree and that wine presents similar changes to the
tea, considering the parameters used.
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INTRODUCTION

Partial or total removal prostheses
present acrylic resin base in order to provide
support and/or join, and maintain artificial
teeth in position!. These bases present
aesthetic effects and can interfere in the
patient’s acceptance to the rehabilitation
presented by the surgeon dentist?. Acrylic
resin is considered a good base material
because of the low cost, easy confection,
allowing reline, presenting appropriate
aesthetic and low density®*. Despite acrylic
resin advantages, the polymerization
technique may generate in higher or lower
degree, inner porosities>>%, which can lead to
the absorption of solutions and pigments
present in them, like tea, wine, juice, cola base
beverages and coffee.

Among the ways to process acrylic
resins, it is possible to highlight the
conventional techniques to process self-
polymerizable and thermo-polymerizable
resins because of their widespread usage, and
the processing through microwave energy of
thermo-polymerizable resins, for their relative
low investment required from the professional
and the speed of the technique, furthermore,
there is also the possible reduction in the
quantity of porosities. These porosities inside
acrylic resins allow the sorption of liquids
during the ingestion of pigmented beverages,
like tea, wine, grape juice, distilled beverages,

coke and coffee?”-°. However, it is important to
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notice that clinical relevance of the used
beverages may also depend on the frequency
and quantity ingested; when compared to
other studies, they might not necessarily affect
a prosthesis like described in the literature.
Determining the color through visual
methods is an unreliable activity. Thereunto, in
1976, the International Commission on
[llumination (ICI) developed a tridimensional
color space based on the “L” axis (diffuse
black-white axis); “a”( red / magenta-green
axis) and “b” (yellow-blue axis) (CIEL-Lab) 10,
which tries to reproduce the human perception
of color, and allow studies about color
difference of dentistry materials('}). This scale
has been used in several studies of pigmented
liquids in contact with acrylic resins®8912-14;
however, the saliva effect in this pigmentation
is not clearly explained. Also, the relation
between quantity and frequency of pigmented
liquids average ingestion, and the
pigmentation degree caused in resins, need
further clarification. This study aims to help in
the measurement of the pigmentation capacity
of red wine and black tea in acrylic resins,
considering the presence or not of saliva and
the quantity and frequency of ingestion of

these beverages.
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MATERIAL AND METHODS

OBTAINING ACRYLIC RESIN DISKS:

Thirty thermo-polymerizable acrylic
resin disks were confectioned. The disks were
divided randomly into 2 groups (n=15): GC -
with artificial saliva and GS - without artificial
saliva. Next, each group was subdivided into 3
subgroups (n=5): G1 - distilled water (control);
G2 - wine; G3 - black tea.

The acrylic disk resins used in this
experiment were confectioned from Zeltabor
condensation silicone patterns for laboratorial
use (Zhermack, Badia Polesine, Italy). These
patterns were confectioned with the help of a
cylindrical matrix of 18mm length and 4,0 mm
height, pressed between two glass plaques
(JON Com. de produtos odontoldgicos Ltda, Séo
Paulo, SP, Brazil) previously isolated with solid
Vaseline (Hemafarma Com. e Ind. Farmacéutica
Ltda, Sdo Gongalo, RJ, Brazil), under 5 kg
weight, for approximately 10 minutes. Then,
the silicone patterns were removed from
matrixes with a dagger blade to be included in
metallic muffle and submitted to the
polymerization process.

Resin disks were removed and sanded
on both sides with decreasing grain
sandpapers until the grain 400. The disks,
considered adequate (thickness 3.0 +- 0.1 mm),
were immersed in distilled water for 24 hours
at 372C in dark environment in order to

eliminate residual monomers, and randomly
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divided into 2 groups (n=15) GC - with
artificial saliva and GS - without artificial
saliva. After this division, they were subdivided
into 3 subgroups (n=5, from literature)
according to the immersion to be evaluated:
G1) distilled water; G2) Cabernet Sauvignon
red wine (Reserved Cabernet Sauvignon,
Concha y Toro, Santiago, Maipo Valley, Chile)
and G3) black tea obtained by infusion of 3.0 g
of powder for each 400 ml of boiling water
(Madrugada, Vendncio Aires, RS, Brazil).

The Initial color of the disks was
measured by a Konica-Minolta colorimeter

model CR-10 (Konica-Minolta, Japan) (T1).

CHARACTERIZATION OF BEVERAGE
CONSUMPTION:

Daily frequency and volume of ingestion
of beverages were based on data from
producer associations, world organizations
and literature. For all the beverages involved,
the values of higher consumption per capita
found in world population was used: wine:
based on information published in 2010 by the
Wine Institute(, daily consumption was
established in 150 ml, equivalent to a glass of
wine per day; black tea: information from the
Food and Agriculture Organization of the
United Nations - FAOSTAT (19 about the
current state and future perspectives for tea
point to the consumption in thousands of tons
(prevision 2011) for several countries. The

values pointed in the report were divided by
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the population of countries and the situation of
higher consumption was observed by the
ingestion of 16.71g/person/day, which
corresponds to 2000 ml/person/day in
Brazilian markets. This consumption was
considered as divided into 4 daily doses of

500ml.

COLOR MEASUREMENT:

The disks were suspended in the
immersion medium through a nylon thread of
0.5 mm thickness glued to their sides, in order
to avoid contact among them or with the
recipient bottom.

Each day the disks were immersed in
beverages for an equal number of times
according to the daily ingestion average for
each of them. Each immersion was performed
1 minute for each 10 ml ingested. Thereunto,
the immersions obeyed the following
frequencies and time: G1) Control, continuous
immersion in distilled water; G2) one daily, 15
minutes immersion in red wine, and G3) 4
daily, 50 minutes immersions in black tea.

After each immersion, the disks were
removed from the beverage, washed in
distilled water for 30 seconds, dried in paper
towel and stored in distilled water. Immersion
solutions were daily substituted and the
immersion procedures were repeated for 15
days, when the processes of washing and color
measurement were carried out again (T2).

Data obtained was registered in a spread
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sheets and posteriorly submitted to statistical

analysis.

RESULTS

Table 1 shows the medium values for
AE, AL, Aa and Ab, as well as the respective
standard deviation of groups tested.

The chi-square test was applied to
evaluate the adherence to the normal curve,
and the Cochran test for homogeneity of
variances. Observation of normality and
homogeneity allowed the analysis of variance
for 2 variation factors (2-way ANOVA) and the
post-hoc Tukey’s test for the four variables
studied (AE, AL, Aa e Ab).

For all the variables, the analysis of
variance demonstrated there is no statistically
significant difference between the groups GC
and GS. In all the cases, there was statistically
significant difference between the solutions.
The post-hoc Tukey’s test was then employed,
and pointed that to the variables AE, AL and Aa,
there were differences among the G1 and other
groups, which were all equals among them.

The results for variables AL and Aa also
demonstrated that, regarding to the control
group, the values AL and Aa for groups G2 and
G3 were negatives.

Regarding to Ab, statistical analysis of
variation module pointed there was no
difference between the groups G2 and G3,
which show more intense variation than the

group G1. However, when the statistical
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analysis considered the direction of variation,
there were significant differences among the

three groups; G1 did not show variation; the
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variation in G2 was negative, and the variation

in G3 was positive.

Table 1. Average and standard deviation of values for AE, AL, Aa and Ab of groups tested.

AE AL Aa Ab
G1 1.8 (0.98) -0.5 (1.2) -1.2 (0.5) 0.2 (0.44)
G2 5.7 (1.00) -1.7 (0.5) 4.8 (1.1) -2.7 (0.85)
GC G3 4.6 (0.88) -1.3 (0.5) -3.9 (0.4) 1.1 (0.33)
G1 1.97 (0.81) 0.7 (0.45) -1.8 (0.7) -0.3 (0.4)
G2 5.9 (0.84) 2.2 (1.2) -5.0 (1.8) -2.5(1.16)
GS G3 5.6 (0.86) -1.7 (1.3) -4.6 (1.9) 2.3 (0.58)
DISCUSSION tongue’s dorsum and ejected towards the

Food or beverage deglutition may be
divided into three or four stages: Oral (that can
be subdivided in oral preparatory and oral
properly), pharyngeal and esophagus-
pharyngeal'’. In the first stage there is
conscious control, and it is the more important
stage for this study, because the food/beverage
is in contact with the prosthesis. During this
stage, the patient prepare the food and qualify
it according to the consistence, volume, density
and humidity, and place the bolus on the
tongue’s dorsum, preparing it to swallow.
Since this work regards only to the liquid
ingestion, it can be assumed the absence of
oral preparatory stage (bolus mastication and
humidification) and consider that the different
beverages remain in the oral cavity the same
period of time, equivalent to the time
necessary for the qualification, organization
and ejection of bolus, noticed by the volume,

consistence and density, positioned on the

oropharynx!’.

Studies point to the permanence of
liquids on the oral cavity of health individuals
for a period that goes from 0.33 to 1.2 seconds
1724 Time variations may be caused by the
organization type (“tipper” or “dipper”) 17-18.29;
characteristics of this organization (closed,
anterior opened, upper superior opened,
closed or unstable) and ejection time
(adequate, lentified or in two times)'” and use
or absence of use of total prosthesis?! 2%, It was
also reported that the oral stage is the same, if
the different organization, types “tipper” and
“dipper” 18 20, are not taken into account. In
this study, we intended to use an immersion
time related to the liquid volume daily
ingested, because the same volume tends to
have a constant time of permanence in the oral
stage. Immersion time, then, would represent
the same number of ingestions for all the
beverages involved in the study. Although the

permanence time may vary from person to

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 3, may/jun. 2014



person in the oral stage, the immersion time
would represent the same number of
ingestions for all the beverages, while this
number may also vary from one type of oral
transit to the other. Thereunto, considering the
average time being of approximately 0.45s of
oral transit presented by some authors!®2%
2224 3 minute would represent 133.33
swallows of each 10 ml of beverage, or the sum
of 4.44 months of swallow. The repetition for a
period of 15 days, then, represents an
accumulation of 66.67 months, or
approximately 5.5 years of daily ingestion of all
the beverages studied consume. An individual
who has an oral transit twice longer
(permanence of 1s for each 10 ml of beverage
ingested) would have, with a proportion of
immersion of 1min/10 ml, represented half
time in consume; in other words, 2.25 years of
daily ingestion. However, for both cases, the
time of daily ingestions represented for one
beverage is the same for all the others, given
that swallow profile.

To analyze the color variation, the scale
CIE-L*a*b* was used, where L* means
luminance and varies from 0 (black) to 100
(white), a* means green-red, and b* means
blue-yellow.

Acrylic resins used for the confection of
prostheses are able to absorb water, and they
are also able to absorb other solution types; so
pigmentation can occur after the installation of

the prosthesis due to the patient’s habits. This
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absorption occurs mainly because of the
creation of porosities inside the resin due to
the volatilization of monomer or composites in
low molecular weight, when submitted to
temperatures higher than 100.8 C.

In this study, disks 3.0 mm diameter
were used because they were reported in the
literature® °. This thickness, despite opposite
to the specification in the 17 of American
Dental Association 8, is more similar to the
thickness found in thicker regions of dental
prosthesis, which are considered areas that
most likely will be subjected to the creation of
porosities by increment of temperature 3.

Despite some studiesWorks having
shown higher potential to wine pigmentation
in composite resins?>?7, acrylic resins and
nylon base 2, and reline materials?®, in this
work, a statistically significant difference was
not observed in three variables analyzed (AE,
AL, Aa). Regarding the variable Ab, despite the
variation occurring in different directions, the
variation of color quantity was equal between
wine and tea, since there is no statistically
significant difference between the modules Ab
in these groups. Each color scale CIE-Lab tries
to reproduce the human capacity for
perception of color variation, it is possible to
say that color variation in Ab had the same
intensity, despite opposite effects.

In this aspect, both for wine and tea, the
color variation lead to darker and less reddish

specimens (AL and Aa negatives). The wine
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showed potential to render the specimens
bluer (Ab negative), while tea tend to render
them yellower (Ab positive).

The values for AE found in this work for
the period of 15 days were significantly higher
than normally found in the literature. It may
evidence the need to technical improvement
for polishing, research, and discard of eventual
specimens too porous. The values for AE found
for wine and tea, in this respect, are inside the
numbers considered clinically acceptable & °.

As limitations of the study, the
difficulties to standardize the consumption of
beverages can be highlighted, since the habits
change according to the cultural aspects of
populations and even because of the climate
conditions. As a criterion, the higher
consumption scenery was chosen for each
beverage in order to have the most challenging
case within the study parameters. However, for
different populations and different habits, they
can eventually result in different pigmentation

standards.

CONCLUSION

Within the limits of this study, it is
possible to conclude that: (a) there is no
difference in the pigmentation pattern of wine
and tea for the variables AE, AL and Aa; (b) the
modules Ab presented by tea and wine are in
the same magnitude, although, this variation

occurs in different directions; (c) addition of
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artificial saliva did not provoke significant

changes in the resin color disks.

REFERENCES

1. Goiato MC, Santos DM, Haddad MF, Pesqueira AA.
Effect of accelerated aging on the microhardness and
color stability of flexible resins for dentures. Braz Oral

Res 2010;24(1):114-9.

2. Sepulveda-Navarro WF, Arana-Correa BE, Borges CP,
Jorge JH, Urban VM, Campanha NH. Color stability of
resins and nylon as denture base material in beverages.

] Prosthodont 2011;20(8):632-8.

3. Anusavice K], Phillips RWSodm. Phillips' science of
dental materials. 11th ed. ed. St. Louis, Mo. ; [Great
Britain]: Saunders; 2003.

4. McGivney GP, Carr AB, McCracken WLRpp.
McCracken's removable partial prosthodontics. 10th
ed. / Glen P. McGivney, Alan B. Carr. ed. St. Louis:
Mosby; 2000.

5. Yannikakis S, Zissis A, Polyzois G, Andreopoulos A.
Evaluation of porosity in microwave-processed acrylic
resin using a photographic method. ] Prosthet Dent
2002;87(6):613-9.

6. Compagnoni MA, Barbosa DB, de Souza RF, Pero AC.
The effect of polymerization cycles on porosity of
microwave-processed denture base resin. | Prosthet

Dent 2004;91(3):281-5.

7. Buyukyilmaz S, Ruyter IE. Color stability of denture
base polymers. Int ] Prosthodont 1994;7(4):372-82.

8. Imirzalioglu P, Karacaer O, Yilmaz B, Ozmen Msc I.
Color stability of denture acrylic resins and a soft lining
material against tea, coffee, and nicotine. ] Prosthodont

2010;19(2):118-24.

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 3, may/jun. 2014



9. Goiato MC, Zuccolotti BC, Moreno A, dos Santos DM,
Pesqueira AA, Dekon SF. Colour change of soft denture
liners after storage in coffee and coke. Gerodontology

2011;28(2):140-5.

10. Ergun G, Nagas IC. Color stability of silicone or
acrylic denture liners: an in vitro investigation. Eur ]

Dent 2007;1(3):144-51.

11. Dozi¢ A, Kleverlaan C], El-Zohairy A, Feilzer A],
Khashayar G. Performance of five commercially
available tooth color-measuring devices. ] Prosthodont

2007;16(2):93-100.

12. Rutkunas V, Sabaliauskas V, Mizutani H. Effects of
different food colorants and polishing techniques on
color stability of provisional prosthetic materials. Dent

Mater ] 2010;29(1):167-76.

13. Silva PM, Acosta E], Jacobina M, Pinto LeR, Porto VC.
Effect of repeated immersion solution cycles on the
color stability of denture tooth acrylic resins. ] Appl Oral

Sci 2011;19(6):623-7.

14. Goiato MC, Dos Santos DM, Baptista GT, Moreno A,
Andreotti AM, Bannwart LC, et al. Effect of thermal
cycling and disinfection on colour stability of denture

base acrylic resin. Gerodontology 2012.

15. Institute W. Per capita wine consumption by country
- ranked by per capita consumptions 2007 - 2010 and %
change 2010/2007 2010. Available from: http://
www.wineinstitute.org/files/

2010_Per_Capita_Wine_Consumption_by_Country.pdf.

16. Faostat FaAOotUN-. CURRENT SITUATION AND
MEDIUM TERM OUTLOOK FOR TEA 2012 [cited 2013
01/01/2013]. Available from: http://www.fao.org/
fileadmin/templates/est]/
COMM_MARKETS_MONITORING/Tea/Documents/
IGG_20/12-CRS7-CurrentSit_01.pdf.

206

17. Yamada EK, Siqueira KO, Xerez D, Koch HA, Costa
MM. [The influence of oral and pharyngeal phases on
the swallowing dynamic]. Arq Gastroenterol

2004;41(1):18-23.

18. Cook 1], Dodds W], Dantas RO, Kern MK, Massey BT,
Shaker R, et al. Timing of videofluoroscopic, manometric
events, and bolus transit during the oral and pharyngeal

phases of swallowing. Dysphagia 1989;4(1):8-15.

19. Dodds W], Stewart ET, Logemann JA. Physiology and
radiology of the normal oral and pharyngeal phases of

swallowing. AJR Am ] Roentgenol 1990;154(5):953-63.

20. Dantas RO, Kern MK, Massey BT, Dodds W], Kahrilas
PJ, Brasseur ]G, et al. Effect of swallowed bolus variables
on oral and pharyngeal phases of swallowing. Am ]

Physiol 1990;258(5 Pt 1):G675-81.

21. Furuya ]. [Effects of wearing complete dentures on
swallowing in the elderly]. Kokubyo Gakkai Zasshi
1999;66(4):361-9.

22. Dantas RO, de Aguiar Cassiani R, dos Santos CM,
Gonzaga GC, Alves LM, Mazin SC. Effect of gender on
swallow event duration assessed by videofluoroscopy.

Dysphagia 2009;24(3):280-4.

23. Cassiani RA, Santos CM, Parreira LC, Dantas RO. The
relationship between the oral and pharyngeal phases of

swallowing. Clinics (Sao Paulo) 2011;66(8):1385-8.

24. Gokce HS, Gokce SM, Akin E, Bulakbasi N, Akyol M.
Effect of complete denture wearing on deglutition time:
a cine-magnetic resonance imaging study. ] Oral Rehabil

2012;39(3):198-209.

25. Patel SB, Gordan VV, Barrett AA, Shen C. The effect of
surface finishing and storage solutions on the color
stability of resin-based composites. ] Am Dent Assoc

2004;135(5):587-94; quiz 654.

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 3, may/jun. 2014



26. Guler AU, Yilmaz F, Kulunk T, Guler E, Kurt S. Effects
of different drinks on stainability of resin composite
provisional restorative materials. ] Prosthet Dent

2005;94(1):118-24.

27. Omata Y, Uno S, Nakaoki Y, Tanaka T, Sano H,
Yoshida S, et al. Staining of hybrid composites with
coffee, oolong tea, or red wine. Dent Mater ] 2006;25(1):
125-31.

28. Leite VM, Pisani MX, Paranhos HF, Souza RF, Silva-
Lovato CH. Effect of ageing and immersion in different
beverages on properties of denture lining materials. ]

Appl Oral Sci 2010;18(4):372-8.

JRD - Journal of Research in Dentistry, Tubarao, v. 2, n. 3, may/jun. 2014

207



