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ABSTRACT

The denture base is an important part because it acts as a support for the tissue around the tooth. Optimal support
and aestheticresultin the manufacture of denture bases require several considerations. Colorand dimensional sta-
bility are one of the important factors for denture bases. Inthis experimentallaboratory study, the denture base was
immersed in chocolate and teadrinks and measured the color and dimensional stability before and after immersing.
Colorimeter is used as a measurement device for color stability and digital calipers as ameasurement device for di-
mensional stability. The mean differences in color and base dimensions of the dentures were tabulated and the
Kruskal-Wallistestwas used to analyze them. The results showed thatthere were very high differencesin colorand

dimensions of immersing tea drinks.
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INTRODUCTION

The base of denture is an important part be-
cause it acts as a support for tissue around the
tooth.™3 One of the materials that is often used is
acrylicresin. There are various types ofacrylicre-
sin,namely heatpolymerizingacrylicresin(HPAR),
self-polymerizingacrylicresin, light polymerization
acrylicresinand microwave polymerization resin.
Thetypeofacrylicresinthatis often usedis HPAR,
whichbegantobe usedsince 1946 becauseit has
severaladvantages, namely fulfilling aestheticre-
quirements, good color stability, non-irritating, non-
toxic, relatively cheap price, easy to manipulate
and repair.*®

The HPAR dentures usually need tobe tech-
nically cleaned which is brushing and chemically
cleaned by immerse the dentureincleaning solu-
tionatnightfor6-8 hours. Despite having many ad-
vantages, there are also some disadvantages of
HPAR such as loss of resistance, discoloration,
porosity and dimensional changes canoccurincli-
nical use.”Within a certain period of time HPAR
has a tendency to absorb fluids because during
HPAR polymerization, porosity possibly occurson
the surface of HPAR.8This will continuously have
animpacton color and dimensional stability so pa-
tient wouldfeel uncomfortable and could get psy-
chologically disturbed because of improper aes-
thetic.2 The HPAR undergoes changes in dimen-
sional stability during polymerization such as in
terms of shrinkage or expansionwhereitcouldim-
pactthe patient’s occlusal.®'2Color ofthedenture
base is very important because it affects aesthe-

tics. The denture base material musthave optimal
colorstabilitybecauseitis oftenexposedtovarious
types of food and drink in the oral environment.

Acrylicresin canabsorb stains overtime, and
the resin material is adhesive to liquid molecules
whichduringthe abrasive process causes a color
change.™ This is a big minus of acrylic resin, be-
causethe change occursgradually overtime.®® This
change is caused by intrinsic or extrinsic factors.
Intrinsic factor occurs when there is a change in
chemical composition,material composition or ma-
terialformula, extrinsicfactors happen on pigmen-
ted foods and drinks intake.'®'* Various types of
beveragesonthe marketthat have ability to inter-
fere with the stability of the color and dimensions
of the denture base. Some of these drinks are tea
and chocolate. Consumption of chocolateandtea
drinksis commonbecauseithas high calories and
can increase energy.

Based on that fact, this study is aimed to de-
termine the effect ofimmersion of the HPAR dent-
urebase in chocolate and tea drinks to check the
color and dimensional stability changes.

METHODS
Preparation of HPAR samples

The produced HPAR sample, obtained from
stainless steel model with measurement circular
diameterof50x0.5 mmfor measure color stability
and 64x10x3.3mmfor measure dimensional sta-
bility. The first stepwas makingamoldfrom a hard
gypsumdoughwith ratio of the plaster to water is
300 g:90 mL. The dough was stirred with aspatu-
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la for 15 seconds until it became homogeneous.
Thenplacethe doughinto prepared cuvette while
it was placed the cuvette on a vibrator. The stain-
less-steel model sample was placedontop of the
gypsumdoughwhichwas hardeninginside the cu-
vette.

Afterslightly hardens, the plaster was trimmed
and allowedto stand until ithardened completely.
The surface of the plaster and the cuvette was
smeared with vaseline, then the cuvette was paired
andfilled withhard gypsum dough ontop ofthe vi-
brator. After the casthardens, the cuvette opened,
the stainless-steel model sample was removed,
the cuvette was poured with hot water to remove
the remaining vaseline until clean.

Filling acrylic resin in the mold

The polymer and monomer were stirred in a
pot ratio of 2 g:1 mL according to the manufact-
urer'sinstructions and waitforthe mixture toreach
dough stage. The moldthathad been smearedwith
aseparatorwasfilled with acrylicresindough. Thin
plasticslide was placed between the top and bot-
tomcuvettes, then closed and gently pressed with
a hydraulic press with a pressure of 1000 psi (70
kg/cm?). The cuvette was opened and cutthe ex-
cess of acrylic layer then the cuvette was closed
again, pressing with a pressure of 2200 psi (154
kg/cm?) then bolts were fixed.

Curing

Curing unitwasfilled with water, temperature
and time were set to phase | 70°C for 90 minutes
and phase Il 100°C for 30 minutes. The cuvette
was removed from the water bath and allowed to
cool to room temperature.

Final procedure

The samples were removed fromthe cuvette,
thentrimmedtoremove sharp partsusing a fraser
bur with a rotary grinder and sand paper type AA
240 to obtain the desired size.

Procedure for making chocolate drinks

The chocolate drink was Delficocoa powder
of which5gwasdissolvedin625mL of boiling wa-
ter then 500 mL of the solution was precipitated.
The drink was allowed to cool before immersion.
Thedrinkwas placed inaroomtemperature envi-
ronmentand immersionwas carried outfor 7 days,
assuming 7 days are identical to usage for 2 years.
Oneconsumptiontook 15 minutes. Immersingfor7
days means 7x24 hoursx60 minutes = 10080 mi-
nutesdivided by 15 minutes/day =672 days;iden-

ticalto 2 years of use to measure color stability. Im-
mersingwas carried outfor 92 hours, thatareiden-
ticaltothat of 1 year of use. One consumption ta-
kes 15 minutes. Consumption of 92hours means
92 hoursx60 minutes =5520 minutes: 15 minutes/
day =368 days whichwasidentical to 1 year of use
to measure dimensional stability.

Procedure for making tea drinks

Two Sari Wangi tea bags dos 2x2 gwere im-
mersedin 200 mL boiling water for 1 minute. The
drinkwas allowed to cool down before startingim-
mersing. Thedrinkwas placed in aroomtempera-
ture environmentandimmersedfor 7 days,assum-
ing7 dayswasidenticalto2yearsusage.Onecon-
sumption takes 15 minutes. Immersing for 7 days
means 7x24 hoursx60 minutes = 10080 minutes:
15 minutes/day = 672 daysidentical to 2 years of
use forthe measurementof color stability. There-
sinwasimmersing for 92 hours, itisassumedthat
92 hoursare identical tothatof 1 year of use.One
Consumption takes 15 minutes. Consumption of
92 hours means 92x60 minutes = 5520 minutes:
15 minutes/day = 368 days identical to 1 year
usage for dimensional stability measurements.

Color stability measurement

Sample colorwas measured before and after
immersionusing a colorimeterafterrinsing with dis-
tilled water. Immersionwas carried out for 7 days.
Drinks were changed every 3 days. The samples
were dividedinto 3 groups, namely Aimmersedin
chocolate drink, B immersed in tea drinks,and C
immersed in distilled water. The colorimeter was
setto measure mode and placed perpendicularto
the sample surface. The instrumentwas heldinthe
direction againstthe 90°-surface centerof the sam-
ple and the test button was pressed until the ma-
chine beepedtoindicate the completionofthe mea-
surement and the result was displayed on device
screen. Theresults were displayedin L*a*bformat.
Eachreadingwas repeated three times by the re-
searcher to obtain identical readings, so that an
average was recorded.

Dimensional stability measurement

Measurement of changes in dimensional sta-
bility was carried out before and after immersion,
andthe surface area ofthe samplewas calculated.
Each end of the sample was marked A, B, C, D.
Measurementofdimensions afterimmersion was
thefinal value measured using adigital caliper. The
readingwas included inthe vectorformula, namely
v || = VAB2 + BC? + CD? + DAZ.
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Data analysis

The data were analyzed with descriptive test
to determine average standard deviation of each
group. Then, the changesin the stability ofthe den-
ture base material of HPARinimmersion of choco-
late and teadrinks was determined by the Kruskal-
Walllistestand continued with the Mann-Whitney
test to find out the differences between groups.

RESULT

Theresults indicated the color stability value
ofthe HPAR denture base in chocolate immersion
was 2.283. The smallestcolor stability value inim-
mersion of a resin denture base chocolate drink
was 1.13, whilethe largest value was 3.58. The va-
lue ofthe color stability of the base colorof HPAR
dentures in tea immersion were 4.630, while the
smallestvalue was 1.87 andthelargestvalue was
6.42.The value of immersion in distilled water is
0.663.The smallest color value was 0.35 and the
largest value was 1.4.

The mean value and standard deviation of co-
lor stability forHPAR denture baseimmersedin a
chocolate drinkwas 2.283+0.865, whilethe mean
value and standard deviation of color stability for
HPARdenture base immersed in tea was 4.630x
1.709. The standard deviation ofthe color stability
of the HPAR denture base immersed in distilled
water was 0.663+0.45.

The dimensional stability value of the HPAR

base was obtained by recording the results ofeach
sample using a digital caliper. They indicated the
value ofthe dimensional stability of the HPAR ba-
se in chocolate immersion is 0.261. The smallest
dimensional stability value ofimmersionthe resin
inchocolatedrinkwas 0.09 while the largestvalue
was 0.17.The dimensional stability of the HPAR
denture base in tea immersion was 0.277. The
smallestvalueis 0.23 andthelargestvalueis 0.31.
The value of immersed in aquadest, was 0.055.
The smallest colorvalueis 0.04 andthe largest va-
lue is 0.06.

The dimensional stability ofthe HPAR denture
were analyzed using descriptive test. The mean
and standard deviation ofthe dimensional stability
ofthe HPAR denture base immersedinachocola-
tedrink was 0.261+0.413, whilethemeanandthe
standard deviation of dimensional stability of the
HPAR denture base immersed in tea drinks was
0.277+0.023. The mean and standard deviation of
the dimensional stability of HPAR denture base
immersed in aquadest was 0.05+0.012.

DISCUSSION

A colorimeter which is a light sensitive instru-
mentused to measure the colorintensity of an ob-
ject or the color of a sample in relation to the red,
blue and green components of lightreflected from
the object (table 1). The values in group A1 were
2.283+0.865andgroupB1was 4.630+1.703. The

Table 1 The color stability value of HPAR denture base afterimmersing in chocolate drink, tea drink and aquadest

No sample Group A1 Group B1 Group C1

AE(L*a*b?) AE(L*a*b™ AE(L*a*b™

1 1.13* 3.90 0.98

2 2.20 5.43 0.90

3 1.99 6.42 ** 0.78

4 142 6.16 0.75

5 3.58 ** 3.90 0.35*

6 2.2 1.87* 0.36

7 2.62 6.16 1.4*

8 1.99 5.43 0.48

9 3.58 2.18 0.36
X+ 8D 2,283 £ 0.865 4,630 £ 1,709 0.663 + 0.451

Table 2 Thedimensional stability value of denture base afterimmersing in chocolate drink, tea drink and aquadest

No sample Chocolate Tea Distilled water
1 0.11 0.27 0.06 **
2 0.14 0.28 0.06
3 0.17 ** 0.23* 0.05
4 0.16 0.29 0.04 *
5 0.09 * 0.27 0.06
6 0.09 0.31** 0.06
7 0.3 0.26 0.06
8 0.13 0.29 0.05
9 0.13 0.3 0.05
X+ SD 0.261 £ 0.413 0.277 £0.023 0.05+0.012
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valuein the C1 groupwas 0.663+0.451. The color
stability values in groups A1,B1and C1 were va-
ried and the normality test was performed. Based
onthe results of normality testing using the Shapiro-
Wilktest,itwasfoundthatall datawere notnormal-
mally distributed, so test was continued by using
the Kruskal-Wallis test to determine the effect of
immersionof HPAR denture bases in groups A1,
B1and C1 on color stability with the Kruskal-Wallis
test. The statistical test results obtained a signifi-
cant level of p =0.001 <0.05 indicating that there
was an effect ofimmersion of the HPAR denture
base with group A1, group B1 and group C1 on
color stability. The results of statistical tests from
this study indicated that there was an effect of
immersion of the HPAR denture base with group
A1 (chocolate)andgroup B1 (tea) oncolor stability.
Judgingfromthe changeinthe color stability value
group B1wasthe highestwhile group C1 showed
the least change in color stability. This difference
provedthatthe C1 (control) group had no effect of
immersionin the base of HPARdentures oncolor
stability. Judging fromthe changeinthe color stabi-
lity value group B1 was the highest while group C1
showedthe least changeincolor stability. This dif-
ference proved that the C1(control)grouphadno
effect ofimmersion in the base of HPAR dentures
on color stability. Judging from the change in the
color stability value group B1 was the highestwhile
group C1showedtheleastchangein colorstability.
Thisdifference provedthatthe C1 (control) group
had no effect of immersion in the base of HPAR
dentures on color stability.

Group A1 shows amoderate changeintheva-
lue of the color stability. There are many benefits
of chocolate drink because of the bioactive com-
ponents of cocoa (flavonoids, saponins, catechins)
namely preventing the initiation of pellicle adhe-
sion. The contents of flavonoids as antibacterial
and antifungal, saponins prevent the attachment
of C.albican.? However, there are several disad-
vantages suchas changes in color stability of the
HPARdenture base. Thisis because the dissolved
componentundergoes diffusion capillary flowinto
the HPAR. The colorchange occurs dueto the phy-
sical penetration of the pigments between the latic
molecules orthe absorption ofthe pigmentsonthe
HPAR surface. There were significantdifferences
betweenthe controlgroup andthetreatmentgroup.
It was suspected that there was a tannin compo-
nent from the brown solution with a double bond
conjunctiononthe polyphenolwhichfunctionedas
achromophore (color developer)and the presence
of a (OH) group in the tannin functioned as an

auxochrome (color binder). The presence of chro-
mophores and auxochromesintannins cancause
abrown color. Thisfinding supports Craig etal that
stated natural substances absorbed by the resin
will cause color changes.

Group B1 showed a change in the value of
high color stability. Tannin which was a dye con-
tainedinteadrinks whereitis highly chromogenic,
was a major factor in the occurrence of color pig-
mentation. The color change took effect after im-
mersion due to the deep absorption of the dye.
Thenteadrinks also contain large amounts of fla-
vonoid which give teaand flavor properties. How-
ever, the aflavinsintealeaves werereportedtobe
the cause ofthe discoloration.”?Umand Ruyter re-
ported thattea caused more discolorationthan cof-
fee after 48 hours of storage of the five based in-
gredients resin in a coffee and tea solution.

Basedontheresults ofthe Mann-Whitneytest,
there was asignificantdifference between groups
A1 and C1 (p=0.001 <0.05). There was a signifi-
cantdifferenceinlightintensity between groups B1
and C1(p=0.001<0.0)and betweengroupsA1and
B1(p=0.004<0.05).Based on the Mann-Whitney
test, the results of group B1 had the most signifi-
cant difference. This was because the tea drinks
contained 1% tannin value and 15% flavonoids.

Thevaluesinthe A2groupwere 0.261+0.413
and the B2 group was 0.277+0.023. The value in
the C2 group was 0.055+0.012. The values for di-
mensional stability in the A2, B2 and C2 groups
were varied and were tested fornormality. Based
onthe normality testusing the Shapiro-Wilk, itwas
found that all data were not normally distributed,
sothetestwas continued using the Kruskal-Wallis
testtodetermine the effect ofimmersion of HPAR
denturebasesin A2,B2and C2groups on dimen-
sional stability. The statisticaltestresults obtained
asignificantlevel of p=0.001<0.05, indicating that
there was an effectofimmersion ofthe HPARden-
ture base withthe groups A2,B2and C2ondimen-
sional stability. The results of statistical tests from
this study indicated that there was an effect of im-
mersion ofthe HPAR denture base with group A2
(chocolate)and group B2 (tea) ondimensional sta-
bility. Judging from the change in the value of di-
mensional stability group B2 was the highest,
while group C2 showedthe leastchangeindimen-
sional stability. This difference proved that the C2
(control) group had no effect of immersion in the
base of HPAR dentures on dimensional stability.
Judgingfromthe changeinthe value of dimensio-
nal stability group B2 was the highest, while group
C2 showed the least change in dimensional sta-
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bility. This difference proved that the C2 (control)
group had no effect of immersion in the base of
HPAR dentures on dimensional stability. Judging
fromthe changeinthe value of dimensional stabi-
lity group B2 was the highest, while group C2 show-
ed the least change in dimensional stability. This
difference proved that the C2 group (control) had
no effect of immersion in the base of HPAR den-
tures on dimensional stability.

Ingroup A2 the dimensional change was mo-
derate;the water molecule combined inthe macro-
molecular structure of HPAR which extended the
chainofbonds ofthe PMMA group. Shrinkage and
expansionwere twodimensionalchangesthat can
not be avoided in any HPAR material. Ferrance
stated that materials containing ester and ether
groups have hydrophilicproperties sothatthey ea-
sily absorbed solutions.

Group B2 gave the highest change because
immersing the samplein tea solutionresulted ina
highdimensionalchange. Thiswasbecauseitwas
acidic compared to the control group. It was sus-
pectedthatthe acidicteareacted with HPAR caus-
ingchemical damage to the surface of the acrylic
resin. Theresultof exposureto acidic solutionscan
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