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ABSTRACT

Heat-cured acrylicresinis commonly used as denture base materials. The time neededforits polymerization makes
the process less efficient. The salt solution has a higher boiling pointand more stable molecular bonding, which is
expectedtoshortenthe curingtime of HCAR. This article determines the influence of salt solution as curing mediaon
curing time and compressive strength of HCAR. This experimentallaboratory study used 25 samples of HCAR with
25.4x12.7x12.7 mm by dimension. Samples were boiled in water at 74°C for 120 minutes as a control, in 35% salt
solutionat 74°C for 30, 60, 90, and 120 minutes as treatment groups, and then all groups were boiled at 100°C for
60 minutes. The compressive strength of each sample was tested using an Autograph AG-10TE. The highestcom-
pressive strength and fastest settingtime were shown in samples boiled in a salt solution for 60 minutes.One-way
Anova followed by a post hoc Tukey-HSD test showed no significant compressive strength differences in each
group (p>0.05). It is concluded that salt solution usage as curing media fastens the curing time and results in the

same compressive strength within all groups.
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INTRODUCTION

Losing teeth can cause loss of mastication,
speechand aestheticfunctionand cause many psy-
chologicalproblems. Accordingto Riset Kesehatan
Dasar (Riskesdas) data Ministry of Health Indone-
sian Republic, in 2013, it was reported that tooth
losswasfoundat5.65%inthe group of age 45-54,
10.13% in age 55-64 and 17.05% for group age
above 65yearsold. The denturewas madetoreha-
bilitate intraoral function.!

The denture has two essential parts; the base
andthe artificialteeth. The denture base gains sup-
port through direct contact with the underlying in-
traoral tissue. A denture base can be made from
acrylicresin ormetal. One ofthe most popular ma-
terialsfordenture baseis heat-cured acrylic resin.
The most widely used material for denture base
is polymethyl methacrylate HCAR because it has
several advantages such as easy to get, cheap,
non-toxic, notirritating, not solublein oralfluids, ea-
silymanipulated, significantaesthetical aspect, bio-
compatible, easilyrepaired andslightly changedin
its dimensional aspect.?

The HCAR needstobe heated ata specifictem-
perature to help the polymerization process. The
widely used method for curing is by boilingthe resin
in 74°C water for about 120 minutes, and then the
temperature is raised to the boiling point of water
100°C for 60 minutes. Thistraditionally curing cycle
needsalongtimetoreachthe perfectsettingphase
oftheacrylicresin. This condition should be reach-
edsothatthere willbe no dimensional change and

mechanical strength decrease inthe acrylicresin.
The dimensional change inacrylic resinwill disrupt
the denture base making and the free monomer
formed due to not achieving the setting phase of
acrylic resin can irritate the oral mucosa.#

The problem overthe curing cycle of the HCAR
isthelongtime neededfor the polymerization pro-
cess that makes curing cycle and production cost
ofthe HCARbeing lessefficient.>Salt solution has
ahigherboiling pointthan water because of its col-
ligative properties.¢Solutions’ colligative properties
dependonthe concentration of molecules or ions
ofthe solute butnotonthe identity of the solute. Be-
sides boiling pointelevation, colligative properties
include lowering vapor pressure, depression ofthe
freezing point,and osmotic pressure.” Saltsolution
hasastablermolecularbond,soitis assumed that
saltsolution can shorten curing timeofthe HCAR.

This article determines the influence of salt solu-
tion as curing media on curing time and compres-
sive strength of HCAR.

METHOD

This is apost-controlgroup design and experi-
rimentallaboratory design. The HCAR usedwas 25
specimens with the size of 25.4x12.7x12.7 mm.8
The specimensmet criteria suchas flat surface, not
pored, and smooth.

Thisresearchwas conductedat the Skill Labo-
ratory Faculty of Dentistry Brawijaya University to
producethe HCAR sample and Laboratorium Da-
sar Bersama (LDB) Airlangga University Surabaya
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forthe compressive strength testing of the samples.
The procedureswere beganwith acrylicresinsam-
ple making. The molds were made by flasking the
waxmastermodelbythe samplesizeinthe cuvette
filled with dental stone. After the mold was ready,
the mix of PMMA and mono methyl methacrylate
(ADM) was taken in a closed porcelain mixing jar
forpolymerization accordingtothe manufacturer’s
instruction (polymer 4 grams : monomer 2 mL) at
roomtemperature +20-25°C. Mold was coated with
athinlayer of petroleumjelly to remove the samples
quickly. After reaching the dough stage phase at
roomtemperature, the mold was filled with acrylic
resindough. Thetop and bottom partofthe cuvette
was puttogether,andwas pressedwithapressure
of 900 psiwith hydraulic bench press. The cuvette
wasopened,andthe excess materialwasremoved
duringthe closuretrialthatwas done several times
until there was no excess material and formed a
metal-to-metal contact ofthe cuvette. Then, the cu-
vette was pressed by the manual hand press and
ready to be cured.®

The 35% salt solutionas curing mediawas done
by dissolving kitchen salt (Kapal Api, Indonesia)
inwaterwithamassratio of 7:20 or calculating 350
gofsaltinevery 1L of water. The salt solutionused
has a concentration of 35% because the maximum
solubility of salt in water at room temperature is
357 mg/mL.%°

The curingofthe acrylicresinsampleswas car-
ried out according to the treatment group. There
are 5groups ofsamples; theyare the controlgroup,
the sampleswere cured 120 minutes in 2 L of wa-
ter at 74°Cand continued for 60 minutes at a boil-
ing watertemperature. The treatmentgroupsA, B,
C, and D were cured for 30, 60,90,and 120 minu-
tesin 2 L of 35% salt solution and followed by 60
minutes at 100°C for each group. The cuvettewas
immersed in curing media where a thermometer
was setto measure the temperature of the water;
then, the time was recorded accordingly with the
help of the stopwatch. After the curing cycle, the
cuvette was allowed to bench-cool before deflask-
ing. Followingthe bench cooling procedure, the flask
was opened, andacrylicresinsamples were care-
fully retrieved. A laboratory micromotor trimmedthe
excess of the sample with fraserbursand polished

stone burs.

The evaluation of compressive strength of allthe
specimens in this study was tested using Auto-
graph AG-10TE. Theload was applied to the cen-
ter of the standing samples until they broke. The
value listed onthe toolwasthenrecorded,thencal-
culatesthe compressive strength by using the fol-
lowing formula:!t

C= P
A
C =compressive strength (kg/mm?)

P =force shown on the tool (kg)
A = surface area (mm?)

Thecompressive strength dataobtained areta-
bulated in tabular form. The normality of data was
tested using the Kolmaogorov-Smirnov test, while
thehomogeneity ofthe data was carried out using
Levene statistic test. The study results were then
analyzedusingthe one-way Anova statistical test
to determinethe differencein compressive strength
values betweenthetreatmentgroups. Then, a fur-
ther difference test (post hoc test), namely Tukey
HSD, was carried outto find further the value differ-
ence of compressive strength betweeneach treat-
ment group.

RESULTS

The compressive strengthwas obtainedinunits
of kg/mm?using the Autograph (Shimadzu, Japan).
The datais obtained from the magnitude of theload
that presses the test sample until just before the
sample breaks. Afterthe datais obtained, the data
isenteredintheformulafor compressive strength.

Theresults of the compressive strengthtestlist-
edintable 1 showthatthere are differencesin com-
pressive strength betweenthetreatment groups.
The lowest average compressive strength is in
group D of 6.982 kg/mm?2, while the highest ave-
rage compressive strengthis in group B of 7.896
kg/mm?. Theresults also showan effect between
curing time and compressive strength of HCAR.
To clarify the effect of curing time on the com-
pressive strength of HCAR (Fig.1).

The results of the study were then analyzed
using several statistical tests. Based on the nor-
mality test of the data using the Kolmogorov-Smir-
novtestinthisstudy,asignificance value of p=0.2

Table 1 Mean of compressive strength value of HCAR with variation of curing time withwater and 35% salt solution

Group Curing cycle Curing time  Average compressive strength (*%mm?)
Control 74°C + 60 minutes at 100°C in water 120 minutes 7.866

A 74°C + 60 minutes at 100°C in 35% salt solution 30 minutes 7.24

B  74°C + 60 minutes at 100°C in 35% salt solution 60 minutes 7.896

C  74°C + 60 minutes at 100°C in 35% salt solution 90 minutes 7.274

D 74°C + 60 minutes at 100°C in 35% salt solution 120 minutes 6.982
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Figure 1 Line diagram of the effect of curing time on
the compressive strength of HCAR

0.2(greaterthan 0.05)inallgroupswas obtained.
While testing the homogenity of variance with the
Levene Statistic test, the significance value of p =
0.486 (greaterthan0.05). Thus, it can be conclu-
dedthatthe datahasanormaldistribution and ho-
mogenous, sothe data can be tested using one-
way Anova.

The one-way Anova method was analyzed to
determinethe difference incompressive strength
values between treatment groups. Based on the
one-way Anovatestin this study, the significance
value of p=0.118 (greaterthan0.05),so it can be
concludedthatthereisnosignificantdifferencein
the value of compressive strength between the
treatment groups.

Theresults of further analysis usingthe Tukey-
HSD Post Hoc Test serve as afurther difference
test to determine the difference in the compres-
sive strength value between eachtreatmentgroup.
From the results of statistical tests obtained p-
value >0.05, it can be concluded that there is no
differenceinthevalue of significant strength bet-
ween each treatment group.

DISCUSSION

Based on the measurement results shown in
thetableandgraph above, there are differencesin
compressive strength value between each treat-
ment group. The slightest difference in compres-
sive strengthvalueswasfoundinthe controlgroup
and treatment group B, and the treatment group
was cured for 60 minutes atatemperature of 74°C
and 60 minutes at 100°C in a salt solution. This in-
dicates that using the salt solution can accelerate
the curing time of HCAR with the same compres-
sive strength in all groups.

Several things can also affect the setting level
of HCAR,including polymerizationtemperature and

molecular weight of HCAR.2 Polymerization of
HCAR canoccurwhenheated above 60°C. At this
temperature, the molecules of benzoyl peroxide
containedinthe acrylic resinpolymer/powder,which
functionasinitiators, will be separated to produce
moleculeswithaneutral electrical charge and con-
tainingunpairs electrons calledfreeradicals. These
free radicals rapidly react withthe monomer mole-
cule to stimulate polymerization.

In addition, at this study, the terminal tempera-
ture of the control group could not reach 100°C.
Thewaterterminaltemperature only reaches 94.5
“C. Meanwhile, the terminal temperature of treat-
ment group B, which was heated using 35% salt
solution, could reach 100°C. This is due to the dif-
ferenceinairpressure at the water surface, which
canbeinfluencedbythe altitude of an area above
sea level.!! This research was conducted in Ma-
lang City, which has an altitude of about 400-667
metersabove sealevelwithan air pressure 0of 1015
hPaorequivalentto0.01 atm. The higheraplateau,
the lower the air pressure and the lower the boiling
point of water in that area.*® The boiling point is
also affected by the type of substance dissolved in
thewater. The addition of salt, in this case, can in-
creasethe boiling pointsothatthe terminaltempe-
rature of the treatment groups A, B, C, and D can
reach 100°C. The optimaltemperature can produce
a perfect HCAR dress polymerization reaction.

As the curing time of the HCAR was increased
using a salt solution, the compressive strength of
acrylicplate decreased. This shows that the addi-
tion of curing time of HCAR plate does nothave a
linear relation to its compressive strength. When
the HCAR plate was heated for more than 60 mi-
nuteswith asaltsolution at a temperature of 74°C,
there wasadecrease inthe compressive strength
ofthe HCAR due to the nature of the salt that can
absorbthe water contentina material, resulting in
a decrease in the density value of the material.*4

The salt content in water, both seawater, and
rainwater can cause erosion of various materialsin
thewild. Erosionisthe erasure of solids (sediment,
soil,rock,and other particles) due to the transport
of wind, water, or ice and the characteristics of
rain.*>Inthis study, the sample group of the HCAR
curedin35% salt solution for 120 minutes at 74'C
andadded 60 minutesat 100°C had the lowest ave-
rage compressive strength compared to the other
four treatments, which was 6.98 kg/mmz2. This is
becauseifamaterialisexposedtosaltathigh tem-
peratures and for a certain period, salt can cause
erosion of the material to become more brittle. 14

Itis concluded that curing time using salt solu-
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tion media affects the compressive strength of
HCAR, which can accelerate curing time with the
same strengthinallgroups. The mosteffective cu-
ring time for the HCAR is 60 minutes at 74°C plus
60 minutes atterminal temperature (100°C)in 35%
salt solution.

Forfurtherresearch,itis suggested 1) prepara-
tionof HCAR samples should use molds from me-
tal plates so that the sample size is more uniform;
2) beforethe compressive strengthtest,the HCAR
sample should be weighed first to ensure that the

mass ofthe entire sampleisthe same; 3)itis nece-
cessary usingacuringtimeinterval of 30-60 minu-
tes in a salt solution at a temperature of 74°C plus
60 minutesatatemperature of L00°Cto seethere-
lationship betweenthe increase in curingtime with
the setlevelandthe compressive strength of HCAR;
4)toexaminethe effect of using asaltsolutionas a
curing medium onthe transverse strength, impact
strength, and discolorationof HCAR; 5) to examine
the effect of different concentrations of salt solution
asacuringmediumonthe curingtime ofthe HCAR.
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