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ABSTRACT

Introduction: Heatcuredacrylicresinisfrequently used denture base material whereby transverse strength is one
of the mechanical properties that must be observed. A rough surface absorbs water, reduces strength of denture
bases, thus polishing should be done. Pumice is the most abrasive material used in dentistry. Eggshell and tooth-
paste canbe used as alternative abrasive materials. This study aims to determine the differences in value of trans-
verse strength of HCA resin once polished using pumice, eggshells, and toothpaste. Method: This laboratory ex-
perimental study using sample sized 65x10x2.5 mmwith 30 samplesin total for 3 groups. Transverse strength was
measured using Universal Testing Machine. The datawere analyzed using one-way Anova. Result: The comparison
ratio of transverse strength between HCA resin after polishing with pumice, eggshells and tooth paste is 93.63 :
118.42 : 105.91 MPa. It shows there were significant differences in transverse strength between groups with sig-
nificant value pwas 0.001 which lessthan 0.05. Conclusion: The value of transverse strength varies according to
polishing material used. Eggshell has the highest transverse strength value compared to pumice and toothpaste.
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INTRODUCTION

Sincefirstpolymerizedin 1936 by Walter Bauer,

heat cured acrylic resin became the most com-
monly used denture base material because it is
inexpensive, ease processing, good color stability
and easy to polish.*20ne of the characteristics of
heat cured acrylic resin that should be observed
isthe mechanical properties whichis the transver-
se strength.2The minimumtransverse strength of
denture base materials should not be less than
65 MPa.®The transverse strength of acrylic resins
depends on several factors such as polymer mo-
lecularweight, residualmonomerlevel, plasticizer
composition, denture base thickness, type of po-
lishing and porosity.* Rough surfaces increases
water absorption because water acts as a plasti-
cizeruntilacrylic resin material becomes soft and
flexible.>®To get a smooth surface, polishing pro-
cess should be done. Traditionally, acrylicresinis
polished by mechanical procedure using abrasive
materials because it produces a smoother base
surface. Abrasive material that is often used as a

polishing material in the field of dentistryis pumice.

Pumice is the powdered form of volcanic rock that
has a holey texture.” Pumice consists of 60-67%
silica, 13-17%alumina, 7-8% sodium oxide-potas-
sium oxide and minimal amount of iron oxide,
calcium oxide and titanium dioxide.®
Otheralternative abrasive materialsthatcan be
usedaspolishingagentare eggshellandtoothpas-
te. The eggshell is the outer part of the egg witha

hard and poroustexture consisting of 94% calcium
carbonate, 1% magnesium carbonate, 1% calcium
phosphate and 4% organic matter.°Henuset sta-
tes calcite from calcium carbonate has abrasive
properties which can be usedto polish the surface
of acrylic resins.°
Toothpasteisgenerally usedfortooth surfaces
andmechanical cleaning of artificial teeth. Tooth-
paste contains a variety of abrasive substances
such as calcium carbonate, dicalcium phosphate,
alumina, calcium pyrophosphate, sodiumbicarbo-
nate, perlite and silica. Generally, the abrasive ma-
terialinatoothpaste is around 20-55%.! Accord-
ing to Hefferen and Forward, abrasive material is
added to toothpaste to remove plaque, stain and
food debris.*? According to Pisani etal, toothpaste
has polishing effect on the surface of acrylic re-
sindenture bases because of the silica content.*®
Based on this, the idea arose to utilize
eggshells and toothpaste as a polishing agent
for heat cured acrylic resin bases.

METHOD

In this experimental laboratory research,the
eggshells were collected from various food outlets,
washed under running water and then soaked for
6hoursin2.5% sodium hypochlorite solution. Egg-
shells were dried using electric oven (Naberthem,
USA) for 6 minutes at 250°C. The eggshells were
crushed with a blender and 15 g of sodium lauryl
sulfateaddedto 300g ofeggshellandblended until
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homogeneous. The use of ball-mill (Retsch PM 200
Series,Germany)to produce fine particle size was
carried out for 60 minutes at a speed of 400 rpm.
The powder was then sieved with mesh 100 and
continued with mesh 400.

Samples were made from HCA resin of size
65 x 10 x 2.5 mm.3® The total number of sample

was 30anddivided into 3groups:the pumicegroup,

the eggshellgroup and the toothpaste group. The
cuvette containing the mold comes from the pa-
rentmodelwhich was planted in a cast. The mold
was filled withacrylic resin dough then the cuvette
was closed, pressed then cured in a water bath.
Sampleswere removedfromthe cuvette and trim-
med with a fraser bur, grinded with 400, 800 and
1200sandpaperusingarotarygrinder and follow-
edby polishing using a rag wheel mounted to po-
lishing motor, using pumice, eggshell and tooth-
paste. Each sample was polished for 2 minutes,
then were immersed in distilled water for 2 days
at 37°C in an incubator (Memmert, Germany).
Transverse strength testing was performed
using the Universal Testing Machine (Torsee’s
Electronic System). Dataanalysiswas performed
with Univariate test and one-way Anova test.

RESULT

Theresults showthatthe value of transverse
strength analyzed by the Univariate test whereby
the pumice grouphasamean value of 93.63 MPa
andwithastandard deviation of 10.22. The mean
value of eggshell group was 118.42 MPa with a
standarddeviationof12.66. The meanvalue ofthe
toothpaste groupwas 105.91 MPa with astandard
deviation of 9.80. Based on the one-way Anova
test, there were significantdifferencesinthe value
of transverse strength in the three groups with a
value of p was 0.001, less than 0.05 (Table 1).

Table 1 Anova test results on the value of transverse
strength between the pumice, eggshell and toothpaste
groups.

Transverse Strength (MPa)

Groups

n xx SD p
Pumice 10 93,63 + 10,22
Eggshell 10 118,42 +12,66 0,001*

Toothpaste 10 105,91 £ 9,80

Note: *significant

Basedonleastsignificantdifference (LSD)test,

the value of transverse strength between the pu-
mice group and the eggshellgroup with a value of
pwas0.001;lessthan 0.05,the pumice group with
toothpaste group with avalue of pwas 0.019; less

than 0.05, eggshell with toothpaste group with p
value was 0.017; less than 0.05 (Table 2).
Table 2 LSD test results for each group

Pumice  Eggshell Toothpaste
Pumice - 0.001* 0.019*
Eggshell 0.001* - 0.017*
Toothpaste 0.019* 0.017* -

Note: *significant

The results show that the three groups have
transverse strength values above the standard
value accepted in dentistry, which is 65 MPa.
Based on the statistical test results, the eggshell
group has the highest transverse strength value
compared to the pumice group and toothpaste
group. Therewas asignificantdifference between
the eggshell group with the pumice group and
toothpaste group.

DISCUSSION

Theresultsshowthatthe value of transverse
strengthvariesinthe samegroup. The acquisition
of these varied results can be caused by a rough
surface that increases the capacity of water ab-
sorption.® Acrylic resins have the characteristics
ofabsorbing water slowly over a period of time by
the mechanism of water absorption through the
diffusion of water molecules according to the dif-
fusionlaw. Absorption occurs because water mo-
lecules penetrate the mass of polymethyl metha-
crylate and occupy the positions between the po-
lymer chains which causes disruptions to the po-
lymerchains.*The waterabsorbed actsasaplas-
ticizer which affects the surface hardness, dimen-
sional stability, colour stability, fatigue limit and
transverse strength.®

ResearchbyHasanah showsthatthe surface
roughnessvalues of HCA resin polished with alu-
mina were 0.3488 + 0.0767 ym.*® Sahin stated
thatHCA-resin polishedwithaluminaandimmersed
inaguades for 2 days producestranverse strength
value of 64.27 + 4.30 MPa.*® The acquisition of
alowtransverse strengthvalue isduetothe rough
surface of the acrylic resin resulting in high water
absorption. Study conducted by Oliviera obtained
thatthe HCA resin polished with pumice and chalk
resulting in surface roughnessvalue of 0.0427 +
0.25um.7Braun stated thatthe HCAresinpolished
with pumice and chalk and soaked in aquades for
2 days resulted in a transverse strength value of
89.05+0.73 MPa.*® The acquisition ofhigh trans-
versestrengthvalueis due to the smooth surface
of acrylic resin resulting in low water absorption.
This is supported by Rahal et al stating that high
waterabsorption occurs onrough surfaces where
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water enters through the surface porosity of
acrylic resin after polishing.*®

Based on the data obtained, the mean and
the standard deviation value oftransverse strength
of pumicegroupwas 93.63+10.22 MPa. The value
of transverse strength of eggshell group was
118.42+12.66 MPa. Thetransverse strengthvalue
oftoothpaste groupwas 105.91+9.80 MPa.From
the one-way Anovatestin Table 1,itcan be seen
that there were minimal significant differences in
the two groups because the significance of p was
0.001 and less than 0.05.

The pumice group has transverse strength
value above the standard required in dentistry. In
this study, the pumice group has a mean trans-
verse strength value of 93.63 + 10.22 MPa, this
value was notmuch different from previous study
which had a transverse strength value of 94.77
+ 9.45 MPa.* Although the value of transverse
strength in the pumice group is more than the re-
guired standard value but the value is lower than
the eggshell and the toothpaste group due to the
highwaterabsorptioninthe pumice group. Water
absorptionoccursonrough surfaces where water
enters through the surface porosity on acrylic
resin.’® Yudi’s study obtained that the HCA resin
polished with pumice results in higher surface
roughnessvalue compared to eggshell and tooth-
paste group.?° Thisisdue to the differences in par-
ticle size, particle shape, particle hardness and
abrasive material content of each polishing agent
is different.1®* Pumice with an irregular particle
shape has a patrticle size of 5-8 ym and particle
hardness of 6-7 according to the Mohs scale.
High particle hardness and size produces higher
surface roughness of acrylic resin, to the extend
that when acrylic resin is immersed in distilled
water, highwaterabsorption occurs and thetrans-
verse strength decreases because wateracts as
a plasticizer which results in HCA being flexible.

The eggshell group has a mean transverse
strengthvalue 0f118.42+12.66 MPa higher than
the pumice andtoothpaste group. Yudi'sresearch
found thateggshell produces smoother surface.?®
According to Areeg & Bassam et al, physical pro-
perties of abrasive materials such as particle size
andhardnessaredirectly proportional to the qua-
lity of surface roughness.° In this study, ball mill
was used for 60 minutes. Wu SC et al stated that
grinding eggshell using a ball mill for 60 minutes

can produce an average particle size of 2.21 ym.

Based on that study, it was known that longer
grindingtime withaballmillproduces smaller par-
ticle size.?! The hardness of eggshell particle is

4 according to Mohs scale. Smaller particle size
and lower particle hardness of polishing materials
have an advantage that is to produce smoother
surface.In addition, the abrasiveness of eggshell
materialis influencedbythe calcite contentin cal-
cium carbonate ranging 94-98.2%, calcite acts as
an abrasive.®With this, the water absorption that
occursinacrylicresinislow. This results in acrylic
resin having great strength and being able to re-
duce deflection when force is applied which pro-
duces high transverse strength value.

Thetoothpaste group has atransverse strength
value of 105.91 £+ 9.80 MPa. Yudi's study found
thattoothpaste showedalower surface value than
pumice group buthigher surface roughnessvalue
than eggshell group.?° Pisani et al after experi-
menting the effect of abrasive toothpaste on sur-
face roughness of acrylic resin, stated that tooth-
paste which contains silica has polishing effect
on the surface of denture bases.*® The shape of
thetoothpaste particle issquare orslightly rounded
and the hardness of the particles according to
the Mohs scale is 5.22 Although the amount of
abrasive material in toothpaste ranges 20-55%,
it is less than the pumice and eggshell group
which makes the abrasive ability of toothpaste to
be low thus the effectiveness when polishing is
reduced, howeverthe particle size is smaller than
pumice andeggshellgroup whichisan advantage
for the toothpaste group. Toothpaste produces
smoother surface compared to pumice group.
Water absorption is high, thus resulting in lower
transverse strength value compared to eggshell
buthighertransverse strength value than pumice
group.

The LSD test shows a significant difference
between the pumice group and eggshell group
with p was 0.001, pumice group and toothpaste
group with p was 0.019 and the eggshell group
with the toothpaste group with a value of p was
0.017. Based on this, it can be statistically seen
that the 4 eggshell group produced the highest
transverse strength value compared to pumice
and toothpaste group, while the toothpaste group
produced higher transverse strength value com-
paredto pumice group. Eggshells have an advan-
tage,whereby is has the highest amount of abra-
sive material compared to other polishing material
in which it has calcium carbonate content 94-
98.2%.1°

Clinically, the standard transverse strength
value of denture base is not less than 65 MPa.
Based on this, all three groups have fulfilled the
standard transverse strength value requirement.
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Pumice isthe mostwidely used polishing material
foracrylic resins because it has been proven that
the transverse strength ismore than 65 MPa, how-
ever the transverse strength value is still not bet-
ter compared to eggshell and toothpaste. Eggs-
hell produces better transverse strength value
compared to pumice and toothpaste. Toothpaste
produces better transverse strength value com-

paredto pumice, however it is still not better com-
pared to eggshell.

Itwas concluded that the use of different po-
lishing materials on heat cured acrylic bases has
an influence on the value of transverse strength.
Heatcured acrylic resin which was polished using
eggshell has higher transverse strength value
than that which was polished using pumice and

toothpaste.
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