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Influence of immersion in heat-cured resin acrylic in chitosan solution to
hardness, transversal strength and modulus of elasticity
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ABSTRACT

Heat-cured acrylic resin is a commonly used material for removable denture bases but has a low
mechanical strength. Heat-cured acrylic resin used as a denture base must be kept clean by
immersing the denture in a cleaning agent. Denture cleaning materials on the market generally
come from chemicals. Immersion of heat-cured acrylic resin as denture base in chitosan solution
can inhibit the growth of Candida albicans better than oxygenizing denture cleaning solution.
Biologically, chitosan is safe because it has biocompatible and biodegradable properties. To
determine the effect of immersion of heat-cured acrylic resin in chitosan solution on hardness,
transverse strength, and modulus of elasticity. 25 acrylic resin plates measuring 65x10x2.5mm divided
into five groups. Each group was immersed in a solution of 1%, 2%, 3% chitosan, distilled water,
and 1% ascorbic acid, then tested for transverse strength using the Universal Testing Machine. The
values of transverse strength and modulus of elasticity were calculated using the formula. Hardness
test pre and post-test used 15 acrylic resin plates measuring 12mmx12mmx3mm were divided into
five groups with each group immersed in 1%, 2%, 3% chitosan solution, distilled water, and 1%
ascorbic acid. Statistical analysis used one-way ANOVA for each test. The only significant difference
was the modulus of elasticity between the immersion groups. The value of transverse strength,
modulus of elasticity, and hardness was higher in the group with a 3% chitosan solution, with no
difference statistically in transverse strength and hardness between groups. There was a significant
difference in the effect of elastic modulus from the immersion of heat-cured acrylic resin in solution
distilled water and 1% ascorbic acid as a control and 1%, 2%, and 3% chitosan solutions with ascorbic
acid as a solvent. (IJP 2024;5(1):55-58)
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INTRODUCTION

improve the weakness of the acrylic resin denture base material

Aacrylic resin is a polymer used in the manufacture of removable
partial dentures and full dentures."* Based on the polymerization,
acrylic resins are divided into three classifications: heat-cured acrylic
resin, self-cured acrylic resin and light-cured acrylic resin.” Heat-
cured acrylic resin is often used because it is non-toxic, non-
irritating, insoluble in oral fluids and esthetics, easy to manipulate
and repair, and has minimal dimensional changes.* Heat-cured
acrylic resin has good enough strength to be used as a base for
full and partial dentures but often fractures.”® Transverse strength
and modulus of elasticity of acrylic resin is one of the properties
that affect the materials resistance to fracture.”

Aacrylic resin is a material with a low level of hardness and
elasticity and can be abraded. Heat-cured acrylic resin generally
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so that its mechanical properties increase for long-term use by
adding reinforcing materials. The addition of reinforcing materials
can be in the form of chemicals, metal, or fibre.” However,
nowadays, using natural materials is more desirable because it
does not cause side effects on the body. One of the uses of these
natural ingredients is to use chitosan.®

Research by adding other materials to acrylic resin has been
carried out by mixing chitosan into heat-cured acrylic resin before
heating but did not produce significant changes. The addition of
chitosan has a high viscosity value, making it difficult for chitosan
to diffuse and decrease its mechanical strength.” The lower the
molecular weight of chitosan and the lower its viscosity, the
more easily chitosan is absorbed into the acrylic resin.'? In
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Mean and standard deviation of hardness.

Mean £ SD
Group (VHN) Before After
Aquades 18.769+1.040 19.196+1.290
Ascorbic Acid 1% 18.28110.629 19.630+0.678
Chitosan 1% 18.850 0.493 19.860+1.639
Chitosan 2% 19.0131+0.496 19.854+1.532

Chitosan 3%
Total

19.223+1.355
18.827+0.890

20.151+0.788
19.738+1.232

One Way ANOVA of hardness.

Sum of Squares df Mean Square F  Sig.

Between groups 3.976 4 0.994 0419 0.794
Within Groups 94.918 40 2373
Total 98.894 44
*p<0.05
Mean and standard deviation of transversal strength.
Group Aquades Ascorbic  Chitosan  Chitosan  Chitosan
Acid 1% 1% 2% 3%

MeantSD 128.46 138.05 117.11 136.24 143.72

+23.03 +12.87 +15.03 £12.75 +10.35

One-Way ANOVA of transversal strength.

Sum of Squares df Mean Square F  Sig.

Between groups 2118.69 4 529.673 222 0.103
Within Groups 4771.077 20 283.554
Total 6889.767 24
*p<0.05
Mean and standard deviation of modulus easticity.
Group Aquades Ascorbic  Chitosan  Chitosan Chitosan
Acid 1% 1% 2% 3%

MeantSD  2102.15 237142 1736.51 209597  2499.17

+209.14 +276.48 +225.31 +300.66 +216.89

One-Way ANOVA of modulus elasticity.

Sum of Squares df Mean Square F  Sig.

1732598.12 4
1233587.74 20
2966185.87 24

433149.531 7.023 0.001

61679.387

Between groups
Within Groups
Total

*p<0.05

research on the toxicity test of resin mixtures. Acrylic resin with
chitosan as antifungal denture material stated that the greater
the concentration of chitosan, the smaller the average value of
absorbance and cell viability, acrylic resin with chitosan at
concentrations of 0.5%, 1%, and 2% was not toxic.'!

Chitosan is chitin’s main derivative, which can be isolated
from various living things such as shrimp, crabs and several
other animals. Chitosan is a copolymer of D-glucosamine and N-
acetyl-D-glucosamine with B-(164) bonds, obtained by enzymatic
deacetylation of the polysaccharide chitin. Removing the acetyl
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group of chitin increases its solubility, so chitosan is used more
than chitin. In addition, chitosan is non-toxic, biocompatible
and biodegradable, so it is safe to use.® Chitosan is insoluble in
water and most organic solvents but soluble in acids with a pH
of less than 6.5. The solvents usually used to dissolve chitosan
are formic acid, acetic acid, lactic acid, and glutamic acid.**

Chitosan can be dissolved in ascorbic acid, and the best
chitosan solubility is found at 1%.% Ascorbic acid, or vitamin C,
is a water-soluble and the most unstable vitamin. Vitamin C is
stable in the dry state but in the form of a solution and is easily
oxidized, especially by the influence of oxygen, light, and pH.
Vitamin C is safe for the body and is used in carbohydrate
metabolism and synthesizing proteins, lipids, and collagen. Unlike
fat-soluble vitamins, vitamin C is not stored in the body and is
excreted in the urine.'®

MATERIAL AND METHODS
Preparation of 1% ascorbic acid solution

Mix 1 gram of ascorbic acid powder into 100 ml of distilled
water, then stir with a magnetic stirrer for about 4 minutes
until it is completely mixed and there are no deposits.
Procedure for making chitosan solution

A 1% chitosan solution was prepared by mixing 1 gram of
chitosan powder in a 1% ascorbic acid solution, then stirred
using a magnetic stirrer for about 30 minutes until all the
chitosan powder was dissolved and there was no precipitate.
For 2% and 3%, the same procedure was carried out only with
different concentrations of chitosan powder, namely 2 grams
and 3 grams, respectively.

Hardness Test

Fifteen heat-cured acrylic specimens measuring
12mmx12mmx3mm were divided into five groups. Group 1: 3
specimens immersed in aquadest/distilled water solution;
Group 2: 3 specimens immersed in 1% ascorbic acid; Group
3: 3 specimens immersed in 1% chitosan solution; Group 4: 3
specimens immersed in 2% chitosan solution; Group 5: 3
specimens immersed in 3% chitosan solution.

All specimens were soaked for 10 minutes for each group,
then dried and tested for hardness using a Shimadzu Micro
Vickers Hardness Tester type HMV-G21ST (E, 230V) with an
HVO load of 0.25 (245.2mN)/10 seconds. Each specimen carried
out five different test points and averaged. Data analysis was
carried out using a paired sample T-test to determine the
difference between groups before and after immersion. The data
were tested again using one-way ANOVA statistical analysis
to compare the averages of more than two groups unrelated
to the significance level of p<0.05.

Transversal Strength Test

Twenty-five acrylic plates with dimensions 65 x 10 x 2.5 mm
were divided into five groups, five pieces each and soaked in
the same way with the hardness test. The transversal strength
test was carried out using the Universal Testing Machine (UTM),
with the three-point bending method using the Shimadzu
Autograph AGS-X Series, Japan. The load cell used in this
study is 5 kN with a speed of 50 mm/min. Statistical analysis
using One Way ANOVA test using SPSS software version 25
to compare the mean of each group.
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RESULTS

The mean and standard deviation of hardness, transversal
strength and modulus of elasticity of the five groups are as
follows: All groups were tested for normality with the Shapiro
Wilk test and showed normal results (p>0.05), which continued
with the One-Way ANOVA test.

DISCUSSION
Immersion of heat-cured acrylic resin in each treatment
group, namely the distilled water group, 1% ascorbic acid
solution, 1% chitosan solution, 2% chitosan solution and 3%
chitosan solution, all experienced an increase in hardness
when compared to the hardness value before immersion.
Immersion of heat-cured acrylic resin in a solution can affect
its physical properties. Based on the study’s results, it was
found that heat-cured acrylic resin before and after
immersion in various solutions experienced an insignificant
increase in hardness because the chitosan solution could
penetrate the microporosity cavity of acrylic resin and affect
the intermolecular bonds. The longer the immersion time, the
more solution particles will penetrate the microporosity cavity
of the acrylic resin.** This is due to the heat-cured nature of
acrylic resin, which can absorb water slowly over a certain
period, with the absorption mechanism through the diffusion
of water molecules according to the law of diffusion. The
diffusion coefficient of water on the heat-cured acrylic resin
is generally 1.08x10™ m2/sec at 37°C. '>'° In the results
of this study, the hardness of heat-cured acrylic resin after
immersion in several concentrations of chitosan showed an
increase in hardness with increasing concentration. This result
follows previous studies that discussed the effect of adding
chitosan nano gel to the mechanical properties and colour
stability of heat-cured acrylic resin denture base
materials. The study stated that adding chitosan to
heat-cured acrylic resin showed an increase in
hardness and modulus of elasticity, which affected
the fracture toughness of heat-cured acrylic resin.
Chitosan has mechanical properties 2-3 times stronger
than heat-cured acrylic resin.’” The concentration
of  chitosan is directly related to the viscosity; the
higher the viscosity, the friction between the particles in
the chitosan solution increases and is  more
attached. The addition of chitosan to the denture
base can reduce water absorption.*®

The heat-cured acrylic resin group immersed in 3%
chitosan solution has the highest average transversal strength
and modulus of elasticity. The lowest average was the heat-
cured acrylic resin group immersed in 1% chitosan solution.
The standard transversal strength of acrylic resin used as a
denture base should not be less than 65 MPa, and the
modulus of elasticity ranges from 2000-2400 MPa.** In this
study, there was an increase in the average transverse
strength and modulus of elasticity of heat-cured acrylic resin
immersed in chitosan solution. The increase started from 1%
chitosan concentration, 2% chitosan concentration, and
3%. The highest average transversal strength and modulus
of elasticity were in chitosan solution with a concentration of
3%. However, the average modulus of elasticity of heat
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the average modulus of elasticity of heat cured acrylic
resin, which should equal 2400 MPa. The increase occurred
in line with the increase in the concentration of chitosan,
where the higher the chitosan concentration, the transverse
strength and modulus of elasticity increased. Increasing the
concentration of chitosan can cause more chitosan content
in the solution, which results in physical and chemical
interactions in binding molecules."”

The heat-cured acrylic resin contains polymethyl methacrylate
and a small amount of ethylene glycol dimethacrylate,
both of which will form a functional group in the form of an
ester group so that it easily absorbs the solution.”” This causes
chitosan to penetrate macromolecules of heat-cured acrylic
resin and affect its chemical bonding.* Chitosan has elements
NH2 and NH3+, and polymethyl methacrylate from heat-cured
acrylic resin has elements of COOH.” Bonds occur between
polymer chains where CH3 in heat-cured acrylic resin will
bind to chitosan polymer chains, namely -OH. In addition,
the carbonyl group C = O in the poly (methyl methacrylate)
chain will also bind to NH2 in chitosan.'” The hydrogen
bonding reaction between chitosan and acrylic resin can affect
the hardness value of the denture plate so that a strong bond
will occur. Another possibility that can occur is the presence
of ionic bonds between NH3+ chitosan and CH3COO-."

The transversal strength and modulus of elasticity of heat
cured acrylic resin immersed in 1% ascorbic acid solution had
higher values than 1% chitosan solution. This wvalue is
thought to occur because the acid compound contains a lot
of H+ ions which can lower the surface tension of the heat-
cured acrylic resin so that the molecules in the solution easily
enter between the acrylic resin molecules and diffusion
occurs faster.”! Denture bases exposed to acid solutions for a
long time can experience a decrease in transverse strength.??
However, the results of this study did not show a decrease in
transverse strength and modulus of elasticity after immersion
in 1% ascorbic acid solution. This result is because the acrylic
resin has good resistance to weak acids, one of which is
ascorbic acid.*?

CONCLUSION
There was no significant effect on the hardness of heat cured
acrylic resin before and after immersion in distilled water, 1%
ascorbic acid solution, and chitosan solution with ascorbic acid
solvent at concentrations of 1%, 2% and 3%, but there was an
increase in hardness with increasing chitosan concentration.
There was no significant difference in the transversal strength
effect of heat cured acrylic resin immersion in aquadest solution
and 1% ascorbic acid as control and 1%, 2%, and 3% chitosan
solution with the ascorbic acid solvent. However, there was an
effect of a different modulus of elasticity.
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