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EFFECT OF ADDING CHITOSAN NANOPARTICLES ON FLEXURAL
STRENGTH AND HARDNESS OF HEAT CURED ACRYLIC RESIN
BEFORE AND AFTER THERMO CYCLING
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ABSTRACT

Objective: The aim of this study was to evaluate the effect of two concentrations of chitosan
nanoparticles on the mechanical properties of heat polymerized acrylic resin before and after ther-
mocycling. The tested parameters were flexural strength and hardness.

Material and Methods: 120 specimens were prepared according to the specific dimension for
each test (flexural strength and micro hardness) and distributed into:

- Before thermocycling (control, chitosan nanoparticles with concentration 0.3% and 0.5%)
- After thermocycling (control, chitosan nanoparticles with concentration 0.3% and 0.5%)

Results: Flexural strength and micro hardness were tested for both groups. The data was col-
lected and statistically analyzed. Flexural strength was non-significantly increased for ratio of 0.3%
chitosan nanoparticles in comparison to control before and after thermo cycling and significantly
decreased for 0.5% chitosan nanoparticles before thermocycling and non-significant decrease after
thermocycling in comparison to control. For hardness showed non-significant decrease for both

concentrations and significant decrease for control after thermocycling

Conclusion: Adding chitosan nanoparticles to heat cured acrylic resin increased the flexural
strength for 0.3% ratio and non-significantly decreased for 0.5, while decreased non-significantly

micro hardness for both concentrations.
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INTRODUCTION

An ideal denture base material should have
some mechanical, physical, and biological proper-
ties which are required for dental applications V.
Poly methyl methacrylate (PMMA) acrylic resin is
usually used as a denture base material due to its
reasonable cost, good adaptation, ease of use in dif-
ferent purposes such as in complete denture base,
denture teeth, implant-supported dentures, and orth-
odontic applications ®. However, the main disad-
vantage of acrylic resin is the liability to fracture
during mastication or by sudden drop ©.

Many techniques have been suggested to im-
prove the mechanical properties of the acrylic resin
material and to increase its service time, including
modifying or reinforcing the resin. A lot of tech-
niques have been used for strengthening (PMMA)
such as the use of different forms of metal to be
embedded in the acrylic polymer powder . Fibers,
minerals, metal oxides, ceramics, nano materials
and composite materials have been used success-
fully in different shapes and sizes to improve the
properties of acrylic ©.

Nanotechnology has been used successfully in
improving the mechanical, physical and biological
properties of the prosthetic dental materials espe-
cially in removable prosthesis and orthodontic ap-
pliances ©. Nano clusters, nanotubes, Nano fibers,
and nanoparticles were used in different sizes and
concentrations for improving the mechanical prop-
erties of acrylic resin denture base materials?. It was
found that the effect of nanoparticles on the prop-
erties of acrylic resin depends on multiple factors
such as polymer- particle interface, concentration,
manufacturing technique, and particle dispersion in
the acrylic resin matrix®. Nano fillers of aluminum
dioxide, silver, zinc oxide, zirconia and titanium di-
oxide have been used to improve mechanical prop-
erties of acrylic denture base ©.

Some polymers like Chitosan were used to
improve the mechanical, chemical and biological
properties of acrylic denture base materials %,
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Chitosan is polymer of glucosamine and N-ace-
tyl glucosamine, which has numerous favourable
properties such as biocompatibility, hydrophilic-
ity, biodegradability, bioactivity, and a broad an-
tibacterial spectrum (covering gram-negative and
gram-positive bacteria as well as fungi). multiple
biological properties such as; biodegradable, bio-
compatible, and bioactive V. Chitosan also has
a high resistance to heat due to its intermolecular
hydrogen bonds ‘Y. This property of heat resisting
is important for denture base materials because, in
the oral cavity, the denture prostheses are usually
subjected to thermal variations due to the ingestion
of hot and cold liquids, such thermal cycling in a
wet environment may affect adversely the mechani-
cal properties of the denture polymers ?. The heat
stress may increase water sorption because of in-
creasing the distance between the polymer chains,
so absorbed water can act as a plasticizer and soften
the denture decreasing strength and hardness, thus
reducing the mechanical properties of the materi-
al"¥. Chitosan nanoparticles can be added to acrylic
resins to improve their antibacterial properties, but
it is important to ensure that the incorporation of
these nanoparticles into acrylic resins does not af-
fect their mechanical properties adversely. !>

Therefore, the present study was carried out to
investigate the effect of adding chitosan nanoparticles
on the flexural strength and hardness of heat-cured
acrylic resin before and after thermocycling.

MATERIAL AND METHODS

An in vitro study was conducted to evaluate the
effect of adding chitosan nanoparticles (CSNPs) with
concentration (0.3% and 0.5) by weight to the acrylic
resin polymer powder on the flexural strength, and
hardness of heat-polymerized acrylic resin.

Preparation of PMMA + CSNPs

The dried powder of CSNPs was mixed with
polymethyl methacrylate (PMMA) powder at two
ratios 0.3 and 0.5w/w, typically for 0.5%, 0.5 gm. of
CSNPs mixed with 99.5 gm. of PMMA by meaning
of ball milling for 2h to get homogenous mixing.
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As well, for 0.3% 0.3gm CSNPs was mixed with
99.7 gm. PMMA following the same procedure.

TABLE (1) Materials used in the current study.

Material Specification Manufacturer
Idobase PMMA heat cured Paseo de La Estacion
acrylic resin (Madrid, Spain)
Chitosan Chitosan nano Nano-gate
particles Company, Egypt
Sample grouping:

TABLE (2) Specimens were prepared according to
the specific dimension for each test (flex-
ural strength and micro hardness) and dis-
tributed according to the following table.

Control T1 T2
No
Flexural  thermocycling 10 10 10 10 10
strength
thermocycling 10 10 10 10 10 10
No
Micro-  thermocycling 10 10 10 10 10
hardness

thermocycling 10 10 10 10 10 10

The sample dimensions were selected according
to specific dimension of each test, (65x10x2.5mm)
for flexural strength, the specimens were fabricated
according to ADA specification no. 12 (measuring
65 x 10 x 2.5 mm) 19,

Wax pattern with these dimensions was used
to form the mold. The samples were processed
according to manufacture instructions (3:1 by
volume or 2.5:1 by weight) until reaching the dough
stage. Conventional packing method for 1.5 hours
at 74°C, then boiling for 1h. After polymerization,
the flasks were bench cooled at room temperature
for 30 minutes and then placed for 15 minutes
under running water before opening. The samples
were dried then finished and polished till obtaining
smooth surface using the sand paper and polishing
chalk. The specimens were inspected for any
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irregularity as defective specimens were discarded.
For micro hardness specimens, the same technique
was followed to fabricate the specimens of hardness
with the same dimensions (65 x10x2.5mm).

Thermocycling

Thermal cycles were performed using a ther-
mocycling machine (SD mechatronic thermocycler
D-83620 Feldkirchen-Westerham GERMANY) and
consisted of 5000 cycles at 5°C and 55°C with a
30-second dwell time.

Flexural strength

Specimens were tested by 3-point bending test
on Instron universal testing machine (Model 3366,
UK) the specimens were loaded -till fracture at a
crosshead speed of 5 mm/min.

Micro hardness

Surface micro-hardness of the specimens was
determined using digital display Vickers micro
hardness tester (Wilson Tukon 1102, Buhler, Ger-
many) with a Vickers diamond indenter and a 10X
objective lens. A 200g was applied to the surface
of the specimens. Three indentations were equally
done, and not closer than 0.5 mm to the adjacent in-
dentations, were made on the surface of each speci-
men. The diagonals lengths of the indentations were
measured by built in scaled microscope and Vickers
micro hardness values were recorded.

Statistical analysis

Data presented as mean and standard devia-
tion (SD). Data explored for normality using Kol-
mogorov-Smirnov and Shapiro-Wilk tests. One-
way ANOVA used to compare between tested
groups followed by Tukey’s HSD test for pair wise
comparison. Independent t-test used to compare be-
tween thermocycling (TC) in each group.

The significance level was set at P < 0.05.

Statistical analysis was performed with IBM
SPSS Statistics for Windows, Version 26.0. Armonk,
NY: IBM Corp.
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Fig. (2) Specimen in Universal testing machine for measuring

flexural strength hardness.

RESULTS

Fig. (3) Specimen in hardness tester for measuring micro

TABLE (3) The mean values, standard deviations change percent and P values of flexural strength of heat

cured acrylic resin and heat cured acrylic resin with chitosan nano particles with and without

thermocycling.
Control Chitosan (0.3%) Chitosan (0.5%)
Mean p-value
SD Mean SD Mean SD
Flexural No thermocycling 118.7° 159 148.7¢ 289 105.9° 263 0.045*
Strength thermocycling 106.6 23.8 126.1 10.2 105.7 6.8 0.102 NS
p-value 0.357 NS 0.138 NS 0.984 NS
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- Statistical analysis results revealed that Flexural
strength was significantly increased for ratio of
0.3% chitosan nanoparticles before thermo-cy-
cling and non-significant increase after thermo-
cycling in comparison to control.
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- Significant decreased for 0.5% chitosan
nanoparticles before thermocycling and non-
significant decrease after thermo-cycling in

comparison to control.

TABLE (4) The mean values, standard deviations change percent and P values of micro hardness of heat

cured acrylic resin and heat cured acrylic resin reinforced with chitosan nano particles with and

without thermocycling

Control Chitosan (0. 3%) Chitosan (0.5%)
Mean p-value
SD Mean SD Mean SD
No thermocycling 36.6 3.1 36.1 2.5 347 4.0 0.641 NS
Micro- hardness
Thermocycling 34.9 1.5 34.5 2.3 325 2.6 0.354 NS
p-value 0.042* 0.330 NS 0.351 NS

- Statistical analysis results revealed that mi-
crohardness strength was non-significantly in-
creased for the ratio of 0.3% chitosan nanopar-
ticles either before or after thermo-cycling in
comparison to control group.

- However, non-Significant decrease for 0.5%
chitosan nanoparticles either before or after
thermocycling in comparison to control group.

DISCUSSION

Although acrylic resin is the most common
used denture base material, but still has some
disadvantages such as low mechanical properties,
water sorption and liability to bacterial infection”.
Several authors have been indicated that the
acrylic resin properties can be improved by adding
different materials such as carbon graphite fibers,
polyethylene polymer, glass fiber, silver particles
and nano particles of different concentrations ®.

Chitosan is a polycationic polymer that has ac-
tive “amino” and “hydroxyl” functional groups, also
has a high resistance to heat due to hydrogen bonds
so it can use safely with the thermoplastic resin 9.

In this study the authors directed to assess the
effect of adding chitosan nano particles in two
different concentrations (0.3% and 0.5%) on the
flexural strength and micro-hardness, of acrylic
resin denture base material

The results of this study showed that the incor-
poration of chitosan nano particles at concentrations
of 0.3% into acrylic resin increases significantly its
flexural strength, without thermocycling and non-
significantly with thermocycling

The increased in strength can be due to the dis-
persion of chitosan in the resin matrix, so interac-
tion between chitosan and denture base resin leads
to strong bonding between chitosan and carbonyl
groups of heat polymerized denture base resin. The
physical or mechanical bond that can occur due to
size difference between the chitosan and denture
base resin could have improved the strength %,

The results of this study also showed that the
incorporation of chitosan nano particles at con-
centrations of 0.5% into acrylic resin decreases
significantly its flexural strength, without thermo-
cycling and non-significantly with thermocycling.
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This may be due to incomplete wetting of the chito-
san Nanofillers due to increase percentage (0.5%) by
insufficient amount of liquid monomer, which may
prevent the chitosan-polymer from forming cova-
lent bonds with the linear chains of resin as dis-
persed phase within the matrix that might interrupt
the polymer network matrix -2,

Hardness is an important indicator for expecting
the wear acrylic resins denture base materials. A low
surface hardness increases the surface roughness
and causes an increase in the plaque accumulation,
pigmentation, and eventually weakness of the
denture, affecting its durability aesthetics *.

The results of this study also showed that
the incorporation of chitosan nano particles at
concentrations of 0.3% and 0.5 into acrylic resin
decreases non-significantly its micro-hardness
with and without thermocycling as chitosan may
have adverse effects on the degree of conversion
in polymerization and lead to an increase in the
amount of residual monomer that acts as plasticizers,
decreasing the microhardness *¥.

CONCLUSIONS

The addition of CSNPs to PMMA in 0.3% w/w
enhanced the flexural strength and did not affect the
microhardness. Whereas the addition of CSNPs to
PMMA in 0.5% w/w did not affect the mechanical
properties negatively: either flexural strength or
hardness.
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