Record 1110-2624 | the ISSN Portal

portal.issn.org

JD S Al-Azhar Journal of Dental Science

LAZHAR Vol.23- No. 3- 247:253- July 2020

EVALUATION OF SOME PHYSICAL AND MECHANICAL PROPERTIES
OF CHITOSAN MODIFIED THERMOPLASTIC DENTURE BASE RESIN

Mahmoud Abdellah *, Mohamed Shokry Ali **, Ramy Abdallah Abdelrahim **

ABSTRACT

Objective: This study was aimed to evaluate the effect of incorporation of chitosan nanoparticles (Cs/NPs) on flexural
strength, impact strength, fracture toughness as well as, water sorption and solubility of thermoplastic resin material. Materials
and Methods: Cs/NPs (Nano-gate Company, Egypt) was incorporated into thermoplastic resin (Bre-flex, Bredenttm, Germany)
with different concentration (1.5 wt., 5wt., and 7 wt.%). This study was divided into four main groups; unmodified “control group”
and four modified groups according to the concentration of the incorporated Cs/NPs. Results: The results of this study revealed
that; the incorporation of Cs/NPs decrease the flexural strength, impact strength, and fracture toughness of thermoplastic resin.
While, the water sorption and solubility of modified thermoplastic resin were increased. Conclusion: The incorporation of Cs/NPs
into thermoplastic resin at different concentrations could adversely affects its flexural strength, impact strength, fracture toughness

as well as its water sorption and solubility.
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INTRODUCTION

The development of acrylic resins represented a
great step forward in dental practice (V. Usage of
thermoplastic resin in dentistry has a significant and
continuous grown especially in the last years due to
their superior characteristics ¥, The manufacturing
technology of thermoplastic resin is an only
physical reaction. It based on thermal plasticizing
of the material with the possibility of injected the
plasticized resin into a mold using only thermal
processing. This injection-molded technology
opens a new way to construct removable dentures

prosthesis G4

Thermoplastic resins have numerous advantages
over the conventional thermoset resin systems such
as; lightweight, monomer free, metal-free, strong
“almost unbreakable”, durable as well as they did
not warp or become brittle ¢%. Also, they can be

fabricated in a thinner section than conventional
thermoplastic acrylic dentures, affording more con-
venience and comfort for the patient ©.

Thermoplastic resins generally composed of
long linear chains which are responsible for their
flexibility in use. However, the hydrophilic nature of
this thermoplastic resin will lead to their hydrolysis
and eventually damage the polymer chains during
long-term usage. Furthermore, the polymer chain
breakdown can negatively affect the physical
properties of the thermoplastic resin 7. While, the
acrylic resin composed of long, branched, or cross-
linked polymer chains, so, the breaking of polymer
chains gives less effect on its physical properties 7.

The thin thermoplastic resin requires
sufficient mechanical strength to withstand the
stresses generated during the function %, In recent
years, shown

nanotechnology has significant
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attractiveness for the preparation of polymeric
with
physical and mechanical properties V. Therefore,

materials for prosthodontic improved
nanofillers have recently attracted the attention
of the nanocomposite industry to overcome the
drawbacks of the plastic industry (>!3. The effect
of nanoparticles on the physical and mechanical
properties of the polymer depends on various factors
including; particle size, polymer-particle interface,
method of fabrication, and particle distribution in

the polymer matrix (39,

Chitosan (Cs) is a compound polymer of
glucosamine and N-acetyl glucosamine that obtained
via partial deacetylation of acetyl glucosamine
through alkaline deacetylation of chitin. Chitosan
has several important biological properties such as;
biodegradable, biocompatible, and bioactive. Also,
it is a polycationic polymer which is a significant
chemical property due to the presence of active
amino and hydroxyl functional groups 1519,
Moreover, Chitosan also has a high resistance to
heat due to its intramolecular hydrogen bonds !519,

Therefore, the present study was carried out
to demonstrate the influence of incorporation of
chitosan nanoparticles (Cs/NPs) on some physical
and mechanical properties of thermoplastic acrylic
resin. The hypothesis was that the incorporation
of Cs would improve the physical and mechanical
properties of the thermoplastic resin.

MATERIALS AND METHODS

One type of acrylic resin; thermoplastic acrylic
resins (iFlex, thermoplastic comfort systems, Inc.,
USA), and chitosan nanoparticles with different
concentrations (1.5, 5, and 7 wt.%) were used in
this study.

Sample Grouping:

Group I: unmodified thermoplastic resin (control
group).

Group II: Thermoplastic resin modified with
1.5% Cs/NPs.
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Group III: Thermoplastic resin modified with
5% Cs/NPs.

Group IV: Thermoplastic resin modified with
7% Cs/NPs.

Samples Preparation:

The stainless-Steel die was milled from a metal
blank according to the dimension of each test
specimen. Then, the stainless-steel invested in a
conventional dental flask to create a stone mold. For
unmodified thermoplastic resin samples (control);
thermoplastic resin samples were prepared after
painting of stone mold with separating medium;
via injected the thermoplastic resin using injection
machine

Egypt) @.

For thermoplastic resin modified with Cs/NPs;

(Thermogen, Egyptian Engineering,

The thermoplastic resin powder and Cs/NPs powder
were pre-weighed with electronic analytical balance
(Sartorius, Sartorius AG. Germany) to ensure a
filler concentration of 1.5%, 5%, and 7% by weight.
Then, the modified resin powder was sonicated
for 15 minutes in a sonicator (Elmasonic S 60H;
Germany) to obtain a more homogenous and equal
distribution of Cs-NPs powder. Then; the newly
formed thermoplastic/ Cs-NPs nanocomposites
were injected using an injection machine in the
previously prepared stone mold.

Flexural Strength:

The dimension of samples for this test was
65mm lengthx10mm widthx2.5mm thickness 9.
Each specimen was individually and horizontally
mounted in a custom-made loading fixture on a
computer-controlled material testing machine
(Model LRX-plus; Lloyd Instruments Ltd.,
Fareham, UK) with a load cell of 5 KN. Then, the
specimen was statically compression loaded until
fracture at a crosshead speed of 5 mm/minute.

The maximum load exerted on the samples was
recorded, and the flexural strength was calculated
according to the following equation ®°:
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FS=3WL/2bd*

Where; FS: flexural strength; W: load at fracture,
L: span length of specimen (mm); b: width of the
specimen (mm); and d: thicknesses of the specimen
(mm).

Impact Strength:

The dimension of samples for this test was 75Smm
lengthx10mm widthx10mm thickness ©". The
impact strength test was performed using a Charpy-
type impact tester (Coesfeld, Pendulum Impact
Tester, Dortmund, Germany). Impact strength (IS)
was calculated using the following formula @2

s =&,

Where; E: is the energy required to break the
specimen (J), w: is the width (mm), and t: is the
thickness of the specimen (mm).

Fracture Toughness:

The dimension of samples for this test was
65mm lengthx10mm widthx2.5mm thickness @
All samples were individually and horizontally
mounted in a custom-made loading fixture on a
computer-controlled material testing machine with a
load cell of 5 KN. Then, the samples were statically
compression loaded until fracture at a crosshead
speed of 5 mm/minute.

The maximum load exerted on the samples was
recorded, and the fracture toughness was calculated
according to the following equation @

K- =pc/bw'” x Fam)

Where; K. : is fracture toughness (MPa.m'?),
pc: is the maximum load (KN) before the crack
advance, b: is specimen thickness (cm), w: is the
width of the specimen (cm), a: is crack length (cm)
and £ is calculated from the following equation:
Fraw) =
(2+a/w)(0.886+(alw)-13.32 (a®w?) +(a*w?) -5 (6a*)w?)

(1-a/w)*?
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Water Sorption and Solubility:

The dimension of samples for this test was SOmm
diameter x0.5mm thickness®. The fully dried
samples were weighed to obtain dry mass (M1).

All disk samples were transferred to separate
glass vessel with 20 ml of deionized water and
stored in a 37°C incubator for 1week. The deionized
water was changed daily. After water storage, the
samples were removed from the water, blot dried
with an absorbent paper, waved in the air for 15
seconds, and weighed until the maximum wet mass
(M2) was obtained.

Then, each disk was placed in a desiccator
containing silica gel and weighed daily within 7 days
to a constant dry mass (M3) to allow determination
of the mass loss. The apparent water sorption and
solubility were calculated for each disk using the
following equations @

Water sorption =M2-M3/V
Solubility =M 1-M3/V

Where; M1: the mass of the specimen, in
microgram (ug), before immersion in water; M2:
the mass of the specimen, in pg, after immersion
in water; M3: the mass of the specimen, in pg, after
immersion and desiccation, V: the volume of the
specimen in cubic millimeters (mm?).

The volume of the specimen in (mm®) was
calculated using the following equation @

V=nr’xh

Where m; 3.14, r; the radius of the specimen in
(mm), and h; thickness of specimen in (mm).

Statistical Analysis

All resulted data were collected, tabulated, and
statistically analyzed using IBM® SPSS® statistics
Version 25. Numerical data were described as mean
and standard deviation. Data were compared using
the ANOVA test. The level of significance will be
set at P<0.05.
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RESULTS
Flexural Strength:

The results of this study revealed that; there were
statistically significant differences among the tested
unmodified and modified thermoplastic resin groups
regarding the flexural strength (p= 0.008). It was
found thatthe incorporation of chitosan nanoparticles
significantly decreases the flexural strength of the
thermoplastic resin at all concentrations. Also, it
was found that the flexural strength of thermoplastic
resin decreases proportionally with the increases in
the amount of incorporated chitosan nanofillers as
shown in (Table 1).

TABLE (1) Flexural strength results in (MPa)
among tested groups.

Variable Mean + SD p-value
Group | 48.291+1.91744
Group 11 42.3884+3.0785"
0.008*
Group IIT 40.17+£2.50298
Group IV 39.703+1.74418
Impact Strength:

The results of the impact strength test exhibited
a non-statistically significant difference (p=0.185)
between the modified and unmodified thermoplastic
resin groups tested in this study. While, the mean
values revealed that; the incorporation of chitosan
nanoparticles decrease the impact strength of the
thermoplastic resin and this decrease in values was
in proportional with the increase of the amount of
nanofillers as shown in (Table 2).

TABLE (2) Impact strength results in (J/mm?)
among tested groups.

Variable Mean + SD p-value
Group 1 5.0385+1.2093
Group II 4.4301+0.1740

0.185
Group IIT 4.047+0.2424
Group IV 3.7209+0.1400
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Fracture Toughness:

Theresults of the fracture toughness test exhibited
a statistically significant difference among the tested
groups (p=0.005). Unmodified thermoplastic resin
samples exhibited the higher mean value, while,
the mean values of modified thermoplastic resin
samples decrease with the increase of the amount
of incorporated chitosan nanoparticles as shown in
(Table 3).

TABLE (3) Fracture strength results in (MPa. m'?)
among tested groups.

Variable Mean + SD p-value
Group I 5.3389+1.29514
Group 11 4.3409+0.24788
0.005*
Group IIT 3.9999+0.2164¢
Group IV 3.6998+0.1332¢
Water Sorption:

The results of water sorption revealed a
statistically significant difference (p=0.00000).
Unmodified thermoplastic resin samples exhibited
less water sorption followed by the thermoplastic
resin samples modified by (1.5 wt., 7 wt., and 5
wt.%) of chitosan nanoparticles respectively as
shown in (Table 4). So, the incorporation of chitosan
nanoparticles adversely affects the water sorption of
thermoplastic resin.

TABLE (4) Water sorption (wt.%) among tested

groups.
Variable Mean + SD p-value
Group I 0.0267+0.0089°
Group II 0.0503+0.0261¢
0.00000*
Group 11 0.3214+0.0135*
Group IV 0.1413+0.01928
Water Solubility:

For the water solubility test, it was found that; the
thermoplastic resin samples modified with 1.5wt.%
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chitosan nanoparticles exhibited the lower mean
value of solubility, followed by the unmodified
thermoplastic resin samples. While the thermoplastic
resin modified with 5wt.% chitosan nanoparticles
exhibited the higher mean solubility value followed
by thermoplastic resin modified with 7wt.%
chitosan nanoparticles. The difference between the
effects of chitosan nanoparticles incorporation on
the water solubility of thermoplastic resin samples
(unmodified and modified) was not statistically
significant (P > 0.05) as shown in (Table 5).

TABLE (5) Water solubility (wt.%) among tested

groups.
Variable Mean + SD p-value
Group I 0.0156+0.0042
Group II 0.0134+0.0029
0.172
Group IIT 0.1370+0.1263
Group IV 0.0825+0.0603
DISCUSSION

Over the years, various materials have been used
for the construction of resin denture bases. However,
recently, new-generations of thermoplastic resins
are more commonly used in the fabrication of
denture bases as an alternative to the conventional
PMMA resin material 7. As, these materials have
many advantages namely; flexible or semi-flexible
structure, allergy-free, biocompatible with oral
tissues, low density as well as higher esthetic
properties .

Daily use of denture can affect the mechanical
and physical properties of the thermoplastic
denture. Also, there is no way of controlling the
stresses that transmitted in flexible dentures due to
their flexibility ®®. So, many attempts have been
made to improve the physical and mechanical
properties of the acrylic resins such as incorporation
reinforcing additives to the acrylic base resins by
nanoparticles!1214,
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The effects of the nanoparticles on the
physicomechanical properties of nanocomposite are
dependent on many variables but especially upon
the particle’s distribution in the polymer matrix,
and relative crystalline or amorphous nature of the
polymer matrix as well as the interaction between the
filler at the matrix polymer/particle interface!!>!®.

Chitosan is a polycationic polymer that has active
“amino” and “hydroxyl” functional groups (11519,
Moreover, Chitosan also has a high resistance to
heat due to its intramolecular hydrogen bonds 519,
so it can use safely with the thermoplastic resin.
Also, the percentage range of nanoparticles of (1.5,
5, and 7wt.% by weight) was selected in the present
study because percentages above 7wt.% was leads
to massive color changes in the acrylic resin as
mention in a previous study ©%.

There are several mechanical properties could
be used to measure the strength of denture base
materials. Flexural strength tests one of the most
important tests that can exhibit the ability of resin
materials to resist the functional masticatory forces,
especially when used as denture bases ¢?. Also, the
impact strength test was commonly used to evaluate
the denture base materials or to determine the
effects of incorporated particles V. While fracture
toughness is a fundamental property of the material
to predict the resistance of the material to fracture
when a crack is present ¢,

The effect of any additive on the physicom-
echanical properties of any resin materials should
be evaluated to avoid all deleterious effects which
may adversely affect their strength and reduce it to
below standard level ¢,

The results of this study showed that the
incorporation of Cs-NPs at all concentrations into
thermoplastic acrylic resin decreases its flexural
strength, impact strength, as well as its fracture
toughness. These may be due to incomplete wetting
of the chitosan nanofiller by the matrix, as a result
of the absence of liquid monomer ©¥. Moreover,
the absence of monomers in the thermoplastic resin
deprive the chitosan polymer of forming a covalent
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linkage with the linear chains of thermoplastic resin
and only act as impurities %39,

Additionally, the improper wetting of chitosan
nanoparticles could lead to more filler-to-filler
interactions than filler-to-matrix interactions and
finally agglomeration of these nanoparticles ©°.
Furthermore, this agglomeration may act as a point
of stress concentration that could lead to non-
uniform stress distribution ©> 3% When applying
the load, the agglomeration restrains the movement
of molecular deformation and reduces the fracture
toughness ¢,

Phenomena of water uptake and loss is a prop-
erty of the resin that could significantly affect the
dimensional stability of the polymeric denture bases
@7, The results of the present study revealed that the
incorporation of chitosan nanoparticles into ther-
moplastic acrylic resin led to increasing water sorp-
tion and solubility of this resin respectively with
the increase of amounts of incorporated nanopar-
ticles. This can explain as the incorporation of these
nanoparticles between the linear polymer chain of
thermoplastic acrylic resin separate the polymer
chains further apart from each other and increase
spaces between the polymer chains 3.

Furthermore, they can increase their porosity
which leads to an increase in water sorption of
thermoplastic resin. Other causes of porosities
include air inclusion during the injection procedure
G738 Also, the increased solubility of thermoplastic
resin may be due to their lower cross-linkage as its
chemical structure mainly linear resin ©%.

CONCLUSIONS

The incorporation of chitosan nanoparticles into
thermoplastic resin could adversely affect its flexural
strength, impact strength, as well as fracture tough-
ness. Also, the incorporation of these nanoparticles
increases its water sorption and solubility. Moreover,
the results of the present study revealed that; this del-
eterious effect of the incorporated chitosan nanopar-
ticles increased with the increase of filler concentra-
tion. Thus the hypothesis was totally rejected.
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