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Abstract

The 3D printed resins have been evolving in the field of dentistry. This also has some disadvantages like decreased strength
when compared to conventional denture base resins. This 3D printed denture base resins, were reinforced with Porospheres and
Zinc oxide nano particles to improve the compressive strength. Total of 15 samples were fabricated. These samples were designed
in the software with the measurements of inner diameter of 20 mm and height of 40 mm for compressive strength according to the
ISO standard. These sample were categorized into Group A - 3D printing denture resins; Group B- 3D printing denture resins
reinforced with Porosphere; Group C- 3D printing denture resins reinforced with zinc oxide nanoparticles. These Glass spheres and
Zinc oxide nanoparticles were added to the 3D printed denture base resins in the resin tank and printing was done after which
samples were retrieved these obtained samples were tested using universal testing machine. The data obtained were statistically
analyzed. 3D printing denture base resins reinforced with Porospheres and Zinc oxide showed improved compressive strength.
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1. Introduction

Over past several decades PMMA was the only
reliable material for fabrication of dentures in completely and
partially edentulous patients which were fabricated using
universally accepted compression molding and injection
molding technique but these had some disadvantages on the
technical part has well as patient with several appointment.
These conventionally fabricated dentures were also heavy in-
case of patients who require maxillofacial prosthesis, increase
bacterial colonization, increased polymerization shrinkage
were noticed. So many experiments were carried out to
overcome the disadvantages.

Digitalized dentistry has become a very popular in
past few decades. CAD-CAM was first introduced in the year
1990 and the person to introduce it was Goodacre. This
technology was developed in-order to overcome
disadvantages of conventional techniques. This rapid
prototyping using additive manufacturing is used develop
gross part of the model. In digital manufacturing there are two
techniques which are additive and subtractive. The
subtractive technique was first introduced, since it had some
disadvantages additive process were it fabricates an object
layer by layer although it is latest technology it is used in wide
range in medical, engineering and dentistry. This additive
technique is the CAM step which is defined has
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“The process of joining materials to make objects from 3D
model data, usually layer upon layer, as opposed to
subtractive manufacturing methodologies.” The person who
introduced the additive manufacturing is C. Hull I, Through
this technique various material such as polymers, metals and
ceramics can be used without limitations when compared to
subtractive technique. There are various methods for printing
of which stereolithography with help of UV light is used.

Porospheres are glass spheres micro-glass soda
silica spheres which has outer surface stiff glass and inner
inert glass which also has low density and it acts as inorganic
filler. This porospheres will have some advantages like
decreased warpage and less shrinkage. It also decreases the
flow of the materials, it is chemically resistant particles, high
heat. These porospheres (glass sphere) are available in
different sizes and density. These light weight glass spheres
are non-porous, noncombustible, chemically stable. It is also
resistant to water.

Zinc oxide nanoparticles ZnO-Np’s are inorganic material it
is semiconductor. The main property of ZnO-Np’s is
antimicrobial and antifungal properties®. It also has potential
of UV absorption which can be used has protector in
cosmetology and increase the response for antimicrobial
property. So in this study the porosphere (glass spheres)
nanoparticles and zinc oxide nanoparticles were incorporated
into the 3D printing resins to improve the mechanical

property.
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2. Materials and methods

According to 1SO standards the designing of models

with the measurements of inner diameter 20 mm and height
of 40 mm for compressive strength. Tinker cad is used to
design these models. These models were then exported in
STL file. After which STL file is opened in Chitu Box to
process and slice the design for printing. During this slicing
process each layer will be converted to PNG image. Finally
all PNG image file were compressed into a single file. This
single file is loaded onto pendrive which is inserted into
printer for printing (Fig 1). Then to the 3 d printing denture
resins 5% zinc oxide and 5% porospheres nanoparticles were
added and mixed using magnetic stirrer 5000rpm for half an
hour as recommended by the manufacturer. After mixing the
material it is poured into resin tank which is followed by
printing, the samples were then retrieved, agitated in alcohol
to remove the uncured extra resin. These samples are 80%
cured, they were then placed into UV chamber for maximum
curing with wavelength 390 nm for 12 mins (Fig 2).
After which these samples were tested for compressive
strength of each specimens (fig: 1) are tested using
Universal Testing Machine (shimadzu) at a cross-head speed
of (1 £ 0.3) mm/min. Compressive load is applied until the
sample fractures( fig 3).

3. Results and Discussions

Table 1 shows the mean and standard deviation
values for compressive strength for reinforced and non-
reinforced 3D printing denture resins. The mean compressive
strength was 75.11+5.37, 90.61+3.19, 106.76+ 9.97. among
which Group C shows the high compressive strength. Using
one way ANOVA the compressive strength of Groups A, B,
C mean values were calculated. The sum of squares obtained
between groups is 2504.02 and within the Groups were
554.04. the F value was calculated as 27.17 which was
calculated from the mean values. The significant values of P
was < 0.001, hence there was significant difference in
compressive strength between group A, B and C. Tables 2
describes post hoc test or multiple comparison test where
Group C and B showed a statistically significant value when
compared to Group A. This graph shows the mean and
standard deviation of all the three groups in the study by
plotting the groups on X axis and values measured on Y axis.
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The mean compressive strength of Group C exhibited higher
range of 106.76 followed by Group B 90.61 respectively.
This graph shows the mean and standard deviation of all the
three groups in the study by plotting the groups on X axis and
values measured on Y axis. The mean compressive strength
of Group C exhibited a higher range of 106.76 followed by
Group B 90.61 respectively. The concoction of this study was
to find out the effect of zinc oxide and porosphere NP’s into
the 3D printing resin and to find the improved mechanical
properties. The results obtained were significant so thereby
null hypothesis was rejected. Usually metal oxide
nanoparticles with decreased filler size, increase in
condensation of the particles has proved to improve the
mechanical properties of conventional PMMA resin. Since
these nanoparticles were used in 3D printing resins to find out
the improvement. Studies have proven that ZnO’NP’s have
Photocatalytic activity which enhances the conductivity of
the material in-turn increases the interaction between ZnO
and bacteria with good antibacterial activity. Similarly in the
present study these ZnO and Porosphere NP’S were
incorporated to 3D printed resins to improve its mechanical
properties [1]. Various studies have been conducted by
incorporating nanoparticles such as silver, copper, titanium,
nickel, zirconia etc into conventional denture base resins and
have found that improved mechanical properties. Similarly a
study was done by incorporating porospheres onto polymer
composites, these glass spheres where surface modified using
silane treatment and ferkote treatment which in order
improved the fracture toughness and elastic modulus [22,13].
So these porospheres were incorporated in our study. In our
present study we have added 5 wg% of ZnO and porospheres
to the 3D printed resin similar to the study done by
incorporating ZrO; into 3D printed resin were it showed a
improved flexural strength, impact strength and hardness [5].
In this study also there was an improved compressive
strength. Many studies were conducted using ZnO NP’S since
they have a very good antimicrobial property, antifungal
property and mechanical property. In previous studies when
the ZnO NP’S added to the heat cure acrylic resin it has
improved the flexural properties. A study done by
incorporating the silver nanoparticles to the 3D printing
denture base resin it did not affect the biocompatibility has
well as it showed a good antimicrobial and anti-fungal
properties along with improved mechanical properties [8].
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Figure 1: 3D Printer

Figure 2: Finished and polished reinforced 3D printing resin
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Figure 3: A compressive strength test of reinforced sample

Tables 1: Mean and Standard Deviations of Compressive Strength of Group A, B and C and One Way ANOVA of Mean
Compressive Strength within the Groups A, B, C

Sum of Squares Df Mean Square F Sig.
Between Groups 2504.025 2 1252.013 27.117 .000
Within Groups 554.046 12 46.171
Total 3058.072 14

Table 2. Intergroup Comparison of Compressive Strength of Group A, B ,C Using Tukey’s Post Hoc Test

() GROUP (J) GROUP Mean Difference (I-J) Std. Error Sig.
GROUP A GROUP B -15.49800" 4.29747 .009
GROUP C -31.64600" 4.29747 .000
GROUP B GROUP A 15.49800" 4.29747 .009
GROUP C -16.14800" 4.29747 .007
GROUP C GROUP A 31.64600" 4.29747 .000
GROUP B 16.14800" 4.29747 .007
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Graph 1. Graphical Representation of Compressive Strength of Group A, B, C

4. Conclusions

Basically 3D printed resins had a decreased mechanical

ANOVA — Analysis Of Variance.

property when compared to conventional heat polymerized
PMMA but on addition of porospheres and zinc oxide

particles has shown improved compressive strength of the

material.

LIST OF ABBREVIATIONS:

PS — Porospheres

ZnO’ NP- Zinc oxide Nanoparticles.
PMMA.- Polymethyl methacrylate.

ISO — International Organization of Standardization.

SPSS - Statistical Package Of Social Sciences.
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