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Abstract Poly methyl methacrylate (PMMA) resin is the
most widely used material for fabrication of dentures since
1937 as it exhibits adequate physical, mechanical and
esthetic properties. But one of the major problems faced
using this material is that, it is highly prone to plaque
accumulation due to surface porosities and its food retentive properties. This in turn increases the bacterial activity
causing denture stomatitis. In efforts to impart antimicrobial property to these resins, various nanoparticles (NP)
have been incorporated viz. Silver, Zirconia oxide, Titanium dioxide (TiO2), Silica dioxide (SiO2) etc. However,
as additives they can affect the mechanical properties of
the final product. Therefore, the aim of the present study
was to evaluate and compare the effect of different concentration of TiO2 NP on the flexural strength of PMMA
resins. Specimens made from heat polymerizing resin
(DPI) without NP were used as a control group (Group A).
The two experimental groups, (Group B and Group C) had
0.5 and 1 % concentration of TiO2 NP respectively. The
specimens were stored in 37 °C distilled water for
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50 ± 2 h. A three-point bending test for flexural strength
measurement was conducted following ADA specification
no. 12. The maximum mean flexural strength (90.65 MPa)
belonged to the control group; and acrylic resin with 1 %
TiO2 NP demonstrated the minimum mean flexural
strength (76.38 MPa). But, the values of all the three
groups exceeded the ADA Specification level of 65 MPa.
Conclusion may be drawn from the present study that
addition of TiO2 NP into acrylic resin can adversely affect
the flexural strength of the final product and is directly
proportional to the concentration of NP.
Keywords Titanium dioxide nanoparticles  PMMA
resins  Flexural strength  Anatase phase

Introduction
Synthetic acrylic resins have a long clinically proven history of use for dentures since they exhibit adequate physical, mechanical, and esthetic properties. However, they are
susceptible to microbial adhesion, leading to denture stomatitis, which is the most common infectious disease
affecting the palatal mucosa, and is highly prevalent in
denture wearers [1]. Generally, denture cleansing and oral
hygiene care are essential for the prevention of this lesion;
however, for some geriatric or hospitalized patients, denture cleansing might be compromised owing to cognitive
impairment, reduced motor dexterity and memory loss [2].
Treatment of denture stomatitis should start with educating
patients on meticulous daily washing of their dentures. It
has been reported that mechanical cleaning methods are
insufficient for a complete reduction of microorganisms on
denture bases [3]. Therefore, recently there has been tendency towards incorporation of anti microbial agents into
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the denture resin itself and other similar intraoral drug
delivery systems [1]. Various nanoparticles (NP) have been
added to different dental materials viz. TiO2, SiO2, ZnO,
CeO2, Ag, CuO etc. in order to induce antimicrobial
property [4]. Amongst these, TiO2 has received recent
attention because of its prominent catalytic effect, white
color, low toxicity, high stability, efficiency, availability
and low cost [5, 6]. Antimicrobial activities of TiO2 against
Candida albicans, Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Lactobacillus acidophilus,
etc. have been proved by recent studies [7]. Of the two
widely used phases viz. anatase and rutile, anatase phase
TiO2 exhibits more photocatalytic activity. The reason for
this could be the difference in the position of the conduction band between the two groups.
On the other hand, (NP) as an additive can alter the
physical properties of the substrate. Therefore, before
incorporating any additive, it is recommended to evaluate
its effect on the mechanical properties of acrylic resin to
avoid any deleterious effect. Hence, aim of this study was
to evaluate and compare the effect of different concentration of anatase TiO2 (NP) on the flexural strength of poly
methyl methacrylate (PMMA) resins.
It was hypothesized that adding TiO2 (NP) to heat cure
acrylic resin with the purpose of imparting anti microbial
properties, can affect the flexural strength of the final
product.

Materials and Methods
A total of 45 acrylic specimens of dimensions
65 9 10 9 3.3 mm were prepared, according to ADA
specification no. 12, [8] for testing flexural strength. To
prepare this, a stainless steel metal die (Fig. 1) of the same
dimension was fabricated. Petrolatum jelly (Vaseline,
Hindustan Lever, Mumbai, India) was applied to the die
and the die was invested in a dental flask using type III
dental stone (Kaldstone, Kalabhai Pvt Ltd. Mumbai, India).
Grooves were made on either sides of the die for easy
removal. After the stone was set, the die was retrieved and
a negative mold obtained (Fig. 2). Acrylic monomer
(Dental products of India, Mumbai, India) containing
anatase phase TiO2 (NP) in two concentrations of 0.5 and
1 % was prepared. To achieve the above concentrations,
0.02 and 0.04 gm of TiO2 NP/ml of monomer were added.
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Fig. 2 Prepared mold space

7 nm of amorphous anatase TiO2 NP (Sisco Research
laboratory, Mumbai, India) were used. The monomer
containing NP was sonicated (Confident dental equipments
Ltd., Bangalore) for 1 h for proper dispersion of NP. The
powder and liquid were mixed in a ratio of 3:1 (by volume), and the material was packed into the prepared mold.
Heat polymerization was carried out in a curing unit
(Apex-India) in conventional manner. A control group
consisting of acrylic resin without addition of NP was also
prepared. The specimens were trimmed, finished and polished by standardized procedures. A total of 45 samples
were prepared with 15 samples in each group. Group A, B
and C consisted of acrylic resin with 0, 0.5 and 1 % TiO2
NP respectively (Fig. 3). The specimens were visually
inspected to make sure they were free of voids. Prior to
flexural strength testing, the specimens were stored in
37 °C distilled water for 50 ± 2 h to simulate oral

10 mm
3.3mm
65mm

Fig. 1 Schematic diagram of a metal die

Fig. 3 Acrylic samples for flexural strength testing
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Fig. 4 Acrylic sample mounted on universal testing

environment. The acrylic specimens were inserted in universal testing machine (Star Testing Machine, 248, India)
for three-point bending test. The distance between the
support arms was kept constant at 50 mm. The initial
applied force was zero followed by gradual increase with
the rate of 5 mm/min until the specimen fractured (Figs. 4,
5). The flexural load was measured at the point of fracture
of the specimen in newtons. The ultimate flexural strength
was measured using the following formula:
Flexural strength ðMPaÞ ¼

3FI
2  b  h2

F = Maximum applied force in Newton, I = distance
between the support arms, b = width of the specimen prior
to water storage, h = height of the specimen prior to water
storage.
I, b, and h values were 50, 10 and 3.3 mm respectively.
Statistical analysis was carried out using SPSS 20 software package (IBM Company). The mean flexural strength
of each group was analyzed with one way analysis of
variance (ANOVA) followed by post hoc multiple comparison test (Bonferroni’s test). Statistical significance was
set at p \ 0.05.

Results
Flexural strength testing was done for three study groups;
each contained about 15 specimens with different concentration of NP. The mean flexural strength of each group
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Fig. 5 Acrylic sample under flexural load machine (three point
bending test)

in MPa is illustrated in Table 1. The results revealed that
the flexural strength values of all the three study groups
exceeded the minimal value of 65 MPa (ADA Specification no. 12). As evident from the table, the maximum mean
flexural strength (90.65 MPa) belonged to the control
group and the minimum mean flexural strength
(76.38 MPa) belonged to acrylic resin with 1 % NP. The
flexural strength decreased as the concentration of TiO2
(NP) increased. One way ANOVA revealed a statistical
significant difference (p \ 0.05) in flexural strength among
the three groups (Table 2). Post hoc test showed that, there
was a significant mean difference in flexural strength values between group A and group B and between group A
and group C (Table 3).

Discussion
Heat cure PMMA resin has been the material of choice for
fabrication of dentures for its properties of availability,
dimensional stability, handling characteristics, color, and
compatibility with oral tissues [9]. But one of the major
problems faced by clinician and patient in using acrylic
resin is its potential for microbial adhesion. Micro-organisms show more adherence to acrylic resin than natural
tooth surface. Various physical and chemical methods have
been used for denture cleaning [10]. Mechanical methods
have been proved to be ineffective in eradicating microorganisms completely; also toothpastes which are most
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Table 1 Mean values and SD
of the three study groups
Bold values indicate mean
values of flexural strength to
highlight for comparison
between the three groups

N

Range

Minimum

Maximum

Group A

15

39.26

70.23

Group B

15

41.49

57.05

Group C

15

33.49

60.56

Valid N (listwise)

15

Table 2 One way ANOVA
Data

Sum of squares

df

Mean square

F

Sig.

Between groups
Within groups

1,718.776
5,783.480

2
42

859.388
137.702

6.241

.004

Total

7,502.257
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popular as mechanical denture cleanser are highly abrasive
leading to formation of microporosities on the denture
surface. These microporosities in turn may harbour more
microorganisms [11, 12]. The commercially available
peroxide solution most widely used for chemical denture
cleaning is insufficient because it can only kill bacteria
with a 3-log reduction [13]. Therefore recently, efforts
have been made in incorporating certain antimicrobial
agents into the denture resin itself [1]. Of the various
antimicrobial agents added, NP have gained tremendous
attention owing to their efficacy and availability.
NP are generally of a size no. \100 nm, and the
exploitation of their unique attributes to combat infection
has increased markedly over the past decade [4]. The
structure of material that has particles of a nanometer size
possesses special properties. The reason could be in their
high surface area to volume ratio. This results in appearance of new mechanical, chemical, electrical, optical,
magnetic, electro-optical, and magneto-optical properties
of the NPs that are different from their bulk properties [14,
15]. The potential of (NP) to control the formation of
biofilms within the oral cavity, as a function of their biocidal, anti-adhesive, and delivery capabilities, is now
coming under close scrutiny. Possible uses as constituents
of prosthetic device coatings, as topically applied agents,
and within dental materials are being explored [4]. In
Table 3 Bonferroni multiple
comparison test
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(I) groups

(J) groups

Sum

Mean

109.49

1,359.86

90.6573

9.67269

98.54

1,187.15

79.1433

14.06463

94.05

1,145.83

76.3887

11.03318

particular, the use of nanoparticulate silver, copper, zinc,
silicon, titanium and their oxides are considered in relation
to their effects on bacterial populations. Amongst them,
titanium dioxide has gained importance recently because of
its higher photocatalytic activity, high stability, low cost
and safety toward both humans and the environment.
TiO2 exists in three phases in nature: anatase, rutile and
brookite [16]. Although rutile type can absorb light of a
wider frequency range, the anatase type exhibits higher
photocatalytic activity. The reason for this could be the
difference in the energy structure between the two types.
Due to the difference in the position of the conduction
band, the anatase type exhibits higher overall photocatalytic activity than the rutile type [17]. Hence, in the present
study anatase phase TiO2 was used. Also, anatase TiO2
photocatalyst does not require light of shorter wavelength
viz. ultraviolet rays which could be hazardous to humans. It
allows reaction to be accelerated with light of relatively
long wavelengths contained in sunlight.
The concentration of NP added is an important factor in
determining its effect on the mechanical properties of the
substrate. For instance, in a study conducted by Elsaka
et al. [18] on the influence on physical properties of TiO2
NP added to conventional glass ionomer cement (GIC),
TiO2 were incorporated in 3, 5 and 7 % concentration [18].
GIC-containing 3 and 5 % TiO2 NP improved the
mechanical properties. However, a decrease in mechanical
properties was found as the concentration increased to 7 %.
In another study conducted by Sodagar et al. [7] on the
effect of TiO2 and SiO2 NP on cold cure resin, the strength
decreased as the concentration of NP increased. Also,
addition of nanosized oxides up to 2.5 % increased the tear
strength of silicone elastomer, above which the strength
decreased [19]. In a study conducted by Ahmad et al. [20]

Mean difference (I-J)

Std. error

Sig.

95 % confidence interval
Lower bound

Group A
Group B

The mean difference is
significant at the 0.05 level

Group C

Upper bound

Group B

11.51400

a

4.28489

.031

.8289

22.1991

Group C

14.26867a

4.28489

.005

3.5836

24.9537

Group A

-11.51400a

4.28489

.031

-22.1991

-.8289

4.28489

1.000

-7.9304

13.4397

Group C
a

Std. deviation

2.75467

Group A

-14.26867a

4.28489

.005

-24.9537

-3.5836

Group B

-2.75467

4.28489

1.000

-13.4397

7.9304
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on the antibacterial properties of TiO2, different concentrations of NP were studied ranging from 0 to 1 %. It was
concluded from the study that, as the concentration of NP
increased, the antibacterial property of the NP also
increased with maximum antimicrobial property at 1 %
concentration. But, effect of addition of TiO2 NP on the
flexural strength of heat cured PMMA resin is still a matter
of concern. Therefore, in the present study, two different
representative concentrations of 0.5 and 1 % TiO2 as
additive in PMMA resin were used. An inverse relationship
between NP size and antimicrobial activity has been
demonstrated; where NP in the size range of 1–10 nm has
been shown to have the greatest biocidal activity against
bacteria [4]. Therefore, in the present study 7 nm diameter
TiO2 was used.
The maximum mean flexural strength belonged to the
control group i.e. 90.65 MPa and the minimum mean
flexural strength belonged to group C (76.38 MPa). Based
on our obtained results, the addition of titanium dioxide NP
to heat cure acrylic resins at concentration of 0.5 and 1 %
had adverse effect on the flexural strength of final product.
A standard minimal limit has been established for flexural
strength of acrylic resins by ADA (specification no. 12) as
65 MPa [8]. Though, the flexural strength values of all the
three groups exceeded the minimum flexural strength value
of 65 MPa, the values decreased with increase in concentration of TiO2. These findings are in consistent with study
by Sodagar et al. [21] on the effect of silver NP on flexural
strength of acrylic resins. Also in a study conducted by
Shibata [3], addition of apatite-coated TiO2 to acrylic resin
affected the mechanical properties of the material
adversely. In another study by Sodagar et al. [7] on the
effect of TiO2 and SiO2 NP on the flexural strength of cold
cure acrylic resins, he found that the NP additive had a
deleterious effect on the flexural strength of the final
polymerized material. The decrease in flexural strength
values could be attributed to the effect of nano-sized oxides
on the internal structure of polymerized PMMA [7]. The
NP additive can act as an impurity and interfere with the
polymerization reaction. The NP additive acts as a plasticizer leading to increase in amount of residual unreacted
monomer, decreasing the strength of the material [3].
This study compared the effect of TiO2 (NP) on the
flexural strength of commonly used heat cured resin in the
fabrication of dentures. The study was limited to just one
brand of commercially available acrylic resin. Also the
effect of aging on the flexural strength of acrylic resin
containing TiO2 NP after some time intervals could not be
tested because of time constraints.
Although the study was in vitro study, the values are
helpful in comparing material under controlled situations
and can be useful in predicting their clinical performance.
Thus longer follow-ups and in vivo studies using different

commercially available acrylic resins are suggested for
further investigations on similar issues.
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Conclusion
Within the limitations of this study, it may be concluded
that incorporation of TiO2 NP into the heat cure acrylic
resin with the purpose of imparting antimicrobial properties can adversely affect the flexural strength of the final
product and this effect is directly proportional with the
concentration of NP.
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