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A b s t r ac t
Aims: To assess the effect of titanium dioxide nanoparticles (NPs) on flexural strength and cytotoxicity of heat-cured polymethyl methacrylate
(PMMA) resins.
Methodology: Sixty-four rectangular and 12 circular specimens were fabricated from metal dies to test flexural strength and cytotoxicity,
respectively. The rectangular specimens were grouped into four (16 specimens each)—control group (Group 1), Group 2 with 3% TiO2,
Group 3 with 5% TiO2, and Group 4 with 7% TiO2. They were tested for flexural strength using universal testing machine. The circular specimens
were grouped into two (six specimens each)—control group and the test group which included the group which showed a highest flexural
strength. They were tested for cytotoxicity using MTT assay. The analysis of variance (ANOVA) test was used to analyze the mean flexural
strength of each group and Tukey’s post hoc test, for pairwise group comparison (p <0.05). An independent sample t-test was used to analyze
the cytotoxicity between the groups (p <0.05).
Result: The study showed that there was a significant decrease in the flexural strength from the control group (mean: 298.95), which reduced
as the concentration of TiO2 increased. However, the toxicity reduced considerably from 24 hours to 7 days in both groups while the test group
showed better cell viability (%) than the control group.
Conclusion: The flexural strength of heat cure acrylic resin (modified and unmodified) was much higher than the recommended flexural strength
for these resins. On adding TiO2 NPs, flexural strength decreased when compared to the control group. However, with 3% TiO2 NPs, there was
no significant decrease in flexural strength as compared to conventional resins. TiO2 NP-modified heat cure acrylic resin showed less toxicity
on day 1 and even lesser toxicity after 7 days indicating that it is biocompatible.
Clinical significance: TiO2 NPs incorporated at 3% concentration in denture base resin had less cytotoxicity and adequate flexural strength, to
be used as a promising alternative to conventional denture base resin.
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Introduction

1,5,6

Since 1937, the most frequently used material for fabrication of
dentures is polymethyl methacrylate (PMMA) resin, as it shows
good physical, esthetic, and mechanical properties. However,
the dentures made with these materials are highly vulnerable to
microbial adhesion. This is mainly because they are susceptible to
plaque accumulation due to their food-retentive properties and
surface porosities. The opportunistic fungi of the oral cavity Candida
albicans (C. albicans) act upon these and form denture stomatitis of
the palatal mucosa. It has been reported that mechanical cleansing
alone cannot reduce microbial adhesion on denture bases; hence,
researchers started working on the concept of adding antimicrobial
agents into the denture base materials. Since then, antimicrobial
activities of dental materials have been improved by the addition
of some nanoparticles (NPs) like titanium dioxide (TiO2), silicone
dioxide (SiO2), and zinc dioxide (ZnO2). Among them, TiO2 has
received recent attention due to its prominent catalytic effect,
low toxicity, high stability, white color, efficiency, low cost, and
availability.1 Nanoparticles when incorporated are known to alter
the mechanical properties of denture materials. According to the
International Standard for denture base polymers, the minimal
limit for flexural strength of any polymerized material should not
be less than 65 MPa.2 Hence, it is advisable to evaluate the effects
of these NPs on the mechanical properties of the acrylic materials

whether they reduce their flexural strength below the standard
level. In addition to this due to specific chemical and structural
properties of NPs, their incorporation into acrylic resin may cause
additional health hazards. Biocompatibility of a dental material
is of major concern, as the prosthesis would be worn for a long
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time. Although there was a study done by Hardita et al. 3 on the
biocompatibility of the denture base acrylic resin modified with
TiO2 NPs, there is no study analyzing the strength of the material
in different concentrations.
Hence, the present study was taken up with the aims, of
assessing the influence of different concentrations of TiO2 NPs
incorporated into the heat-cured PMMA resins on the flexural
strength and to assess the cytotoxicity of the denture base resin
modified with titanium dioxide NPs (TiO2 NP).

Study of Various Properties
Flexural Strength

M at e r ia l s a n d M e t h o d o lo g y

The specimens were placed on the universal testing machine
for three-point bending test at a crosshead speed of 5 mm/
minute. Load was applied using a centrally located rod until
fracture had occurred. The load applied at the time of fracture
was noted. The flexural strength of the specimens was calculated
using the standard equation:4 S = 3LP/2WT2 where S—flexural
strength, P—maximum load before fracture, L—distance
between supports, W—width of the specimen, and T—thickness
of the specimen.

The study was conducted at AB Shetty Memorial Institute of Dental
Sciences. Institutional ethical clearance certificate was obtained.

Cytotoxicity Assessment

Fabrication of Test Specimens
Six rectangular dies of dimension 31 × 11 × 3 mm (Fig. 1A) were
fabricated in metal. The acrylic specimens fabricated from this die
were used to study flexural strength.

Preparation of Test Materials
Proportioning
A total of 64 acrylic specimens were fabricated from the
abovementioned metal dies. They were divided into four groups—a
control group containing the 16 conventional acrylic resins (Group 1),
a group of 16 conventional acrylic resins modified with 3% TiO2
(Group 2), a group of 16 conventional acrylic resins modified with
5% TiO2 (Group 3), and a group of 16 conventional acrylic resins
modified with 7% TiO2 (Group 4).

Mixing of 3% TiO2 in Denture Base Resin
24 g of Polymer and 9.38 g (10 mL) monomer is mixed to make
the total weight of the mixture 33.38 g (34 g) i.e., 3% of the mass.
Similarly 5% and 7% TiO2 were proportioned and mixed using
mortar and pestle.

Acrylization
The metal dies were used to acrylize the abovementioned denture
base resins in the conventional method of flasking and acrylizing in
dental flask. The final specimens were trimmed and polished to get
a rectangular specimen of dimensions 30 × 10 × 2 mm and circular
specimen of 5 × 2 mm dimensions.

Cytotoxicity
Only the group which showed a highest flexural strength was
considered. For this study, 12 circular specimens were fabricated
(Fig. 1B),i.e., 6 modified with TiO2 NPs and 6 without any modification
(control group). They were also subjected to aging process in distilled
water. These groups were tested at 1-day and 7-day intervals for
cytotoxicity.

This experiment was performed at the NITTE University Centre
for Science Education and Research (NUCSER), KSHEMA, NITTE
University. Human gingival fibroblasts were isolated and
utilized from the laboratory. The toxicity of the specimens
was determined using MT T [3-(4,5 dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide] assay on human gingival
fibroblasts to determine the percentage of viable cells in the
culture media. In brief, cells were seeded in well plates and
incubated for 24 hours at 37°C in a humidified atmosphere of
5% CO2 and 95% air. After that, the cell culture medium was
discarded and specimen extracts were added. After 24-hour
incubation period in 5% CO2 environment, the supernatant was
removed and MTT solution was added to the medium in each
well and the plates were incubated for 4 hours at 37°C and 5%
CO2. Then, the medium with MTT was removed and dimethyl
sulfoxide (DMSO) solution was added to each well to dissolve
the formazan crystals. Then, the optical density (absorbance
value) at 570 nm was recorded using an ELISA plate reader and
the cell viability was also calculated.

Statistical Analysis
In this study, the data were statistically analyzed using the SPSS
version 22 (IBM) software. The ANOVA test was used to analyze
the mean flexural strength of each group followed by Tukey’s post
hoc test, which was used for pairwise comparison of the flexural
strength between the groups (p <0.05). The independent sample
t-test was used to analyze the cytotoxicity between the groups
after 24 hours and after 7 days. Paired t-test was used to analyze
the cytotoxicity within the groups after 24 hours and after 7 days
(p <0.05).

R e s u lts
Flexural Strength
The values obtained were statistically analyzed. There was a
significant decrease in the flexural strength in the comparison
of the control group (Group 1) and Group 4. The highest flexural
strength was seen in the control group (mean: 298.95), which
reduced as the concentration of TiO2 increased. The least flexural
strength was seen in Group 4 (mean: 202.74). The flexural strength
of Group 2 and Group 3 was 280.96 and 227.30 MPa, respectively
(Tables 1 and 2, Fig. 2).

Cytotoxicity
Figs 1A and B: (A) Rectangular, and (B) Circular metal die used in the study
1026

Since the resin modified with 3% TiO2 showed almost equivalent
flexural strength to control group, cytotoxicity study was conducted
using this as test group. Twelve circular acrylic disks were fabricated
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Table 1: Comparison of flexural strength between the study groups
ANOVA
Control (Group 1)
Group 2
Group 3
Group 4

N
16
16
16
16

Mean
298.95
280.96
227.30
202.74

SD
20.24
28.21
31.79
24.93

Minimum
252.90
223.80
174.00
161.80

Maximum
333.40
333.40
288.00
244.20

F

p value

45.686

<0.001*

p <0.05 statistically significant; p >0.05 nonsignificant, NS. This table reveals that there is a
significant decrease in the flexural strength from the control to Group 4
*

Table 2: Pairwise comparison of flexural strength between the study groups (Tukey’s post hoc test)
(I) group
Control

Group 1
Group 2

(J) group
Group 1
Group 2
Group 3
Group 2
Group 3
Group 3

Mean difference
(I–J)
17.99
71.65
96.21
53.66
78.22
24.56

95% confidence interval
Std. error
9.42
9.42
9.42
9.42
9.42
9.42

p value
0.24 (NS)
<0.001*
<0.001*
<0.001*
<0.001*
0.054 (NS)

Lower bound
−6.90
46.76
71.32
28.78
53.33
−0.33

Upper bound
42.88
96.54
121.09
78.55
103.11
49.44

p <0.05 statistically significant; p >0.05 nonsignificant, NS

*

Fig. 2: Mean flexural strength of all groups

Fig. 3: Comparison of cytotoxicity between the study groups

and divided into two groups—a control group and 3% TiO2modified group. All the specimens were tested for cytotoxicity using
MTT assay. The cell viability for each specimen was calculated and
tabulated (Tables 3 and 4).
Figure 3 shows that the toxicity reduced considerably from
24 hours to 7 days in both the groups (i.e., control group and 3%
TiO2-modified group). The test group shows better cell viability
(%) than the control group on both occasions. This shows that the
addition of TiO2 NPs renders the PMMA more biocompatible.

dimensional stability, easy availability, good compatibility with oral
tissues, easy handling characteristics, and adequate color. But one of
the main problems faced by dentists and patients is its vulnerability
to microbial adhesion. When compared to natural tooth surface,
microorganisms display more adherence to acrylic resin.1 Hence,
attempts to incorporate specific antimicrobial agents into the
denture resin has been made. Of the various antimicrobial agents
used, NPs have gained great attention, as it is easily available and
very effective.5 The nanoparticles are usually available in a size less
than 100 nm, and they have been used for their features to fight
infection. The reason for this could be their increased ratio of surface
area to volume. Due of their antiadhesive and biocidal properties,
the NPs thus have the property to inhibit biofilm formation in the
oral cavity. Because of this, their possible use as components of

Discussion
Fabrication of dentures is commonly performed with the help
of heat cure PMMA resin. This is because PMMA shows adequate
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Table 3: Comparison of cytotoxicity between the study groups

*

24 hours

Percentage
viability

7 days

Percentage
viability

Group
1
2
1
2

N
3
3
3
3

Mean
89.00
93.55
98.89
109.02

SD
2.23
0.81
2.61
2.59

Mean difference (95% CI)
t
−4.56 (−8.37, −0.75)
−3.32
−10.12 (−16.03, −4.22)

−4.76

df
4

p value
0.03*

4

0.009*

p <0.05 statistically significant; p >0.05 nonsignificant, NS

Table 4: Comparison of cytotoxicity between the time intervals in each study group
1
2
*

Group
Percentage viability 24 hours
7 days
Percentage viability 24 hours
7 days

N
3
3
3
3

Mean
89.00
98.89
93.55
109.02

Mean difference (95% CI)
T
−9.90 (−11.13, −8.66)
−34.44

df
2

p value
0.001*

−15.46 (−20.78, −10.15)

2

0.006*

−12.51

p <0.05 statistically significant; p >0.05 nonsignificant, NS

Fig. 4: Load testing on the rectangular acrylic specimen on a universal
testing machine

coatings for prosthetic devices either local application or altering
the intrinsic property with their incorporation has been explored.1
Recently, among them, TiO2 has attained more importance because
of its better properties such as high stability, greater photocatalytic
activity, low cost, and human and environmental safety.4 The
concentration of TiO2 NPs incorporated is an important aspect that
influences the mechanical properties of the modified acrylic. This
has been confirmed by studies conducted by various authors.2,5,6
In the present study, TiO2 was commercially obtained and
PMMA specimens were fabricated with 3, 5, and 7% concentration
of 21 nm TiO2 added to the polymer. Rectangular specimens were
fabricated for accommodating the universal testing machine for
flexural strength. Circular specimens were fabricated for studying
cytotoxicity effects of TiO2 . For the abovementioned tests,
equal numbers of control group specimens were included. The
rectangular specimens were subjected to three-point bending test
in a universal testing machine (Fig. 4).
The results showed that there was a significant decrease in the
flexural strength from the control group, which showed the highest
1028

SD
2.23
2.61
0.81
2.59

mean flexural strength (298.95 MPa), to the group containing 7%
TiO2-modified acrylic resin (202.74 MPa), which showed the least
mean flexural strength (Table 1).
The concentration of TiO2 was inversely proportional to the
flexural strength of acrylic resin, which means that when the
concentration of TiO2 was increased, there was a decrease in
the flexural strength of acrylic resin. Though there was a decrease
in the flexural strength of the specimens, it was noted that all
the groups showed flexural strength more than the minimum
requirement of flexural strength for acrylic resin according to the ADA
specification no. 12, i.e., 65 MPa. Nazirkar et al. in their study concluded
that TiO2 NP incorporation into acrylic resin can adversely affect the
flexural strength of the final product and is directly proportional
to the concentration of NP.1 Sodagar et al. also evidenced a drop in
flexural strength in their study.2 Elsaka et al. observed that with 3%
(w/w) TiO2 NP incorporation in glass ionomer cement, mechanical
flexural strength improved.7 Ahmed et al. also in their study found
that the TiO2 NP incorporation had an adverse effect on the flexural
strength of conventional heat polymerized acrylic resin.8,9 In contrast,
flexural properties changed as per the concentrations of TiO2 NPs
added to PMMA than those of normal PMMA and showed improved
results in studies done by several studies.10–15
Nevertheless, in our study 3% addition of TiO2 NPs gave
equivalent results as the control group (p >0.05). The statistical
analysis showed that there was no significant difference between
the mean flexural strength of the control group and Group 2 with
3% TiO2-modified acrylic resin (280.96 MPa) (p >0.05) (Table 2). This
could mean that adding 3% TiO2 to the acrylic resin would not
reduce the flexural strength. There was a significant reduction in
the flexural strength in Groups 3 (227.3 MPa) and 4 when compared
to control group and Group 2 (p <0.05), whereas there was no
significant difference between Groups 3 and 4 (p >0.05).
The flexural strength values may be decreased due to the
nanosized oxides present in the intrinsic molecular structure of
the polymerized PMMA. TiO2 NPs might present as an impurity and
interfere with the polymerization reaction, thereby functioning
as a plasticizer. This in turn can increase in the amount of residual
unreacted monomer, which is considered to cause the decrease in
the strength of the material. Incorporated NPs can also cause the
particles to aggregate and agglomerate, further creating a stress
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concentrating center that can lead to unfavorable mechanical
properties.7 The denture base resin contacts not only the wearer’s
oral mucosa, but also the skin of the dentist and dental technician,
so a guarantee of high safety has to be established prior to clinical
use. Hence, the tests for cytotoxicity of the specimens were carried
out using MTT assay on human gingival fibroblasts. Results showed
that the test group (3% TiO2) showed higher cell viability than the
control group in both occasions (24 hours and 7 days) (Table 3).
The results showed that both control and TiO2-modified acrylic
resin were not toxic and the test group proved to be less toxic than
the control group on both occasions, i.e., after 24 hours and 7 days.
After 7 days, in distilled water, the level of toxicity was reduced
for both the groups (Table 4). The result of the present study is in
accordance with other studies.4,16 Aging resulted in a significant
decrease in cytotoxicity in both groups may be due to the release
of unbound molecules into the aqueous media. In a study carried
out by Tsuji et al.,17 they evaluated the biocompatibility of TiO2coated acrylic resin. They concluded from the study that TiO2 did
not cause any sensitive reactions or irritation to oral mucosa, and
hence, it is biocompatible with the oral mucosa.
Heravi et al.16 conducted a cytotoxicity (in vitro) assessment of
TiO2-modified orthodontic composite resin. They concluded that
TiO2-modified orthodontic composite showed comparable or even
less cytotoxicity than its unmodified counterpart, which means
that it does not show any additional health hazards compared to
conventional composite resin.

L imi tat i o n s
Further studies have to be done by mixing the TiO2 in the monomer
to ensure a homogeneous mix. Antifungal activity, especially C.
albicans also, can be analyzed and the size of TiO2 used should be
in between 1 and 10 nm1 as they show their highest antifungal
activity in this size range.

C o n c lu s i o n
Within the limitations of this study, it may be concluded that the
flexural strength of heat cure acrylic resin (modified and unmodified)
was much higher than the recommended flexural strength for these
resins. On adding TiO2 NPs, flexural strength was decreased when
compared to the control group. However, with 3% TiO2 NPs, there
was no significant decrease in flexural strength as compared to
conventional resins. TiO2 NP-modified heat cure acrylic resin showed
less toxicity on day 1 and even lesser toxicity after 7 days indicating
that it is biocompatible.
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