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ABSTRACTABSTRACT
Background: With the introduction of nanotechnology in dentistry, the use of nanoparticles to strengthen acrylic 
resins has received much attention. The aim of the present study was to evaluate the effects of different percentages 
(1%, 2%, 3% & 5%) of Al2O3, SiO2, TiO2, and ZrO2 nanoparticles in acrylic resin on the bending strength.
Materials & Methods: The PRISMA 2020 Checklist was used to carry out a systematic review and meta-analysis 
as the basis for the current investigation. Up until 23 October 2022, systematic literature searches were conducted 
on Scopus, PubMed, EBSCO, Web of Science, ISI Web of Knowledge, and Embase. Then, a fixed-effect model 
and the inverse-variance method were been utilized to generate the 95% confidence interval for mean differences. 
Data from the meta-analysis has been analyzed utilizing Stata/MP v.17 software.
Results: A review of abstracts from 800 studies was conducted in the initial review of the study to eliminate 
duplicates; full texts of 391 studies were reviewed by two authors, and 14 studies were ultimately chosen. The 
mean flexural strength difference between the control group and the 1% Al2O3 reinforcement was -6.19 (MD, 
-6.19 95% CI -8.26, -4.11; p=0.00). The mean flexural strength difference between the control group and the 
3% SiO2 reinforcement was 4.58 (MD, 4.58 95% CI 3.61, 5.56; p=0.00). The mean flexural strength difference 
between the control group and the 1% TiO2 reinforcement was -4.08 (MD, -4.08 95% CI -35.03, 26.87; p=0.80).
Conclusions: It can be concluded from the present meta-analysis that the properties of polymers reinforced with 
nanoparticles depend on their type and concentration.
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Cite as: Yaghmoori K, Kerayechian N, Azizi A, Ghahremani N, Rezvan F, Amiri A. Evaluation of flexural strength of 
denture-based materials reinforced with Al2O3, SiO2, TiO2, and ZrO2 nanoparticles: a systematic review and meta-
analysis [review article]. Gomal J Med Sci 2023 Jul-Sep;21(3):184-96. https://doi.org/1046903/gjms/21.03.1332

Corresponding Author:
Dr. Ali Amiri
Departments of Orthodontics
College of Stomatology, The First Affiliated 
Stomatological Hospital, Xi’an Jiaotong University, 
Xi’an, PR China.
E-mail: aliamiri@stu.xjtu.edu.cn
Date Submitted:	 28-04-2023
Date Revised:		  15-07-2023
Date Accepted:		 21-07-2023

INTRODUCTIONINTRODUCTION
Prosthetic rehabilitation of edentulous patients is 
typically conducted using poly(methyl methacrylate) 

(PMMA). This method has many fans due to its low 
cost and high patient satisfaction, and aesthetic 
results.1 However, this method has disadvantages, 
such as low failure resistance and poor mechanical 
properties.2 Among the most common problems 
are midline fractures of complete upper jaw pros-
theses. Studies have shown that more than half 
of the patients who had complete dentures pros-
thetics, fractured their dentures after three years.3 
Generally, heat-polymerized acrylic resins are used 
for the base of artificial teeth.4 Also, one of the 
common methods is to use microwave energy for 
PMMA polymerization, which is done in less time 
than thermal polymerization.5 According to the ISO 
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1567 standard, dental base polymers must have a 
minimum flexural strength value of 65 MPa,6 which 
should not be added less than this amount for the 
strength of any filler material. Various methods have 
been used to increase flexural strength, including 
metal oxides, metal wires, and fibers; However, with 
the introduction of nanotechnology in dentistry, the 
use of nanoparticles to strengthen acrylic resins has 
received much attention.7, 8 Studies have shown that 
incorporating inorganic nanoparticles in PMMA can 
improve mechanical properties.9-11 The properties of 
polymer nanocomposites depend on several factors 
such as size and shape, as well as their concentra-
tion, and the type of composition of nanoparticles 
are also very important.12 Among the most common 
nanoparticles used in dentistry are silver nanoparti-
cles, aluminum oxide nanoparticles, silicon dioxide 
nanoparticles, zirconium dioxide nanoparticles 
(ZrO2), and titanium dioxide nanoparticles (TiO2).13 
Due to the importance of examining the flexural 
strength in the resistance of the prosthesis base, the 
objective of the current research is to investigate the 
flexural strength of different types of nanoparticles 
and provide strong evidence in this field. Therefore, 
the question of the present study was whether the 
different percentages of Al2O3, SiO2, TiO2, and 
ZrO2 nanoparticles in acrylic resin affect the bending 
strength.

MATERIALS AND METHODSMATERIALS AND METHODS
Search strategy
This study involved the systematic review and me-
ta-analysis of pertinent articles using the PRISMA 
2020 Checklist as a guide.14 Until 23 October 2022, 
keywords associated with the study’s goals were 
searched in PubMed, Scopus, Science Direct, ISI, 
Web of Knowledge, and Embase. Using the Google 
Scholar search engine, related articles were also 
identified. 
The selection process, Data items, Data collection
The following items were included in a checklist: 
name of the author, year of publication, sample 
size, test Standard, specimen size, storage, details, 
and fraction weight in percentage for each Al2O3, 
SiO2, TiO2, ZrO2 Nanoparticles were extracted and 
reported in Table 3, 4, 5 and 6. In addition, data from 
the studies were extracted for the meta-analysis, 
including flexural strength. Each article was select-
ed based on the inclusion criteria, each record was 
independently screened by two reviewers, and each 
report was retrieved.
Eligibility criteria
Inclusion criteria: in vitro laboratory-based studies, 
studies evaluating the flexural strength of various 
nanoparticle-reinforced materials, studies with a con-
trol group (conventional acrylic resin), studies that 
reported Test Standards, Specimens with adequate 

size, and Studies published in English. 
Exclusion criteria: Review papers, Case reports, 
case studies.
Risk of bias assessment of the study
Assessment of the research’ quality was based on a 
modified version of CONSORT Criteria (Pre-clinical 
reporting guidelines for dental materials,15there have 
been 14 items in each study, and each parameter 
was rated as yes or no. These items have been:
An organized explanation of the trial’s design, 
methods, findings, and conclusions that includes 
the scientific justification and background as well 
as the goals, hypotheses, and interventions of each 
group, as well as how and when they were applied, 
in enough detail to allow replication and in a manner 
that is clearly defined. It is necessary to identify the 
method by which the random allocation sequence 
is produced, the mechanism by which the random 
allocation sequence is implemented, and the per-
son in charge of producing the random allocation 
sequence, who was blinded after the intervention 
was applied, as well as the method of determining 
sample size and generating random allocation se-
quences as well as the method by which primary and 
secondary outcomes are measured. A full description 
of the trial protocol, the statistical methods utilized 
for comparing the groups, the outcomes for every 
group, the amount and precision of the impact, and 
the limitations of the trial, how bias and imprecision 
can be addressed, and if necessary, access can be 
made to the variety of analyses, funding sources, 
and other sources of assistance.
Based on the Cochrane risk of bias tool, a risk of 
bias tool was developed and modified for use in this 
study. In this tool, A score of 2, 1, or 0 was assigned 
to each item; A sum of scores 0 to 3 is related to a 
low risk of bias, and a sum of scores 4 to 7 is con-
nected with a moderate risk of bias, and a sum of 
scores 8 to 10 is associated with a high risk of bias. 
A score of 0 was the lowest and a score of 10 was 
the highest in this tool.16

Data analysis
Analysis of data was conducted with STATA/MP. V17 
software. Then, utilizing a fixed-effect model and the 
inverse-variance method for mean differences, the 
95% confidence interval was calculated. Potential 
heterogeneity was addressed using random effects 
and I2 indicators. I2 values above 50% suggest mod-
erate to high heterogeneity, whereas I2 values below 
50% indicate low heterogeneity.

RESULTSRESULTS
Study selection
Eight hundred forty-five (845) articles relating to the 
keywords were identified in the initial search. Two 
hundred and thirty seven (237) of these dealt with 
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Al2O3, 241 with SiO2, 281 with TiO2, and 86 with 
ZrO2. There were 28 duplicate studies, 12 records 
that were marked ineligible by automated tools, and 
five articles that were removed due to other factors. 
In the next step, After reviewing abstracts of 800 ar-
ticles, 391 articles were excluded from the research 
based on the exclusion criteria. After reviewing 391 
articles, 377 were excluded according to inclusion 
criteria, and 14 were selected (Figure 1).

The risk of bias in research
The risk of bias assessment tool determined that two 
articles had a high risk of bias, five articles had a low 
risk of bias, and seven articles had a moderate risk 
of bias (Tables 1 and 2).
Study characteristics
An overview of the information gleaned from the 
research is presented in tables 3, 4, 5, and 6. Each 
table is related to the characteristics of Nanoparticles.

Figure 1: PRISMA 2020 flow diagram.



187

Evaluation of flexural strength of denture-based materials.

Gomal Journal of Medical Sciences July-September 2023, Vol. 21, No. 3

Table 1: Quality of the included studies.

Study. Years
Item

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Omar et al., 2022 17 √ √ × × × × × × × √ × × × ×

Yesildal et al., 2020118 √ √ √ √ √ √ × × × √ √ √ × ×

Aboshama et al., 2021 19 √ √ √ √ √ √ × × × √ √ √ × ×

Karci et al., 2019 20 √ √ √ √ √ √ × × × √ √ √ × ×

Hamad et al., 2018 21 × × × × × × × × × √ √ √ × ×

Jiangkongkho et al., 2018 22 × × × × × × × × × √ √ √ × ×

Cevik et al, 2018 23 √ √ √ √ × √ × × × √ √ √ × ×

Salman et al., 2017 24 √ √ × × × × × × × √ × × × ×

Alnamel et al, 2014 25 √ √ × × × × × × × √ × × × ×

Tandra  et al., 2018 26 √ √ × × × × × × × √ × × × ×

Ahmed et al., 2016 27 √ √ √ √ × √ × × × √ √ √ × ×

Hamouda et al., 2014 28 √ √ √ √ × √ × × × √ √ √ × ×

Harini P et al., 2014 29 √ √ × × × × × × × √ × × × ×

Nazirkar  et al., 2014 30 √ √ √ √ × √ × × × √ √ √ × ×

Yes: √; No: ×
Table 2: Risk assessment.

Study. Years Allocation 
concealment

Sample 
size Blinding Assessment 

methods

Selective 
outcome 
reporting

Risk of bias

Omar et al., 202217 1 2 2 0 0 Moderate

Yesildal et al., 2020118 1 0 2 0 0 Low

Aboshama et al., 202119 1 0 2 0 0 Low

Karci et al., 201920 1 0 2 0 0 Low

Hamad et al., 201821 1 2 2 0 0 Moderate

Jiangkongkho et al., 201822 1 2 2 0 0 Moderate

Cevik et al, 2018 23 1 2 2 0 0 Moderate

Salman et al., 2017 24 1 2 2 0 0 Moderate

Alnamel et al, 2014 25 1 2 2 2 1 High

Tandra  et al., 2018 26 1 0 2 0 0 Low

Ahmed et al., 2016 27 1 0 2 0 0 Low

Hamouda et al., 2014 28 1 2 2 0 0 Moderate

Harini P et al., 2014 29 1 2 2 2 1 High

Nazirkar  et al., 2014 30 1 2 2 0 0 Moderate
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Table 3: Review of selected studies and data collection (Al2O3).

Study. Years Sample 
size (n)

Test Stan-
dard

Al2O3 NPs
Fraction 
weight in 

%age
Speci-

men size 
(mm3)

Storage
Details
(nm)

Dispersion Method

Omar et al., 
2022 17 15 ISO 65 × 10 

×3 NR NR
Laboratory experiments were 
conducted to select a mix that 
would achieve the best prop-
erties and prevent cracking.

1 (5)

2 (5)

3 (5)

Yesildal et al., 
2020118 12 ISO 1567 65 × 10 

×3
at 37 ◦C 
for 8 h 10

The powder of acrylic resin is 
measured on balance with an 
accuracy of 1/10000 grams

1 (6)

5 (6)

Aboshama et 
al., 2021 19 15 ISO 65 × 10 

×2.5 NR 50 NR
1(5)
2(5)
3(5)

Karci et al., 
2019 20 21 ISO 1567 

standard
65 × 10 

×3.3 NR 15
Added to powder +

Steel balls mixer

1(7)
3 (7)
5 (7)

Hamad et al., 
201821 20 ISO180 65 × 10 

×3.3
at 37 ◦C 
for 48 h 57.50 NR

1 (5)
2(5)
3(5)
4(5)

Table 4: Review of selected studies and data collection (SiO2).

Study. Years Sample 
size (n)

Test 
Standard

SiO2 NPs
Fraction 
weight in 

%age
Specimen 

size 
(mm3)

Storage
Details
(nm)

Dispersion Method

Karci et al., 
201920 21 ISO 1567 

standard
65 × 10 

×3.3 NR 15
Added to powder +

Steel balls mixer

1(7)
3 (7)
5 (7)

Jiangkongkho 
et al., 2018 22 16 ISO 20795-

1:201319
65 × 10 

×3

50±2 hours 
of immersion 

in 37°C 
deionized 

water

36 added to monomer 
+ Rotor stator mixer

1 (8)

5 (8)

Cevik et al , 
2018 23 16 ISO 20795- 

1:(2013)

65x 10 x 
3mm NR 12 Added to monomer 

+ Manual mixer

1 (8)

5 (8)

Salman et al., 
201724 30

ISO (20795 
1:2008.32)

65x 10 x 
2.5mm At 37 ◦C for 

14 days 50 Added to monomer 
+ Ultrasonic mixer

3 (10)
5 (10)
7 (10)

Alnamel et al, 
201425 30 ADA, 1999

65x 10 x 
2.5mm

Immersed in 
distilled water 
for 48 hours

100 Added to monomer 
+ Ultrasonic mixer

3 (10)
5 (10)
7 (10)
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Table 5: Review of selected studies and data collection (TiO2).

Study. Years Sample 
size (n)

Test Stan-
dard

TiO2 NPs Fraction 
weight in 
%age (n)

Flexural 
strengthSpecimen 

size (mm) Storage
Details
(nm)

Dispersion 
Method

Aboshama et 
al., 202119 15 ISO 65 × 10 

×2.5 NR 50 NR

----- -----

1(5) -----

3(5) -----

Karci et al., 
201920 21 ISO 1567 65×10× 3

In distilled 
water for 
30 days

13 Ball Milling

1 (7) Increased

3 (7) Reduced

5 (7) Reduced

Tandra  et al., 
201826 18 ADA12 65×10× 

2.5
at 37 ◦C 
for 48 h NR NR

1 (9) Increased

3 (9) Reduced

Ahmed et al., 
201627 10 ADA12 50×10× 3 NR 46 NR

1 (5) Reduced

5 (5) Reduced

Hamouda et 
al., 201428 10 ADA12 65×10× 

2.5
at 37 ◦C 
for 24 h 21

Add to resin 
powder and 
stir by hand

5 (10) Reduced

Harini P et al., 
201429 30 ISO 1567 65×10× 3 at 37 ◦C 

for 50 h NR

Dispersion of 
TiO2 nanopar-

ticles in 
monomers by 

ultrasonics

1 (10) Increased

2 (10) Increased

5 (10) Increased

Nazirkar  et 
al., 201430 30 ADA12 65×10× 

3.3

50 hours 
in distilled 
water at 

37 °C

7

added, then 
sonicated for 
one hour with 
the monomer

0.5 (15) Reduced

1 (15) Reduced

Table 6: Review of selected studies and data collection (Zro2).

Study. Years Sample 
size (n) Test Standard

Zro2 NPs
Fraction 
weight 
in %age

Specimen 
size (mm3) Storage

Details

(nm)
Dispersion Method

Omar et al., 202217 15 ISO 65 × 10 ×3 NR NR

A laboratory test was 
used to select a mixture 
in order to achieve the 
best properties without 
forming cracks.

1 (5)

2 (5)

3 (5)

Aboshama et al., 
202119 21 PMMA with-

out additive
65 × 10 
×2.5 NR 50 NR

1(7)

2(7)

3(7)
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Meta-analysis
Aluminum oxide (Al2O3) nanoparticles: 
Between the control group and the 1% Al2O3 
reinforcement, there were -6.19 flexural strength 
mean  differences (MD, -6.19 95% CI -8.26, -4.11; 
p=0.00) with high heterogeneity (I2=96.81%; P 
=0.00). This result showed that adding 1% Al2O3 
nanoparticles significantly affects the flexural 
strength (p=0.00) (Figure 2). 
Between the control group and the 5% Al2O3 
reinforcement, there were -4.94 flexural strength 

mean differences (MD, -4.94 95% CI -10.04, 0.17; 
p=0.06) with low heterogeneity (I2=45.14%; P 
=0.18). A significant effect of adding 5% Al2O3 
nanoparticles on flexural strength was not observed 
(p=0.06) (Figure 3).
Between the control group and the 3% Al2O3 
reinforcement, there were -14.76 flexural strength 
mean differences (MD, -14.76 95% CI -18.35, 11.18; 
p=0.00) with high heterogeneity (I2=97.32%; P 
=0.18). This result showed that adding 3% Al2O3 
nanoparticles significantly affects the flexural 
strength (p=0.00) (Figure 4). 

Figure 2: The Forest plot displayed a mean difference in flexural strength of 1% Al2O3 reinforcement.

Figure 3: The Forest plot displayed a mean difference in flexural strength of 5% Al2O3 reinforcement.

Figure 4: The Forest plot displayed a mean difference of 2% Al2O3 reinforcement in flexural strength.
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Between the control group and the 2% Al2O3 
reinforcement, there were -23.74 flexural strength 
mean differences (MD, -23.74 95% CI -27.37, -20.11; 
p=0.00). This result showed that adding 2% Al2O3 
nanoparticles significantly affects flexural strength 
(p=0.00) (Figure 5).
Silicon dioxide (SiO2) nanoparticles
Between the control group and the 1% SiO2 re-
inforcement, there were -58.74 flexural strength 
mean differences (MD, -58.74 95% CI -61.81, -55.68; 

Figure 5: The Forest plot displayed a mean difference in flexural strength of 2% Al2O3 reinforcement.

Figure 6: The Forest plot displayed a mean difference in flexural strength of 1% SiO2 reinforcement.

Figure 7: The Forest plot displayed a mean difference in flexural strength of 3% SiO2 reinforcement.

p=0.06) with high heterogeneity (I2=99.55%; P 
=0.00). This result showed that adding 1 % SiO2 
nanoparticles significantly affected flexural strength 
(p=0.00) (Figure 6).
Between the control group and the 3% SiO2 rein-
forcement, there was 4.58 flexural strength mean dif-
ferences (MD, 4.58 95% CI 3.61, 5.56; p=0.00) with 
much heterogeneity. (I2=95.17%; P =0.00). This 
result showed that adding 3 % SiO2 nanoparticles 
significantly affected flexural strength (p=0.00) 
(Figure 7).
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Between the control group and the 5% SiO2 rein-
forcement, there was 7.74 flexural strength mean dif-
ferences (MD, 7.74 95% CI 6.61, 8.87; p=0.00) with 
high heterogeneity (I2=99.50%; P =0.00). This result 
showed that adding 5 % SiO2 nanoparticles signifi-
cantly affected flexural strength (p=0.00) (Figure 8).
Titanium dioxide (TiO2) nanoparticles
Between the control group and the 1% TiO2 re-
inforcement, there were -4.08 flexural strength 
mean differences (MD, -4.08 95% CI -35.03, 26.87; 

Figure 8: The Forest plot displayed a mean difference in flexural strength of 5% SiO2 reinforcement.

Figure 9: The Forest plot displayed a mean difference in flexural strength of 1% TiO2 reinforcement.

Figure 10: The Forest plot displayed a mean difference in flexural strength of 3% TiO2 reinforcement.

p=0.80) with low heterogeneity (I2=0%; P =0.97). A 
significant effect in flexural strength was not observed 
when 1% TiO2 nanoparticles were added (p=0.80) 
(Figure 9).
Between the control group and the 3% TiO2 reinforce-
ment, there were -2.08 flexural strength mean differ-
ences (MD, -2.08 95% CI -5.62, 1.47; p=0.25) with 
low heterogeneity (I2=59.09%; P =0.12). As shown 
in figure 10, Flexural strength was unaffected by the 
addition of 3% TiO2 nanoparticles (p=0.25).
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Between the control group and the 5% TiO2 rein-
forcement, there were -9.91 flexural strength mean 
differences (MD, -9.91 95% CI -15.60, -4.22; p=0.00) 
with high heterogeneity (I2=81.06%; P =0.00). 
According to the experimental findings, 5 % TiO2 
nanoparticles significantly affected flexural strength 
(p=0.00) (Figure 11).
Zirconia (ZrO2) nanoparticles
Between the control group and the 1% ZrO2 re-
inforcement, there were -13.03 flexural strength 

Figure 11: The Forest plot displayed a mean difference in flexural strength of 5% TiO2 reinforcement.

Figure 12: The Forest plot displayed a mean difference in flexural strength of 1% ZrO2 reinforcement.

Figure 13: The Forest plot displayed a mean difference in flexural strength of 2% ZrO2 reinforcement.

mean differences (MD, -13.03 95% CI -17.62, -8.44; 
p=0.00). This result showed that adding 1 % ZrO2 
nanoparticles significantly affected flexural strength 
(p=0.00) (Figure 12).
Between the control group and the 2% ZrO2 re-
inforcement, there were -21.90 flexural strength 
mean differences (MD, -21.90 95% CI –27.88, -15.92; 
p=0.00). This result showed that adding 2 % ZrO2 
nanoparticles significantly affected flexural strength 
(p=0.00) (Figure 13).
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Between the control group and the 3% ZrO2 re-
inforcement, there were -8.75 flexural strength 
mean differences (MD, -8.75 95% CI –17.45, -0.05; 
p=0.05). This result showed that adding 3% ZrO2 
nanoparticles significantly affected flexural strength 
(p=0.05) (Figure 14).

DISCUSSIONDISCUSSION
This investigation aims to evaluate the flexural 
strength of materials for dentures augmented with 
nanoparticles of Al2O3, SiO2, TiO2, and ZrO2. Based 
on the findings of the current investigation, the 
flexural strength of the artificial tooth base material 
changes after adding nanoparticles. The size of filler 
particles and their form are two of the most signifi-
cant elements that play a crucial role in enhancing 
the mechanical properties of polymer composites. 
Also, the filler percentage is very important. As the 
present meta-analysis showed, some nanoparticles 
can increase flexural strength in a lower percentage 
(refer to the result section). As a result of the present 
study, one reason for flexural strength improvements 
appears to be the low-concentration addition of 
nanoparticles due to the creation of a surface bond 
between the polymer matrix and the nanoparticles 
due to their homogeneous distribution within the 
matrix. Studies have also shown, in line with the cur-
rent investigation’s findings, the flexural strength of 
acrylic resin can be affected positively or negatively 
by different percentages of nanoparticles. Due to the 
high heterogeneity in some results, the results of the 
present study should be taken with caution. The high 
heterogeneity between studies can be related to the 
diversity in the research methodology because, in 
the studies, the test method, sample size, size and 
concentration of nanoparticles, composition, type 
of resin, and sample preparation were different. 
The high heterogeneity of the studies could also be 
due to the significant variation in the polymerization 
cycle. According to the present study’s findings, an 
increase in flexural strength is observed in lower 
percentages, and higher ratios cause a decrease 
in flexural strength in some nanoparticles. Among 
the investigated nanoparticles, SiO2 showed the 

Figure 14: The Forest plot displayed a mean difference in flexural strength of 3% ZrO2 reinforcement.

lowest density, which indicates its lower mechanical 
properties. Also, due to the very high ratio of surface 
area to the volume of TiO2 nanoparticles, only a small 
amount is needed to change the properties of the 
polymer.31, 32 The fact that only flexural strength was 
investigated and analyzed in the current study and 
other mechanical properties were not constituted one 
of its limitations, so it is suggested that future studies 
examine other mechanical properties as well. A fur-
ther limitation of the current study was that it did not 
investigate other criteria that may have contributed 
to the differences in the results other than bending 
strength. Also, another limitation is that only in vivo 
studies were investigated, which may differ from the 
laboratory environment due to oral conditions.

CONCLUSIONCONCLUSION
This study evaluated the flexural strength of artificial 
teeth base resin reinforced with various types of 
nanoparticles. Based on the current meta-analysis, 
it can be concluded that the properties of polymers 
reinforced with nanoparticles can depend on the 
type of nanoparticles and concentration. Different 
reports and results were observed between the 
selected studies, which could be due to disparity in 
polymerization cycles, testing and standardization 
techniques, and other factors. Based on the present 
study’s findings, no specific concentration of Al2O3, 
SiO2, TiO2, or ZrO2 nanoparticles can be reported 
as the most or least effective booster.

REFERENCESREFERENCES
1.	 Zafar MS. Prosthodontic applications of poly-

methyl methacrylate (PMMA): An update. poly-
mers. 2020;12(10):2299. https://doi.org/10.3390/
polym12102299.

2.	 Soleimani F, Yaghoobi N, Niakan S. Complete 
denture with sectional-tray approach in a mi-
crostomia patient: a case report and literature 
review. Int J Sci Res Dent Med Sci. 2021 Jun 
5;3(2):94-100. https://doi.org/10.30485/ijs-
rdms.2021.279477.1141.

3.	 Machado C, Sanchez E, Azer SS, Uribe JM. Com-
parative study of the transverse strength of three 
denture base materials. J dent. 2007;35(12):930-



195

Evaluation of flexural strength of denture-based materials.

Gomal Journal of Medical Sciences July-September 2023, Vol. 21, No. 3

3. https://doi.org/10.1016/j.jdent.2007.09.006.
4.	 Goldberg AJ, Burstone CJ. The use of continu-

ous fiber reinforcement in dentistry. Dent Mater. 
1992;8(3):197-202. https://doi.org/10.1016/0109-
5641(92)90083-O.

5.	 Singh S, Palaskar JN, Mittal S. Comparative eval-
uation of surface porosities in conventional heat 
polymerized acrylic resin cured by water bath 
and microwave energy with microwavable acrylic 
resin cured by microwave energy. Contemp Clin 
Dent. 2013;4(2):147-51. https://doi.org/10.4103/
F0976-237X.114844.

6.	 Aeran H, Kumar V, Uniyal S, Tanwer P. Nan-
odentistry: Is just a fiction or future. J Oral Biol 
Craniofac Res. 2015;5(3):207-11. https://doi.
org/10.1016/j.jobcr.2015.06.012.

7.	 Price CA. A history of dental polymers. Aust 
Prosthodont J. 1994;8:47-54. https://doi.
org/10.1016/0306-3747(94)90316-6

8.	 Durkan R, Oyar PE. Comparison of mechan-
ical and dynamic mechanical behaviors of 
different dental resins polymerized by different 
polymerization techniques. Niger J Clin Pract. 
2018;21(9):1144-9.

9.	 Gad MM, Abualsaud R, Al-Thobity AM, Al-
maskin DF, AlZaher ZA, Abushowmi TH,et al. 
Effect of SiO2 nanoparticles addition on the 
flexural strength of repaired acrylic denture 
base. Eur J Dent. 2020;14(01):19-23. https://doi.
org/10.1055/s-0039-1701076.

10.	 Gad MM, Abualsaud R, Alqarawi FK, Emam 
AN, Khan SQ, Akhtar S, et al. Translucency of 
nanoparticle-reinforced PMMA denture base 
material: An in-vitro comparative study. Dent Ma-
ter J. 2021;40(4):972-8. https://doi.org/10.4012/
dmj.2020-296.

11.	 Lakhanam M, Singh R. The Comparison of 
Shear Bond Strength of Orthodontic Brackets 
on Different Tooth Surfaces Bonded by Indirect 
Bonding Technique Using DT3C Device. Int J Sci 
Res Dent Med Sci. 2022;4(4):162-9. https://doi.
org/10.30485/ijsrdms.2022.363437.1375.

12.	 Rahman IA, Padavettan V. Synthesis of sili-
ca nanoparticles by sol-gel: size-dependent 
properties, surface modification, and appli-
cations in silica-polymer nanocomposites-a 
review. J Nanomater. 2012;2012:8. https://doi.
org/10.1155/2012/132424.

13.	 Priyadarsini S, Mukherjee S, Mishra M. Nanopar-
ticles used in dentistry: A review. J Oral Biol 
Craniofac Res. 2018;8(1):58-67. https://doi.
org/10.1016/j.jobcr.2017.12.004.

14.	 Ghasemnia B, Kordi S, Mehraban SH, Azizi A, 
Moravej A, Salehi M. Evaluation of the Suc-
cess Rate of Endoscopic Sinus Surgery after 
Dental Implantation: A Systematic Review and 
Meta-analysis. Int J Sci Res Dent Med Sci. 
2022;4(3):134-9. https://doi.org/10.30485/ijs-
rdms.2022.359443.1362.

15.	 Tu YK, Needleman I, Chambrone L, Lu HK, 
Faggion Jr CM. A Bayesian network meta-
analysis on comparisons of enamel matrix 
derivatives, guided tissue regeneration and 
their combination therapies. J Clin Periodontol. 
2012;39(3):303-14. https://doi.org/10.1111/
j.1600-051X.2011.01844.x.

16.	 Higgins JP, Altman DG, Gøtzsche PC, Jüni 
P, Moher D, Oxman AD, et al. The Cochrane 
Collaboration's tool for assessing risk of bias in 
randomised trials. Bmj. 2011;343. https://doi.
org/10.1136/bmj.d5928.

17.	 Omar MH, Amin MH, Younis HA. Comparison of 
using nano-ZnO and nano-Al2O3 to improve the 
properties of prepared polymethyl methacrylate 
denture base. Appl Phys A. 2022;128(4):313. 
https://doi.org/10.1007/s00339-022-05359-6.

18.	 Yesildal F, Kul E, Yesildal R, Matori KA. Investi-
gation of the Thermal Conductivity and Flexural 
Strength of Polymethylmethacrylate Denture 
Base Material with SiC and Al2O3 Added. mater 
Plast. 2021;58(2):91-9. https://doi.org/10.37358/
Mat.Plast.1964.

19.	 Aboshama M, Helmy N, Ammar M. Effect Of Flex-
ural Strength Of Denture Base Resin Reinforced 
By Three Different Nanoparticle Materials (In Vitro 
Study). Al-azhar assiut dent j. 2021;4(1):31-6. 
https://doi.org/10.21608/aadj.2021.163878

20.	 Karci M, Demir N, Yazman S. Evaluation of flex-
ural strength of different denture base materials 
reinforced with different nanoparticles. J Prostho-
dont. 2019;28(5):572-9. https://doi.org/10.1111/
jopr.12974.

21.	 Hamad QA. Study the effect of nano-Al2O3 
and fiber glass on mechanical and physical 
properties of PMMA composites for prosthetic 
denture. eng tech j. 2018;36(7 Part A). https://
doi.org/10.30684/etj.36.7A.3.

22.	 Jiangkongkho P, Arksornnukit M, Takahashi H. 
The synthesis, modification, and application of 
nanosilica in polymethyl methacrylate denture 
base. dent mater j. 2018;37(4):582-91. https://
doi.org/10.4012/dmj.2017-142.

23.	 Cevik P, Yildirim-Bicer AZ. The effect of silica 
and prepolymer nanoparticles on the mechan-
ical properties of denture base acrylic resin. J 
Prosthodont. 2018;27(8):763-70. https://doi.
org/10.1111/jopr.12573.

24.	 Salman AD, Jani GH, Fatalla AA. Comparative 
study of the effect of incorporating SiO2 na-
no-particles on properties of poly methyl meth-
acrylate denture bases. Biomed Pharmacol J. 
2017;10(3):1525-35. https://doi.org/10.13005/
bpj/1262

25.	 Alnamel HA, Mudhaffer M. The effect of Sil-
icon di oxide Nano-Fillers reinforcement on 
some properties of heat cure polymethyl 
methacrylate denture base material. J Bagh-
dad Coll Dent. 2014;26(1):32-6. https://doi.
org/10.12816/0015142



196

Kavan Yaghmoori, et al.

Gomal Journal of Medical Sciences July-September 2023, Vol. 21, No. 3

26.	 Tandra E, Wahyuningtyas E, Sugiatno E. The ef-
fect of nanoparticles TiO2 on the flexural strength 
of acrylic resin denture plate. padjadjaran J dent. 
2018;30(1):35-40. https://doi.org/10.24198/pjd.
vol30no1.16110.

27.	 Ahmed MA, El-Shennawy M, Althomali YM, Omar 
AA. Effect of titanium dioxide nano particles incor-
poration on mechanical and physical properties 
on two different types of acrylic resin denture 
base. World j nano sci eng. 2016;6(3):111-9. 
https://doi.org/10.4236/wjnse.2016.63011

28.	 Hamouda IM, Beyari MM. Addition of glass fibers 
and titanium dioxide nanoparticles to the acrylic 
resin denture base material: comparative study 
with the conventional and high impact types. oral 
health dent manag. 2014;13(1):107-12.

29.	 Harini P, Mohamed K, Padmanabhan TV. Effect 
of Titanium dioxide nanoparticles on the flexural 

strength of polymethylmethacrylate: An in vitro 
study. Indian J Dent Res. 2014;25(4):459-63. 
https://doi.org/10.4103/0970-9290.142531

30.	 Nazirkar G, Bhanushali S, Singh S, Pattanaik B, 
Raj N. Effect of anatase titanium dioxide nanopar-
ticles on the flexural strength of heat cured poly 
methyl methacrylate resins: an in-vitro study. J 
Indian Prosthodont Soc. 2014;14(Suppl 1):144-9. 
https://doi.org/10.1007/s13191-014-0385-8.

31.	 Liu H, Brinson LC. A hybrid numerical-analytical 
method for modeling the viscoelastic properties 
of polymer nanocomposites. 2006;73(5):758-768. 
https://doi.org/10.1115/1.2204961.

32.	 Liu H, Brinson LC. Reinforcing efficiency of 
nanoparticles: A simple comparison for poly-
mer nanocomposites. Compos Sci Technol. 
2008;68(6):1502-12. https://doi.org/10.1016/j.
compscitech.2007.10.033.

Copyright © 2023. Kavan Yaghmoori, et al. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution-NonCommercial 4.0 International License, which permits unre-
stricted use, distribution & reproduction in any medium provided that original work is cited properly.

AUTHORS’ CONTRIBUTIONAUTHORS’ CONTRIBUTION
The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:		  KY, NK
Acquisition, Analysis or Interpretation of Data:	 KY, NK, AA, NG, FR, AA
Manuscript Writing & Approval:		  KY, NK, AA, NG, FR, AA
All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 

the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.


