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Abstract:
Background:
A biocompatible additive with the ability to establish antibacterial action for restorative materials without sacrificing their physical properties is
always in demand. Nano titania (TiO2 nanoparticles) was shown to have antimicrobial action against a wide range of microorganisms. Alkasite is a
modern esthetic restorative material that has outstanding properties; however, it is deficient in antibacterial activity.
Objective:
TiO2 nanoparticles (NPs) were included in alkasite, and both mechanical properties and antibacterial activity of the new formulations were
assessed.
Materials and Methods:
Nano titania powder was coupled to alkasite powder in proportions of 3 and 5% (w/w). There were 105 specimens made in total. Evaluation
parameters were compressive strength, surface microhardness, surface roughness, water sorption and solubility, and antibacterial activity. One and
two-way ANOVA were used for the statistical analysis, followed by Tukey′s test (p<0.05).
Results:
Both ratios of nano titania, 3 and 5% (w/w), significantly increased compressive strength, antibacterial activity against different pathogens, and
decreased water solubility of alkasite (p<0.05). Only 5% (w/w) nano titania-modified alkasite exhibited significant decrease in water sorption
(p<0.05). Conversely, an insignificant increase in microhardness and surface roughness was observed with both ratios, 3 and 5% (w/w) of nano
titania (p˃0.05).
Conclusion:
Nano titania seems to be a very promising complementary additive to the alkasite restorative material, capable of generating considerable
antibacterial effectiveness while also enhancing certain mechanical properties.
Keywords: Alkasite, Antibacterial activity, Compressive strength, Nano titania, Surface microhardness, Surface roughness.
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1. INTRODUCTION
Damaged teeth with impaired function and esthetic
demand the selection of a restorative material that is capable of
restoring these properties [1]. A variety of direct filling mate* Address correspondence to this author at the Department of Dental
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Gomhoria St, Egypt; Tel: +201003978955; Fax: +2(50)2202835;
E-mails: flflaref@gmail.com, neven_sa3d@mans.edu.eg

Accepted: October 26, 2021

rials are available in the dental market; however, considering
the properties of the material selected is a chief priority for best
clinical performance and longevity of the restoration [2].
Dental amalgam has been used several years for its high
mechanical properties, but due to its poor esthetic and mercury
toxicity, priorities of selection have been directed to its
alternatives [3]. Although glass ionomer cements (GICs) have
a wide range of applications due to their favorable properties
like good esthetic, fluoride release, and chemical bonding with
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tooth structure, their high solubility, low abrasion resistance,
and low compressive strength are major shortcomings [3, 4].
Currently, Resin-Based Composite (RBC) restorative materials
have been widely used and at least half of posterior restorations
are made of these materials [5]. This popularity is highly
relevant to their excellent esthetic, minimally invasive
approach used and good retention. Despite these advantages,
yet their polymerization shrinkage developed stresses and
microleakage with the consequences of discoloration, recurrent
caries, and pulpal pathology, might affect the longevity of
composite resin. Consequently, different strategies have been
developed to overcome these drawbacks [6 - 8].
Due to shortcomings of the most commonly used
restorative materials for direct restorations, the demand for an
alternative is highly considerable. Good esthetic, appropriate
mechanical properties, fluoride release, simple application
technique, and cost-effectiveness are the main objectives of the
target product [9].
Alkasite (Cention N) is a recently introduced esthetic,
resin-based, bulk filling material in retentive cavity
preparations and it is an essential subgroup of the composite
materials category. It is a self-cure restorative material with a
light-curing option. The product has been offered in
powder/liquid form and regarding its composition, it is
UDMA-based resin. The material possesses certain advantages
as radiopacity, the release of certain acid-neutralizing ions such
as fluoride, calcium, and hydroxyl, high degree of
polymerization, and cross-linking due to the inclusion of crosslinking methacrylate monomers combined with an efficient
self-cure initiator. As well, the inclusion of stress-relieving
isofillers in the recently developed bulk-fill material reduces
the polymerization shrinkage stresses along with their
consequences. As a cost-effective way to deliver a highquality, predictable restoration with time-saving characteristics,
alkasite could be a material of choice for posterior restoration
[10, 11].
In addition to the potential to enhance the properties of
current dental products, the application of nano-materials in the
field of dentistry presents novel products with excellent
properties. The extraordinary criteria of these nanomaterials are
usually influenced by their nano-size. Different metallic
nanoparticles have been investigated for their potential
applications [12]. According to an increasing number of
studies, nanomaterials have recently been proven to have novel
dental caries prevention and therapeutic strategies, including
the elimination and control of dental plaque biofilms,
improving the antibacterial properties of dental products, and
remineralization of initial dental carious lesions [13]. An
example of these materials is TiO2 NPs that have been widely
used in medicine and dentistry with different applications.
Their ability to cause little pores in the bacterial cell wall,
leading to an increase in permeability and cell death, has been
reported [14]. Modification of composite resins by
nanoparticles as a way for prevention of plaque accumulation
and bacterial adhesion has been previously undertaken [15].
There is always a need for a biocompatible additive that
has the potential to develop an antibacterial activity for
restorative materials without compromising their mechanical
properties. Based on the notable antimicrobial activity of nano
titania and the recently introduced alkasite esthetic restorative
material exhibiting excellent properties comparable to
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amalgam, but lacking antibacterial activity, this study aimed to
evaluate the mechanical properties and antibacterial activity of
nano titania-containing alkasite. The null hypothesis was that
the incorporation of titania NPs into alkasite would neither
change its mechanical properties nor induce antibacterial
activity.
2. MATERIALS AND METHODS
An alkasite restorative material (Cention N, Ivoclar
Vivadent AG, Liechtenstein, Lot number X46009) was blended
with TiO2 NPs (Sigma-Aldrich, Germany, Lot number 718467,
with average particle size 21 nm). Experimental powders were
produced by mixing Cention N powder with TiO2 nanopowder
in proportions of 3 and 5% (w/w). The powders were measured
on a balance (TS4000, Ohaus, Pine Brook, NJ, USA) with a
precision of 0.0001 g and mixed using a glass slab and plastic
spatula. Unblended powder served as a control in all tests. A
total number of 105 specimens were prepared for evaluation of
compressive strength, surface hardness, surface roughness,
water sorption and solubility, and antibacterial activity. Fifteen
specimens were designated for each test and were classified
into three groups (5 specimens each) as follows: I) control; II)
3% (w/w) nano titania-enriched alkasite; III) 5% (w/w) nano
titania-enriched alkasite. Powder and liquid of each group were
proportioned and mixed according to the manufacturer’s
instructions and specimens were prepared in compliance with
ISO standards for each test; ISO 604 for compressive strength,
ISO 6507-1 for surface microhardness, ISO 4287 for surface
roughness, and ISO 4049:2009 for water sorption and
solubility.
2.1. Compressive Strength
Fifteen specimens were prepared using a cylindricalshaped split Teflon mold with measurements of 4 mm diameter
and 6 mm height. The compressive strength (CS), MPa, was
measured using a universal testing machine (Model 3345,
Instron Corporation, Canton, MA, USA) with a cross head
speed of 0.5 mm/min and the equation:
CS = 4P/πD2
where, P is the maximum applied load at fracture (N) and
D is the diameter of the specimen (mm).
2.2. Surface Microhardness
For evaluation of surface microhardness, 15 disc-shaped
specimens were prepared in a split Teflon mold of 6 mm
diameter and 3 mm thickness. Using a Vickers microhardness
tester (HMV Microhardness Tester, Shimadzu, Japan), a load
of 50 g was employed by the diamond indenter for a dwell time
of 10 sec. For each specimen, five measurements were
registered and the average value was recorded. The Vickers
Hardness Number (VHN) for each specimen was determined
and expressed in Kg/mm2.
2.3. Surface Roughness
In a split disc-shaped Teflon mold (8 mm in diameter and 2
mm in thickness), 15 specimens (5 specimens for each
designated group) were prepared for surface roughness
assessment using a surface profilometer (Surftest 211,
Mitutoyo, Tokyo, Japan). Each specimen was scanned five
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times at distinctive locations. The stylus traversing length was
4 mm, and the surface roughness cut-off value was 0.8 mm.
The measurement force and velocity were 4 mN (0.4 g) and 0.5
m s-1, respectively. The mean average roughness (Ra) was
determined.
2.4. Water Sorption and Solubility
A split Teflon mold was used to make 15 disc-shaped
specimens with a diameter of 10 mm and a thickness of 3 mm.
At 23 ± 1°C, the prepared specimens were put in a desiccator
with calcium sulphate. After each 24-hour cycle, the specimens
were weighed using an electronic precise balance (TS4000,
Ohaus, Pine Brook, NJ, USA). The calculations were repeated
until the mass remained constant, and the results were reported
(m1). Following that, all specimens were put in a glass vial
containing 100 mL artificial saliva, prepared at the Faculty of
Pharmacy, Mansoura University (Mansoura, Egypt) and
composed of 0.75 g Sodium azide, 0.804 g potassiummonohydrate phosphate, 0.166 g calcium chloride, 0.059 g
magnesium chloride, 1.02 g sodium chloride in 1 L of distilled
water. The specimens were stored at 37°C in an incubator and
weighed daily until a constant mass was reached and registered
(m2). Before weighing, gentle drying with a filter paper was
performed. Eventually, the specimens were redesiccated and
reweighed one more time until they reached a steady mass
(m3). The following formula was used to measure the water
3
sorption (WSP) and solubility (WSL) (µg/mm ):
WSP= m2-m3/V
WSL= m1-m3/V
where, m1 is the specimen weight before immersion, m2 is
the specimen weight after immersion, and m3 is the specimen
weight after immersion and desiccation.
2.5. Antibacterial Activity
Using the agar diffusion test, 45 disc-shaped specimens
were screened for antibacterial activity against Streptococcus

mutans, Staphylococcus aureus, and Escherichia coli. In a Petri
dish with a diameter of 100 mm, a 15 mL base layer of agar
was combined with a 100 mL inoculum of each pathogen and
stored at pH 7.5. Discs of the different groups were inserted in
the plates. All plates were incubated at 37°C for 48 h. The
diameters of the inhibition zones surrounding the specimens
were measured in mm at three different points and the average
value was considered to be the mean inhibition zone value
(mm). Negative control specimens of sterile cellulose paper (8
mm) impregnated with Ampicillin (200 μg/disc) were used as a
base line.
Finally, all specimens were stored in distilled water at
37°C for 24 h prior to testing. Data were analyzed by one-way
ANOVA for all physical properties and two-way ANOVA for
antibacterial activity with subsequent multi-comparison testing
by Tukey (p<0.05). Statistical analysis software used was SPSS
12.0, SPSS, Chicago, Illinois.
3. RESULTS
3.1. Compressive Strength
Table 1 displays the mean and standard deviations (MPa)
of the studied groups' compressive strength. A graphical
representation of compressive strength results is shown in Fig.
(1). The compressive strength of unmodified alkasite was the
lowest (139.16±5.1), and when nano titania was added, the
compressive strength was found to be proportional to the nano
titania ratio, with the highest value (200.3±4.03) belonging to
5% (w/w) nano titania-enriched alkasite. ANOVA test found a
significant difference (p<0.05) among the studied groups.
Tukey′s test demonstrated that group III, 5% (w/w) nano
titania-enriched alkasite, was significantly different from group
II, i.e., 3% (w/w) nano titania-enriched alkasite. Moreover, a
significant difference was observed between the control group,
i.e., unmodified alkasite, and both group II, 3% (w/w) nano
titania-enriched alkasite, and group III, 5% (w/w) nano titaniaenriched alkasite (p< 0.05).
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Fig. (1). Graphical representation of compressive strength (MPa) results of nano titania-enriched alkasite.
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Table 1. One-way ANOVA and Tukey’s analysis of the mechanical properties of nano titania-enriched alkasite.
Surface microhardness Surface roughness Water sorption Water solubility
(μm)
(Kg/mm2)
(μg/mm3)
(μg/mm3)

Group

Compressive strength
(MPa)

I [Control; unmodified alkasite]

139.16 + 5.1c

49.92 + 1.46

0.051 + 0.003

8.76 + 0.7a

73.7 + 2.18a

II [3% (w/w) nano titania-enriched
Alkasite]

185.71 + 3.87b

56.11 + 1.91

0.056 + 0.012

8.16 + 0.14a

60.82 + 0.68b

III [5% (w/w) nano titania-enriched
Alkasite]

200.3 + 4.03a

63.37 + 1.27

0.060 + 0.007

7.4 + 0.4b

47.67 +1.18c

<0.0001

0.52

0.27

0.0035

<0.0001

p value

Mean values with different superscript letters are significantly different at (p< 0.05).

3.2. Surface Microhardness

3.4. Water Sorption and Solubility

Mean surface microhardness and standard deviations
(Kg/mm2) of the studied groups are shown in Table 1. A
graphical representation of surface microhardness results is
shown in Fig. (2). The control group, i.e., unmodified alkasite,
exhibited the lowest value (49.92±1.46), while group III, 5%
(w/w) nano titania-enriched alkasite, displayed the highest
mean (63.37±1.27). One-way ANOVA revealed no statistically
significant differences among the studied groups (p˃ 0.05).

The mean and standard deviation of both water sorption
and solubility (μg/mm3) are shown in Table 1. A graphical
representation of water sorption is displayed in Fig. (4). For
water sorption, the unmodified alkasite exhibited the highest
mean (8.76±0.7), while group III, i.e, 5% (w/w) nano titaniaenriched alkasite, exhibited the lowest (7.4±0.4). ANOVA
showed a significant difference among the studied groups (p<
0.05). Tukey test disclosed that both group I, i.e., unmodified
alkasite, and II, i.e., 3% (w/w) nano titania-enriched alkasite,
were significantly different from group III, i.e., 5% (w/w) nano
titania-enriched alkasite. On the other hand, no significant
difference was detected between group I, i.e., unmodified
alkasite, and group II, i.e., 3% (w/w) nano titania-enriched
alkasite. Regarding solubility, group III, i.e., 5% (w/w) nano
titania-enriched alkasite, exhibited the lowest mean value
(47.67±1.18), while the unmodified alkasite, exhibited the
highest (73.7±2.18). ANOVA illustrated a significant
difference among the studied groups (p< 0.05). Tukey's
analysis showed that all the groups were significantly different
from each other. The graphical representation of water
solubility results is shown in Fig. (5).

3.3. Surface Roughness
Mean surface roughness values (μm) and standard
deviations for the studied groups are shown in Table 1. Fig. (3)
represents a graphical representation of surface roughness
results. The results indicated that group III, 5% (w/w) nano
titania-enriched alkasite, exhibited the highest mean value
(0.060±0.007), while the unmodified alkasite displayed the
lowest one (0.051±0.003). ANOVA test showed a nonsignificant difference among the three studied groups (p˃
0.05).
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Fig. (2). Graphical representation of surface microhardness (Kg/mm2) results of nano titania-enriched alkasite.
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Fig. (3). Graphical representation of surface roughness (μm) results of nano titania-enriched alkasite.
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Fig. (4). Graphical representation of water sorption (μg/mm3) results of nano titania-enriched alkasite.

3.5. Antibacterial Activity
Table 2 presents the means and standard deviations of the
inhibition zone (mm) of different groups. For all tested
pathogens, group III, i.e., 5% (w/w) nanotitania-enriched
alkasite, exhibited the highest mean (27.18±1.36, 6.6±0.55,
7.08±0.23 mm) against streptococcus mutans, staphylococcus
aureus, and Escherichia coli, respectively, while the
unmodified alkasite did not show any activity against the
different pathogens. Two-way ANOVA indicated a significant
difference among the groups (p< 0.05). Tukey's analysis
showed that both group II, i.e., 3% (w/w) nano titania-enriched
alkasite, and III, i.e., 5% (w/w) nano titania-enriched alkasite,
were significantly different from the unmodified alkasite; also,
there was a significant difference between group II, i.e., 3%

(w/w) nano titania-enriched alkasite, and III, i.e., 5% (w/w)
nano titania-enriched alkasite, for all tested pathogens (p<
0.05) (Figs. 3-4).
4. DISCUSSION
During the last decade, the demand for composite
restorative material was attributed to its esthetic, however, the
strength of such materials should also be considered during
material selection to comply with the clinical scenario [16, 17].
Restorative materials should have properties comparable to
those of the tooth structure to prevent either detrimental effects
on the longevity of the tooth structure or premature failure of
the restoration [18]. Compressive strength is one of the most
important indicators for the material clinical performance
under stresses during function and parafunction [2].
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Mean water solubility (μg/mm3)
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Fig. (5). Graphical representation of water solubility (μg/mm3) results of nano titania-enriched alkasite.

Table 2. Two-way ANOVA and Tukey’s analysis of the antibacterial activity of nano titania-enriched alkasite.
Group

Streptococcus mutans
mm)

Satphylococcusaureus
mm)

E.coli
( mm)

I [Control;unmodified alkasite]

0c

0c

0c

b

b

II [3% (w/w) nano titania-enriched alkasite]

19.02 + 1.03

5.22 + 0.7

6.06 + 0.26b

III [5% (w/w) nano titania-enriched alkasite]

27.18 + 1.36 a

6.6 + 0.55 a

7.08 + 0.23 a

p value

<0.0001

<0.0001

<0.0001

Mean values with different superscript letters are significantly different at (p<0.05).

Difficulty to achieve complete sealing at the tooth
restoration interface results in microgaps formation [19]. The
restorative material should preferably exhibit antibacterial
properties to prevent the consequence of the gap formation in
terms of recurrent caries, postoperative sensitivity, and tooth
discoloration [20]. On coupling an antimicrobial agent with the
restorative material, its antimicrobial efficacy should be
enhanced without having any adverse effects on its mechanical
properties [21 - 24].
The use of nanoparticles in dentistry has recently sparked
interest, owing to their ability to control the biofilm formation
via exhibiting antibacterial, antiviral, anti-adhesive, and antiinflammatory properties. In this perspective, the use of safe
biocompatible nanoparticles may be of more noteworthy
benefit. Among these metallic nanoparticles, TiO2 has been
proved to have a potent antibacterial effect when added to a
restorative material as glass ionomer cement with the
fortification of its physicomechanical properties [25, 26].
In the current study, the incorporation of nano titania in
different ratios into alkasite has significantly enhanced its
compressive strength, with the most prominent effect detected
with the ratio of 5% (w/w). This improvement may be
attributed to a wider range of particle size distribution on
adding TiO2 NPs, in which the small particles are liable to
engage the small spaces between the polymer chains with more
cross-linking. Another contributing factor that may support the

compressive strength findings and explain the significant
difference between 3 and 5% (w/w) is the higher density at the
nanoparticles interfaces and the tendency of the nanomaterial
to resist compression [27 - 29]. These results are fairly
consistent with the findings of Elsaka et al., who concluded
that both 3 and 5% (w/w) of TiO2 NPs were able to improve
the compressive strength of glass ionomer cement [25].
Concerning surface microhardness, the addition of titania
NPs exhibited an insignificant increase in the surface hardness
of alkasite. This effect could be explained by the fact that TiO2
NPs are packed interstitially, resulting in denser surface quality
with fewer voids, thereby generating more resistance to
permanent indentation [25].
The increase in surface roughness observed on
incorporating nano titania into alkasite was of no significance.
The packing capacity of the TiO2 NPs into the microporosities
at the alkasite surface seems to be controversial. Although the
packing capacity was insufficient to reduce surface roughness,
large agglomerations and distinct irregularities formation were
still avoided. The wider range of nanoparticles size may be a
sustaining factor for this judgment [27 - 29]. This outcome may
be inconsistent with the finding of another study [30], which
concluded that adding novel nano-hydroxyapatite-silica
particles to glass ionomer reduced surface roughness
substantially.

Nanotitania-Enriched Alkasite

Considering water sorption and solubility, alkasite liquid
contains urethane dimethacrylate (UDMA) resins with its
ability to form a rigid network capable of absorbing less water
and releasing more unreacted monomer [31]. It was recognized
that nano titania addition decreased both water sorption and
solubility on increasing the proportion of the nanoparticles,
with the least sorption and solubility denoted by the ratio of 5%
(w/w). Numerous factors are included in the validation of these
results; one of them is that TiO2 nanofillers are water-insoluble,
so they would decrease the solubility of the resin structure [32].
The reaction between the resin and the nanofillers would
induce replacing the resin and diminishing water uptake
through utilizing the most active sites, and accordingly,
decreasing polarity. This influence is responsible for declining
water diffusivity in the resin matrix of alkasite [33 - 35]. The
result conforms to another investigation by Sideridou I et al.,
who noted that UDME-based resins were found to have less
water sorption [31].
The antibacterial activity of nano titania had been
investigated in several studies [36 - 38] and its potency has
been shown against various pathogens. As a result, it has been
merged with other materials. Nano titania is said to have the
capacity to deactivate cellular enzymes and the
microorganism’s DNA. Furthermore, it can cause pits in the
bacterial cell wall, causing a decrease in the bacteria's
resistance to it [39, 40]. The observations are compatible with
the findings of Sabriye Pişkin et al., who concluded that the
synthesized TiO2 nanoparticles exhibited antibacterial activity
against E.coli, Staph.aureus, P.aeruginosa, C.albicans, and
B.subtilis, and that TiO2 NPs could be considered as
appropriate inorganic antimicrobial agents [41]. Another study
confirmed the ability of MgO NPs to develop effective
antibacterial and antibiofilm activity against cariogenic
pathogens and to be very promising for dental applications; this
finding may be in harmony with our outcome and may support
the ability of different metallic nanoparticles to develop
antimicrobial activity against different pathogens [42].
Finally, titanium dioxide as an inorganic additive has many
promising properties as it is chemically stable, biocompatible
and non-toxic [43, 44]. Despite the statement that TiO2 is
allowed as an addition (E171) in food and pharmaceutical
formulations, there is no strong evidence regarding its
absorption, distribution, excretion, or toxicity when consumed.
While it has a low acute toxicity profile for aquatic creatures, it
has a variety of sub-lethal consequences on long-term exposure
[45]. Accordingly, evaluating the immediate and long-term
biocompatibility and cytotoxicity of the new formulation (nano
titania-enriched alkasite) is of great importance and should be
considered in further investigations.
CONCLUSION
Within the limitations of this analysis, it could be
concluded that 5% (w/w) nano titania-enriched alkasite
restorative material seems to be a very promising formulation.
Nano titania supplement can generate considerable
antibacterial activity against different pathogens. The modified
alkasite exhibited an improved compressive strength and
diminished water sorption and solubility while maintaining
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both surface microhardness and surface roughness. Further
supporting studies are requested to assess the influence of this
modification on other imperative properties, such as fluoride
release, fracture toughness, and biocompatibility. Additionally,
deeper analysis of the materials interactions that may influence
the behavior of alkasite in service and the long term stability of
the material after nano titania inclusion, and also the nature of
ion release and its impact on long term antibacterial activity,
should be conducted.
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
This study was approved by the institutional research
committee of Faculty of Dentistry, Mansoura University, Egypt
ethical committee approval no. A02080120.
HUMAN AND ANIMAL RIGHTS
All procedures performed in the study were in accordance
with the ethical standards of the institutional and/or national
research committee.
CONSENT FOR PUBLICATION
Not applicable.
AVAILABILITY OF DATA AND MATERIALS
The data supporting findings of this study are present
within the article.
FUNDING
None.
CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or
otherwise.
ACKNOWLEDGEMENTS
The authors are grateful to professor Dr. Nazem Abd El
Rahman Shalaby (Faculty of Agriculture, Mansoura
University, Egypt) for performing the statistical analysis.
REFERENCES
[1]

[2]
[3]

[4]

[5]

[6]

Hegde MN, Hegde P, Bhandary S, Deepika K. An evalution of
compressive strength of newer nanocomposite: An in vitro study. J
Conserv Dent 2011; 14(1): 36-9.
[http://dx.doi.org/10.4103/0972-0707.80734] [PMID: 21691503]
Sakaguchi R, Powers J. Craigʹs restorative dental materials. 13th ed.
Philadelphia: Elsevier Inc 2012.
Jayanthi N, Vinod V. Comparative evaluation of compressive strength
and flexural strength of conventional core materials with nanohybrid
composite resin core material an in vitro study. J Indian Prosthodont
Soc 2013; 13(3): 281-9.
[http://dx.doi.org/10.1007/s13191-012-0236-4] [PMID: 24431748]
Christensen GJ. Why is glass ionomer cement so popular? J Am Dent
Assoc 1994; 125(9): 1257-8.
[http://dx.doi.org/10.14219/jada.archive.1994.0156] [PMID: 7930188]
Parolia A, Adhauliya N, de Moraes Porto IC, Mala K. A comparative
evaluation of microleakage around class V cavities restored with
different tooth colored restorative materials. Oral Health Dent Manag
2014; 13(1): 120-6.
[PMID: 24603928]
Zanchi CH, de Carvalho RV, Rodrigues Júnior SA, Demarco FF,
Burnett Júnior LH. Shrinkage stress of three composites under

8 The Open Dentistry Journal, 2022, Volume 16

[7]

[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

different polymerization methods. Braz Oral Res 2006; 20(2): 137-42.
[http://dx.doi.org/10.1590/S1806-83242006000200009]
[PMID:
16878207]
González-López S, Vilchez Díaz MA, de Haro-Gasquet F, Ceballos L,
de Haro-Muñoz C. Cuspal flexure of teeth with composite restorations
subjected to occlusal loading. J Adhes Dent 2007; 9(1): 11-5.
[PMID: 17432396]
Santini A, Plasschaert AJ, Mitchell S. Effect of composite resin
placement techniques on the microleakage of two self-etching dentinbonding agents. Am J Dent 2001; 14(3): 132-6.
[PMID: 11572288]
Van Ende A, De Munck J, Lise DP, Van Meerbeek B. Bulk-fill
composites: A review of the current literature. J Adhes Dent 2017;
19(2): 95-109.
[PMID: 28443833]
Samanta S, Das UK, Mitra A. Comparison of microleakage in class V
cavity restored with flowable composite resin, glass ionomer cement
and Cention N. Imp J Inter discip Res 2017; 8(3): 180-3.
Mann JS, Sharma S, Maurya S, Suman A, Cention N. A review. Int J
Curr Res 2018; 10: 69111-2.
Abe S, Iwadera N, Esaki M, et al. Internal distribution of micro/nanosized inorganic particles and their cytocompatibility. IOP Conf Series
Mater Sci Eng 2011; 8: 1-4.
[http://dx.doi.org/10.1088/1757-899X/18/19/192013]
Hannig M, Hannig C. Nanomaterials in preventive dentistry. Nat
Nanotechnol 2010; 5(8): 565-9.
[http://dx.doi.org/10.1038/nnano.2010.83] [PMID: 20581832]
Haghi M, Hekmatafshar M, Janipour MB, et al. Antibacterial effect of
TiO2 nanoparticles on pathogenic strain of E coli. Int J Adv Biotechnol
Res 2012; 3(3): 621-4.
Uysal T, Yagci A, Uysal B, Akdogan G. Are nano-composites and
nano-ionomers suitable for orthodontic bracket bonding? Eur J Orthod
2010; 32(1): 78-82.
[http://dx.doi.org/10.1093/ejo/cjp012] [PMID: 19401356]
Yüzügüllü B, Çiftçi Y, Saygılı G, Canay Ş. Diametral tensile and
compressive strengths of several types of core materials. J Prosthodont
2008; 17(2): 102-7.
[http://dx.doi.org/10.1111/j.1532-849X.2007.00269.x]
[PMID:
18194206]
Shivrayan A, Kumar G. Comparative studyof mechanical properties of
direct core build-up materials. Contemp Clin Dent 2015; 6: 1-20.
[http://dx.doi.org/10.4103/0976-237X.149285]
Kovarik RE, Breeding LC, Caughman WF. Fatigue life of three core
materials under simulated chewing conditions. J Prosthet Dent 1992;
68(4): 584-90.
[http://dx.doi.org/10.1016/0022-3913(92)90370-P] [PMID: 1403934]
Cheng L, Zhang K, Weir MD, Melo MAS, Zhou X, Xu HH.
Nanotechnology strategies for antibacterial and remineralizing
composites and adhesives to tackle dental caries. Nanomedicine
(Lond) 2015; 10(4): 627-41.
[http://dx.doi.org/10.2217/nnm.14.191] [PMID: 25723095]
Bürgers R, Eidt A, Frankenberger R, et al. The anti-adherence activity
and bactericidal effect of microparticulate silver additives in composite
resin materials. Arch Oral Biol 2009; 54(6): 595-601.
[http://dx.doi.org/10.1016/j.archoralbio.2009.03.004]
[PMID:
19375069]
Garcia-Contreras R, Scougall-Vilchis RJ, Contreras-Bulnes R,
Sakagami H, Morales-Luckie RA, Nakajima H. Mechanical,
antibacterial and bond strength properties of nano-titanium-enriched
glass ionomer cement. J Appl Oral Sci 2015; 23(3): 321-8.
[http://dx.doi.org/10.1590/1678-775720140496] [PMID: 26221928]
Xie D, Weng Y, Guo X, Zhao J, Gregory RL, Zheng C. Preparation
and evaluation of a novel glass-ionomer cement with antibacterial
functions. Dent Mater 2011; 27(5): 487-96.
[http://dx.doi.org/10.1016/j.dental.2011.02.006] [PMID: 21388668]
Doozandeh M, Firouzmandi M, Mirmohammadi M. The simultaneous
effect of extended etching time and casein phosphopeptide-amorphous
calcium phosphate containing paste application on shear bond strength
of etch-and-rinse adhesive to caries-affected dentin. J Contemp Dent
Pract 2015; 16(10): 794-9.
[http://dx.doi.org/10.5005/jp-journals-10024-1759] [PMID: 26581459]
Kasraei S, Sami L, Hendi S, Alikhani MY, Rezaei-Soufi L, Khamverdi
Z. Antibacterial properties of composite resins incorporating silver and
zinc oxide nanoparticles on Streptococcus mutans and Lactobacillus.
Restor Dent Endod 2014; 39(2): 109-14.
[http://dx.doi.org/10.5395/rde.2014.39.2.109] [PMID: 24790923]
Elsaka SE, Hamouda IM, Swain MV. Titanium dioxide nanoparticles

Aref and Abdallah

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

addition to a conventional glass-ionomer restorative: influence on
physical and antibacterial properties. J Dent 2011; 39(9): 589-98.
[http://dx.doi.org/10.1016/j.jdent.2011.05.006] [PMID: 21651955]
Krishnamoorthy K, Moon JY, Hyun HB, Cho SK, Kim SJ.
Mechanistic investigation on the toxicity of MgO nanoparticles toward
cancer cells. J Mater Chem 2012; 22: 24610.
[http://dx.doi.org/10.1039/c2jm35087d]
Moshaverinia A, Ansari S, Moshaverinia M, Roohpour N, Darr JA,
Rehman I. Effects of incorporation of hydroxyapatite and fluoroapatite
nanobioceramics into conventional glass ionomer cements (GIC). Acta
Biomater 2008; 4(2): 432-40.
[http://dx.doi.org/10.1016/j.actbio.2007.07.011] [PMID: 17921077]
Gjorgievska E, Van Tendeloo G, Nicholson JW, Coleman NJ, Slipper
IJ, Booth S. The incorporation of nanoparticles into conventional
glass-ionomer dental restorative cements. Microsc Microanal 2015;
21(2): 392-406.
[http://dx.doi.org/10.1017/S1431927615000057] [PMID: 25691120]
Meyers MA. Mechanical properties of nanocrystalline materials. Prog
Mater Sci 2006; 51: 427-556.
[http://dx.doi.org/10.1016/j.pmatsci.2005.08.003]
Imran AM, Norhayati L, Ismail A, Sam’an MM, Thirumulu PK, Nik
Rozainah NA. Novel nano-hydroxyapatite-silica–added glass ionomer
cement for dental application: Evaluation of surface roughness and
sol-sorption. Polym Polymer Compos 2019; 28(5): 09673911198746.
Sideridou I, Tserki V, Papanastasiou G. Study of water sorption,
solubility and modulus of elasticity of light-cured dimethacrylatebased dental resins. Biomaterials 2003; 24(4): 655-65.
[http://dx.doi.org/10.1016/S0142-9612(02)00380-0]
[PMID:
12437960]
Noor AS. Evaluation of AL2O3 on thermal conductivity of acrylic
resindenture base and some other properties. College of dentistry. J
Univ Baghdad 2010; 23: 12-9.
Panyayang W, Oshida Y, Andress C, Borco TM, Hojivita S.
Reinforcementof acrylic resin for provisional fixed restoration. J
Biomed Mater Eng 2002; 12: 353-66.
Ferracane JL. Hygroscopic and hydrolytic effects in dental polymer
networks. Dent Mater 2006; 22(3): 211-22.
[http://dx.doi.org/10.1016/j.dental.2005.05.005] [PMID: 16087225]
Jadhav R, Bhide SV, Prabhudesai PS. Assessment of the impact
strength of the denture base resin polymerized by various processing
techniques. Indian J Dent Res 2013; 24(1): 19-25.
[http://dx.doi.org/10.4103/0970-9290.114926] [PMID: 23852228]
Sodagar A, Bahador A, Khalil S, Shahroudi AS, Kassaee MZ. The
effect of TiO2 and SiO2 nanoparticles on flexural strength of poly
(methyl methacrylate) acrylic resins. J Prosthodont Res 2013; 57(1):
15-9.
[http://dx.doi.org/10.1016/j.jpor.2012.05.001] [PMID: 23200530]
Su W, Wei SS, Hu SQ, Tang JX. Preparation of TiO(2)/Ag colloids
with ultraviolet resistance and antibacterial property using short chain
polyethylene glycol. J Hazard Mater 2009; 172(2-3): 716-20.
[http://dx.doi.org/10.1016/j.jhazmat.2009.07.056] [PMID: 19674837]
Ohko Y, Utsumi Y, Niwa C, et al. Self-sterilizing and self-cleaning of
silicone catheters coated with TiO(2) photocatalyst thin films: a
preclinical work. J Biomed Mater Res 2001; 58(1): 97-101.
[http://dx.doi.org/10.1002/1097-4636(2001)58:1<97::AID-JBM140>3.
0.CO;2-8] [PMID: 11153004]
Zhang H, Chen G. Potent antibacterial activities of Ag/TiO2
nanocomposite powders synthesized by a one-pot sol-gel method.
Environ Sci Technol 2009; 43(8): 2905-10.
[http://dx.doi.org/10.1021/es803450f] [PMID: 19475969]
Holt KB, Bard AJ. Interaction of silver ionswith the respiratory chain
of Escherichia coli: An electrochemical and scanning electrochemical
microscopy of micromolar Ag. Biochem 2005; 44(39): 13214-23.
[http://dx.doi.org/10.1021/bi0508542] [PMID: 16185089]
SabriyePişkin. ArzuPalantöken, and Müge Sari Yılmaz. International
Conference on Emerging Trends in Engineering and Technology
(ICETET’2013) Dec. 7-8, 2013; Patong Beach, Phuket (Thailand).
Noori AJ, Kareem FA. The effect of magnesium oxide nanoparticles
on the antibacterial and antibiofilm properties of glass-ionomer
cement. Heliyon 2019; 5(10): e02568.
[http://dx.doi.org/10.1016/j.heliyon.2019.e02568] [PMID: 31667407]
Yang J, Mei S, Ferreira JMF. Hydrothermal synthesis of nanosized
titania powders: influence of tetra alkyl ammonium hydroxides on
particle characteristics. J Am Ceram Soc 2001; 84: 1696-702.
[http://dx.doi.org/10.1111/j.1151-2916.2001.tb00901.x]
Zhang R, Gao L. Effect of peptization on phase transformation of
TiO2 nanoparticles. Mater Res Bull 2001; 36: 1957-65.

Nanotitania-Enriched Alkasite

[45]

[http://dx.doi.org/10.1016/S0025-5408(01)00674-2]
Skocaj M, Filipic M, Petkovic J, Novak S. Titanium dioxide in our

The Open Dentistry Journal, 2022, Volume 16 9

everyday life; is it safe? Radiol Oncol 2011; 45(4): 227-47.
[http://dx.doi.org/10.2478/v10019-011-0037-0] [PMID: 22933961]

© 2022 Aref and Abdallah
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

