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Comparative Evaluation of Mechanical Properties of
Resin Luting Cement with Tooth-colored Nanoparticles:
An In Vitro Study
Eldho Jijy Varghese1, Tripuravaram VK Reddy2, Kondas V Venkatesh3

A b s t r ac t
Aim: The aim of this study is to compare the shear bond strength and diametrical tensile strength of resin luting cement after the incorporation
of titanium dioxide nanoparticles (TDNP) and hydroxyapatite nanoparticles (HANP).
Materials and methods: Three main sample groups and three subgroups in the two experimental groups were made based on the weight
percentage of nanoparticles. Forty-two samples were prepared by injecting the cement into a polytetrafluoroethylene (PTFE) mold positioned
onto the occlusal surface of human maxillary second premolars embedded in acrylic blocks (prepared for bonding). Light curing was carried
out following the manufacturer’s instructions. The prepared samples were loaded at a crosshead speed of 1 mm/min on a universal-testing
machine. The shear bond strength was evaluated by measuring the force (N) at which the bonding failed.
Forty-two cylindrical samples were fabricated by injecting the cement into PTFE molds. The prepared samples were mounted on a universal-testing
machine diametrically at a crosshead speed of 1 mm/min, and diametrical tensile strength was calculated by measuring the maximum force
(N) at which the failure occurred.
Results: Statistical analysis was carried out using one-way analysis of variance (ANOVA) and Tukey’s honest significant difference tests. Maximum
shear bond strength and diametrical tensile strength were achieved after 2 wt% of TDNP was incorporated into the resin luting cement
(VARIOLINK N).
Conclusion: TDNP can be considered a promising nanofiller for the manufacture of dental resin luting cement.
Clinical significance: An ideal luting cement should have adequate bond strength and tensile strength properties to provide a durable bond
for any indirect restorations. This study evaluates the shear bond strength and diametrical tensile strength after incorporating TiO2 and HANP
into Variolink (Resin Luting Cement), which can be an eye-opener for manufacturing resin luting cement with potential nanoparticles as fillers.
Keywords: Diametrical tensile strength, Hydroxyapatite nanoparticles, Shear bond strength, Titanium dioxide nanoparticles, Variolink N.
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Introduction

1–3

The clinical success of bonded restorations depends primarily on
a good bond to enamel/dentin and an optimal marginal fit after
cementation. Several categories of luting cement are being used for
cementation of direct or indirect restorations to the tooth structure.
Resin cement is typically classified into three classes based on
its activation mode: photo-activated (light-cured), chemically
activated (self-cured), and dual-cured cements. Dual-cured
resin cement was introduced to combine the benefits of both
photo-activated and self-cured cement.1,2
Resin luting cement undergo contraction and expansion changes
due to polymerization and water absorption. Resin cement is used
in combination with adhesive systems that create micromechanical
retention to both enamel and dentin. The material forms a strong
adhesion to an adequately treated surface of composite, ceramic and
metallic restorations. Because of their low solubility, good mechanical
properties, and adhesive qualities, conventional dual-cure resin
cement is recommended for luting procedures for indirect restorations.
To achieve complete polymerization, dual-cure resin cement is
favorable for thicker restorations since the luting cement may not be
well activated by the light source. The key cause of dental restoration
failure is volumetric shrinkage of resin-related dental products due
to polymerization. The amount of filler in resin-related materials is
thought to have a significant impact on their shrinkage-strain kinetics.

Many studies have shown improvement of the mechanical
properties of polymeric materials by incorporation of nanoparticles.3
Titanium dioxide (TiO2) has been widely used as a pigment
in sunscreens, paints, ointments, toothpaste, and other products
since its commercial manufacturing in the early 20th century. The
addition of titanium dioxide nanostructures to resin materials such
as resin composites, flowable resin composites, orthodontic resin
cement, and glass Ionomer cement (GIC) has shown promising
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Resin Luting Cement with Tooth-colored Nanoparticles
results in improving their properties. Hydroxyapatite is used to
improve surface hardness, durability, and biocompatibility since
its structure is similar to that of natural teeth. Studies have shown
that HANP can be added to resin-based GIC to produce materials
that are identical to human dental hard substrates.4–6
To overcome the bonding and mechanical failure of indirect
restorations, it is mandatory to have a luting agent with improved
bonding and mechanical properties. Even though nanotechnology
is extensively studied in dental composite resins, literature is
sparse when it comes to resin luting cement and nanoparticles.
Therefore, the aim of the current study is to evaluate the shear
bond strength and diametrical tensile strength of resin luting
cement (VARIOLINK N) after the incorporation of TDNP and HANP
in different concentrations (1 wt%, 2 wt%, and 3 wt%).7

M at e r ia l

and

Methods

Selection and Preparation of the Samples

with the catalyst paste of resin luting cement (VARIOLINK N) using
a cement spatula.5

Description of Samples
For the purpose of evaluating shear bond strength and diametrical
tensile strength, three main sample groups were prepared for each
test based on the amount of nanoparticles being added to resin
luting cement (VARIOLINK N) (Flowcharts 3 and 4).
•
•
•

Group A- VARIOLINK N without HANP and TDNP
Group B- VARIOLINK N with HANP
Group C- VARIOLINK N with TDNP

Group B and Group C was again subdivided into B1, B2, B3 and C1,
C2, C3 respectively. B1, B2, B3 represents subgroups containing
Flowchart 2: Explains the synthesis of hydroxyapatite nanoparticles

The study was approved under Ethical Clearance Number:
1798/IEC/2019. Recently extracted maxillary second premolars for
orthodontic and periodontal reasons without caries, cracks, and
developmental anomalies were selected for the study.

Synthesis of Titanium-dioxide Nanoparticles
Flowchart 1 explains the synthesis of TDNP.

Synthesis of Hydroxyapatite Nanoparticles
Flowchart 2 explains the synthesis of HANP. The morphology and
crystalline structures of the TiO2 and hydroxyapatite nanoparticles
were characterized by using scanning electron microscopy (SEM).

Mixing of Nanoparticles with Resin Luting Cement
The resin luting cement (VARIOLINK N) comes with a base paste
and a catalyst paste. The titanium dioxide and HANP were weighed
using SHIMADZU AY220 weighing machine in order to obtain 1 wt%,
2 wt%, and 3 wt% samples. The nanoparticles were hand mixed
with the base paste of resin luting cement (VARIOLINK N) using an
agate spatula on a glass slab to obtain a homogeneous mix. The
blended mixture (base paste and nanoparticles) was then mixed

Flowchart 3: For shear bond strength test

Flowchart 1: Explains the synthesis of titanium dioxide nanoparticles

Flowchart 4: For diametrical tensile strength test
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1 wt%, 2 wt% and 3 wt% of HANP respectively and C1, C2, C3
represents subgroups containing 1 wt%, 2 wt%, and 3 wt% of
TDNP respectively. (TNDP- Titanium dioxide nanoparticles, HANPHydroxyapatite nanoparticles)

Preparation of Samples for the Evaluation of Shear
Bond Strength
Forty-two recently extracted human maxillary second premolars
were collected. All external debris was removed using an
ultrasonic scaler under magnifying loups. The selected teeth
were then disinfected in sodium hypochlorite and stored
in 0.1% thymol at 37°C. Root surfaces of teeth were embedded
in acrylic blocks of dimensions 2 × 2 × 2 cm. Modeling wax was
used for preparing the molds into which the acrylic was packed.
Measurements were carried out using a measuring scale. The
occlusal surfaces of teeth were ground using a diamond disk
attached to a high-speed alloy grinder to prepare flat surfaces,
thereby exposing dentin at a depth of 2 mm from the cuspal tip
of the teeth. The buccal and lingual surfaces were reduced by
2 mm to make them parallel to the long axis of the tooth (water
cooling during the preparation was provided using a 25 gauge
open-ended needle). The samples were then wet-ground using
600 grit SiC sandpaper in order to obtain a flat surface on
superficial dentin. The dentin surface was etched using 37%
phosphoric acid for 15 seconds, rinsed, and dried. A bonding
agent was applied onto the etched dentin and light-cured
(Bluephase N), following the manufacturer’s instructions.
PTFE molds (according to ISO) of 3 mm in diameter and 3 mm
in length were positioned onto the flat dentin surfaces occlusally.
Forty-two samples of resin luting cement mounted on teeth based
on each group were prepared by injecting the cement into a PTFE
mold positioned onto the occlusal surface of the tooth. Light
curing was carried out following the manufacturer’s instructions.
The samples were then stored in a distilled water bath for 24hrs at
room temperature.8

Preparation of Samples for Diametrical
Tensile Strength
The resin luting cement samples (with and without nanoparticles
incorporation) were injected into PTFE molds of dimensions
6 mm in diameter and 6 mm in height and light-cured under the
manufacturer’s instructions. Forty-two cylindrical resin luting
cement samples of dimensions 6 ± 0.1 mm in diameter and
3 ± 0.1 mm in height were fabricated according to the sample groups.8

Evaluation of Shear Bond Strength
The prepared samples were mounted on a universal testing
machine and loaded at a crosshead speed of 1 mm/min until the
bond between resin luting cement and dentin failed.8

Evaluation of Diametrical Tensile Strength
The prepared samples were mounted diametrically on a universal
testing machine, and diametrical tensile strength was calculated by
measuring the maximum force (N) at which the failure occurred.
The crosshead speed was kept at 1 mm/min.9,10

Statistical Analysis
Obtained data was entered into Microsoft Excel and analyzed
using IBM SPSS Statistics for Windows, Version 20 (IBM Corp.,
Armonk, N.Y., USA). Data were explored for normality using the
Kolmogorov-Smirnov test. Diametrical tensile strength and shear
bond strength across various subgroups were analyzed using
one-way ANOVA and post hoc analysis (α = 0.05). The level of
statistical significance is determined at p <0.05.

R e s u lts
Table 1 depicts the values of shear bond strength after various
concentrations of TDNP and HANP were incorporated into the
resin luting cement (VARIOLINK N). Group C2, which is 2 wt% TDNP
incorporated resin luting cement, achieved the maximum value
(94.56 N) compared to other groups. Table 2 depicts the values
of diametrical tensile strength after various concentrations of
TDNP and HANP were incorporated into the resin luting cement
(VARIOLINK N). Group C2, which is 2 wt% TDNP incorporated resin
luting cement, achieved the maximum value (635.66N). Table 3
shows the post hoc analysis between all the test groups and
the control. Table 3 shows that there is a statistically significant
difference in shear bond strength and diametrical tensile strength
values between the groups. The difference in diametrical tensile
strength values between hydroxyapatite 2 wt% and titanium
dioxide 1 wt%, hydroxyapatite 3 wt%, and titanium dioxide 3 wt%,
was statistically insignificant.
Figure 1 depicts the mean shear bond strength values of the
control and experimental groups and shows that 2 wt% TDNP
incorporated group had a maximum value (94.56N). Figure 2 depicts
the mean diametrical strength values in which 2 wt% TDNP showed
the maximum results (635.66N).

Table 1: Shear bond strength descriptive statistics of study groups
Groups

N

Range

Min

Max

Mean

Std. deviation

Variance

Statistic

Statistic

Statistic

Statistic

Statistic

Std. error

Statistic

Statistic

A
B1
B2
B3
C1
C2

6
6
6
6
6
6

1.25
1.15
1.11
0.64
1.03
2.00

60.95
53.90
72.84
41.92
47.52
93.95

62.20
55.05
73.95
42.56
48.55
95.95

61.36
54.45
73.38
42.20
47.92
94.56

0.187
0.176
0.190
0.100
0.156
0.308

0.459
0.432
0.465
0.245
0.382
0.756

0.211
0.187
0.217
0.060
0.146
0.572

C3

6

1.63

36.64

38.27

37.60

0.244

0.598

0.359

Group A, control; Group B1, hydroxyapatite 1 wt%; Group B2, hydroxyapatite 2 wt%; Group B3, hydroxyapatite 3 wt%; Group C1, Titanium 1 wt%;
Group C2, Titanium 2 wt%; Group C3, Titanium 3 wt%
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Table 2: Diametrical tensile strength descriptive statistics of study groups
N

Range

Min

Max

Std. deviation

Variance

Statistic

Statistic

Statistic

Statistic

Statistic

Std. error

Statistic

Statistic

A
B1
B2
B3
C1
C2

6
6
6
6
6
6

44
87
84
83
65
57

251
451
99
308
145
609

295
358
183
391
210
666

270.16
497.50
131.66
349.50
177.33
635.66

6.94
12.78
12.76
13.89
9.89
9.35

17.01
31.32
31.27
34.03
24.23
22.90

289.36
981.50
978.26
1158.70
587.46
524.66

C3

6

83

312

395

360.83

11.96

29.30

858.96

Groups

Mean

Group A, control; Group B1, hydroxyapatite 1 wt%; Group B2, hydroxyapatite 2 wt%; Group B3, hydroxyapatite 3 wt%; Group C1, Titanium 1 wt%;
Group C2, Titanium 2 wt%; Group C3, Titanium 3 wt%

Discussion

Nanotechnology is the field of research and innovation concerned
with building materials and devices on the scale of atoms and
molecules. Nanoparticles are colloidal solid particles with sizes
ranging from 1–1000 nm. A significant improvement in mechanical
and physical properties of dental materials was achieved by the
nanotechnology concept.11
In 2008, Xia et al. used TiO2 nanoparticles as a reinforcing
agent in dental resin, which enhanced microhardness and flexural
strength. Elsaka et al. in 2011 reported that adding a low percentage
of TiO2 nanoparticles to GIC dramatically improved its mechanical
and antimicrobial properties.12
Calcium hydroxyapatite Ca10(PO4)6(OH)2 is a calcium phosphate
bioceramic consisting of calcium and phosphorus in a 1.67:1 ratio.
It has been demonstrated that HA with a Nanoporous structure
improves cell adhesion, proliferation, and differentiation, all of
which are essential for tissue function. Extensive studies have been
carried out on dental materials and HANP due to their excellent
biocompatibility and a crystalline structure that is similar to that of
apatite in the human dental and skeletal systems.13,14
VARIOLINK N used in this study is dual-cure resin cement that
is available in two tubes as base paste and catalyst paste. The
base paste contains ytterbium trifluoride (20–25 wt%), Bis–GMA
(10–25 wt%), triethylene glycol dimethacrylate (2.5–10 wt%), and
urethane dimethacrylate (2.5–10 wt%). The catalyst paste contains
Bis–GMA (50–100 wt%), ytterbium trifluoride (20–25 wt%),
triethylene glycol dimethacrylate (2.5–10 wt%), urethane
dimethacrylate (2.5–10 wt%), and dibenzoyl peroxide (1 wt%).
Ivocerin is the photoinitiator present in VARIOLINK N. Ivocerin
has proved to be an effective alternative photoinitiator to
camphorquinone that is present in conventional curing composite
systems. Dibenzoyl peroxide is a radical initiator that improves
color stability and provides a higher degree of conversion and
better polymerization. VARIOLINK N has a filler loading of 20–25
wt% compared to 37–53% of a flowable composite resin, making
it less viscous and providing better adaptability and flow.13–15
Shear bond strength and diametrical tensile strength
are correlated factors that increase the longevity of bonded
restorations when they are at an optimum level. A high diametrical
tensile strength of the luting cement ( >400 N) enables them to
withstand masticatory forces in the oral cavity and enhances
the fracture resistance of the restoration, especially in brittle
materials such as ceramics.6 Literature is sparse on the evaluation
of different properties of resin luting cement after incorporation of
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nanoparticles. This study evaluated the shear bond strength and
diametrical tensile strength of resin luting cement (VARIOLINK N)
after the incorporation of titanium dioxide (TDNP) and HANP
nanoparticles in different concentrations (1 wt%, 2 wt%, and 3 wt%).
The null hypothesis was rejected as significant differences in shear
bond strength and diametrical tensile strength were detected
after nanoparticles were incorporated into the resin luting cement
(VARIOLINK N).16
After 2 wt% TDNP and HANP were added to the resin luting
cement, shear bond strength increased significantly. Table 1 shows
the shear bond strength values after different concentrations of TDNP
and HANP were added to the resin luting cement (VARIOLINK N).
The results obtained with 2 wt% nanoparticles were significantly
higher than the control (61.36N). Maximum Shear bond strength
values (94.56 N) were achieved when 2 wt% TDNP was incorporated
into resin luting cement.
After incorporating 2 wt% TDNP and 1 wt% HANP into the
resin luting cement, the diametrical tensile strength increased
significantly. Table 2 shows the diametrical tensile strength values
after different concentrations of TDNP and HANP were integrated
into the resin luting cement (VARIOLINK N). The values obtained
with 2 wt% TDNP (635.66N) and 1 wt% HANP (497.50N) were
significantly higher than those obtained with the control (270.16N).
Maximum Diametrical Tensile Strength Values were obtained when
2 wt% of TDNP was incorporated into resin luting cement. Higher
concentrations of HANP may limit the mobility of the monomer
chain, resulting in reduced monomer and radical mobility and
lower conversion. This explains the decrease in diametrical tensile
strength for the 2 wt% HANP sample compared to 1 wt% HANP.
Agglomeration of HAP nanoparticles at higher filler loadings
may aggravate the matter and result in local defects that reduce
diametrical tensile strength.17
Gad et al. recorded improved mechanical properties of
dental composites after incorporating 2 wt% TDNP.18 Gad et al.
explained the behavior of PMMA Denture Base Materials containing
Titanium-Dioxide Nanoparticles. Chatterjee investigated the
chemical and physical interactions between PMMA and TDNP.
The study reported that the TDNP could react with the PMMA
polymer’s –COOR group in two ways. The first way is the formation
of an H-bond between the carbonyl group (C=O) of TDNP and the
surface hydroxyl group (–OH). The second way is TDNP binding
to Ti4+ cation through bidentate coordination with two oxygen
atoms of –COOR. As TDNP reaches the surface, they crosslink with
PMMA. This bonding increases as the amount of TDNP loaded into

Resin Luting Cement with Tooth-colored Nanoparticles
Table 3: Post hoc analysis between all test groups and control
95% Cf interval
Dependent
variable

(I) Nanoparticles incorporated
into the luting cements (wt%)

(J) Nanoparticles incorporated
into the luting cements (wt%) Mean difference (I-J)

Shear bond
strength

Hydroxyapatite 1 wt%

Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%

Hydroxyapatite 2 wt%

Hydroxyapatite 3 wt%

Titanium 1 wt%

Titanium 2 wt%

Titanium 3 wt%

Control

-18.9350*
12.2417*
6.5217*
-40.1167*
16.8500*
-6.9183*
18.9350*
31.1767*
25.4567*
-21.1817*
35.7850*
12.0167*
-12.2417*
-31.1767*
-5.7200*
-52.3583*
4.6083*
-19.1600*
-6.5217*
-25.4567*
5.7200*
-46.6383*
10.3283*
-13.4400*
40.1167*
21.1817*
52.3583*
46.6383*
56.9667*
33.1983*
-16.8500*
-35.7850*
-4.6083*
-10.3283*
-56.9667*
-23.7683*
6.9183*
-12.0167*
19.1600*
13.4400*
-33.1983*
23.7683*

Sig.

L
Bound

U
Bound

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

-19.8381
11.3385
5.6185
-41.0198
15.9469
-7.8215
18.0319
30.2735
24.5535
-22.0848
34.8819
11.1135
-13.1448
-32.0798
-6.6231
-53.2615
3.7052
-20.0631
-7.4248
-26.3598
4.8169
-47.5415
9.4252
-14.3431
39.2135
20.2785
51.4552
45.7352
56.0635
32.2952
-17.7531
-36.6881
-5.5115
-11.2315
-57.8698
-24.6715
6.0152
-12.9198
18.2569
12.5369
-34.1015
22.8652

-18.0319
13.1448
7.4248
-39.2135
17.7531
-6.0152
19.8381
32.0798
26.3598
-20.2785
36.6881
12.9198
-11.3385
-30.2735
-4.8169
-51.4552
5.5115
-18.2569
-5.6185
-24.5535
6.6231
-45.7352
11.2315
-12.5369
41.0198
22.0848
53.2615
47.5415
57.8698
34.1015
-15.9469
-34.8819
-3.7052
-9.4252
-56.0635
-22.8652
7.8215
-11.1135
20.0631
14.3431
-32.2952
24.6715

(Contd…)
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Table 3: (Cont...)
95% Cf interval
Dependent
variable

(I) Nanoparticles incorporated
into the luting cements (wt%)

(J) Nanoparticles incorporated
into the luting cements (wt%) Mean difference (I-J)

Diametrical tensile
strength

Hydroxyapatite 1 wt%

Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 2 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 3 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Control
Hydroxyapatite 1 wt%
Hydroxyapatite 2 wt%
Hydroxyapatite 3 wt%
Titanium 1 wt%
Titanium 2 wt%
Titanium 3 wt%

Hydroxyapatite 2 wt%

Hydroxyapatite 3 wt%

Titanium 1 wt%

Titanium 2 wt%

Titanium 3 wt%

Control

Sig.

L
Bound

U
Bound

365.8333*
148.0000*
320.1667*
-138.1667*
136.6667*
227.3333*
-365.8333*
-217.8333*
-45.6667
-504.0000*
-229.1667*
-138.5000*
-148.0000*
217.8333*
172.1667*
-286.1667*
-11.3333
79.3333*
-320.1667*
45.6667
-172.1667*
-458.3333*
-183.5000*
-92.8333*
138.1667*
504.0000*
286.1667*
458.3333*
274.8333*
365.5000*
-136.6667*
229.1667*
11.3333
183.5000*
-274.8333*
90.6667*
-227.3333*
138.5000*
-79.3333*
92.8333*
-365.5000*

.000
.000
.000
.000
.000
.000
.000
.000
.093
.000
.000
.000
.000
.000
.000
.000
.991
.000
.000
.093
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.991
.000
.000
.000
.000
.000
.000
.000
.000

315.8047
97.9714
270.1381
-188.1953
86.6381
177.3047
-415.8619
-267.8619
-95.6953
-554.0286
-279.1953
-188.5286
-198.0286
167.8047
122.1381
-336.1953
-61.3619
29.3047
-370.1953
-4.3619
-222.1953
-508.3619
-233.5286
-142.8619
88.1381
453.9714
236.1381
408.3047
224.8047
315.4714
-186.6953
179.1381
-38.6953
133.4714
-324.8619
40.6381
-277.3619
88.4714
-129.3619
42.8047
-415.5286

415.8619
198.0286
370.1953
-88.1381
186.6953
277.3619
-315.8047
-167.8047
4.3619
-453.9714
-179.1381
-88.4714
-97.9714
267.8619
222.1953
-236.1381
38.6953
129.3619
-270.1381
95.6953
-122.1381
-408.3047
-133.4714
-42.8047
188.1953
554.0286
336.1953
508.3619
324.8619
415.5286
-86.6381
279.1953
61.3619
233.5286
-224.8047
140.6953
-177.3047
188.5286
-29.3047
142.8619
-315.4714

-90.6667*

.000

-140.6953

-40.6381

*Mean difference is significant at 0.05 level; Cf, confidence; L, lower; U, upper

the PMMA increases. This occurs due to the hydroxyl group on the
surface of TDNP, as well as the - C = O (Carbonyl), -OH (Hydroxyl),
-COOH (Carboxyl), and –COOR (Ester) groups in the polymer matrix.
Fourier-transform infrared spectroscopy has confirmed this crosslinking. This explains the reinforcement of mechanical properties
of the resin luting cement (VARIOLINK N) after the addition of TDNP.
There was a decrease in the mechanical properties of the composite
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when 3 wt% of TDNP was added instead of 2 wt%. This is caused
by two main reasons one is the agglomeration of nanofillers in the
resin matrix, and the other reason is due to the ductile to the brittle
transformation of nanocomposite.19
The catalyst paste of VARIOLINK N has dibenzoyl peroxide as
one of its components. There is sufficient literature that confirms
the interactions of TDNP and peroxides. In this study, TDNP was

Resin Luting Cement with Tooth-colored Nanoparticles

Fig. 1: Mean shear bond strength of study groups

mixed with base paste of VARIOLINK N to avoid unfavorable
reactions.15,20 One of the limitations of this study can be the technique
employed for incorporating the nanoparticles. The nanoparticles
were hand mixed with the base paste. Sufficient literature is available
on hand mixing nanoparticles to luting cement and evaluating the
properties.5

C o n c lu s i o n
Within the limitations of this study, it was concluded that maximum
values for shear bond strength and diametrical tensile strength
were achieved when 2 wt% of TDNP was incorporated into resin
luting cement. This study can be an eye-opener for the future
manufacturing of titanium dioxide nanoparticle (TDNP) filler-based
resin luting cement with improved properties that include sufficient
mechanical properties and bonding.
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