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Conversion of Two Dental Adhesives
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Codex : 25/1707 ABSTRACT

dentaljournal forgirls@yahoo.com Purpose: The purpose of this study was to evaluate the effect of incorporation of

different concentrations of hydroxyapatite nanorods into two adhesives of two commer-
cial adhesive systems in order to evaluate the effect on rheological properties, micro-
shear bond strength and degree of conversion. Materials and Methods: One hundred
twenty specimens were used in the present study. The specimens were divided into two
main groups (n=60) according to the type of commercial adhesive used AdheSE Bond
(I) and Tetric-N Bond Universal (II). Then each group was subdivided into 4 subgroups
(n=15) according to the concentration of incorporated HAp nanorods O( control), 0.2,
2, 10wt%HAp nanorods (A, B, C and D, respectively). Each subgroup was further
divided into 3 divisions according to the type of test performed (n=5). For rheologi-
cal properties measurements, a rheometer was used to measure the viscosity and the
viscoelastic behavior of the adhesives. For microshear bond strength testing (#SBS),
the specimens were tested by using a universal testing machine. The type of failure
was determined by using scanning electron microscope. The degree of conversion was
measured using Fourier Transform Infrared (FTIR) spectroscopy. The data were ana-
lyzed using one-way analysis of variance (ANOVA) and Tukey’s post hoc significance
difference tests. Differences were considered significant at p<0.05. Two ways analysis
of variance ANOVA test was used to study the statistical significance of the interaction
between variables (material and HAp nanorods concentrations). Results: The viscosity
of experimental adhesives increased gradually with increasing the concentrations of
HAp nanorods. In #SBS test, the AdheSE containing 0.2 and 2wt.% HAp nanorods pro-
duced significantly the highest values. Regarding degree of conversion (DC), Tetric-N
Bond containing 10wt.% HAp nanorods produced significantly the highest value of
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DC. Conclusion: Incorporation of HAp nanorods with low concentration (0.2wt %) in
Hydroxyapatite_Adhesive_ AdheSE Bond had a positive impact on the bond strength. However, HAp nanorods as
rheological properties. fillers were not suitable to be incorporated in Tetric-N Bond.
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INTRODUCTION

In dentistry, a true chemical and micromechani-
cal bond of the restorative material to the tooth struc-
ture were desired. Recent dental adhesive agents are
classified according to the type of tissue condition-
ing and number of steps for their applications.! A
strong hydrophobic and low viscosity adhesive res-
in copolymerizes with the primer penetrating onto
the decalcified dentinal surface and simultaneously
offers bonding receptors for copolymerization with
the restorative resin composite.” The adhesive layer
located above the hybrid layer within adhesive zone
is considered the weakest spot of an adhesive resto-
ration as microcracks may propagate and undergo
hydrolytic degradation. * Thus, there were various
efforts to increase the mechanical properties of the
adhesive layer through loading fillers, increasing the
degree of conversion and improving the monomer
system. Among these strategies, fortifying the ad-
hesive with nanoparticles improved its physical and
mechanical properties.*

Nanotechnology and nanoscience have paved

MATERIALS AND METHODS

Materials used in this study are shown in table (1):
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the way by processing a wide variety of nanofillers
that improved physical and mechanical properties of
adhesives. Moreover, additional biological advan-
tages of the incorporation of nanofillers, as poten-
tial antimicrobial and remineralizing activities were
proved. Incorporation of fillers into a dental adhesive
system can reinforce the adhesive layer resisting the
polymerization shrinkage stresses of the overlying
composite resin which resulted after light activation,
causing gap formation and rupture at the tooth-resin
interface.’® Also, it leads to crack deflection and lo-
cal plastic deformation around particles.”®

Bonding to dentin is more complex than that to
enamel due to its heterogeneous nature with a larger
organic content and water. * The quality of the hy-
brid layer formed at the resin-dentin interface deter-
mines the longevity of the adhesive joint. '

Synthetic Hydroxyapatite [Ca,, (PO,)6(0OH) ]
which is a form of calcium phosphate, is one of the
most biocompatible materials which might be ben-
eficial if used as fillers in adhesives. !

Table (1) The trade name, composition, manufacturers and Batch number of the materials used in this study.

Trade name Type (specification)

Composition

Manufacturer | Batch no.

HAp nanorods | White powder of rod-
shaped nanohydroxy-
apatite particles size

less than 100nm.

Ca, (PO,)(OH),

Nano-Tech
Company, Egypt,
6th of October -

City, Egypt.

AdheSE System

2 step self-etch adhe-
sive system
(2-SEA).

Self-etch primer: water, dimethacrylate, phos-
phonic acid acrylate, initiators, stabilizers

Bond:, Bis-phenol A di-glycidyl methacrylate.
(Bis-GMA), glycerol di-methacrylate (GDMA),
hydroxyl-ethyl-methacrylate (HEMA),

Initiators and stabilizers.

Fillers: dispersed fumed Silica(<5wt%).

Ivoclar, Vivadent,
Schaan,
Liechtenstein.

U21135

Tetric-N Bond
Universal

Single-component
bonding agent in com-
bination with the total-
etch technique.

Phosphoric acid methacrylate (10-MDP), HEMA,
Bis-GMA, methacrylated carboxylic acid polymer
(MCAP), urethanedi-methacrylate (UDMA), etha-
nol, film forming agent, catalysts, and stabilizers.
Filler: <1wt% silica

Ivoclar Vivadent,
Schaan,
Liechtenstein.

U25000
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Trade name Type (specification) Composition Manufacturer | Batch no.
N-Etch Phosphoric acid gel. Phosphoric acid (37wt% in water, thickeners and | Ivoclar, Vivadent,
pigments Schaan, U34429
Liechtenstein.
Tetric N-Ceram | Nano-hybrid composite. | Matrix: Dimethacrylates (19-20wt.%). Ivoclar, Vivadent,
Fillers: Barium glass, ytterbium trifluoride, mixed | Schaan,
oxide and copolymers Liechtenstein. T47220
Filler loading (80-81wt%).

Characterization of HAp nanorods and experi-
mental adhesives:

Transmission Electron Microscope (TEM) was
used to determine the particle size and shape of
HAp powder as well as its distribution within ex-
perimental adhesives.

Chemical characterization by Fourier Transform
Infrared Spectroscopy (FTIR) spectroscopy:

It was used to obtain the spectra in the spectral
region 4000-400cm™ to detect the functional groups
of HAp nanorods and detection of these functional
groups after its incorporation in both types of
adhesives.

Rheological Measurements:

Arheometer was used to measure viscosities and
viscoelastic properties of experimental adhesives by
rotational and oscillatory mode of two plates of rhe-
ometer, respectively at 37°C.

Microshear bond strength test procedures:

For microshear bond strength testing (#SBS),
dentin slices were prepared and placed in acrylic
blocks. Then, they were treated with different ad-
hesives according to the used bonding strategies.
Two plastic microtubes were attached to the treated
dentin surface and filled with composite resin. The
specimens were tested by using a universal testing
machine. Representative deboned dentin specimens
from all experimental adhesives subgroups (IA,
IB, IC, IDIIA, IIBIIC and IID) were examined
by an environmental scanning electron microscope

(ESEM). The failure mode of the individual speci-
men was evaluated as one of three types: adhesive
(failure at the adhesive interface), cohesive (fail-
ure within dentin or composite resin) and mixed
(adhesive+cohesive failure of the dentin or compos-
ite resin).

The Degree of conversion (DC) measurements:

FTIR spectroscopy was used to measure the de-
gree of conversion (DC%). Press-molded KBr discs
were used. A sample of uncured liquid of each ex-
perimental adhesive was smeared onto KBr disc
with disposable brush, and then it was loaded into
the holder attachment. The uncured sample was re-
moved after the IR spectrum exposure and was cov-
ered with celluloid strip and irradiated for 20s with a
dental light-curing unit. The percentage of DC was
determined by recording the ratio of the height of
the absorbance peak of aliphatic C=C which ap-
pears at peak 1637cm™! against the internal standard
aromatic C=C bond at 1608cm, obtained from
both the cured and uncured samples.

The DC% was calculated by the following equation: '**

abs (aliphatic C = C)1637 / abs
(aromatic C = C) 1608 polymer

DC%=1- x 100

abs (aliphatic C =C) 1637 / abs
(aromatic C = C) 1608 monomer

Statistical analysis

Data was presented as means and SD values.
One-way analysis of variance (ANOVA) test was
used to study the effect of different concentrations
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on viscosity, microshear bond strength and degree
of conversion. Tukey’s post-hoc test was used for
pair-wise comparison between the mean values
when ANOVA test was significant. The level of
significance was set at p<0.05. Unpaired t test was
used for comparison between viscosity, degrees of
conversion and microshear bond strength in both
groups at the same concentration.

RESULTS

Characterization by Transmission Electron

Microscope (TEM):

The resultant Transmission Electron Microscope
(TEM) photomicrographs as shown in figure (1) re-
vealed that the prepared HAp particles had a rod-like
shape and size ranging between 20-100nm in length
and 10-20nm in diameter with slight tendency to ag-
glomerate. Also, photomicrograghs of experimental
adhesives showed rod-like shape nanoparticles dis-
persed in adhesive samples with greater size of ag-
glomerations in AdheSE Bond sample rather than
that found in Tetric-N Bond.

Chemical characterization by Fourier Transform
Infrared (FTIR) spectroscopy of HAp nanorods
powder and experimental adhesives:

FTIR spectrum of the HAp nanorods and experi-
mental adhesives containing HAp nanorods showed
the peaks corresponding to the HAp structure as
shown in figure (2, 3).
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Rheological properties

There was highly significant difference be-
tween AdheSE Bond and Tetric-N Bond at differ-
ent concentrations. The greatest mean viscosity
value was recorded in AdheSE Bond containing
10wt%HAp nanorods (ID) (0.452+0.099), whereas
the lowest mean viscosity value was recorded in
Tetric-N Bond containing 0.2wt%HAp nanorods
(IIB) (0.104+0.003) as shown in table (2). This
was confirmed by complex viscosities of AdheSE
Bond which were much affected by incorpora-
tion of HAp nanorods rather than that of Tetric-N
Bond Universal except Tetric-N Bond containing
10wt%HAp nanorods.

Fig. (1) TEM photomicrogragh of HAp nanorods particles
used in this study.
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Fig. (2) FTIR spectra of a. HAp nanorods b. AdheSE Bond,
and c¢. AdheSE Bond containing HAp nanorods.

Fig. (3) FTIR spectra of a. HAp nanorods, b. Tetric-N Bond,
and c. Tetric-N Bond  containing HAp nanorods.
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Table (2): Comparison between viscosity measurements (Pa.s) of AdheSE Bond and Tetric-N Bond (I and

II) at the same concentration.

Group (I) Group(II) t value P value
Mean 0.271 0.155

Owt.%(A) 1A ITA 11.5 <0.0001*
SD 0.026 0.006
Mean 0.304 0.104

0.2wt.%(B) B 1B 9.11 <0.0001*
SD 0.058 0.003
Mean 0.375 0.122

2wt.%(C) 1C 1IC 6.94 <0.0001*
SD 0.094 0.021
Mean 0.452 0.376

10wt.%(D) ID 11D 0.7351 0.4764
SD 0.099 0.255

*Highly significant. ns=non-significant.

Storage shear moduli (G*) and loss shear mod-
uli (G") versus angular frequency at (1-100rad/s)
for AdheSE Bond were obtained. Both G* and
G'"increased with increasing frequency. However,
almost no difference in values of G and G"among
the different concentrations of AdheSE Bond was
shown. Moreover, loss shear moduli (G") dominat-
ed over storage shear moduli G’ among all different
concentrations.

Storage (G") and loss (G") shear moduli versus
angular frequency for Tetric-N Bond were obtained.
Both G and G" increased with increasing frequen-
cy but showed almost no differences in values of
G and G" among Tetric-N Bond containing 0, 0.2
and 2wt.%HAp nanorods, whereas, Tetric-N Bond
containing 10wt.% revealed increase in storage and
loss shear moduli values at applied angular frequen-
cies. Moreover, G” and G" moduli showed almost

parallel straight lines throughout the entire frequen-
cy range showing slight slope only. In addition to
that G” were obviously higher than G" among all
values of applied angular frequencies in Tetric-N
Bond containing different concentrations.

Microshear bond strength (uSBS):

There was a highly statistically significant dif-
ference between AdheSE Bond and Tetric-N Bond
at different concentrations. AdheSE Bond contain-
ing 0.2wt%HApnanorods showed the highest bond
strength (25.57MPa+10.33). Whereas AdheSE
Bond containing 10wt%HAp nanorods showed the
lowest bond strength (6.22MPa+2.35) as shown in
table (3). Evaluation of failure modes by ESEM
showed that high values of #SBS tended to exhibit
cohesive or mixed failure while low values tended
to show adhesive failure.

Table (3): Comparison of bond strength (uSBS) values (MPa) between AdheSE and Tetric N-Bond (I and

1l) at at the same concentration of HAp nanorods.

(I)AdheSE (IT) Tetric N Bond t value P value
Mean 6.86 129

A-0wt % 2.6364 0.0299s
SD 391 3.31
Mean 25.57 17.36

B- 0.2wt% 1.5406 0.1620™
SD 10.33 5.94
Mean 24.54 13.77

C-2wt% 3.2879 00111+
SD 4.55 5.74
Mean 6.22 10.24

D- 10wt% 2.839 00111+
SD 2.35 3.84

s =significant at p<0.05. ns=non-significant .
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Degree of conversion (DC %)
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There was a statistically significant difference between AdheSE Bond and Tetric-N bond at different concen-
trations. Tetric-N Bond containing 10wt%HAp nanorods showed the highest degree of conversion (51.95+8.20).
Whereas AdheSE Bond containing 10wt%HAp nanorods recorded the least degree of conversion (20.42+4.96) as

shown in table (4).

Table (4): Comparison of degree of conversion (DC %) between AdheSE Bond and Tetric-N Bond groups

at the same concentration.

I AdheSE II Tetric N Bond t value P value
Mean 2745 34312
A-0Owt % 0.627 0.565™
SD 7.88 11.282
Mean 2444 37.55
B- 0.2wt% 1412 0.231™
SD 7.01 16.82
Mean 21.81 4424
C-2wt% 10.481 <0.000"
SD 7.29 5.85
Mean 2042 51.95
D- 10wt% 5.546 0.005¢
SD 496 8.20
* Highly significant. s =significant at P<0.05. ns= non-significant.
DISCUSSION Experimental adhesives of AdheSE Bond

Nowadays, the dental field approves the use of
self-etching adhesives but still with great concern
regarding their bonding strength.'*

Incorporation of nano-filler particles into resin ma-
trix can improve the physical and mechanical proper-
ties of dental adhesives."

Rheological properties:

AdheSE Bond with different concentrations
showed higher statistically significant mean values
of viscosities compared to those of Tetric-N Bond
(p=0.0001). This could be explained by the fact
that AdheSE Bond contains originally fillers (<5%
u silica) more than Tetric-N Bond (<1% p silica). In
addition to the nature of Bis-GMA monomer which
is a viscous component due to the presence of hy-
drogen bonding, caused by hydroxyl groups in its
molecule, as well as presence of aromatic rings. '¢
Tetric-N Bond contains UDMA monomer which acts
as a diluent. '” Moreover, this evidence might reflect
the difference in blends of monomers between both
adhesives used in this study.

showed shear thinning behavior of flow. This strong
particle-particle interaction of fillers is one major
factor that led to an increase in viscosity among dif-
ferent concentrations of AdheSE Bond (I). These
results were in accordance with results obtained by
a study who investigated flow properties of filled
Bis-GMA. '® Also, this was in agreement with the
results obtained that pit and fissure sealant exhib-
ited non-Newtonian shear thinning behavior. On
the contrary, Tetric-N Bond with different concen-
trations showed Newtonian behavior except that
contained 10wt% HAp nanorods showed shear
thinning behavior. It was observed that loss shear
modulus (viscous portion;G”’) dominated storage
shear modulus (elastic portion;G’) at almost ap-
plied frequencies with nearly no differences in their
values among the different tested concentrations.
This might be attributed to the fact that even high-
viscosity materials with entangled molecule chains
but without any chemical or physical network were
showing this behavior. ' This was in agreement
with a study which showed that G’and G’ increased
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by increasing the amount of Laponite (nano-sized
clay). The loss modulus G’ was larger than the stor-
age modulus G’indicating that the viscous behavior
was dominated and the sample displays liquid-like
behavior.’

In case of Tetric-N Bond with different concen-
trations of HAp nanorods, that storage shear modu-
lus (elastic portion; G*) exceeded loss shear modulus
(viscous portion; G”’) for all frequencies with nearly
no change in values of (G’) and (G”’) among different
concentrations (0, 0.2, 2wt%HAp nanorods) except
that contained 10wt% HAp nanorods. This could be
explained that even with low-viscosity flow behav-
ior, gel structure or even weak gel structure might be
obtained. Also, this could be explained that Tetric-N
Bond showed more stable dispersion. Therefore,
elastic behavior dominated the viscous one.
According to Tetric-N Bond containing 10wt%HAp
nanorods (IID), G’ and G became almost parallel
straight lines throughout the entire frequency range
showing a slight slope only. In addition, there was
an increase in values of G’ and G” of Tetric-N Bond
containing10wt%HAp nanorods. This might be due
to HAp nanorods that produced chemical interaction
in such adhesive. Chemical interaction might occur
at this concentration betweenlO0MDP and 10wt%
HAp nonorods.?! However, no works reported in the
literature about the dynamic oscillatory measure-
ments for dental adhesives.

Microshear bond strength test (uSBS)

The microshear bond test has now been accepted
as a reliable and facile method of measuring the
bond strength of dental adhesives to the tooth struc-
ture. The method was introduced to overcome the
drawbacks of the macroshear test that was inhomo-
geneous distribution of stress in the area over which
the load is applied. In the present study, the incor-
poration of 0.2 and 2wt%HAp nanorods, the greater
mean values of #SBS was found in AdheSE bonding
(25.57£10.33 and 24.54+4.55MPa) rather than those
of Tetric-N Bond (17.36£5.94 and 13.77+5.74MPa)
Jespectively. This might be due to the pH of AdheSE
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primer ~1.6. This acidity is buffered by HAp incorpo-
rated into the AdheSE Bond when applied on dentin.
This buffering action suppressed negative effect of
acidity on co-initiator system. Hence, this enhanced
the degree of conversion on the tooth structure and
increased the bond strength. This was in agreement
with a study that showed increasing the degree of con-
version following the addition of 3-4wt.%HAp fillers
to experimental self-etch adhesive. However, incor-
poration of HAp nanorods into Tetric-N Bond caused
neutralization of 10MDP diminishing its microme-

chanical and bonding efficacy to dentin.?**

However, at 10wt % HAp nanorods, AdheSE
Bond showed lower mean value of ySBS than that
of Tetric-N Bond. This could be explained that at this
concentration, amount of filler increased markedly
in AdheSE Bond (5%silica+10wt.%HApnanorods)
which caused further agglomeration rather than
that of Tetric-N Bond (1wt.%silica+10wt.% HAp
nanorods), so there was no further enhancement at
these concentrations. Moreover, higher amounts of
filler especially at the nanoscale increased the vis-
cosity of the polymer, resulting in difficult diffusion
into demineralized dentin and lower bond strength.
These results were supported by ESEM photomi-
crograghs. They showed that AdheSE Bond and
Tetric-N Bond containing 10wt% HAp nanorods,
adhesive and mixed failure respectively (exposing
dentin with improper infiltrated resin tags).

In the present study, etch and rinse strategy (phos-
phoric acid etching) with Tetric-N Bond Universal was
used. It did not affect the bond strength of its experi-
mental adhesives containing HAp nanorods. This was
attributed to the greater portion of HAp which removed
from dentin by phosphoric acid etching following etch
and rinse strategy. This left a very limited amount of
natural HAp at the dentin surface for chemical interac-
tion with 10MDP of Tetric-N Bond. At the same time
10-MDP was buffered by adding the HAp nanorods.
This was in agreement with a study showed that the
addition of HAp nanorods to Universal adhesive with
etch and rinse strategy did not affect its bond strength 22
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Degree of conversion (DC)

Assessing the degree of conversion (DC) was
carried out using Fourier transform infrared spec-
troscopy (FTIR). The DC of adhesives is one of
the determining factors for a durable dentin bond-
ing. A suboptimal DC might be responsible for the
reduced interfacial strength and inherent interface
instability.*

In the present study, DC of Tetric-N Bond was
higher than those of AdheSE Bond at the different
concentrations (0.2, 2,10wt%HAp nanorods) of both
adhesives. This might be attributed to the functional
monomer of Tetric-N Bond (10MDP) that was pres-
ent in the same adhesive bottle system (that was de-
signed under the concept; one-step self-etch adhe-
sives) led to direct contact between HAp nanorods
and the acidic monomer causing neutralization of
acidity of Tetric-N Bond increasing DC. This effect
increased by increasing HAp nanorods content. %
Meanwhile the AdheSE Bond devoid from such func-
tional monomer in two-step self-etch adhesive system
where functional monomer was found in the primer.
The present results were in agreement with a pre-
vious studies?*?” which concluded that the DCs of
experimental self-etching adhesives was improved
through their interaction of MDP with HAp.

CONCLUSION

Under the limitation of this study, it was found
that:

1. The viscosity of experimental adhesives in-
creased gradually with increasing the concen-
trations of HAp nanorods.

2. Incorporation of HAp nanorods with low con-
centration (0.2wt%) in AdheSE Bond showed
the highest bond strength.

3. Incorporation of HAp nanorods into Tetric-N
Bond didn’t affect significantly bond strength.

4. Degree of conversion of Tetric-N Bond with
different concentrations of HAp nanorods was
significantly increased with increasing the con-
centration of HAp nanorods.

Nesreen Y. Mohammed, et al.

RECOMMENDATION

It is recommended to incorporate 0.2wt% HAp
nanorods to AdheSE Bond to improve its low bond
strength of AdheSE system. However, HAp nanorods
as fillers are not suitable to be incorporated in Tetric-N
Bond. Further investigations regarding bond durability
of experimental adhesive of AdheSE Bond containing
0.2wt%HAp nanorods should be performed.
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