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BOND STRENGTH OF BULK FILL DENTAL RESIN COMPOSITE TO
THERACAL LC USING DIFFERENT ADHESIVES AND THE POSSIBLE
CORRELATION TO THERACAL LC SURFACE ROUGHNESS

Dina A. El-Refai*

ABSTRACT

TheraCal LC is a new class of materials based on resin modified calcium silicates (RMCS).
It has been reported to stimulate apatite formation and hence secondary dentin deposition.

Objectives: The study was conducted to assess the influence of using different adhesives on the
shear bond strength of bulk fill dental resin composite to TheraCal LC, in correlation to their effect
on the surface roughness of TheraCal LC.

Materials and methods: Different adhesives were used in the study; Xeno® V*, Prime &
Bond® NT™ adhesive (without etching), AdheSE bonding agent (without etching or priming).
Specimens were grouped into four groups: Group 1 included TheraCal LC specimens treated with
Xeno® V+adhesive. Group 2 included TheraCal LC specimens treated with Prime & Bond® NT™
adhesive. Group 3 included TheraCal LC specimens treated with AdheSE bonding agent. Group 4
included untreated TheraCal LC specimens; to be used as a control group. For shear bond strength
testing; stainless steel molds having central holes of Smm diameter and 2mm depth were used
for preparation of TheraCal LC specimens. The molds were filled with TheraCal incrementally.
The adhesives were applied to TheraCal LC surface; following manufacturer instructions. Quix fil
packable resin composite was applied on top of TheraCal LC using split Teflon molds; having a
central hole of 2mm diameter and 4mm depth. Shear bond strength testing was performed using the
universal testing machine. Load was applied using a chisel- edge plunger; at the TheraCal LC/ resin
composite interface. The test was run at a cross head speed of 0.5 mm/ minute until debonding.
For surface roughness evaluation, same specimens’ grouping was followed. Stainless steel molds
having central holes of Smm diameter and 2mm depth were used for preparation of TheraCal LC
specimens. The adhesives were then applied to the TheraCal LC surface; following manufacturer
instructions. Ra surface roughness values of TheraCal LC were measured using TR 220 surface
roughness tester. Scanning Electron Microscopic examination was performed to the TheraCal LC
surface after application of the tested adhesives to assess their influence on the surface topography
of TheraCal CL. Data were statistically analyzed using one way analysis of variance (ANOVA) and
Tukey’s post hoc test at a significance level (p< 0.05). Pearson correlation was performed between
results of surface roughness and shear bond strength tests for all groups.

* Lecturer, Biomaterials Department, Faculty of Dentistry, Ain- Shams University.
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Results: The study showed that TheraCal LC treated with Prime & Bond® NT™ adhesive
revealed the highest shear bond strength to dental resin composite, followed by Xeno®V* treated
specimens. However, on using AdheSE bonding agent only, TheraCal LC showed the least shear
bond strength to resin composite with no statistically significant difference compared to the
untreated specimens (control group). Surface roughness testing revealed that using Xeno®V+*
resulted in the highest surface roughness of TheraCal LC, followed by using Prime & Bond®
NT™ adhesive. The untreated specimens, as well as those treated with AdheSE bonding agent
showed the least surface roughness values, with no significant difference between them. Surface
roughness of TheraCal LC showed a weak positive correlation to the shear bond strength of dental
resin composite to TheraCal LC.

Conclusions: Using a low pH, nano- filled prime and bond adhesive of the two- component
adhesive system improved the bond strength of dental resin composite to TheraCal LC, followed
by using a one- component self etching adhesive system, in comparison to the untreated TheraCal
LC, as well as on using a bonding agent as a sole treatment. Applying the bonding agent as a sole
treatment to the TheraCal CL, did not offer an increase in its bond strength to dental resin composite
compared to the untreated TheraCal LC.

Clinical significance: The bond strength of dental resin composite to TheraCal LC can be
significantly improved by using a low pH nono- filled adhesive systems and to a less extent by using
a one component self- etch adhesive systems. Obtaining mechanical retention; by acid etching
the TheraCal CL surface; should not be relied upon as the main mechanism to improve its bond

strength to dental resin composite, However, it should be taken as an associate factor and should be
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limited to be favourable rather than unfavourable roughness.

KEY WORDS: Shear bond strength, TheraCal LC, bulk fill resin composite, adhesives, surface

roughness, acid etching, nano- fillers.

INTRODUCTION

Secondary caries can be considered an important
reason for failure, and subsequently replacement of
dental restorations. This may be caused by bacterial
microleakage or residual bacteria remaining in the
cavity after preparation. Carious lesions are formed
of two layers; an outer layer and an inner layer. The
outer layer is highly infected, and thus it must be
removed during cavity preparation. The inner layer
is affected, so it can be retained and treated with
therapeutic liners or bases. ¥

Dental cements play an important role in enhanc-
ing secondary dentine formation. Among these den-
tine inducing materials are calcium hydroxide™®,
zinc oxide/ eugenol cement and glass ionomer ce-
ment. However, many problems were encountered
concerning their use; as high solubility rate, chemi-
cal instability and pulpal inflammation.®

Previously conducted studies showed that some
bioactive materials were found to promote odon-
toblastic differentiation and enhance reparative
dentin formation; as bone morphogenic proteins
(BMP) 101D that belong to the family of transform-
ing growth factors and emdogain that is an enam-
el matrix derivative secreted from epithelial root
sheath of Hertwig. ('?

Portland
named mineral trioxide aggregate (MTA) cements,
such as: ProRoot MTA, Tech Biosealer, MTA-
Angelus and others, are therapeutic endodontic

Radiopaque cements, commonly

repair calcium silicate materials. MTA cements
exhibit calcified tissue stimulative activity and
help the differentiation of pulpal undifferentiated
mesenchymal cells and enhance the mineralization
process, thus they have the potential to be used as
pulp capping materials. *-5
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Among the recently introduced calcium silicate
based materials is Biodentine. It has a wide range of
applications including endodontic repair; as in root
perforations, apexification, resorptive lesions, and
retrograde filling material in endodontic surgery. It
can be also used in pulp capping, as well as a dentine
replacement material in restorative dentistry. It is
important to mention that some studies showed
that leakage might occur at the dentin/ Biodentine
interface when Biodentine is used as dentin
replacement material in the sandwich technique
over- layered by dental resin composite. 1617

TheraCal LC is a new class of materials based
on resin modified calcium silicates (RMCS) that
has been reported to stimulate hydroxy-apatite and
thus secondary dentin formation. Technically, it is
an alkaline calcium silicate based on the chemistry
of MTA, which has a lengthy history of a favorable
hard tissue promoting response. (¥

TheraCal LC was designed to provide the early
high alkalinity (pH 10-11) required for pulpal heal-
ing and reverts back to a neutral pH after several
weeks. Its high calcium release helps stimulation of
apatite and consequently secondary dentin bridge
formation for providing a mechanical seal of the
pulp (exposed or non-exposed). Thus, it can be indi-
cated as indirect, as well as direct pulp capping ma-
terial where it seals the wound of an exposed vital
pulp and assists in providing a reparative dentino-
genic response for maintaining dental pulp vitality.
The second indication is as a liner over the deepest
part of the prepared cavity. It acts as a barrier to
protect the pulp, which may induce the formation of
anew dentin bridge between the pulp and the restor-
ative material. ¥

TheraCal LC contains approximately 45% wt
mineral material (type III Portland cement), 10% wt
radiopaque components, 5 % wt hydrophilic thick-
ening agent (fumed silica) and approximately 45%
resin. The resin consists of hydrophobic monomers,
such as: urethane dimethacrylate (UDMA), bis phe-
nol A- glycidyl methacrylate (Bis- GMA) and tri-
ethylene glycol dimethacrylate (TEGDMA). The
resin also contains hydrophilic monomers, such as:
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hydroxy ethyl methacrylate (HEMA) and poly eth-
ylene glycol dimethacrylate (PEGDMA). 02D

Regarding the light curing ability of TheraCal
LC, there is no need for waiting time of chemical
curing to occur, and hence the definitive restoration
can be placed immediately in the same visit. This
could be considered a great advantage over Bioden-
tine. TheraCal LC is intended as a liner with a depth
of cure of about 1 mm and not recommended to be
used in a depth more than Imm; as it is opaque and
may show through a more translucent composite. It
is highly radiopaque for easy radiographic visual-
ization.

In 2012, Gandolfi et al ®P showed that TheraCal
LC showed a significantly higher release of calcium
compared to ProRoot MTA and Dycal. Also, the
solubility of TheraCal LC was significantly lower
than both ProRoot MTA and Dycal, with less wa-
ter sorption compared to ProRoot MTA. Moreover,
TheraCal LC is light activated that can decrease the
risk of early dissolution.

The appreciable characteristics of TheraCal
LC, have made it of specific importance to focus a
great attention on various properties that were not
satisfactorily investigated. Little information was
found concerning the bond strength of dental resin
composite to TheraCal LC and the factors through
which their adhesion is mediated. Hence, the aim of
this study was to assess the influence of using one
component self etch dental adhesive, prime and bond
adhesive (without etching), as well as a bonding
agent (without etching or priming) on the shear
bond strength of bulk fill dental resin composite to
TheraCal LC. Bond strength of resin composite to
TheraCal LC; without adhesive application; was
also assessed throughout the course of the study.
Surface roughness of TheraCal LC after application
of different adhesives was measured and correlated
to the bond strength results.

The null hypotheses assumed were: 1- The shear
bond strength of dental resin composite to TheraCal
LC would not be influenced by the different
adhesives used in the study. 2- The application of
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different adhesives would not affect the surface

Ivoclar, A bottle of 5 gm was used.
roughness of TheraCal LC. 3- No correlation would Vivadent, < Composition:
be found between surface roughness of TheraCal 'g Germany. e HEMA
LC and its bond strength to dental resin composite; g * Dimethacrylate
under the effect of different adhesives application. E * Silicon dioxide
:tj ¢ Initiators
MATERIALS AND METHODS * Stabilizers.
. . . . pH=6.7
Materials used in the study are listed in table (1).
Dentsply, It is a posterior packable bulk
DeTrey GmbH, | fill resin composite.
Table (1) Materials used in the study, their manu- Germany % Compules of 0.28 g each
facturer, delivery form and composition. were used.
++Composition:
. Properties, delivery form and . Matrix:
M Is | Manuf: .\
aterials anufacturer composition % ¢ Ethoxylated bisphenol-A
N g dimethacrylate (Bis-EMA)
o5 A bottle of 3.5 ml was used. g
R . . S * Urethane resin (UDMA)
5 Dentsply «» Composition: o ) )
o DeTrey GmbH, |« Bifunctional acrylate = * Triethylene glycol dimethac-
= < rylate (TEGDMA)
oy Germany. . y
% * Acidic acrylate s . .
=) ] ] ) = ¢ Trimethylolpropane trimeth-
% z i Fu.nctlonahZF‘/d. phqsphorlc = acrylate (TMPTMA)
IS acid ester(acidic primer) ‘5
g 2 o o ¢ A small amount of butane-
Sz * Acrylic acid 12,3 A-tetracarboxylic acid
c L]
53 Water « Bis-2-hydroxyeth-
o ¢ Tertiary butanol yl methacrylate
> .
@ ¢ Initiator resin.
%  Stabilizer ¢ Filler loading is 86% by
= pH=14 weight.
o | Dentsply/ It combines primer and adhe- Bisco Inc. > Light curt_‘,q resin modified
-% Caulk, Milford, | sive in a single container. [Sjcshzumburg calcium silicate.
§ USA. %+ The 4.5 ml bottle was used. ’ «» Composition:
= «» Composition * 45% tricalcium silicate
= .
3 ¢ Di- and Trimethacrylate * 10% wt radiopaque compo-
g 2 resins nents.
E g ¢ PENTA (dipentaerythritol &) * 5 % wt hydrophilic thicken-
@ E‘ penta acrylate monophos- = ing agent (fumed silica).
b . <
5 % phate primer) 2 * 45% resin of urethane di-
5 5 * Nanofillers(7—12 nm SiO, 2 methacrylate (UDMA), bis
né = particles) &= phenol A- glycidyl methac-
= = e Amorphous Silicon Dioxide rylate (Bis- GMA) tri- eth-
2 . lene glycol dimethacrylate
. * Photoinitiat y
2 otommtators (TEGDMA), hydroxy! ethyl
% * Stabilizers methacrylate (HEMA) and
2 ¢ Cetylamine hydrofluoride poly ethylene glycol dimeth-
% ¢ Acetone acrylate (PEGDMA).
Z pH=3.6 +* Supplied in syringes.
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pH evaluation

The pH values of the used adhesives were
recorded using a digital pH meter (Orion, 710 A,
USA).

Sample Size Estimate

Number of specimens was estimated based on
a power analysis using a one-factor ANOVA. The
power analysis was carried out at a significance level
of o = 0.05. The total number of specimens for all
study groups was selected as N = 60 corresponding
to >80 % power.

I- Shear bond strength evaluation

I-1- Specimens’ grouping

A total of 60 specimens were prepared (15
specimens for each group) according to the
following:

Group 1: Xeno® V* adhesive was applied to the
TheraCal LC surface and light cured, followed by
placement and light curing of resin composite.

Group 2: Prime & Bond® NT™ adhesive was
applied to the TheraCal LC (without pre-etching)
and light cured, followed by placement and light
curing of resin composite.

Group 3: AdheSE bond was applied to the
TheraCal LC surface and light cured (neither
etching, nor primer application was done). The resin
composite was then placed and light cured.

Group 4 (control): No adhesive was used. Resin
composite was applied directly to TheraCal LC
surface; and light curing of was performed.

I-2-Specimens’ preparation

I- 2.A- TheraCal LC application

Stainless steel molds having central holes of Smm
diameter and 2mm depth were used for specimens’
preparation (Fig. 1a). The molds were fully filled
with TheraCal LC in layers of 1mm thickness, and
light curing was done for 20 seconds for each layer;
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using a LED light curing unit (3M ESPE Dental
Products, St. Paul, USA). Before curing the last
layer; a celluloid strip was adapted on the surface of
TheraCal LC and loaded with a 200 gm load for 1
minute. After load removal; light curing was done,
and the celluloid strip was then removed, followed
by removal of excess material .(Fig. 1b)

I- 2.B- Adhesive application

For group 1: Two drops of Xeno® V* (one
component self-etching dental adhesive) were
dispensed and uniformly applied to the TheraCal
The adhesive was gently agitated
for 20 seconds. The solvent was evaporated by

LC surface.

thoroughly blowing with air from an air syringe
until there was no more movement of the adhesive
and the specimen’s surface had a uniform, glossy
appearance. Light curing was then done for 10
seconds using the LED light curing unit at 1200
mW/ cm?, followed by application of dental resin
composite and light curing for 10 seconds.

For group 2: Two drops of Prime & Bond®
NT™ (Nano- technology light-cure self-priming
dental adhesive) were dispensed and the TheraCal
LC surface was uniformly wet, using a disposable
brush. Excess solvent was removed by gentle air
drying for at least 5 seconds, so that the surface
should show a uniform glossy appearance. Light
curing was then done for 10 seconds, followed
by application of dental resin composite and light
curing for 10 seconds.

For group 3: Two drops of AdheSE bonding agent
were dispensed and the TheraCal LC surface was
uniformly wet, using a disposable brush. Gentle air
streaming was done; as the bonding agent contains
no solvent to be evaporated. Light curing was
then done for 10 seconds, followed by application
of dental resin composite and light curing for
10 seconds.

Group 4 was considered the control group,
where the resin composite was directly applied to
the TheraCal LC surface without using an adhesive.



(1568) E.DJ. Vol. 62, No. 2

a

G

Dina A. El- Refai

b

Fig. (1) Stainless steel mold used for preparation of TheraCal LC specimens. (a): empty, (b): filled with TheraCal LC.

1-2.C- Dental resin composite application

Quix fil packable resin composite was applied on
top of the TheraCal LC; using a split Teflon mold
having a central hole of 2mm diameter and 4mm
depth. The Teflon mold was adjusted on top of the
stainless steel mold surface using finger pressure.
Light curing of resin composite was then done for
10 seconds using the LED light curing unit at1200
mW/ cm?. The split Teflon mold was carefully
removed and specimens were stored in distilled
water at 37°C in an incubator (Titanox, ART.A3-
213-400I, Italy) for 24 hours before testing. ??

1-3- Shear bond strength testing

For shear bond strength (SBS) testing, each
stainless steel mold was secured to the lower jig of
the universal testing machine (LR5K series, LLOYD
Instrument, Ltd,UK.). A chisel- edge plunger was
mounted on to the movable cross head of the testing
machine and positioned at the TheraCal LC/ resin
composite interface. (Fig. 2)

The test was run at a cross head speed of 0.5 mm/
minute until debonding occurred. The force required
to debond the resin composite was measured in
Newtons (N). The SBS was calculated by dividing
this load (force) by the resin composite base area
(area of bonding interface in mm?) and measured in
MPa. (23,24)

Fig. (2) A chisel edge plunger positioned at the TheraCal LC/ resin

composite interface for shear bond strength testing.

II- Surface roughness evaluation

II-1- Specimens’ grouping

A total of 60
(15 specimens for each group) according to the

specimens were prepared

following:

Group 1: Xeno® V* adhesive was applied on top
of TheraCal LC and light cured.

Group 2: Prime & Bond® NT™ adhesive was
applied on top of TheraCal LC and light cured (no
etching was done).

Group 3: AdheSE bond was applied on top
of TheraCal LC surface and light cured (neither
etching, nor primer application was done).
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Group 4 (control): TheraCal LC surface was left
untreated; as no adhesive was used.

11-2-Specimens’ preparation

1I-2.A- TheraCal application

Stainless steel molds having central holes of
Smm diameter and 2mm depth were used for
specimens’ preparation. The molds were fully
filled with TheraCal in layers of Imm thickness,
and light curing was done for 20 seconds for each
layer. Before curing the last layer, a celluloid strip
was adapted on the surface of TheraCal LC and
loaded with a 200 gm load for 1 minute. After load
removal; light curing was done, and the celluloid
strip was then removed, followed by removal of
excess material.

11-2.B- Adhesive application

For group 1: Two drops of Xeno® V* (one com-
ponent self-etching dental adhesive) were dispensed
and uniformly applied to the TheraCal LC surface.
The adhesive was gently agitated for 20 seconds.
The solvent was evaporated by thoroughly blowing
with air from an air syringe until there was no more
movement of the adhesive and the specimen’s sur-
face had a uniform, glossy appearance. Light curing
was then done for 10 seconds using the LED light
curing unit at 1200 mW/ cm?.

For group 2: Two drops of Prime & Bond® NT™
(Nano- technology light-cure self-priming dental
adhesive) were dispensed and uniformly applied to
the TheraCal LC surface; using a disposable brush.
Excess solvent was removed by gentle air drying for
at least 5 seconds, so that the surface should show
a uniform glossy appearance. Light curing was then
done for 10 seconds.

For group 3: Two drops of AdheSE bonding
agent were dispensed and uniformly applied to the
TheraCal LC surface; using a disposable brush.
Gentle air streaming was done; as the bonding agent
contains no solvent to be evaporated. Light curing
was then done for 10 seconds.
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For group 4 (Control group): No surface
treatment was done.

11-3- Surface roughness testing

Surface roughness was measured using TR 220
surface roughness tester (Time Group Inc. China),
with a diamond stylus (tip radius of 5 um). Ra is
the mathematical average of the absolute values of
the measured profile height of surface irregularities,
measured from a mean line. Readings were obtained
by the stylus passing across 0.8 mm length. Three
readings were taken for each specimen. One reading
at the center of the specimen and the other two
readings were on either sides of the central point.
The average of these three readings were performed
and considered the surface roughness value of the
specimen.

III- Scanning Electron Microscopic (SEM)
examination

TheraCal LC specimens were prepared using a
split Teflon mold having a circular shaped central
opening of 3mm diameter and 3 mm depth.

Specimens’ surfaces were treated according
to the previously described groupings to obtain
a representative specimen for each experimental
group. Specimens were then examined using SEM
(FEI Inspect S, USA.) at 4000X magnification to
assess changes in TheraCal LC surface topography
as a result of different adhesives application.

Statistical analysis

Alldatawere collected and statistically processed.
Numerical data were explored for normality by
checking the data distribution, calculating the
mean and median values, evaluating histograms
and normality curves. Kolmogorov-Smirnov and
Shapiro-Wilk tests were used.

Data were presented by mean and standard
deviation (SD) values.

One way ANOVA was used to compare between
groups, followed by Tukey post hock test.
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Pearson correlation was used to assess
correlation between surface roughness and shear
bond strength tests. Pearson’s correlation coefficient
(r): is a measure of the linear correlation between
two variables. It gives a value between +1 and —1
inclusive, where 1 is total positive correlation, O is

no correlation, and —1 is total negative correlation.
The significance level was set at P < 0.05.

Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows.

RESULTS

I- Results of shear bond strength testing

By observing table (2) and figure (3), it could be
detected that group 2 (specimens treated with Prime
& Bond® NT™ ) showed highest shear bond strength
value followed by group 1(specimens treated with
Xeno® V) followed by group 3 (specimens treated
with AdheSE) and group 4 (control). One way
ANOVA showed significant difference between the
studied groups.

Tukey post hock test showed significant
difference between all groups except between group

3 and group 4.

TABLE (2) Means, standard deviations (SD) and
standard errors (SE) of shear bond strength
values (MPa) of the tested groups.

Group Mean SD SE P value
Group 1 10.8593 | 1.56298 40356
Group 2 17.8786* | 1.20479 32199
<0.001
Group 3 7.9020¢ 70291 18149
Group 4 7.9607° 75214 .19420

Same superscript letters indicate no significant difference.
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Shear bond strength

Group 1 Group 2 Group 3 Group 4

® Shear bond strength
- J

Fig. (3) Bar chart representing means of shear bond strength
values (MPa) for the tested groups.

II- Results of Ra surface roughness testing

By observing table (3) and figure (4), it could
be detected that group 1 (specimens treated with
Xeno® V*) showed highest surface roughness value
followed by group 2 (specimens treated with Prime
& Bond® NT™) followed by group 3 (specimens
treated with AdheSE) and group 4 (control). One
way ANOVA showed significant difference between
studied groups.

Tukey post hock test showed significant
difference between all groups except between group

3 and group 4.

TABLE (3) Means, standard deviations (SD)
and standard errors (SE) of Ra surface

roughness values (#m) of the tested groups

Group Mean SD SE P value
Group 1 A4590° 06145 01587
Group 2 1933 04966 01282
<0.001
Group 3 0516¢ 03025 00781
Group 4 0491¢ 03007 00776

Same superscript letters indicate no significant difference.
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Fig. (4) Bar chart representing means of Ra surface roughness
values (#m) for the tested groups.

Correlation between Ra surface roughness val-
ues and shear bond strength values.

By observing table (4) and figure (5), it could
be detected that Pearson correlation showed a
negative correlation between surface roughness and
shear bond strength values within groups 1 and 2, a
positive correlation was found for group 3 and no
correlation was found for group 4. On correlating
results of shear bond strength to surface roughness
for all tested groups, a weak positive correlation
could be observed.

TABLE (4) Pearson correlation between results of
shear bond strength testing and Ra surface
roughness measurements of the tested

groups.

r P value
Group 1 -0.639 0.01
Group 2 -0.034 0.905
Group 3 0.182 0.515
Group 4 0 1
Overall 0.268 0.038

Fig. (5) Scatter diagram representing the correlation between
results of Ra surface roughness values and shear bond
strength values for the tested groups.

III- Results of Scanning Electron Microscopic
(SEM) examination

By observing figure (6), it could be detected
that TheraCal LC specimens treated with Xeno®
V* adhesive revealed a highly rough and porous
surface (Fig. 6a). Using Prime & Bond® NT™
adhesive ( Fig. 6b), resulted in a surface of less
roughness compared to those treated with Xeno® V*
adhesive, nano fillers could be detected. TheraCal
LC specimens treated with AdheSE bonding agent
(Fig. 6¢), as well as the untreated specimens (Fig.
6d) showed surfaces of less roughness compared
to those treated with Xeno® V* adhesive and
Prime & Bond® NT™ adhesive. Microfillers
could be detedcted on the surface of TheraCal LC
specimens treated with AdheSE bonding agent
(arrows in Fig. 6¢).



(1572) E.DJ. Vol. 62, No. 2

Dina A. El- Refai

(a): SEM photomicrograph of TheraCal LC specimen treated
with Xeno® V+ adhesive (group 1) at a magnification
of 4000X.

(b): SEM photomicrograph of TheraCal LC specimen treated
with Prime & Bond® NT™ (group 2) at a magnification
of 4000X.

(c): SEM photomicrograph of TheraCal LC specimen treated
with AdheSE bonding agent (group 3) at a magnification
of 4000X.

(d): SEM photomicrograph of untreated TheraCal LC specimen
(group 4) at a magnification of 4000X.

Fig (6): SEM photomicrographs showing the surface topography of a representative TheraCal LC specimen for each tested group.

DISCUSSION

TheraCal LC is a resin modified calcium silicate
that can stimulate secondary dentin formation due to
its alkaline pH (10- 11) and its high calcium release.
TheraCal LC displayed higher calcium releasing
ability and lower solubility than either ProRoot
MTA or Dycal. The capability of TheraCal LC to be
light cured may avoid the risk of early dissolution.
These properties offer major advantages for Thera-
Cal LC to be used in direct pulp capping treatments,
as well as liners in deep cavities. Thus, it is of great
importance to undergo many researches concerning
different properties of TheraCal LC. @

While bond strength between dentin and the lin-
er is an important decisive factor contributing to the
clinical success of a composite restoration; the bond
between the lining material and resin composite is
also critical for the success of a restoration. From
this point of view, it was crucial to conduct this
study aiming to assess the bond strength of bulk fill
dental resin composite to TheraCal LC. Testing the
bond strength in shear mode is a relatively simple,
reproducible and widely accepted test. Accordingly,
it was used for testing the bond strength in the pres-

ent study.®
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For a lining material to provide better bonding
to dental resin composite, both mechanical reten-
tion, as well as chemical bonding to resin composite
must be considered. Therefore, surface roughness
of TheraCal LC, under the influence of the applied
adhesives, was assessed throughout the course of
the study to investigate its role in the bonding po-
tential of dental resin composite to TheraCal LC.

The common method for bonding a liner to resin
composite is to use acid etching of the cement sur-
face, application of the bonding agent and finally
adding the resin composite. Some studies have
demonstrated that acid etching enhanced the bond
strength due to the increase in mechanical retention.
However, this has not been confirmed by other stud-
ies, ?2" where the bond strength of glass ionomer
cement to resin composite was deteriorated by acid
etching. These studies claimed that dissolution of
glass ionomer matrix by acid etching forms a weak
zone with cracks in the surface of glass ionomer,
which can be partially reinforced with the bond-
ing agent but during shear bond testing; failure had
occurred at this weakened region. They concluded
that acid etching of cements is a critical clinical step
that may increase the risk of excessive cement deg-
radation and consequently results in a weaker ad-
hesive junction. For this reason, the design of the
present study included different adhesives; among
them a self etching adhesive, prime and bond with-
out pre-etching, as well as a bonding agent without
pre- etching or priming; in order to obtain a clear
view about the effect of each procedure on the bond
strength of dental resin composite to TherCal LC.
On preparing TheraCal LC specimens; the surface
layer was covered with a celluloid strip before light
curing. This was done to obtain a standardized de-
gree of surface roughness for all specimens before
adhesives application.

In the field of adhesive dentistry; adhesive
systems could be categorized as: 3-step etch and
rinse adhesives, 2-step etch and rinse adhesives,
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2-step self-etch adhesives, and 1-step self-etch
The 1- bottle or 2-bottle adhesive
systems appeared on the market as an alternative to

adhesives.

the 3-step etch and rinse adhesives. These adhesive
systems reduce the number of clinical steps and
subsequently, they are less technique sensitive. ¥
In the current study, different adhesive systems
were tried. 1- step self etch adhesive system;
represented by the Xeno®V*, was used to test the
effect of acid etching the TheraCal LC surface on
its surface roughness, as well as on its bond strength
to resin composite. In addition, Prime & Bond®
NT™ adhesive was tried to investigate the effect of
applying the combined primer and bonding agent
of the 2- step etch and rinse system on the surface
roughness of TheraCal LC, as well as its bonding
potential to resin composite without being preceded
by acid etching. The study also included testing the
effect of using AdheSE bonding agent; as a sole
bonding agent without priming or acid etching; on
the tested properties.

In the study, a bulk fill dental resin composite
(represented by Quix fil) was used, as they are widely
used nowadays. They represent a considerable
portion of dental resin composite found on market
because they can be placed in the cavity and light
cured in a single increment.

Regarding the current study, the null hypotheses
were rejected, since the findings showed that the
shear bond strength of dental resin composite to
TheraCal LC, as well as the surface roughness of
TheraCal LC were both affected by the type of
adhesivesused.Also,Pearson correlation assessment
demonstrated a weak positive correlation between
the surface roughness of TheraCal LC and its bond
strength to dental resin composite.

The study showed that TheraCal LC treated with
Prime & Bond® NT™ adhesive revealed the highest
shear bond strength to dental resin composite,
followed by Xeno®V* treated specimens. However,
on using AdheSE bonding agent only, TheraCal
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LC showed the least shear bond strength to
resin composite with no statistically significant
difference compared to the untreated specimens
(control group).

Surface roughness testing revealed that using
Xeno®V* resulted in the highest surface roughness
of TheraCal LC, followed by using Prime & Bond®
NTTM
well as those treated with AdheSE bonding agent

adhesive. The untreated specimens, as

showed the least surface roughness values, with
no significant difference between them. This was
supported by the SEM evaluation, which showed a
highly rough surface, full of surface porosities for
specimens treated with Xeno®V*. While specimens
treated with Prime & Bond® NT™ adhesive
revealed a surface of less roughness compared to
those treated with with Xeno®V*. The untreated
specimens, as well as those treated with AdheSE
bonding agent showed surfaces of comparable
topography, which were of less roughness compared
to specimens treated with either Xeno®V* or Prime
& Bond® NT™ | Although surface roughness could
be considered a mean for mechanical retention
between TheraCal LC and the resin composite, yet
the degree of roughness and depth of the formed
porosities should be considered. Highly rough
surface that is full of very deep porosities could be
considered unfavourable, as it might induce stress
concentration and consequently result in a weak
adhesive junction. ?¢-27

By observing the results of Pearson correlation
in table 4 and figure 5, it was obvious that a negative
correlation could be obtained between surface
roughness values and shear bond strength values in
groups land 2, a positive correlation was found in
group 3, in addition to the absence of correlation in
group 4. The overall correlation for the four groups
showed a weak positive correlation between surface
roughness of TheracCa LC and its bond strength to
dental resin composite; meaning that the surface
roughness of TheraCal LC should not be considered
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as the main factor influencing the strength of
its adhesive junction to dental resin composite.
However, other factors concerning the type and
properties of the used adhesive should be highly
considered. These factors include type of solvent in
the adhsive, film thickness of the adhesive, degree
of oxygen inhibition, proportion of hydrophilic
to hydrophobic components and efficiency of the
initiator system. ?* This outcome was in agreement
with Navimipour EJ et al.?® and Zanata RL et al.®”
Nevertheless, it was not in line with Bayrak et al.,!¥
who revealed that optimal shear bond strength of
MTA to compomer was obtained on using etch and
rinse systems. In their study, a two- bottle Prime
& Bond® NT™ adhesive system showed higher
shear bond strength compared to AdheSE; Xeno
III; and Adper Prompt L-Pop. They mentioned
that phosphoric acid etching had produced deeper
and more retentive micro porosity than even the
strongest self- etching adhesive. They reported
that adhesion of MTA to compomer was mediated
through mechanical interlocking of both materials
together; depending on acid etching the MTA
surface. The possible cause for this variance could
be explained on the base of associating the adhesive
potential of MTA to its surface roughness only;
neglecting other factors concerning the adhesive
composition, adhesive properties, as well as the
possible chemical interaction between MTA and the
used adhesives, as well as the compomer.

Prime & Bond® NT™ treated TheraCal LC
revealed less surface roughness compared to
that treated with Xeno®V* . Even so, it showed
higher shear bond strength to bulk fill dental resin
composite. This could be attributed to the nano-
fillers included within the Prime & Bond® NT™
adhesive (7-12 nm SiO, particles),*” in contrast to
Xeno®V* that is unfilled. Fillers; particularly nano-
fillers; have been added to modify the viscosity
and flow properties of the adhesive. They may also
improve the strength and elastic modulus of the
formed adhesive layer. Inclusion of fillers in dentine
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adhesives increases their viscosity that tends to
prevent over thinning of unfilled adhesive layers,
thereby preventing incomplete polymerization
caused by oxygen inhibition. They may also
provide stress relief capacities against shrinkage
stresses generated during polymerization of resin-
based restorative materials, in a way that is similar
to the use of resin composite liners and flowable
composites that acts as an “elastic buffer”. ¢'-*This
point of view could be also applied on the current
study, where the presence of nano-fillers in Prime
& Bond® NT™ adhesive might have produced
a sufficiently thick resin film that stabilizes the
adhesive layer and provide an elastic buffer zone
that compensates for shrinkage stress during
polymerization. ®*3%The nano-fillers serve as an
additional cross-link that strengthen the adhesive
layer leading to higher shear bond strength to resin
composite compared to specimens treated with
Xeno®V*. To gain maximum advantages of nano-
fillers, their aggregation potential must be hindered.
In Prime & Bond® NT™ , acetone is used as a
solvent rather than ethanol, as clustering potential
of nano-fillers were found to increase on using
ethanol as a solvent in dental adhesives (may reach
1.6pm or more). ¢

Another reason that may clarify the higher bond
strength of resin composite to TheraCal LC on us-
ing Prime & Bond® NT™ is the included di- and
tri- methacrylate resin in Prime & Bond® NT™
adhesive. According to their functionality; the used
cross-linking methacrylates can be either dimethac-
rylates, or multifunctional methacrylates.®**? Tri-
methacrylate resins; included in Prime & Bond®
NT™ adhesive; have stronger cross linking effect
compared to the di- methacrylates. Thus, they can
provide better strength to the adhesive junction, and
in turn higher bond strength. On the other hand,
both Xeno®V* and AdheSE are based on bi- func-
tional di-methacrylates in their formulations and do
not contain tri-methacrylates, which might result
in lower cross linking potential and thus their use
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resulted in a lower bond strength of resin composite
to TheraCal LC compared to using Prime & Bond®
NT™ .

Although AdheSE bonding agent contains sili-
con dioxide fillers, but the specimens treated with
AdheSE bonding agent revealed lower shear bond
strength to resin composite compared to both Prime
& Bond® NT™ adhesive and Xeno®V*. Its use did
not offer any increase in the bond strength to resin
composite compared to the untreated specimens.
Most probably, this could be attributed to the differ-
ence in degree of acidity and so the etching potential
among the three adhesives. Previous studies have
mentioned that the increased acidity of the bond-
ing agent resulted in a stronger adhesive junction;
by creating mechanical interlocking."*?” In the
present study; AdheSE bonding agent contains hy-
droxy ethyl methacrylate (HEMA) as a non acidic
functionalized adhesion promoter ©7. Thus, it lacks
the ability of etching the TheraCal LC surface and
consequently no mechanical retention was found.
While for Prime & Bond® NT™ adhesive; the ad-
hesion promoter used is the hydrophilic dipentae-
rythritol pentaacrylate monophosphate (PENTA).
The acid value of PENTA molecule is equal or less
than 3.%® This acidity was confirmed by measur-
ing the pH of the Prime & Bond® NT™ adhesive,
and it was found to be 3.6.This acidity might have
induced a rough TheraCal LC surface, and conse-
quently helped mechanical retention of the resin
composite to the TheraCal LC, in comparison to ei-
ther the untreated specimens, or those treated with
AdheSE bonding agent. It is of an important value
to mention that surface roughness should be lim-
ited to be favourable (as in case of using Prime &
Bond® NT™); rather than being unfavourable (as
in case of using Xeno®V™). This could be observed
in the SEM photomicrograph( Fig. 6a, b). The un-
favourable surface roughness of Xeno®V™ treated
TheraCal LC might have caused stress concentra-
tion at the resin/ TheraCal LC interface; leading to
a weaker adhesive junction compared to treatment
with Prime & Bond® NT™ adhesive. 627
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Concerning Xeno®V; the phosphoric acid ester
included in its formulation; might have induced a
chemical interaction with TheraCal LC by forming
calcium phosphate complexes with calcium ions in
TheraCal LC (SEM, Fig. 6a), resembling what was
proven to occur with calcium ions in dentine. ¢
This could explain the higher bond strength of dental
resin composite to TheraCal LC on using Xeno®V*
compared to using AdheSE bonding agent, as well
as the untreated specimens.

In spite of the existence of chemical bonding
as an integral factor, yet the bond strength of resin
composite to TheraCal LC on using Xeno®V* was
less than that on using Prime & Bond® NT™ .
This could be attributed to the absence of fillers
in Xeno®V*. Being unfilled, this could result in
a low viscosity that might cause over thinning of
the adhesive layer, thereby preventing incomplete
polymerization caused by oxygen inhibition. In
addition, the absence of fillers, as well as lacking
the tri- methacrylates cross- linkers might have
resulted in a weaker adhesive junction created by
using Xeno®V+, ¢3.34.40.40 Aso, it could be claimed
that degradation of TheraCal LC due to the very low
pH (1.4) of Xeno®V* might have occurred, which
resulted in the highly porous surface that was clearly
detected in the SEM photomicrographs (Fig. 6).
These porosities could be considered unfavourable,
leading to a weaker adhesive junction %" compared
to using Prime & Bond® NT™ adhesive.

Finally, since the adhesives used in this study
contained different solvents, it is possible that the
solvent (water, ethanol or acetone) produces a
significant effect on the viscosity of the adhesive®*4?
which affects its ability to permeate and adapt to
the TheraCal LC surface effectively, and in turn
could influence the bond strength. Also, presence of
solvent helps to increase the degree of conversion of
the resin and consequently affects the adhesive layer
properties. Incomplete conversion results in residual
unreacted monomer which may cause a reduction in
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materials properties and a decrease in their long term
stability. Despite the increased degree of conversion
of solvated methacrylate-based resins, it occurs at
the expense of an increase in their water sorption/
diffusion and solubility values. Xeno®V* contains
tertiary butanol as a solvent, Prime & Bond®
NT™ adhesive contains acetone as a solvent. Both
solvents would improve polymerization of the
adhesive. Concerning AdheSE bonding agent; its
flow characteristics depend mainly on the presence
of HEMA in its composition. AdheSE, being solvent
free, might have higher viscosity compared to Prime
& Bond® NT™ and Xeno®V* and accordingly less
degree of conversion. “**) This could clarify the
weaker bond strength of resin composite to TheraCal
LC on using AdheSE bonding agent compared to
using either Prime & Bond® NT™ or Xeno®V*.
This explanation could be particularly considered to
find an answer for the conflicting results regarding
the effect of the unfilled Xeno®V* adhesive; as it
revealed lower bond strength compared to using
the nano- filled Prime & Bond® NT™ | while on
the other hand, it revealed higher bond strength
compared to using AdheSE; which is micro-filled.

TheraCal LC contains tricalcium silicate that
might have formed chemical bonding with the
phosphoric acid ester in Xeno®V*". It also contains
UDMA, Bis- GMA, TEGDMA as hydrophobic
resins, as well as HEMA and PEGDMA as
hydrophilic resins. The resinous constituents in
TheraCal LC were probably capable for producing
chemical bonding to the resinous constituents in the
applied dental adhesives as well as with the directly
applied dental resin bulk fill composite (Quix fil).
HEMA, PEGDMA and PENTA may copolymerize
with the other monomers contained in the primer,
the adhesive, or the restorative material.“* *" By
observing the chemical composition of the used
materials, it could be speculated that this chemical
bonding is more or less comparable between the
tested groups. While the main decisive factors
that could explain the difference in bond strength
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between these groups could be attributed to the
adhesive properties; as its pH, etching potential,
presence of fillers; particularly nano-fillers, degree
of conversion, cross- linking and the adhesive
viscosity.

Accordingly, it is of great importance to consider
the outcome of the present study, which revealed
that treating TheraCal LC with a nano- filled
adhesive would provide a significant influence on
its bond strength to dental resin composite. It could
be associated with producing mechanical mean
of retention; by etching the TheraCal LC surface
through the acidic components in the adhesive
formulation, but this mechanical retention must
be considered a helping factor and should not be
considered the main factor for obtaining a strong
adhesive junction.

Still, more researches can be conducted to
investigate different aspects concerning the use
of TheraCal LC under dental resin composite
restorations.

CONCLUSIONS

Within the limitations of this study, the following
could be concluded:

1- Using a low pH, nano- filled prime and bond
adhesive of the two- component adhesive
system improved the bond strength of TheraCal
LC to dental resin composite.

2- The bond strength of dental resin composite
to TheraCal LC was enhanced by using a
one- component self etching adhesive system,
in comparison to the untreated TheraCal LC,
as well as on using a bonding agent as a sole
treatment.

3- Applying the bonding agent as a sole treatment
to the TheraCal CL, did not offer an increase
in its bond strength to dental resin composite
compared to the untreated TheraCal LC.

(1577)

CLINICAL SIGNIFICANCE

The bond strength of TheraCal CL to dental resin
composite can be significantly improved by using a
low pH nono- filled adhesive systems, as well as by
using a one component self- etch adhesive systems.

Obtaining mechanical retention; by acid etching
the TheraCal CL surface; should not be relied upon
as the main mechanism to improve its bond strength
to dental resin composite, However, it should be
taken as an associate factor and should be limited to
favourable rather than unfavourable roughness.
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