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Abstract

Background and aims. Bonding of composite resin filling materials to pulp protecting agents produces an adhesive
joint which is important for the quality of filling as well as success of restoration. We aimed to assess the bond strength of
composite resin to three pulp capping biomaterials: Pro Root mineral trioxide aggregate (PMTA), Root MTA (RMTA) and
calcium enriched mixture (CEM) cement, using three bonding systems [a total-etch (Single Bond) and two self-etch systems
(Protect bond and SE Bond)].

Materials and methods. Ninety acrylic molds, each containing a 6x2-mm hole, were divided into 3 groups and filled
with PMTA, RMTA and CEM cements. The samples in each experimental group were then randomly divided into 3 sub-
groups; Single Bond, Protect Bond and SE Bond bonding systems were applied to the tested materials. Cylindrical forms of
composite resin (2100, 2x2 mm) were placed onto the samples and cured. Shear bond strength values were measured for 9
subgroups using a universal testing machine. Data were analyzed using two-way ANOVA.

Results. The average shear bond strengths of Z100 composite resin after application of Single Bond, Protect Bond and SE
Bond systems were as follows; PMTA: 5.1+2.42, 4.56+1.96 and 4.52+1.7; RMTA: 4.71+1.77, 4.31+0.56 and 4.79+1.88;
and CEM cement: 4.75+1.1, 4.54+1.59 and 4.64+1.78 MPa, respectively. The type of pulp capping material, bonding
system and their interacting effects did not have a significant effect on the bond strengths of composite resin to pulp capping
biomaterials.

Conclusion. Within the limitations of this in vitro study, bond strength of composite resin to two types of MTA as well as
CEM cement were similar following application of the total-etch or self-etch bonding systems.
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Introduction

I n recent years, vital pulp therapy (VPT) has re-
ceived considerable attention in dentistry, espe-
cially in endodontics.' The aim of VPT is mainte-
nance of the health and vitality of the dental pulp
following traumatic injuries and carious pulp expo-
sures.? Historically, this treatment was carried out
using calcium hydroxide but was not widely ac-
cepted due to unpredictable results.® Introduction of
novel dental biomaterials, supported by acceptable
scientific evidence, has led to increased application
of VPT technique in recent years.**

Mineral trioxide aggregate (MTA) has received
considerable attention in VPT due to its proper bio-
logical characteristics and favorable histologi-
cal/clinical results.*> MTA consists of hydrophilic
particles which set in the presence of moisture by
formation of calcium hydroxide and silicate hydrate
gel. Grey and white ProRoot MTA (PMTA) have
different chemical compositions,6 and other com-
mercial forms of this biomaterial such as Root MTA
(RMTA) have been manufactured in Iran. RMTA
has demonstrated similar results with PMTA in
terms of clinical/radiographic success of pulpotomy
of primary molars as well as bacterial and dye micro-
leakage.”® 1t has been recommended that MTA
should be used in cases requiring VPT, in apical bar-
rier placement for necrotic teeth with open apices, in
perforation repair and in root-end fillings;” on the
other hand, MTA has some known drawbacks such
as a long setting time, high cost and discoloration
potential .*°

Calcium enriched mixture (CEM) cement is a nov-
el endodontic biomaterial that contains various cal-
cium combinations with numerous clinical applica-
tions such as root-end filling,"* apexogenesis,** per-
manent molar pulpotomy,” perforation repair,*
treatment of inflammatory root resorption™ and re-
generative endodontics.’® This biomaterial contains
some superior physical characteristics compared to
MTA,; such as flow, film thickness and shorter set-
ting time."” It has been recently reported that using
CEM cement for direct pulp capping of a molar tooth
with irreversible pulpitis and apical periodontitis has
shown favorable results.*®

To date, a limited number of studies have been car-
ried out on the bond strength between PMTA and
restorative  materials using various bonding
systems.’*® A recent study assessed the bond
strength of PMTA and CEM cement to composite
resin with and without the use of acid etching.*
However, the effect of various bonding systems on
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RMTA and CEM cement has not been investigated
yet. The aim of the present study was to investigate
the bond strength of composite resin (Z100) to three
different pulp capping biomaterials (CEM cement,
RMTA, and PMTA) using three different bonding
systems: a total-etch (Single Bond) and two self-etch
systems (Protect Bond and SE Bond).

Materials and Methods

This was a laboratory experimental study. Ninety
acrylic blocks were prepared using quick-setting
acrylic resin (Acropars, Tehran, Iran) from a cast
metal mold measuring 2 x 2 cm. Each of the acrylic
blocks contained a central hole measuring 6 mm in
diameter and 2 mm in depth.”® The molds were di-
vided into three experimental groups. In group 1,
PMTA (ProRoot, Dentsply, OK, USA) was prepared
according to manufacturer's instructions, placed into
the holes using a spatula and pressed using a glass
slab. MTA was then covered with a damp cotton pel-
let and stored in an incubator (Peco, Tehran, Iran) at
95% humidity and 37°C for 48 hours in order to al-
low complete hardening of the materials. In groups 2
and 3, the samples were filled with RMTA (Salami-
far, Tehran, Iran) and CEM cement (Bionique Dent,
Tehran, Iran), respectively. The samples in three ex-
perimental groups were randomly divided into three
subgroups of 10 each (totally 9 subgroups).

In the single bond subgroup, the surface of the
biomaterial was etched using an acid phosphoric gel
for 15 seconds (Super Etch GEL, CE 37.5%), rinsed
with water for 10 seconds and excess moisture was
absorbed using paper points in order to leave a rela-
tively dry surface. Two consecutive layers of bond-
ing material (Single Bond, 3M ESPE, USA) were
then applied onto the surface. In the Protect Bond
subgroup, Clearfil (Kurary, Okayama, Japan) was
used. The primer was initially applied to the samples
and left for 20 seconds. Gentle air was used from a
3-in-1 syringe held from a distance of 2 cm to evapo-
rate the solvent and the bonding agent was applied.
In the self etch bond subgroup, Clearfil SE Bond
bonding agent (Kuraray, Okayama, Japan) was ap-
plied to the surface of the biomaterials, followed by
application of the primer which was left for 20 sec-
onds. Gentle air was used from a 3-in-1 syringe held
from a distance of 2 cm to evaporate the solvent. The
bonding agent was then applied.

Following application of the bonding agent in all
of the three groups, a 3-in-1 syringe was used to gen-
tly dry the surface for 5 seconds from a distance of 2
cm. The surface was then light-cured using a diode
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machine (Demetoron LC, SDS Kerr, USA) at a light
intensity of 1200 mW/cm? for 10 seconds. Compos-
ite resin (2100, 3M ESPE, USA) was then placed in
transparent plastic matrix cylinders (2 mm in diame-
ter and 2 mm in height) and light-cured for 40 sec-
onds. The prepared samples were stored in an incu-
bator for 24 hours with 95% humidity and 37°C
temperature. The shear bond strength of the samples
was measured using a universal testing machine
(Zwick/Roell 2020, Germany). A force of 1.0
mm/min was applied to the samples using the knife-
edge blade of the machine. Shear bond strength was
measured in MPa by dividing the highest amount of
force to the surface area of the samples.

Two-way ANOVA was used for investigation of
the effect of the variables on various bond strength
values.

Results

The mean and standard deviation values for shear
bond strength of composite resin to the biomaterials
are presented in Table 1. The results of two-way
ANOVA revealed that the type of biomaterial
(P=0.98), bonding system (P=0.46) and the relative
effect of the bonding system and capping material
(P=0.76) did not have a statistically significant effect
on the shear bond strength of composite resin. Con-
sidering the lack of statistical significance in assess-
ing overall differences between the groups, compari-
son of pairs of groups was not carried out.

Discussion

Placement of a restoration immediately after VPT is
recommended in order to create and maintain an ef-
fective coronal seal which is essential for success of
VPT. Composite resin is recommended due to lower
forces placed onto the pulp capping biomaterial dur-
ing placement of the permanent restoration. The test
for shear bond strength is reliable for experimental
evaluation of various dental materials under labora-

tory circumstances.? In this study, the bond strength
values of the new generation of pulp capping bioma-
terials to composite resin (Z100) were assessed using
three different bonding systems; there were no sig-
nificant differences between either of the
groups/subgroups.

The bond strength of pulp capping biomaterials to
composite resin depends on their physical and chem-
ical properties. MTA and CEM are hydrophilic bio-
materials which harden in the presence of moisture.
The main ingredients of gray or white MTA include
calcium oxide, silica and bismuth oxide;® on the oth-
er hand, one of the main ingredients of CEM cement
is phosphorous which is present in negligible
amounts in MTA.” Over both biomaterials, hy-
droxyapatite crystals are precipitated in phosphate-
buffered solution.?* Although the particle sizes of
these biomaterials are different, the pH and set-
ting/working times are similar.'” In a study by
Oskoee et al,?* there was no reported difference be-
tween shear bond strength of adhesive resin cylin-
ders to MTA and CEM cement using Single Bond.
The researchers assessed the shear bond strength of
composite resin to MTA and CEM cement with and
without the use of acid etch; it was concluded that
etching did not affect the bond strength, and that sur-
face preparation of the above biomaterials was not
necessary in VPT. The results of the above study
confirmed our results regarding shear bond strength
values using Single Bond adhesive system in the
etched samples.

Due to the possible inadvertent effects on setting
time and risk of dislodging/dissolving of MTA fol-
lowing acid etching/irrigation, Shokouhinejad et al*®
did not recommend placement of composite resin on
fresh MTA. A scanning electron microscope evalua-
tion of the effects of acid etching on surface charac-
teristics of MTA showed that the disordered struc-
ture and spindle shaped crystals are removed during
this process;”® thus the selective removal of the ma-
trix around the crystals leads to a sponge-like surface

Table 1. Statistical indices for shear bond strength of z100 composite resin to the tested biomaterials

Group / Bonding System (n = 10) Mean SD Min Max
PMTA
Single Bond 5.10 2.42 2.49 9.56
Protect Bond 4.56 1.96 2.39 7.57
SE Bond 4,52 1.70 2.57 7.71
RMTA
Single Bond 471 1.77 2.61 7.76
Protect Bond 431 0.56 2.38 7.36
SE Bond 4.79 1.88 2.84 8.42
CEM
Single Bond 4.75 1.10 231 6.11
Protect Bond 454 1.59 2.38 7.23
SE Bond 4.64 1.78 2,51 7.93
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that is suitable for bonding to composite resins with-
out significantly affecting the structure of
MTA/CEM cement. Self-etching bonding systems
contain acidic and hydrophilic monomers which do
not require irrigation after etching. With a reduction
in working time and the number of stages, the appli-
cation of these systems has become simpler and less
technique-sensitive.?’ In this study, we compared the
bond strength of self-etch bonding system, which
does not require separate etching/irrigation stages,
with the single-bond system, which requires a sepa-
rate etching stage; it was shown that there were no
significant differences between the three pulp cap-
ping biomaterials.

The most important step of successful vital pulp
therapy is placing a biomaterial over the pulp as well
as a perfect restoration to achieve an immediate
hermetic coronal seal and to minimize further micro-
bial leakage/irritation; hence, we suggest that in fu-
ture studies experiments be carried out on fresh pulp
capping biomaterials.

Conclusion

It can be concluded that the shear bond strength val-
ues of composite resin (Z100) to CEM cement and
both MTAs were similar following application of the
three bonding systems; therefore, composite resin
restorations can be directly bonded to the above
biomaterials.
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