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ABSTRACT

Objectives: The purpose of this study was to evaluate and compare the effect of endodontic
irrigation protocols on the micro-tensile bond strength of total-etch and universal adhesives to

coronal dentin.

Materials and Methods: Forty teeth were collected and their occlusal surfaces were flattened
until middle dentin was exposed. They were divided into four groups according to surface treatment
of dentin (untreated (control), NaOCI, EDTA and combination of the two irrigants). Two different
adhesives were selected for the current study (total-etch adhesive and universal adhesive). Adhesives
were applied according to manufacturers’ instructions, then composite restoration was built up
incrementally. Resin/dentin specimens were sectioned for micro-tensile bond strength (#TBS)
testing. A specimen from each group was randomly selected and investigated under scanning

electron microscope (SEM).

Results: Regarding the total-etch adhesive; the control group showed the highest value of
uTBS, followed by the group irrigated with NaOCI + EDTA, EDTA and NaOCl; respectively.
Regarding the Universal adhesive; dentin irrigated with a combination of EDTA+NaOCL was
found to give the highest value of yTBS. It was followed by that irrigated with EDTA and control
group. Irrigation with NaOCl resulted in a dramatic decrease in the xTBS in comparison with the
other groups (p<0.001).

Conclusions: The use of a combination of NaOCl and EDTA as a regular endodontic irrigants
in dental clinics was found to highly improve the quality of bond strength between dentin and both
the total-etch and universal adhesives used for bonding the coronal composite restoration.

KEYWORDS: Sodium hypochlorite, Ethylenediamine tetraacetic acid, total-etch adhesive,
Universal adhesive, Micro-tensile bond strength.
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INTRODUCTION

Contemporary root canal treatment (RCT) re-
quires not only proper cleaning, shaping and cre-
ating adequate apical seal but also it requires the
establishment of an effective coronal seal imme-
diately after RCT to avoid coronal microleakage.'
Coronal dentin inevitably comes in contact with
various endodontic instruments, medications and
intracanal irrigants during chemo-mechanical de-
bridement protocols. These chemicals used in root
canal preparation, may alter the structure of the
surface of coronal dentine available for the coronal
restoration and modify its bonding ability to the re-
storative material .?

Among common daily used irrigants are sodium
hypochlorite (NaOCl) solution and ethylenediamine
tetraacetic acid (EDTA). The biomechanical proper-
ties of dentin can be changed due to the usage of
these irrigant solutions. The properties of inorganic
and organic components, hardness, permeability
and solubility of dentin are altered by changes in the
calcium/phosphate ratio.>* Because of the success-
ful removal of the smear layer and enhanced dentin
permeability, consecutive root canal irrigation with
NaOCl followed by EDTA was shown to maximize
the antisepsis effectiveness.” Hence, it can be as-
sumed that endodontically treated teeth receiving
NaOCl and EDTA will react differently to the adhe-
sive process for coronal restoration, inducing new
challenges to adhesive bond regarding its strength
and durability. NaOCl has been found to be cyto-
toxic in a number studies, as well as having the po-
tential to weaken the dentin-resin bond.*’” The main
rationale could be corroborated to NaOCl’s oxidiz-
ing characteristics, which can result in an oxygen
rich layer that if formed in dentin, can hinder the
polymerization of resin material, thus resulting in
microleakage *%?

Furthermore, RCT eliminates the moisture of
the dentin structure, a change which could influence
the adhesive bond strength. In addition, compressive

Ahmed El-Kabbaney, et al.

and tensile strengths of dentin in pulpless teeth seem
to be controversially different from normal dentin
with lower Young’s modulus and proportional limit
values recorded in compression tests®.

For efficacious elimination of the inorganic and
organic constituents of the smear layer, root canal
irrigation with 10 ml of 17% EDTA, followed by
10 ml of 5% NaOCI has been suggested.” Due
to the efficient removal of the smear layer and
the enhanced dentin permeability, the sequential
irrigation strategy with NaOCl and EDTA was
found to maximize the efficiency of antisepsis.!
The coronal dentin surface is eroded by successive
deproteinizing NaOCl and decalcifying EDTA
treatments, resulting in a normal hybrid layer.'
Another reason to use a mixture of these irrigants
can be attributed to the fact that chelating solutions
like EDTA tend to remove calcium ions from the
dentin surface, exposing the collagen matrix, which
may lead to bacterial adherence (e.g. Enterococcus
Faecalis) in cases of recontaminations.'

The objective of this research is to assess the
impact of using sodium hypochlorite & ethylene-
diamine tetraacetic acid root canal irrigants on the
micro-tensile bond strength of both self-etch and
universal adhesives to coronal dentin. This study
was designed to test the null hypothesis that, nei-
ther the irrigant solutions nor the used adhesive sys-
tems would affect the micro-tensile bond strength of
these adhesives to coronal dentin.

MATERIALS AND METHODS

Materials

In this study two different types of adhesives
were used, Total-Etch Dental Adhesive System;
OptiBond™ FL (Kerr, Orange, CA, USA) and
Universal Dental Adhesive System; OptiBond™
Universal (Kerr, Orange, CA, USA). A universal
nano-hybrid resin composite was used as the
restorative choice of material; Herculite™ Ultra
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(Kerr, Orange, CA, USA). In addition, two types
of root canal irrigants were used in this study;
commercially used sodium hypochlorite of 5.25%
concentration (NaOCl) (AK Medical Solution,
Khalaf Pharm, Egypt) as an irrigant solution and
Ethylenediamine tetraacetic acid (17% EDTA)
(AK Medical Solution, Khalaf Pharm, Egypt) as
an irrigant solution. A LED curing unite (Demi™
Plus, Kerr, Orange, CA, USA) with a light intensity
of 800 mW/cm? was used. A radiometer (Demetron
Research Corp., Danbury, CT, USA) was regularly
used to monitor the light intensity.

Methods

Teeth Selection

A total of forty human caries free third molar
teeth were selected for the current study. They
were obtained following the protocol reviewed
and approved by the Ethical Committee, Faculty
of Dentistry, Mansoura University, Mansoura,
Egypt. After acquiring signed consents from
patients, the teeth were harvested at the Oral
Surgery clinic, Faculty of Dentistry, Mansoura
University where they were scheduled for surgical
impaction removal. The storage protocols followed
international and institutional infection control
guidelines. An ultrasonic scaler was used to remove
all the external debris and distilled water was used
as a storage medium for the specimens and was
replaced every 2 days. A stereomicroscope (Leica,
Hanau, Germany) was used to examine the teeth at
a magnification of x45 to exclude carious teeth or
any teeth with defects or cracks. After examination,
the teeth were stored at 4 °C in an antibacterial 0.2%
thymol solution until needed, for a period that did
not exceed 3 months.

Preparation of specimens

A rigid polyvinyl chloride (PVC) cylinder (40
mm height and 15 mm diameter) was filled with
chemically-cured acrylic resin blocks (Acrostone,
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Anglo-Egyptian Company, Cairo, Egypt) at the
dough stage. The teeth were centrally fixed in
chemically-cured acrylic resin blocks, 1 mm apical
to the cemento-enamel junction.

The resin blocks with teeth were fixed in an
automated low speed precision saw (Isomet4000,
Buehler Ltd, LakeBluff, IL,USA). The crown length
was measured from the cusp tips to the cemento-
enamel junction by caliper. After marking the mid-
way distance, the teeth were sectioned to remove the
occlusal surface at the middle of the crown. Dentin
surfaces were planed and polished using serial sili-
con carbide sandpapers (#400 grit- #600 grit) under
water cooling to produce standardized smear layers.
The dentin is exposed, as identified by observation
of the pulp horn by transparency and x-ray.

The prepared specimens were divided randomly
into four experimental groups (n=10) according to
the type of surface treatment applied to prepared
dentin.

Group 1: The prepared surfaces were treated
with deionized water (control group).

Group2: The prepared surfaces were treated
with 5.25% commercially used sodium hypochlorite
solution (NaOCl) for 30 minutes refreshed every
10 minutes.

Group3: The prepared surfaces were treated
with 17% EDTA for 5 minutes followed by washing
using deionized water for 10 seconds.

Group4: The prepared surfaces were treated
with 5.25% NaOCl for 30 minutes and then treated
with 17% EDTA for 5 minutes and rinsed with
deionized water for 10 seconds in order to simulate
the period of time the dentin is in contact with
endodontic irrigants.

Each of the previous groups was further sub-
divided into two subgroups (n=5) according to the
adhesive system applied, total-etch adhesive system
(subgroup A) and universal adhesive (subgroup B).
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After application of adhesives and resin composite
build up according to manufacturer instructions, one
tooth from each subgroup was selected for scanning
electron microscope (SEM), while the rest were
subjected to micro-tensile bond strength testing.

Subgroups (A) n=5, were bonded with total-etch
adhesive according to the manufacturer’s instruc-
tions; the dentin surface was etched with 37% phos-
phoric acid for 15 seconds then rinsed for 15-30
seconds. The dentin surface was dried using a cot-
ton pellet followed by application of a primer for 15
seconds then gentle air-blowing for 5 seconds. After
that, the bonding agent was applied for 30 seconds
followed by gentle air-blowing for 5 seconds. The
adhesive was then light cured with the LED curing
unit.

Subgroups (B) n=5, were subjected to the uni-
versal adhesive with self-etch mode of bonding
according to the manufacturer’s instructions. The
dentin surface was dried followed by employing the
adhesive to the dentin surface for 20 seconds. Ex-
cess adhesive was dispersed by oil / moisture-free
compressed air until a glossy, immobile film layer
resulted. Avoiding pooling was taken into consid-
eration, since this can compromise the fitting accu-
racy of the restoration. The adhesive was then light
cured with a LED curing unite.

A customized metallic square mold (4 mm
x 4mm) was utilized in the composite build up
process on the prepared surface of dentin of the
selected teeth. Two increments of composite, with
a thickness of 2 mm, were successively applied
to the dentin bonded surface and light cured
individually for 20 seconds. When the build-up was
accomplished; a square piece of sticky paper of 3*3
mm? was placed on the center of each tooth. A red
colored permanent marker was used to delineate
the peripheral area around the sticky paper. After
removal of the sticky paper, a square was drawn in
the center of the occlusal surface of the composite
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using a permanent green marker. This color-coded
marking facilitated the differentiation and selection
of central bonded beams from peripheral ones.

Thermal fatigue method was used to evaluate
durability of bond by simulating the thermal fluc-
tuations that occur in the oral cavity during eating /
drinking. The effect of thermocycling could be due
to water heating accelerating the effects of hydroly-
sis on the interface. The bonded specimens in each
group were thermocycled (SD Mechatroniks ther-
mocycler, Germany) between 5°C and 55°C for 500
cycles. The dwell time in each bath was 20 seconds
and the transfer time between the two baths was
5 seconds.

Micro-tensile bond strength testing

Beam (stick) specimens with dimensions of 0.9 x
0.9 x 5.5 mm were sectioned from restored teeth to
measure the micro-tensile bond strength of the two
adhesive systems to dentin. The precision saw was
used in the longitudinal sectioning of the restored
specimens across the bonded interface in both

(I3 L]

“x” and “‘y” directions to obtain beams formed of

composite and dentin with adhesive at the interface.

A custom-made gripping attachment was em-
ployed to fix acrylic blocks with mounted teeth rig-
idly in place and aligned with the sectioning direc-
tion. This positioned the cutting disc at a right angle
to the occlusal surface and ensured the longitudinal
sectioning to be perpendicular to the flat occlusal
surface of restored teeth. The attachment had an L-
shape and was formed of a cylindrical metal ring
(16-mm in diameter, 3-mm thickness, and 2-mm
height) connected at its base to a metallic rod that
enabled mounting of the attachment into the saw
machine. To guarantee the precise placement and
ease of rotation of the acrylic blocks inside the grip-
ping attachment, two axial and perpendicular groves
were made on the upper surface of the metallic ring.

After mounting, a 03-mm thick diamond
coated wafering blade (Buehler, IL, USA), with
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water cooling system was used to serially section
the restored teeth at 2050 rpm and a 8.8 mm/min
feeding rate. The cutting was done first in a bucco-
lingual direction then in a mesio-distal direction by
rotating the specimens 90°clockwise. Finally, beams
were acquired by a horizontal cut that was done
at the cemento-enamel junction. The dimensions
of each beam were verified using a digital caliper
(Absolute Digimatic, Mitutoyo, Tokyo, Japan) to
the nearest 0.01 mm and the cross-sectional area for
each beam was determined to be used in calculation
of the actual bond strength values. Then, each beam
was kept at room temperature in artificial saliva in
a tightly sealed plastic cone with labels that showed
the tooth of origin and subgroup.

Twenty beams were tested for each subgroup. A
universal testing machine (Instron, MA, USA) with
aload cell of 500 N (Figure 12) was used to measure
the yTBS. Each beam was individually positioned
in the central groove of Geraldeli’s jig and fixed in
place using cyanoacrylate-based glue (Zapit, DVA
Inc, USA). The jig was mounted in the machine and
the beams were subjected to tensile load at a cross-
head speed of 0.5 mm/min, till failure of bonding.
pTBS was calculated in Megapascal (Bluehill Lite
software, Instron, MA, USA). Two-way ANOVA
test followed by one- way ANOVA and unpaired
Student’s t-test were used to statistically analyze the
obtained results.

Scanning electron microscopy

A random specimen from each subgroup
was selected for SEM. to remove the debris over
the restoration and dentin margins, 10% ortho-
phosphoric acid was used to clean the specimens
for five seconds. Specimens then were mounted on
aluminum stubs using a double-sided conductive
copper tape, then sputter coated by gold then
mounted to SEM (JEOL JSM 6510 lv, Japan) and
investigated at an accelerated voltage of 20 kv at a

magnification of 1500X.
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RESULTS

Two-way ANOVA test was used to assess the
overall significant effect of the different variables on
the outcome of this study. The two variables under
investigation (adhesives and endodontic irrigants)
had a statistically significant effect on dentin #TBS
(p < 0.001), according to results of the two-way
ANOVA. The interaction between the types of
adhesives used and the endodontic irrigants showed
a statistically significant difference (p<0.001). Table

(1), Fig (1)

TABLE (1): Results of two-way ANOVA test.

Materials F P value
Endodontic irrigants 1419 <0.001*
Adhesives 619 <0.001*
Adhesives & Endodontic irrigants 136 <0.001*
r M
Two-way ANOVA
%
30
8
.
z 20
<
£
10
B Control NAOCL EDTA NAOCL + EDTA
L H Total etch  Universal )

Fig. (1) Graph summarizing 2-way ANOVA results

The values were further analyzed through one-
way ANOVA test. Regarding the total-etch adhe-
sive; the control group showed the highest value of
#TBS (2.99), to be followed by group irrigated with
NaOCl + EDTA (2.21), EDTA (1.85) and NaOCl
(1.66); respectively. The control group revealed a

significant difference in ¥ TBS with all the tested
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groups (p<0.001). Dentin treated with a combina-
tion of NaOCl and EDTA showed a significant im-
provement in the ' TBS (p<0.001) when compared
with that irrigated with NaOCl, whereas there were
no significant differences (p<0.05) between groups
irrigated with EDTA and NaOCI. Also, irrigation
with the combination of NaOCl and EDTA didn’t
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significantly increase (p<0.05) #TBS than EDTA.
Table (2), Fig (2)

Regarding the Universal adhesive; dentin
irrigated with a combination of EDTA+NaOCL
(32.01) was found to give the highest value of
uTBS. It was followed by groups irrigated with
EDTA (16.01) and control group (11.09). Irrigation

TABLE (2): Comparison between effects of dentin irrigating solutions on u-tensile bond strength of dentin
bonded with self-etch or universal adhesives.

Subgroup P
Control NaOCL EDTA EDTA+NaOCL
Mean 299 1.66 1.85 221
<0.001*
+SD 0.73 0.44 047 0.55
Total- etch
Pl <0.001* <0.001* <0.001*
Adhesive
P2 0.7 0.015*
P3 0.19
Mean 11.09 3.11 16.01 3201
<0.001*
Universal +SD 2.69 0.77 4.01 8.02
Adhesives Pl <0.001* 0.01* <0.001*
P2 <0.001* <0.001*
P3 <0.001%*
P: Probability *: significance <0.05 Test used: one-way ANOVA test followed by post-hoc tukey
P1: significance relative to control group P2: significance relative to NAOCL
P3: significance relative to EDTA
( Total ech Adhesives 1 ( Unversal Achesives )

- J

. m
w0 O
NAOCL
EDTA
NAOCL +

N\ Irigants Y,

Fig. (2) Graph summarizing one-way ANOVA results for the
total-etch adhesive.

Fig. (3): Graph summarizing one-way ANOVA results for the
universal adhesive.
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with NaOCl (3.11) resulted in dramatic decrease
in the yTBS in comparison with the other groups
(p<0.001). Groups irrigated with EDTA or its
combination with NaOCl
significant (p<0.001) increase in uTBS values
compared to the control group. Combination of both

showed statistically

irrigants was also found to be statistically significant
to the group treated with EDTA in a positive way
(p<0.001). Table (2), Fig (3)

Student’s t-test was carried out to compare the
performance of the used adhesives in each of the
endodontic irrigants groups. It was revealed that,
regardless the irrigating solutions, bonding with
total-etch adhesive has a statistically significant
(p<0.001) deteriorating effect on the yTBS values
when compared to bonding using the universal ad-
hesive (self-etch mode). By using NaOCI as an ir-
rigant, bonding with total-etch adhesive or univer-
sal adhesive (self-etch mode) resulted in significant
decrease in the ' TBS. However, total-etch adhesive
showed slight decrease in bond strength than the
universal adhesive (self-etch mode).

Scanning electron microscopic observations

The ultrastructural observations of the resin
composite/dentine interfaces are illustrated in the
scanning electron micrographs shown in (Figures 4,
5). The findings of this study showed true hybridiza-
tion with scanty short resin tag in case of irrigation
with EDTA (Figure 4) and combination of EDTA/
NaOCL, while the control group showed moderate
hybrid layer formation. The group irrigated with
NaOCL (Figure 5) showed inhomogeneous thin hy-
bridization with short funnel shaped resin tags. The
sample irrigated with NaOCL showed the inner side
of the hybrid layer and interrupted (separated hybrid
layer and voids) adhesive/dentin interface. The den-
tinal tubules were completely opened with EDTA
and its combination with NaOCL. Irrigation with
NaOCL and control group caused partial obturation
of the dentinal tubules.
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Fig. (4): SEM image of EDTA treated dentin bonded with
universal adhesive; A) Relatively thick hybrid layer.
B) Complete removal of smear layer. C) Open dentinal
tubules. D) Scanty short resin tags.

Fig. (5): SEM image of NaOClI treated dentin surface bonded
with total-etch adhesive; A) partial obturation of dentinal
tubules. B) micro-gaps. C) Smear layer separation. D)

Thin hybrid layer. E) Scanty funnel shaped resin tags.

DISCUSSION

Frequent observations of clinical cases presented
in dental clinics show that endodontic therapy has
been a major percentage of the cases. That imposed
researchers to study the different factors included
in this therapy that could influence the performance
of final restorations. The multi-procedures therapy;
devitalizing, cleaning and shaping and obturation; is
widely considered as a weakening procedure due to
the water loss and loss of collagen cross-linking and

the removal of tooth structure. '
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However, some studies have found that the mois-
ture content in vital teeth did not differ from that in
endodontically treated teeth.”” Furthermore a study
was undertaken to assess the impact of endodontic
treatment and moisture content on various human
dentin mechanical properties. The results contra-
dicted the theory that dehydration after endodontic
treatment per se weakens the tensile and compres-
sive strengths of the dentin structure. On the other
hand, other mechanical properties of pulpless treat-
ed teeth, may not be as similar to those of normal
vital teeth.'s

Apart from the factor of water loss associated
with RCT, the various irrigants and medicaments
used should be kept in mind. These materials help
achieve the RCT goal which is an environment de-
void from bacteria and well mechanically prepared
to receive a restoration. Nevertheless, during che-
mo-mechanical root canal preparation these materi-
als unavoidably come in contact with dentin of the
access cavity, which might alter its properties and
compromise its bonding to coronal restorations.!”*

In the current study, the occlusal surfaces of the
teeth were cut at the middle third to uncover the
part of dentin that clinically is exposed to various
irrigants and medicaments. The teeth were subjected
to different irrigants and then restored by resin
composite simulating the steps clinically achieved
by dentists. The purpose of the thermocycling of
the specimens was to mimic the thermal variations
that occur in the oral cavity as a result of drinking,
eating, and breathing.

In order to have a complete understanding of
the functional performance of adhesives, variable
strength tests were introduced. In this study, a
micro-tensile strength was used due to its benefits
including conservative use of teeth since multiple
micro-specimens sectioned from a single tooth
could be used at the same time, better control of
regional differences e.g. peripheral versus central
dentin and enhanced stress distribution at the true
interface which helps avoid cohesive failure in both
composite and tooth substrate. '
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Despite these benefits, one study found out that
peripheral specimens showed lower wTBS to ad-
hesives when compared to centrally located speci-
mens. 22On the contrary, another study reported that
WIBS to peripheral dentin is higher than for the cen-
tral specimens.” Taking into account this disparity
in regional features of the substrate and to avoid any
bias in results of the WTBS, a square shape with di-
mensions 3x3 mm was marked in the center of the
composite-tooth complex with a permanent green
color while its peripheral part was marked with per-
manent red color before sectioning, then the bonded
beams from each tooth was divided into peripheral
beams and central beams and each group contains
an equal number of the central beams.

In either the total-etch adhesive or the universal
bonded dentin groups, the NaOCl variable was
found to cause lower values of ¢ TBS. This could
be attributed to Its strong oxidizing action of dentin
matrix components resulting in presence of free-
radical at the polymerizing resins tags/dentinal
tubule interface.'”'® It creates nanometric pores
within inter-tubular dentin which are difficult to
be infused by resin monomer leading to deficient
adhesive interface. *2° Leading to generation
of voids in the adhesive/dentin interface. These
voids could interfere in the resin infiltration inside
the dentinal tubules as well as in the inter-tubular
dentin, a case of the present study. It was found
that the hybrid layer showed inhomogeneous thin
hybridization with short funnel shaped resin tags.
Samples irrigated with NaOCL showed the inner
side of the hybrid layer and interrupted (separated
hybrid layer and voids) adhesive/dentin interface.
Irrigation with NaOCL caused partial obturation of
the dentinal tubules.

In addition, when sodium hypochlorite comes
in contact with dentin, it breaks down into sodium
chloride and oxygen. As a result, free oxygen
on the dentin surface may adversely affect the
bond strength by preventing the resin adhesives
from full polymerization. It was suggested that a
concentration of 5.25% NaOCl was to decrease
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dentin young’s modulus and its flexing stress.**
The flexing stress is reduced by using 2.5% NaOCl
but the elasticity modulus does not change.”” Other
studies found that 15 minutes of 1% NaOCl solution
irrigation significantly reduced the microhardness
of root canal dentin at 500 micron and 1000 micron
from the pulp-dentin interface. ?* In general, NaOCl
application reduced the bond strength values of the
adhesive systems and root canal dentin.”

The EDTA parameter in the groups bonded with
total-etch adhesive was found to weaken the bond
strength when compared to the control group. Also,
there was no difference between EDTA’s results
when compared to NaOCl’s results. This could
be attributed to; although EDTA doesn’t denature
collagen, its application together with acid etchant,
synergizes the erosion occurring on the dentin
wall. 3! A nanostructure study revealed that after
EDTA treatment there was reduction in stiffness
in both peritubular and intertubular dentin thereby
adhesion force was reduced.’> Nevertheless, given
the results of our study, it appears rational to pursue
further investigation of the bond strength of total-
etch adhesive systems to coronal dentin with regards
to the effect of using different endodontic irrigants.

The combination of NaOCI and EDTA in total-
etch group is found to decrease the values of bond
strength in comparison to the control group, while
this combination is found to strengthen the bond
in the universal adhesive group. Lowered bond
strength, compared to the control group, could be
due to erosion occurring on the dentin after applying
both EDTA, NaOCl and 37% phosphoric acid
etchant.* In addition to this erosion, the oxidizing
effect of NaOCl could decrease the bond strength of
different adhesive systems. **

The superior bond strength values obtained when
dentin was irrigated with a combination of EDTA
and NaOCL in total- etch group may be explained
by the sum of etching effects of the irrigants and the
etchant. EDTA is a weak acid that can gently etch
dentin with subsequent deproteinization carried out
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with sodium hypochlorite, followed by the etching
with 37% phosphoric acid.*® This sum of factors
possibly favors the opening of dentinal tubules to
facilitate luting agent adhesion to dentin. Niu et al.
when the canal is irrigated with 15% EDTA solution
followed by 6% NaOClI, dentin presents an eroded
aspect, with more irregular and rough dentinal
tubules, favoring adhesion to dentin.*

Although studies showed that 2.5% NaOC]I and
17% EDTA have displayed the best values of bond
strengths.*’*8 A study by Santos, et al. reported re-
duced bond strength values to a self-etching adhe-
sive systems when the canals were irrigated using
5.25% NaOCl combined with 17% EDTA compared
to the sole use of NaOCI on dentin.*® This discrep-
ancy might be related to the absence or presence of
a smear layer. Moreover, Santos et al. used bovine
incisors in their study while we chose to use sound
human molars with total etch adhesive protocol in
our study which could justify the disparity. When
subsequent coronal sealing is performed, the use of
NaOClI as a root canal irrigant, even if combined
with EDTA, should be cautiously assessed.*

In groups bonded with universal adhesive, adhe-
sion after irrigation with EDTA or its combination
with NaOCL resulted in significant improvement
in the bond strength to dentin. The application of
EDTA provided smear layer removal and create de-
mineralized dentin zones, thus allowing greater in-
teraction of the adhesive with dentin and enabling
adhesive maintenance.” EDTA as a chelating agent
changes the surface topography by increasing sur-
face roughness thereby increasing dentin wettability
and the bond strength. ' SEM results confirm the
results of the yTBS where true hybridization with
scanty short resin tag.

Niu et al. reported that the use of a 15% EDTA
solution followed by 6%NaOCI as canal irrigants,
could result in dentin erosion with rougher and less
regular dentinal tubules enhancing dentin adhesion .
However, a previous study showed that, there was
no significant difference in the bond strengths of a
self-etching adhesive system to group irrigated with
a 1% NaOCl solution followed by 17% EDTA and
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the control group where no irrigant was used. This
implied that the dentin surface erosion caused by
the use of EDTA might not have much effect on the
dentin-resin bonding. In 2006, a study revealed that
the employment of a combination of 5.25% NaOCl
and 17% EDTA as canal irrigants resulted in inferior
bond strength values to a self-etching adhesive
when compared to the use of NaOCl alone. ¥

From the results of the present study, it was found
that universal adhesive could improve the bond
strength in comparison to the total-etch adhesive
regardless of the endodontic irrigants used as
surface treatment for dentin. Superior performance
of the universal adhesive can be attributed to the
ethanol solvent incorporated in it. In demineralized
dentin, ethanol could substitute water, fill in spaces
between collagen fibers and increase the collagen
matrix hydrophobicity in addition to being a solvent
to most hydrophobic resin monomers. Accordingly,
the penetration of such monomers into dentin
collagen fibers and dentinal tubules is improved
aiding the infiltration of hydrophobic resin to form
a hybrid layer that is dense and homogenous for
superior bonding.**** The use of the later ethanol-
wet bonding technique was associated with reduced
nano-leakage .**

Based on the results of this study, our null
hypothesis is totally rejected.

CONCLUSIONS

Based on the limitation of the present study; the
following conclusions can be reported:

1- Application of combination of the endodontic
irrigants, sodium hypochlorite and EDTA,
was found to highly improve the quality of the
universal adhesive bond to dentin.

2- The use of universal adhesive in a self-etch
mode was found to result in superior values
regarding bond strength when compared to
total-etch adhesive.

3- Useof acombination of irrigants as a conditioner
before adhesion protocol is recommended.

Ahmed El-Kabbaney, et al.

RECOMMENDATIONS

Further studies are required to investigate the
effect of each mode of application of the universal
adhesive after endodontic irrigation and the effects
of endodontic irrigants on the bond strength of total-
etch adhesive systems should be conducted.
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