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Adhesive strategies were evaluated on the bond strength of bi-functional monomers bonded to endodontically-treated-dentin (ETD).
Superficial dentin was removed on human molars. Teeth were immersed in 5 mL 2.5% NaOCI, followed by immersion in 5 mL
17% EDTA. Dentin surface impregnated with epoxy resin-based sealer was then divided four groups (n=10): Scotchbond Multi-
Purpose (SBMP); Single Bond Universal (SBU); Optibond All-in-One (OPB); and Tetric-N-Bond Universal (TBU). After 24-h or
1-year-of-storage specimens were submitted to microtensile bond strength (WTBS) and failure classification. A confocal laser scanning
microscope (CLSM) evaluated the hybrid layer formation. Two-way ANOVA and Tukey-HSD test were performed (6=5%). The uTBS
did not present statistical differences among adhesive strategies after 24-h. Significant differences were found after 1-year-of-storage.
CLSM analysis showed water infiltration and consequently degradation of the hybrid layer after 1-year-of-storage. The use of SBU

universal adhesive on the self-etching mode on ETD produced more stable bond over the 1-year-of-storage.
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INTRODUCTION

Catastrophic failure can be considered imminent in
endodontically treated teeth due to loss of tooth structure,
altered physical properties of dentin, and modified
proprioception/nociception'®. The teeth is weakened
and susceptible to fracture as a result of root canal
preparation, which will remove supportive and important
structures. Moreover, the solutions used to perform the
endodontic treatment will also contribute to disruption in
the teeth structures. The organic-mineral bond of dentin
inside the root canal is affected by the use of soultions
such as sodium hypochlorite (NaOCl), which possess
antibacterial properties and capacity for denaturation of
organic proteins’*?; and EDTA a chelating agent used to
treat the remaining smear layer on the radicular walls,
thus facilitating the endodontic instrumentation®*9.
Additionally, the modified proprioception/nociception
is associated with the removal of the pulp nerve, such
procedure is necessary in order to appropriately perform
endodontic therapy. As result the tooth will lost sense
of position and location easily susceptible to external
threats. In order to increase; however, the resistance of
the tooth to these threats post-endodontic restoration is
indicated™?.

Endodontic therapy primary goal is to seal the
root canal dentin in order to prevent microleakage and
consequently bacterial invasion®!*1?. Hence, endodontic
instrumentation produce smear layer and smear plugs
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covering so the dentin surface'. The use of NaOCI and
EDTA is a clinical step that has been employed due
to antibacterial properties and cleaning procedures
of smear layer and smear plugs®'*'¥, The endodontic
sealers now on smear layer-free surface can penetrate
into the dentinal tubules®'?. In contrast, the same
solutions can induce adverse effects due to residual
oxygen, a byproduct of both irrigants®>>'®. That may
inhibit polymerization of methacrylate based materials.
In addition, greater inhibition has been reported
specially when total etching technique is employed?.
Once the endodontic sealer is removed and the root canal
is cleaned adhesive procedures are employed to the intra
canal dentin prior to restorations®!-121417-19)

The restoration of these teeth subjected to
endodontic therapy will enhance their capability of
resisting to dynamic loading in the oral environment™?.
Notwithstanding, the already degraded organic-mineral
bond of the dentin intra-canal have to be prepared
for adhesive procedures'>??Y, The application of the
adhesive technique three-step etch-and-rinse (commonly
with 37% phosphoric acid gel) will remove the remaining
minerals (calcium phosphate and hydroxyapatite
mainly) exposing the collagen fibrilg®!7192223.25:20  Thjg
is a sensitivity technique once is heavily dependent on
clinicians training and technical skills?%25%9, Primarily
relying on an adequate moisture of dentin to prevent
collagen collapsing?':?53239  Additionally, when an
acetone-based adhesive is used it becomes highly
techinique-sensitive and wet-bonding technique is
mandatory*?'39, The acid etching on dentin has
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been reported in the literature as totally depriving
hydroxyapatite and nearly all calcium phosphates are
removed?°*323-30 - This condition will rely primary
bonding mechanics dependent on infiltration of adhesives
to dentin via monomers. Besides, these monomers have
weak affinity to low content of hydroxyapatite3?#>3842),
This process is purely based on micro-mechanical
retention and almost no chemical interaction is
happening.

Nonetheless, universal adhesives have been
developed with different chemicals such as 10-
methacryloyloxydecyl dihydrogen (10-MDP),
glycerophosphate  dimethacrylate  (GPDM), and
methacrylate carboxylic acid polymer (MCAP), which
are acidic (bi-) functional monomers!?2?529384349  The
simplified strategies by employing these functional
monomers have not yet been extensively studied in
endodontic treated dentin. In addition, it is reported in
the literature the functional monomers with potential to
chemical bonding to calcium in hydroxyapatite?$2940.44-46),
Even so, the acidic monomers will only partially
demineralized the smear layer forming a thinner hybrid
layer of about 0.3—2 um in comparison with the 5-15 pm
formed by the three-step etch-and-rinse technique?®**?.
A question arises; how these universal adhesives with
acidic bi-functional monomers would perform on dentin
with deprived organic-mineral content due to endodontic
therapy?

Therefore, the purpose of this study was to evaluate
the effect of different adhesive strategies, hybrid layer
formation, and storage time on the influence of the use
of bi-functional monomers to simulated endodontically-
treated dentin (ETD). The null hypostheses tested were
that (I) would be no difference on the bond strength
and hybrid layer formation among the two adhesive
strategies employed to ETD; and (II) would be no
decrease on the bond strength after a period of time of
the adhesive strategies used.

MATERIALS AND METHODS

This study was approved by the Research Ethics
Committee of FOAr-UNESP (3.743.500) and certify that
the study was performed in accordance with the ethical
standards as stated in the 1964 Declaration of Helsinki
and its later amendments.

Forty cavity-free human maxillary third molars were
selected after the study was approved by the Research
Ethics Committee (CEP) of the local university. The
teeth were cleaned and stored in 1% chloramine T at
4°C. The enamel and superficial dentin of the teeth
were removed to expose the deep dentin [3 mm above
the cement-enamel junction (CEJ)] using a diamond
disc at low-speed cutting machine (Isomet 1000,
Buehler, Lake Bluff, IL, USA) under constant water
irrigation. The exposed dentin surfaces were polished
using 600-grit SiC paper for 60 s under running water
to reproduce standardized smear layer. The dentin on
the specimens were treated in order to simulate clinical
conditions during endodontic treatment as follows: the

specimens were individually immersed in 5 mL 2.5%
NaOCI for 30 min, with the solution renewed every
3 min. Then, specimens were immersed in 5 mL 17%
EDTA (Biodindmica Ind, Ibipora, Brazil) for additional
3 min followed by final washing with distilled water
for 2 min'?. Specimens were dried using absorbent
paper. After this initial preparation, epoxy resin-based
sealer (AH Plus, Dentsply Sirona, Konstanz, Germany)
was mixed in 1:1 ratio of paste A and B, according to
manufacturer instructions. The mixture was spread on
the dentin surface using microbrush until visible sealer
could be observed. The epoxy resin-based sealer was left
undisturbed on the dentin surface of each specimen for
5 min. Finally, the dentin surface was cleaned using
cotton pellet saturated with 95% ethanol until the
surface appeared visibly clean.

After the initial preparation procedures, the
specimens were randomly selected by lottery and divided
in four groups (n=10) according to the adhesive system
used. Scotchbond Multi-Purpose (SBMP; 3-step-etch-
and-rinse, 3M ESPE, St. Paul, MN, USA); Single Bond
Universal (SBU; self-etch mode, 3M ESPE); Optibond
All-in-One (OPB; self-etch mode, Kerr, Orange, CA,
USA); Tetric-N-Bond Universal (TBU; self-etch mode,
Ivoclar-Vivadent, Schaan, Liechtenstein). The adhesives
were applied to the dentin surface and polymerized for
10 s using a light-emitting-diode unit (LED) set to 1,200
mW/ecm? (VALO, Ultradent Products, South dJordan,
UT, USA). The irradiance on the LED unit utilized was
confirmed with the use of spectrophotometer (Horiba
Fluorolog 3, Horiba, Kyoto, dJapan). Compositions
and application mode strategy as per manufacturer
instructions are listed in Table 1. After the bond
procedures, all teeth received a composite restoration.
Around the forty human maxillary third molars a metal
tofflemire matrix (Waterpik Original Tofflemire) was
stabilized with green compound (Impression compound,
Kerr) to receive the composite restorations. A resin
build up were made using recommended resin-based
composite’®. For SBMP (Filtek Z350XT, 3M ESPE) two
increments of 2 mm were built and polymerized for 20
s with 1,200 mW/cm?. For SBU (Filtek One Bulk Fill,
3M ESPE); OPB (SonicFill, Kerr); and TBU (Tetric-N-
Ceram Bulk-fill, Ivoclar-Vivadent) a single increment of
4 mm each polymerized for 20 s with 1,200 mW/cm? The
polymerization method for the composite resin materials
followed manufacturers instruction and ISO 4049:2019
standard*®.

The specimens were stored in distilled water for 24
h at 37°C. Subsequently, specimens were longitudinally
sectioned in mesial-distal and buccal-lingual directions
across the bonded interface using the same low-speed
diamond saw cutting device under runnning water
initially used for cutting the teeth. Approximately, the
obtained resin-dentin sticks had a cross-sectional area
of 1 mm? and length of 10 mm. The measurements were
confirmed with the use of a digital caliper (Digimatic
Caliper, Mitutoyo, Tokyo, Japan). The split tooth
apporach was used to test two times: 24 h and 1 year
of water storage (37°C) on average of 15 stick per teeth
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Table 1 Adhesive system/commercial name (manufacturer — batch number), composition, and application mode

Adhesive system (Manufacturer)

Composition?

Application mode®

Scotchbond Multi-Purpose

Etch-and-rinse strategy

(3M ESPE)

3 step etch-and-rinse
adhesive system

pH primer 2.9-4

pH adhesive —no data
available

batch: N546898

Single Bond Universal
Adhesive

(3M ESPE)

Universal adhesive
pH 2.7

batch: 16057004427

OptiBond All-In-One
(Kerr)

1 step self-etch adhesive
system

(All-in-one)

pH 2.5

batch: 5850929

Tetric N- Bond Universal

(Ivoclar-Vivadent)
Universal adhesive
pH 2.5-3.0

batch: T34374

Universal etchant: water,
phosphoric acid, synthetic
amorphous silica, polyethylene
glycol, aluminum oxide

Primer: water, HEMA, copolymer
of acrylic and itaconic acids
Bond: Bis-GMA, HEMA

10-MDP, HEMA, Bis-GMA,
2-propenoic acid, 2-methyl-
reaction products with 1,10-
decanediol and phosphorous oxide,
ethanol, water, 2-propenoic acid,
2-methyl- 3-(trimethoxysilyl)
propyl ester, reaction products
with vitreous silica, copolymer
of acrylic and itaconic acid,

CQ, dimethylaminobenzoat(4-),
(dimethylamino)ethyl
methacrylate

GPDM, HEMA, Glycerol
dimethacrylate,

Bis-GMA, water, acetone,

ethyl alcohol, CQ, nanosilica and
sodium

hexafluorosilicate fillers

10-MDP, HEMA, Bis-GMA,
D3MA, MCAP, ethanol, water,
highly dispersed silicon dioxide
and CQ

1. Acid etching with 37% phosphoric acid

(15 s), rinsing (15 s) and dry with cotton pellets
leaving dentin surface moist;

2. Application of 2 coats of primer;

3. Gently air-dried (5 s at 20 cm);

4. Application of the adhesive;

5. Light-cure for 10 s at 1,200 mW/cm?.

Self-etch strategy

1. Dentin surface washed with air/water spray;
2. Gently air-dried (5 s at 20 cm)

3. Adhesive was applied to the entire surface
with a micro-brush and rubbed for 20 s;

2. Direct gentle stream of air over the adhesive
layer for 5 s until solvent has evaporated
completely;

3. Light-cure for 10 s at 1,200 mW/cm?.

Self-etch strategy

1. Dentin surface washed with air/water spray;
2. Adhesive was applied onto the surface with a
brushing motion for 20 s (two layers);

3. Direct gentle stream of air over the adhesive
layer for 5 s until solvent has evaporated
completely;

4. Light-cure for 10 s at 1,200 mW/cm?.

1. Dentin surface washed with air/water spray;
2. Adhesive was applied onto the surface with a
brushing motion for 20 s (two layers);

3. Direct gentle stream of air over the adhesive
layer for 5 s until solvent has evaporated
completely;

4. Light-cure for 10 s at 1,200 mW/cm?.

*HEMA, 2-hydroxyethylmethacrylate; Bis-GMA,bisphenol Adiglycidyletherdimethacrylate; 10-MDP, 10-methacryloyloxydecyl
dihydrogen phosphate; GPDM, glycerol phosphate dimethacrylate; MCAP, methacrylated carboxylic acid polymer; D3MA,

1,10 decandiol dimethacrylate; CQ, camphorquinone.
bAccording to the manufacturer’s instructions.

tested. The distilled water for 1 year of storage was
weekly renewed and neither antibiotics nor antifungals
were used. For microtensile bond strength (uTBS)
testing, the resin-dentin sticks were fixed to a testing
jig with cyanoacrylate glue (Super Bonder gel, Loctite
Henkel, Rocky Hill, CT, USA) and tested in a universal
testing machine (EZ-test, Shimadzu, Kyoto, Japan) with
a 5-kN loading cell at a crosshead speed of 1 mm/min.
The uTBS values (MPa) were calculated by dividing the
load at complete failure by the cross-sectional bonding
area: W'TBS=F/a*0.981. Where, uTBS is bond strength
in Mpa; F is load required to fracture the specimen in
kgF; a is the bond interface area in mm?; and 0.981

transformation constant unit from kgF/cm? to Mpa. The
failure mode for each specimen was scrutinized using
an optical microscope at 60X magnification (M80, Leica
Microsystems, Heerbrugg, Switzerland), then classified
as as follows: cohesive failure in dentin, cohesive failure
in composite; adhesive failure between composite and
dentin; and mixed failure (the three structures were
involved).

Three teeth per group were prepared for observation
under a confocal laser scanning microscope (CLSM).
Each of the three specimens were longitudinally divided
in halves (analyses after 24 h and 1 year of storage), and
both surfaces were wet-polished for 1 min with 800-,
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1200-, and 2000-grit SiC paper. The halves of resin-
dentin sticks were restored using the same adhesive
doped with 0.5% of Rodhamine B (Sigma Aldrich, St.
Louis, MO, USA) immersed for 3 h prior to observation
in a solution of sodium fluorescein 100 mM (Sigma
Aldrich) using Leica SP5 TCS confocal laser scanning
microscope (Leica Microsystems, Hanheim, Germany).
The specimens were assessed using Ex/Em of 488/520
and 561/594 with 20 um of Z-stack at 0.2 um step size
using an immersion objective 63x NA1.4.

To the data obtained for uTBS, Shapiro-Wilk and
Levene test were employed for correct assumptions
of normality and homogeneity of variances. Two-way
ANOVA and Tukey post-hoc test were carried out at a
significance level of 5%. The software Statistical Package
for the Social Sciences (SPSS 25.0, IBM Software
Solutions, New York, NY, USA) was used for statistical
analysis.

RESULTS

The pTBS results are summarized in Table 2. Table 3
presents the two-way ANOVA statistics. The uTBS after
24 h did not show statistically significant differences
among the adhesive systems tested (p>0.05). However,
significant differences were found after 1 year of storage
compared to 24 h for SBMP (p<0.05), OPB (p<0.05), and
TBU (p<0.05). There was one exception to SBU after 1
year, which did not present decrease in pTBS compared
to 24 h. Consequently, SBU was not statistically
significant compared before and after storage (p=0.068).
The universal adhesive systems SBU and TBU were
statistically different from each other compared after

1 year of storage (p<0.05). Conversely, SBU was not
statistically significant compared to SBMP (3-step-etch-
and-rinse) and OPB (self-etching mode) (p>0.05).

The complete pattern of failure modes are showed
in Fig. 1. SBMP, SBU, and TBU increased the adhesive
failure after one year of storage. Conversely, OPB showed
less adhesives failures after one 1 year compared to 24
h of storage. OPB cohesive failures increased either in
resin or in dentin.

Differences were observed in the thickness of the
hybrid layer. Figures 2A and 2B, which represents
SBMP showed the thickest hybrid layer. SBMP after 1
year of storage evidenced presence of water in the resin
tags as seen in Fig. 2B. SBU, OPB, and TBU are seen
in Figs. 3A, 3B, 4A. 4B, 5A, and 5B. They all showed
thinner hybrid layer than SBMP and of similar thickness
among them, which is appropriate to self-etching mode
adhesives. SBU showed uniform formation of resin tags
after 24 h evaluation as seen in Fig. 3A. Even though
SBU showed the longest formation of resin tags, which
could be attributed to increased mean of y'TBS after one
year of storage, discontinuity on the resin tags were
observed in Fig. 3B. OPB showed air trapped (porous
areas) inside the hybrid layer after 24 h of storage as seen
in Fig. 4A, which could explain the presence of water in
the hybrid layer after 1 year of storage evidenced by Fig.
4B. TBU did not present a uniform resin tag formation
after 24 h of storage as seen in Fig. 5A, similar condition
was observed after 1 year of storage as seen in Fig. 5B,
which could have reflected on the low uTBS and clear
discontinuity of the resin tags.

Table 2 Means and standard deviations (SD) of p'TBS (MPa) results after 24-h and 1-year-storage

Adhesives 24-h 1-year-storage
SBMP 51.40 (9.82)7 39.66 (6.94)b
SBU 54.03 (10.21)A 45.35 (8.06)"¢
OPB 54.42(13.59)As 41.73 (3.18)Ba
TBU 54.55 (9.83)" 31.30 (8.67)""

Means followed by the same letter (capital letters in the rows [storage time] and lower letters in the columns [adhesives])

indicate statistically similar values (p>0.05).

Table 3 Two-way ANOVA for adhesives systems, storage time, and interaction between both variables

Source Sum of squares df Mean square F Sig.
Intercept 183,549.34 1 183,549.34 2,618.48 0.000
adhesives 406.01 3 135.34 1.93 0.131
storage 3,886.18 1 3,886.18 55.44 0.000
adhesives*storage 697.70 3 232.57 3.32 0.024
Total 194,147.04 88 — — —

a. R squared=0.471 (adjusted R squared=0.425)/b. computed using alpha=0.05
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Fig. 2

Fig. 3

Representative confocallaser scanning micrographs
image of resin-dentin adhesive SBMP.

A, 24 h of storage white arrows depicted areas
suggestive of water within resin tags possible
remnants from 3-step etch-and-rinse technique; B,
1 year of storage white arrows identify infiltration
in yellow of water within resin tags.

Representative confocallaser scanning micrographs
of resin-dentin adhesive SBU.

A, 24 h of storage white arrows shows fractured
resin tags and along dentinal tubules yellows
areas of water are visible; B, 1 year of storage
white arrows point fractured resin tags within
hybrid layer; however, no water has been identified
neither within tubules nor in hybrid layer.

Fig. 4

Fig. 5

Representative confocallaser scanning micrographs
of resin-dentin adhesive OPB.

A, 24 h of storage no clear visible water remnants
are present and resin tags look intact; B, 1 year of
storage white arrows identify fractured resin tags
and yellow line shows water infiltration within
hybrid layer.

50 pm

Representative confocallaser scanning micrographs
of resin-dentin adhesive TBU.

A, 24 h of storage white arrow shows fractured resin
tag and along dentinal tubules yellows areas of
water are visible; B, 1 year of storage white arrows
show fractured resin tags and along dentinal
tubules yellows areas of water are visible.
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DISCUSSION

The present study aimed to evaluate the effect of
different adhesive strategies, hybrid layer formation,
and storage time on the influence of the use of bulk-
fill composites to simulated ETD. In the literature is
reported that adhesives with low pH may exhibit deeper
penetration into ETD. This penetration is due to the
increased permeability caused by degradation of collagen
fibrils with the use of NaOCl and demineralization
caused by EDTA30Y. NaOCl will induce a loss in
organic matrix within dentin and EDTA an additional
demineralization to an already deproteinized substrate.
These substances likely create a dissolution of the
collagen-mineral bond associated with the smear layer
that differs from those that are found in substrates
without endodontic treatment'%?259  In addition,
the aggressiveness of self-etching adhesives, which
depends on its own pH levels, may change the depth
of interaction among these adhesives agents with ETD
and consequently influence bond strength and longevity
for the reasons aforementioned!®*2¢4?  Even though
the comparison among the adhesive strategies after
24 h of storage did not present statistically significant
results, the comparison after 1 year of storage presented
relevant findings. In addition, the hybrid layer formation
evaluation on CLSM showed distinct characteristics
among the different adhesive strategies employed. Thus,
both null hypotheses were rejected.

Three-step etch-and-rinse adhesives are associated
with deeper penetration of resin tags due to the
application of 37% phosphoric acid on dentin that will
complete remove the smear layer and consequently cause
demineralization (5—15 um after 15 s) of the inorganic
constituent of dentin. Thus, exposing the collagen
fibrils, which will be infiltrated by the hydrophilic
monomers presented in the primer?°21264243 During the
application of the 3-step etch-and-rinse system (SBMP),
adequate moisture levels must be maintained to prevent
the collapse of the collagen fibrils and this collapse is
associated with decrease of pTBS and degradation of
hybrid layer??. Depending on moisture concentrations,
when the resin monomers infiltrate the demineralized
collagen matrix, some regions could not be adequately
filled in. The lack of adequate moisture may produce
defects inside the hybrid layer??*?. Therefore, under
these conditions water-filled niches can activate
proteolytic enzymes present in the collagen matrix®?
and these enzymes trigger hydrolytic and enzymatic
degradation that will negatively affect the long-term
efficacy of the adhesive system (SBMP)?». Undoubtedly,
this is the case for sound dentin??2430374042 " Similarly,
the exposed collagen fibrils of ETD were found to be
vulnerable to hydrolytic degradation processes after 1
year of storage. Hence, the confocal microscopy images
proved this phenomenon by showing water within the
adhesive layer on the SBMP and OPB.

The interaction between sound dentin and
self-etching adhesives 1is more superficial’®?629,
Notwithstanding, the results observed in the CLSM

images within this study showed a deeper penetration of
self-etching adhesives. According to the manufacturer,
the pH of the adhesives used in this study ranges from
2.5 to 3 (Table 1). Therefore, the adhesives are classified
as ultra-mild. Ultra-mild self-etching adhesives tend to
form one thin sub-micrometric hybrid layer (<1 pm) and
resin tags are infrequent'?. The significant level of bond
strength produced by SBU, OPB, and TBU after 24 h
and after 1 year of storage time may be associated with
substantial and different aspects. The characteristics
of hybrid layer, penetration, and resin tag formation
exhibited by all of the adhesives studied could be
explained cause NaOCl and EDTA were applied to the
deep dentin. In deep regions, the density of the tubules
is known to vary from 59,000 to 76,000 per mm? and
tubules are approximately 2.37 um in diameter®. In
addition, the area occupied by intertubular dentin is 12%
only, which is associated with the chemical interactions
produced by adhesives components?. In regards of
the uTBS results, SBU was the only adhesive that did
not present reduction in pnTBS after 1 year of storage.
Furthermore, SBU also differed from the SBMP and OPB
adhesives where water was not found in the hybrid layer
after aging. These results are explained by the presence
of the functional monomer 10-methacryloyloxydecyl
dihydrogen phosphate (10-MDP) in SBU composition.
Relative to other monomers, currently 10-MDP is the
most effective functional monomer. 10-MDP possesses a
10 units alkane hydrophobic spacer chain, which results
in polarized organization that enables a stable adhesion
of the phosphoric functional group to the tooth structure
enhancing the bond durability to protect the hybrid
layer from hydrolytic degradation'®*4?, As observed in
previous reports?®40:43),

In contrast to the findings on the presence of 10-MDP,
the functional monomer in OPB is glycerolphosphate
dimethacrylate (GPDM). A recent study concluded that
the bond formed between GPDM and hydroxyapatite was
weaker than the bond formed between hydroxyapatite
and 10-MDP?®. Although this adhesive contains acetone,
which is a high vapor pressure solvent that contributes
to long-term efficacy, the lack of formation of a stable
calcium salt in the present study could have resulted in
diminished pTBS after aging®®?®?. That is also supported
by presence of water within the hybrid layer. Yet, it is
important to indicate that even though the uTBS values
for OPB have diminished with substantial difference
after 1 year and water was found in hybrid layer, there
were no statistical differences compared to SBMP and
SBU.

TBU, which is also a universal adhesive with 10-
MDP showed differences and similarities with the other
studied adhesive systems. The mixture and dilution of
10-MDP with other monomers to produce new adhesive
products may affect the ability of 10-MDP to provide
adhesive stability*?. Like the inhibition of nanolavering
by HEMA?®Y, TBU has also the functional methacrylated
carboxylic acid polymer (MCAP), which is also capable
of reacting and bonding to hydroxyapatite. The lower
concentration of its components could explain the
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weaker W'TBS after 1 year of storage, since 10-MDP and
MCAP may have competed in their bonding capabilities
with the calcium on dentin. Furthermore, differences
in purity of 10-MDP from different manufacturers may
result in different adhesive behaviors; however, this
assumption is a limitation on this study?*39.

Other limitation of this study was associated to
identify the reason of the increased amount of adhesive
failures with the OPB adhesive system. The authors
hypothesized that can be associated with the technique
related to the bulk-fill composite system used with
this adhesive. The composite requires a hand-piece
to apply sonic energy and to lower the viscosity of the
material during placement. That might have influenced
the failures. Further studies should be carried to
investigate the influence of such equipment on the
mechanical properties of this composite. In addition,
fillers size-particles of each composite resin could also
have influenced the pTBS results and failure modes.
The sorption and solubility of composites are altered
by fillers size possibly influencing the stability of bond
strength.

CONCLUSIONS

Within the limitations of this in vitro study the following
conclusions were drawn:

1. SBU universal adhesive employed as self-etching
mode provided more stable bond strength on
simulated ETD over the period of year storage
compared to three-step etch-and-rinse.

2. Universal adhesives employed as self-etching
mode presents usually thinner hybrid layer
formation; however, the resin tags are comparable
to three-step etch-and-rinse on simulated ETD.

3. Longer resin tags formation on ETD can be
associated with increased dentin permeability
due to NaOCI and EDTA and not directly with
etching procedures or the pH associated with
universal adhesives.

4. The functional monomer 10-MDP showed
hydrophobic characteristics and substantial effect
of preventing water in the hybrid layer after one
year of storage.
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