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The objective of this study was to evaluate the effect of sonic application of universal adhesives on the enamel
microshear bond strengths (uSBS), in situ degree of conversion (DC) and etching pattern. Ninety-six extracted
third molars were sectioned in four parts (buccal, lingual, proximal) and divided into 12 groups, according to the
combination of 1) adhesive system (All-Bond Universal [ABU], G-Bond Plus [GBP], Prime&Bond Elect (PBE), and
Scotchbond Universal Adhesive [SBU]), and 2) adhesive application mode (manual active etch-and-rinse [M-ER],
manual active self-etch [M-SE], and sonic vibration self-etch [S-SE]). Specimens were stored in water at 37 °C
during 24h and tested at 1.0 mm/min (uSBS). DC was evaluated in the enamel-resin interfaces using micro-
Raman spectroscopy. The enamel-etching pattern was evaluated under a field- emission scanning electron mi-
croscope. Data were analyzed with two-way ANOVA and Tukey's test (a = 0.05). S-SE application increased
uSBS and DC for all universal adhesives when compared to M-SE (p < 0.05). S-SE application resulted in mean
bond strengths that were statistically similar to those obtained with the respective ER application mode
(p > 0.05). A deeper enamel-etching pattern was observed for all universal adhesives in the etch-and-rinse
strategy. An improvement in etching ability was observed in S-SE application compared to M-SE application. In
light of the improved performance of universal adhesives when applied sonically in SE mode, selective enamel
etching with phosphoric acid may not be crucial for their adhesion to enamel. The sonic application of universal
adhesives in self-etch mode may be a practical alternative to enamel etching.

1. Introduction

the earlier 1-step SE adhesives [14-17]. In comparison with phosphoric
acid, the self-etch and universal adhesives are less acidic, a character-

The available adhesive systems presented in the dental market can
be classified into two categories or bonding strategies: etch-and-rinse
(ER) in versions of two or three application steps, and self-etch (SE), in
versions of one or two application steps [1-3]. More versatile adhesive
systems that can be used in both adhesive strategies in their simplest
version (2-step ER or 1-step SE) were released by manufacturers so that
clinicians can choose the adhesive strategy based on the dental sub-
strate and their preference [4-7]. This new group of dental adhesives
has been recently introduced in the market as “universal” or “multi-
mode” adhesives and represents the latest generation of adhesives
[6,8-12].

However recent studies observed a reduced enamel bonding effec-
tiveness when the universal adhesives were applied on enamel as SE
adhesives [5,6,8,10,13], in a similar way to what had been reported for

istic that limits their demineralization ability in creating appropriate
micro-retentive porosities. As a consequence, enamel bonding remains
unsatisfactory [2,3,18].

This is not a new problem in a way that different and successful
approaches were already tested in vitro to increase enamel bonding,
such as prior phosphoric acid etching [4,5]. However, clinical studies
that compared the application of universal adhesive as SE associated or
not with selective enamel-etching did not shown any difference in the
retention rates of composite resin restorations in cervical lesions
[18-22], except reduced marginal discrepancies at the restoration in-
terface [21,23]. Additionally, this adds an additional step to the ad-
hesive procedure. Recently, some authors showed that the active ap-
plication of universal adhesives in SE mode to enamel appears as a
viable alternative to selective enamel etching in terms of enamel
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bonding efficacy [5], as shown for 1-step SE [24,25]. A clinical trial
corroborates these findings by showing reduced marginal discoloration
on the enamel margins and higher 2-year retention when of 1-step SE
adhesives were applied actively in non-carious cervical lesions [26].

The active application is prone to force exerted by the operator,
which may interfere with the efficacy of technique if not standardized.
Different apparatus for adhesive application were studied [27-30] and
they all share the ability to standardize the procedure. Some recent
studies demonstrated that the use of a sonic device with an oscillating
frequency of 170 Hz improved the resin-dentin bond strength of 1-step
SE adhesives [31,32]. The high-speed vibration of the microbrush
creates pressure waves and shear forces in the adhesive [32], which
may lead to a higher penetration of the resin monomers into porosities
created by the demineralization. To the best of our knowledge, no study
has so far evaluated whether or not this technique improves the bond
strength of commercially available universal adhesives to enamel.

Therefore, the aim of this study was to compare the resin-enamel
microshear bond strength (uSBS), the in situ degree of conversion (DC),
and the enamel-etching pattern of four universal adhesive systems
when applied in the manual active ER mode, manual active SE mode
and sonic SE mode.

2. Materials and methods
2.1. Tooth selection and preparation

A total of 96 extracted, caries-free, human third molars were used.
An informed consent form was obtained from the participants that
donate their teeth. Additionally, the study was approved by the local
Ethics Committee Review Board. All teeth were disinfected in 0.5%
chloramine, stored in distilled water at 4 °C and used within six months
after extraction.

The roots of all teeth were removed. The dental crowns were then
sectioned in a mesio-facial to disto-lingual direction and also in a disto-
facial to mesio-lingual direction, to produce four enamel specimens
(buccal, lingual, mesial and distal surfaces). Three hundred eighty-four
enamel specimens, originated from 96 teeth, were ground wet with #
180 and 600-grit SiC paper for 60s. Sixty teeth were used for enamel
microshear bond strength (uSBS), 24 teeth were used for measurement
of the in situ degree of conversion (DC) in the enamel-resin interfaces
and the remaining 12 teeth were used for evaluation of the enamel-
etching pattern by field-emission scanning electron microscope
(FESEM).

2.2. Experimental design

Twelve experimental conditions resulting from the combination of
the two independent variables: 1) adhesive system (All-Bond Universal
[ABU, Bisco Inc., Schaumburg, IL, USA], G-Bond Plus [GBP, GC
Corporation Tokyo, Japan - also known as G-znial Bond in some
countries], Prime&Bond Elect [PBE, Dentsply Caulk, Milford, DE, USA],
and Scotchbond Universal Adhesive [SBU, 3 M ESPE, St. Paul, MN, USA,
also known as Single Bond Universal in some countries]; and 2) adhesive
application mode (manual active etch-and-rinse mode [M-ER], manual
active self-etch mode [M-SE], and sonic self-etch mode [S-SE]. The
composition, application mode and batch number are described in
Table 1.

Each enamel specimen originated from the same teeth was ran-
domly assigned to one of the four adhesive systems by computer-gen-
erated tables. Then, within each adhesive, specimens were divided
randomly using the same method into the different application modes.
This process was applied for each method. In summary, we obtained 32
specimens per group. Twenty was used for uSBS test; eight was used for
in situ DC measurement and four were used for evaluation of the en-
amel-etching pattern. A person not involved in the experimental tests
did the randomization process.
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2.3. Resin-enamel microshear bond strength (uSBS)

Enamel specimens were mounted individually on a polyvinyl
chloride ring filled with acrylic resin (AutoClear, DentBras,
Pirassununga, Sdo Paulo, Brazil) displaying the enamel specimen sur-
face on the top of the cylinder. The delimitation of the bonding area
was performed according to Shimaoka et al. [33]. Using a Hygienic
Ainsworth-style rubber-dam punch (Coltene, Alstétten, Switzerland) we
performed six to eight perforations with an internal diameter of 0.8 mm
in an acid-resistant, double-faced adhesive tape (Adelbras Ind. e Com.
Adesivos Ltda, Sao Paulo, Brazil). This adhesive tape was then attached
to the surface of the enamel specimens. The size of the enamel specimen
determined the number of perforations.

The universal adhesive systems were then applied according to the
respective manufacturer's instructions, except for the variation of the
application in sonic vibration mode of the self-etch mode (Table 1). A
single operator performed all bonding procedures according to the
following description:

(1) Manual active etch-and-rinse mode (M-ER): the phosphoric acid gel
was applied and left undisturbed for the time recommended for
each manufacturer, following by water-rinsing with an air-water
syringe for 10s. Each adhesive was actively applied with a micro-
brush (Microbrush International, Grafton, WI, USA) on the enamel
surface under manual pressure for the time recommended for each
manufacturer (Table 1). We calibrated the operator to apply the
adhesive in an analytical balance so that we could measure a mass
value. In average, the mass measured was 35 g. This is equivalent of
0.345N, which resulted in a pressure of 345N/m? when applied

with a 1-mm tip microbrush [34,35].

Manual active self-etch mode (M-SE): each adhesive was actively

applied on the enamel surface for the time recommended for each

manufacturer (Table 1). The microbrush (Microbrush International,

Grafton, WI, USA) was scrubbed on the enamel surface under

manual pressure as reported above [34,35].

(3) Sonic self-etch mode (S-SE): The same microbrush was attached to
the tip of a sonic applicator (released on the dental market as Smart
by FGM Prod. Odontoldgicos, Joinville, SC, Brazil). The sonic de-
vice produces an oscillating vibration of 10,200 rpm or 170 Hz,
measured by the Blackman-Harris sound method [36]. The sonic
device has five different oscillating frequencies. The middle fre-
quency (170 Hz) of the device was used [32,37]. It is important to
report that the microbrush attached to the sonic device vibrates at
the same oscillating frequency (170 Hz) of the device when in a
non-contact condition. When the vibrating microbrush contacts the
enamel surface, a reduction of this oscillating frequency may occur,
which depends on the force exerted by the operator on the enamel
surface. To avoid extreme variations, the operator only put the
microbrush in contact with the enamel without much pressure [37].

(2

After the application of the adhesive system, six to eight poly-
ethylene transparent Tygon tubes (Tygon Medical Tubing Formulations
54-HL, Saint Gobain Performance Plastics, Akron, OH, USA), with an
internal diameter of 0.8 mm and a height of 0.5 mm were positioned
over the double-faced tape, with their lumen coinciding with the cir-
cular areas exposed by the perforations. Resin composite (Filtek Z350,
3M ESPE, St. Paul, MN, USA) was carefully packed inside each tube,
and a clear Mylar matrix strip was placed over the filled Tygon tube and
pressed gently into place. The resin composite was light-cured for 20 s
using a LED light-curing unit set at 1200 mW/cm? (Radii-cal, SDI
Limited, Bayswater, Victoria, Australia). The operator checks the light
intensity prior to each experiment, with a radiometer (Demetron L.E.D.
Radiometer, Kerr Sybron Dental Specialties, Middleton, WI, USA).
These procedures were carried out under magnifying loupes [38].

The specimens were stored in distilled water at 37 °C for 24 h and
then, the Tygon tubes and the double-faced adhesive tape were



International Journal of Adhesion and Adhesives 88 (2019) 43-49

M.A. Murioz et al.

JURYIY [BSIDAIU[] PUOQUDIOIS PIsn Sem ased ST) U
Y219-§[9S JO Spow uoneIqIA dIuos ur uonesiidde oy jo uoneLeA 33 10§ 3d9dXY
‘a1eydsoydouow are[Ae ejuad [orupAisriuadip = YINHJ OIR[AIDRyIaW [AYI9AX0IPAY-Z = VINAH P1efAroeyioul [ApA[3 [ousydsiq = yAD-sIg @1eydsoyd usdoipAyip [AdspAxo[ho[Aneyow =dJdiN .

s QT 10J 2md-1y3IT °¢
*A[93191dwod pajerodeas st 'sQT 10 2md-1y8r °¢g *9pow [239-J[3s
JUSAJOS 3} pue SaA0W IS3UO] OU I1 [IIUN S G INOqe *A[9391dwod pajerodeas st JuaA[os 9y 10J se aarsaype A1ddy ‘4
103 pmbI] 911 1940 ITe JO WIEanSs SPULS B 10311 ‘T 9y} pue S2AOUI JOSUO[ OU J1 [IUN S G JNOqe *A1pI9A0 J0U Op ‘s397[2d Que[IS ‘SI0JBNIUT ‘I9)EM ‘[OUBYID ‘IS
1uaunean Surmp toyedrdde 10] PIbI] 911 1940 Ire Jo Weans auAs e 12211 ‘T 01100 YIIM IO IR d3IJ-[I0 ‘1owA[odod proe dsrouayeA[od payipow-alejA1deylauw ‘VNTH
9[qesodsIp 9y} Joma1 ‘A1essadau J 'S 0Z Juauryean Surmp pue da1j-19JeM PIM A1 € ‘sursal a)e[AeyowWIp ‘Iowouow 31eydsoyd ddN :PAISSYPY ‘T
10y ut 31 qni pue ‘1ojedridde druos ad£yoj01d 103ed11ddR S[qRsodsIp oY) 1omal ‘A1essadau ‘I91BM (Queydly [esIdATUN (62228
® Jo dij 9y} 0} paydene YSNIqOIdIW B IM J1 'S Og 10J Ul 31 qNI pue YSNIQOIdIW B [PIM m A[ydnooy) asury ‘g puoqy21028) opIxo wmurwmie ‘od4[3 auayAypah[od ‘edIfIs -d) NS — dAISAYPY
uoneredaxd anua ay) 03 aalsaype a3 Ajddy ‘T uoneredaid ainus 3y 03 aarsaype oy A[ddy 1 *s GT 10j Jueydd Addy ‘1 snoydioure opayuhs ‘rejem ‘proe suoydsoyd o4hg JuRYIF ‘T [eSI9ATUN PUOqUDI0dS
'S QT 10j 21nd WY3IT
-aouereadde Asso[d uriojrun 's QT 10J 212 Y317 ‘apour Yd3a-J[os
B 9ABY P[NOYS JJBJING 'S G IS Ik 10] 93uLihs -oouereadde AssofS wrrojrun 9y 10 se aalsaype Addy
[eIusp B wolj Ire AIp ‘ues[d yIm AIp Apusn °g B JARY P[NOYS 9JBJING 'S G 1SBI] JBI0J 2SULIAS -a3urifs Ire
's 0g 1oj aendy g [eIUSp B WOIJ ITe AIp ‘UBS YIIM AIp ApUaD ‘g m Apuad uimoiq £q £1q ‘g I9)BM\ 9UO0IIDY OPLION[JOIPAY
103ed17ddR D1UOS 9Y) 01 paydeNe 's Qg 10y aendy ‘g 'S GT Ise9[ aurure[£19) ‘s1azifiqels opixo aurydsoyd druedip uoaNIq
ysniqomw Suisn ‘uoneredaid oy ur uoneIqia "YSNIqOIdTUI 1e 10J ATy3noioy) asury ‘g V.INHd ‘SuIsal 21e[AIDRYIOWILI) PUE -IP ‘-OUOIN :DAISSYPY T (1222011)
JTUOS YIIM AISIYPE Jo Junoure snotouad A1ddy ‘1 3ursn aa1saype jo junoure snoisuad A1ddy ‘1 s GT 10j Jueyas Ajddy ‘1 (proe duroydsoyd 0pt,€) 9D I9UONIPUOD YIOOL, % g URYNH ‘T Hgdd - 19[4 puoggauILid
ZW2/MW OZT 18 S OT 10 2M2-IY3IT
*9AISaUpR 93 Jo 1ome[ds jusaaid
0] UOTIONS WMnNdeA 3s() 2nssaxd Ire WNWIXeur “,Wd/MW OZT 38 S QT 10§ 2n2-1Y3IT ‘19]eM
Jopun Ire 921j [10 YIMm S G 10J A[ydnoiroyy A1q ‘g aA1S9ype 91 jo 1anjerds Juaaaid ‘apou d39-J[s parnsip ‘royentur ojoyd ‘OPIXOIp UODIIS ‘IOUWIOUOU I9)Sd
‘uoneorjdde 0] UOTIONS WNNJBA Js() 2INssa1d ITe WNWIXew a1y 10 se aalsaype A[ddy ¢ poe duoydsoyd ‘OpupAyue a1eli[puLnAYIaAXo[A1dRyIoW
JO pud 3y} Ja3je S O 10J P2GINISIPUN JABDT ' JI9pun Ire 921j 10 YIIM s G 10J A[ySnoioyy A1q °¢ “K1p $ DIR[AIDRISWIP QUOIIIY :DAISYPY '
-103e211ddR JTUOS 3} 0] PayPeNe ‘uonyedrjdde Anua8d pue s g 10j asury ‘g (Queydly [esIdATUN
Jo3ed11dde a[qesodsip oy 3uisn ‘uoneredaid JO pua ) 191k ST I0J PAQINISIPUN IABIT ‘T 5 'SQT 10J 128 poe puoq(2102s) *apIxo wmurumie ‘[0d4[3 auaAypak[od ‘edIfis (1222011)
9} Ul UoneIqIA JIUOS YIIM dAIsaype a3 A[ddy T -103ed11dde S[qesodsip ay Sursn Ajddy ‘T suoydsoyd oppe Alddy T snoydiowre anayuAhs ‘1ejem ‘proe duoydsoyd o4p¢ JURYIF T dgo - sn|d puog-o
'sQT 10 2md 31T °¢ 'sQT 10 2md Y31 °¢
aduereadde Asso[S urIojiun € aARY PINOYS 9JBJINS aouereadde
9L ‘TeLI9)RW 9] JO JUSWDAOW I[(ISIA OU 3q £sso[8 wiIojIun B 9ARY PINOYS 9JBJINS YT,
PINOYS 3191 ‘S QT 1SeJ I8 J0J JJULIAS ITe UR IIM ‘[EeLISJRW 31} JO JUSUIDAOUI J[GISIA OU 3q P[NOYS ‘opour Yd1a-J[9s
Buikip-1re A1ySnoioy) £q JUSAJOS sS90xa jeiodesy ‘g 2191 ‘s O IsB9[ B 10j 23ULIAS ITe Ue YIIM UIAIp 91 10J se aA1saype A[ddy ‘f
'$]e0d -1re A[ySnoioy) £q JUSA[OS $S90Xa djeiodesy ‘g *s g—1 10J UONDNS JWNJOA
udamlaq amd Y81y Jou o Jeod 12d SGI-QT 'S1e0d y31y 1o 39772d Jusqiosqe
10§ ‘103ED1[ddR DTUOS 9} 0 PAYDEIIE YSNIGOIITU usam1aq 2.1md Y31y Jou o Je0d 12d S GT-QT 10§ M J9JBM SSIIXD JAOWRY 'S s10JeNIUT ‘I19JEM ‘[OURYID ‘VINHH ‘VIND-SIA ‘ddIN PAISSUPY ‘T
e )M uoneredard oy ur uopeIqIA DIUOS ysniqontur e m uoneredard ayy Suiqqnios *A[y8noioyy asury ‘g (y21g-1un) wns weyuex (111900002 1)
UIIM ‘DAISSYPE JO s1eod ajeredss omy Alddy T QAISaUpR Jo Ss1eod ajeredas omy A1ddy ‘T s GT 10§ Jueydls Ajddy ‘1 OpPLIO[YD> wnTuoy[ezuaq ‘proe duroydsoyd onze Jueydny ‘1 NgV — [esIdAIun puog-[[y
[219-J[9S JO SPOW UOTIBIIA DTUOS apour y213-J[9S Spow JSULI-pUe-YdI Juonisoduon (JaquIu YdIeq) SAISYPY

SUOHONISUT SI2INJoRJnue 3y} 0} SUIPIOIDE SWISAS JAISAYPE 3y} jo apow uopedrdde pue ,uonisodwod (I2qUINU YdIeq) WaISAS SAISIYPY

1 9IqeL

45



M.A. Murioz et al.

carefully removed with a blade, exposing the composite cylinders. Each
specimen was examined under a stereomicroscope at X 10 magnifica-
tion. The bonded cylinder was discarded if there was evidence of por-
osities or gaps at the interface or pores in the composite resin.

The specimens were attached to a shear-testing fixture (Odeme
Biotechnology, Joacaba, SC, Brazil), and tested in a universal testing
machine (Kratos IKCL 3-USB, Kratos Equipamentos Industriais Ltda,
Cotia, Sao Paulo, Brazil). Then the set specimen-fixture was placed in
the universal testing machine and a thin orthodontic wire (0.2 mm
diameter) was looped around the base of each composite cylinder,
contacting it in half of its circumference. The setup was kept aligned
(resin-enamel interface, the wire loop and the center of the load cell) to
ensure the correct orientation of the shear forces [39]. The crosshead
speed was set at 1 mm/min until failure.

The uSBS values (MPa) were calculated by dividing the load at
failure by the surface area (mm?) to determine the shear bond strength.
The failure mode was classified as cohesive ([C] failure exclusively
within enamel or resin composite), adhesive ([A] failure at the enamel-
resin interface), or mixed ([M] failure at the enamel-resin interface that
included cohesive failure of the neighboring substrates). The failure
mode analysis was performed under a scanning electron microscope
(SEM) (SSX-550, Shimadzu, Tokyo, Japan).

2.4. In situ degree of conversion (DC)

The adhesives were applied on the enamel specimens and composite
resin build-ups were constructed on the bonded enamel using the same
materials and protocols described for the pSBS test. After specimen
storage in distilled water for 24 h at 37 °C, the resin-enamel interfaces
were longitudinally sectioned (1.5mm thick) across the bonded inter-
face with a low-speed diamond saw (Isomet, Buehler Ltd, Lake Bluff, IL,
USA) to obtain two slices of the enamel-resin interfaces.

The resin-enamel interfaces were wet polished with #1500; 2000
and 2500-grit SiC paper for 15s each. Then, specimens were ultra-
sonically cleaned for 5 min in distilled water and then stored in water
for 24h at 37 °C prior to performing the DC readings. The DC mea-
surements were performed in a micro-Raman spectrometer (Bruker
Optik GmbH, Ettlingen, Baden-Wiirttemberg, Germany). The micro-
Raman spectrometer was first calibrated for zero and then for coeffi-
cient values using a silicon specimen. Specimens were analyzed using
the following Raman parameters: 20-mW Neon laser with 532-nm
wavelength, spatial resolution of =~ 3 um, spectral resolution = 5 cm™,
accumulation time of 30s with 6 co-additions, and magnification of
x100 (Olympus UK, London, UK) to beam diameter of = 1 um [40-42].

The spectra were taken at the resin-enamel interface at three dif-
ferent sites for each specimen and also of the uncured adhesives for
reference. Post-processing of spectra was performed using the dedicated
Opus Spectroscopy Software version 6.5 (Bruker Optik GmbH,
Ettlingen, Baden-Wiirttemberg, Germany). The ratio of double-bond
content of monomer to polymer in the adhesive was calculated ac-
cording to the following formula: DC (%) = (1 — R cured/R uncured) X
100, where R is the ratio of aliphatic and aromatic peak areas at
1639 cm ™' and 1609 cm ™! in cured and uncured adhesives.

2.5. Enamel-etching pattern

All adhesive in their specific application mode were applied to en-
amel according to the description done for the uSBS testing (Table 1)
except for the fact that the adhesives were not light cured. The enamel
surfaces were then immediately stirred in acetone for 24 h to remove
the monomers from the enamel surface [43]. For the ER mode, before
adhesive application, phosphoric acid gel was applied to enamel for
15s, rinsed for 10s and air-dried according to the description of
Table 1.

All specimens were allowed to dry for 24h under vacuum, then
mounted on aluminum stubs with carbon tape, sputter-coated with
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gold-palladium and observed under FESEM (Hitachi S-4700, Hitachi
High Technologies America, Inc., Pleasanton, CA, USA) at an accel-
erating voltage of 5.0kV and a working distance of 12-13 mm.

2.6. Statistical analysis

The pSBS of all specimens with adhesive/mixed failure mode from
the same enamel specimen were averaged for statistical purposes.
Similarly, the same procedure was performed for the DC measurements,
so that the experimental unit in this study was the enamel specimen.
Specimens with cohesive and premature failures were not included in
data analysis.

Data from pSBS and in situ DC were analyzed separately using two-
way ANOVA (adhesive vs. adhesive strategy) and Tukey's post-hoc test

at a = 0.05. The enamel pattern etching was only evaluated qualita-
tively.
3. Results

3.1. Microshear bond strength

The majority of the specimens showed adhesive (51.8-73.2%) or
adhesive/mixed (14.3-32.1%) failures (Table 2). For all adhesives
tested, the S-SE application mode resulted in statistically significant
higher mean pSBS when compared with the M-SE application
(p < 0.05; Table 3). Each universal adhesive applied in the S-SE re-
sulted in mean bond strengths that were statistically similar to those
obtained with the respective M-ER application mode (p > 0.05;
Table 3).

SBU showed higher bond strength values in the M-SE when com-
pared with the other adhesives in the same strategy (p < 0.05; Table 3).
No significant difference between adhesives were seen when they were
applied in the M-ER approach or in the S-SE application mode
(p > 0.05; Table 3).

3.2. Degree of conversion

For all adhesives tested, the change in the application mode from M-
SE to S-SE application mode resulted in statistically higher DC
(p < 0.05; Table 4). Each universal adhesive applied in the S-SE ap-
plication mode resulted in means that were statistically similar to those
obtained with the respective M-ER application mode (p > 0.05;
Table 4). ABU showed higher DC results regardless the adhesive
strategy (p < 0.05; Table 4). In general, GBP and PBE showed lower DC
(p < 0.05; Table 4).

Table 2
Number of specimens and percentage of the total of specimens (%) according to
fracture mode for all experimental groups®.

Adhesive Strategy Fracture mode
A C A/M PF

ABU M-ER 35 (60.4%) 8 (13.8%) 13 (22.4%) 2 (3.4%)
M-SE 41 (73.2%) 6 (10.7%) 8 (14.3%) 1 (1.8%)
S-SE 39 (61.9%) 4 (6.3%) 17 (27.0%) 3 (4.8%)

GBP M-ER 32 (58.2%) 7 (12.7%) 12 (21.8%) 4 (7.3%)
M-SE 35 (67.3%) 5 (9.6%) 10 (19.3%) 2 (3.8%)
S-SE 38 (66.7%) 3 (5.3%) 13 (22.8%) 3 (5.2%)

PBE M-ER 29 (51.8%) 6 (10.7%) 18 (32.1%) 3 (5.4%)
M-SE 33 (62.3%) 7 (13.1%) 11 (20.8%) 2 (3.8%)
S-SE 37 (61.6%) 6 (10.0%) 16 (26.7%) 1 (1.7%)

SBU M-ER 34 (58.6%) 8 (13.8%) 14 (24.1%) 2 (3.5%)
M-SE 40 (72.7%) 4 (7.3%) 9 (16.4%) 2 (3.6%)
S-SE 36 (61.0%) 5 (8.5%) 15 (25.4%) 3 (5.1%)

2 A- adhesive fracture mode; C — cohesive fracture mode; A/M- adhesive/
mixed fracture mode; PF — premature failure
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Table 3
Means and standard deviations of the microshear bond strength (uSBS; MPa)
obtained in each experimental group .

Adhesive Strategy

M-SE S-SE M-ER
ABU 13.6 £ 0.8 ¢ 20.0*+11a 19.7+x11a
GBP 125+ 13c 188*1.0a 175+ 1.5a,b
PBE 136 +1.0c¢ 17.8 + 1.4 a,b 214+1.0a
SBU 169 +1.3b 20.3*+1.0a 20.2+10a

* Means identified with the same letters are statistically similar (Tukey’s
test, p = 0.05).

Table 4
Means and standard deviations of the in situ degree of conversion (DC; %) ob-
tained in each experimental group .

Adhesive Strategy

M-SE S-SE M-ER
ABU 70.3 £38¢ 80.3x3.1ab 847 *43a
GBP 555+ 3.2e 62.1 £3.2d 66.8 = 4.3d
PBE 58.7+37e 67.1 +3.4cd 69.5 = 3.9 ¢,d
SBU 63.5+4.2d 70.5* 3.8 ¢ 75.3 = 4.8 b,c

* Means identified with the same letters are statistically similar (Tukey’s
test, p = 0.05).

3.3. Enamel etching pattern

M-SE application of universal adhesives showed a slight exposure of
the periphery of the enamel prisms for ABU and SBU, with no signs of
hydroxyapatite dissolution. For the PBE and GBP adhesives, M-SE ap-
plication resulted in islands of superficially dissolved enamel within
areas without evidence of enamel inter-prismatic dissolution (Fig. 1, SE
row). The enamel etching pattern was slightly improved with S-SE
application in all adhesives, showing a similar pattern to the observed
with the M-ER strategy in the following adhesives GB, PBE and SBU
(Fig. 1, S-SE row). The M-ER strategy resulted in the deepest and more
pronounced etching pattern (Fig. 1, ER row).

4. Discussion

The findings of the manual active application of SE mode was ex-
pected as an earlier study [5] demonstrated that this mode of could
increase the uSBS and DC values of universal adhesives in the SE mode
when compared to passive application. However, the most interesting
finding of the present investigation is that the application of universal
adhesives in SE mode with a sonic device produced bond strength va-
lues similar to the observed with the ER strategy. This is the first study
that shows that the performance of universal adhesives in enamel can
be similar in both bonding strategies when applied with a sonic device
in the SE mode.

By using sonic application in the SE mode, we can overcome the
disadvantages of the SE protocol, which is the lower bonding efficacy to
enamel [15,16]. In recent studies, it was observed that the etching
ability of universal adhesives applied in the SE mode does not produce a
retentive pattern on the enamel surface [13,44]. It is likely that the
superficial interaction of SE solutions with enamel prevents the acidic
monomers to demineralize the substrate to the extent to produce an
efficient etching pattern for micromechanical interlocking.

A completely different pattern was observed when the universal
adhesives were applied in the SE mode with a sonic device. The sonic
vibration applied to the microbrush imparts energy to the adhesive
solution that is applied on the enamel. Then, these agitated monomers
are able to achieve areas beyond those where the bristles touch. Fresh
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monomers are taken more effectively and progressively to the sub-su-
perficial enamel, producing a deeper demineralization. This is the exact
mechanism of action that underlies sonic vibration of liquids and so-
lutions. The high-speed vibration applied to the microbrush creates
pressure waves and shear forces due to the stimulation of the solution
molecules. It also generates microscopy bubbles that are forcefully
propelled against surfaces to which the solution is applied.

Although the comparison of different adhesive systems is not a
primary objective of this study, in the M-SE application mode, the mean
bond strengths of SBU was higher than the others universal adhesives.
The differences observed among them could be explained by their dif-
ferent chemical composition. Most universal adhesives available on the
market contain at least one monomer with potential for chemical
bonding. In SBU there are two components in the adhesive solution that
can exert such activity. According to the manufacturer, SBU contain
methacryloxydecyl phosphate (MDP) [45] and a methacrylate-modified
polyalkenoic acid copolymer (Vitrebond copolymer, VCP) [46,47].
MDP can demineralize dental structures and produce the chemical in-
teraction with hydroxyapatite by the formation of an acid-base re-
sistant zone [48,49] that is more stable and durable over time [4,50].
Additionally, the polyalkenoic acid also have the potential to adhere
chemically to hydroxyapatite, due to the abundance of polar carboxyl
groups for bonding with minerals [47].

However, when we compare the bond strength values of the ad-
hesives applied in the S-SE mode, no significant differences are de-
tected. This could mean that apart from the deeper and more retentive
etching pattern produced by the sonic vibration mode, this application
technique could have also improved the chemical bonding of the
functional monomers with the minerals of enamel.

Additionally, a higher degree of conversion was observed in the S-
SE than in the M-SE application mode. The fluid movement of mono-
mers caused by sonic mode may have led to their approximation and
more chemical interactions among their molecules must have occurred.
Additionally, the same fluid movements are likely responsible for
higher solvent evaporation as they are brought to the adhesive surface,
thus facilitating the evaporation of solvents outward [31,32,37]. This is
especially important for adhesives composed of solvents with low vapor
pressure, such as water (23.8 mmHg at 25 °C) and ethanol (54.1 mmHg
at 25°C) [51]. Solvent evaporation may give room for changes in
polymer topology by reducing in the intrinsic fraction of nanopores,
allowing increased polymer cross-linking, degree of conversion and
other mechanical properties of the polymer inside the enamel hybrid
layer [52-55].

Earlier studies reported that higher degree of conversion values
were correlated with improved mechanical properties in polymeric
materials [40,56,57]. This is the reason why a positive and significant
correlation between bond strengths and degree of conversion was de-
tected for earlier SE adhesives on enamel [58], which is in agreement
with the findings of the present study for universal adhesives used on S-
SE application mode.

When we compare the DC of the adhesives, we can observe that GBP
and PBE showed trend towards lower DC regardless of the adhesive
strategies. Differently from the other universal adhesives, GBP and PBE
are HEMA-free adhesives. While HEMA-containing adhesives undergo
more pronounced water sorption [59,60], they are highly prone to
phase separation at the interface [61,62], which may have been the
limiting factor for higher DC. An earlier study has demonstrated the
presence of multiple droplets under SEM micrographs for these two
adhesives (GBP and PBE), which is a clear evidence of this phenomenon
[5].

From a clinical point of view, the use of a sonic device can be
considered superior to manual active application, as it reduces the
finger pressure variations of different operators and can guarantee
homogeneous vibration of the adhesive. A notable advantage of sonic
application over manual active application is that it does not require
any calibration procedure, and it is probably less sensitive to operator
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Fig. 1. Micrographs of enamel treated with the universal adhesives used in this study. Original magnification = 5000 X . M-SE = manual active self-etch mode; S-SE

= sonic self-etch mode; M- ER = manual active etch-and rinse mode.

experience. This clinical alternative is easy to implement and does not
add more clinical steps to the bonding protocol [32]. In addition, the
critical phosphoric acid etching is omitted, which makes the application
procedure not only shorter but also easier [63]. Further clinical trials
should be conducted to validate the results obtained with the sonic
vibration self-etch application of universal adhesives in this laboratory
study.

5. Conclusion

The sonic application of universal adhesives in self-etch mode to
enamel increases the resin—enamel bond strength as well as the degree
of conversion of the adhesive at the interface of all universal adhesives
tested when compared to manual active self-etch application mode. The
sonic application in universal adhesives in the self-etch mode is a viable
alternative to selective enamel etching to improve enamel bonding.
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