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Abstract The purpose of this study was to determine the

micro-tensile bond strength (MTBS) to dentin of seven

adhesive systems (total and self-etch adhesives) after 24 h

and 5,000 thermocycles. Dentin surfaces of human third

molars were exposed and bonded with two total-etch

adhesives (Adper Scotchbond 1 XT and XP Bond), two

two-step self-etch adhesives (Adper Scotchbond SE and

Filtek Silorane Adhesive System) and three one-step self-

etch adhesives (G-Bond, Xeno V and Bond Force). All

adhesive systems were applied following manufacturers’

instructions. Composite buildups were constructed and the

bonded teeth were then stored in water (24 h, 37 �C) or

thermocycled (5,000 cycles) before being sectioned and

submitted to MTBS test. Two-way ANOVA and sub-

sequent comparison tests were applied at a = 0.05. Char-

acteristic de-bonded specimens were analyzed using

scanning electron microscopy (SEM). After 24 h water

storage, MTBS values were highest with XP Bond, Adper

Scotchbond 1 XT, Filtek Silorane Adhesive System and

Adper Scotchbond SE and lowest with the one-step self-

etch adhesives Bond Force, Xeno V and G-Bond. After

thermocycling, MTBS values were highest with XP Bond,

followed by Filtek Silorane Adhesive System, Adper

Scotchbond SE and Adper Scotchbond 1 XT and lowest

with the one-step self-etch adhesives Bond Force, Xeno V

and G-Bond. Thermal aging induced a significant decrease

in MTBS values with all adhesives tested. The resistance of

resin–dentin bonds to thermal-aging degradation was

material dependent. One-step self-etch adhesives obtained

the lowest MTBS results after both aging treatments, and

their adhesive capacity was significantly reduced after

thermocycling.

Keywords Micro-tensile bond strength � Total-etch

adhesives � Self-etch adhesives � Dentin � Thermocycling

Introduction

Self-etch adhesives are more user friendly, less technique

sensitive and increasingly popular [1, 2]. They do not

require a separate etching step because they contain a

solution of acidic monomers that simultaneously demin-

eralize and infiltrate the dentin [3]. As a result, no dis-

crepancy is expected between demineralization depth and

resin infiltration depth [3]. Self-etch adhesives can be two-

or one-step according to whether the bonding agent is

separate or combined with the self-etch/primer solution.

Adhesives that include etching, priming and bonding in a

single solution are also called ‘‘all-in-one’’ and are con-

sidered the products with the simplest clinical application

[1]. However, reports in the literature have demonstrated a

negative relationship between step reduction and bond

strength, with one-step self-etch adhesives exhibiting very

low bond strength values to dentin [4–6] and a marked

degradation of bonding effectiveness [7–9].
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Various drawbacks compromise the bonding durability

obtained with one-step self-etch adhesives. Thus, they

contain an increased concentration of hydrophilic mono-

mers that make them less hydrolytically stable [10],

behaving as semi-permeable membranes even after acti-

vation [11]. Consequently, the adhesive layers created

often contain porosities and voids due to osmosis or phase

separation [12], with water channels and hydrophilic

domains that permit water permeation through the resin–

dentin interface [13]. Moreover, the higher concentration

of hydrophilic monomers and the presence of residual

water and solvents have been related to a lower polymer-

ization conversion, which weakens the adhesive interface

[14, 15].

Although hydrolytic degradation of the dentin-bonded

interface is more extensive in simplified adhesives [16], a

decrease in bond strength over time has also been reported

for total-etch and two-step self-etch adhesives [14, 17, 18].

Hence, the durability of the resin–dentin bond appears to

be adhesive dependent, regardless of the bonding strategy

used [18].

Novel adhesive systems are being continuously devel-

oped and launched onto the market without full knowledge

of their bonding ability or longevity [4]. Appropriate in

vitro bond strength tests include artificial aging techniques

to reveal valuable clinical information [19]. Thermocycling

in water at temperatures between 5 and 55 �C is considered

a suitable method for aging dental materials [20], sub-

jecting the adhesive interface to water infiltration and to

expansion and contraction induced by thermal changes.

The deterioration of bonding effectiveness is supposed to

be caused both by degradation of interface components by

hydrolysis as by decreasing the mechanical properties of

the polymer matrix, a process known as ‘‘plasticization’’

[21].

The actual bonding performance of self-etch adhesives

is very variable in comparison with total-etch adhesives,

even more if they are submitted to an aging process. Its

variation not only depends on the class of self-etch adhe-

sives but also on the type of functional monomers included

in their composition [22]; therefore, the objective of this in

vitro study was to determine the micro-tensile bond

strength (MTBS) of seven commercial total-etch or self-

etch adhesive systems after 24 h and 5,000 thermal cycles.

The null hypothesis was that dentin MTBS values would

not be affected by adhesive type or thermal aging

treatment.

Materials and methods

Forty-two extracted human third molars were used in this

study. They were hand-scaled, cleaned and stored in a

solution of distilled water and thymol at 4 �C for\1 month

post-extraction. Each tooth was perpendicularly sectioned

to expose a flat mid-coronal dentin surface, which was then

polished under running water with 600-grit silicon carbide

papers (Buehler, Lake Bluff, IL, USA) to create a stan-

dardized and clinically relevant smear layer. The dentin

surfaces were verified for the absence of enamel and/or

pulp tissue exposure under a light stereomicroscope

(Olympus SZX7, Hamburg, Germany).

Then, teeth were divided into seven experimental groups

(n = 6), according to the adhesive systems tested: two

total-etch adhesives (Adper Scotchbond 1 XT, 3 M ESPE;

and XP Bond, Dentsply), two two-step self-etch adhesives

(Adper Scotchbond SE, 3 M ESPE; and Filtek Silorane

Adhesive System, 3 M ESPE) and three one-step self-etch

adhesives (G-Bond, GC; Xeno V, Dentsply and Bond

Force, Tokuyama Dental). All adhesive systems were

applied in accordance with manufacturers’ instructions

(Table 1).

In all cases, composite core buildups were constructed

with three incremental layers (2 mm each) of a light-cured

universal hybrid resin composite (A3 VITA shade; Filtek

Z250, 3 M ESPE, St. Paul, MN, USA), except for Filtek

Silorane Adhesive System (chemically incompatible with

methacrylate-based resins), which requires its own specific

composite (Low Shrink Posterior Restorative). Each

increment was photopolymerized for 20 s with a light-

emitting diode (LED) Demetron I unit (Kerr, Orange, CA,

USA), with a minimum light output of 550 mW/cm2.

Bonded teeth were kept intact, with the resin–dentin

interface entirely surrounded by resin bonded to the outer

enamel rim, and were therefore only indirectly exposed to

water. Half of the samples in each group were randomly

selected for storage in distilled water for 24 h at 37 �C. The

remaining specimens were thermocycled for 5,000 cycles

between 5 and 55 �C with a dwell time of 30 s.

Once the two aging treatments were completed, all

bonded teeth were sectioned longitudinally with a low-

speed diamond saw (Accutom 50, Struers, Copenhagen,

Denmark) using copious amounts of water in the ‘‘x’’ and

‘‘y’’ directions, producing stick-shaped specimens with a

square bonded area of approximately 1 mm2. Up to 15

specimens were collected per tooth.

These specimens were attached with cyanocrylate glue

(Loctite Gel, Henkel, Düsseldorf, Germany) to a modified

Bencor Multi-T testing apparatus and were individually

stressed to failure in tension using a universal testing

machine (Instron 3345, Instron Corp., Canton, MA, USA)

at a cross-head speed of 1 mm/min. A digital calliper with

an accuracy of 0.001 mm (Mitutoyo Corporation, Aurora,

IL, USA) was used to measure the sides of the bonding

interface and calculate the bonding area in mm2. Micro-

tensile bond strength data were expressed in megapascals

Odontology

123

Author's personal copy



(MPa). All the specimens which experienced a pre-testing

failure (whether it occurred during section, manipulation or

fixation processes) were discarded for the statistical analysis.

When the tensile test ended, fractured sticks were

carefully removed from the apparatus and observed by a

single operator under a stereomicroscope at a magnification

of up to 509 to determine the mode of failure: adhesive

(between adhesive and dentin), cohesive (dentin or com-

posite resin) or mixed (simultaneous adhesive and cohesive

fractures). Characteristic de-bonded specimens (with

MTBS values and failure patterns similar to those most

frequently detected in each experimental group) were

sputter-coated with gold (SCD 005 Sputter Coater, BalTec,

Balzers, Liechtenstein) and observed under scanning

electron microscopy (SEM; Hitachi VP-SEM S-3400N,

Tokyo, Japan).

The influence of adhesive system, thermal aging and

their interactions on MTBS was analyzed by two-way

Table 1 Adhesives tested with corresponding pH, composition, instructions for use and type (according to the manufacturer’s information)

Adhesives Composition Instructions for use Type

Adper Scotchbond

1 XT (3 M ESPE)

HEMA, Bis-GMA, DMA, methacrylate

functional copolymer of polyacrylic and

polyitaconic acids, water, ethanol,

nanofiller, photo-initiator

Acid etch: phosphoric acid (Scotchbond Etchant,

3 M ESPE): 35 % (15 s). Rinse (10 s). Blot

excess water using a cotton pellet or mini-

sponge. Do not air dry

Total-etch

Adhesive: apply 2–3 consecutive coats of adhesive

for 15 s with gentle agitation using a fully

saturated applicator. Gently air thin for 5 s to

evaporate solvent. Light cure for 10 s

XP Bond (Dentsply) HEMA, butyl alcohol, PENTA, carboxylic

acid modified DMA, UDMA,

TEGDMA

Acid etch: phosphoric acid (conditioner 36,

Detrey): 36 % (15 s). Rinse (15 s). Remove

excess water using a cotton pellet or by blowing

gently. Do not desiccate dentin

Total-etch

Adhesive: apply to all the cavity surfaces

uniformly. Avoid pooling. Gently air thin for 5 s

to evaporate solvent. Light cure for 10 s

Adper Scotchbond SE

(3 M ESPE) pH 1

Primer: water, HEMA, surfactant, pink

pigment

Primer: apply to the cavity so that a continuous

red-colored layer is obtained on the surface

Two-step self-etch

Adhesive: UDMA, TEGDMA2,

TMPTMA, HEMA, MHP, zirconia

nanofiller, camphorquinone

Adhesive: scrub into the entire wetted surface of

the bonding area for 20 s. Pink color will quickly

disappear, indicating that the etching

components are activated. Air dry thoroughly for

10 s. Apply second coat to entire bonding

surface. Gentle air application. Light cure for

10 s

Filtek Silorane Adhesive

System (3 M ESPE) pH 2.7

Primer: phosphorylated methacrylates,

Bis-GMA, HEMA, water, ethanol,

silane-treated silica filler, VitrebondTM

copolymer, initiators, stabilizers

Primer: application for 15 s with black micro-

brush, followed by gentle air dispersion and 10 s

of light curing

Two-step self-etch

Adhesive: hydrophobic DMA,

phosphorylated methacrylates,

TEGDMA2, silane-treated silica filler,

initiators, stabilizers

Adhesive: application with green micro-brush,

followed by gentle air dispersion and 10 s of

light curing

G-Bond (GC) pH 1.8 4-MET, UDMA, phosphate monomer,

DMA component, fumed silica filler,

acetone, water, photo-initiator

Apply to dried cavity and leave undisturbed for

10 s. Dry thoroughly under maximum air

pressure for 5 s in the presence of vacuum

suction. Light cure for 10 s

One-step self-etch

Xeno V (Dentsply) pH \ 2 Bifunctional acrylic amides, acrylamido

alkylsulfonic acid, ‘‘inverse’’

functionalized phosphoric acid ester,

acrylic acid, ter-butanol, butylated

benzenediol, water, camphorquinone

Apply twice, wetting all cavity surfaces uniformly

with each application, then gently agitate the

adhesive for 20 s. Evaporate solvent by

thoroughly blowing with air for at least 5 s.

Avoid pooling. Light cure for 20 s

One-step self-etch

Bond Force (Tokuyama Dental)

pH 2.3

HEMA, acid phosphoric acid monomer,

Bis-GMA, TEGDMA1, ethanol, water,

camphorquinone

Apply to the entire cavity and rub the adhesive at

the margins with light finger pressure for 20 s or

more immediately after application. Apply

gentle indirect air for 5 s and then blow the

surface with strong air for 5 s or more. Light

cure for 10 s

One-step self-etch

4-MET 4-methacryloxyethyl trimellitic acid, UDMA urethane dimethacrylate, DMA dimethacrylate, TMA trimethacrylate, PENTA dipentaerythritol penta-acrylate phosphate,

HEMA 2-hydroxyethyl methacrylate, Bis-GMA bisphenol glycidyl methacrylate, TEGDMA1 triethyleneglycol dimethacrylate, TEGDMA2 tetraethyleneglycol dimethacrylate,

TMPTMA trimethylolpropane trimethacrylate (hydrophobic TMA), MHP methacrylic phosphates
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ANOVA. Subsequent comparisons were performed with

Tukey HSD and Student’s t tests. All statistical testing was

performed at a pre-set alpha of 0.05 using IBM SPSS 19

(IBM Company, Chicago, IL, USA) for Windows software.

Results

The results are displayed in Table 2. Two-way ANOVA

test revealed that the MTBS values were significantly

influenced by the adhesive system (F = 175.7; p \ 0.001),

the thermal aging procedure (F = 281.6; p \ 0.001) and

the interaction of both factors (F = 9.6; p \ 0.001).

After 24 h of water storage, MTBS results were ranked

into three significantly different subsets (p \ 0.05): highest

MTBS values were achieved with the total-etch adhesives

Adper Scotchbond 1 XT and XP Bond and the two-step

self-etch systems Adper Scotchbond SE and Filtek Silorane

Adhesive System, with no significant differences among

them; intermediate values were observed with the one-step

self-etch adhesive Bond Force; and lowest values were

obtained with the one-step self-etch adhesives G-Bond and

Xeno V, with no significant difference between them.

After thermocycling 5,0009, significantly higher mean

MTBS values were achieved with the total-etch adhesive XP

Bond than with any other systems tested. Intermediate values

were observed with Filtek Silorane Adhesive System, Adper

Scotchbond SE and Adper Scotchbond 1 XT, with no sig-

nificant differences among them. The lowest values were

obtained using G-Bond and Xeno V, with the other one-step

self-etch adhesive Bond Force showing significantly higher

values than G-Bond but similar values to Xeno V.

The influence of thermal aging on MTBS values was

analyzed by Student’s t test. After thermocycling, MTBS

values were significantly lower than those obtained after

24 h of immersion for all the systems evaluated.

Most of the failures detected were adhesive (Table 2).

Pre-testing failures were more frequent after thermocycling

with all of the adhesive systems, more markedly with one-

step self-etch adhesives G-Bond and Xeno V.

Figures 1, 2, 3, 4 and 5 depict SEM images of fractured

surfaces of dentin bonded with Adper Scotchbond SE,

Filtek Silorane Adhesive System, G-Bond, Xeno V and

Bond Force adhesives after 24 h (a) and 5,000 cycles (b).

After 24 h of water storage, failures with the two-step and

one-step self-etch adhesives were mainly at the top of the

hybrid layer, and the dentin structure was undetectable

(Figs. 1a, 2a, 3a, 4a and 5a). We highlight the presence of

multiple droplets within the adhesive when G-Bond was

applied (Fig. 3a). After thermocycling, most failures were

again in the adhesive, with the dentin being completely

covered by adhesive (Figs. 2b, 4b and 5b). With Adper

Scotchbond SE (Fig. 1b) and G-Bond (Fig. 3b), fractures

occurred at the bottom of the hybrid layer and the dentin

structure could be detected; tubules appeared occluded and

collagen fibrils were observed with the former adhesive,

whereas G-Bond tubules were open and few resin tags were

visible.

Discussion

According to this study of seven currently available

adhesive systems, bond strength is dependent on the system

Table 2 Mean MTBS values in MPa (sd), MTBS reduction after thermal aging ( %), number of tested samples (n), pre-testing failures ( %) and

type of failure for each adhesive system

Adhesives Mean MTBS

in MPa (sd)

MTBS reduction

after thermal

aging (%)

n Pre-testing

failures (%)

Type of failure

(adhesive/

cohesive/mixed)

24 h 5,0009 24 h 5,0009 24 h 5,0009 24 h 5,0009

Adper Scotchbond 1 XT (3 M ESPE) 33 (4.3) a* 21.2 (2.5) b* 35 47 39 0 11.7 34/4/9 33/2/4

XP Bond (Dentsply) 34.9 (3.9) a* 31.9 (2.7) a* 8 46 43 0 5.2 34/2/

10

33/1/9

Adper Scotchbond SE (3 M ESPE) 31.7 (2.8) a* 21.5 (3.4) b* 31 49 35 0 15.8 44/2/3 33/1/1

Filtek Silorane Adhesive System

(3 M ESPE)

32.3 (2.8) a* 24.1 (3.3) b* 25 46 37 2.2 11.1 39/2/5 31/0/6

G-Bond (GC) 14.8 (1.7) c* 11.1 (2.5) d* 25 39 29 5.8 29.4 39/0/0 29/0/0

Xeno V (Dentsply) 17.9 (3.4) c* 16.6 (1.7) cd* 24 39 28 5.5 25 38/0/1 28/0/0

Bond Force (Tokuyama Dental) 24.2 (3.3) b* 16.1 (3) c* 33 45 35 0 18.7 43/0/2 35/0/0

For each column, different letters indicate significantly different MTBS values among the adhesives systems after 24 h of storage or thermo-

cycling (p \ 0.05)

* Indicates significant differences between MTBS values after 24 h of storage and thermocycling for the same adhesive system (p \ 0.05)
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Fig. 1 SEM micrographs of the fractured dentin sides of specimens

bonded with Adper Scotchbond SE exhibiting adhesive failures

(1,500x). a After 24 h of water storage: fracture occurred at the top of

the hybrid layer and the dentin surface was completely covered by

resin. b After thermocycling 5,0009: fracture occurred at the bottom

of the hybrid layer, and most of the tubules were occluded by resin

Fig. 2 SEM micrographs of the fractured dentin sides of specimens

bonded with Filtek Silorane Adhesive System exhibiting mixed

failures after 24 h of water storage (a) and thermocycling 5,0009 (b).

In both cases, dentin was covered with the adhesive, and failures

could be detected between resin composite and adhesive and between

adhesive and dentin (1,500x)

Fig. 3 SEM micrographs of the fractured dentin sides of specimens

bonded with G-Bond exhibiting adhesive failures (1,500x). a After

24 h of water storage: in a magnified image, numerous droplets were

observed in the adhesive layer. b Thermocycling 5,0009: most of the

tubules were patent, although a few resin tags could be detected

Odontology

123

Author's personal copy



used, while thermal aging has a deleterious effect on the

adhesive resistance of all the systems analyzed.

Total-etch and two-step self-etch adhesives exhibited

the highest MTBS values after 24 h of water storage,

consistent with previous reports [5, 23, 24]. The favorable

performance of the total-etch adhesives Adper Scotchbond

1 XT and XP Bond is well documented, and they serve as

reference techniques in current research [18, 25–28]. Few

data are available on the properties of the two novel two-

step self-etch adhesives evaluated, Adper Scotchbond SE

and Filtek Silorane Adhesive System [29, 30], although the

performance of the second was recently reported to be

similar to that of Clearfil SE Bond, considered a gold

standard [30]. Both two-step self-etch adhesives exhibited

a decline in bond strength after thermocycling in the

present study, in agreement with previous research [18].

However, Adper Scotchbond SE and Filtek Silorane

Adhesive System differ from typical two-step self-etch

adhesives. Thus, Adper Scotchbond SE is similar to a one-

step self-etch adhesive where liquid A is a HEMA-water

solution without etching capacity [30] that changes color

from pink to yellow after application of liquid B, which

contains the acidic monomers. The color change confirms

that the solutions are adequately mixed and the acidic

monomers are activated. Applying water and acidic

monomers in separate solutions may help to achieve a

stable adhesive interface and lengthen the shelf life of the

product [30]. Another favorable factor may be the appli-

cation of a second coat of liquid B (as instructed by the

manufacturer), which provides a hydrophobic solvent-free

adhesive layer [9]. Liquid B also contains bonded zirconia

nanofiller that helps to develop a uniform and thicker layer,

which could improve the relief of contraction stresses and

preserve the integrity of the adhesive interface [31–33]. In

fact, in the present study, no pre-testing failures were

detected after 24 h of water storage with this adhesive,

Fig. 4 SEM micrographs of the fractured dentin sides of specimens

bonded with Xeno V showing adhesive failures after 24 h of water

storage (a) and thermocycling 5,0009 (b). In both cases, the fracture

occurred above the hybrid layer and the dentin was completely

covered by the adhesive (1,500x)

Fig. 5 SEM micrographs of the fractured dentin sides of specimens

bonded with Bond Force (1,500x). a After 24 h of water storage: a

mixed failure was produced, observing an adhesive fracture plus some

remnants of composite resin. In a magnified image, a cohesive

fracture of the adhesive could be seen. b After thermocycling 5,0009:

the dentin surface was completely covered by the adhesive resin
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similar to previous reports [30]. For its part, Filtek Silorane

Adhesive System requires separate light curing of the pri-

mer and bonding, thereby establishing the bonding to

dentin mechanism in the first application step, as in one-

step self-etch adhesives [34]. There may be several reasons

for its good MTBS outcomes. Thus, the vitreous copolymer

reinforcement and silane-treated silica filler may promote a

dense adhesive interface with high affinity for hard dental

tissues. Furthermore, the strong hydrophobia of the adhe-

sive system may endow the bonding layer with exceptional

hydrolytic-resistant characteristics and simultaneously

optimize its interaction with the composite resin [34].

Finally, the low polymerization shrinkage of silorane

composite resin implies less stress and, therefore, a lower

likelihood of maladjustment on the bonding interface [35].

The bonding capacity of both two-step self-etch adhesives

could be observed in the respective SEM images, in which

failures appeared at the top of the hybrid layer within the

adhesive resin and the dentin remained covered, with no

visualization of its structure (Figs. 1, 2).

Thermocycling samples 5,0009 in water at tempera-

tures between 5 and 55 �C corresponds to approximately

6 months of in vivo functioning [36]. The aging effect

induced by thermocycling relies on the ability of hot water

to accelerate the hydrolysis of non-protected collagen and

leaching of poorly polymerized resin monomers and to

generate repetitive contraction/expansion stresses at the

bonding interface [19, 37]. The interface undergoes a

process known as plasticization, with a decrease in its

mechanical properties [21]. Accordingly, thermocycling

produced a reduction in bond strength for all adhesives

evaluated in the present study and caused an increase in

pre-testing failures for all adhesive systems tested.

Previous studies reported that the resin–dentin inter-

face remained stable with total-etch adhesives due to the

protective effect of the surrounding enamel rim, hin-

dering water diffusion [17, 18]. Nevertheless, we found

significant differences between the total-etch adhesives

after the aging treatment. Micro-tensile bond strength

values of the samples bonded with Adper Scotchbond 1

XT showed a marked reduction in MTBS values after

thermocycling, evidencing hydrolytic degradation. The

previous version of this adhesive, Scotchbond 1, was

found to produce hybrid layers without complete infil-

tration of the mineral-depleted collagen layer [38],

attributed to the presence of polyalkenoic acid co-poly-

mer in its composition [38, 39]. This acid reacts with

calcium and forms a gel that limits infiltration of the

collagen matrix by resin monomers [40, 41]. In vivo

degradation of the interface generated with this adhesive

was reported after 1 year [40].

Although the bond strength values of XP Bond also

decreased after thermocycling, they did not show such an

accentuated deterioration. XP Bond mainly differs from

Adper Scotchbond 1 XT in the type of solvent, as its novel

chemistry incorporates butyl alcohol, which has similar

vapor pressure to ethanol (used with water in Adper

Scotchbond 1 XT), but does not carry the risk of esterifi-

cation of functional monomers [6]. This component may be

responsible for the higher stability and lower hydrolytic

degradation of the adhesive interface produced by XP

Bond in comparison with Adper Scotchbond 1 XT.

Another reason could be the chemical interaction of XP

Bond with dentin components. It is hypothesized that this

interaction is due to the formation of calcium phosphate

complexes derived from mineral apatite in the dentin and

phosphate esters in the adhesive functional group [25].

One-step self-etch adhesives have been widely reported to

yield the lowest bond strength values, regardless of the

aging treatment used, consistent with the deficient perfor-

mance of these adhesive systems [2, 6, 8, 9, 18, 39]. Their

high hydrophilicity and extensive water sorption have been

reported to affect the mechanical stability of the adhesive

interface [4, 10, 18].

However, we found marked differences among the three

one-step self-etch adhesives after 24 h of water storage.

Thus, in comparison to Bond Force, MTBS values were

significantly lower for Xeno V and G-Bond and their

percentage of pre-testing failures was higher, consistent

with a recent report of inferior outcomes with G-Bond [4,

6]. In contrast, other authors reported similar MTBS values

for Xeno V, Bond Force and XP Bond after 24 h of water

storage [5], although they did not use the same resin with

all systems, unlike in the present study (with the exception

of one product), and their results would have been influ-

enced by the different stiffness and contraction of the

restorative composites at the adhesive interface [42].

According to the manufacturer, Bond Force produces a

multiple point interaction with dentin calcium due to the

presence of several functional groups per molecule, which

may improve the bond strength. Moreover, Bond Force

contains HEMA, whereas Xeno V and G-Bond do not, and

this water-soluble monomer facilitates infiltration of the

collagen matrix, thereby enhancing bond strength to dentin,

and improves the miscibility of the adhesive components,

avoiding a phase separation between the solvent and

monomers [33, 43, 44].

A further difference among these one-step self-etch

adhesives is the degree of acidity, with Bond Force and

Xeno V being considered mild and G-Bond intermediately

strong. We highlight that pre-testing failures of up to 25 %

were observed with Xeno V and G-Bond. All three one-

step self-etch adhesives showed adhesive fractures after

thermocycling 5,0009, but fractures with Bond Force and

Xeno V were at the top of the hybrid layer and the dentin

remained covered by the adhesive (Figs. 4b, 5b), whereas
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fractures with G-Bond were at the bottom of the layer and

the dentin structure was visible, with only a few tubules

occluded by the adhesive (Fig. 3b).

Several factors may have contributed to the reduced

durability of the interface generated by Xeno V and

G-Bond. In the case of Xeno V, no published data are

available on the durability of the interface with dentin

substrate, although a low degree of conversion with high

concentrations of hydrophilic monomers was reported for

previous versions of this product [14, 45]. It should be

noted that incompletely cured acidic monomers produce a

continuous etching of the dentin during water storage [46].

G-Bond contains 4-MET as functional monomer, which

seems to have a low affinity for chemical bonding to

hydroxyapatite [47], and it is HEMA-free, therefore the

water separates from the other ingredients [12, 43]. For this

reason, it is recommended to use an air-drying technique

[15, 48, 49] to remove water-filled droplets retained in the

adhesive layer and solvent residues [15], which would

otherwise contribute to the formation of voids [43]. How-

ever, it was reported that even a strong air-drying technique

was unable to eliminate all droplets at the dentin surface

[48]. In the present study, SEM images of fracture speci-

mens revealed multiple droplets within the interface pro-

duced with G-Bond (Fig. 3a). Moreover, due to the

absence of HEMA, a high concentration of acetone is

included in this adhesive. Although this solvent is extre-

mely volatile when it binds to water, its evaporation ratio is

low and complete evaporation of water/solvent cannot be

achieved, even with strong air drying [49, 50]. The pres-

ence of residual solvent impairs adequate polymerization

[50] and has been related to the increased permeability

found with one-step self-etch adhesives [14].

The results of this in vitro study revealed that the lowest

MTBS results were obtained by one-step self-etch adhesives

after both aging treatments; thus, a reduction in steps

decreases the MTBS values and increases the susceptibility of

the adhesive interface to water degradation. Micro-tensile

bond strength values were significantly reduced after ther-

mocycling for all the adhesives tested. Further studies of these

novel materials are needed to consolidate these results.
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