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A b s t r a c t

Introduction: Simplifying single-bottle adhesive technology to satisfy clinicians’ demand for adhesive proce-
dures, particularly in terms of making the techniques faster, less technically sensitive, and more user friendly, has 
led to the development of multi-mode universal adhesives, which were designed to bind to tooth structures via 
the etch-and-rinse, the self-etch, and the selective-etch modes using a single bottle of adhesive solution.
Objectives: The aim of this study was to determine the dentin bonding ability of multi-mode universal adhesive 
systems in relation to different etching modes and etching time periods using micro-shear bond strength analysis.
Material and methods: Three multi-mode universal adhesives and one etch-and-rinse adhesive were as-
sessed in this study. Micro-shear bond strengths (μSBS) to dentin were obtained in etch-and-rinse (etching  
5 s/10 s/15 s) and self-etch modes. For each test condition, 10 specimens were prepared for each group. A scan-
ning electron microscope (SEM) was used to examine representative bonded specimens, treated dentin surfaces, 
and the resin/dentin interface for each test condition.
Results: Multi-mode universal adhesives showed the lowest μSBS results in etch-and-rinse mode for 10-s and 
15-s etching (p < 0.05). Universal adhesives and self-etch adhesives showed similar μSBS values in self-etch mode 
(p > 0.05).
Conclusions: Analysis concluded that phosphoric-acid etching for time periods greater than 5 s significantly 
reduced the efficacy of bonds when using multi-mode universal adhesives.
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Introduction

The prognosis of adhesive restorations depends main-
ly on adhesive bond strength and the durability of the ad-
hesive interface [5]. Innovations in adhesive technology 
lead to the development of a new generation of adhesive 
systems. Currently, dental adhesive systems are divided 

into two main groups named as “etch-rinse” or “self-etch” 
strategies. In addition, these systems can be classified ac-
cording to the application stages: two- or three-step sys-
tems for those using acid etching, and for self-etching it 
can be classified in one- or two-step systems [18, 36].

In etch-and-rinse adhesion strategy, the first step 
includes demineralisation with phosphoric acid; this 
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increases the adhesive penetration. After the demine- 
ralisation, the  upper inter-tubular matrix changes 
and nanoscale porosities form with the  underlying 
collagen fibrils. The  following step is the  condition-
ing of the dentin surface with a primer, and the final 
step is the  application of  adhesive resin. These two 
materials can be applied either separately or in a sin-
gle solution [18]. In addition to the fact that this tech-
nique involves several steps, one of the disadvantages 
of etch-and-rinse adhesive systems is that the collagen 
fibres collapse as the demineralised dentin dries; this 
can lead to a reduction in bond strength [29]. There-
fore, it is important to keep the etched dentin moist 
for effective resin infiltration into the demineralised 
areas [11, 19]. In particular, the definition of an “ide-
al moisture’’ content depends on various factors: 
(1) clinician experience  [25]; (2) the  “directions for 
use” recipe of  the  material  [12]; and (3) the  solvent 
type present in the composition [22]. However, stan-
dard guidelines have not been established with re-
spect to how moisture should be retained, and this 
remains a  significant challenge for clinicians and  
researchers. 

Unlike etch-and-rinse adhesives, self-etch adhe-
sives do not involve a divided etching step because they 
involve an aqueous mixture of acidic functional mono-
mers, usually phosphoric-acid esters [36], and the de-
gree of moisture affects them less than etch-and-rise ad-
hesives [30]. Therefore, previous authors have claimed 
that this approach is more user friendly and less tech-
nically sensitive, and results in a more reliable clinical 
performance  [20, 32]. Nevertheless, phosphoric acid 
is still often recommended for etching of  the enamel, 
particularly in the selective-etch technique when cav-
ity margins end in the  enamel  [16]. However, when 
low-viscosity acid is used, accidental etching may oc-
cur on the  dentin surface during the  enamel-etching 
process, and this etching procedure is generally con-
sidered to be unsuitable for use on the dentin substrate 
for self-etch adhesives [33].

Manufacturers often want to produce user-friend-
ly products with fewer components, which require less 
technical precision and produce faster results. These 
systems are single bottles and can be used as either total- 
etch, selective-etch, or self-etch [8]. These new materials 
are highly versatile and provide clinicians with various 
bonding strategies.

When using the total-etch method, it is necessary to 
apply acid to dental tissues for a certain period of time. 
Many studies have been published on different etching 
periods and their relative effect on dentin when using 
etch-and-rinse adhesive systems [39]. However, there is 
a lack of information on the appropriate etching period 
for dentin when using multi-mode universal adhesives 
in etch-and-rinse mode.

Objectives

The aim of  the  current research was to compare 
the bond strength with various etching modes and time 
periods using three multi-mode universal adhesives 
with two self-etch adhesives and an etch-and-rinse ad-
hesive on dentin.

Material and methods

This study was planned and conducted under the ap-
proval of faculty Ethics Committee (Ankara University, 
Faculty of Dentistry 36290600/14).

Tooth selection and preparation

In total, 170 extracted sound human third molars 
were used for this experiment (N = 170). After removing 
residual tissue tags, extracted teeth were stored in 0.9% 
saline solution, and specimens were prepared for ex-
perimentation within two weeks. The occlusal surfaces 
of extracted teeth were removed with a cutting machine 
under water-cooling (Micracut 201, Metkon, Turkey) to 
obtain flat dentin surfaces and then embedded in a self-
cured acrylic resin (Vertex Self Curing, Vertex Dental, 
Netherlands). The occlusal parts of the teeth were pol-
ished with silicon carbide paper (600-grit) under wa-
ter-cooling (P1000-P4000Metkon, Gripo 2v Grinder- 
Polisher, Turkey) to create a uniform smear layer.

All surfaces were then carefully verified using a ste-
reomicroscope at 25× magnification (M3Z, Leica Micro- 
systems, Wetzlar, Germany) to ensure the  absence 
of pulpal exposure and residual enamel.

Bonding procedures

Three multi-mode universal adhesives (Single Bond 
Universal  [SBU]  [3M ESPE, USA], All Bond Univer-
sal  [ABU]  [Bisco Inc., USA], and Clearfil Universal 
Bond [CUB] [Kuraray Noritake Dental Inc., Japan]), one 
two-step self-etch adhesive (Clearfil SE Bond [CSE] [Ku-
raray Noritake Dental Inc., Japan]), one one-step self-
etch adhesive (Clearfil S3 Bond Plus  [CS3]  [Kuraray 
Noritake Dental Inc., Japan]), and one etch-and-rinse 
adhesive (Adper Single Bond-2  [ASB2]  [3M ESPE, 
USA]) were selected for this study. The  compositions 
of these adhesives are listed in Table 1.

The teeth were divided into six groups and randomly 
assigned to one of the six adhesives. Adhesives were then 
applied to occlusal dentin surfaces using different etch-
ing modes and periods (n = 10) as follows:
•	 self-etching mode,
•	 etch-and-rinse mode (5-s etching),
•	 etch-and-rinse mode (10-s etching),
•	 etch-and-rinse mode (15-s etching).
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For the  etch-and-rinse mode, a  35% phosphoric- 
acid etchant (K-ETCHANT Syringe, Kuraray Norita-
ke Dental Inc., Okayama, Japan) was used for etching 
occlusal dentin surface for 5 s/10 s/15 s. Then, etched 
dentin surfaces were rinsed for 10 s. The water present 
on the rinsed dentin surface was removed according to 
the manufacturer’s instructions for each respective ad-
hesive. For the self-etch mode, no etchant was used, and 
the tested adhesives were applied to the dentin surface 
according to the manufacturer’s instructions. The exper-
imental design is illustrated in Figure 1.

Afterwards, a polyethylene tube (0.5 mm in height 
and of 0.8 mm internal diameter [Unomedical, Conva- 
Tec Limited, UK]) was placed on the bonding area and 
cured by light for 10 s with a  LED-curing unit (SDI  
Radii Plus, SDI Limited, Australia). Efforts were made 
to ensure that light intensity was ≥ 1000 mW/cm2 using 
a  Hilux Ledmax curing lightmeter (Benlioglu Dental, 
Turkey). Then, resin composite (Clearfil Majesty Esthet-
ic, Kuraray Noritake Dental Inc., Okayama, Japan) was 
condensed into the tube with a composite filling instru-
ment (Polyfill, 1051/95, Carl Martin GmbH, Solingen, 
Germany). The tube was then light cured for 20 s, and 
following this procedure the polyethylene tube was re-
moved and each specimen was examined under a  ste-
reomicroscope (M3Z, Leica Microsystems, Wetzlar, 
Germany) at 25× magnifications to verify that no in-
terfacial gaps, bonding defects, or air bubble inclusions 
were present. Then, all specimens were subjected to 
a thermo-cycle process (5-55°C, 10,000 cycles).

Micro-shear bond strength and failure  
analysis

Each bonded interface was subjected to a μSB test in 
a universal testing machine (Z010, Zwick, Ulm, Germa-
ny) using a chisel-shaped blade to deliver a force paral-
lel to the bonded surface, loaded at a  crosshead speed 
of 1 mm/min until failure. The  load at debonding was 
recorded, and μSBS σ was calculated using the  load at 
failure F (N) in the adhesive area A (mm2): σ = F/A.

Further, the  deboned areas were examined under 
stereomicroscope at 25× magnification (M3Z, Leica Mi-
crosystems, Wetzlar, Germany). Failures were classified 
as: (1) cohesive failure exclusively in dentin, (2) cohesive 
failure exclusively in the resin composite, (3) adhesive fail-
ure at the interface and mix failure at the adhesive/dentin 
interface, which included cohesive failure of  the  dentin 
and/or resin composite, and (4) adhesive material.

Scanning electron microscopy analysis 

Three samples were prepared for each group in 
the same manner as for the bonding procedures, but tubes 
with 5 mm diameter were used. The embedded specimens 
were cut into two halves longitudinally in a mesial/distal 
direction using a low-speed cutting machine. After 24 h, 
the  surfaces of  the  cut halves were polished with 600-, 
800-, and 1200-grit abrasive paper. The specimens were 
then etched with 35% phosphoric acid for 5 s, immersed 

Figure 1. Study design
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in 5% sodium hypochlorite for 5 min, rinsed with dis-
tilled water, and then dried in a desiccator cabinet for two 
days. Surfaces were then sputter-coated with 5-nm gold/
palladium particles (EMS150R S Sputter Coater, Electron 

Microscopy Sciences, Hotfield, USA). The  ultra-struc-
tures of all dentin-adhesive interface specimens were then 
observed with SEM (FEI Inspect F50 FEQ, Thermo Fisher 
Scientific Inc., Oregon, USA).

Statistical analysis

The statistical program GraphPad Prism (ver. 6.0) 
was used to analyse the data. The Kolmogorov–Smirn-
ov test was used to confirm normal data distribution 
(α  =  0.05). Obtained data were then analysed by one-
way analysis of variance, and the Tukey HSD post hoc 
test was used for multiple comparisons. The level of sig-
nificance was set at p < 0.05.

Results

The effects of acid etching modes and times on μSBS 
are shown in Table 2. Multi-mode adhesives (SBU, ABU, 
CUB) showed higher bond strength values in self-etch 
and 5-s etch-and-rinse modes than in 10-s and 15-s 
etch-and-rinse modes (p  <  0.05). In self-etch mode, 
all of the tested adhesives (SBU, ABU, CUB, CSE, CS3) 
showed similar μSBS results (p  >  0.05). The  etch-and-
rinse adhesive (ASB2) showed significantly higher μSBS 
values when used with 10-s and 15-s etching modes than 
with 5-s etching mode (p < 0.05). 

The most common failure in all groups was the ad-
hesive type (Figure 2). For all adhesives tested in etch-
and-rise mode, SEM images demonstrated funnel- or 
cylindrical-shaped resin tags, along with lateral ramifi-

Figure 2. Failure mode distribution. Adhesive failures were the most common form of failure in each group (SBU – 
Single Bond Universal, ABU – All Bond Universal, CUB – Clearfil Universal Bond, CSE – Clearfil SE Bond, CS3 – Clearfil 
S3 Bond Plus, ASB2 – Adper Single Bond-2)

Table 2. Micro-shear bond strength (μSBS) values (MPa)  
for the different adhesive systems tested. Mean values with  
the same letters are not significantly different (p > 0.05)

Adhesive system Etching mode μSBS mean SD

Single Bond Universal 5-s etching 25.35(a) 5.9

10-s etching 22.55(b) 3.9

15-s etching 20.05(b) 3.7

Self-etch 30.25(a) 5.7

All Bond Universal 5-s etching 31.4(a) 4.5

10-s etching 18.7(b) 5.1

15-s etching 16.85(b) 2.6

Self-etch 30.75(a) 3.8

Clearfil Universal Bond 5-s etching 28.25(a) 5.6

10-s etching 20.9(b) 5.2

15-s etching 14.7(b) 3.3

Self-etch 31.2(a) 4.0

Clearfil SE Bond Self-etch 29.4(a) 3.3

Clearfil S3 Bond Plus Self-etch 27.3(a) 4.4

Adper Single Bond-2 5-s etching 17.75(b) 4.5

10-s etching 28.8(a) 4.8

15-s etching 33.45(a) 2.9

ASB2-15s

ASB2-10s

ASB2-5s

CS3

CSE

CUB-self-etch

CUB-15s
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cations. In contrast, resin tags were not observed in any 
of the adhesives applied in self-etch mode, except two-
step CSE bonding (Figures 3-7).

Discussion

The launch of the universal adhesives was a notable 
development in adhesive dentistry. These adhesive sys-
tems can be used for different substrates with different 
application techniques and were composed as an  “all-
in-one” approach from the “one-step self-etch” systems. 
Versatile usability allows clinicians to modify the tech-
nique according to different clinical situations.

The findings of the current research showed that all 
of the tested multi-mode universal adhesives exhibited 

a homogeneous behaviour with different etching modes 
and time periods. Higher μSBS values were detected 
while multi-mode universal adhesives were applied in 
the  self-etch mode and exhibited similar μSBS results 
with one-step system, two-step self-etch system, and 
etch-and-rinse system (in 10-s and 15-s etching).

It may be reasonable to assume that the universal 
and self-etch adhesives showed similar μSBS values in 
the  current investigation because of  the  similarities 
in their chemical formulas. All the  adhesives tested, 
except for Adper Single Bond2, contained a  func-
tional 10-methacryloyloxydecyl dihydrogen phos-
phate monomer (MDP). MDP can chemically bond 
to the tooth structure; for this reason, a large number 
of manufacturers produce MDP containing adhesive 

Figure 3. Representative scanning electron microscopy (SEM) images of the resin-dentin interface bonded with 
Single Bond Universal adhesive in different etching modes. A) In self-etch mode, continuous hybrid layer (a1 – red  
arrow) with no resin tags. B-D) In etch-and-rinse mode with 5-s, 10-s, and 15-s etching. Funnel-shaped resin tags 
(black arrow) with lateral ramifications (white arrow). C – composite, A – adhesive, D – dentin

A B

C D
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systems. Such adhesives can also self-assemble into 
nano-layers  [39] and exhibit high hydrophobicity, 
which can support the hybrid layer formed from hy-
drolysis [38].

Etching dentin with phosphoric acid is a controver-
sial issue. Some studies [17, 27] have shown that a re-
duced etching period (7 s) provided significantly high-
er dentin bond strength than a  conventional etching 
period (15 s) for etch-and-rinse adhesives. In contrast, 
Sanabe et al. [24] found no significant differences be-
tween 7-15-s acid etching after 24-h water storage but 
noted that bond strength values decreased significantly 
for 15-s acid etching after 6 and 12 months of  water 
storage. Studies with self-etch adhesives [33, 34] have 
also shown that the etching of dentine substrate could 

decrease bond strength for self-etch systems. Phos-
phoric acid can decalcify dentine to a  higher degree 
than a  self-etch adhesive is planned to penetrate. In-
complete resin penetration to the demineralised dentin 
tissue by the  adhesive resin was therefore considered 
the major factor responsible for the reduction in bond 
strength [3, 34]. In the present study, etching over 5 s 
led to a  significant reduction in bond strength for all 
the  universal adhesives tested. These results are criti-
cal because clinicians mostly restore cavities, which 
contain both dentine and tissues, in daily clinical prac-
tice. In this state, it can be proposed that when using 
universal adhesives, acid etching should be applied 
solely to the enamel. This outcome is in parallel with 
the results of previous studies, which have investigated 

Figure 4. Representative scanning electron microscopy (SEM) images of the resin-dentin interface bonded with All 
Bond Universal adhesive in different etching modes. A) In self-etch mode, continuous hybrid layer (a1 – red arrow) 
with no resin tags. B-D) In etch-and-rinse mode with 5-s, 10-s, and 15-s etching. Cylindrical-shaped resin tags (black 
arrow) with lateral ramifications (b1 – white arrow). C – composite, A – adhesive, D – dentin

A B

C D
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bond strength on enamel and dentin after pre-etching 
of universal adhesives [1, 21].

Takamizawa et al.  [28] investigated the effects of dif-
ferent acid-etching times on the  shear bond and fatigue 
strength of self-etch adhesives to dentin. Researchers found 
that one of the tested adhesives showed a reduction in den-
tin bond strength with an  extended etching period, and 
that the group with 15 s of etching exhibited significantly 
lower shear bond strength and shear fatigue strength val-
ues than the group without pre-etching. The other self-etch 
adhesives did not show a significant difference.

Wagner et al. [37] compared the micro-tensile bond 
strength of  universal adhesives in etch-and-rinse and 
self-etch modes. In contrast to the results of our study, 
these authors found no significant difference in terms 

Figure 5. Representative scanning electron microscopy (SEM) images of the resin-dentin interface bonded with Cle-
arfil Universal Bond in different etching modes. A) Self-etch mode, continuous and relatively thin hybrid layer (a1 – red 
arrow) and no resin tags. B-D) In etch-and-rinse mode with 5-s, 10-s, and 15-s etching. Upper portion of cylindrical-sha-
ped resin tags (black arrow) with lateral ramifications (c1 – white arrow). C – composite, A – adhesive, D – dentin

of the effects of etching modes. The major difference be-
tween these two studies was the artificial aging period. 
In the study by Wagner et al., the samples were subjected 
to artificial aging for 5000 cycles. In the current study, 
specimens were subjected to 10,000 cycles, and this ex-
tended period might have caused the observed reduction 
in bond strength values. Gale and Darvell [7] conclud-
ed that when considering long-term bonding efficacy, 
10,000 cycles are equivalent to approximately 1 year of in 
vivo function. The  artificial aging effect generated by 
thermo-cycling can develop in either of the two forms: 
high temperature may stimulate hydrolysis of  compo-
nents at the interface and cause extraction of breakdown 
products or poorly polymerised resin oligomers [9], or 
repetitive contraction/expansion stresses are generated 

A B

C D
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Figure 6. Representative scanning electron microscopy (SEM) images of the resin-dentin interface bonded with 
self-etch adhesives. A) Clearfil SE Bond. Upper portion of cylindrical-shaped resin tags (black arrow) without lateral 
ramifications. B) Clearfil S3 Bond Plus. Approximately 10 μm thick adhesive layer with no resin tags. C – composite, 
A – adhesive, D – dentin

A B

at the  tooth-biomaterial interface because of  different 
thermal contraction/expansion coefficients of  the  re-
storative material and the tooth tissue [7].

Hanabusa et al.  [8] tested immediate (24-h water 
storage) μTBS to dentin using a  self-etch adhesive with 
different protocols and found no significant differences 
between the effects of self-etch and etch-and-rinse mode. 
Although there was no reduction in bond strength, their 
ultra-structural analysis showed clear signs of low-quality 
hybridisation when the universal adhesives were deployed 
in etch-and-rinse mode. Therefore, these authors reported 
that zones in which resin had infiltrated poorly may have 
influenced the  mechanical stability of  adhesive bonding, 
and that the adhesive interface may have been more vul-
nerable to biodegradation. Furthermore, although phos-
phoric acid etching did not reduce the immediate bonding 
strength in dentin, some researchers have recommended 
that universal adhesives should be used only in the  self-
etch mode on the dentin [8, 23]. The differences in results 
between the current study and previously published studies 
may be due to the fact that low-quality hybridisation areas 
in the  adhesive interface may have been affected during 
the 10,000 cycles of artificial aging.

The SEM results obtained during the present study 
showed that the pH and etching mode affected the mor-
phology of the resin-dentin interface. After the etching 
procedure (pH ~0.1), a thick, funnel-shaped hybrid lay-
er was produced. On the other hand, for self-etch mode, 
a  thin, continuous hybrid layer was produced with-
out resin tags except CSE (pH of SBU = 2.7, ABU > 3, 
CUB = 2.3, CSE = 2, CS3 = 2.3)  [6]. This finding cor-
relates with many previous investigations, which have 
indicated that the thickness of the hybrid layer depends 

on the applied acidity, but the bond strength depends on 
the quality and not on the thickness [13].

For long-term success of  composite resin resto-
rations, strong and stable bonding is required. Long-
term clinical trials are considered the gold standard for 
evaluating the bonding quality [14]. However, conduct-
ing long-term clinical studies is difficult because there 
are variables such as operator differences, substrate dif-
ferences, and follow-up and ethical issues  [26]. There-
fore, in vitro studies may be more effective in provid-
ing useful information for the potential clinical success 
of dentin adhesives.

Even though several studies have reported excellent 
bonding performance of dental adhesives over the  im-
mediate- and short-term [2, 10], some researchers have 
suggested that results in the long- and short-term stud-
ies are not correlated because of the rapid degradation 
of the hybrid layer [3-5]. Thus, in the current study, all 
samples were subjected to thermal cycling for aging to 
evaluate the  long-term bonding performance of multi-
mode universal adhesives.

In order to estimate the clinical performance of ad-
hesive materials, laboratory bond strength assessments 
are commonly performed. In order to prevent prema-
ture failure caused by microcracks and structural de-
fects, the μSBS test, which did not require a  trimming 
operation, was used in this study [15, 35]. Another ad-
vantage of  μSBS is its homogenous stress distribution. 
As a result, more adhesive-type failure and more reliable 
data can be obtained than in macro tests  [31]. Failure 
analysis showed that most of the failures were partially 
or completely in the adhesive interface, which increased 
the validity of the results.
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Conclusions

Within the limitations of the present study, the use 
of an etchant before adhesive application significantly 
improved the pattern of dentine penetration; however, 
phosphoric acid treatment for  >  5 s caused a  signifi-
cant reduction in μSBS results. In clinical conditions, 
it is very difficult to manage time for the  acid-etch-
ing process. It is also difficult to apply the  etchant to 
a specific tissue area. This study showed that even a 5-s 
extension of the etching time can change the μSBS. In 
the  etch-and-rinse mode, clinicians should consider 
that the etching time period does not extend when us-
ing universal adhesives. For selective-etch mode, cli-
nicians should also consider that the etchant does not 
overflow the dentin surfaces.
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