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Morphological Evaluation
of 2- and 1-step Self-etching

System Interfaces with Dentin

ßSUMMARY

This in vitro study evaluated the resin-dentin
interface formed by two 2-step and two 1-step
self-etching adhesive systems under SEM. Class
V cavities (4 x 2.5 x 1.5 mm) were prepared on the
buccal surfaces of 25 extracted intact human
third molars using a carbide bur in a high-speed
handpiece. Four self-etching systems with corre-
sponding resins were used: two 2-step systems,
AdheSE (Ivoclar Vivadent) and Contax (DMG
Hamburg), one 1-step/2 components system
Futurabond NR (Voco) and a 1-step/1 component
adhesive G-Bond (GC Corp). An etch and rinse
system, PQ Clear (Ultradent), was used as a con-
trol. The teeth were thermocycled (500 cycles,
5°/55°C, 30 seconds dwell time), and 2 sections

were made longitudinally through the restora-
tions with a low-speed diamond saw, producing
approximately 1-mm wide samples. The samples
were polished with silicon carbide paper of
increasing grit (400-1000), demineralized (6N
HCl, 30 seconds), deproteinized (2.5% NaOCl, 10
minutes), left to air dry for 24 hours in a desicca-
tor under low vacuum pressure, gold sputtered
and viewed under SEM (JEOL-JSM-6460LV). In
the AdheSE, Contax and Futurabond NR speci-
mens, resin tag penetration into the tubules and
lateral tags could be seen. G-Bond showed differ-
ent interface morphology, with a tight, thin con-
tinuous junction and almost no resin penetration
into tubules. PQ Clear samples exhibited the
highest number of resin tags with numerous lat-
eral tags. A clearly defined hybrid layer was seen
in the Contax and PQ Clear specimens.
Investigated self-etching systems showed similar
interfacial morphology with dentin, except for
the 1 step/1 component adhesive G-Bond. The
degree of demineralization and interaction with
dentin correlated with the acidity of the self-
etching primers/adhesives. Fewer resin tags
were formed with self-etching primers/adhesives
than with the etch and rinse system.

INTRODUCTION

Since its beginnings, adhesive dentistry has been con-
tinuously challenged by a general trend to simplify clin-
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ical procedures. In an increasing attempt to accomplish
this goal, the most common approach has been to short-
en the adhesive system’s application time and reduce
the number of steps. However, it has been shown that,
in general, simplification fails to result in improved fea-
tures and durability,1 regardless of whether the adhe-
sive approach is etch and rinse or self-etch.2-3

Three-step etch and rinse systems have proven to be
a gold standard.4-5 Two-step versions, or so-called self-
priming adhesives, resulted in increased technique sen-
sitivity6-7 compared to 3-step etch and rinse systems,
since the priming and bonding steps have been joined
into one, requiring different, more hydrophilic formula-
tions of solvents and monomers. Although wet and dry
bonding techniques have been described,8-9 the true pos-
sibility for standardization of the etch and rinse proce-
dure is questionable, since variables in the amount of
wetness are difficult to define in precise terms as a rec-
ommendation for the clinician, especially if the wet
bonding approach is used. There is a possibility for dis-
crepancy10-12 between depth of etch and depth of
monomer infiltration, which influences degradation
processes.13-14 The above mentioned features have been
recognized as primary drawbacks of the etch and rinse
technique.

Self-etching systems were introduced and purported
important advantages compared to etch and rinse sys-
tems. These systems are often described as using the
most promising adhesive approach. The possibility for
chemical interaction between functional monomers of
some self-etching systems and tooth tissue has drawn
new attention,15 mostly in terms of potential benefits
against hydrolytic degradation to which adhesive sys-
tems are exposed over a long period of clinical service.16

Conventional 2-step self-etching systems have been
followed with simplified products. Since acidic
monomers needed to be kept separate from water need-
ed for ionization and subsequent demineralization, 1-
step 2-component products were first introduced.
Recently, new adhesives have been presented, where all
the components for etching, priming and bonding are
supplied in a single bottle. Considerable research has
focused on 1-step adhesives, showing their potential
shortcomings, such as incompatibility with chemical/
dual cured composite resins.17 Despite the fact that
etching and resin infiltration occur simultaneously,
which was believed to ensure that no discrepancies are
possible between the 2 processes, nanoleakage was
observed in some systems.18-19 It was also shown that
all-in-one adhesives are highly hydrophilic polymers
which are permeable to water movement after poly-
merization.20-23

In addition to classification according to the number
of clinical steps, self-etching systems are divided into
mild, moderate and strong,24-25 depending on etching

aggressiveness. This classification is based on morpho-
logic findings at the tooth-adhesive interface.

This in vitro study observed and compared the resin-
dentin interfaces formed by 2-step and 1-step self-etch-
ing adhesive systems of different acidities under SEM.

METHODS AND MATERIALS

Twenty-five intact human third molars extracted for
orthodontic reasons were used. The teeth, which origi-
nated from both men and women of different ages,
were stored in formalin for no more than 6 months.
Two weeks before starting the experiment, the teeth
were rinsed thoroughly under running water and fur-
ther stored in distilled water. Class V cavity prepara-
tions were placed on the buccal surfaces of the teeth
using a carbide bur (US No 330, Brasseler USA,
Savannah, GA, USA) in a high-speed handpiece, under
water cooling. After every fifth preparation, the bur
was replaced with a new one. The preparations were 4-
mm long, 2.5-mm wide and 1.5-mm deep (measured
from the dentino-enamel junction), with the occlusal
margin in enamel and the gingival margin located 0.5
mm below the cementoenamel junction. The dimen-
sions of each cavity were measured with a digital
caliper, and the teeth were randomly divided into 5
groups (5 teeth per group) and restored with investi-
gated adhesive systems and corresponding resin com-
posites.

Group 1: 2-step self-etch system AdheSE, Tetric
Ceram (Ivoclar Vivadent, Schaan, Liechtenstein)

Group 2: 2-step self-etch system Contax (DMG
Hamburg, Hamburg, Germany), Grandio (Voco,
Cuxhaven, Germany)

Group 3: 1-step 2-component self-etch system
Futurabond NR, Grandio (Voco)

Group 4: 1-step 1-component self-etching adhesive G-
Bond, Gradia direct (GC Corporation, Tokyo, Japan)

Group 5: PQ Clear, Amelogen (Ultradent, South
Jordan, UT, USA), an etch and rinse adhesive system
which was used in the control group

Adhesive systems were used according to the manu-
facturers’ information (Table 1). Resin composite was
placed in a single layer. Light curing was performed
with an Astralis 10 curing light (Ivoclar Vivadent)
using a “pulse” mode for 20 seconds. This mode is char-
acterized by soft-start polymerization during the first
10 seconds (increased from 150 to 650 mW/cm2) and
pulsating between 650 and 1200 mW/cm2 within the
next 10 seconds. The intensity of the light was moni-
tored periodically with a radiometer (Demetron/Kerr,
Danbury, CT, USA). The restored teeth were left
overnight in distilled water at room temperature and
subjected to thermocycling (500 cycles, 5° to 55°C, 30
seconds dwell time). Following thermocycling, the
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teeth were sectioned longitudinally through the
restorations in a buccolingual plane with a low speed
diamond saw (Isomet/Buehler Ltd, Lake Bluff, IL,
USA). Two sections were made per tooth, producing
approximately 1-mm wide samples that were polished
with silicon carbide paper of increasing grit (400, 600,
800 and 1000) under running water. After thorough
rinsing, the samples were demineralized for 30 seconds
with 6N HCl, rinsed again, deproteinized with 2.5%
NaOCl for 10 minutes to enable examination of the
interface, then left to air dry in a desiccator under low
vacuum pressure (270 mbar) for 24 hours. Following

the drying procedure, the samples were sputter-coated
with gold (Bal-Tec SCD 005 Sputter Coater) and
viewed under SEM (JEOL-JSM-6460LV), operating at
20 kV under various magnifications. Representative
pictures of the interfaces were taken primarily along
the axial walls of the preparations in areas where
dentin tubules predominantly run perpendicularly to
the interface, thus facilitating adhesive penetration.

RESULTS

Where AdheSE was used, SEM micrographs in Group 1
showed characteristic reverse cone-shaped tags about

Adhesive System Etchant/Primer Adhesive Manufacturer Batch #

AdheSE Apply primer and, when thoroughly coated, Apply bond, Ivoclar Vivadent G 05739
brush into for 15 seconds (total reaction beginning at dentin.
time: 30 seconds). Disperse excess Disperse with a very
amounts with a strong stream of air. weak stream of air.

Light cure.

Contax Work primer into tooth structure for 20 Work adhesive into DMG Hamburg 529426
seconds. primed tooth structure

for 20 seconds, thin
out, light cure.

Futurabond NR Mix 1 drop of liquid A and 1 drop of liquid B for 5 seconds. Apply mixture Voco 0482
to tooth and massage for 20 seconds. Dry with a faint air jet for 5 seconds.
Light cure.

G-Bond Shake bottle well. Apply to tooth surfaces. Leave undisturbed for 10 GC Corp 0405241
seconds. Dry thoroughly for 5 seconds under maximum air pressure, to
form a thin film. Light cure.

PQ Clear Etch enamel and dentin Apply adhesive and air thin. Maintain a high Ultradent 64QM
for 15 seconds glossy surface with no dry spots. Light cure. Products
(UltraEtch). Rinse. Blow
excess water off, without
desiccating.

Table 1: Adhesive Systems Used and Application Method

Figure 1. SEM micrograph of a moderate 2-step 2-component adhesive
AdheSE (Ivoclar Vivadent) interface with dentin. Resin tag formation with
corresponding lateral tags (asterisks) is visible. Hybrid layer is not clear-
ly visible under this magnification. A: adhesive. R: resin tag. D: dentin.

Figure 2. SEM resin-dentin interface of AdheSE. A shallow hybrid layer of
approximately 1 µm could be seen with some specimens at higher mag-
nifications (between arrowheads). Resin tags show lateral branches
(asterisks). A: adhesive. R: resin tag. D: dentin.
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20-60 µm long. Corresponding adhesive lateral branch-
es were numerous (Figure 1). A hybrid layer was not
clearly recognizable in this group, although with some
specimens, at higher magnifications, a shallow zone of
± 1 µm could be seen at the transition between the
adhesive layer and demineralized dentin (Figure 2). In
Group 2, where Contax was used, there were similar
findings regarding the shape and length of the resin
tags (Figure 3), but lateral tags appeared slightly fewer
in number. On the other hand, a hybrid layer was more
clearly defined and ranged between 1 and 2 µm (Figure
4). In the Futurabond NR specimens, resin tags and
their lateral branches were more scattered and thinner

(Figure 5). There was no evidence of hybrid layer for-
mation in this group (Figure 6). In Group 4, where G-
Bond was used, minimal formation of tags was seen,
indicating that most of the dentin tubules remained
obstructed by smear plugs (Figure 7). The resin tags
were non-uniform, irregular in shape and, unlike pre-
vious groups, no lateral tags were noticed. On one spec-
imen, voids were noticed in deeper portions of a resin
tag (Figures 8 and 9). The junction between adhesive
and dentin appeared tight, thin and continuous, but a
distinct hybrid layer was not detected (Figure 10). In
Group 5, where the etch and rinse system PQ Clear
was used, an extensive penetration of adhesive into

Figure 3. SEM micrograph of a moderate 2-step 2-component adhesive
Contax (DMG Hamburg) interface with dentin. Numerous resin tags are
visible. Lateral tags are fewer in number. A: adhesive. D: dentin.

Figure 4. SEM resin-dentin interface formed by Contax. A hybrid layer
ranging from 1-2 µm is visible (between arrowheads). A: adhesive. R:
resin tag. D: dentin.

Figure 5. SEM micrograph of a moderate 1-step 2-component adhesive
Futurabond NR (Voco) interface with dentin. Resin tags and lateral
branches (asterisks) are scattered and thinner. A: adhesive. R: resin tag.
D: dentin.

Figure 6. SEM resin-dentin interface formed by Futurabond NR. Hybrid
layer formation is not visible. A: adhesive. R: resin tag. D: dentin.
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dentinal tubules was noticeable, forming prominent
tags with numerous, fine branching lateral tags (Figure
11). Hybrid layer formation was also seen and ranged
between 2-2.5 µm (Figure 12).

DISCUSSION

In order to examine the micromorphology of the inter-
face adhesive system with dentin, adhesives are most
commonly applied on flat occlusal surfaces of dentin
discs. This method allows for the standardization of
dentin depth chosen in the specific experiment and the
direction of the dentin tubules. In this study, the
authors chose to observe the interface formed in Class
V cavities for 2 reasons. The first reason was that the
samples that were prepared in this way are more like-

ly to represent the clinical situation involving the diffi-
culties in achieving the suggested width of the adhe-
sive layer for each system, along with the higher C fac-
tor and, therefore, higher contraction stress. The other
rationale was to make the correlation with microleak-
age investigations of the same adhesive systems more
relevant.

The most widely used method for artificial aging,
thermocycling, was performed. The number of cycles
(500) was chosen based on the current ISO standard.26

Nevertheless, there is a need to question the ability of
this number of cycles to even partly simulate the com-
plexity of aging processes in vivo, since it was conclud-
ed that approximately 10,000 cycles correspond to not
more than 1 year of clinical service.27

Figure 7. SEM micrograph of a mild 1-step 1-component adhesive G-
BOND (GC Corp) interface with dentin. Resin tags formation is minimal.
C: composite resin. R: resin tag. D: dentin.

Figure 8. SEM resin-dentin interface formed by G-Bond. Voids can be
seen in the resin tag (circle) C: resin composite. R: resin tag. D: dentin.

Figure 9. A larger magnification of the area in circle on Figure 8. Voids in
the resin tag (arrows) are a result of water droplet evaporation during
specimen preparation for SEM.

Figure 10. SEM resin-dentin interface formed by G-Bond. The resin com-
posite lies directly on the dentin; neither the adhesive layer nor the hybrid
layer are visible at the transition.
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It is well known that specimen preparation proce-
dures for scanning electron microscopy induce arti-
facts. Perdigão and others28 and Carvalho and others29

investigated 3 possible alternative techniques to criti-
cal point drying that had most commonly been used.
Among hexamethyldisilazane (HMDS) drying, Peldri
II drying and air drying, HMDS was found to be a good
alternative for critical point drying in preparing the
dentin specimens for SEM. In the latter study, it was
also shown that all investigated forms of specimen
preparation caused significant shrinkage artifacts. In
this study, air drying was performed, bearing in mind
that the exact dimensions of morphology features seen
under SEM have been influenced by shrinkage that
occurred due to specimen preparation.

The pH values of self-etching primers or adhesives
(in the case of Futurabond NR and G-Bond) are shown
in Table 2. The degree of demineralization and inter-
action with dentin correlates with the acidity of the
self-etching primers/adhesives, as observed in previ-
ous investigations.24-25 Table 3 lists the composition of
the adhesive systems used.

AdheSE primer contains hydrolytically stable
monomers, water as a solvent and no solvent in the
adhesive. In terms of bond strength30-31 and morpholo-

gy,3 such a hydrophobic bonding layer applied after the
self-etching primer may explain the favorable results
obtained with this adhesive. In the latter study, under
TEM, it was shown that AdheSE completely dissolved
the dentin smear layer and created a 2 µm-thick
hybrid layer within the intertubular dentin, with some
nanoleakage observed within the hybrid layer, while
the adhesive layer was completely devoid of water
trees. The shallower, less pronounced hybrid layer
seen in this study (Figure 2) may be attributed to the
SEM methodology used. As mentioned previously, the
method of drying the specimens could have caused
excessive shrinkage, thus underestimating the width
of the hybrid layer.32 Shrinkage induced by vacuum in
the SEM chamber causes additional difficulties in
identifying hybrid layers that are shallow in nature.
Numerous resin tags and lateral tags indicate that the
smear layer was sufficiently dissolved by the self-etch-
ing primer, correlating with the TEM findings of
Frankenberger and Tay.3

So far, no studies have been published that describe
either the Contax or Futurabond NR relationship with
tooth tissue. Contax primer contains maleic acid,
which is known to remove the smear layer.33 In a study
by Breschi and others,34 maleic acid, with a pH of 1.4,
was shown to demineralize dentin to a depth from 4.8
to 5.5 µm and the ability of this organic acid to dissolve
the mineral phase of dentin is related to the pH value.
Although maleic acid in the Contax adhesive system is
the active component of the self-etching primer that
dissolves the smear layer and incorporates it into a
hybrid layer, the pH value of 1.3 might explain why the
hybrid layer was easier to recognize in this group. The
manufacturer states in the instructions that “it is not
necessary to thin out the primer.” However, on the

Figure 11. SEM micrograph of a 2-step etch and rinse adhesive system
PQ Clear (Ultradent) interface with dentin. The formation of resin tags
and numerous and fine branching lateral tags (asterisks) is clearly visible
A: adhesive layer. R: resin tag. D: dentin.

Figure 12. SEM resin-dentin interface formed by PQ Clear. Resin tags
show lateral branches (asterisks). Hybrid layer formation can be seen,
ranging from 2-2.5 µm (between arrowheads). A: adhesive layer. R: resin
tag. D: dentin.

Component pH value

AdheSE primer 1.5

Contax primer 1.3

Futurabond NR (mixture A+B) 1.4

G-Bond 2
*Information from the manufacturers.

Table 2: pH Values of Self-etching Primers/Adhesives*
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specimens used in this study,
the primer that was applied in
this manner pooled in the cor-
ners of the cavity. For this rea-
son, the specimens were dried
gently with a weak stream of
air to evaporate water, while
ensuring that the surface of the
cavities remained coated with
primer.

Futurabond NR is a new
adhesive system, which, unlike
its previous version
(Futurabond, Voco), is applied
in a single layer. The other
changes include replacing the
water/acetone solvent base
with the water/ethanol combi-
nation and adding nanofillers.
Futurabond NR consists of 2
types of polyfunctional
monomers that need to be
mixed with water immediately
before use. Water and ethanol
are components of liquid B.
According to the manufactur-
er’s information, adhesion is
explained as a mixture of reten-
tive micromechanical interac-
tion and chemical adhesion due
to the Ca-complexing character of adhesive monomers.
The pH value of Futurabond is in the range of AdheSE
and Contax primers. The interface morphology can be
described as similar to AdheSE and Contax, although
it was not as uniform, and resin tags were more scat-
tered and thinner, while a hybrid layer could not be
seen (Figure 5). The simplified application system in 1
clinical step might serve as a possible explanation for
this variation.

In the case of G-Bond, the pH value of 2 may explain
the shallow interaction zone with dentin. This adhe-
sive also differs from the other groups by how it is
used: besides the fact that it is extremely simplified, it
should be dried under maximum air pressure before
polymerization, thus forming a very thin layer.
Theoretically, this should evaporate all remaining ace-
tone and water. However, voids seen in the resin tag
(Figure 9) represent remnants of water in the form of
droplets, which were trapped in the adhesive before
polymerization. During the desiccation procedure,
water evaporated, leaving voids. These voids seem to
correlate with the droplets seen on samples of the
experimental 1-step/1-component adhesive (marked as
Exp-Ac) in a study by Van Landuyt and others.35 In
their investigation, the number of water droplets was
significantly reduced after strong air drying, although

they did not completely disappear. In this study, the
fact that adhesive was placed in cavity preparations
may serve as an additional explanation why water
could not be completely eliminated, even though the
adhesive was strongly dried. The role that water rem-
nants and oxygen inhibition play in the long-term per-
formance of such thin adhesive layers needs to be
determined. It was recently suggested that the mor-
phological feature seen at the interface of mild self-
etching systems with dentin should be termed as the
nano interaction zone.36-37 These abstracts reported a
very thin (less than 300 nm depth) hybrid layer formed
with G-Bond, viewed under TEM, with the hydroxyap-
atite crystals mostly remaining within the hybrid
layer. Since the pH value of G-Bond is high, it is spec-
ulated that the amount of hydroxyapatite remaining
around the collagen fibers is sufficient to enable the
additional chemical interaction.4 Although the SEM
method used in this study does not allow for detailed
observation of such a shallow interaction zone, it is
reasonable to expect a certain degree of chemical inter-
action, bearing in mind that this adhesive contains 4-
MET monomer, which was proven to form ionic bonds
with hydroxyapatite.15 From the clinical standpoint, it
can be speculated that an additional chemical interac-
tion may be beneficial for the long-term quality of the
tooth restoration interface formed by this adhesive.

Adhesive System Etchant/Primer Adhesive
AdheSE (primer) (adhesive)

Phosphonic acid acrylate Dimethacrylates
Bis-acrylamide Hidrohy-ethil methacrylate
Water Highly dispersed silicon
Initiators dioxide
Stabilizers Initiators

Stabilizers

Contax (primer) (adhesive)
Water Hydrophilic, acidic
Maleic acid Bis-GMA-based resin 
Sodium fluoride matrix

Water
Additives, catalysts

Futurabond NR Liquid A: Polyfunctional adhesive monomers (Methacroyl-Phosphorus-
Acid-Ester, Methacroyl-Carbon-Acid-Ester), Dimethacrylates, 
Functionalized SiO2-nano-particles, Initiators
Liquid B: Ethanol, Water, Hydrophilic adhesive monomers, Fluorides

G-Bond 4-MET
Phosphate ester
Urethane-dimethacrylate
Acetone
Water
Silica fine powder
Catalyst

PQ Clear 35% orthophosphoric Methacrylate resins
acid Ethanol solvent

Silicate fillers (filler content 8%)
Camphorquinone
Initiator (proprietary)

Table 3: Composition of Adhesive Systems Used

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-02 via free access



717Radovic & Others: Morphological Evaluation of Self-etching Systems Interface with Dentin

The limitations of conventional scanning electron
microscopy compared to more sophisticated methods of
examining tooth-restoration interfaces have been rec-
ognized and described.38 However, regardless of the
method used (SEM or TEM), no correlation between
the hybrid layer width and bond strength of the adhe-
sive systems could be determined.39-40 This finding was
also confirmed for the adhesive systems investigated in
this study (personal unpublished results), all of which
showed satisfactory values of microtensile bond
strength to dentin, even when nearly no micromechan-
ical interlocking could be observed by the SEM, as in
the case of G-Bond.

From a clinical standpoint, long resin tags and a thick
hybrid layer do not necessarily imply superior behavior
towards adhesive systems in which these features are
less pronounced. One of the most frequently investigat-
ed self-etching adhesive systems, Clearfil SE bond
(Kuraray), forms a submicron hybrid layer and short
resin tags.41 However, in a 2-year clinical study, this
mild 2-step self-etching adhesive had shown a retention
rate that was not statistically different from a 2-step
etch and rinse adhesive. No post-operative sensitivity
was recorded for either of 2 adhesive systems.42

It can be speculated that the adhesives investigated
in this study can obtain reliable adhesion in vivo, as
well. Nevertheless, for the strong clinical recommen-
dation, the results should be complimented with long-
term clinical evaluation. The SEM method can, however,
provide basic information which points to possible spe-
cific features of the interface that need to be examined
more closely

CONCLUSIONS

All investigated self-etching systems showed similar
interfacial morphology with dentin, except for the 1-
step/1-component adhesive G-Bond. The degree of dem-
ineralization and interaction with dentin correlated
with the acidity of the self-etching primers/adhesives.
Less resin tags were formed in all self-etching systems
than in the etch and rinse system.
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