
Vol 15, No 4, 2013 317

Potential Smear Layer Interference with Bonding  

of Self-etching Adhesives to Dentin 

Yuji Suyamaa / Anne-Katrin Lührsb / Jan De Munckc / Atsushi Mined / André Poitevine / 
Toshimoto Yamadaf / Bart Van Meerbeekg / Marcio Vivan Cardosoh

Purpose: To evaluate the effect of smear-layer interposition on the bonding effectiveness of self-etching adhe-
sives with different etching potential. 

Materials and Methods: Bur-cut dentin specimens were obtained from 25 human molars after preparation of 
the dentin surface with a medium-grit diamond bur (bur-cut). An additional 25 molars were fractured at the mid-
coronal dentin to create a smear-layer-free surface (smear-free dentin). The prepared teeth were assigned to 5 
groups, according to the adhesive to be applied: a strong one-step self-etching adhesive (PLP, Adper Prompt 
L-Pop, 3M ESPE, pH = 0.8); two ultra-mild one-step self-etching adhesives (C3S, Clearfil Tri-S Bond, Kuraray, 
pH = 2.7; AEB, Adper Easy Bond, 3M ESPE; pH = 2.7 ); as the self-etching control, a mild two-step self-etching 
adhesive (CSE, Clearfil SE Bond, Kuraray, pH of primer = 1.9); and as the etch-and-rinse control, a three-step 
etch-and-rinse adhesive (OFL, Optibond FL, Kerr). After composite buildups were made, all specimens were 
stored in distilled water (24 h/37°C) prior to microtensile bond strength testing (μTBS). The failure mode was 
determined with a stereomicroscope at 50X magnification. Representative μTBS specimens were processed for 
analysis in a Feg-SEM. The Kruskal-Wallis test was performed to determine statistical differences (p < 0.05).

Results: Except for the strong one-step self-etching adhesive, all other self-etching adhesives (mild and ultra-
mild) revealed a significantly lower bond strength to bur-cut dentin than to smear-free dentin. The etch-and-rinse 
adhesive presented the highest μTBS, which was not significantly different when bonded to bur-cut or smear-free 
dentin. Fracture analysis demonstrated a prevalence of adhesive failures for the self-etching adhesives, while 
OFL revealed more mixed failures. SEM revealed that smear debris remained part of the adhesive interfacial 
complex produced by the ultra-mild one-step self-etching adhesive C3S when applied on bur-cut dentin.

Conclusion: Smear debris interferes with the interaction of mild and ultra-mild self-etching adhesives with  dentin.
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Cavity preparation alters the surface topography and 
properties of enamel and dentin.3 While cutting a 

tooth, shear forces and heat produced by the bur result 
in an adherent layer of operatory debris that is spread 
over the whole tooth surface. This smear layer is de-
fined as a 1- to 2-μm-thick structure covering natural 
bur-cut enamel and dentin;19 its thickness and structure 
vary considerably according to the type of instrument 
and technique used for cavity preparation.3,9 In terms 
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of composition on dentin, the smear layer consists 
of shattered and crushed hydroxyapatite, as well as 
fragmented and denatured collagen. Depending on the 
clinical conditions, it may also be contaminated with 
bacteria and saliva.8 Such debris is also compacted at 
the entrance of dentin tubules, creating smear plugs 
that limit fluid movement through dentin and thus act as 
an important barrier, reducing dentin permeability.2

During adhesive procedures, the smear layer must be 
removed, modified, or impregnated by adhesive to pro-
mote a better interaction with the dental substrate.6,27 
Following an etch-and-rinse approach, the smear layer is 
completely removed by a separate etching step prior to 
the application of the adhesive itself.29 For self-etching 
adhesives, on the other hand, the smear-layer manage-
ment varies according to the pH of the acidic primer/adhe-
sive.7,28 In the same way, ultrastructural characteristics 
of the hybrid layer produced by self-etching adhesives also 
depend on the extent to which their functional monomers 
demineralize the dental substrate.25 Hence, self-etching 
adhesives have been classified according to their acidity 
as strong (pH ≤ 1), intermediate (pH ca 1.5), and mild 
(pH ca 2).7 Mild self-etching adhesives de mineralize den-
tin only superficially and create submicron hybrid layers, 
while strong ones demineralize dentin to a greater depth 
and produce thick hybrid layers comparable to those cre-
ated by etch-and-rinse adhesives.25,28 Most recently, 
ultra-mild self-etching adhesives have been introduced to 
the market. This class of self-etching adhesives presents 
a relatively low acidity (pH ca 2.7) and a considerably 
reduced ability to dissolve surface smear layer and demin-
eralize the underlying dentin surface.14 As a result, only 
a nanometer-sized hybrid layer can be observed at the 
adhesive/dentin interface.14

Questions arise on the dentin bonding effectiveness 
especially of the mild and ultra-mild self-etching adhe-
sives.18,23 Studies have demonstrated that not only the 
topography of the dentin surface, but also the thickness 
and quality of the smear layer varies considerably accord-
ing to the cavity-preparation technique employed.2,9,13,17 
In this context, the bonding effectiveness of mild and 
ultra-mild self-etching adhesives may be significantly in-
fluenced by the thickness of the smear layer, while their 
more acidic counterparts seem to be less susceptible to 
variations in surface smear.9 However, irrespective of the 
thickness of the smear layer and acidity of the self-etching 
adhesive, smear layer components are never rinsed away 
but rather dissolved and incorporated into the hybrid and 
adhesive layers.24,31 Considering the possible negative 
effect of dentin debris that remains and is embedded at 
the adhesive/dentin interface, the complete absence of 
a smear layer might be beneficial for the long-term integ-
rity of the bond. Many innovative cavity-preparation tech-
niques have been claimed to remove dental hard tissues 
without producing a smear layer or at least minimizing 
its formation.3 Especially self-etching adhesives should 
benefit from this. Dentin ablation by high-power lasers, for 
example, results in a dentin surface which is completely 
devoid of operatory debris, and ultrasonic instruments 
also produce a relatively clean dentin surface.5

Therefore, the objective of this study was to determine 
the influence of smear-layer interposition on the microten-
sile bond strength (μTBS) of mild and ultra-mild self-etch-
ing adhesives to dentin as compared to that of a strong 
self-etching and a three-step etch-and-rinse adhesive. The 
null hypothesis was that there were no differences among 
these adhesive systems regarding their bonding effective-
ness and that their μTBS was not affected by the condition 
of the dentin surface (bur-cut vs smear-free).

MATERIALS AND METHODS

Surface Preparation and Adhesive Application

Sound human third molars, stored in 0.5% chloramine 
at 4°C, were used within 1 month after extraction follow-
ing informed patient consent, as approved by the Com-
mission for Medical Ethics of the KU Leuven. Twenty-five 
mid-coronal dentin surfaces were obtained by removing 
the occlusal third of the molar crowns using a low-
speed diamond saw (Isomet 1000, Buehler; Lake Bluff, 
IL, USA) under constant water cooling. On these sur-
faces, bur-cut dentin was produced using a medium-grit 
 (100-μm) diamond bur (842; Gebr. Brasseler; Lemgo, 
Germany) in a water-cooled high-speed turbine mounted 
to a custom-modified microspecimen former (The Univer-
sity of Iowa, Iowa City, IA, USA). The mid-coronal dentin 
surfaces of an additional 25 teeth were exposed by frac-
turing using a hammer and a scalpel blade positioned in 
a circumferential groove through enamel that was previ-
ously prepared around each crown. This groove was cut 
with a slow-speed diamond saw to guide the fracture di-
rection and thus yield a flat, fractured dentin surface. All 
surfaces were carefully checked for pre-existing cracks, 
remains of enamel, and/or pulp exposure using a ste-
reomicroscope (Wild M5A; Heerbrugg, Switzerland). Bur-
cut and non-instrumented smear-free teeth were then 
assigned to 5 groups according to the adhesive applied: 
a strong one-step self-etching adhesive (PLP; Adper 
Prompt L-Pop, 3M ESPE; Seefeld, Germany;, pH = 0.8); 
two ultra-mild one-step self-etching adhesives (C3S; 
Clearfil Tri-S Bond, Kuraray, pH = 2.7; and AEB; Adper 
Easy Bond, 3M ESPE, pH = 2.7). The controls consisted 
of a mild two-step self-etching adhesive (CSE; Clearfil 
SE Bond, Kuraray, primer pH = 1.9) and a three-step 
etch-and-rinse adhesive (OFL; Optibond FL, Kerr). 

All adhesives were applied according to their respective 
manufacturer’s instructions (Table 1). Subsequently, a 
composite core (Z100, 3M ESPE) was built up in three or 
four layers to a height of 5 to 6 mm. Each increment was 
light cured using an Optilux 500 curing light with a power 
output of at least 550 mW/cm2 (Demetron/Kerr; Dan-
bury, CT, USA). The light intensity was checked through-
out the experiment with a radiometer (Bluephase Meter, 
Ivoclar Vivadent; Schaan, Liechtenstein).

Microtensile Bond Strength (μTBS) Testing

The specimens were sectioned perpendicular to the 
adhesive interface using a low-speed diamond saw 
(Isomet 1000, Buehler) under water cooling in order 
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to obtain rectangular sticks (width 2 × 2 mm, length 8 
to 9 mm). Only the specimens from the central dentin 
surface were used in order to eliminate substrate re-
gional variability.21 A minimum of 3 and a maximum of 
6 sticks were tested per tooth. These sticks were then 
mounted in the microspecimen former and trimmed at 
the adhesive/dentin interface into an hourglass shape 
with a diameter of about 1.1 mm using a high-speed 
turbine equipped with a cylindrical fine-grit (30-μm) dia-
mond bur (5835KREF, Gebr. Brasseler) under air/water 
cooling . The specimens were then fixed to a BIOMAT jig 
with cyan oacrylate glue (Model Repair II Blue, Dentsply-
Sankin; Ohtawara, Japan) and stressed at a crosshead 
speed of 1 mm/min until failure using a universal test-
ing device (LRX; Lloyd, Hampshire, UK) with a load cell 
of 100 N (Fig 1). The μTBS (in MPa) was calculated by 
dividing the measured force (N) at the time of fracture 
by the bond area (mm2). Pre-test failures (ptf) that oc-
curred during indentation to obtain hourglass-shaped 
specimens were included in the statistical analyses 
and in the calculation of the mean μTBS as 0 MPa. The 
mode of failure was determined with a stereomicro-
scope (Wild M5A, magnification of 50X), and recorded 
as adhesive (at the interface), cohesive in dentin, cohe-
sive in resin (including failures within the adhesive layer 
and/or composite), or mixed. A pairwise Kruskal-Wallis 
analysis and multiple comparisons test were used to 
determine the statistical differences in μTBS at a signifi-
cance level of 5%.

Feg-SEM Surface and Failure Analysis

Bur-cut and smear-free dentin surfaces were imaged 
using scanning electron microscopy (Feg-SEM; Phil-
ips XL30; Eindhoven, The Netherlands). In addition, 
samples from each experimental group for which a μTBS 
close to the mean value was recorded were processed 
for more in-depth SEM failure analyses. Common proce-
dures for SEM-specimen preparation were employed, as 
previously described by Perdigão et al.20

RESULTS

Feg-SEM of bur-cut and fractured (smear-free) dentin 
surfaces are shown in Fig 2. Surface preparation with 
a regular diamond bur resulted in an irregular, un-
dulated relief with thicker layers accumulated in the 
deeper parts and thinner ones on the top. Mean μTBS, 
standard deviation, total number of specimens, and 
number of ptfs are summarized in Table 2. In general, 
all one-step self-etching adhesives (PLP, C3S and AEB) 
presented lower μTBS values compared to the two-
step self-etching adhesive (CSE) and the three-step 
etch-and-rinse adhesive (OFL) (p < 0.05). For the mild 
and ultra-mild self-etching adhesives (CSE, C3S, AEB), 
significantly higher values were obtained on the smear-
free dentin surfaces (p < 0.05). This difference was not 
recorded for the strong self-etching adhesive (PLP). The 
three-step etch-and-rinse adhesive (OFL) presented the 

Table 1  Chemical composition and application mode of the adhesives tested

Adhesive 
(manufacturer)

Abbrevia-
tion

Composition (batch no.) Application

Adper Prompt L-Pop 
(3M ESPE; Seefeld, 
 Germany)

PLP Liquid 1: Methacrylated phosphoric esters, 
bis-GMA, camphorquinone, stabilizers
Liquid 2: Water, HEMA, polyalkenoic acid, 
stabilizers (199474)

Activate blisters; apply adhesive and scrub 
the surface for 15 s, gently air dry, apply 
second coat without rubbing, air dry to a thin 
film, light cure for 10 s

Clearfil 3S Bond 
(Kuraray; Tokyo, Japan)

C3S 10-MDP, bis-GMA, HEMA, hydrophobic di-
methacrylate, photoinitiator, ethyl alcohol, 
water, microfiler (00001A)

Apply adhesive and leave it in place for 20 s, 
dry by blowing high-pressure air for 5 s, light 
cure for 10 s

Adper Easy Bond
(3M ESPE)

AEB Bis-GMA, HEMA, methacrylated phosphoric 
esters, 1.6 hexanedioldimethacrylate, meth-
acrylate functionalized polyalkenoic acid 
(Vitrebond copolymer) silica filler, ethanol, 
water, camphorquinone, stabilizers (390063)

Apply the adhesive with the disposable ap-
plicator for 20 s, air dry to a thin film, light 
cure for 10 s

Clearfil SE 
(Kuraray)

CSE Primer: 10-MDP, HEMA, hydrophilic dimethac-
rylate, photoinitiator, water (00480A)
Bond: 10-MDP, bis-GMA, HEMA, hydrophilic 
dimethacrylate, microfiler (00666A)

Apply the primer for 20 s, gently air blow, 
apply the bond and light cure for 10 s

OptiBond FL 
(Kerr; Orange, CA, USA)

OFL Etchant: 37.5% phosphoric acid, silica thick-
ener (410643)
Primer: HEMA, GPDM, PAMM, ethanol, water, 
photoinitiator (417174)
Bond: TEG-DMA, UDMA, GPDM, HEMA, 
 bis-GMA, filler, photoinitiator (421941)

Apply the etchant for 15 s, rinse for 15 s, 
gently air dry for 5 s, scrub the surface for 
15 s with primer, gently air dry for 5 s, apply 
a thin coat of bonding agent and light cure 
for 30 s

Bis-GMA = bisphenol-glycidyl methacrylate; GPDM = glycerol phosphate dimethacrylate; HEMA = hydroxyethylmethacrylate; 10-MDP=10-methacryloyloxydecyl 
dihydrogen phosphate; PAMM = phthalic acid monoethylmethacrylate; TEG-DMA = triethylene glycol dimethacrylate; UDMA = urethane dimethacrylate.
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Table 2  Microtensile bond strength to bur-cut and smear-free dentin (MPa)

PLP C3S AEB CSE OFL

Bur-cut dentin Mean (SD)
ptf/n

18.0 (10.4)D
3/18

21.4 (6.6)D
0/18

16.8 (8)D
1/20

43.4 (9.6)B
0/26

62.8 (7.1)A
0/20

Smear-free dentin Mean (SD)
ptf/n

15.3 (10.2)D
3/18

30.8 (9.7)C
0/17

34.4 (9.5)C
0/17

59.8 (11.1)A
0/17

59.5 (10.4)A
0/19

Means with the same superscript letter are not significantly different (p > 0.05) according to the non-parametric Kruskal-Wallis test for multiple comparisons. 
SD: standard deviation; ptf: pre-test failure; n: total number of specimens.

Fig 1  Schematic 
il lustration of the 
study design.
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Fig 2  Feg-SEM photomicrographs of bur-cut (a) and smear-free (b) dentin surfaces. The bur-cut dentin surface is covered by an ir-
regular smear layer. On the smear-free surface, a complete absence of the smear layer can be observed. Magnification: 2500X.
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highest μTBS values (p < 0.05), and no significant dif-
ferences were observed between bur-cut and smear-free 
dentin (62.8 ± 7.1 and 59.5 ± 10.4 MPa, respectively; 
p > 0.05). Only the mild self-etching adhesive (CSE) 
achieved comparable results when applied on fractured 
dentin. Pre-test failures were only recorded for the one-
step self-etching adhesives PLP and AEB, strong and 
ultra-mild self-etching adhesives. 

The results of the failure analysis are shown in Fig 3. 
A clear prevalence of mixed failures was observed for 

Fig 3  Outcome of the failure analy-
sis (by experimental group).

the self-etching adhesives CSE and AEB while a higher 
number of adhesive failures were recorded for C3S. The 
strong self-etching adhesive (PLP) also presented a high 
incidence of cohesive failures, more specifically within 
the adhesive resin between composite and substrate. 
The etch-and-rinse adhesive (OFL) presented both cohe-
sive (within composite or dentin) and mixed failures. The 
failure pattern was confirmed by Feg-SEM examination of 
representative specimens. In general, high μTBS values 
were associated with a higher tendency to fail cohesively 

0% 20% 40% 60%  80% 100%

Adhesive Mixed Cohesive in resin Cohesive in dentin

PLP + bur-cut dentin
PLP + smear-free dentin

 
C3S + bur-cut dentin
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AEB + smear-free dentin

 
CSE + bur-cut dentin

CSE + smear-free dentin

 
OFL + bur-cut dentin

OFL + smear-free dentin

Fig 4  Feg-SEM photomicrographs of a representative cohesive failure recorded for 
the strong self-etching adhesive PLP. Bur-cut sample at the composite side (a, 70X). 
The higher magnification (b, 2000X) shows a small area of an adhesive failure (HL) at 
the top of the hybrid layer. The cohesive failure in resin includes fractures within both 
composite (C) and adhesive resin (A). Smear-free sample at the dentin side (c, 70X), 
the higher magnification of the dentin side (d, 2000X) shows several crack propagation 
lines in the adhesive resin. PLP is the only adhesive in this study which does not con-
tain filler particles.

c
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within dentin or composite, especially for the three-step 
etch-and-rinse adhesive. Samples of the strong self-etch-
ing adhesive (PLP) tended to fail cohesively in resin, more 
specifically within and on top of the adhesive layer (Fig 4). 
Feg-SEM analysis also showed that adhesive failures of 
the ultra-mild self-etching adhesive C3S applied on bur-
cut dentin occurred within a distinguishable amorphous 
structure positioned between the bonding layer and the 
dentin substrate (Figs 5a and 5b). Resin-tag formation 
was evident when it was applied on smear-free dentin, 
but it was not observed on bur-cut specimens (Figs 5c 
and 5d). Typical mixed failures can be observed in Fig 6, 
including samples prepared with self-etching adhesives 
CSE and AEB on bur-cut dentin. The ultra-mild one-step 
self-etching adhesive AEB was frequently characterized 
by the presence of microbubbles located in the adhesive 
layer, especially at the interface between adhesive and 
composite resin (Fig 6d). Similar voids were occasionally 
observed at the smear-free surface of the other ultra-mild 
one-step self-etching adhesive C3S.

DISCUSSION 

The smear layer may represent a great challenge for 
the interaction of adhesive restorative materials and 
prepared tooth surfaces.4 Apart from the presence of sur-
face smear, which should be considered as one of many 
parameters affecting adhesion to tooth tissue, bond 
strength also varies considerably according to the adhe-
sive used.11,17,22 In order to measure bonding effective-
ness to different dentin surfaces (bur-cut vs smear-free), 
five commercially available adhesives were selected that 
represent not only different approaches, but also distinct 

demineralizing potentials9 (Table 1). The etch-and-rinse 
adhesive yielded high bond strength values, irrespective 
of the dentin surface with (62.8 ± 7.1 MPa) or without 
smear layer (59.5 ± 10.4 MPa). This could be explained 
by the separate etch-and-rinse step that completely re-
moved the smear layer. The superior bonding of this 
adhesive was also clearly proven when compared to the 
mild two-step self-etching adhesive CSE on bur-cut den-
tin. When applied on a smear layer-free surface, however, 
μTBS values were reached that were similar to those of 
OFL, the so-called gold standard among etch-and-rinse ad-
hesives.30 Many authors have suggested that the quality 
of the smear layer strongly influences the ability of mild 
self-etching adhesives to demineralize and penetrate the 
tooth substrate.3,9,17,28 In the present study, the use of 
a regular-grit diamond bur mounted to a microspecimen 
former guaranteed the production of a well-standardized 
and clinically relevant smear layer.30 Considering that 
the relatively low etching potential of mild self-etching 
adhesives may be buffered by the mineral content of the 
smear layer, one could expect that the mild two-step self-
etching adhesive CSE would show improved bonding per-
formance on non-instrumented dentin. This theory also 
explains the increased bonding performance of C3S and 
AEB, both ultra-mild self-etching adhesives, when bonded 
to a smear layer-free dentin surface.

The bonding effectiveness of PLP, however, was not 
influenced by the presence of surface smear. Being clas-
sified as a strong self-etching adhesive, PLP seems to 
be able to penetrate and dissolve both smear layer and 
smear plugs, fully interacting with the underlying dentin.7 
As a result, a relatively deep hybrid layer is formed which 
resembles that produced by etch-and-rinse systems.7 
Despite this similar interfacial ultrastructure with etch-

Fig 5  Feg-SEM photomicrographs of a representative adhesive failure recorded for 
the ultra-mild self-etching adhesive C3S. Surface of a bur-cut specimen at the compos-
ite side (a, 70X). The higher magnification shows that the adhesive failure occurred 
within the hybridized smear layer (HySl), which is characterized by an amorphous and 
granular morphology (b, 2000X). Higher magnification (c, 5000X) of the bur-cut dentin 
side with the entrances of dentin tubules obstructed by smear plugs (SP, arrows). A 
higher magnification (d, 5000X) of the smear-free dentin side shows that the failure oc-
curred at the bottom of the hybrid layer. The adhesive resin penetrated into the dentin 
tubules, resulting in resin-tag formation (RT, arrows). 
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and-rinse adhesives, strong self-etching adhesives are 
frequently documented with low bonding effectiveness, 
as also demonstrated in the present study. According to 
the failure analysis, a high incidence of cohesive failures 
within and at the top of the adhesive layer was recorded 
for PLP, suggesting that despite deep hybridization of 
the dentin substrate, the ultimate strength of the ad-
hesive layer was not strong enough to resist the stress 
induced during specimen preparation and testing. In this 
sense, the lack of filler particles in this adhesive may 
contribute to its lower ultimate strength, as previously 
reported.12,16 Besides fortifying the adhesive layer, filler 
particles render the adhesive more viscous, avoiding 
excessive thinning of the bonding layer.26 The rather thin 
adhesive layer created by PLP may present zones of in-
complete resin polymerization due to oxygen inhibition.7 
Altogether, the weak adhesive layer created by PLP may 
have masked the real effect of smear-layer interference 
on its bonding effectiveness.

For the mild and ultra-mild self-etching adhesives C3S, 
AEB, and CSE, the μTBS to fractured dentin was signifi-
cantly higher than to bur-cut dentin. The self-etching adhe-
sives are dissimilar in regard to their ability to interact with 
smear layer. The one-step self-etching adhesive, C3S, is 
based on 10-MDP dissolved in ethanol and water and 
cannot be categorized as described above, as its pH is 
substantially higher. The interaction of this adhesive with 
bur-cut dentin results in a thin hybrid layer without resin 
plugs; the hybrid layer was thinner than that of other com-
mercial one-step self-etching adhesives, the interfacial 
ultrastructure of which has previously been characterized 
using transmission electron microscopy.15 For ultra-mild 
adhesives, the neutralizing effect of smear layer may be 
further emphasized. While diffusing through the deep 

channels within the thick smear layer, the acidic mono-
mers of C3S and AEB are rapidly neutralized, and fewer ac-
tive monomers are available when they reach the underly-
ing intact dentin.1 The long diffusion path through a thick, 
complex smear layer probably prevented the formation of 
a sufficient concentration of active functional monomers 
to profoundly interact with the underlying dentin and even-
tually form an adequate hybrid layer. In addition, as the 
components of the smear layer were poorly dissolved, the 
adhesive layer becomes weak and more likely to fail under 
low stress. This theory is supported by the SEM image 
analysis in the present study, in which the presence of a 
hybridized smear layer is clearly visible at the adhesive/
dentin interface obtained by self-etching adhesives. 

Despite the disadvantage of impairing the interaction 
of self-etching adhesives with the dental substrate, the 
smear layer acts as an important barrier to dentin perme-
ability,10 which decreases the fluid flow from the pulp 
towards the exposed dentin surface. Thus, the smear 
layer may prevent the well-known negative effect of wa-
ter on the adhesion of self-etching adhesives.2 There-
fore, maintaining the smear layer during the bonding 
procedure may be regarded as somewhat advantageous, 
especially considering the tendency of one-step self-
etching adhesives to absorb water from the substrate 
through osmosis.27 However, the presence of surface 
smear and plugs does not seem to have been able to 
prevent this osmotic phenomenon, since bubbles were 
observed at the interface of both C3S and AEB in many 
instances (Fig 6d). Although no intrapulpal pressure was 
simulated during the present experiment, the pulpal 
chamber was kept intact and hydrated during the whole 
adhesive procedure, assuring a constant water supply 
through the dentin tubules.

Fig 6  Representative mixed and adhesive failure recorded for the mild self-etching 
adhesive CSE (a,b) and the ultra-mild self-etching adhesive AEB (c,d). Failed surface at 
the dentin side (a, 70X) and the higher magnification (b, 500X) disclosed that the bond 
failed adhesively within the hybrid layer/hybridized smear layer (HL), since the entrance 
of the dentin tubules are not apparent. Cohesive failure in adhesive resin (A) and 
composite resin (C). Overview (c, 90X) and higher magnification (d, 5000X) showing 
that the adhesive failure occurred near the top and the bottom of the hybridized smear 
layer, which is characterized by an amorphous and granular morphology. 

c
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a b
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CONCLUSION

The lowest bond strength values were obtained with 
the one-step self-etching adhesives. The complete 
absence of the smear layer significantly improved the 
interaction of mild and ultra-mild self-etching adhe-
sives with dentin. Less acidic self-etching adhesives 
would greatly benefit from new technologies for cavity 
preparation/finishing which could remove dental hard 
tissues without covering their surfaces with smear 
debris, and also without altering its surface structure 
and composition. If the smear layer is not rinsed away 
but rather dissolved and incorporated into the adhe-
sive layer, further research should investigate if these 
incorporated particles influence the durability of the 
adhesive interface. 
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Clinical relevance: Depending on their etching capa-
bility, the bonding effectiveness of self-etching adhe-
sives to dentin can be hampered by surface smear.


