Miranda et al. BMC Oral Health  (2026) 26:847 BMC Oral Health
https://doi.org/10.1186/512903-026-08225-6

Check for
updates

Pre-cure contact time and dentin surface
roughness in modulating bonding

and impregnation of self-adhesive composites
to dentin
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Abstract

Background Self-adhesive flowable resin composites (SAFRCs) offer simplified, single-step placement and are
intended to reduce technigue sensitivity, but their bonding remains largely inconsistent. Therefore, this study
investigated whether pre-cure contact time and dentin surface finish affect immediate bond strength and interfacial
morphology of two commercial SAFRCs.

Materials and methods Sound human molars were allocated to 12 groups: two SAFRCs (Vertise™ Flow; Constic) X
two finishes (fine vs. coarse diamond) X three pre-cure contact times (immediate/0 min, 1 min, 5 min). For positive
controls a universal adhesive/conventional composite were applied. Three 2 x 2-mm cylinders/group were bonded
to mid-coronal dentin discs and were light-cured (20 s; 950 mW/cm?) and tested in shear bond strength setup (SBS;
24 hat 1 mm/min). One fractured disc/group was examined by SEM and ~ 1-mm interface slices underwent Masson'’s
trichrome and were imaged at 100x with calibrated scaling. The 12 SAFRC groups were analyzed by three-way
ANOVA with Tukey’s (a=0.05); comparisons with the matched controls were performed separately using one-way
ANOVA followed by Dunnett’s test.

Results Material (p=0.02) and application time (p <0.0001) significantly affected SBS; surface finish did not (p=0.97).
Five-minute pre-cure contact yielded the highest SBS for both SAFRCs and, in several groups, values not significantly
different from the matched controls. SEM showed an application time-dependent improvement of the interface
quality: with 0 min application showing no continuous interfacial resin/tubule tags; from 1 to 5 min, progressively
continuous resin fronts with tags, most evident at 5 min, irrespective of finish. Masson's trichrome revealed a more
conspicuous dark-pink collagen band at the interface of immediate cure samples and attenuated/discontinuous after
1-5 min. Surface finish mainly altered interfacial contour without qualitative improvement.

Conclusion Prolonged pre-cure contact enhances SAFRC bonding; the tested roughness range was not

determinative. Trichrome staining corroborates shallow demineralization with partially exposed collagen, indicating
limited monomer infiltration and explaining the material-dependent, low bond efficacy of current SAFRCs.
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Introduction

Adhesive dentistry transformed restorative care by
enabling minimally invasive cavity preparations and
micromechanical/chemical bonding of resin composites
to enamel and dentin. From Buonocore’s 1955 acid-etch
concept for enamel to contemporary multi-mode adhe-
sives and self-adhesive flowable resin composites (SAF-
RCs), the field has been marking a pursuit for simplified
adhesion with fewer clinical steps and substantially lower
technique sensitivity [1, 2]. These advances matter since
adhesive failure remains a major driver of restoration
replacement, with associated biological and economic
costs for patients and health systems [3]. In fact, mul-
tiple laboratory and clinical studies indicate that current
SAFRCs generally produce lower bond strengths to den-
tin [4], more adhesive failures, and less interfacial infil-
tration and adaptation than conventional systems used
with a separate adhesive step [4, 5]. Transmission elec-
tron microscopy shows limited interaction of SAFRCs
with smear-covered dentin and aprismatic enamel [6, 7];
mechanically, the relatively high viscosity and lack of vol-
atile solvent further restricts monomer diffusion into the
poorly-conditioned substrate [7, 8].

Two substrate- and technique-related variables seem
particularly consequential for self-adhesive technology,
when bonding to dentin is considered: (i) the nature/
roughness of the prepared surface (and the smear layer
it produces) [1, 9] and (ii) the way the material is applied
(time, brushing/agitation) [10—12]. Smear layer thickness
and roughness are shaped by abrasive grit or bur type
and this alters dentin permeability, surface free energy,
and the ease with which acidic monomers condition
and infiltrate the substrate; for self-etch/“self-adhering”
strategies, thicker, compact smear layers typically impair
interaction and durability [6, 9, 13—15]. In parallel, there
is consistent evidence that how long and how actively an
adhesive/cement is applied, affects chemical interaction,
etching efficacy and bond development. In fact, these
findings are repeatedly demonstrated for universal/self-
etch adhesives on both enamel and dentin [10]. Func-
tional monomers, following the adhesion-decalcification
theory, rely on time and surface conditions to effectively
bond to the substrate, particularly in limited concentra-
tions [1, 16, 17].

But while the literature on universal/self-etch adhesives
clearly shows that surface roughness/smear layer and
application time/agitation can meaningfully shift perfor-
mance, analogous evidence for SAFRCs is sparse. Several
in vitro studies comparing commercials such as Vertise™
Flow or Constic versus conventional systems report sig-
nificantly lower dentin bond strengths for SAFRCs, with

limited or inconsistent data isolating the effects of dentin
roughness or manipulation time for SAFRCs per se [18—
20]. For example, Rangappa et al. (2018) found that bur
type influenced the shear bond strength of Dyad Flow
and a conventional flowable but not Constic; application
time was however, fixed [19]. Mine et al. demonstrated
poor interfacial hybridization of a SAFRC on smear-
covered dentin by TEM, but did not vary the duration
or specifics of SAFRC application [7]. Clinical trials and
short-term evaluations similarly suggest inferior reten-
tion or mixed outcomes for SAFRCs in small Class I or
sealant-like indications [21, 22], yet they seldom report or
control the substrate roughness and do not test extended/
active manipulation times tailored to SAFRC chemistry.
Grit-stratified datasets do not yet exist for self-adhesive
materials. Furthermore, monomer-dependent responses
(e.g., GPDM- vs. MDP-based) are also absent [23]. For
universal adhesives, prolonging application time and/or
applying actively (scrubbing) improves dentin interaction
and bond strength in many systems [11, 24, 25]. Whether
analogous time/activation effects can compensate for
the lack of a dedicated primer/adhesive in SAFRCs, and
whether such effects depend on dentin roughness, has
not been systematically tested.

Therefore, this study evaluates commercial SAFRCs
applied to dentin surfaces prepared with clinically rel-
evant abrasives that generate distinct smear-layer mor-
phologies, under controlled application times. Shear
bond strength metrics and characterization of the
resin—dentin interface by light and scanning electron
microscopy, allowing structure—property inferences,
was undertaken. The following hypotheses were tested:
(i) increasing SAFRC application time and/or actively
scrubbing the material improves dentin bond strength
and interfacial infiltration compared with the default
handling recommended by manufacturers; (ii) dentin
prepared with fine diamond burs (thinner, less com-
pact smear layers) yields higher bond strength and more
favorable interfacial morphology than dentin prepared
with coarser diamond burs; and (iii) there is a significant
interaction between application time and surface rough-
ness such that extended application partially offsets the
effects of a coarse bur. These aims directly address the
identified gaps.

Materials and methods

Study design, factors and materials

This laboratory study used a full-factorial design to test
how dentin surface roughness (2 levels), application
time for a self-adhering flowable composite (SAFRC; 3
levels), and type of SAFRC, affect resin—dentin bonding
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and interfacial characteristics. The primary outcome
was shear bond strength at 24 h; As qualitative, comple-
mentary endpoints to contextualize mechanical findings,
secondary outcomes were fracture interface morphology
observation and histochemical collagen exposure stain-
ing via Masson’s Trichrome, thereby providing mechanis-
tic plausibility for time-dependent effects.

Resin composites and adhesives used are shown in
Table 1 and the factors/levels are described below:

« Surface preparation (dentin roughness):

+ (R) coarse-grit black diamond bur (= 125-150 pum),

+ (F) fine-grit yellow diamond bur (~25-30 pm),

+ SAFRC application time: ~20 s manufacturer default
(T0); 1 min (T1) and 5 min prolonged application
time (T5).

Specimen collection and allocation

A total of 130 sound human molars without caries,
structural defects, and free of restorations were used (as
approved by Egas Moniz School of Health & Science Eth-
ics Committee; internal process no. 1342). Teeth were
cleaned of soft tissues/debris, disinfected in 1% chlora-
mine-T for one week, then stored in distilled water at 4 °C
(changed weekly) until testing. Specimens were then allo-
cated a priori by outcome. For shear bond strength (SBS)

Table 1 Materials and reagents (composition as supplied by
manufacturers)

Material Manufac- Chemical Shade Lot
turer compositition*’
(city,
country)
Vertise™ Kerr Italia Organic Matrix: A2 11,043,458
Flow (SAFRC) Surl. HEMA 5-10%, UDMA
(Scafati, 5-10%, GPDM 1-5%
Italy) Fillers: Ytterbium
fluoride + barium
aluminosilicate (=70
vol%)
Constic DMG Organic Matrix: A2 292,495
(SAFRC) Chem- Bis-GMA 15-35%,
Pharm. TEGDMA < 45%, 10-
Fabrik MDP n/a
GmbH Fillers: Barium alu-
(Hamburg, minosilicate (=66%);
Germany)
Charisma® Kul- Fillers: barium A3 66,044,522
Diamond zer GmbH,  aluminosilicate +sil-
(nanohybrid  Hanau, ica (=64%); matrix:
composite)  Germany UDMA n/a, TEGDMA
n/a
Clearfil™ Kuraray 10-MDP, Bis-GMA, — —
S'Bond Uni-  Noritake, HEMA (universal
versal Quick  Okayama,  adhesive)
(adhesive) Japan

*1 Information derived from safety datasheets and manufacturer supplied
product details
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testing, the tooth/disc was the experimental unit; 70
teeth/discs were assigned to 14 groups (12 SAFRC condi-
tions plus two positive-control groups), with n=5 teeth/
discs per group. After SBS testing, SEM was performed
on one representative fractured disc per group (total 14
discs), selected from the SBS specimens. For Masson’s
trichrome, a separate set of 60 teeth was assigned to the
12 SAFRC groups (n=5 teeth/group). Each tooth was
sectioned to obtain two ~ 1-mm slices encompassing the
resin—dentin interface (= 10 slices/group), and nine slices
per group were randomly selected for staining. Remain-
ing slices served as reserves or were excluded if damaged
during preparation.

Specimen preparation
Crowns were sectioned perpendicular to the long axis
under water cooling using a diamond saw (Accutom-50,
Struers, Denmark) to obtain mid-coronal dentin surface
discs 2 mm thick (first cut~3 mm below cusp tips; sec-
ond cut 2 mm apical to the first). Discs were mounted
with their long axis parallel to bur axis for standardized
surface finishing. Dentin surfaces were standardized
using diamond burs of two grit sizes (Edenta, Swit-
zerland): a black-ring X-coarse round-end taper bur
(5G850/314-018; ~180 um) and a yellow-ring X-fine
needle bur (C859/314 - 012; =20 um), both in FG shank
(314). Burs were replaced every six preparations to mini-
mize the effect of bur wear.

For group allocation (shown in Fig. 1) and restorative
procedures, fourteen groups were created (n distributed
at the tooth level):

» Experimental (12 groups): two SAFRCs (Vertise™
Flow; Constic) x two surface finishes (fine vs. coarse)
x three application times prior to light curing (20's,
referred to as 0 min or immediate, 1-5 min).

+ Positive controls (2 groups): Charisma® Diamond
applied over the same fine or coarse finish with
Clearfil™ S’Bond Universal Quick, was used in self-
etch mode (without prior phosphoric acid etching).
This mode was chosen to ensure a clinically relevant
and methodologically aligned comparison with the
SAFRCs. In this case, the whole surface of dentin was
prepared with the adhesive and then the composite
was bonded using the same mold geometry as
reported in 2.3.

Shear bond strength testing (SBS)

Although microtensile bond strength (uTBS) is widely
regarded as the gold standard, it was not viable for SAF-
RCs, which develop relatively low bond strengths; the
serial sectioning required to prepare specimens fre-
quently induces pretest failures in weak bonds. For
the same reason micro-shear (uSBS) is impractical as
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Fig. 1 Schematic of the twelve experimental groups according to the two surface finishes and three application times

sub-millimetric bonded areas are only feasible when an
adhesive layer covers the whole substrate and a separate
composite rod is bonded onto, thus making micro-cylin-
der fabrication from SAFRCs would be failure-prone. We
therefore adopted a shear bond strength (SBS) setup. A
custom CAD/CAM polyacetal mold with three cylindri-
cal wells (internal @ 1 mm; height 2 mm) was positioned
on each dentin disc. For the experimental SAFRC groups,
the composite was placed into each well and maintained
in contact with dentin for 20 s, 1 min, or 5 min before
light curing, according to group allocation. For the posi-
tive controls, Clearfil” SBond Universal Quick was
applied to dentin in self-etch mode according to the
manufacturer’s instructions, air-thinned, and light-cured.
Charisma® Diamond was then placed into the mold wells
and light-cured using the same specimen geometry and
irradiation conditions.

Specimens were light-cured in two 20 s exposures (total
40 s) at 0-mm distance, using acetate sheets as stops to
stabilize the tip; reported tip irradiance was 950 mW¥/cm?
minimum (420-480 nm), using Elipar Deep-Cure S (3 M
ESPE, St. Louis, USA). Molds were removed after curing,
and discs were stored in distilled water at 37 °C for 24 h.
Each disc (with three composite cylinders) was mounted
in an acrylic cylinder that was placed on a universal test-
ing machine (Autograph AG-X, Shimadzu Corporation,
Tokyo, Japan). A pre-formed 0.010 orthodontic wire loop
was placed flush around each cylinder, aligned paral-
lel to the composite—dentin interface. Load was applied
at 1 mm/min until failure; three cylinders per disc were
tested and in total five discs per experimental group. Fail-
ure patterns were observed under a stereomicroscope
(Leica EZ2, Leica Microsystems, Wetzlar, Germany).

Scanning electron microscopy (SEM)

To image the interface, one randomly selected disc with
fractured interfaces, per group (after SBS testing), under-
went SEM following an adapted protocol described by

Perdigdo et al. (1996) [26]. Because conventional high-
vacuum SEM requires dehydration, the protocol is
intended to expose resin infiltration patterns rather than
preserve the native hydrated collagen network; thus SEM
findings were interpreted qualitatively only as qualitative
fracture-plane and interfacial remnant morphology. They
were not used to directly measure the native bonded
interface, hybrid layer thickness, or true infiltration
depth. The following was undertaken: fixation in 2.5%
glutaraldehyde at 4 °C for 24 h; rinsing in 0.1 M sodium
cacodylate buffer (pH 7.3) with three solution changes;
deproteinization/demineralization in 0.1 M HCI (10 min)
then 13% NaOCI (2 min); graded ethanol dehydration
(70% 20 min; 95% 20 min; 100% 60 min); hexamethyldisi-
lazane (two 10-min baths) and 24 h air drying. Specimens
were mounted with the surface up and sputter-coated
with =20 nm Au/Pd, then imaged in a JEOL JSM-5400 at
25 kV, 16 mm working distance, at low/high magnifica-
tions (500x and 1500x).

Masson'’s trichrome for resin-dentin interface observation
Two ~ 1-mm-thick slices were obtained per tooth specifi-
cally for light microscopy (1 =9 slices/group, as explained
in 2.2), oriented to include the resin—dentin interface.
Slices were fixed to cylindrical mounts with cyanoac-
rylate and ground/polished on a bench polisher (Labo-
Pol-4, Struers) using progressively finer SiC papers (320,
600, 1200, and 4000 grit) to approximately 100 yum thick-
ness and subsequently stored in mineral oil until staining.
Masson’s trichrome staining followed a protocol
adapted from Inglés et al. (2022) [8]: removal of min-
eral oil in xylene; graded ethanol dehydration (70%, 90%,
100%; 5 min each); staining in Solution B (1% acid fuchsin
in 1% acid; 4 min), brief 1% acetic acid (10 s) and distilled
water rinse (15 s); mordant/differentiation in Solution C
(1% phosphomolybdic acid; 40 min) followed by 1% ace-
tic acid (10 s) and rinse (15 s); contrast in Solution D (2%
light green in 1% acetic acid; 5 min) and final 1% acetic
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acid (30 s) with a 60 s distilled water rinse. Stained slices
were mounted on glass slides for immediate imaging.

Images were captured at 100x using an optical micro-
scope (CX41RFE, Olympus, Tokyo, Japan). Image scale was
calibrated at 100x by measuring a reference object, com-
puting pixel size (um/pixel), and applying a custom scale
in ICMeasure. Images were treated using Image | 1.54
[27].

Statistical analysis

Sample-size guidance followed Academy of Dental Mate-
rials recommendations for micro-tensile testing (mini-
mum 5 teeth/group), adopted here with the tooth as the
experimental unit [28]. Three-way ANOVA evaluated the
effects of composite (Vertise™ Flow vs. Constic), surface
finish (fine vs. coarse), and application time (TO, T1, T5),
with Tukey’s post-hoc (a=0.05). Because the positive-
control protocol did not vary application time, controls
were not included in the factorial ANOVA. Therefore,
benchmarking against controls was performed sepa-
rately using one-way ANOVA within each surface-fin-
ish stratum (F and R), followed by Dunnett’s post-hoc
test comparing each SAFRC condition with its corre-
sponding control. Pre-test failures, when existent, were
counted as half of the lowest registered SBS value, of each
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experimental group. Analyses were performed in Ori-
gin 2023b (OriginLab Corporation, Northampton, MA
USA).

Results
Shear bond strength
SBS was significantly influenced by material and appli-
cation time, but not by surface finish. The three-way
ANOVA detected a main effect of self-adhering flowable
composite (SAFRC: Vertise™ Flow vs. Constic; F=5.6,
»=0.02) and a strong main effect of application time (0,
1, 5 min; F=43.1, p<0.0001), whereas the dentin finish-
ing protocol (fine vs. coarse) showed no effect (p=0.97).
Increasing the application time doubled to tripled SBS
across SAFRCs; Vertise™ Flow yielded higher mean SBS
overall. Means and standard errors are shown in Fig. 2
When groups were benchmarked against the matched
positive control within each surface-finish stratum
(F groups vs. Control_F; G/coarse/rough groups vs.
Control_G) using one-way ANOVA within finish fol-
lowed by Dunnett-adjusted comparisons, the largest defi-
cits were observed at the immediate (0) application-time
conditions. In the fine finish, both VF_0_F (2+ 0.4 MPa)
and CT_O_F (2+0.7 MPa) were significantly lower than
the corresponding control (5+0.4 MPa) (both p=0.001),
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Fig. 2 Mean +SE SBS (MPa) to dentin for VF and CT at 0 min (20 s application time), 1 min, and 5 min and control groups; colors separate by fine/rough
surface preparation. Different letters denote significant differences among groups (Tukey, a=0.05). Extended times (1-5 min) frequently reached values
statistically comparable to controls, whereas almost immediate curing (0 min) yielded the lowest performance
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Fig. 3 Masson'’s trichrome of the resin—-dentin interface (100x; representative micrographs). Composite is upper zone; dentin is lower. Mineralized dentin
stains blue/blue-green; the self-adhesive composites stain beige/pale pink; a dark-pink line indicates exposed, non-encapsulated collagen. Panels are
arranged by material/finish (rows) and pre-cure contact time (columns): A-C: Constic, coarse diamond (R) at time 0 (20 s) / 1 min / 5 min; D—F: Constic,
fine diamond (F) at 20 s/ 1 min / 5 min; G-I: Vertise™ Flow, coarse (R) at 0 min/ 1 min /5 min; J-L: Vertise™ Flow, fine (F) at 0 min /1 min /5 min. A con-
tinuous dark-pink interfacial band can be seen, especially in the Constic samples. Coarse finishing produces a more undulating interface than fine, with
an apparent qualitative worsening in histochemical appearance. In Vertise™ Flow, longer application times, especially the 1 min, may lead to less collagen

exposure

whereas all prolonged application times (1 min and
5 min) were not significantly different from the con-
trol comparison. Similarly, in the coarse/rough finish,
VF_0_G (0.6£0.1 MPa), CT_0_G (2+0.2 MPa), and
CT_1_G (2+0.3 MPa) were significantly lower than the
control (p<0.001; p=0.003, and p=0.006, respectively),
while the remaining 1 min and all the 5 min application
groups did not differ significantly from the control. It is
important to note that all failures resulting from the SBS
test were of the adhesive type (100%).

Masson’s trichrome of the resin-dentin interface

Masson’s trichrome clearly differentiated mineralized
dentin (blue/blue-green), self-adhesive composites (beige
to light-pink), and collagen signal (dark-pink) at the
resin—dentin interface. Across groups, a narrow dark-
pink band was frequently visible along the resin side of
the interface, compatible with superficial demineraliza-
tion and partial exposure of collagen fibrils. Results are
shown in Fig. 3.

The thickness and continuity of the pink/dark-pink
band varied between specimens and groups, and in these
samples, it was more evident in the groups treated with
Constic. This was particularly pronounced in the course/
rough group. In Vertise™ Flow, the interfacial dark-pink/
red staining band was generally more conspicuous at 20 s
and appeared less conspicuous at 1 min (and remained
thin in several 5 min sections). For Constic, differences
among contact times were subtle and variable, and the
staining band did not show a clear monotonic reduc-
tion with longer contact time. Surface finishing influ-
enced the macroscopic interface contour in all samples,
with coarse/rough preparations often presenting a more
undulating junction than the finely polished surfaces,
with higher staining in some samples.

SEM of the resin-dentin interface

Representative micrographs from all experimental
groups in low and high- magnification are shown in
Figs. 4, 5 and 6 and the corresponding controls in Fig. 7.
SEM of fractured interfaces revealed a time-dependent
evolution in interfacial morphology. At immediate curing
(0 min), dentin surfaces displayed a dense tubule field in
which many tubule entrances appeared partially occluded
by plug-like material, consistent with smear plugs and/or
very short intratubular resin remnants; however, a con-
tinuous interfacial resin front and organized elongated

resin tags were not evident. Large composite remnants
on the dentin surface were not found (Fig. 4)

After 1 min of pre-cure contact, discontinuous inter-
facial resin films/islands were more frequently observed
at the fracture plane, often with a transition between
resin-covered regions and exposed tubule-rich dentin.
Compared with 0 min, these resin-rich remnants are con-
sistent with a shift towards a more mixed fracture pattern
as interfacial retention improved; nevertheless, resin tag
formation remained sparce. At 1 min, the dentin surface
more often exhibited features consistent with greater sur-
face conditioning, including more irregular and enlarged
tubule orifices and less sharply defined peritubular out-
lines, compared with the 0 min specimens.

Finally, the prolonged application time of 5 min yielded
the most consistent interfacial features for both materi-
als and both finishes, characterized by a more continu-
ous resin presence at the surface and frequent, elongated
resin tags within dentinal tubules, indicating deeper infil-
tration prior to curing. These qualitative improvements
paralleled the time-dependent increases in SBS. Regard-
ing surface finish, differences between fine and rough/
coarse preparations were mainly expressed as variations
in interfacial contour and fracture topography rather
than consistent changes in interfacial resin retention or
tag formation at matched times.

The control groups showed extensive resin/composite
remnants retained on the dentin surface for both fin-
ishes. In the coarse/rough control (R), a large resin/com-
posite mass was observed at the fracture plane adjacent
to a dense tubule field, with a sharp boundary between
composite-covered and tubule-rich dentin regions. In the
fine control (F), a broad resin/composite layer remained
over dentin, with a continuous interfacial zone separat-
ing the composite/resin-rich region from the underlying
tubule-rich dentin; tubule orifices were frequently visible
beneath this interface and appeared partially covered or
locally occluded near the boundary.

Discussion

The literature is consistent in indicating that the bonding
effectiveness of SAFRCs is limited by incomplete interfa-
cial interdiffusion and difficulty in hybridizing dentin [8,
29]. Their viscous, highly filled nature and hydrophobic—
hydrophilic mismatch to moist dentin can hinder mono-
mer penetration, resulting in poor retention and high
failure rates [7, 8, 29]. The present study was therefore
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Fig. 4 Scanning electron micrographs of fractured resin—dentin interfaces after immediate light-curing (O min pre-cure contact) at 1500x and 500x,
respectively. Panels show dentin surfaces following microshear testing and interfacial preparation to reveal resin remnants/tags. CT_R: Constic, coarse/
rough finish. CT_F: Constic, fine finish. VF_R: Vertise™ Flow, coarse/rough finish. VF_F: Vertise™ Flow, fine finish. Across conditions, tubule orifices are largely
patent with minimal interfacial resin remnants and no clear resin tag formation, indicating limited infiltration when polymerization occurs immediately

designed to examine two key factors under the control
of the operator: (i) the surface roughness that precedes
the restorative protocol and (ii) the pre-cure application
time, hypothesizing that these may significantly influence
resin—dentin bonding with SAFRCs.

Preparing dentin surfaces with different grit diamond
burs yields smear layers of different thickness; coarse-
grit diamonds produce a thicker (~2-3 pm) and more
compacted smear layer than fine-grit diamonds (=1 pm)
[30]. These debris-rich layers, packed with fragmented
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Fig.5 Scanning electron micrographs of fractured resin-dentin interfaces after 1 min pre-cure contact. CT_R: Constic, coarse/rough finish. CT_F: Constic,
fine finish. VF_R: Vertise™ Flow, coarse/rough finish. VF_F: Vertise™ Flow, fine finish. Compared with immediate curing, discontinuous resin remnants/films
are more frequently observed at the fracture plane, with localized interfacial coverage but limited resin tag formation

hydroxyapatite and denatured collagen, impede the
access of acidic functional monomers. To guarantee
effective interaction, such monomers must first partially
etch/dissolve the smear and the superficial dentin and
then diffuse into the exposed collagen network [31, 32].
Yet, the manufacturer-recommended application time

for SAFRC:s is typically 20 s of active rubbing/brushing
[33, 34], a contact time likely then insufficient for smear
layer modification, sufficient substrate demineraliza-
tion and resin infiltration. Therefore, evaluating whether
prolonged pre-cure contact and clinically relevant sur-
face finishes can overcome these barriers is warranted.
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Fig. 6 Scanning electron micrographs of fractured resin-dentin interfaces after 5 min pre-cure contact. A-B: Constic, coarse/rough finish (low and
high magnification). C-D: Constic, fine finish (low and high magnification). E-F: Vertise™ Flow, coarse/rough finish (low and high magnification). G-H:
Vertise™ Flow, fine finish (low and high magnification). Prolonged contact yields a more continuous interfacial resin presence and frequent intratubular
protrusion-like resin remnants were observed in several specimens, most clearly appreciated on fine-finished surfaces; finish-related differences are

mainly topographic

Indeed, to our knowledge, this has not been systemati-
cally tested in these materials.

The first null hypothesis, that varying the pre-cure
application time would not influence bonding, was
rejected. Prolonging the SAFRC application time prior

to light-curing significantly increased SBS. Notably, the
20 s application (the default protocol) yielded the low-
est bond strengths, whereas 1 min and especially 5 min
application times produced higher SBS values. This trend
was consistent for both Vertise™ Flow and Constic. The



Miranda et al. BMC Oral Health (2026) 26:847

CONTROL

Fig. 7 SEM micrographs of the control groups (universal adhesive + con-
ventional composite) on coarse/rough (R) and fine (F) dentin finishes. In
both controls, broad composite/resin-rich remnants remain adherent to
dentin, and the fracture plane shows mixed regions comprising resin/
composite-covered areas adjacent to tubule-rich dentin

improvement with extended application can be attrib-
uted to enhanced monomer diffusion and prolonged
acid—base interaction at the interface. Mechanistically,
phosphate-ester monomers in these one-step materials
(e.g., GPDM, 10-MDP) are ultra-mild self-etchers acting
through the adhesion—decalcification balance: they must
(i) partially dissolve the smear layer/superficial dentin
and (ii) diffuse into the demineralized collagen while (iii)
establishing ionic bonding to residual apatite (e.g., forma-
tion of MDP-Ca salts and interfacial nano-layering) [1,
35]. All three processes are time-dependent and initially
buffer-limited by HAp in the smear and dentin [17, 35].
Longer dwell sustains proton availability and chelation,
allowing further smear dissolution, more micro-porosity
for uptake, and more extensive monomer adsorption/
MDP-Ca salt formation before light-curing induces net-
work formation and crosslinking. This is in line with prior
observations that more aggressive or longer application
of self-etch adhesives leads to better substrate condition-
ing and higher bond strengths [36, 37].

In the present study, the fractured-surface SEM analy-
sis also revealed that the 20 s groups had a relatively con-
tinuous smear layer covering dentin and only shallow
penetration of resin. The default application time of 20 s
underperforming is expected. SAFRCs are highly filled,
high-viscosity pastes without a volatile solvent, so mono-
mer mobility and water displacement are poor; with a
thick/compact smear, the mild acidity is rapidly neutral-
ized, yielding shallow demineralization and incomplete
infiltration. Longer contact times (1 and 5 min) were
associated with greater amounts of composite remnants
remaining on dentin and more frequent intratubular
protrusion-like features after interfacial preparation.
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This was especially true for the longest application time.
Masson’s trichrome staining technique partially con-
firmed these findings. With Vertise Flow, in the longer
application times, the interface stained predominantly
green with little to no red, denoting that collagen was
largely encapsulated by resin. The concurrence of these
mechanical and microscopic outcomes underscores that
extended contact time may in fact allow the SAFRCs to
achieve a more effective hybridization. A key limita-
tion is that SEM was performed on fractured specimens
obtained after SBS testing. Accordingly, these images pri-
marily reflect fracture-plane morphology and retained
resin/composite remnants, which may be influenced by
failure mode. They do not provide direct longitudinal
visualization of the intact bonded interface.

Clinically, a 5-min dwell is unrealistic; and yet the lit-
erature shows that even modest extensions of active
application (=30-60 s of scrubbing) improve condi-
tioning and infiltration for self-etch/universal systems,
whereas shortening the recommended time may degrade
performance. Meta-analytic and experimental data con-
sistently report higher dentin bond strength with active/
prolonged application and lower values when applica-
tion is abbreviated in adhesives [37]. A consistent pat-
tern observed across the experimental groups was the
correspondence between mechanical strength and inter-
facial morphology. When higher bond strengths were
recorded, the qualitative analyses showed more favorable
morphology. This is suggestive of a true material effect
rather than random scatter, while remaining consistent
with broader evidence on the imperfect, but still mean-
ingful, link between interfacial quality and laboratory
bond tests [38].

With respect to substrate preparation, the null hypoth-
esis for surface roughness (fine vs. coarse diamond) could
not be rejected; the three-way ANOVA showed no main
effect of finish on SBS, and SEM did not reveal consis-
tent qualitative differences at matched times. This find-
ing aligns with literature showing that both smear-layer
characteristics and surface roughness/topography can
influence self-etch bonding, but that their impact is adhe-
sive-dependent and often secondary to application/acti-
vation time and adhesive aggressiveness [39]. Also, when
the smear differences are within a narrower, clinically
common range, effects may not attain differences.

The smear layer, rich in calcium salts, can quickly neu-
tralize acid groups (an acid-base interaction), limiting
deeper demineralization. Mild self-etch/SAFRC chem-
istries rely on the adhesion—decalcification balance:
limited demineralization and chemical interaction with
residual hydroxyapatite (e.g., MDP—-Ca salt formation)
and concurrent resin diffusion into a shallow matrix. But
a smear layer rich in apatite buffers/neutralizes acidic
groups and restricts depth, while the high filler content
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and viscosity of SAFRCs (no volatile solvent) constrain
wetting and transport, yielding the well-documented
shallow infiltration and weak interfaces on smear-cov-
ered dentin [40, 41]. Therefore, extending pre-cure con-
tact acts like a slow-etch/slow-infiltration step. This gives
more time for proton-driven dissolution of smear debris
and for functional monomers to percolate sub-micron
pathways before cure, all effects that can outweigh mod-
est differences in finish within normal smear conditions.
This interpretation is consistent with classic smear-layer
studies (that evaluated thickness/compactness vs. self-
etch acidity [14, 15]) and with interfacial microscopic evi-
dence for SAFRCs [6-8, 42].

Two considerations temper over-interpretation. First,
while bur grit was standardized (and different), the actual
functional difference in smear compactness/permeabil-
ity achieved under our controlled preparation may have
been insufficient to create divergent diffusion kinetics for
these ultramild systems at a given time point. Second, the
study was powered for main effects in SBS, not to resolve
small finishxtime interactions; nonetheless, the finish
main effect remained negligible even as time exerted a
large, consistent influence across materials. In summary,
these data support that, within the present smear-layer
window, extending SAFRC pre-cure contact time is the
critical procedural lever, whereas switching between
the two tested diamond finishes had minimal additional
impact on the immediate dentin bonding setup that was
tested.

Finally, Vertise™ Flow outperformed Constic in puSBS
and interface morphological features. This is likely due
to a few reasons. Firstly, it is possible that any intrinsic
chemical advantage of Constic having 10-MDDP, the flag-
ship acidic monomer [43], was offset by its lack of HEMA
and higher viscosity; Vertise™ contains HEMA as a co-
solvent monomer which is known to improve initial wet-
ting and penetration in dentin, particularly useful in the
case of viscous, self-adhesive composites [8, 44]. HEMA,
a low—molecular-weight hydrophilic monomer that low-
ers local viscosity, improves wetting, and promotes initial
diffusion into moist dentin; even small HEMA fractions
are known to enhance immediate infiltration in adhe-
sive systems [45, 46]. Nevertheless, both materials in this
study achieved only moderate bond strengths relative
to what is seen with conventional adhesives, and both
largely failed in adhesive mode at the smear-modified
layer. Under such conditions, the limitations imposed by
their high filler content and viscosity likely dominate the
outcome [47].

It is important to mention that only 24 h bond strength
data was tested. This was chosen since a rapid screening
of the variables under study was procured. Future stud-
ies should assess long-term durability after aging to con-
firm if the improved initial bonding translates to clinical
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longevity. The range of smear layer conditions that were
tested (fine vs. coarse diamond) represents two extremes
of clinical technique. In practice, clinicians may use a
medium-grit bur or a combination of instruments, and
they might also use cavity cleaners, which could alter
the smear, before applying SAFRCs. Thus, the numeric
differences observed here might not directly translate
to every clinical situation. Similarly, the contact times
of 1 min and 5 min were chosen to exaggerate the effect
and understand the trend. It is acknowledged that 5 min
of wait time is impractical in routine dentistry. In paral-
lel with the SBS findings showing higher immediate bond
strength at longer contact times and the SEM observa-
tions of more frequent resin-phase continuity at 5 min,
the trichrome images mainly indicated that a collagen-
associated interfacial signal could still be detected under
almost all conditions, with variability that limited a clear
visual separation among application times and between
materials at matched finishes. Although improvements
can be seen, it is likely that the best application strategy
is yet to be determined. The ideal future material would
achieve deep dentin hybridization and chemical coupling
without additional steps or excessive waiting.

Conclusion

Extending the pre-cure contact of SAFRCs from the
manufacturer default to 1-5 min increased immediate
shear bond strength for both materials and was accompa-
nied by micromorphological evidence of more continu-
ous interfacial resin features with more frequent tubule
tag formation. Masson’s trichrome consistently showed
a thin dark-pink/red collagen-associated band at the
resin—dentin boundary; this band was often less promi-
nent at longer dwell times in Vertise™ Flow (most evident
at 1 min) and showed a less consistent trend for Constic.
Dentin surface finish produced different interfacial con-
tours yet no main effect on SBS within the smear range
tested. Vertise™ Flow outperformed Constic, although
both achieved moderate strengths and predominantly
adhesive failures, reflecting limitations of these highly
filled, solvent-free, formulations. These data identify pre-
cure dwell as a consequential operator variable for imme-
diate bonding, while suggesting a ceiling to interfacial
quality with current chemistries.
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VF Vertise™ Flow (self-adhesive flowable resin composite)

uSBS Micro-shear bond strength

UTBS Microtensile bond strength

Acknowledgements

none. Al-assisted writing statement: During preparation of this manuscript,
the authors used an artificial intelligence tool (ChatGPT, OpenAl) to improve
language clarity and readability. The authors reviewed and edited all
Al-assisted text and take full responsibility for the content of the manuscript.

Authors’ contributions

IM.and TAS. performed the investigation, data analysis and drafted the
original manuscript. PP.and A.H.S.D. were involved in the study conception,
design, supervision, data curation and manuscript revision. All authors
reviewed the manuscript.

Funding
This investigation received no funding.

Data availability
full data can be made available upon request to the corresponding author.

Declarations

Ethics approval and consent to participate declaration

This study involved the ex vivo use of extracted human teeth and did not
include any direct interaction with human participants. The study protocol
was reviewed and approved by the Comissao de Etica Egas Moniz (approval
no. 1342). All procedures were conducted in accordance with the Declaration
of Helsinki. Extracted teeth that were scheduled for removal as part of
routine dental care were obtained from patients attending Clinica Dentdria
Universitaria Egas Moniz. Prior to tooth extraction, all patients received
information about the potential research use of their extracted teeth and
provided written informed consent for this use

Consent for publication
not applicable

Competing interests
The authors declare no competing interests.

Author details

'Egas Moniz Center for Interdisciplinary Research (CiiEM), Egas Moniz
School of Health & Science, Campus Universitario, Quinta da Granja,
Monte de Caparica, Almada, PT 2829-511, Portugal

Received: 2 November 2025 / Accepted: 24 March 2026
Published online: 02 April 2026

References

1. Van Meerbeek B, Yoshihara K, Van Landuyt K, Yoshida Y, Peumans M. From
buonocore’s pioneering acid-etch technique to self-adhering restoratives. A
status perspective of rapidly advancing dental adhesive technology. J Adhes
Dent. 202022:7-34. https://doi.org/10.3290/}jad.a43994.

20.

21.

Page 13 of 14

Frankenberger R, Van Meerbeek B, Editorial. On our way to Self-Adhesive
Restorative Materials 2.0. J Adhes Dent. 2020;22:3. https://doi.org/10.3290/j ja
d.a44071.

Spencer P, Ye Q, Park J, Topp EM, Misra A, Marangos O, et al. Adhesive/Den-
tin interface: the weak link in the composite restoration. Ann Biomed Eng.
2010;38:1989-2003. https://doi.org/10.1007/510439-010-9969-6.

David C, Cardoso de Cardoso G, Isolan CP, Piva E, Moraes RR, Cuevas-Suarez
CE. Bond strength of self-adhesive flowable composite resins to dental
tissues: A systematic review and meta-analysis of in vitro studies. J Prosthet
Dent. 2022;128:876-85. https://doi.org/10.1016/j.prosdent.2021.02.020.
laculli F, Salucci A, Di Giorgio G, Luzzi V, lerardo G, Polimeni A, et al. Bond
strength of self-adhesive flowable composites and glass ionomer cements
to primary teeth: A systematic review and meta-analysis of in vitro studies.
Mater (Basel). 2021;14:6694. https://doi.org/10.3390/ma14216694.

Hanabusa M, Mine A, Kuboki T, MomoiY, Van Landuyt KL, Van Meerbeek B,

et al. TEM interfacial characterization of an experimental self-adhesive filling
material bonded to enamel/dentin. Dent Mater. 2011;27:818-24. https://doi.o
r9/10.1016/j.dental.2011.04.007.

Mine A, De Munck J, Van Ende A, Poitevin A, Matsumoto M, Yoshida Y, et

al. Limited interaction of a self-adhesive flowable composite with dentin/
enamel characterized by TEM. Dent Mater. 2017;33:209-17. https://doi.org/10
.1016/j.dental.2016.11.010.

Inglés M, Vasconcelos E, Cruz J, Mano Azul A, Polido M, Delgado AHS.
Comparative Assessment of Different Pre-Treatment Bonding Strategies to
Improve the Adhesion of Self-Adhesive Composites to Dentin. Polymers.
2022;14. https://doi.org/10.3390/polym14193945.

Latta MA, Radniecki SM. Bond strength of self-adhesive restorative materials
affected by smear layer thickness but not dentin desiccation. J Adhes Dent.
2020;22:79-84. https://doi.org/10.3290/}jad.a43932.

Hardan L, Orsini G, Bourgi R, Cuevas-Sudrez CE, Nicastro M, Lazarescu F, et

al. Effect of active bonding application after selective dentin etching on

the immediate and long-term bond strength of two universal adhesives to
dentin. Polym (Basel). 2022;14:1129. https://doi.org/10.3390/polym14061129.
Saikaew P, Matsumoto M, Chowdhury A, Carvalho RM, Sano H. Does short-
ened application time affect long-term bond strength of universal adhesives
to dentin? Oper Dent. 2018;43:549-58. https://doi.org/10.2341/17-205-L.

Son S-A, Kim B-N, Kim J-H, Seo D-G, Park J-K. Influence of dentin surface
roughness, drying time, and primer application on self-adhesive composite-
cement bond strength. J Adhes Dent. 2022,24:137-46. https://doi.org/10.329
0/}jad.b2916387.

Akter RS, Ahmed Z, Yamauti M, Carvalho RM, Chowdhury AFMA, Sano H.
Effects of remaining dentin thickness, smear layer and aging on the bond
strengths of self-etch adhesives to dentin. Dent Mater J. 2021;40:538-46. http
s://doi.org/10.4012/dm;j.2019-436.

Reis A, GrandiV, Carlotto L, Bortoli G, Patzlaff R, de Rodrigues Accorinte M.
Effect of smear layer thickness and acidity of self-etching solutions on early
and long-term bond strength to dentin. J Dent. 2005;33:549-59. https://doi.o
rg/10.1016/jjdent.2004.12.003.

Kenshima S, Francci C, Reis A, Loguercio AD, Filho LER. Conditioning effect
on dentin, resin tags and hybrid layer of different acidity self-etch adhesives
applied to thick and thin smear layer. J Dent. 2006;34:775-83. https://doi.org/
10.1016/j,jdent.2006.03.001.

Yoshihara K, Yoshida Y, Hayakawa S, Nagaoka N, Irie M, Ogawa T, et al.
Nanolayering of phosphoric acid ester monomer on enamel and dentin. Acta
Biomater. 2011;7:3187-95. https://doi.org/10.1016/j.actbio.2011.04.026.
Fukuda R, Yoshida Y, Nakayama Y, Okazaki M, Inoue S, Sano H, et al. Bonding
efficacy of polyalkenoic acids to hydroxyapatite, enamel and dentin. Bioma-
terials. 2003;24:1861-7. https://doi.org/10.1016/50142-9612(02)00575-6.
Brueckner C, Schneider H, Haak R. Shear bond strength and tooth-composite
interaction with self-adhering flowable composites. Oper Dent. 2017;42:90-
100. https://doi.org/10.2341/15-365-L.

Rangappa A, Srinivasulu J, Rangaswamy V, Eregowda S, Lakshminarasimhaiah
V, Lingareddy U. Comparative evaluation of bond strength of self-adhering
flowable composites to the dentin prepared with different burs: An in vitro
study. J Conserv Dent. 2018;21:618-21. https://doi.org/10.4103/JCDJCD_71_
18.

Nakano EL, de Souza A, Boaro L, Catalani LH, Braga RR, Gongalves F. Polym-
erization stress and gap formation of self-adhesive, bulk-fill and flowable
composite resins. Oper Dent. 2020;45:E308-16. https://doi.org/10.2341/19-16
6-L.

Besegato JF, Freire A, Zaniboni JF, Melo GL, Silva AM. Clinical performance

of self-adhesive resin composite direct restorations in permanent teeth: a


https://doi.org/10.3290/j.jad.a43994
https://doi.org/10.3290/j.jad.a44071
https://doi.org/10.3290/j.jad.a44071
https://doi.org/10.1007/s10439-010-9969-6
https://doi.org/10.1016/j.prosdent.2021.02.020
https://doi.org/10.3390/ma14216694
https://doi.org/10.1016/j.dental.2011.04.007
https://doi.org/10.1016/j.dental.2011.04.007
https://doi.org/10.1016/j.dental.2016.11.010
https://doi.org/10.1016/j.dental.2016.11.010
https://doi.org/10.3390/polym14193945
https://doi.org/10.3290/j.jad.a43932
https://doi.org/10.3390/polym14061129
https://doi.org/10.2341/17-205-L
https://doi.org/10.3290/j.jad.b2916387
https://doi.org/10.3290/j.jad.b2916387
https://doi.org/10.4012/dmj.2019-436
https://doi.org/10.4012/dmj.2019-436
https://doi.org/10.1016/j.jdent.2004.12.003
https://doi.org/10.1016/j.jdent.2004.12.003
https://doi.org/10.1016/j.jdent.2006.03.001
https://doi.org/10.1016/j.jdent.2006.03.001
https://doi.org/10.1016/j.actbio.2011.04.026
https://doi.org/10.1016/s0142-9612(02)00575-6
https://doi.org/10.2341/15-365-L
https://doi.org/10.4103/JCD.JCD_71_18
https://doi.org/10.4103/JCD.JCD_71_18
https://doi.org/10.2341/19-166-L
https://doi.org/10.2341/19-166-L

Miranda et al. BMC Oral Health

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(2026) 26:847

systematic review and meta-analysis. Clin Oral Investig. 2025;29:375. https.//d
01.0rg/10.1007/500784-025-06451-w.

Liu X, Zhang R, Yu X, Hua F, Zhang L, Chen Z. Self-adhesive flowable compos-
ite resins and flowable composite resins in permanent teeth with occlusal
cavities: A systematic review and meta-analysis. J Dent. 2023;138:104691. http
s://doi.org/10.1016/jjdent.2023.104691.

Han F, Dai S, Yang J, Shen J, Liao M, Xie H, et al. Glycerol phosphate dimeth-
acrylate: An alternative functional phosphate ester monomer to 10-meth-
acryloyloxydecyl dihydrogen phosphate for enamel bonding. ACS Omega.
2020;5:24826-37. https://doi.org/10.1021/acsomega.0c03523.

Reis A, de Carvalho Cardoso P, Vieira LCC, Baratieri LN, Grande RHM, Loguercio
AD. Effect of prolonged application times on the durability of resin-dentin
bonds. Dent Mater. 2008;24:639-44. https://doi.org/10.1016/j.dental.2007.06.
027.

Nagarkar S, Theis-Mahon N, Perdigao J. Universal dental adhesives: Current
status, laboratory testing, and clinical performance. J Biomed Mater Res B
Appl Biomater. 2019;107:2121-31. https://doi.org/10.1002/jbm.b.34305.
Perdigéo J, Lambrechts P, van Meerbeek B, Tomé AR, Vanherle G, Lopes AB.
Morphological field emission-SEM study of the effect of six phosphoric acid
etching agents on human dentin. Dent Mater. 1996;12:262-71. https://doi.or
9/10.1016/50109-5641(96)80033-9.

Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImagelJ: 25 years of
image analysis. Nat Methods. 2012,9:671-5. https://doi.org/10.1038/nmeth.2
089.

Armstrong S, Breschi L, Ozcan M, Pfefferkorn F, Ferrari M, Van Meerbeek B.
Academy of Dental Materials guidance on in vitro testing of dental com-
posite bonding effectiveness to dentin/enamel using micro-tensile bond
strength (UTBS) approach. Dent Mater. 2017;33:133-43. https://doi.org/10.10
16/j.dental.2016.11.015.

Delgado AHS, Almuusa A, Eshmawi Y, Xia W, Ashley P, Young AM. Novel
self-bonding composites: resin-dentin interfacial chemistry. Ann Med.
2019;51:97-97. https://doi.org/10.1080/07853890.2018.1562698.

Tani C, Finger WJ. Effect of smear layer thickness on bond strength medi-
ated by three all-in-one self-etching priming adhesives. J Adhes Dent.
2002;4:283-9.

Saikaew P, Sattabanasuk V, Harnirattisai C, Chowdhury AFMA, Carvalho R,
Sano H. Role of the smear layer in adhesive dentistry and the clinical applica-
tions to improve bonding performance. Jon Dent Sci Rev. 2022,58:59-66. htt
ps://doi.org/10.1016/},jdsr.2021.12.001.

lkemura K, Kadoma Y, Endo T. A review of the developments of self-etching
primers and adhesives -Effects of acidic adhesive monomers and polymeriza-
tion initiators on bonding to ground, smear layer-covered teeth. Dent Mater
J.2011;30:769-89. https://doi.org/10.4012/dmj.2011-110.

Sabbagh J, Souhaid P Vertise™ flow composite: a breakthrough in adhesive
dentistry. Oral Health Group. 2011. https://www.oralhealthgroup.com/feat
ures/vertise-trade-flow-composite-a-breakthrough-in-adhesive-dentistry/.
(accessed June 8, 2025).

Sengar EV, Mulay S, Beri L, Gupta A, Aimohareb T, Binalrimal S, et al. Compara-
tive evaluation of microleakage of flowable composite resin using etch and
rinse, self-etch adhesive systems, and self-adhesive flowable composite

resin in Class V cavities: Confocal laser microscopic study. Mater (Basel).
2022;15:4963. https://doi.org/10.3390/ma15144963.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 14 of 14

Yoshioka M, Yoshida Y, Inoue S, Lambrechts P, Vanherle G, Nomura Y, Okazaki
M, Shintani H, Van Meerbeek B. Adhesion/decalcification mechanisms of acid
interactions with human hard tissues. J Biomed Mater Res. 2002;59(1):56-62. h
ttps://doi.org/10.1002/jbm.1216.

Jin C-H, Cho Y-G, Kim S-M, Lee M-S. Effect of the application time of self-
etching primers on the bonding of enamel. J Korean Acad Conserv Dent.
2008;33:224. https://doi.org/10.5395/JKACD.2008.33.3.224.

Carvalho GLM, Moreira PM, Carneiro BT, Suzuki TYU, Lanza MDS, Alvim HH,

et al. Impact of active vs. passive application of dental adhesives on bond
strength to dentin and enamel: A systematic review and meta-analysis of in
vitro studies. Jpn Dent Sci Rev. 2025;61:90-102. https://doi.org/10.1016/jjdsr.
2025.04.001.

Van Meerbeek B, Peumans M, Poitevin A, Mine A, Van Ende A, Neves A, et

al. Relationship between bond-strength tests and clinical outcomes. Dent
Mater. 2010;26:2100-21. https://doi.org/10.1016/j.dental.2009.11.148.
Saikaew P, Senawongse P, Chowdhury AA, Sano H, Harnirattisai C. Effect of
smear layer and surface roughness on resin-dentin bond strength of self-
etching adhesives. Dent Mater J. 2018;37:973-80. https://doi.org/10.4012/dm
J.2017-349.

Yaguchi T. Layering mechanism of MDP-Ca salt produced in demineralization
of enamel and dentin apatite. Dent Mater. 2017;33:23-32. https://doi.org/10.1
016/j.dental.2016.09.037.

Van Meerbeek B, Yoshihara K, Yoshida Y, Mine A, De Munck J, Van Landuyt KL.
State of the art of self-etch adhesives. Dent Mater. 2011;27:17-28. https://doi.
0rg/10.1016/j.dental.2010.10.023.

Makishi P, Pacheco RR, Sadr A, Shimada'Y, SumiY, Tagami J, et al. Assessment
of self-adhesive resin composites: Nondestructive imaging of resin-

dentin interfacial adaptation and shear bond strength. Microsc Microanal.
2015;21:1523-9. https://doi.org/10.1017/51431927615015354.

Ismail IH, Razak NAA, Ramzi NDM, Yusof MYPM. Microtensile bond strength of
total-etch and self-etch universal adhesives containing 10-MDP: A systematic
review. J Dent. 2022;10:12-24. https://doi.org/10.12974/2311-8695.2022.10.0
3.

Delgado AHS, Owji N, Ashley P, Young AM. Varying 10-methacryloyloxydecy!
dihydrogen phosphate (10-MDP) level improves polymerisation kinetics and
flexural strength in self-adhesive, remineralising composites. Dent Mater.
2021;37:1366-76. https://doi.org/10.1016/j.dental.2021.06.006.

Van Landuyt KL, Snauwaert J, Peumans M, De Munck J, Lambrechts P, Van
Meerbeek B. The role of HEMA in one-step self-etch adhesives. Dent Mater.
2008;24:1412-9. https://doi.org/10.1016/j.dental.2008.02.018.

Abedin F, Ye Q, Parthasarathy R, Misra A, Spencer P. Polymerization behavior
of hydrophilic-rich phase of dentin adhesive. J Dent Res. 2015,94:500-7. https
://doi.org/10.1177/0022034514565646.

Ferreira MN, Neves Dos Santos M, Fernandes |, Marto CM, Laranjo M, Silva D,
et al. Effect of varying functional monomers in experimental self-adhesive
composites: polymerization kinetics, cell metabolism influence and sealing
ability. Biomed Mater. 2023;18. https://doi.org/10.1088/1748-605X/acfc8d.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s00784-025-06451-w
https://doi.org/10.1007/s00784-025-06451-w
https://doi.org/10.1016/j.jdent.2023.104691
https://doi.org/10.1016/j.jdent.2023.104691
https://doi.org/10.1021/acsomega.0c03523
https://doi.org/10.1016/j.dental.2007.06.027
https://doi.org/10.1016/j.dental.2007.06.027
https://doi.org/10.1002/jbm.b.34305
https://doi.org/10.1016/s0109-5641(96)80033-9
https://doi.org/10.1016/s0109-5641(96)80033-9
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1016/j.dental.2016.11.015
https://doi.org/10.1016/j.dental.2016.11.015
https://doi.org/10.1080/07853890.2018.1562698
https://doi.org/10.1016/j.jdsr.2021.12.001
https://doi.org/10.1016/j.jdsr.2021.12.001
https://doi.org/10.4012/dmj.2011-110
https://www.oralhealthgroup.com/features/vertise-trade-flow-composite-a-breakthrough-in-adhesive-dentistry/
https://www.oralhealthgroup.com/features/vertise-trade-flow-composite-a-breakthrough-in-adhesive-dentistry/
https://doi.org/10.3390/ma15144963
https://doi.org/10.1002/jbm.1216
https://doi.org/10.1002/jbm.1216
https://doi.org/10.5395/JKACD.2008.33.3.224
https://doi.org/10.1016/j.jdsr.2025.04.001
https://doi.org/10.1016/j.jdsr.2025.04.001
https://doi.org/10.1016/j.dental.2009.11.148
https://doi.org/10.4012/dmj.2017-349
https://doi.org/10.4012/dmj.2017-349
https://doi.org/10.1016/j.dental.2016.09.037
https://doi.org/10.1016/j.dental.2016.09.037
https://doi.org/10.1016/j.dental.2010.10.023
https://doi.org/10.1016/j.dental.2010.10.023
https://doi.org/10.1017/S1431927615015354
https://doi.org/10.12974/2311-8695.2022.10.03
https://doi.org/10.12974/2311-8695.2022.10.03
https://doi.org/10.1016/j.dental.2021.06.006
https://doi.org/10.1016/j.dental.2008.02.018
https://doi.org/10.1177/0022034514565646
https://doi.org/10.1177/0022034514565646
https://doi.org/10.1088/1748-605X/acfc8d

	﻿Pre-cure contact time and dentin surface roughness in modulating bonding and impregnation of self-adhesive composites to dentin
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design, factors and materials
	﻿Specimen collection and allocation
	﻿Specimen preparation
	﻿Shear bond strength testing (SBS)
	﻿Scanning electron microscopy (SEM)
	﻿Masson’s trichrome for resin-dentin interface observation
	﻿Statistical analysis

	﻿Results
	﻿Shear bond strength
	﻿Masson’s trichrome of the resin-dentin interface
	﻿SEM of the resin-dentin interface

	﻿Discussion
	﻿Conclusion
	﻿References


