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ABSTRACT

Objective: Despite advances on dentin bonding systems (DBSs), their adhesive potential can still be significantly
affected by storage conditions and handling. The present study aimed to evaluate the influence of DBS manipulation
on the physical-mechanical properties of these materials. Material and Methods: Three DBSs were tested: Adper
Scotchbond Multi-Purpose [MP] (3-step etch-and-rinse), Clearfil SE Bond [SE] (2-step self-etch), and Adper Single
Bond Universal [SU] (universal adhesive). The experimental conditions were Control [CTRL] — recommended
storage; Laboratory-aged [LAB] — artificially aged under controlled laboratory conditions; and Clinically used
[CLIN] — exposed to a 2-week clinical routine. Degree of conversion (DC) was assessed using Fourier Transform
Infrared Spectroscopy (FTIR) on 3 uL samples (n = 5), while the surface microhardness (SM) was tested on disc
specimens (KHN 10kgf/5s/n=6). For microtensile bond strength (uTBS), 90 human molars were randomized
according to the DBS, restored with a two 2 mm-increment of composite resin and sectioned into beams
(0.64 mm? cross-section) after 24 h and tested at 0.5 mm/min under a 500 N load (n = 10). Data were analyzed
using two-way ANOVA and the Tukey's tests (p = 0.05). Results: SE presented the highest DC values, while
SU presented the lowest. MP reached the highest SM under clinical conditions, while SU exhibited consistently
low values among all conditions. For the uTBS, SU decreased under LAB and CLIN, while MP remained stable
throughout. Conclusion: SU was more affected by handling conditions than MP and SE. Proper storage and
clinical use protocols are essential to preserve DBS performance.
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RESUMO

Objetivo: Apesar dos avangos nos sistemas adesivos (SAs), seu potencial adesivo ainda pode ser significativamente
afetado por condicoes de armazenamento e manipulacdo. Este estudo avaliou a influéncia da manipulacdo dos
SAs em suas propriedades fisico-mecanicas. Material e Métodos: Trés SAs foram testados: Adper Scotchbond
Multi-Purpose [MP] (trés passos - convencional), Clearfil SE Bond [SE] (dois passos - autocondicionante) e Adper
Single Bond Universal [SU] (universal). As condicoes experimentais foram: Controle [CTRL] - armazenamento
recomendado; Envelhecimento laboratorial [LAB] - artificial controlado e Clinico [CLIN] - rotina clinica por
duas semanas. O grau de conversdo (GC) foi avaliado por espectroscopia de infravermelho com transformada
de Fourier (FTIR) em amostras de 3 uL (n = 5). A microdureza superficial (MS) foi mensurada em discos
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(KHN, 10 kgf, 5 s, n = 6). Para a microtracdo (uTBS), 90 molares humanos foram restaurados com 2mm de
resina composta, seccionados em palitos (0,64 mm?) e testados apds 24 h (0,5 mm/min, 500 N, n = 10). Os
dados foram analisados por ANOVA de dois fatores e teste de Tukey (p < 0,05). Resultados: O SE apresentou
os maiores valores de DC e SU os menores. O MP obteve os maiores valores de MS sob a condicdo CLIN,
enquanto o SU mostrou valores consistentemente baixos em todas as condicoes. Para uTBS, SU apresentou
reducdo nas condi¢cdes LAB e CLIN, enquanto o MP manteve-se estavel. Conclusdo: O SU foi mais afetado
pelas condicdes de manipulacdo do que o MP e o SE. Protocolos adequados de armazenamento e uso clinico

sdo essenciais para preservar o desempenho dos SAs.

PALAVRAS-CHAVE
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INTRODUCTION

The latest technologies supporting the
development and application of dentin bonding
systems rely on categories based on acidic
monomers, including two-step etch-and-rinse and
universal systems. The literature demonstrates
that these systems can combine optimal bonding
performance under various clinical conditions
with user-friendly application, particularly in the
case of universal systems. However, their apparent
simplicity may lead clinicians to underestimate the
importance of proper handling procedures.

Currently, DBSs based on 10-MDP
(10-methacryloyloxydecyl dihydrogen phosphate)
have proven to be reliable in promoting chemical
interaction with dentin under minimal conditioning.
However, beyond proper indication, the key point for
a successful performance mostly relies on how the
professional handle them to determine the longevity
of restorative adhesive dentistry onto dentin [1].
Due to the complexity of the dentin substrate,
DBSs have intricated formulations composed of
hydrophilic and hydrophobic resin monomers with
varying molecular weights, viscosities, and organic
solvents (acetone, ethanol, and/or water) [1-3].
In addition, additives such as solvents, photo-
initiators, and stabilizers are included, making these
formulations more susceptible to degradation [1].
Therefore, proper storage and handling of these
systems are essential to ensure their quality and
long-term performance since these factors are often
underestimated by clinicians [4].

Currently, the preference for self-etching
systems has been demonstrated since they do not
require prior dentin conditioning, thus preserving
the substrate and providing favorable outcomes.
The same principle applies to universal systems
used in self-etching mode [3-6]. In addition, the
activity of proteolytic enzymes associated with

acid conditioning has been shown to compromise
bonding quality [5-7].

Due to the user-friendly nature of some
systems, practitioners often underestimate their
complexity and overlook the need for strict
control, from storage conditions to proper clinical
application [2,3,8]. Under such conditions,
the main components of DBSs may degrade,
compromising their bonding potential. Typically,
non-simplified DBSs contain methacrylates
such as HEMA (2-hydroxyethyl methacrylate)
combined with hydrophobic monomers like
Bis-GMA (bisphenol A glycidyl methacrylate).
In self-etching and universal systems, 10-MDP
is commonly used in both primer and bonding
agents, which are often combined in a single
bottle [8,9]. This formulation increases the risk
of monomer solvation and degradation [10-12].

Moreover, improper storage at inadequate
temperatures or prolonged bottle opening during
clinical use facilitates solvent evaporation and
increases oxygen exposure, accelerating material
degradation and leading to reduced bonding efficacy
and postoperative sensitivity [1,2,13-15]. Since
bonding effectiveness depends on the integrity
of the polymer chain, such environmental factors
are critical for long-term performance [2,15].

Although the performance of DBSs has been
widely studied under ideal conditions [1,2,4,15],
the impact of handling such as storage or
clinical use remains underexplored. The present
study addresses this gap by evaluating three
representative adhesives from different categories
under varied manipulation scenarios. Clarifying
these effects is essential for improving clinical
protocols and ensuring long term restoration
success. The selected adhesives represent distinct
and widely used categories: Adper Scotchbond
Multi-purpose (three-step etch-and-rinse — MP),
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Clearfil SE Bond (Two-step self-etch system -
SE), and Adper Single Bond Universal (universal
system in self-etch mode — SU).

Therefore, the aim of the present study was
to investigate the impact of different manipulation
conditions on the mechanical properties of three
main DBS categories by evaluating the degree of
conversion (DC), surface microhardness (SM),
and microtensile bond strength («TBS). The null
hypotheses were: (1) There are no differences
in DC, SM, and uTBS among the tested DBS
categories (3-step etch-and-rinse, 2-step self-etch,
and universal system in self-etch mode); and
(2) There are no differences in DC, SM, and wTBS
among the different manipulation conditions
(control, artificially aged in the laboratory, and
clinically used).

MATERIAL AND METHODS

The present study was approved by the
Local Ethical Committee (Protocol Number:
#49808515.1.0000.5417).

Experimental design

The present in vitro, parallel, and blinded
study employed a two-factor design:

(1) Dentin bonding systems (DBSs) at
three levels — Adper Scotchbond Multi-purpose
[MP], Clearfil SE Bond [SE], and Adper Single
Bond Universal [SU] (used in the etch-and-rinse
mode); (2) Manipulation conditions at three
levels — Control [CTRL], in which adhesives
were used immediately after bottle opening;
Laboratory-aged [LAB], in which adhesives were
subjected to simulated aging under controlled
conditions; and Clinically used [CLIN], in which
adhesives were used in a 2-week clinical routine.

Three response variables were assessed:
degree of conversion (DC), surface microhardness
(SM) and microtensile bond strength test (wTBS).
All tests were performed under temperature
and humidity control (23+2°C/ 80+10% of
humidity). All procedures were performed by
a single calibrated operator, and all tests were
conducted by a second calibrated operator to
minimize bias.

Sample size calculation

Sample size calculation was based on data
from a pilot study, considering 5% as alpha

Braz Dent Sci 2025 July/Sept; 28 (3): e4782

Universal dentin bonding system: influence of handling conditions
on the determination of adhesive properties on dentin

error, 80% for minimum acceptable power and
considering the analysis for 9 independent groups.
Sample size of 3 and 6 were calculated for degree of
conversion and surface microhardness, respectively.
For the microtensile bond strength test, the tooth
was considered the experimental unit [5,7,16], and
a sample size of 10 was calculated.

Table T summarizes the composition and
application protocol of each DBS, while Table II
details the manipulation conditions.

The 2-week period was selected based on
previous studies that demonstrated measurable
changes in the composition and performance
of the DBSs after short-term clinical exposure
or simulated aging, without compromising the
integrity of the materials [13,14].

Degree of conversion (DC)

The degree of conversion (DC) of the dentin
bonding systems (DBSs) was assessed according to
ISO 4049:2019 using Fourier Transform Infrared
Spectroscopy (FTIR) (Prestige 21, Shimadzu,
Tokyo, Japan), equipped with an attenuated total
reflectance (ATR) crystal composed of a horizontal
diamond device and a 45° tilted mirror.

For each test, a drop of bonding agent
(8 uL; n = 5) was placed onto the ATR crystal.
The sample was light-cured (Radii-cal, SDI,
Bayswater, Victoria, Australia) using an intensity
of 1,000 mW/cm? for the time recommended by
the manufacturer.

Spectra were collected before and after light
activation using 32 scans (8 cm™! resolution;
2.8 mm/s mirror speed) in transmission mode.
The percentage of unreacted carbon-carbon
double bonds (%C=C) was calculated from
the absorbance ratio of the aliphatic C=C peak
(1638 cm™!) to the internal standard peak of
aromatic C=C bonds (1608 cm™!). The degree
of conversion was determined by subtracting
the %C=C from 100%.

All analyses were performed in triplicate.

Surface microhardness (SM)

Disc-shaped specimens were prepared by
dispensing the bonding agents into two-part
Teflon molds (5 mm diameter X 1 mm thickness),
ensuring standardization in volume and area.
Each sample was light-cured (Radii-cal CX, SDI,
Bayswater, Victoria, Australia) at an intensity of
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Table | - Composition and protocols of application of each DBS recommended by the manufacturer

Primer: HEMA, water,
Vitrebond™ Copolymer
(polyalkenolic acid)

Adper Scotchbond Multi-  Solventum, St. Paul, MN,
purpose [MP] USA

Bond agent: Bis-GMA,
HEMA, photoinitiator

Primer: MDP, HEMA,
DMA; Catalyst Water
Bond agent: MDP,
Japan HEMA, Bis-GMA; DMA,
Camphorquinone,
silanized colloidal silica

Clearfil™ SE Bond [SE] Kuraray Co. Ltda., Osaka,

Bis-GMA, MDP,
HEMA, Vitrebond™
Copolymer, itaconic acid,
camphorquinone; Ethyl
alcohol, Water, Silica,
Silane.

Adper Single Bond Solventum, St. Paul, MN,
Universal [SU] USA

37% phosphoric acid
etching for 15s + Rinse
for 15s + Drying with
absorbent paper + Primer
application + Slight
air blast for 5s + Bond
application + Light cured
for 10s

Application of self-etch
primer + Wait for 20s +
Solvent evaporation for
5s + Bond application
followed by slight air
blast + Light cured for
10s

37% phosphoric acid
etching for 15s + Rinse
for 15s + Drying with
absorbent paper + Active
DBS application for 20s
+ Solvent evaporation for
5s + Light cure for 10s

3-step etch-and-rinse
system

2-step self-etch system

Universal system

Bis-GMA: Bisphenol-A glycidyl methacrylate; DMA: dimethacrylate; HEMA: 2-hydroxyethyl methacrylate; MDP: methacryloyloxydecyl

dihydrogen phosphate.

Table Il - Protocol of manipulation and aging conditions

Control [CTRL]

Immediately after opening the bottle, the DBS was stored at standard room temperature
(23 + 2 °C), as recommended by the manufacturers.

During laboratory aging, bottles were opened twice daily (morning and afternoon), for two hours

Artificially aged in laboratory [LAB]

per session. Within each session, bottles were opened every 30 minutes. Between sessions,

adhesives were stored at 6-8 °C in a refrigerator.

Aged in clinical routine [CLIN]

1,000 mW/cm? for the time recommended by the
manufacturer.

Surface microhardness (SM) was evaluated
using a Knoop indenter (Buehler Ltd, MicroMet
6040, Lake Bluff, IL, USA) under a static load of
10 kgf applied for 5 s. Three indentations were
performed on each specimen, spaced 100 um
apart. The SM value was calculated as the mean
of the three measurements.

Specimen preparation and bonding protocols

Ninety caries-free third human molars were
collected (n = 10 per group) and stored in 0.1%
thymol saline solution at 4°C for a maximum of
two months.

The crowns and roots were separated through
a section 3 mm below the cement-enamel junction
using a water-cooled diamond-impregnated disc

Regular use in clinical routine for two weeks, totaling a mean of 8 attendances of
4 continuous hours each by undergraduate students.

(Extec Corp, Enfield, CT, USA) in a digital cutting
machine (ISOMET 1000, Buehler, Lake Bluff, IL,
USA). A second cut was performed to remove
the occlusal enamel and expose the mid-coronal
dentin surface, which was subsequently polished
using 600-grit SiC paper under running water
for 30s (APL-4 Arotec, Cotia, SP, Brazil). This
protocol allows for obtaining a standardized
parameter closer to the clinical condition.

The specimens were randomly allocated
into three groups according to the DBS: Adper
Scotchbond Multi-Purpose [MP], Clearfil SE
Bond [SE] and Adper Single Bond Universal —
etch and rinse mode [SU]. The randomization
was performed using Microsoft Excel software
(Microsoft corporation, Redmond, WA, USA).
After aging manipulations, the specimens were
randomized according to the groups shown in
Table II.

4
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The bonding protocol was performed
following the manufacturers’ instructions as
described in Table I.

The specimens were restored with composite
resin (Solventum, St. Paul, MN, USA) used in two
increments of 2mm and light-cured for 20s each
(Radii-cal, SDI, Bayswater, Victoria, Australia)
The restored specimens were immersed in
artificial saliva (1.5 mM Ca [NO,]2-4H,0, 0.9 mM
NaH,PO4-2H,0, 150 mM KCl, 0.1 mol/L Tris, 0.03
ppmF, pH 7.0) for 24h at 37°C. Both the bonding
and restorative procedures were performed by a
single, standardized and trained operator.

Microtensile bond strength test (uTBS)

Preparation and microtensile tests were
performed based on Armstrong et al. [16] as
per guideline recommendations. The restored
specimens were sectioned perpendicularly to the
bonding interface to obtain beams of =0.64 mm?
area (0.8 mm x 0.8 mm). Subsequently, beams
were fixed to the test device (Odeme dental
research, Luzerna, SC, Brazil) with cyanoacrylate
glue (Super Bonder Flex Gel- Loctite, Henckel
Ltda, Itapevi, SP, Brazil) and tested in a universal
testing machine (Instron 3342, Instron Co.,
Canton, MA, USA) with a crosshead speed of
0.5 mm/min and 500 N-load cell.

uTBS means and standard deviations were
calculated and expressed in MPa. The failure
mode was analyzed by a hand-held digital
microscope (DINO-LITEplus digital microscope,
AnMo Electronics Corporation, Hsinchu, China)
at 40x magnification and classified as adhesive,
mixed, cohesive in dentin or composite resin.

Statistical analyses

Data were statistically analyzed using the
Statistica software (Statsoft®, Tulsa, OK, USA).
Normality assumptions were verified before

Universal dentin bonding system: influence of handling conditions
on the determination of adhesive properties on dentin

applying two-way ANOVA followed by the
Tukey’s post hoc test (o = 0.05).

RESULTS

Degree of conversion (DC)

For the DC data, only the dentin bonding
system presented a statistically significant effect
(p = 0.0130), whereas neither the manipulation
condition (p = 0.6524) nor its interaction with
the dentin bonding system (p = 0.3467) acquired
a statistical significance.

Although Table III presents the mean DC
values for all groups, statistical differences are
limited to comparisons among DBSs within each
manipulation condition, as indicated by the
uppercase letters.

For all tested conditions, Clearfil SE Bond
[SE] demonstrated the highest degree of
conversion values, while the Adper Single Bond
Universal [SU] had the lowest performance. The
Adper Scotchbond Multi-purpose [MP] did not
differ significantly from either the Adper Single
Bond Universal [SU] or Clearfil SE Bond [SE].

Surface microhardness (SM)

For the SM, both the dentin bonding system
(p = 0.000008) and the manipulation conditions
(p < 0.001) were statistically significant, as was
their interaction (p = 0.0005). Table IV presents
the mean SM values and standard deviations for
each DBS under all manipulation conditions.

While the Adper Scotchbond Multi-purpose
[MP] aged in the clinical routine yielded the
highest values, the Adper Single Bond Universal
[SU] presented a stable performance under all
conditions. On the other hand, the lowest values
were observed for the SU in the control group.
Adper Scotchbond Multi-purpose [MP] and Clearfil
SE Bond [SE] achieved their highest values when

Table Il - Degree of conversion (%) and standard deviation according to the dentin bonding system and manipulation condition

CTRL 66.69 (0.37) AB
LAB 69.09 (0.55) AB
CLIN 7716 (2.78) AB

69.70 (0.32) A 68.47 (8.94) B
72.48 (0.77) A 61.40 (14.65) B
7729 (1.27) A 50.12 (10.18) B

N=5; CTRL: Control Group (no manipulation was executed); LAB: artificially aged in laboratory; CLIN: aged in clinical routine; MP: Adper
Scotchbond Multi-purpose; SE: Clearfil SE Bond; SU: Adper Single Bond Universal. Different uppercase letters indicate differences between

DBSs (columns) in each manipulation condition (row) (p<0.05).

Braz Dent Sci 2025 July/Sept; 28 (3): e4782
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aged in the clinical routine condition. No differences
were observed for any of the DBSs between the
control and artificially aged in laboratory conditions.

Microtensile bond strength test (uTBS)

Both the dentin bonding system (p = 0.0048)
and the manipulation condition (p < 0.0001) were
statistically significant, as was their interaction
(p = 0.0038). Table V presents the wTBS mean
values and standard deviations for each group.

According to the dentin bonding system in the
control groups, the Adper Single Bond Universal
[SU] and Adper Scotchbond Multi-purpose [MP]
presented the highest uTBS values, while the
Clearfil SE Bond [SE] exhibited the lowest. No
statistically significant differences were observed
among the DBSs in the laboratory and clinically
aged conditions. When comparing the manipulation
effects within each material, only the Adper Single
Bond Universal [SU] presented a reduction in bond
strength under both aged conditions, while the
Adper Scotchbond Multi-purpose [MP] and Clearfil
SE Bond [SE] maintained stable performances.

DISCUSSION

Overall, the results of the present study
demonstrated that the type of dentin bonding system
(DBS) was the most relevant factor influencing

Universal dentin bonding system: influence of handling conditions
on the determination of adhesive properties on dentin

performances throughout all tests, leading to the
rejection of the first null hypothesis. The clinical
success and longevity of adhesive restorations
depend significantly on the appropriate selection
and proper handling of the DBS [4,8,17]. These
systems are particularly vulnerable when bonding
to dentin, a substrate prone to degradation [18].
Regarding hydrolytic degradation, recent studies
have highlighted the key role of proteolytic
enzymes, such as matrix metalloproteinases
(MMPs) and cysteine cathepsins, compromising
the hybrid layer. These enzymes are activated in
acidic environments or in the presence of exposed
collagen fibrils, accelerating the degradation
process [4,5,7]. These results should certainly
influence investigations to search for strategies
that can refrain their enzymatic action, such as the
use of chlorhexidine aqueous solution, dimethyl
sulfoxide solvent and remineralization ingredients.

Regardless of the main mechanisms of
action, all of them are addressed to promote
better protection of the denuded collagen matrix
and reduce the action of these intrinsic enzymes.
Up to now, laboratory and clinical investigations
have proven that these anti-proteolytic agents
can serve to postpone the degradation but not
refrain them [4,5]. In addition, these strategies
usually introduce an additional step in which
the concerns rely on the chance for operational

Table IV - Surface microhardness (KHN) mean values and standard deviations for each dentin bonding system under different manipulation

conditions

CTRL 13.50 (5.79) BC
LAB 10.62 (2.60) C
CLIN 2451 (3.91) A

10.83 (1.83) C

8.04(8.03) C
10.86 (2.43) C
10.09 (2.52) C

12.34 (3.67) BC
18.99 (5.51) AB

N=6; CTRL: Control Group (no manipulation was executed); LAB: artificially aged in laboratory; CLIN: aged in clinical routine; MP: Adper
Scotchbond Multi-purpose; SE: Clearfil SE Bond; SU: Adper Single Bond Universal. Different uppercase letters indicate differences between

adhesive systems in each manipulation condition (p<0.05).

Table V - Mean values (MPa) and standard deviation of bond strength values regarding DBS and manipulation conditions

CTRL 29.35 (5.75) Aa
LAB 26.37 (5.27) Aa
CLIN 26.92 (5.08) Aa

26.60 (5.22) Ba
21.52 (3.70) Aa
21.79 (6.59) Aa

35.33 (5.30) Aa
20.37 (3.95) Ab
23.94 (4.31) Ab

N=10; CTRL: Control Group (no manipulation was executed); LAB: artificially aged in the laboratory; CLIN: aged in the clinical routine;
MP: Adper Scotchbond Multi-purpose; SE: Clearfil SE Bond; SU: Adper Single Bond Universal. Different uppercase letters indicate differences
between the DBSs (columns) in each manipulation condition (row) (p<0.05). Different lowercase letters indicate differences between

manipulation conditions (rows) in each DBS (columns) (p<0.05).

6
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mistakes by the professional rather than an
increase of application time.

Among the DBSs, acidic functional monomer-
based categories have demonstrated great
performance under different circumstances
since they seem to combine chemical interaction
with the substrate with proper use. This balance
is particularly relevant in clinical scenarios
involving altered substrates, which pose greater
challenges for adhesion [19,20].

Therefore, the complex chemical composition
of DBSs requires a clear understanding of
their mechanisms and strict adherence to the
manufacturers’ guidelines. However, these systems
are often handled without due attention by clinicians.
In the present study, a laboratory condition was
simulated to mimic the extended bottle opening
that may occur in clinical settings. This situation
favors solvent evaporation, which can compromise
the adhesive performance [10,12,21]. Solvents
play a key role in transporting monomers into
the collagen matrix and influencing the degree of
conversion. Their evaporation can negatively affect
dentin wettability and contribute to postoperative
sensitivity [22]. The degree of conversion (DC) was
influenced by the composition of the DBSs, affecting
their polymerization behavior.

Considering the three evaluated properties,
the Clearfil SE Bond [SE] exhibited the highest
overall values, likely due in part to its composition
based on 10-MDP. This monomer is more acidic
than the one used in the Adper Scotchbond Multi-
purpose [MP]. For the degree of conversion and
surface microhardness tests, only the bonding
agents of the Adper Scotchbond Multi-purpose
[MP] and Clearfil SE Bond [SE] were assessed
since their primers are not light-curable. Both
systems are non-simplified DBSs and therefore
solvent-free. On the other hand, the Adper
Single Bond Universal [SU] presented the
lowest values. It is also interesting that a higher
standard deviation was seen, suggesting less
homogeneous performance. The Adper Single
Bond Universal [SU] was the only simplified
system tested. Its greater vulnerability may be
attributed to the combination of monomers,
solvents, and additives used for polymerization
and preservation, as confirmed by its behavior
under different testing conditions.

Although the presence of solvents in the
Adper Single Bond Universal [SU] may reduce its
degree of conversion, both the Adper Single Bond
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Universal [SU] and Clearfil SE Bond [SE] are
based on the acidic functional monomer 10-MDP.
This monomer requires calcium neutralization
to effectively bond to dentin, which represents
a limitation in this type of assessment. Since
the specimens were tested solely for DC, no
neutralization was possible [12,23], and DC is
known to be material-dependent, even under
varying air-drying conditions [11]. Under this
condition, no statistically significant differences
were observed among manipulation conditions
for the same material. However, the Adper
Scotchbond Multi-purpose [MP-Clin] and Clearfil
SE Bond in clinical conditions [SE-Clin] presented
higher DC values than their respective controls,
while the Adper Single Bond Universal in a clinical
condition [SU-Clin] revealed a decrease. In the
control group, all DBSs performed similarly, but
under the LAB condition, the Adper Single Bond
Universal [SU] values decreased.

A common clinical strategy is to dispense
a drop of DBS into a disposable container for
use throughout the procedure which should be
covered to minimize oxygen exposure [12]. In
the present study, the aged in clinical routine
condition simulated a routine undergraduate
clinical setting, where the adhesive bottle
remained open for longer periods, resulting in
increased oxygen contact.

On the other hand, distinct performance
was observed for the surface microhardness
(SM) and microtensile bond strength (uTBS).
Once again, the type of DBS, the manipulation
condition, and their interaction were statistically
significant factors. Therefore, the second null
hypothesis was also rejected. These differences
may be attributed to the composition of each DBS,
which influenced their performance. Acetone,
ethanol, and water were the most common
solvents used in the formulations [3,17,24].
During bonding procedures, these solvents
must be adequately evaporated. However, low
molecular and hydrophilic monomers such as
HEMA are also volatile compounds [11,24] acting
as a co-solvent that help prevent water/monomer
phase separation [17]. Therefore, when bottles
are left open for extended periods, these
compounds may evaporate easily, compromising
the performance of the bonding agent. In the
present study, all DBSs tested contained HEMA
in their formulations, as well as solvents such as
water and/or ethyl alcohol.
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Caution is necessary to interpret the performance
regarding surface microhardness (SM), since
aging in the clinical routine condition seems
to determine the greatest values for all DBSs,
where oxygen could impair the polymerization
process and affect the superficial microhardness.
In this scenario, the molecular chains can assist
in determining more resistant materials, which
favors the Adper Scotchbond Multi-purpose [MP]
and Clearfil SE Bond [SE]. In the case of Clearfil
SE Bond [SE], since it was composed of 10-MDP
as an acidic monomer, it is more dependent on
calcium to stabilize, which again favored the Adper
Scotchbond Multi-purpose [MP] with the highest
detected values compared to the Clearfil SE Bond
[SE]. No statistical difference was detected for
each material in all tested conditions. Among the
tested groups, the Adper Single Bond Universal
[SU] presented the lowest values, even though no
differences regarding the condition were evidenced.
Despite the information described above, this
DBS is solvated, which became more vulnerable
to solvation. It is again suggested that the solvent
content and the functional monomer combination
increase the complexity of the DBS [3,8,25].

Clinical aging [CLIN] followed a spontaneous
routine for 2-weeks with no intention to establish
a standard protocol as LAB groups. In this case, it
can be speculated that the clinical condition might
cause intense exposure to oxygen, therefore, the
LAB protocol was limited.

In terms of uTBS assessment, it was evidenced
that the Adper Scotchbond Multi-purpose [MP]
and Clearfil SE Bond [SE] individually were
able to maintain the same performance pattern,
regardless of the manipulation condition. In
addition, the Adper Single Bond Universal [SU]
varied mostly when both laboratory and clinical
aging were performed, which is interesting and
expected. Among the three performed tests of the
present investigation, the bond strength was the
only one related to the interaction of the dentin.
In this case, the role of the solvent from the primer
component, and more likely, its evaporation can be
noted. Since only the Adper Single Bond Universal
[SU] is solvated, regardless of LAB or CLIN aging,
both compromised its performance drastically
compared to its control condition.

Even the Clearfil SE Bond [SE] presented the
lowest bonding strength values, in accordance with
the literature. The most important observation
is related to their similar values regardless of

Universal dentin bonding system: influence of handling conditions
on the determination of adhesive properties on dentin

the condition. The 10-MDP based two-step
self-etching system acts through chemical
reaction to calcium from dentin. Moreover,
Kinder et al. (2022)[26] demonstrated that
experimental adhesives containing 6 wt% and
12 wt% MDP maintained stable bond strength
values even after 12 months of water storage,
highlighting the critical role of an optimal MDP
concentration in ensuring long-term adhesion
durability. In this case, the rationale of stable
values is more relevant than the absolute data.

Bis-GMA is a high weight molecular monomer
component observed in all DBSs tested in
different concentrations, restricting its wetting
performance [3,17]. Therefore, the combination
of other monomers and/or diluents are common
to adhesive systems. Among the 10-MDP monomer
disadvantages, it could be more susceptible to
modification conditions [8,25]. For example, when
it is associated with a solvent such as the Adper
Single Bond Universal [SU], when applied to the
dentin, it can be more vulnerable, as evidenced by
the bond strength tests.

Based on the dynamics of all these components,
the manipulation can determine some differences.
Longer studies are welcome to follow these
procedures. Investigations are continuously looking
for monomer-based systems that can be used
under clinical services without comprising distinct
surfaces such as dental tissues and ceramics [20].
Regardless of the DBS, it is mandatory that
professionals be aware and encouraged to follow
the manufacturers’ instructions for adequate
conditions and manipulation.

The present study demonstrated that all
tested systems are susceptible to degradation
and compromised performance when improperly
handled. Clinically, inadequate manipulation
can jeopardize bonding effectiveness, increase
postoperative sensitivity, and lead to marginal
failures. Therefore, special attention is required
when solvents and functional monomers are
combined in a single bottle, since their interaction
increases vulnerability under clinical conditions.

CONCLUSION

The mechanical performance of dentin
bonding systems is directly influenced by their
composition, storage and handling conditions. The
universal adhesive showed greater susceptibility to
degradation, likely due to its complex formulation
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and solvent content. Improper bottle manipulation
led to reductions in degree of conversion, surface
microhardness, and bond strength, compromising
bonding effectiveness. Therefore, optimal storage
and handling protocols are essential to ensure
long-term clinical performances of DBSs.
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