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Clinical Performance of One-step
Self-etch Adhesives Applied
Actively in Cervical Lesions:

24-month Clinical Trial

C Zander-Grande � R C Amaral � AD Loguercio
LP Barroso � A Reis

Clinical Relevance

The active application mode seems to be an easy and effective clinical alternative to
improve the retention rates and reduce marginal staining of one-step self-etch adhesives in
noncarious cervical lesions.

SUMMARY

Objectives: To evaluate the clinical perfor-
mance of two one-step self-etch adhesives in

noncarious cervical lesions (NCCL) under ac-
tive or passive application mode.

Methods: Thirty-one patients with four NCCL
were enrolled in this study. One hundred and
twenty-four restorations were placed accord-
ing to one of the following conditions: 1) Adper
Prompt L-Pop (AP), active application (APA);
2) AP, passive application (APP); 3) Xeno III
(XE), active application (XEA), or 4) XE, passive
application (XEP). The restorations were eval-
uated by the FDI World Dental Federation
criteria at baseline and after six, 12, and 24
months of clinical service. The effects of adhe-
sive, mode of application, and recall period
were assessed via mixed generalized linear
model (a=0.05).

Results: The adhesive AP and the passive
application mode showed significantly higher
marginal staining than did XE and active
application, respectively (p,0.05). With regard
to the retention rates, the active application
mode yielded higher retention rates at the 24-
month recall compared to the passive applica-
tion, regardless of the material. The individual
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SC, Brasil

Alessandro Dourado Loguercio, DDS, DMD, PhD, professor,
Department of Restorative Dentistry, State University of
Ponta Grossa, Ponta Grossa, Paraná, Brasil
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retention rates (95% confidence interval) of
both adhesives in the active application mode
were the same, 96.8% (83.8-99.4%), while in the
passive application rates were 87.1% (71.2-
94.9%) and 80.7% (63.7-90.8%) for XE and AP,
respectively.

Conclusions: The active application improved
the retention rates of both adhesives after 24
months and minimized the marginal staining
at enamel margins.

INTRODUCTION

The etiology of noncarious cervical lesions (NCCL) is
quite variable, but their prevalence is increasing as
the adult population continues to age.1,2 Often, these
lesions need to be restored as a result of sensitivity
or for esthetic reasons or in such a way as to prevent
further loss of dental structure. In general, the
retention of resin-based composites in NCCL has
shown considerable increase;3,4 however, as reported
by Van Dijken,3 there is a vast range of adhesives
available from which to choose, including the older
three-step version to the most recent one-step self-
etch systems.

One-step self-etch adhesive systems require short-
er clinical application times and they are less
technique sensitive.5,6 The elimination of separate
etching and rinsing steps has simplified the bonding
technique and has been responsible for the increased
popularity of these systems in daily practice. These
systems do not require removal of the smear layer
and smear plugs, as they are incorporated into the
hybrid layer complex.4

Unfortunately, different studies7,8 have shown
that some one-step self-etch adhesives produce
relatively low bond strength values and inferior
marginal adaptation to both enamel and dentin when
compared to two-step self-etch or etch-and-rinse
systems, findings confirmed in a recent systematic
review of clinical studies.9 The authors have reported
that the clinical effectiveness of one-step self-etch
adhesives was the least efficient among all classes of
available adhesives. This may be partially attributed
to the acidity of the adhesive system, since the
interaction of the material with the underlying
substrate may be quite superficial10 for low acidic
materials, which may preclude an adequate retention
of the restorative resin-based composite.

In vitro studies have reported that the bond
strength of self-etch adhesives to enamel11-13 and
the dentin12,14-16 can be improved by vigorous
agitation. This clinical approach was shown15,17 to

increase the durability of adhesive interfaces pro-
duced with one-step self-etch adhesives when ap-
plied to dentin. It has been suggested8,18 that the
active primer application may improve smear layer
dissolution and improve micromechanical interlock-
ing and chemical interaction with dentin.

Despite the favorable laboratory findings with this
technique, only one study19 evaluated this approach
clinically, but a conventional etch-and-rinse system
was employed. To the extent of the authors’
knowledge, no study has so far addressed the
benefits of active application under a clinical
scenario using self-etch adhesives. Though in vitro
testing methodology with aging protocols tends to
predict clinical performance,20,21 clinical trials re-
main necessary to evaluate the ultimate clinical
efficacy of adhesives and/or clinical techniques.
Thus, the aim of this randomized clinical trial was
to evaluate the influence of the application method of
two one-step self-etch adhesives placed in NCCL
after 24 months of clinical service. The null hypoth-
esis tested was that the retention rates of both
materials will be similar after 24 months of clinical
service, regardless of the application mode.

MATERIALS AND METHODS

Study Design and Participant Selection

The study was reported following the CONSORT
statement.22 This was a randomized, double-blind
clinical trial. The local Ethics Committee on Inves-
tigations Involving Human Subjects reviewed and
approved the protocol and consent form for this
study (protocol 6291/06).

Inclusion and Exclusion Criteria

A total of 48 participants were examined to deter-
mine if they met the inclusion and exclusion criteria
(described below) (Figure 1) by three calibrated
dental students. The evaluations were performed
using a mouth mirror, an explorer, and a periodontal
probe. Participants had to be healthy and at least 18
years old. They had to have an acceptable oral
hygiene level and present with at least 20 teeth
under occlusion. They were required to have at least
four NCCL to be restored in four different teeth.
These lesions had to be noncarious and nonretentive
(greater than 1 mm deep) and involve both the
enamel and dentin of vital teeth without mobility.
The cavo-surface margin could not involve more that
50% of the enamel.4

All patients were given oral hygiene instructions
before operative treatment was performed. Patients
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with extremely poor oral hygiene, severe or chronic
periodontitis, or heavy bruxism habits were excluded
from the study.

Interventions: Restorative Procedure

Two weeks before the restorative procedures, all of
the volunteers received a dental screening and a
dental prophylaxis with pumice and water in a
rubber cup and signed an informed consent form.

Before restoration placement, some features of the
NCCL were evaluated. The degree of sclerotic dentin
was measured according to the criteria described by
Swift and others23 (Table 1). The cavity dimensions
in millimeters (height, width, and depth) and the
geometry of the cavity (evaluated by photograph

profile and labeled at ,458, 45-908, 90-1358, and
.1358) were also recorded. Other features, such as
the presence of antagonist and attrition facet, were
observed and recorded. These features were recorded
to allow comparison of the baseline features of the
dentin cavities among experimental groups.

The previously calibrated dental students who
participated in the patient screening selection
restored all teeth under the supervision of an
experienced clinician.19 All participants received
four restorations, one of each experimental group
in different teeth with similar characteristic, such as
depth, shape, dentin sclerosis, and others.

The operator classified the order of the teeth to be
restored. After that, the groups were described in

Figure 1. Flow diagram. Np, number of patients; Nr, number of restorations.

Table 1: Dentin Sclerosis Scalea

Category Criteria

1 No sclerosis present; dentin is light yellowish or whitish, with little discoloration; dentin is opaque, with little translucency or
transparency

2 More sclerosis than in category 1 but less than halfway between categories 1 and 4

3 Less sclerosis than in category 4 but more than halfway between categories 1 and 4

4 Significant sclerosis present; dentin is dark yellow or even discolored (brownish); glassy appearance, with significant
translucency or transparency evident

a Adapted from Swift and others.
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opaque papers that were folded and randomly
selected by a third person not involved in the
research protocol. The allocation assignment of the
four groups was revealed by opening these folded
papers on the day of the restorative procedure. The
operator was not blinded to group assignment when
administering interventions; however, participants
were blinded to the group assignment.

Before rubber dam placement, the operators
anesthetized the teeth (Mepisv 3%, NovaDFL, Rio
de Janeiro, RJ, Brazil) and cleaned all lesions with
pumice and water in a rubber cup (reference
#8040RA and #8045RA, KG Sorensen, Barueri, SP,
Brazil); this step was followed by rinsing and drying.
With a shade selection guide, the proper shade of the
composite was determined. According to the Amer-
ican Dental Association (ADA) guidelines,24 the
operators did not prepare any additional retention
or bevel.

Next, the cavities received the self-etch adhesive
systems Adper Prompt L-Pop (AP; 3M ESPE, St
Paul, MN, USA) or Xeno III (XE; Dentsply Caulk,
Milford, DE, USA) applied under active or passive
application. Their composition, application mode,
and batch number are described in Table 2.

1. Passive application (P): In these groups, the
adhesive was only spread over the entire surface
for approximately three to five seconds and was
left undisturbed for 15 to 20 seconds (Table 2).
Then an airstream was applied for 10 seconds at
a distance of 20 cm. The air-dry pressure used
was 40 psi (0.27 MPa).

2. Active application (A): The adhesive was rigor-
ously agitated on the entire dentin surface for
approximately 15 to 20 seconds (Table 2). The

microbrush was scrubbed on the dentin surface
under manual pressure (equivalent to approxi-
mately 34.5 6 6.9 g, tested in an analytical
balance before the beginning of the clinical trial).
An airstream was applied for 10 seconds at a
distance of 20 cm. The air-dry pressure used was
40 psi (0.27 MPa).

The resin-based composites Esthet X (Dentsply
Caulk) and Filtek Z250 (3M ESPE) were used in
combination with XE or AP, respectively. The
cavities were restored in three increments, and each
increment was light-cured for 40 seconds (VIP light-
curing unit, Bisco Inc, Schaumburg, IL, USA; 600
mW/cm2). The restorations were finished with fine-
grit diamond burs, and the polishing procedure was
performed with abrasive discs (Sof-Lex Pop-On discs,
3M ESPE) one week after placement of the restora-
tions.

Sample Size Calculation

The retention rate of the antecessor of AP, commer-
cially available as Prompt L-Pop, was reported25 to
be 69% after 12 months of clinical service. With an a
of 0.05, a power of 80%, and a two-sided test, the
minimal sample size was 31 restorations in each
group in order to detect a difference of 25% among
the tested groups.26

Clinical Evaluation

Two experienced and calibrated examiners who were
not involved in the placement of the restorations and
who were therefore blinded to the group assignment
performed the evaluation. For training purposes, the
examiners observed 10 photographs that were
representative of each score for each criterion. They

Table 2: Adhesive Systems: Composition and Application Mode

Adhesive Systems Composition Mode of Application Application Modea

Adper Prompt L-Pop (AD; 3M
ESPE, St Paul, MN, USA)

Liquid 1 (red blister): methacrylated phosphoric
esters, bis-GMA, initiators based on camphorquinone
and stabilizers
Liquid 2 (yellow blister): water, HEMA, polyalkenoic
acid and stabilizers

Active (manufacturer’s
recommendation)

a, b1, c, b1, c, d

Passive a, b2, c, b2, c, d

Xeno III (XE; Dentsply Caulk,
Milford, DE, USA)

Liquid A (green cap): HEMA, purified water, ethanol,
UDMA, BHT, highly dispersed silicon dioxide
Liquid B (black cap): phosphoric acid modified
polymethacrylate resin, PEM-F, modified methacrylate
resin, UDMA, camphorquinone, ethyl-4-
dimethylaminobenzoate

Active a, b3, c, d

Passive (manufacturer’s
recommendation)

a, b4, c, d

Abbreviations: BHT, butylated hydroxy toluene; Bis-GMA, bisphenol A diglycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, 10-methacryloyloxydecyl
dihydrogen phosphate; PEM-F, pentamethacryloyloxyethylcyclohexaphosphazene monofluoride; UDMA, urethane dimethacrylate.
a a: Dispense equal amounts of Liquid A or 1 and Liquid B or 2 and mix them in mixing well thoroughly (five seconds); b1: Apply one coat with agitation for 15-20
seconds; b2: Apply one coat passively and leave undisturbed for at least 15-20 seconds; b3: Apply one coat with agitation for 20 seconds; b4: Apply one coat passively
and leave undisturbed for at least 20 seconds; c: air-dry for 10 seconds at 20 cm; d: light-cure (10 seconds, 600 mW/cm2).
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evaluated 10 to 15 teeth in two different clinical
appointments to allow intraexaminer agreement.
The intraexaminer and interexaminer agreement of
at least 85% was necessary before the beginning of
the evaluation.27 The evaluation paper form of each
recall was not available for the next evaluation, so
that evaluators were blinded to group assignment
during follow-up recalls.

The restorations were evaluated by the FDI World
Dental Federation criteria28,29 at baseline and after
six, 12, and 24 months of clinical service. Only the
most relevant items for testing the adhesive perfor-
mance were selected (Table 3). The primary mea-
surable variable was restoration retention/fractures,
but the following secondary measurable variables
were also evaluated: marginal staining, marginal

adaptation, postoperative sensitivity, and recurrence
of caries. Those measurable variables were ranked
with the following scores: clinically very good,
clinically good, clinically sufficient/satisfactory, clin-
ically unsatisfactory, and clinically poor. Both
examiners evaluated all the restorations once and
independently. When disagreements occurred dur-
ing the evaluations, the examiners had to reach a
consensus before the participant was dismissed. The
restoration retention rates were calculated according
to the ADA guidelines.24

Statistical Analysis

Descriptive statistics were used to describe the
distributions of the evaluated criteria. Statistical
analysis was performed for each item as well as for

Table 3: FDI Criteria Used for Clinical Evaluation (Hickel and others28,29)

Esthetic Property Functional Properties Biological Properties

1. Staining
Margin

2. Fractures
and Retention

3. Marginal
Adaptation

4. Postoperative
Sensitivity

5. Secondary
Caries

1. Clinically very good 1.1. No marginal
staining

2.1. Restoration
retained, no
fractures/cracks

3.1. Harmonious
outline, no gaps, no
discoloration

4.1. No
hypersensitivity

5.1. No secondary or
primary caries

2. Clinically good
(after correction very
good

1.2. Minor marginal
staining, easily
removable by
polishing

2.2. Small hairline
crack

3.2.1. Marginal gap
(50 lm) 3.2.2 Small
marginal fracture
removable by
polishing

4.2. Low
hypersensitivity for
a limited period of
time

5.2. Very small and
localized
demineralization. No
operative treatment
required

3. Clinically sufficient/
satisfactory (minor
shortcomings with no
adverse effects but
not adjustable without
damage to the tooth)

1.3. Moderate
marginal staining,
not esthetically
unacceptable

2.3. Two or more or
larger hairline
cracks and/or
chipping (not
affecting the
marginal integrity)

3.3.1. Gap ,150
lm not removable
3.3.2. Several small
enamel or dentin
fractures

4.3.1. Premature/
slightly more
intense
11.3.2. Delayed/
weak sensitivity; no
subjective
complaints, no
treatment needed..

5.3. Larger areas of
demineralization, but
only preventive
measures necessary
(dentine not exposed)

4. Clinically
unsatisfactory (repair
for prophylactic
reasons)

1.4. Pronounced
marginal staining;
major intervention
necessary for
improvement

2.4. Chipping
fractures that
damage marginal
quality; bulk
fractures with or
without partial loss
(less than half of
the restoration)

3.4.1. Gap .250
lm or dentine/base
exposed
3.4.2. Chip fracture
damaging margins
3.4.3. Notable
enamel or dentine
wall fracture

4.4.1. Premature/
very intense
4.4.2. Extremely
delayed/weak with
subjective
complaints
4.4.3. Negative
sensitivity;
intervention
necessary but not
replacement

5.4. Caries with
cavitation (localized
and accessible and
can be repaired)

5. Clinically poor
(replacement
necessary)

1.5. Deep marginal
staining not
accessible for
intervention

2.5. (Partial or
complete) loss of
restoration

3.5. Filling is loose
but in situ

4.5. Very intense,
acute pulpitis or
nonvital Endodontic
treatment is
necessary and
restoration has to
be replaced

5.5. Deep secondary
caries or exposed
dentine that is not
accessible for repair
of restoration

Acceptable or not
acceptable (n, %, and
reasons)

Esthetic criteria Functional criteria Biological criteria
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each property. The effects of adhesive, mode of
application, and time were assessed via mixed
generalized linear model30 associated to a link
function. This was required because the items
marginal adaptation and caries recurrence had only
two responses, and, thus, a binary model should be
used for this analysis. For all others items, a
multinomial model was used. As the four groups
were always placed in the same patient, the patient
was considered the repeated measure.

Two different statistical analyses were run. One
followed the intention-to-treat protocol, which in-
cluded all teeth in their originally randomized
groups, even those that were not able to be analyzed
during the scheduled recall visits. In this case, we
filled in the missing data by carrying the last
observed value of such teeth. The second approach
followed the per-protocol or on-treatment approach,
in which the participants with missing data were
excluded from the statistical analysis. The first
approach is more conservative and less open to bias
than the second one and is recommended by the
CONSORT statement.22

RESULTS

The restorative procedures were implemented exact-
ly as planned and no modification was performed. No
subgroup analysis was done. Seventeen out of 48
participants initially screened were excluded from
the study because they did not fulfill the inclusion
criteria. Thus, a total of 31 subjects (12 men and 19
women), with a mean age of 48 years, were enrolled.
One hundred and twenty-four restorations were
placed, 31 for each group (Figure 1). All details
regarding the research subjects and characteristics
of the restored lesions are presented in Table 4.

Both statistical analyses (intention-to-treat and
per-protocol) led to similar conclusions (data not
shown), and the p-values reported in this section are
from the intention-to-treat analysis. All research
subjects were evaluated at baseline and in the six-,
12-, and 24-month recalls. When a restoration was
lost, the other criteria could not be evaluated as the
restoration was no longer in place. In the intention-
to-treat protocol, we filled in this missing data by
carrying the last observed value of such teeth.

Esthetic Properties

With regard to the marginal staining, only the main
factors of adhesive (p=0.011), application mode
(p=0.008), and recall period (p,0.001) were statis-
tically significant. At the 24-month recall, four

Table 4: Demographic Characteristic of Research Subject
and Features of Noncarious Cervical Lesions
(NCCL)

Characteristics Number of Lesions

Research subjects

Gender distribution

Male 48

Female 76

Age distribution, y

20-29 04

30-39 36

39-49 40

.49 44

XEA XEP APA APP

NCCL

Shape, degree of angle

,45 01 01 01 01

45-90 08 08 09 10

90-135 12 14 10 12

.135 10 08 11 08

Cervico-incisal height, mm

,1.5 02 02 02 02

1.5-2.5 09 03 09 06

.2.5 20 26 20 23

Degree of sclerotic dentin

1 10 09 11 08

2 18 19 17 20

3 02 02 01 01

4 01 01 02 02

Presence of antagonist

Yes 29 29 30 28

No 02 02 01 03

Attrition facet

Yes 26 26 25 25

No 05 05 06 06

Preoperative sensitivity, spontaneous

Yes 15 15 17 15

No 16 16 14 16

Tooth distribution

Incisors 02 02 02 02

Canines 05 06 08 09

Premolars 21 20 20 19

Molars 03 03 01 01

Arch distribution

Maxillary 15 15 13 13

Mandibular 16 16 18 18

Abbreviations: APA, Adper Prompt L-Pop, active application; APP, Adper
Prompt L-Pop, passive application; XEA, Xeno III, active application; XEP,
Xeno III, passive application.
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restorations from XEA, nine from XEP, eight from
ADA, and 13 from APP showed marginal staining
(Table 5). The adhesive AP and the passive applica-
tion mode showed significantly higher marginal
staining than did XE and active application, respec-
tively. The overall marginal staining in the active
and passive groups was 19.4% (95% confidence
interval [CI], 11.4-30.9%) and 35.5% (95% CI, 24.7-
47.9%) (Figure 2). The marginal staining was
statistically higher in the 12- and 24-month recall
in comparison with the baseline and six-month
findings.

Functional Properties

For marginal adaptation, only the main factor of
recall period was statistically significant (p,0.001),
meaning that lack of marginal adaptation was more
often observed in the 12- and 24-month recalls
compared to baseline and six-month findings. Al-
though at the 24-month recall a total of 30

restorations showed a lack of marginal adaptation
in the enamel margins, they were all considered
clinically good (Table 5).

With regard to the retention rates, only the main
factors of application mode (p,0.0001) and recall

Table 5: Number of Restorations for Each Experimental Group Classified According to the FDI Criteria (Hickel and others28,29)

Hickel Criteria a Baseline Six Months 12 Months 24 Months

XEA XEP APA APP XEA XEP APA APP XEA XEP APA APP XEA XEP APA APP

1. Marginal
staining

VG 31 31 31 31 31 31 31 31 28 23 24 20 26 18 22 12

GO — — — — — — — — 03 06 07 09 04 08 08 12

SS — — — — — — — — — — — — — 01 — 01

UN — — — — — — — — — — — — — — — —

PO — — — — — — — — — — — — — — — —

2. Fractures
and retention

VG 31 31 31 31 31 31 31 31 31 27 30 26 28 19 26 15

GO — — — — — — — — — 02 01 03 02 06 04 08

SS — — — — — — — — — — — — — 02 — 02

UN — — — — — — — — — — — — — — — —

PO — — — — — — — — — 02 — 02 01 04 01 06

3. Marginal
adaptation

VG 31 31 31 31 31 31 31 31 27 27 28 23 24 19 23 16

GO — — — — — — — — 04 02 03 06 06 08 07 09

SS — — — — — — — — — — — — — — — —

UN — — — — — — — — — — — — — — — —

PO — — — — — — — — — — — — — — — —

4. Postoperative
sensitivity

VG 29 31 30 30 31 31 31 31 31 29 31 29 30 27 30 25

GO 02 — 01 01 — — — — — — — — — — — —

SS — — — — — — — — — — — — — — — —

UN — — — — — — — — — — — — — — — —

PO — — — — — — — — — — — — — — — —

5. Secondary
caries

VG 31 31 31 31 31 31 31 31 29 31 27 28 28 26 29 22

GO — — — — — — — — 02 — 01 01 02 01 02 03

SS — — — — — — — — — — — — — — — —

UN — — — — — — — — — — — — — — — —

PO — — — — — — — — — — — — — — — —

Abbreviations: APA, Adper Prompt L-Pop, active application; APP, Adper Prompt L-Pop, passive application; XEA, Xeno III, active application; XEP, Xeno III, passive
application.
a VG, clinically very good; GO, clinically good; SS, clinically sufficient/satisfactory; UN, clinically unsatisfactory; and PO, clinically poor.

Figure 2. Overall marginal staining for active and passive application
groups.
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period (p,0.0001) were statistically significant. The
active application mode yielded higher retention
rates at the 24-month recall compared to the passive
application, regardless of the material. A total of two
and 10 restorations from the active and passive
application modes, respectively, were lost and con-
sidered clinically not acceptable (Table 5). The
overall retention rates for the active and passive
groups were 96.8% (95% CI, 89.0-99.1%) and 83.9%
(95% CI, 72.8-91.0%), respectively. The individual
retention rates of XE and AD in the active applica-
tion mode were the same, 96.8% (95% CI, 83.8-
99.4%). In the passive application, the rates were
87.1% (95% CI, 71.2-94.9%) and 80.7% (95% CI, 63.7-
90.8%) for XE and AD, respectively (Table 5; Figure
3).

For the item fracture, the main factors of adhesive
(p,0.01) and recall period (p,0.001) were statisti-
cally significant. More fractures were observed for
the passive application group (eight for XEP and 10
for APP) than for the passive application (two for
XEA and four for APA). The adhesive AP showed
significantly more fractures than did XE, and this
was shown to increase in the latter recall periods
(12- and 24-month recall vs baseline and six-month

recall). These 24 small fractures detected at the 24-
month recall were all considered clinically good
(Table 5).

Biological Properties

For the item secondary caries only the main factor of
recall time (p=0.003) was statistically significant.
After 24 months, a total of eight restorations showed
signs of secondary caries, but they were all ranked as
clinically good. With regard to postoperative sensi-
tivity, no difference was detected among groups
since no report of postoperative sensitivity was
recorded throughout the study period.

Overall Analysis

The overall analysis of the study results (Table 6)
demonstrated that only the lack of retention of the
clinical restorations were considered clinically unac-
ceptable, and this loss of Class V restorations could
be significantly improved by the active adhesive
application.

DISCUSSION

Although one-step self-etch adhesive systems are
marketed as simplified materials, a more complex
chemistry is required to blend hydrophilic and
hydrophobic monomers, water, solvents, and addi-
tives.5,31 Water is essential, because it provides the
ionization medium for the self-etch activity. Other
solvents, such as acetone and ethanol, are necessary
to dissolve both hydrophilic and hydrophobic mono-
mers into one single phase32 and to assist water to
evaporate upon completion of the self-etch process.
Because of these features, one-step self-etch adhe-
sives are reported33,34 to behave as permeable
membranes after polymerization, allowing the diffu-
sion of water from the hybridized dentin to the
adhesive surfaces.35 Altogether these factors have
been blamed for the lower retention rates of one-step

Figure 3. Overall retention rates for active and passive application
groups.

Table 6: Restorations Acceptable or Not Acceptable According to the FDI Criteria at the 24-Month Recall (Hickel and others28,29)

Esthetic Functional Biological

1. Staining
Margin

2. Fractures
and Retention

3. Marginal
Adaptation

4. Postoperative
(Hyper-)Sensitivity

5. Recurrence
of Caries

XEA XEP APA APP XEA XEP APA APP XEA XEP APA APP XEA XEP APA APP XEA XEP APA APP

Acceptable 31 31 31 31 30 27 30 25 31 31 31 31 31 31 31 31 31 31 31 31

Not acceptable 00 00 00 00 01 04 01 06 00 00 00 00 00 00 00 00 00 00 00 00

Reasons Total loss
of the restorations

Abbreviations: APA, Adper Prompt L-Pop, active application; APP, Adper Prompt L-Pop, passive application; XEA, Xeno III, active application; XEP, Xeno III, passive
application.
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self-etch systems in clinical trials when compared to
the two-step version.9,36,37

In the present investigation, the retention rates of
both adhesives investigated were increased by active
adhesive application, and this led us to reject the
anticipated null hypothesis. Retention rates of 96.8%
were observed for both adhesives under active
application. Other studies25,38-42 reported retention
rates varying from 75% to 90% for AP after one to
two years of clinical service and rates varying from
90% to 93% for XE (Dentsply). Compared with
existing literature, the retention rates of XE and
AP applied actively in the present study were the
highest already reported after 24 months of clinical
service, resembling those achieved with three-step
etch-and-rinse systems.9,43

The active application may accelerate solvent
evaporation and increase the diffusion rate of
monomer inside the smear layer, carrying fresh
acidic resin monomers to the basal part of the etched
dentin. This may produce a more aggressive demin-
eralization44 and promote a better interaction with
the smear layer and underlying dentin.16,18 This
method can also increase the moieties’ kinetics and
allow for better monomer diffusion inward, while
solvents are diffusing outward. Laboratory tests
investigating the active application of the etch-and-
rinse adhesives45,46 and the self-etch adhesives12,14-

16 have also reflected good results. This was also
confirmed in in vitro longevity studies for the one-
step self-etch15,17 and in one recent clinical trial19

that employed an acetone-based two-step etch-and-
rinse adhesive system.

With regard to the marginal staining, this began
to be observed in the present study after 12 months,
mainly for the passive application groups. Marginal
staining is primarily the result of infiltration of
colored molecules into the interface and/or inside the
adhesive layer. Simplified one-step self-etch adhe-
sives are much more hydrophilic than their two-step
counterparts.47 The hydrophilic nature of methacry-
late copolymers allows increased water sorption,47-49

and this is a time-driven process, meaning that the
more the contact of the adhesive with water, the
higher the water sorption ratio.47-49

As a consequence of polymer swelling caused by
water, the frictional forces between the polymer
chains are reduced,50 leading to solubility of residual
monomers and oligomers, which makes the adhesive
interface even more porous and prone to marginal
staining over time. The prevalence of marginal
staining was similar to that described in previous

clinical studies19,41,51-53 and in most of the cases
would be easily solved by re-polishing the restoration
margins.40 The lower marginal staining rates in the
active application groups may be attributed to the
improved quality of the polymer. This could be
achieved as a result of the higher water/solvent
evaporation and also as a result of deeper etching of
the enamel margins and, consequently, better resin
infiltration.54

In terms of marginal adaptation, all groups were
similar to one another, but lack of marginal
adaptation was increasingly seen in the later recall
periods. These findings can also justify the increase
of the marginal staining, as it has already been
demonstrated39,55 that marginal adaptation is usu-
ally correlated with marginal staining.

The intervention and control groups were imple-
mented in participants of both sexes who were older
than 18 years of age. Therefore, the results of the
present trial apply for an adult population having
NCCL with similar features to the ones selected to be
included in this clinical trial. Further long-term
evaluations should be carried out in order to detect if
the positive findings of the active application still
remain after a longer clinical service period.

CONCLUSIONS

Within the limitations of the present study, we can
conclude that the active application of one-step self-
etch systems improved the retention rates of Class V
restorations and minimized the marginal staining in
the enamel margins. As long as one-step self-etch
systems are employed actively, retention rates
similar to those reported in the literature for three-
step etch-and-rinse systems can be achieved.
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