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Abstract
Objectives To evaluate the postoperative sensitivity of restorations with self-adhesive resin composite (SAC) (Vertise Flow
(VER)/Kerr) compared with conventional resin composite with self-etching adhesive (Filtek Z250 (Z250)/3M ESPE; Clearfil
SE Bond (CSEB)/Kuraray).
Materials and methods A randomized, controlled, double-blind, split-mouth, two-arm clinical trial was conducted. Twenty-
seven volunteers with third molars indicated for extraction received two deep class I restorations, one with each material.
Postoperative sensitivity was measured at 24 h and 15 or 30 days after the restorative procedures using a visual analog scale
(VAS). When present, information on the characteristics of the pain was also collected. The data were submitted to the McNemar
test (α = 0.05).
Results Regardless of the time intervals, the postoperative sensitivity was observed in 52% and 48% of the CSEB and VERT
groups, respectively (p = 1.000). When the evaluation periods were analyzed, the 15-day evaluation presented the highest
occurrence of pain, but of mild intensity, in both groups. All patients with sensitivity reported that the pain was localized and
of short duration.
Conclusion Self-adhesive resin composite Vertise Flow and conventional resin composite with a self-etching bonding agent
promoted similar response regarding postoperative sensitivity in deep class I cavities. When postoperative sensitivity was
present, mild pain was observed, especially after 15 days of the restorative procedure, which decreased over time.
Clinical relevance Postoperative sensitivity to self-adhesive resin composite (SAC) restorations in deep cavities was comparable
with that of conventional restorations with a self-etching bonding agent.
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Introduction

Simplification of the restorative procedure has always been a
clinical aim, not only to reduce the number of operative pro-
cedures but also to decrease the number of possible errors

frommultiple steps. Adequate acid etching in dentin and ideal
moisture for monomeric penetration, complete elimination of
solvents, and depletion of unprotected collagen fibers are
some of the problems that can occur during the bonding pro-
cedures [1, 2]. Self-adhesive restorative materials have been
developed to simplify and minimize those problems which
can, therefore, reduce postoperative sensitivity [1].

The self-adhesive resin composite (SAC) acts simultaneously
as a self-etching adhesive and a flowable resin, thus eliminating
the acid etching step and separate application of a bonding agent
[3, 4]. The bonding mechanism to the dental structure comes
from the presence of acidic monomers such as glycerol phos-
phate dimethacrylates (GPDM), carboxylic methacrylates (for
example, 4-MET) or phosphate ethyl methacrylates (BMEP).
The acidity varies from mild (GPDM, pH= 1.9) to ultra-mild
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(4-MET, pH= 3–4) which renders the self-conditioning of the
substrate penetrating through the smear layer to form a
submicrometer-thick hybrid layer [5]. Hydroxyethyl methacry-
late (HEMA) is added to increase the wettability of the material
on the dentin surface, and the adhesiveness occurs through
micromechanical interlocking and chemical bonding to the cal-
cium ions present in the dentine [6].

Limited information is available on the clinical perfor-
mance of SACs [7]. Two studies evaluated the postoperative
sensitivity of these materials with evaluations immediately
after the restorative procedure, after 1 week or after longer
observation periods (6, 12, 24 months) [8, 9]. The postopera-
tive sensitivity is from the activation of nerve fibers by exter-
nal stimuli after the restorative procedure [10, 11]. It is char-
acterized by an acute pain that can last for days or weeks and
disappears when the stimulus is removed [10]. Adequate
bonding and seal are essential to prevent postoperative sensi-
tivity, which leads to restoration failure [12].

Therefore, this study is aimed at evaluating the postopera-
tive sensitivity of restorations with SAC (Vertise Flow/Kerr)
compared with conventional resin composite with self-etching
adhesive (Fil tek Z250/3M ESPE and Clearfi l SE
Bond/Kuraray). The null hypothesis tested was that no differ-
ence would be found regarding the postoperative sensitivity
between restorative techniques.

Materials and methods

Study design

A randomized, controlled, double-blind, split-mouth, two-arm
clinical trial was conducted. This study was approved by the
Ethics and Research Committee of the Universidade of
Pernambuco (1.879.562) and registered by the Brazilian
Registry of Clinical Trials (ReBEC) (RBR-5ggyf5).

Population and sample size

Twenty-seven volunteers were recruited at the Buco-
Maxillofacial Surgery and Traumatology Service of the
Dental School, Universidade de Pernambuco (FOP/UPE),
PE, Brazil. Participants were aged between18 and 40 years
(mean 25.92 years) and of both sexes. A total of fifty-four
third molars with an indication of extraction were included.

Eligibility criteria

The study inclusion criteria were (1) two third molars indicat-
ed for extraction for orthodontic reasons; (2) healthy teeth
without caries, score “0” according to the International
Caries and Assessment System (ICDAS); (3) complete root
development; and (4) fully erupted teeth.

Teeth without pulpal vitality or with altered pulpal vitality
demonstrated using cold sensitivity tests, percussion, or pal-
pation; the presence of pulpal calcification; and the impossi-
bility of isolation with rubber dam were excluded.

Randomization, allocation, and blinding

A total of 54 restorations in 27 volunteers were performed by the
same operator (Fig. 1). Each participant received two restorations
according to the experimental groups (Table 1). The restorative
procedure followed the sequence of quadrants (upper right, upper
left, lower left, lower right). For the choice of restorativematerial,
a simple randomization schemewas used immediately before the
bonding procedures. A researcher who was not involved in the
clinical and evaluation procedures chose the restorative material
to be used, by tossing a coin, where “tails” would represent the
self-adhesive resin composite group (VERT), and “heads” the
teeth restored using the conventional technique with prior bond-
ing procedure (CSEB). Patients and evaluators were not aware of
the type of material used for each tooth.

Clinical procedure

Cavity preparation

One previously calibrated operator performed all restorations.
Before the restorative procedure, a periapical and a bite-wing
radiograph was made. In order to standardize the cavity prep-
aration depth (1 mm from the roof of the pulp chamber), the
distance from the occlusal surface to the roof of the pulp
chamber was used for measuring with the radiograph.
Anesthesia was done with 2% mepivacaine with epinephrine
1:100,000 (DFL, Rio de Janeiro, RJ, Brazil), followed by
tooth prophylaxis with pumice/water slurry.

For cavity preparation, a long pear-shaped carbide bur (no.
245, KG Sorensen, Barueri, Brazil) was used with a high-
speed handpiece with intermittent movements and abundant
air/water spray. A groove was made in each bur to serve as a
“stop,” limiting the depth of the preparation (1 mm from the
roof of the pulp chamber). The mesiodistal extension of the
cavity comprised 1/3 of the intercuspal distance. Each bur was
only used once.

After preparing the cavity, another bite-wing radiograph
was made to confirm the cavity depth. Rubber dam isolation
was done, and the cavities were disinfected with a 0.12%
chlorhexidine solution. Randomization (coin-tossing) was
then performed.

Restorative procedure

The restorative materials were applied according to the man-
ufacturers’ instructions (Table 1). All photoactivation proce-
dures were performed with halogen light (Ultralux, Dabi
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Atlante, Ribeirão Preto, SP, Brazil) at a power density of
800 mW/cm2, previously measured with a radiometer.

After restoration placement, the occlusal contacts were
evaluated with marking paper. The finishing and polishing
were performed in the same session. Initially, a flame-
shaped fine diamond rotary instrument (no. 3118F, KG
Sorensen) was used at high speed under abundant air/water
spray and intermittent movement. Afterward, the restoration
was polished with rubber points in decreasing order of abra-
siveness using a low-speed handpiece (Microdont, São Paulo,
SP, Brazil). Both restorations were done during the same clin-
ical appointment.

Postoperative tooth sensitivity

Postoperative sensitivity was evaluated at 24 h and 15 and
30 days after the restorative procedure. Information on the
presence of pain was collected (present or absent). If present,
the characteristics of the pain were recorded: the localization
of pain (localized or diffuse), the type of stimulus (triggered or

spontaneous), the duration of pain (short or prolonged), its
frequency (intermittent or continuous), and intensity of pain
(mild, moderate or severe). Thermal stimulation (refrigerant
spray Endo-Ice) was used to evaluate the type of stimulus. The
pain intensity was recorded with the visual analog scale
(VAS). The VAS consists of a 100-mm line divided into equal
intervals of 10 mm, where 0 represents “absence of pain” and
100 “severe pain.” The results of VAS were classified as mild
(0–30 mm), moderate (40–70 mm), or severe pain (> 70 mm).

After each evaluation period, the patients had the tooth
extracted as previously recommended.

Statistical analysis

For the age variable, the data were analyzed descriptively
through the mean, standard deviation, and median. For the
categorical variables, absolute and relative frequencies
(percentage) were calculated. Restorative techniques were
compared with the McNemar test, considering a 5% margin
of error. The IBM SPSS software (Statistical Package for the

Randomiza�on (n= 27 pa�ents, total 54 teeth)

Alloca�on

VERT

(n=27 teeth)

CSEB

(n=27 teeth)

Follow-up

Lost to Follow up (2 pa�ents = 4 teeth)

Analysis

VERT

(n=25 teeth)

CSEB

(n=25 teeth)

Fig. 1 A flowchart of the study
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Social Science, version 23) was used for data entry and statis-
tical analysis.

Results

Two patients with 4 third molars were excluded after
enrollment because of lost to follow-up. The remaining
50 third molars of 25 patients (56% male vs. 44% fe-
male) were included (Table 2). Regardless of the time
intervals, postoperative sensitivity was observed in 52%
and 48% of the CSEB and VERT groups, respectively.
No differences were observed between the postoperative
sensitivity of the studied groups (p = 1.000) regardless
of the time intervals (Table 3).

None of the characteristics related to pain sensitivity,
localization, type of stimulus, duration, frequency, and in-
tensity demonstrated statistical differences between groups
(Table 3). Regarding the type of stimulus, triggered pain
corresponded to 92.3% of the CSEB group and 91.7% of
the VERT group. As for pain intensity, most was consid-
ered mild for both VERT (75%) and CSEB (76.9%).
Moderate pain was observed in the CSEB (23.1%), and
severe pain (8.3%) was only observed in VERT. No statis-
tical differences were observed between groups. All pa-
tients who had postoperative sensitivity reported that the
pain was localized and of short duration with both
materials.

When the evaluation period was considered for both
VERT and CSEB groups, the 15-day time point present-
ed the highest pain occurrence (87.5%) of mild intensity
(Table 4). On the 30th day, the CSEB group presented
higher pain percentages (33.3%) when compared with
those of VERT (22.2%), also of mild intensity.
However, the Fisher exact test found significant differ-
ences between evaluation periods only for the VERT
group (p = 0.023).

Table 1 Materials used in the study according to the manufacturer’s instructions

Product Batch
number

Compositions Application technique

Vertise Flow (Kerr™, EUA) 5740675 GPDM and methacrylate co-monomer
pre-polymerized filler, barium glass, nanosized
colloidal silica, nanosized ytterbium fluoride

Vertise Flow was applied on to prep with a dispensing
tip, and a thin layer (< 0.5 mm) of Vertise Flow was
brushed onto the entire cavity wall and beveled area
with moderate pressure for 15–20 s. If necessary,
excess material was removed around margins with the
provided brush. Additional layers of the restoration
were built with Vertise Flow in increments of 2 mm or
less. Each increment was light cured for 20 s.

Clearfil SE Bond (Kuraray,
Osaka, Japan)

900270 Primer: HEMA, MDP, hydrophilic aliphatic
dimethacrylate, DL-camphorquinone, water,
N,N-diethanol-p-toluidine

Bond: MDP, BisGMA, HEMA, hydrophobic
aliphatic dimethacrylate, DL-camphorquinone,
diethanol-p-toluidine, colloidal silica

Selective acid conditioning in enamel with 37%
phosphoric acid for 15 s. The prep was then washed
for 15 s and dried with a light air jet. Primer was
applied for 20 s on dried dentine. A mild air flow was
applied for 20 s to evaporate the solvents. Bond was
then applied for 20 s and gently air dried. Light cure
was done for 10 s.

Filtek Z250 (3M ESPE, St.
Paul, MN, USA)

513363 BisEMA, UDMA, BisGMA, TEGDMA,
silane-treated ceramic (75–85 wt%),
benzotriazol, EDMAB

Resin composite was inserted in increments less than
2.5 mm, and each increment was light cured for 20 s.

GPDM, glycerol phosphate dimethacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP, methacryloyloxydecyl dihydrogen phosphate; BisGMA:
bisphenylglycidyl dimethacrylate; BisEMA, ethoxylated bisphenol-A dimethacrylate; UDMA, urethane dimethacrylate; TEGMA, triethylene glycol
dimethacrylate; EDMAB, ethyl 4-(dimethylamino)benzoate

Table 2 Clinical characteristics of the experimental groups (n = 25)

Materials

Variable CSEB VERT

n % n %

Tooth

Upper molar 19 76.0 8 32.0

Lower molar 6 24.0 17 68.0

Age range

18–19 7 28.0 7 28.0

20–29 10 40.0 10 40.0

≥ 30 8 32.0 8 32.0

Gender

Female 11 44.0 11 44.0

Male 14 56.0 14 56.0

Total 25 100.0 25 100.0
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Discussion

The null hypothesis tested was not rejected as no differences
were observed between the restorative materials studied. The
frequency of postoperative sensitivity after restorative proce-
dures has been reported between 33 and 47%, with a higher
prevalence in posterior teeth and class II restorations [13–16].
This range is consistent with our results (48% to 52%). The
characteristics that participants described more commonly
were intensity (moderate pain), duration (short), and type
(provoked) [17]. The results found in our study disagreed only
in the evaluation of pain intensity, which was mild.

When the evaluation periods were analyzed, the highest
means of postoperative sensitivity were found in the first 15 days
for both materials, decreasing considerably up to 30 days.
Independent of the restorative materials used, the higher sensitiv-
ity intensity in this period was also a result of the trauma gener-
ated during cavity preparation, the cavities’ depth (with only
1 mm of remaining dentin occlusal to the pulp chamber), and
the participant’s threshold and the subjectivity of each individ-
ual’s pain. The polymerization shrinkage of the resin composite

may also contribute to postoperative sensitivity from the stresses
generated at the adhesive interface [16]. The shrinkage can lead
to incompletely sealed margins, increasing the occurrence of
microleakage [15, 18]. Self-adhesive materials do not remove
the smear layer, reducing the communication to the pulp tissue
via dentin tubules and, consequently, substantially reducing the
potential for postoperative sensitivity caused by the incomplete
impregnation of the resinous monomers in the demineralized
dentin [3, 13]. Vichi et al. [19] showed that the SACs had lower
microleakage potential when compared with that of conventional
resin composites. The authors speculated that the presence of
hydrophilic monomers increased the hygroscopic expansion of
these materials, which could improve the marginal seal.
However, the hydrophilicity may facilitate network plasticiza-
tion, enhance biofilm formation, and increase the degradation
of the resin composite [5, 20].

The clinical performance of these materials has been
evaluated in noncarious cervical lesions compared with a
nanohybrid resin composite with a separate bonding agent.
After 6 months, 27 of 40 restorations with SAC were not
clinically acceptable after loss of retention. The clinical
success of SACs was 33% compared with the 100% suc-
cess of the conventional nanohybrid resin composite [21].
SAC was also evaluated as a pit fissure sealant for
24 months [22]. A 62.9% retention rate was observed when
compared with 95.7% for conventional flowable resin com-
posite. The short follow-up period of the present study
could have favored the good retention rates of SAC.
Pinna et al. [23] evaluated the use of SAC in patients with
dentin hypersensitivity compared with Universal Dentine
Sealant, Clearfil Protect Bond, and Flor-Opal Varnish.
After a 12-week follow-up period, all treatments decreased
dental hypersensitivity, with no differences among them.

Table 3 Pain characteristics according to each studied group

Materials

Variable CSEB VERT p value1

n % n %

Pain symptom 1.000

Present 13 52.0 12 48.0

Absent 12 48.0 13 52.0

Localization of pain **

Localized 13 100.0 12 100.0

Diffuse – – – –

Type of stimulus 1.000

Triggered 12 92.3 11 91.7

Spontaneous 1 7.7 1 8.3

Duration of pain **

Short 13 100.0 12 100.0

Prolonged – – – –

Frequency of pain 1.000

Intermittent 11 84.6 10 8.3

Continuous 2 15.4 2 16.7

Intensity of pain 1.000

Mild 10 76.9 9 75.0

Moderate 3 23.1 2 16.7

Severe – – 1 8.3

Total 13 100.0 12 100.0 –

**Not determined due to presence of data in a single category or different
categories
1 Through the McNemar test

Table 4 Presence of pain symptomatology for each experimental
group, according to the evaluation period

Pain symptom

Group Evaluation period Present Absent Total p value1

n % n % n %

CSEB 24 h 3 37.5 5 62.5 8 100.0 0.064
15 days 7 87.5 1 12.5 8 100.0

30 days 3 33.3 6 66.7 9 100.0

Total 13 52.0 12 48.0 25 100.0

VERT 24 h 3 37.5 5 62.5 8 100.0 0.023*
15 days 7 87.5 1 12.5 8 100.0

30 days 2 22.2 7 77.8 9 100.0

Total 12 48.0 13 52.0 25 100.0

*Significant difference at 5.0%
1 Through Fisher’s exact test
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The age range in this study (18 to 40 years) was similar to that
in previous studies that evaluated postoperative sensitivity after
restorative procedures [24, 25]. Patient age is an important factor,
as the dentinal tubules are partially or completely obliterated in
older patients due to increased peritubular dentin production [26].
In the present study, the same participant received both experi-
mental treatments. The split-mouth clinical study model allows
the analysis of the test and control groups under the same condi-
tions, thus increasing statistical efficiency and decreasing the
number of participants needed for the study [27].

Many methods have been used to evaluate pain intensity,
including the verbal rating scale (VRS), numeric rating scale
(NRS), and visual analog scale (VAS). All these scales have
shown to be valid and reliable [28]. Notwithstanding, VAS has
been the most commonly used method to evaluate postopera-
tive sensitivity in clinical studies [29–31].

Although 48 to 52% of participants reported postoperative
sensitivity, most experienced mild intensity, decreasing with
time. A meticulous operative procedure with these restorative
materials by following the manufacturer’s instructions could
have favored a proper seal of the dentinal tubules, thus reducing
dentin permeability and, therefore, postoperative sensitivity [15].

Conclusion

Self-adhesive resin composite Vertise Flow and conventional
resin composite with a self-etching bonding agent promoted
similar response regarding postoperative sensitivity in deep
class I cavities. When postoperative sensitivity was present,
mild pain was observed in about half the participants; this
decreased over time.
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