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Abstract

Background and Aim: Hemostatic agents may affect the hybrid layer
quality. This study evaluated the effect of a hemostatic agent on
microtensile bond strength (UTBS) and bonding durability in three
adhesive systems.

Materials and Methods: In this in vitro study, 120 extracted human
molars were randomly divided into two main groups (n=60) based on
aging conditions: (I) 24-hour storage in distilled water and (II)
thermocycling (10,000 cycles, 5°C-55°C). Each group was further
subdivided into 6 subgroups (n=10) according to the use of Viscostat
Clear and the adhesive system: Adper Single Bond, Clearfil SE Bond,
and All-Bond Universal. Composite resin (Filtek Z250) was applied, and
MTBS was measured with a testing machine. Failure modes were
observed under an optical microscope, and resin-dentin interface was
examined by scanning electron microscopy (SEM). Data were
analyzed using three-way fixed-effects ANOVA and Tukey’s post-hoc
test (a=0.05).

Results: The highest pTBS was found in the Adper Single Bond group
without hemostatic agent after 24 hours of storage (17.37+£5.43 MPa),
and the lowest was in the All-Bond Universal group with hemostatic
agent after thermocycling (5.44+1.21 MPa). At 24 hours, no significant
difference existed between contaminated and uncontaminated groups
(P>0.05). After thermocycling, Adper Single Bond showed a significant
reduction in bond strength when exposed to Viscostat Clear (P=0.000).
Adhesive failure predominated in all groups.

Conclusion: The adhesive type and aging process significantly affected
the pTBS. While Viscostat Clear did not significantly affect the 24-hour
MTBS, it reduced bonding durability after thermocycling in Adper Single
Bond group.
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Introduction

The bond strength between dentin and
composite resin can be affected by the quality of
the hybrid layer [1]. Dentin contamination by
saliva, gingival crevicular fluid, hemostatic
agents, or blood can impair the formation of an
hybrid

durability of composite restorations [2]. In

adequate layer, compromising the
cervical lesions or cavities close to the gingival
margin, blood and gingival crevicular fluid can be
present due to trauma caused by tooth
preparation or gingival inflammation. Hemostatic
agents, often referred to as astringents, are
commonly used in such cases to control bleeding
and the flow of gingival crevicular fluid. The most
commonly used astringents include aluminum
(aluminum potassium sulfate or aluminum
ammonium sulfate), aluminum chloride, ferric
sulfate, or racemic epinephrine [3]. Aluminum
chloride is one of the most commonly used
typically
concentrations ranging from 5% to 25%. It

hemostatic agents, used in

induces vasoconstriction and has minimal
systemic side effects. Among hemostatic agents,
aluminum chloride is known to have the least
tissue-irritating effect compared to other agents
[4, 5]. Unlike ferric sulfate, aluminum chloride
does not cause discoloration of the treated area
[6]. Viscostat Clear (Ultradent; South Jordan, UT,
USA), containing 25% aluminum chloride gel, is
known for its efficacy in controlling minor
bleeding and minimizing tissue damage [7].
However, due to its acidic pH and potential to
alter the smear layer and underlying dentin, some
concerns have been raised about its effects on
bonding effectiveness [8]. Previous studies have
shown conflicting results regarding the influence
of hemostatic agents on dentin bonding: some
reported reduced bond strength due to surface
contamination [9], while others suggested
minimal interference, depending on the adhesive

system and the cleaning protocol applied [10].

Contemporary adhesive systems include etch-
and-rinse, self-etch, and universal adhesives,
each with different chemical compositions,
application techniques, and sensitivities to
surface conditions [11]. These systems may
respond differently to substrate contamination
by  hemostatic agents. Moreover, the
long-term durability of the bond, particularly
after thermocycling or aging, is a crucial
factor in evaluating the clinical performance of
adhesives [12-14].

The presentin vitro study aimed to investigate
the effect of Viscostat Clear on microtensile bond
strength (uTBS) and durability of bonding in 3

different adhesive systems.

Materials and Methods

This in vitro experimental study was
conducted on 120 sound human molars extracted
for orthodontic or
All teeth were

after their extraction. The study protocol was

periodontal reasons.

used within 3 months
approved by the Ethics Committee of Islamic
Azad University, Tehran, Iran
No.IR.IAU.DENTAL.REC.1403.026).

(approval

Sample size:

The sample size was calculated based on a
study by Noppawong et al. [15] using the fixed
effects ANOVA power analysis in PASS 11
software (a = 0.05, standard deviation of bond
strength = 17 MPa). The analysis indicated that
10 specimens group
(total=120).

were required per

Specimen preparation:

Following debridement of the root surfaces
with a periodontal curette, the teeth were
immersed in 0.5% chloramine-T solution (KN,
Tehran, Iran) for 24 hours for disinfection. The
teeth
stereomicroscope (SMZ-1500; Nikon, Osaka,

were first examined under a

Japan) at x40 magnification, and teeth exhibiting
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cracks or discoloration were excluded [13].
The occlusal enamel and superficial dentin were
removed perpendicular to the longitudinal axis of
the tooth using a low-speed diamond saw
(Isomet, Buehler; Lake Bluff, IL, USA) with
[13].
exposed dentin surfaces were then polished with

continuous water cooling The newly
400- and 600-grit silicon carbide abrasive papers
(3M ESPE, St. Paul, MN, USA) under water
[13].
achieve a smooth and uniform surface, the

irrigation for 60 seconds Finally, to
specimens were cleaned in deionized water for 5
minutes in an ultrasonic cleaner (Euronda;
Eurosonic 4D, Italy).

The specimens were randomly divided into
two main groups according to the timing of bond
strength testing and aging protocol (n = 60 per
group). The operator performing the bonding
procedure and the examiner who measured the
bond strength were blinded to the group
allocations.

In group 1, the uTBS was assessed after 24
hours of storage in distilled water; whereas, in
group 2, the specimens were first subjected to
thermocycling (c-300; Rika-Kogyo, Hachioji,
Japan) before testing (10,000 cycles, 5°C-55°C,
dwell time:
seconds) [14].

Each main group was then subdivided into six

30 seconds, transfer time: 30

subgroups (n =10), based on the adhesive system
and application of  Viscostat Clear:
1. Adper Single Bond (3M, ESPE, St Paul, MN, USA)
2. Clearfil SE Bond (Kuraray, Osaka, Japan)
3. All-Bond Universal (Bisco, Schaumburg, IL,
USA) in self-etch mode. In each subgroup,
Viscostat Clear (Ultradent; South Jordan, UT,
USA) was applied to half of the specimens.
Viscostat Clear was applied on the dentin surface
for 2 minutes and then rinsed for 30 seconds
using high-pressure water/air spray.

Adhesives were then applied according to the
manufacturers’ instructions. In the Adper Single
Bond subgroup (etch-and-rinse adhesive), the

specimens were etched with 35% phosphoric
acid (Ultra-Etch; Ultradent, USA) for 15 seconds,
then rinsed with water for 15 seconds, and air-
dried. Two layers of Adper Single Bond were
applied on the surface and after applying a gentle
air spray for 5 seconds, the adhesive was cured
for 10 seconds with a light-curing unit (Elipar
S10; 3M ESPE, St. Paul, MN, USA) with a light
intensity of 1100 mW/cm?2. The device was held 1
mm perpendicular to the surface. The curing light
intensity was verified with a radiometer before
curing to ensure consistency [18].

In the Clearfil SE Bond subgroup (self-etch
adhesive), the primer was applied on the dentin
surface and allowed to remain for 20 seconds,
then gently air-dried. The adhesive was then
applied for 15 seconds and light-cured for 10
seconds with the same light curing unit (1100
mW/cm?) [15].

In the All-Bond Universal subgroup (in self-
etch mode), adhesive was applied on the dentin
surface in two separate layers. In each layer, the
adhesive was rubbed on the dentin surface for 10
seconds, and then excess solvent was removed by
air-drying for 10 seconds, then light-cured for 10
seconds with the same light curing unit (1100
mW/cm?).

A transparent mold (4x4 mm?2) was positioned
and stabilized on each bonded surface. Filtek
7250 composite resin (3M, ESPE, St Paul, MN,
USA) was placed in two 2-mm increments, and
each increment was light-cured for 20 seconds.
The pTBS was measured in all specimens.
Bonding durability in each group was evaluated
by statistical analysis of the difference in uTBS
between the measurements made after 24 hours
of water storage and those obtained following
accelerated aging via thermocycling.

Testing of uTBS:
For uTBS testing, the teeth were embedded in
self-cure acrylic resin (Acropars, Tehran, Iran).

Each tooth was then sequentially sectioned
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perpendicular to its longitudinal axis into
rectangular rods with a 1 x 1 mm? cross-section
under continuous water cooling using a
Mecatome (Mecatome T201 A; Persi, France). The
exact cross-sectional dimensions of each rod
were confirmed with a caliper (Digimatic;
Mitutoyo, Tokyo, Japan) with 0.002 mm accuracy.
The uTBS of each specimen was measured using
a microtensile tester (Microtensile Tester T-
1010K; Bisco, USA) at a crosshead speed of 1
mm/min until failure.

The failure modes were assessed under an
optical microscope (SMZ-1500; Nikon, Osaka,
Japan) at x10 and x40 magnifications. Each
specimen’s fracture was categorized as one of the
following:

Cohesive failure: fracture occurring entirely
within dentin or entirely within the composite
resin

Adhesive failure: fracture at the dentin-resin
(hybrid) interface

Mixed failure: simultaneous cohesive and
adhesive failures

The number of specimens exhibiting each
failure mode was counted, and the frequency
percentage of each failure mode was calculated.

Additional specimens were prepared and
examined by scanning electron microscopy (SEM;
FEI Quanta 200, FEI Hillsboro,
OR, USA) to evaluate the resin-dentin interface

(Figures 1-3).

company,

&

Figure 1. Adhesive failure in Adper Single Bond + Viscostat

Clear subgroup (after 24 hours of storage in distilled water)

Figure 2. Cohesive failure in Adper Single Bond group (after

24 hours of storage in distilled water)

— g G

Figure 3. Mixed failure in All-Bond Universal + Viscostat

Clear subgroup (after 24 hours of storage in distilled water

Statistical analysis:

Data were analyzed at a significance level of
a=0.05. The normality of data distribution was
confirmed with the Shapiro-Wilk test. A three-
way fixed-effects ANOVA was used to assess the
effects of Viscostat Clear hemostatic agent, aging
(thermocycling), and adhesive type on uTBS. All
statistical analyses were carried out using SPSS
Post-hoc comparisons
performed with Tukey’s test (a = 0.05) to
interpret interaction effects.

version 26. were

Results

The mean puTBS values for each experimental
group are presented in Table 1. The highest mean
uTBS was observed in the Adper Single Bond
group without hemostatic agent after 24 hours of
water storage (17.37+5.43 MPa). The lowest
mean PUTBS was seen in the All-Bond Universal
group contaminated with Viscostat Clear and
subjected to thermocycling (5.44+1.21 MPa).
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Two-way ANOVA revealed significant main
adhesive type (P<0.001) and
thermocycling (P<0.001) on pTBS. The main
effect of ViscoStat Clear application was not
significant (P=0.082).

A significant

effects of

interaction was observed
between adhesive type and thermocycling
(P=0.014), effect of

thermocycling varied depending on the adhesive

indicating that the

system. Other interactions, including adhesive x
ViscoStat Clear and thermocycling x ViscoStat
Clear, were not statistically significant (P>0.05).

According to the results of one-way ANOVA, in
the subgroup without thermocycling (stored in
distilled water for 24 hours) and without the
application of ViscoStat Clear, a statistically
significant difference in puTBS was observed
among the three adhesive systems (P=0.000).
The highest mean pTBS was found in the Adper
Single Bond group (17.37 MPa), followed by the
Clearfil SE Bond (16.41 MPa), and the lowest was
recorded in the All-Bond Universal (8.48 MPa)
group (Table 1).

Based on the Tukey HSD post-hoc test results,
the uTBS in the All-Bond Universal group was
significantly different from both Adper Single
Bond (P=0.001) and Clearfil SE Bond (P=0.002)
groups. However, there was no statistically
significant difference between Adper Single Bond
and Clearfil SE Bond (P=0.893) groups (Table 2).

In the subgroup without thermocycling and
with the application of ViscoStat Clear, the
highest mean pTBS was observed in the Adper
Single Bond group (14.48 MPa), followed by All-
Bond Universal (11.48 MPa) and Clearfil SE Bond
(11.45 MPa). However, there was no statistically
significant difference in pTBS among the three
adhesive systems (P=0.290, Table 1).

In contrast, in the subgroup with
thermocycling and without the application of
ViscoStat Clear, ANOVA revealed a statistically
significant difference in uTBS among the three
adhesives (P=0.001). The highest mean pTBS was
found in the Adper Single Bond (14.81 MPa),
followed by the Clearfil SE Bond (10.31 MPa),
and the lowest in the All-Bond Universal (6.42
MPa, Table 3).

According to one-way ANOVA, in the subgroup
with thermocycling and with the application of
ViscoStat Clear, a statistically significant
difference in pTBS was observed among the three
adhesive systems (P<0.001). The highest mean
uTBS was found in the Clearfil SE Bond group
(12.44 MPa), followed by Adper Single Bond (7.94
MPa), and All-Bond Universal (5.44 MPa).

Based on the Tukey’s HSD post-hoc test, the
UTBS of Clearfil SE Bond was significantly
different from both Adper Single Bond (P=0.011),
and All-Bond Universal (P<0.001). However,
there was no statistically significant difference
between Adper Single Bond and All-Bond
Universal (P=0.209, Table 4).

Table 1. Descriptive statistics of pTBS values after 24 hours of storage in distilled water and also after thermocycling

Bond After 24 hours After aging
strength . . P- . . P-
Maximum Minimum Mean * SD Maximum Minimum Mean * SD
(MPa) Value Value
Adper Single
28 9.5 17.37+5.43 17.86 8.98 14.81+3.09
Bond
Control Clearfil SE Bond 24.18 9.32 16.41+4.11 18.62 4.31 10.31+4.64
All-Bond
. 16.66 3.46 8.48+5.03 9.77 2.05 6.42+2.61
Universal
) >0.05 >0.05
Adper Single
22.95 5.48 14.48+5.40 10.49 5.09 7.94+1.71
Bond
Hemostatic Clearfil SE Bond 16.03 8.81 11.45+3.68 21.26 3.62 12.44+5.13
All-Bond
. 18.04 2.78 11.4845.19 7.39 3.5 5.44+1.21
Universal

SD: Standard deviation
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Table 2. Comparison of uTBS (MPa) between the adhesive systems after 24 hours of storage in distilled water and without

the application of ViscoStat Clear

Adhesives compared Mean uTBS * SD (MPa) P-value
All-Bond Universal 8.89+2.17 0.001
Ad Single Bond
persingle Son Clearfil SE Bond 0.96+2.12 0.893
Clearfil SE Bond All-Bond Universal 7.92+2.12 0.002

SD: Standard deviation

Table 3. Comparison of uTBS (MPa) between the adhesive systems after thermocycling and without the application of

ViscoStat Clear

Adhesives compared Mean uTBS + SD (MPa) P-value
. All-Bond Universal 8.38+1.64 0.000

Adper Single Bond Clearfil SE Bond 4.49+1.64 0.029

Clearfil SE Bond All-Bond Universal 3.88+1.59 0.056

Table 4. Comparison of pTBS (MPa) between the adhesive systems after thermocycling and application of Viscostat Clear

Adhesives compared Mean uTBS + SD (MPa) P-value
. All-Bond Universal 2.49+1.43 0.209

Adper Single Bond Clearfil SE Bond -4.50+1.43 0.011

Clearfil SE Bond All-Bond Universal 7.00+1.43 0.000

Effect of ViscoStat Clear application within
each adhesive system:

For all three adhesive systems (Adper Single
Bond, All-Bond Universal, and Clearfil SE Bond),
when puTBS was measured after 24 hours of
storage in distilled water, the use or omission of
ViscoStat Clear did not result in any statistically
significant difference in pTBS (P>0.05). However,
when PTBS was measured after thermocycling,
the Adper Single Bond group showed a

statistically significant difference between
specimens with and without ViscoStat Clear
(P=0.000), with a notable reduction in uTBS in
the group treated with ViscoStat Clear.

In contrast, for the other two adhesive systems
(Clearfil SE Bond and All-Bond Universal), the
application of ViscoStat Clear did not result in a
statistically significant difference in uTBS after
thermocycling (P>0.05).

Effect of thermocycling on uTBS of different
adhesive systems:

In the Adper Single Bond group without the
use of Viscostat Clear, the thermocycling uTBS

and the 24-hour pTBS did not show a statistically

significant difference (P=0.230). However, when
Adper Single Bond was used after Viscostat Clear,
the uTBS values decreased in the thermocycled
groups (P=0.002).

In the Clearfil SE Bond group without the use
of Viscostat Clear, the pTBS values decreased
after thermocycling compared to 24-hour pTBS
(P=0.005). However, when Clearfil SE Bond was
used after Viscostat Clear, there was no
statistically significant difference between the
thermocycling and the 24-hour uTBS (P=0.626).
In the All-Bond Universal group, when Viscostat
Clear was used, the pTBS of the thermocycled
groups decreased compared to the samples
stored in distilled water (P=0.002). However, in
the control group (without the use of Viscostat
Clear), the uTBS of the thermocycled groups and
those stored for 24 hours showed no significant
difference (P=0.265). In total, thermocycling
(P<0.001) affected the bond
strength values of some adhesive systems, with
the type of adhesive (P<0.001) playing an
important role.

Adhesive

failure mode.

significantly

failure was the predominant
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SEM images further supported these findings,
showing shorter and sparser resin tags along
with disrupted hybrid
contaminated and thermocycled specimens.

layer formation in

Discussion

This study aimed to evaluate the effect of a
hemostatic agent on uTBS and durability of three
adhesive systems — Adper Single Bond, Clearfil
SE Bond, and All-Bond Universal — after 24 hours
of storage in distilled water and following
thermocycling. In many clinical situations, such
as subgingival margins, placement of indirect
restorations, or in patients with limited mouth
opening, achieving a clean and moisture-free
can be

environment for optimal bonding

challenging [16]. Hemostatic agents are
commonly used to control bleeding and gingival
crevicular fluid in the gingival sulcus [17].
However, most hemostatic agents are hydrophilic
and acidic, and contamination of bonding
surfaces with these agents can negatively affect
the bond strength [8]. The type of hemostatic
agent used and the cleaning protocol following its
application can have a significant impact on shear
bond strength [17]. According to Abu-Nawareg et
al. [17], ferric sulfate (20%) in ViscoStat resulted
in a more significant reduction in shear bond
strength than Viscostat Clear. In the present
study, Viscostat Clear (25% aluminum chloride,
Ultradent) was used as the hemostatic agent, with
a pH of less than 1 at 20°C. Its low pH may
synergize with the mildly acidic nature of All-
Bond Universal (pH=3.2); thereby, enhancing its
initial bond strength (24-hour storage), although
this increase was not statistically significant. In
this study, three adhesive systems -Adper Single
Bond (etch-and-rinse), Clearfil SE Bond (self-
etch), and All-Bond Universal (used in self-etch
mode)-were evaluated. The results showed that
both the type of adhesive and thermocycling
influenced the

significantly uTBS wvalues.

Similarly, Hoorizad et al. [18] reported that the

type of adhesive system had a significant impact
on micro-shear bond strength. In the present
study, the highest mean pTBS was in the Adper
Single Bond without hemostatic agent after 24
hours of storage in distilled water, with a value of
17.37+5.43 MPa. The lowest value was observed
in All-Bond Universal after the use of ViscoStat
clear and following thermocycling, with a bond
strength of 5.44+1.21MPa. All-Bond Universal,
with a pH of 3.2, belongs to the class of mild self-
etch adhesives. These systems are unable to
completely remove the smear layer due to
their weak acidic monomers, and therefore
cannot adequately clean aluminum-containing
contaminants from the dentin surface. Conse-
quently, contamination is a more critical issue for
self-etch systems compared to etch-and-rinse
adhesives [19, 20]. Kim et al. [21] also reported
that when All-Bond Universal was applied in self-
etch mode, its shear bond strength was
significantly lower than when used in the etch-
and-rinse mode. Therefore, it is recommended
that if All-Bond Universal is
contamination with a hemostatic agent, it should
mode [21].
Noppawong et al. [15] found that Single Bond

used after

be applied in etch-and-rinse
Universal and OptiBond Universal, when applied
using the etch-and-rinse technique, were not
significantly affected by hemostatic agents, and
exhibited higher pTBS values compared to their
self-etch highlights the
importance of thoroughly cleaning the dentin

counterparts. This

surface when using universal adhesives [22].
O’Keefe et al. [22] also demonstrated that rinsing
ferric sulfate or aluminum chloride with water
before adhesive application significantly
improved the bond strength in self-etch systems
compared to no rinsing. Similar to the current
study, Jha et al. [16] found that Adper Single Bond
2, when contaminated with ViscoStat Clear and
artificial saliva, yielded higher shear bond
than Clearfil Bond

Universal and Single Bond Universal. Therefore,

strength values Liner
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Adper Single Bond may be preferable in clinical
situations where contamination and difficulty in
isolation are likely [16]. This may be attributed to
the use of phosphoric acid before Adper Single
Bond, which can demineralize dentin, remove the
smear layer, and improve micromechanical
retention [23]. In the present study, the use of
ViscoStat Clear did not significantly affect the
uTBS of any of the three adhesives after 24 hours.
This result is in agreement with the findings of
Kim et al. [21], who reported no statistically
significant difference in shear bond strength of
All-Bond Universal and Clearfil SE Bond with
Traxodent. Likewise, Hoorizad et al. [18] found
that although Astringedent reduced the bond
strength after both 24 hours and 3 months, the
difference was not statistically significant. In
contrast, Khamverdi et al. [24] found that in all
subgroups using G-Premio Bond and Single Bond
Universal, the control groups showed
significantly higher bond strength than those
contaminated with aluminum chloride or ferric
sulfate. Ulusoy et al. [13] also reported reduced
bond strength in groups contaminated with
either blood or Ankaferd Blood Stopper, with the
latter showing slightly better results than blood,
but still lower than the control. These results
suggest that Ankaferd Blood Stopper may be
beneficial following blood contamination during
restorative procedures. Similarly, Arslan et al.
[25] reported a significant decrease in bond
strength in groups contaminated with Ankaferd
Blood Stopper when using both total-etch and
self-etch adhesives. The discrepancies between
these studies and our results may be due to
differences in methodology, adhesive systems,
type of hemostatic agent, sample preparation,
and bond strength testing protocols. In the Adper
Single Bond group, the use of ViscoStat Clear
followed by thermocycling resulted in a
significant decrease in pTBS, unlike the other two
adhesives. The low pH of hemostatic agents is

necessary for their efficacy [26], but prolonged

contact can adversely affect peritubular dentin
quality [8] and hybrid layer integrity [27].
Application of aluminum chloride on dentin can
lead to replacement of calcium in hydroxyapatite
with aluminum, forming Al (OH) ,H,PO,, which
may inhibit demineralization and increase dentin
resistance to phosphoric acid. This may reduce
monomer infiltration and ultimately the bond
strength [28]. This may also be attributed to
residual, unbound aluminum deposits on dentin
surfaces [7]. Interestingly, Clearfil SE Bond and
All-Bond Universal
stable performance after aging, regardless of

demonstrated relatively
contamination. One plausible explanation lies in
the presence of functional monomers like 10-
MDP in both systems. These monomers are
known to chemically bond to calcium in
hydroxyapatite, and may provide enhanced
resistance to substrate irregularities or
contaminants [29]. The findings demonstrated
that while Viscostat Clear had no statistically
bond

strength, its effect on long-term durability

significant impact on immediate
particularly after thermocycling was adhesive-
system depenent.

Adhesive failure was the predominant failure
mode observed in the present study, in line with
the results of Ulusoy et al. [13], Arslan et al. [25],
and Ebrahimi et al. [30]. SEM analysis revealed
shorter, less defined resin tags and a disrupted
hybrid layer in specimens treated with ViscoStat
Clear and subjected to thermocycling. These
findings emphasize the importance of material
selection and contamination control during
Although the use of
Viscostat Clear may be clinically necessary in

adhesive procedures.

certain situations, it should always be followed by
meticulous rinsing. In circumstances where
complete removal of the contaminant cannot be
confidently ensured, it is preferable to utilize
with
contamination, such as Adper Single Bond.

adhesives greater  tolerance to

Moreover, in clinical scenarios where the bonding
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substrate is predominantly dentin with limited

enamel availability, Clearfil SE Bond
demonstrates favorable long-term bonding
performance. Additionally, it is strongly

recommended that when hemostatic agents are
applied prior to the use of All-Bond Universal, the
adhesive should be employed using an etch-and-
rinse protocol to optimize bonding outcomes.

Conclusion

The findings of this study demonstrated that
both the type of adhesive system and the time
point of bond strength evaluation significantly
affected the pTBS values. The application of
Viscostat Clear did not significantly alter the pTBS
after 24 hours of water storage. However,
following thermocycling, its application led to a
significant reduction in uTBS in the Adper Single
Bond group unlike the other two adhesive
systems. These results highlight the critical
importance of contamination control strategies in
improving the long-term durability of adhesive
clinical

restorations and achieving better

outcomes.
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