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ABSTRACT

Background: Despite significant advancements in adhesive systems, the bond between
tooth-colored restorations and dental hard tissues remains a challenge.

Purpose: This study aims to evaluate the effects of air abrasion on the bond strength and
microleakage of universal adhesives.

Materials and Method: Eighty intact third molars were used in this in vitro study. Micro-
tensile bond strength (uTBS) was tested on 32 teeth, and microleakage was assessed on 48
teeth. For uTBS testing, occlusal enamel was removed to expose a flat dentin surface.
Standardized Class V cavities were prepared on the buccal and lingual surfaces for the
microleakage test. Teeth were randomly divided into four groups according to the univer-
sal adhesive system used: All-Bond Universal, G-Premio Bond, G2-Bond Universal, and
Clearfil SE Universal Bond. Each group was further split into two subgroups based on
whether air abrasion pretreatment was applied. A 4-mm composite resin block (Tetric-N-
Ceram, Ivoclar Vivadent) was built on the bonding surface for yTBS, and Class V cavities
were restored with the same composite for microleakage evaluation. Then nTBS was
measured using a universal testing machine, while microleakage was assessed via dye
penetration. Data were analyzed using Tukey and t-tests for uTBS, and the Kruskal—
Wallis test for microleakage, with significance set at o= 0.05.

Results: Air abrasion significantly improved uTBS for All-Bond Universal and Clearfil
SE Universal Bond (p< 0.001), G-Premio Bond (p= 0.041), and G2-Bond Universal (p=
0.027). However, it did not significantly affect microleakage (p= 0.32).

Conclusion: Pretreating dentin with air abrasion enhances the bond strength of universal
adhesives without increasing microleakage, supporting its use in restorative procedures.
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Introduction

influencing the longevity of restorations [3]. Therefore,

Despite significant advancements in adhesive systems,
tooth-colored restorations still face challenges at the
bonded interface between dental hard tissues and resin-
based materials [1].

Historically, poor marginal adaptation and loss of re-
tention have been the most commonly reported causes
of failure in adhesive restorations [2]. Achieving relia-
ble adhesion at the interface between the dental sub-
strate and the restoration is considered a critical factor

dentin adhesives play a vital role in ensuring optimal
marginal sealing of resin composites. Inadequate adap-
tation can lead to microleakage, which in turn may
cause secondary caries, tooth sensitivity, pulp inflam-
mation, and ultimately restoration failure [4].

This persistent challenge is largely due to the com-
plexity of bonding to dentin, which arises from factors
such as the fluid pressure within dentinal tubules, the
high organic content of dentin, and the presence of the
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smear layer [5]. Improving long-term clinical outcomes
often involves modifying the dentin surface to enhance
resin bonding. Current adhesive strategies focus on the
interaction between dental adhesives and the smear lay-
er, aiming to achieve intimate adaptation to the tooth
structure [6].

During cavity preparation, a smear layer is formed
over the cut dentin surface, acting as a physical barrier.
This layer must be either removed or rendered permea-
ble to allow adhesive monomers to directly interact with
the dentin. Various methods can be used to modify the
dentin surface, resulting in smear layers with different
characteristics [7-8]. The effectiveness of self-etch ad-
hesives is influenced by the properties of this smear
layer, which are affected by different dentin pretreat-
ment techniques and, consequently, lead to varied bond-
ing outcomes [9].

Air abrasion (AA) is one such cavity pretreatment
technique that utilizes a fine stream of aluminum oxide
particles propelled by compressed air. As the particles
collide with the dentin surface, their kinetic energy
causes microscopic fragmentation [10]. This results in a
roughened tooth surface, which is more favorable for
adhesive bonding.

The most recent advancement in adhesive technolo-
gy is the development of universal adhesives, which
adhere to the all-in-one approach, combining etching,
priming, and bonding steps in a single bottle [11-12].
Among adhesive strategies, self-etch systems have
emerged as the most consistent approach for bonding to
dentin. These systems typically employ functional mon-
omers, such as 10-methacryloyloxydecyl dihydrogen
phosphate (10-MDP), which possess mild acidity and
the ability to form stable, water-insoluble salts with cal-
cium in the dentin [8, 13-14]. This chemical interaction
is a primary reason why 10-MDP is widely included as
the key adhesive monomer in most universal adhesives.

Universal adhesives represent a new direction in
dental adhesion, driven by the need to simplify clinical
procedures and reduce technique sensitivity [15]. Con-
sequently, evaluating their bonding performance is of
great importance. Although some studies have exam-
ined the bond strength of self-etch adhesives following
air-particle abrasion pretreatment, comparative assess-
ments among different universal adhesives remain lim-
ited [16]. D’ Amario et al. [17] demonstrated that incor-
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porating an additional AA step significantly enhanced
the shear bond strength of total-etch adhesives.

The aim of the current work was to assess the im-
pacts of AA pretreatment on dentinal surface on micro-
leakage and bond strength of commercially accessible
universal adhesives. The null hypothesis was the pre-
treatment of the dentin surface with AA does not signif-
icantly affect bond durability or microleakage scores
compared to no pretreatment.

Materials and Method

This in vitro experimental study was conducted on hu-
man maxillary and mandibular third molars to evaluate
the bond strength of four universal adhesive systems:
All-Bond Universal (AL), G-Premio Bond (GP), G2
Bond Universal (G2), and Clearfil SE Universal Bond
(CSE). Only extracted human third molars free from
cracks, caries, restorations, or root canal treatment were
included. Teeth exhibiting any form of restoration, de-
cay, fracture, or previous endodontic treatment were
excluded. Additionally, after sample preparation and
sectioning, any specimens showing signs of bubbling or
adhesive failure were eliminated from further testing.
The selected teeth were randomly assigned to four ex-
perimental groups (n= 8), based on the adhesive system
used. Each group was further subdivided into two sub-
groups (n= 4), depending on whether AA pretreatment
was applied.

Sample size estimation was performed using the
one-way ANOVA power analysis function of PASS II
software, indicating that an average standard deviation
of AE= 0.85, with o= 0.05 and B= 0.1 (power= 90%),
corresponded to an effect size of 0.58. Based on this
analysis, a sample size of 12 was determined for each
group. A purposive sampling method was employed.

Based on the fixed effects ANOVA power analysis
option of PASS II software, with o= 0.05, the effect size
on the adhesive variable with 4 levels is 1.08 and for the
AA variable with 2 levels is 0.42. Taking 8 samples as
the sample size of each subgroup, the statistical power
on both variables is more than 0.99.

The experiment was performed using 32 intact hu-
man third molar teeth, with no restorations or caries
lesions. Thoroughly, the teeth were cleaned after extrac-
tion, utilizing curettes and brushes and kept in 0.5%
chloramine solution for 24h at room temperature. Then,
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the teeth were separated from the disinfectant solution,
abundantly washed, kept in distilled water of the same
temperature, and utilized within a month after extrac-
tion.

The teeth root portion was removed. To remove the
whole occlusal enamel, it was sectioned with a circular
diamond blade in an Isomet 1000 saw (Shenzhen Dian
Fong Abrasives Co. China), with a speed of 150-200
RPM while cooling with water continuously to acquire
flat dentin surface. The smear layer was standardized by
polishing dentinal surfaces under running water with
#600 grit SiC paper for 60s, rinsed for 15s and blot
dried.

For the microleakage test, 48 intact human third mo-
lars, free of caries and restorations, were used. Follow-
ing extraction, the teeth were meticulously cleaned us-
ing curettes and brushes to remove any debris. They
were then stored in a 0.5% chloramine-T solution at
room temperature for 24 hours for disinfection. After-
ward, the teeth were thoroughly rinsed with distilled
water and subsequently stored in distilled water at room
temperature. All specimens were used within one month
of extraction to ensure specimen integrity.

Class V preparations were performed on the lingual
and buccal surfaces of each tooth with high-speed hand-
piece utilizing a diamond bur (Diatech, Heerbrurgg,
Switzerland) while water-cooling. Gingival margin was

placed on dentinal surface, 0.5 mm under the cemento-
enamel junction (CEJ). Standardized preparations were
obtained with the approximate width of 3mm (mesi-
odistal), depth of 1.5mm, and height of 2mm (occlu-
sogingival) parallel to the CEJ. The bur was discarded
after preparing every five cavities. A marked periodon-
tal probe was used to verify dimensions of the prepara-
tions (Hu-Friedy Co.). The sample were assigned ran-
domly into four classes based on the universal adhesives
(n= 12). Then, each group was classified into two sub-
classes (n=6) in terms of with pretreatment AA.

The dentin was abraded with aluminum oxide parti-
cles (50um), in the groups receiving surface treatments,
with an angle of 90° between the dentin and jet, for 5 s,
at a pressure of 60 PSI and a distance of 10 mm, utiliz-
ing a Micro Jato jet (Bio-Art; Sdo Carlos, SP, Brazil).
Then, the dentinal surface was rinsed for 15 s and dried
with absorbent paper.

The adhesive systems were applied based on the ma-
nufactures instructions (Table 1). All adhesive systems
were according to self-etch mode and polymerized with
a Bluephase LED light (lvoclar Vivadent AG, Schaan
Liechtenstein, 800mW/cm?) for 20s.

After adhesive application, a composite resin bloc-
k, Tetric-N-Ceram (lvoclar Vivadent, Schaan Lichten
stein) was built up on the bonding surface in the shade
A2, in 4mm height, utilizing the material layers with the

Table 1: The classification and composition of the universal adhesives tested

Application mode

Composition

Manufacturer Adhesive

1. Apply two separate coats of adhesive, scrubbing the
preparation with a micro brush for 10-15 s per coat.

2. Evaporate excess solvent by thoroughly air drying
with an air syringe for at least 10 s; no Visible
movement of the material was observed. The surface
should have a uniform glossy appearance.

MDP, Bis-GMA, ethanol

Bisco, Schaumburg,  All-bond univer-
IL, USA sal (AL)

3. Light cure for 10 s
L, g7 B W) L LTS S, i?e-twalzf 104-I|(\)AXE-5':<\:, 1I(()j-ih drogen
2. Leave undisturbed for 10 s. - yoyloxydecyl dinyaroge GC Corporation, G-Premio Bond
L . . thiophosphate, methacrylate acid
3. Dry thoroughly with air under maximum air pressure. e Tokyo, Japan (GP)
. ester, distilled water, acetone, photo-
4. Light cure for 10 s e L
initiators, silica fine powder

1. Apply primer to the entire dentin surface and leave Primer: 4 MET 10-MDP MDTP

for 10 s. Dimethacrylates, water, acetone, G2-bond univer-
2. Air dry strongly for 5 s photoinitiator, filler GC, Tokyo, Japan sal(G2)
3. Apply bonding agent, air blow gently for 3 s Bonding agent: dimethacrylates,
4. Light cure for 10 s filler, photo initiator
1. Apply bond to the entire cavity with a micro brush Bis-GMA, HEMA, ethanol, 10-

and rub it in for 10 s. MDP, hydrophilic aliphatic di- Kuraray Noritake Clearfill SE uni-

2. Dry with mild air stream for 5 s until the adhesive not methacrylate, colloidal silica, DL
move. camphorquinone, silane coupling
agent, accelerators, initiators, water

3. Light cure for 10 s

Dental Inc. Chiyoda

Ku, Tokyo, Japan versal bond (CSE)

Abbreviations: 10-MDP= 10-methacryloyloxydecy! dihydrogen phosphate; Bis-GMA= bisphenol A-glycidyl methacrylate.; 4-META= 4-

methacryloyloxyethy trimellitate anhydride; HEMA = 2-hydroxyethyl-methacrylate
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thickness of less than 1mm, each one cured with a
Bluephase LED light (lvoclar Vivadent AG, Schaan
Liechtenstein, 800mW/cm?) for 20 s.

All samples were restored with Tetric-N-Ceram
(Ivoclar Vivadent, Schaan Lichtenstein) after adhesive
application, in the shade A2 and cured for 40 s using the
same LED-curing unit. To polish restorations, PoGo
micro-polisher point was used (Dentsply Caulk, USA)
for 20 s.

All samples were kept in distilled water at 37°C for
24 h. All groups were then exposed to 10,000 thermo-
cycles (5-55C, transfer time: 5s, dwell time: 25s) (MTE
101 Thermocycling Machine, Esetron, Turkey).

The bonded teeth were implanted into acrylic resin
(Acropars, Marlic, Iran) and were longitudinally cross
sectioned with a diamond blade in Isomet 1000 saw
(Shenzhen Dian Fong Abrasives Co., China), (speed of
150-200 rpm) while water cooling continuously. Thus,
multiple beam-shaped sticks were obtained with a cross-
sectional top of approximately 1 mm?. At least two stick
specimens were obtained from each tooth (n= 8). The
samples were studied through a Discovery V20 stere-
omicroscope (Binocular Motic SMZ-168, China). Thus,
the sticks with adhesive failures and bubble inclusions
were omitted.

The uTBS was examined with a universal testing
machine (EMIC; Séo José dos Pinhais, PR, Brazil).
Each beam ends were glued with cyanoacrylate adhe-
sive to designed metal plates specially. Each beam was
located in the testing machine. The tensile load was
used at a crosshead speed of 0.5 mm/min, until separat-
ing the composite from the dentin. The load was record-
ed at the point of failure.

The adhesive failure (fracture at the interface be-
tween the dentin and resin) was defined along with co-
hesive (fracture within the body of the dentin or resin),

i o

or mixed (adhesive fracture integrated with cohesive
fracture). Then, the samples were assessed by Discovery
V20 stereomicroscopy (Binocular Motic SMZ-168,
China) with 40x magnification.

After thermocycling, the samples root apex was pro-
tected with a resin composite. Two layers of nail lacquer
(Golden Rose, Turkey) were applied to cover the entire
external surface of the teeth, leaving a 1mm margin
around the restoration uncovered. Then, the specimens
were submerged in 2% methylene blue while incubating
for 24h at 37c. The samples were rinsed with tap water
and classified longitudinally into two sections in a bucc-
olingual direction with a slower speed saw (lsomet
4000, Buehler). The distal and mesial sections were ass-
essed for leakage under light microscopy (Olympus
Light Microscope, Japan) at 40x magnification by an in-
spector blinded to the experimental measures (Figure 1).

To determine the microleakage score, the dye pene-
tration depth was determined at the gingival margins
based on ISO/TS,11405: 2003 [18] as (0) for no dye
penetration, (1) for dye penetration to 1/2 of the gingival
floor depth, (2) for dye penetration exceeding 1/2 of the
gingival floor depth but not reaching the axial wall, (3)
for dye penetration to the axial wall not including the
wall and (4) for dye penetration including the axial wall.

To analyze all data, IBM SPSS Statistics V.26 statis-
tical package was used (SPSS, Chicago, IL, USA). Us-
ing two-way ANOVA test, the effects of bonding type
and AA on microtensile bond strength were determined.

The intragroup differences were determined using
Tukey and T-tests. To analyze the microleakage scores,
the Kruskal-Wallis nonparametric test was performed.
All tests were conducted at o = 0.5 significance level.
The study was approved by the Research Ethics Com-
mittees of Islamic Azad University- Dental Branch Teh-
ran - Iran (IR.IAU.DENTAL.REC.1401.053).

1 /f A ] .1 ' N

1

Figure 1: Light microscopy images of dye penetration at gingival margins at x40 magnification, a: score 0, b: score 3, c: score 4
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Results

The results of the two-way ANOVA test showed that
the interaction between the type of universal adhesive
and AA has a significant effect on the microtensile bond
strength (p=0.003).

T-Test was used to analyze the effect of AA on the
bond strength (Table 2). The average bond strength of
AL in the group with AA (37.31 MPa) was significantly
higher than the group without AA (24.13 MPa) (p<
0.001). The average bond strength of GP bond in the
group with AA (26.2 MPa) was significantly higher
than the group without AA (24.16 MPa) (p= 0.041). The
average bond strength of G2 in the group with AA
(39.09 MPa) was significantly higher than the group
without AA (36.01 MPa) (p= 0.027). The average bond
strength of CSE in the group with AA (35.77 MPa) was
significantly higher than the group without AA (31.72
MPa) (p< 0.001). The Tukey test was used to analyze
the effect of type of universal adhesive on the bond
strength (Figure 2). In the groups without AA, the aver-
age bond strength of G2 was significantly higher than
AL (p< 0.001), GP (p< 0.001) and CSE (p= 0.001). In
the groups with AA, the average bond strength of G2
was significantly higher than AL (p< 0.001), GP (p<
0.001) and CSE (p= 0.019). The distribution of failure
modes in each of the studied groups is given in Table 3
according to the results; most of the failures in the
groups without AA were adhesive, while the number of
adhesive failures decreased in the groups with AA.
Most of the failures with AA occurred in two patterns:
cohesive and mix. The results of the Kruskal-Wallis test

S0.00
A0.00

ao0.oo T

20,00

95% Cl microtensile

10,00

(4a]

all bond G premio

bonding

Table 2: Microtensile Bond Strength (MPa) values (means
and standard deviations) of universal adhesives tested

X\g:‘gsﬁ:; Vﬁgﬁg(ﬁ' r Universal Adhesive
31.37(x2.53)  24.13(x1.55) All bond universal
26.02(£1.59) 24.16(x1.71) G-Premio bond
39.09(x2.42) 36.01(x2.55) G2 bond universal
35.77(x1.69) 31.72(x1.69) Clearfill SE universal bond

Table 3: Number and percentage of specimens (%) according
to the fracture pattern mode

i . ; Fracture pattern
Xg'ﬁg{iil Air Abrasion A Cp vl
All bond uni- With 3(37.5) 2(25) 3(37.5)
versal With out 4(50)  2(25) 2(25)

: With 4(50 2(25 2(25
G-Premiobond —\\iin o 42503 1(52.;) 3(§7.g)
G2 bond uni- With 2(25) 3(37.5) 3(37.5)
versal With out 3(37.5) 2(25) 3(37.5)
Clearfill SE With 3(37.5) 2(25) 3(37.5)

universal bond With out 4(50) 2(25) 2(25)

*Abbreviations: A: adhesive fracture mode; C: cohesive fracture
mode; M: mixed fracture

showed that there was no significant difference between
the amount of microleakage in the groups with and
without AA (p=0.32) (Table 4).

Discussion

Universal dental adhesives were introduced as versatile,
multifunctional systems with reduced application steps.
They are compatible with all dental hard tissue treat-
ment modalities and capable of bonding to various re-
storative materials when combined with appropriate
surface treatments [19-20]. All the tested commercial
products contained the 10-MDP adhesive monomer, w-

air.abrasion

no
[ yos

G2 clearfill

Figure 2: The effect of type of universal adhesive on the bond strength
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Table 4: Frequency of microleakage scores

Universal adhesive Air Abrasion

Microleakage score

0.00 1.00 2.00 3.00 4.00
corrs s oo Mo e oamyoom om
ormsc g M0 305 0one 1630 a6on 0000

hich has a well-documented bonding capacity with den-
tin [21-22].

In the present study, we evaluated the bond strength
of the universal adhesives to dentin exclusively in the
self-etch mode. This approach was chosen because self-
etch is not inferior to the etch-and-rinse technique in ter-
ms of bond strength values [11]; and it provides more
durable bonding after extended water ageing due to red-
uced degradation of the resin-infiltrated collagen [23].
As previously demonstrated, dentin treated with the tot-
al-etch bonding technique is highly susceptible to en-
zymatic and hydrolytic degradation. However, the den-
tin is partially etched by self etch bonding and some am-
ounts of hydroxyapatite are left around the collagen
grid. Therefore, with a combination affinity for hydrox-
yapatite, ionic bonds are created by functional monome-
rs (10-MDP) in bonding, leading to bond stability [24-
25].

The bonding performance of Scotch bond universal
was evaluated by Silva et al. [26] concluding no differ-
ences in bond strength in terms of AA when using this
adhesive in self-etch mode. According to the literature,
the abrasion of dentin with aluminum oxide causes no
interference with bond strength both in self-etch mode
[27]. However, in the present work, we found that pre-
treatment of dentinal surface utilizing AA increases the
bond strength in all examined universal adhesives. The
difference may be related to the versatility in acidity and
composition of universal adhesives.

In the present study, dentinal surface pretreatment
with AA increased microtensile bond strength for all
examined universal adhesives. The dentinal bond
strength was improved by pretreatment of dentin with
aluminum oxide AA owing to the contact between the
adhesive and dentin and incremented surface roughness
[27]. Moreover, the resin monomers infiltration into the
dentin increased by the superficial removal of smear
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layer by AA and thus increasing adhesion [5]. The in-
creased bond strength may be also caused by the chang-
es the dentinal surface energy resulting from abrasion
with aluminum oxide. Hence, better interactions were
promoted between forces of adhesion and cohesion de-
termining the occurrence of wetting (the spreading of a
liquid over a surface), and incrementing area accessible
for adhesion [28].

AL revealed the most considerable increment in
bond strength followed by dentin pretreatment utilizing
AA, after CSE. This may be related to the universal
adhesives pH. AL had the least acidity level among the
adhesives studied in this work, with the pH of about 3.1
after CSE exhibiting pH of almost 2.3. Van Meerbeek et
al. [9] investigated the bonding performance of CSE
regarding AA and concluded that the uTBS of CSE to
air-abraded dentin was significantly greater than all
other experimental groups, which is in line with our
findings. At dentin, only the diamond-bur preparation
prevented enough micromechanical bonding through
hybridization. This is expected as the applied regular-
grit diamond led to a relatively thick smear layer [9].
Such bur-based bonding effectiveness has been repeat-
edly reported for “mild” self-etch adhesives [29-30]. D-
espite the former case, the highest level of acidity is rep-
resented by GP among the adhesives studied in this wo-
rk with the pH of about 1.5. Hence, this adhesive
showed the lowest increment in bond strength after AA.
As seen, “robust” self-etch and etch and rinse adhesives
are related to their higher etching aggressiveness with
no sensitivity to the tooth surface preparation mode [29].

The effects of thermocycling and AA on shear bond
strength to dentin for self-etch adhesives were evaluated
by Freeman et al. [28]. They reported that AA increased
the mean shear bond strength to dentin, although, it was
insignificant. In line with our results, for air abraded
samples, after thermocycling, shear bond strength values
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was higher [28].

Dental adhesion aims at obtaining intimate adapta-
tion of the restorative material to tooth structure [6].
However, the higher organic and water content of dentin
make challenges for bonding [31]. A physical barrier is
created by smear layer formed during cavity prepara-
tion, which must be dissolved or permeable. Hence, the
dentin surface can be contacted with adhesive mono-
mers [6]. The smear layer's basic composition is hy-
droxyapatite and changed collagen [32]. Moreover, the
smear layer's morphology is different with the type of
instrument creating it and the formation site [6]. The
efficacy and penetration of the etch component in an
adhesive system may be potentiated by decreasing the
smear layer's thickness and changing the dentin surface
structure after AA. Therefore, etching causes to remove
a thin smear layer occluding the dentin tubule easily.
Bond strength and resin tag formation are enhanced for
all adhesive systems, with a higher effect for self-etch
adhesives [28].

Franga et al. [47] evaluated the effects of long-term
storage and AA on the bond strength of self-etch adhe-
sives to dentin. They concluded that former dentinal AA
with aluminum oxide had no effect on the bond strength
means of adhesive systems at various assessment times,
excepting the CSE adhesive system. Followed by three
months of storage, greater mean bond strength to dentin
was obtained when utilizing with aluminum oxide AA.
In the current work, higher microtensile bond strength
was revealed by all universal adhesives after 1,000
thermal cycles. In other words, after thermal cycles, the
satisfactory impacts of AA were remained on the bond
strength of universal adhesives. It was revealed that the
fracture mode was influenced by AA. Using AA re-
duced the number of adhesive failures excluding GP.
The reduced adhesive failures were dominant for AL.
The data extracted from microtensile bond strength test
were confirmed by these results.

According to Anja et al. [27], microtensile bond
strength in dentin was not enhanced or impaired using
AA with one-step self-etch adhesive. This is partially in
line with our results.

Soares et al. [33] indicated that the bond strength to
bovine dentin was reduced by aluminum oxide sand-
blasting process inconsistent with our findings. Various
samples used in the studies can explain differences in

the findings. While Soares et al. [33] performed bond
strength tests on bovine teeth, our study utilized human
teeth. According to Schilke et al. [34], the density of
dentin tubules is higher significantly in human dentin
compared to bovine dentin, which could clarify various
findings. Furthermore, variations in adhesive bond
strength measurement may result from differences in the
relative proportions of inter-tubular and intratubular
dentine [35], as well as the characteristics of the inter-
tubular matrix between bovine and human teeth [36].

Based on scanning electron microscope (SEM) ob-
servations in former studies, aluminum oxide AA can
create roughened surface, thus incrementing the surface
area accessible for bonding and wetting by the adhesive
resin [37].

Desired esthetic and physical properties have been
obtained by the recent advances. However, their
polymerization shrinkage and related stress are among
the most important complications. The main factor in-
fluencing longevity is microleakage at the interface be-
tween tooth and dental restoration where restorative
margins can be colored or cause incremented sensitivity
in the restored tooth, secondary caries, and also pulp
pathological injury. The clinical prognosis of restora-
tions is assessed by marginal quality [38].

In the present work, we found that the quantity of
microleakage in universal adhesives was not affected by
AA. Thus, AA caused superficial maceration of the coll-
agen fibers on the dentin surface and increased the hy-
brid layer separation from resin penetrating tubules. Th-
erefore, the superficial structure of the dentin was weak-
ened thus affecting the hybrid layer quality [39] leading
to the creation of defects like clefts and voids. Moreo-
ver, a thin smear layer covers the dentin surface made
by airborne-particle abrasion. The activity of the condi-
tioning agent is potentiated by a thinner smear layer
coating a macerated dentin surface while etching the
fragile dentin surface [40]. Besides, tag formation may
be hindered by failure to eliminate the smear layer
forming a plug at the tubule opening [41]. It is also indi-
cated that the rounded margins created by AA help re-
duce marginal microleakage and polymerization stress
[42]. Our results may be explained by these conflicting
effects.

The effects of AA and thermocycling on resin adap-
tation to dentin were evaluated by Freeman et al. [28]
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for self-etch adhesives. They reported that AA and
thermocycling compromised the adaptation to dentin.
Despite increasing the number, diameter, and length of
resin tags, AA was associated with a higher number of
defects in the hybrid layer on the dentin surface [28].

For optimum dentin bonding, the demineralized den-
tin tubule must be penetrated by the adhesive before
polymerization [43]. Nevertheless, the adhesive may be
separated from the tubule wall by polymerization
shrinkage thus producing hollow resin tags [44]. Fur-
thermore, the formation of resin tags may not contribute
to bond strength, as separation of the hybrid layer from
the adjacent dentin can occur following polymerization
shrinkage and restoration aging.

In the current study, AA did not affect the amount of
microleakage but did increase the micro-tensile bond
strength of all universal adhesives. It is important to
note that during composite polymerization, the adhesive
layer in cavity preparations is subjected to shrinkage
stresses, which are absent in microtensile bond strength
specimens. Therefore, the loss of adaptation was not
explained by bond strength results.

Atalay et al. [45] evaluated the microleakage of a
Universal adhesive bond in Class V resin composite
restorations using Er,Cr:YSGG laser surface treatment.
Their results showed that laser etching had no signifi-
cant effect on the microleakage at dentin margins. Ata-
lay et al. [45] also evaluated the universal adhesive
bond using the self-etch approach, similar to our study.
The findings from their study are in agreement with the
data obtained from our microleakage tests.

The effects of surface modification of dentin were
explored by Almojaly et al. [41] utilizing Er, Cr: YSGG
phototherapy on microleakage scores. They found high-
er microleakage scores in laser treated groups caused by
high power density, heat damage, and dentin crystals
denaturation.

Microleakage related to composite restorations was
compared by Arora et al. [46] in Class V cavities pre-
conditioned with AA for Adper Single bond. It was
indicated that microleakage was less predominant in
teeth, for which AA was utilized for preconditioning the
cavity. However, differences in adhesive types across
studies could explain varying results. Thus, the effect of
AA on microleakage may depend on the specific bond-
ing system used, and further research is needed to confi-
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rm its generalizability.

As we know, the effect of AA on the bonding per-
formance of universal adhesives was not studied so far.
Considering the extensive spread of universal adhesives
in clinical practice, the present work can be used to en-
hance these adhesives' performance. Thus, further stud-
ies are required to assess other features of these adhe-
sives using AA.

The findings of this study should be interpreted in
light of its limitations, particularly its in vitro design,
which may not fully replicate the complex oral envi-
ronment, including factors such as moisture, tempera-
ture fluctuations, masticatory forces, and long-term deg-
radation. Therefore, further clinical studies are neces-
sary to validate the long-term effectiveness of air abra-
sion pretreatment in enhancing the performance of uni-
versal adhesives.

Conclusion

Within the limitation of this in vitro study it can be con-
cluded that pretreatment of dentin with AA increases the
bond strength and durability of the universal adhesives
and this effect is greater in universal adhesives with
higher pH. Moreover, pretreatment of dentin with AA
does not affect the microleakage of universal adhesives.
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