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1.  Introduction

Dental caries, one of the most common, preventable, and chron-
ic diseases, is still common in society despite widespread fluoride 
use, the availability of preventive health services, and improvements 
in oral hygiene practices[1,2]. Numerous options are available for 
the treatment of teeth with severe coronal tissue loss, including the 
following: amalgam, which is no longer used for environmental rea-
sons; full crowns, which cause unnecessary material loss; and resin 
materials, which are often doubted owing to their low mechanical 
strength[3,4]. The most common reasons for failure in resin restora-
tions, which are frequently used in dentistry because of their conser-
vative cavity design and superior aesthetic properties, are secondary 
caries and restoration fractures, both of which are primarily due to 
polymerization shrinkage, which can lead to interfacial debonding, 
postoperative sensitivity, and recurrent caries[5]. It is necessary, 
therefore, to add minerals, such as calcium phosphate (CaP), to the 
demineralized dentin to promote remineralization[6].

Studies have continuously attempted to improve the me-
chanical properties of resin composites, which have recently gained 
popularity[7,8]. Previous studies have evaluated the addition of 
different particles to resin composites by changing the particle size 
and percentage[9,10]. Interest has also increased in fiber-reinforced 
composite (FRC) resins, which were designed in an effort to improve 
the mechanical properties of FRC without sacrificing the aesthetic 
properties[11]. Short fiber-reinforced composites (SFCs) are also used 
to strengthen both the remaining tooth structure and large compos-
ite restorations when high-stress restorations such as large mesio-
occlusal-distal (MOD) restorations are needed. If a crack develops in 
the restoration, the material reinforced with short glass fibers resists 
further cracking[4,12]. Manufacturers specifically recommend the 
use of flowable SFCs to replace lost dentin, and recent studies have 
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WHAT IS ALREADY KNOWN ABOUT THE TOPIC?
»  Studies are continuously trying to improve the mechanical prop-
erties of resin composites. Additionally, there is limited research avail-
able on the effect of different surface treatments.

WHAT THIS STUDY ADDS?
»  Air abrasion with various particles does not improve the bond 
strength between short fiber-reinforced resin composite and dentin.
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shown that flowable SFCs exhibit the highest load-carrying capac-
ity[12,13].

Effective bonding between the restoration and prepared tooth 
surface is crucial in adhesive dentistry. Although this bond takes 
the form of micromechanical bonding on the enamel surface, it is 
more complicated on the dentin surface[11,14]. The etch and rinse 
and self-etch systems differ based on the removal or modification of 
the smear layer[15]. Self-adhesive cement systems work by modify-
ing the smear layer of the dentin. During the etching of dentin with 
acid, the smear layer is removed and the substrate is demineralized 
by creating a strong micromechanical bond[16,17]. Despite advance-
ments in adhesive systems, the interface between the tooth tissue 
and restoration remains the weakest point of the restoration[15,18]. 
In addition to the development of adhesive systems, procedures 
such as selective dentin etching, air abrasion, the use of matrix me-
talloproteinase inhibitors, dentin pretreatment with laser, multiple-
layer application, and selective laser etching have been utilized in an 
attempt to improve dentin bonding[19].

Air abrasion, which was developed in the 1940s, did not attract 
sufficient attention when it was introduced to the market, largely 
because the restorative materials used at that time required sharp 
angles, as adhesive dentistry had not yet been developed. Addition-
ally, there were no high power suction tools at that time, making 
it difficult to evacuate the abrasive powder[14,20]. In air abrasion, 
abrasive particles hit the tooth at high speed and abrade the tooth 
structure; however, the most important variable in this system is the 
abrasive powder used[20,21]. Although alumina particles are the 
most commonly used abrasive particles, various other particles such 
as calcium carbonate (CC), glycine, and sodium bicarbonate have 
also been used for air abrasion[21,22]. Although alumina particles 
are generally preferred for cutting the tooth surface, other abrasive 
particles are often used to clean the tooth surface prior to bonding.

Alumina particles are irregularly shaped and approximately 
30–90 μm in diameter. Particles larger than 90 μm are more abra-
sive and are used for cavity preparation, cutting dental tissue, and 
roughening various dental materials[23]. Additionally, alumina, 
which is used to remove the smear layer and roughen the enamel 
and dentin, can strengthen the bond by ensuring better infiltration 
of the adhesive resin into the dentin[24–26]. Glasses with densities 
lower than that of aluminum oxide have also been used for air abra-
sion. The environmental conditions of bioactive glass have been in-
vestigated due to its antibacterial properties and ability to promote 
dentin remineralization[23,27]. Surface modification by coating with 
bioactive glass particles promotes in vitro biomineralization. CC and 
CaP, which are biocompatible, absorbable, and osteoconductive ma-
terials successfully used in the roughening of the titanium implant 
surface, are also considered good alternatives for the tribochemical 
coating of the dentin surface[28–30]. These bioactive particles/mate-
rials may leach ions to tooth structure and aid in the remineralization 
of demineralized dentin[31]. However, the question arises: do these 
particles affect the dentin bond strength?

This study, therefore, aimed to examine the bond strength of 
flowable SFCs to dentin after air abrasion using different abrasive 
particles. The null hypotheses were as follows: (1) different abrasive 
particles do not affect the bond strength of SFC to dentin and (2) the 
application of acid etching to the dentin surface has no impact on 
bond strength.

2.  Materials and Methods

2.1.  Preparation of dentin specimens and experimental design

In this study, 130 human teeth extracted for various periodontal 
or orthodontic reasons were used to measure bond strength, and all 
necessary approvals were obtained from the ethics committee (Ap-
proval number: 5/17 22.02.2017). The extracted teeth were stored in 
chloramine solution at 5 °C and randomly divided into 12 groups of 10 
teeth. All teeth were ground flat (Federation of European Producers 
of Abrasives [FEPA] grit 180/320) using a grinding machine (Struers 
RotoPol 11; StruersA/S, Rodovre, Denmark) under water cooling just 
below the enamel-dentin junction. The teeth were then embedded 
with their occlusal surfaces facing outward in acrylic resin cylinders 
4 mm in diameter and height. Finally, silicon carbide (SiC) abrasive 
paper (FEPA grit 600) was used to obtain a standard smear layer. Any 
teeth exhibiting visible pulp exposure or cracks were excluded and 
replaced, resulting in 130 specimens available for testing. The groups 
and their abbreviations are listed in Table 1, while the materials used 
in this study are listed in Table 2.

We etched half of the teeth for 10 s using phosphoric acid to 
remove the smear layer prior to air abrasion. The dentin surface was 
washed for 20 s and gently dried, and air abrasion was performed 
using a Cojet system (3M Espe, St Paul, MN, USA) at a pressure of 400 
kPa. After each air abrasion test, the specimens were rinsed with 
deionized water.

A total of 20 intact human molars (n = 2/group) were selected 
for evaluation. Their roots and occlusal enamel were removed under 
water cooling, after which 3 mm thick dentin discs were obtained 
by grinding the dentin surface with 600 grit SiC sandpaper. Surface 
treatments were applied to half of the dentin discs (Table 1), while 
the other half was covered with paper (no air abrasion) to serve as 
a control. After air abrasion, the samples were rinsed with running 
water and gently air-dried before immersion in simulated body fluid 
(SBF). The prepared dentin discs were stored in an incubator at 37 
°C for 2 weeks in SBF and then prepared as described by Kokubo 
and Takadama[32] for scanning electron microscopy (SEM) analysis. 
When removed from the SBF, the samples were rinsed under running 
water and dried in an incubator for 2 days.

Table 1.  Groups tested in the present study

Abrasive particle type (n = 10) Etching No/Yes Group abbreviation

Control with no air abrasion No C0

Yes C1

Cojet sand No Co0

Yes Co1

Bioactive glass No BAG0

Yes BAG1

Aluminum oxide No AO0

Yes AO1

Calcium carbonate No CC0

Yes CC1

Calcium phosphate No CP0

Yes CP1
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2.2.  Bonding procedures and resin composite build-up

A commercially available adhesive system (G2-Bond Universal; 
GC, Tokyo, Japan) was used for all specimens according to the manu-
facturer’s instructions. SFC (everX Flow Dentin; GC, Tokyo, Japan) was 
then applied to the dentin surface using plastic tubes with a diam-
eter of 3.6 mm and a height of 4 mm. The SFC was then light-cured 
through the tube (mold) from the top and sides for 60 s (Elipar TM 
S10; 3M ESPE, St. Paul, MN) with an irradiance of 1200 mW/cm2. The 
plastic mold was carefully removed and specimens were stored for 
48 h in 37 °C water before testing.

2.3.  Bond strength test and failure modes

To maintain stability during testing, the specimens were placed 
in an apparatus (Bencor Multi-TShear Assembly; Danville Engineer-
ing Inc., San Ramon, CA, USA) and loaded into a universal testing 
machine (Lloyd Instruments Ltd., Fareham, Hants, UK) with a circular 
cutting tip. The bond strength was determined in shear mode at a 
crosshead speed of 1.0 mm/min until fracture occurred. Shear bond 
strength (SBS) was calculated using a computer program (Nexygen 
4.0; Lloyd Instruments Ltd., Fareham, Hants UK) which divided the 
maximum load at failure (N) by the bond area (mm2), with the result 
recorded in megapascals (MPa). Adhesive and cohesive failure modes 
were determined using a light microscope (Stereomicroscope; Wild 
M3B, Heerbrugg, Switzerland).

2.4.  SEM analysis

SEM (LEO, Oberkochen, Germany) was also utilized in this study. 
The specimens prepared for SEM analysis were dried in an incubator 
and coated with gold using a sputter coater (BAL-TEC SCD 050 Sput-
ter Coater; Balzers, Liechtenstein). The SEM images were obtained at 
20 kV acceleration voltage using 12 mm working distance in vacuum.

2.5.  Statistical analysis

The distribution of the SBS values (MPa) was analyzed and found 
to be homogeneous. Therefore, a two-way analysis of variance 
(ANOVA) and Tukey’s test were used to analyze the data. Statistical 

significance was determined using Tukey’s post-hoc test. A P-value 
< 0.05 was considered to be statistically significant (SPSS version 23; 
IBM Corp., Chicago, IL, USA).

3.  Results

The mean SBS values for dentin and the standard deviations for 
all tested groups (MPa) are shown in Figure 1. There was no statisti-
cally significant difference between the etched and non-etched 
groups (P = 0.745); however, there were statistically significant differ-
ences among the groups where different air abrasion particles were 
utilized (P < 0.05). ANOVA revealed a statistically significant interac-
tion between etching and air abrasion (P < 0.05) (Fig. 1).

The highest bond strength values among were observed in the 
C1 group (18.9 MPa), which did not undergo air abrasion, while the 
lowest values were observed in the CP1 group (10.49 MPa). The bond 
strengths of the BAG0 and CP0 groups were lower than those of the 
BAG1 and CP1 groups. Among all other groups, the bond strength 

Table 2.  Materials used in this study (manufacturer or published data)

Materials Manufacturer Composition (wt%)

G2-Bond Universal 
(pH = 1.5)

GC, Tokyo, Japan Primer: 4-MET, MDP, MDTP, dimethacrylate monomer, 
acetone, water, photoinitiator, filler 
Adhesive: dimethacrylate monomer, bis-GMA, filler, 
photoinitiator

everX Flow (dentin shade) GC, Tokyo, Japan resin (Bis-MEPP, TEGDMA, UDMA) 
Glass fibers (25), Barium glass (42–52), Silicon dioxide 
(Trace)

Phosphoric acid etching gel 3M ESPE, MN, USA Silica thickened 35% phosphoric acid gel 
(pH = 0.5)

Aluminum oxide BEGO, Bremen, Germany 99.6% aluminum oxide particles 
Particle size: 30–90 μm

Cojet sand particles 3M ESPE, MN, USA 95% silica-modified Al2O3 
Particle size: 30 μm

Bioactive glass Schott, Mainz, Germany 45.0% SiO2, 24.5% CaO, 24.5% Na2O, 6.0% P2O5 
Particle size: 4 µm

Calcium phosphate 
(Ca3(PO4)2)

Chempur, Piekary Śląskie, Poland ≥ 90.0% (Ca3(PO4)2) 
Particle size: < 50 µm

Calcium carbonate 
(CaCO3)

Sigma Aldrich Darmstadt, Germany ≥ 99.0% CaCO3 
Particle size: < 50 µm

Fig. 1.  Mean shear bond strength values to dentin and standard deviations. 
Groups with different letters have statistically significant differences among 
each other (significance level of P < 0.05).
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values were higher in the acid-treated groups.

A statistically significant (P < 0.05) difference was observed be-
tween the group that had no surface treatment (control), including 
etching, and those that had only air abrasion with the CoJet system 
using aluminum oxide. Furthermore, a statistically significant differ-
ence was observed between the group that had no surface treatment 
and those that received air abrasion with BAG1, AO1, or CP1 (P < 0.05). 
Additionally, the SBS values were ranked as follows: no air abrasion 
treatment (18.48 MPa) > Cojet (14.35 MPa) ≥ calcium carbonate (CC) 
(13.82 MPa) ≥ calcium phosphate (CaP) (13.07 MPa) ≥ bioactive glass 
(BAG) (13.06 MPa) ≥ aluminum oxide (AO) (11.29 MPa).

The results of the failure analyses are presented in Table 3. 
All specimens in the untreated and CaP-treated groups showed 
cohesive fractures (dentin). Among the groups that underwent air 
abrasion with CC, the pre-etching group showed more cohesive frac-
tures, while the non-etching group showed more adhesive fractures.

The SEM results are shown in Figure 2. Dentinal tubules were ob-
served in the etched specimens while the smear layer was observed 
in the unetched specimens. When air abrasion was performed after 
etching, the opened dentinal tubules were clogged with particles. 
The amount and shape of irregular mineral accumulation varied 
depending on the structure of the applied particles. Besides, more 
mineral deposition was observed in the groups subjected to air 
abrasion with AO than in the other groups. A calcified layer was vis-
ible in the groups where heavy abrasion was performed with BAG; 
however, it is difficult to call this layer an organized mineral layer. 
Non-homogeneous mineralized groups were also observed in the 
CP1 group, while in the CC1 group mineralized foci that persisted 
inside the tubules were observed.

4.  Discussion

Despite recent advancements in adhesive systems, studies 
continue to evaluate the bond between the resin and dentin in-
terface[19]. In this study, two different adhesive protocols and five 
different abrasive particles were used to condition dentin surfaces, 
after which the bond strength between SFC resin composites and 
the dentin were examined.

Adhesive systems are an important factor in the success of 

restorations, and self-etching adhesive systems that do not require 
phosphoric acid etching are widely used at this time[33]. The manu-
facturer of one of the newest adhesives, G2-Bond Universal (G2-B; 
GC, Tokyo, Japan), has stated that the Dual H-Technology reduces 
the risk of degradation and provides superior durability[34]. Addi-
tionally, this technology facilitates the transition from a hydrophilic 
to hydrophobic state and enhances the bond between the dental 
tissue and resin composite[33]. 2-hydroxyethyl methacrylate (HEMA), 
which is used in most adhesives to increase adhesion to dentin, is not 
used in G2-Bond Universal, which instead uses 4-methacryloxyethyl 
trimellitic acid (4-MET) 10-methacryloxydecyl dihydrogen phosphat 
(10-MDP), and methacryloyloxydecyl dihydrogen thiophosphate 
(MTDP) as functional monomers[35]. Owing to the HEMA-free com-

Table 3.  Results of failure types

Cohesive (dentin) Adhesive

No treatment 10 0

No treatment with etching 8 2

Cojet 4 6

Cojet with etching 4 6

BAG 9 1

BAG with etching 5 5

Aluminum oxide 5 5

Aluminum oxide with etching 6 4

Calcium carbonate 4 6

Calcium carbonate with etching 9 1

Calcium phosphate 10 0

Calcium phosphate with etching 2 8

Fig. 2.  Scanning electron microscopy images of samples kept in simulated 
body fluid for 2 weeks after air abrasion (2.50 K magnification)
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position, the bonding layer was hydrophobic, which reduced the 
possibility of water absorption, and subsequently, the risk of adhe-
sive deterioration. Studies have shown that G2-Bond Universal is the 
most effective universal adhesive for clinical applications, especially 
when applied in self-etch mode[33].

Previous studies have reported that the surface preparation can 
directly affect the bond strength between the resin composite and 
dentin[36,37]. In accordance with previous studies, different abrasive 
particles were found to reduce the bond strength to dentin in the 
present study; therefore, the first null hypothesis, that different 
abrasive particles do not affect the bond strength of SFC to dentin, 
was rejected. Additionally, the protocols used in this study were 
insufficient to provide the desired dentin surface preparation, which 
should be considered in clinical practice.

The reason why the bond strength between the resin composite 
and dentin was negatively affected was because abrasive particles 
may create undesirable topographies on the dentin surface. For 
example, microscopic cracks can be created by abrasive particles 
on dentin, and dentin minerals may be lost[38]. These effects render 
the dentin surface unsuitable for adhesive bonding, resulting in a 
decreased bond strength.

The factors that affect the amount of dental tissue loss using the 
air abrasion method are the particle type, air pressure, and speed 
of the abrasive particles, which are determined by the distance be-
tween the tip of the Cojet and the tooth surface[21,39]. Cojet sand 
particles, one of the air abrasion particles used in this study, are 
30µm spherical silica-coated aluminum oxide particles. In a previous 
study, however, 50 µm Al2O3 particles with a sharp-edged surface 
were also tested, and it was observed that increasing the particle size 
and treatment period might result in the degradation of restorative 
materials[40]. While the BAG particles used in the present study were 
4 µm in size, the size of the CC and CaP particles was < 50 µm in size.

In this study, a statistically significant difference was observed 
between the group without air abrasion and the group subjected 
to air abrasion with Al2O3, which may be explained by the fact that 
aggressively abrasive Al2O3 particles may cause significant mineral 
loss from the dentin surfaces. In a previous study, Rinaudo et al.[41] 
reported that Al2O3 particles accumulated on the dentin surface as 
a result of air abrasion, negatively affecting the bond strength In 
another recent study using Cojet sand particles, conditioning the 
dentin surface in this manner did not have a significant effect on 
bond strength[42]. The results of the present study, therefore, are 
partially consistent with those of previous studies. No significant 
differences were observed between the etching groups after the air 
abrasion process and the control group; however, the bond strength 
of the unetched group was lower than that of the control group. 
This can be explained by the fact that the Cojet particles were not 
homogeneously distributed in the dentin during air abrasion. In a 
meta-analysis, Lima et al.[43] reported that air abrasion should be 
utilized only when the particle size is larger than 30 μm and the pres-
sure is > 5 bar.

Because of their antibacterial properties and remineralization 
potential, bioactive glasses are good alternatives for air abrasion[44]. 
They have also been reported to be less corrosive than Al2O3 and 
may help prevent sensitivity by blocking dentinal tubules[27,45]. 
Sauro et al.[46] reported that air abrasion with bioactive glass does 
not negatively affect the bond strength. Similar to the results of the 

aforementioned study, no statistically significant difference was 
observed between the air abrasion with bioactive glass without acid 
etching group and the control group in the present study.

CC, which a laboratory study indicated has the potential to erode 
the enamel surface, was reported to be a less abrasive particle than 
alumina despite its abrasive potential[47,48]. Additionally, CaP-based 
materials have the potential to stimulate dentin remineralization. 
Bioactive glasses are biomaterials that contain CaP in their compo-
sition[6]. Because sodium bicarbonate, which was the first particle 
marketed for air abrasion, is highly corrosive and destructive, CC was 
one of the products introduced to replace it[49].

In a previous study, Frankenberger et al.[50] used sodium bicar-
bonate particles for air abrasion and reported that this application 
weakened the bond strength. Researchers have attributed this to the 
fact that sodium bicarbonate particles may cause excessive damage 
to dentin tissue. Similar to the results of our study, Tamura et al.[51] 
stated that the bond strength of the air abrasion groups to dentin 
was significantly lower than that of the control group. This difference 
may be attributed to the sodium bicarbonate powder remaining 
on the dentin surface, which may cause mechanical and chemical 
changes in the collagen fibrils, preventing adhesive resins from 
penetrating the dentin. The application of acid etching on dentin 
surfaces yielded different outcomes based on the adhesive particles, 
thus rejecting the second hypothesis that the application of acid 
etching to the dentin surface has no impact on bond strength. Al-
though the application of etching enhanced the bond strength in 
the control group and the group in which Cojet particles, AO, and CC 
were utilized, this effect was not statistically significant, except in the 
group using Cojet particles. Conversely, etching adversely affected 
the bond strength in the groups that underwent air abrasion with 
BAG and CaP.

A previous study by Sellan et al.[52] demonstrated that a CaP-
based desensitizer was effective in reducing dentin permeability 
and increasing the adhesive-dentin bond strength when combined 
with laser treatment. Similarly, another study demonstrated that a 
1-min pretreatment with metastable CaP on etched dentin collagen 
fibrils can achieve biomimetic remineralization and increase micro-
tensile bond strength[53]. To the best of the authors’ knowledge, 
there is limited research available on the effects of different surface 
treatments, such as a combination of acid etching followed by air 
abrasion with different particles, on dentin bond strength. However, 
the results of the present study may be explained by the fact that 
the BAG and CaP particles are softer than the jet particles; therefore, 
the use of these particles may reduce the impact of acid etching. Ad-
ditionally, the accumulation of these materials on the surface may 
block the dentinal tubules, which may negatively affect the bond 
strength between the resin and dentin.

The smear layer exposed during tooth preparation is a complex 
structure composed of collagen fibrils, organic residues, and mineral 
particles. Sauro et al.[54] measured dentin permeability after air abra-
sion and detected the presence of a compact multilayer smear layer 
on dentin surfaces. Additionally, a previous study showed that the 
smear layer was compacted after air abrasion with alumina particles 
on the dentin surface. This layer may weaken the bond strength by 
preventing the penetration of functional adhesive monomers[55]. 
Therefore, in half of the groups prepared in our study, the smear 
layer was removed by acid etching prior to air abrasion in an attempt 
to avoid the negative effects of air abrasion on the smear layer and 
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observe the effects of the particles used on dentin composition 
and bond strength. Phosphoric acid application aims to remove 
preparation residues lodged within the dentinal tubules[56], but also 
removes the smear layer and demineralizes superficial hydroxyapa-
tite crystals[57]. In the SEM images obtained in this study, dentinal 
tubules exposed only in the group subjected to etching were ob-
served in a manner consistent with the existing literature. Following 
pre-etching, more particles accumulated in the group treated with 
the Cojet through air abrasion than in the group without etching. 
This difference may be attributed to the etching process, which 
rendered the exposed dentinal tubules more susceptible to particle 
accumulation. In the groups treated with BAG and CaP, the increased 
accumulation of irregularly mineralized tissue was observed on the 
dentin surface than in the other groups. In a study in which air abra-
sion was performed with sodium bicarbonate and glycine, it was 
reported that the remaining sodium bicarbonate powder on the 
dentin surface could affect the chemical and mechanical structures 
of the collagen fibrils, potentially impeding the penetration of the 
adhesive into the fibrils[51].

Materials used in the oral cavity are exposed to the dynamic 
conditions of the mouth. A significant limitation of our study was 
that the dynamic and thermal conditions within the oral cavity were 
not reflected in the experimental conditions. Another limitation was 
the lack of consideration of long-term usage conditions. Future stud-
ies evaluating dentin conditioning using the air-abrasion method 
should consider the dynamic and thermal conditions of the oral 
cavity; however, the cytotoxicity of these particles require further 
evaluation.

5.  Conclusions

Air abrasion with various particles did not improve the bond 
strength between the SFC and dentin. Additionally, removing the 
smear layer prior to air abrasion did not affect the bond strength.

Acknowledgments

This study was supported by the research activity of the BioCity 
Turku Biomaterials Research Program in Turku, Finland.

Conflict of interest

There are no conflicts of interest to declare regarding this study.

References

	 [1]	 Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet. 2007;369:51–9. https://
doi.org/10.1016/S0140-6736(07)60031-2, PMID:17208642

	 [2]	 Eltahlah D, Lynch CD, Chadwick BL, Blum IR, Wilson NHF. An update on 
the reasons for placement and replacement of direct restorations. J Dent. 
2018;72:1–7. https://doi.org/10.1016/j.jdent.2018.03.001, PMID:29522787

	 [3]	 Vallittu PK. An overview of development and status of fiber-reinforced 
composites as dental and medical biomaterials. Acta Biomater Odontol 
Scand. 2018;4:44–55. https://doi.org/10.1080/23337931.2018.1457445, 
PMID:29707613

	 [4]	 Garoushi S, Sungur S, Boz Y, Ozkan P, Vallittu PK, Uctasli S, et al. Influence 
of short-fiber composite base on fracture behavior of direct and indirect 
restorations. Clin Oral Investig. 2021;25:4543–52. https://doi.org/10.1007/
s00784-020-03768-6, PMID:33417063

	 [5]	 Filemban H, Bhadila G, Wang X, Melo MAS, Oates TW, Weir MD, et al. Novel 
low-shrinkage-stress bioactive nanocomposite with anti-biofilm and rem-
ineralization capabilities to inhibit caries. J Dent Sci. 2022;17:811–21. https://
doi.org/10.1016/j.jds.2021.09.032, PMID:35756812

	 [6]	 Sinhoreti MAC, Vitti RP, Abuna G, Feitosa VP. Effect of Bioglass 45S5 air-
abrasion on dentin bonding: Evaluation of microtensile bond strength 
and confocal microscopy. Applied Adhesion Science. 2015;3:19. https://doi.
org/10.1186/s40563-015-0049-x

	 [7]	 Rodríguez HA, Kriven WM, Casanova H. Development of mechanical 
properties in dental resin composite: Effect of filler size and filler aggre-
gation state. Mater Sci Eng C. 2019;101:274–82. https://doi.org/10.1016/j.
msec.2019.03.090, PMID:31029321

	 [8]	 Liu F, Sun B, Jiang X, Aldeyab SS, Zhang Q, Zhu M. Mechanical properties 
of dental resin/composite containing urchin-like hydroxyapatite. Dent 
Mater. 2014;30:1358–68. https://doi.org/10.1016/j.dental.2014.10.003, 
PMID:25458352

	 [9]	 Ferracane JL. Resin composite—state of the art. Dent Mater. 2011;27:29–38. 
https://doi.org/10.1016/j.dental.2010.10.020, PMID:21093034

	[10]	 Abouelleil H, Pradelle N, Villat C, Attik N, Colon P, Grosgogeat B. Com-
parison of mechanical properties of a new fiber reinforced composite and 
bulk filling composites. Restor Dent Endod. 2015;40:262–70. https://doi.
org/10.5395/rde.2015.40.4.262, PMID:26587411

	 [11]	 Ilday N, Seven N. The influence of different fiber-reinforced composites on 
shear bond strengths when bonded to enamel and dentin structures. J 
Dent Sci. 2011;6:107–15. https://doi.org/10.1016/j.jds.2011.03.008

	[12]	 Garoushi S, Akbaşak-Sungur AÖ, Erkut S, Vallittu PK, Uctasli S, Lassila L. 
Evaluation of fracture behavior in short fiber–reinforced direct and indi-
rect overlay restorations. Clin Oral Investig. 2023;27:5449–58. https://doi.
org/10.1007/s00784-023-05164-2, PMID:37477724

	[13]	 Kaya Büyükbayram I, Güven ME, Ayman D, Şener Yamaner ID, Cakan EF. 
Fracture resistance of resin endocrowns with and without fiber reinforced 
composite base material: A preliminary study. J Appl Biomater Funct Mater. 
2023;21:22808000231151832. https://doi.org/10.1177/22808000231151832, 
PMID:36708253

	[14]	 Mujdeci A, Gokay O. The effect of airborne-particle abrasion on the shear 
bond strength of four restorative materials to enamel and dentin. J Pros-
thet Dent. 2004;92:245–9. https://doi.org/10.1016/j.prosdent.2004.05.007, 
PMID:15343159

	[15]	 Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di Lenarda R, De Stefano Dori-
go E. Dental adhesion review: Aging and stability of the bonded interface. 
Dent Mater. 2008;24:90–101. https://doi.org/10.1016/j.dental.2007.02.009, 
PMID:17442386

	[16]	 Rodrigues RF, Ramos CM, Francisconi PAS, Borges AFS. The shear bond 
strength of self-adhesive resin cements to dentin and enamel: An in 
vitro study. J Prosthet Dent. 2015;113:220–7. https://doi.org/10.1016/j.pros-
dent.2014.08.008, PMID:25444282

	[17]	 Poggio C, Beltrami R, Colombo M, Chiesa M, Scribante A. Influence of den-
tin pretreatment on bond strength of universal adhesives. Acta Biomater 
Odontol Scand. 2017;3:30–5. https://doi.org/10.1080/23337931.2017.130527
3, PMID:28642929

	[18]	 Oltramare R, Par M, Mohn D, Wiedemeier DB, Attin T, Tauböck TT. Short- 
and long-term dentin bond strength of bioactive glass-modified dental 
adhesives. Nanomaterials (Basel). 2021;11:1894. https://doi.org/10.3390/
nano11081894, PMID:34443725

	[19]	 Hardan L, Bourgi R, Kharouf N, Mancino D, Zarow M, Jakubowicz N, et al. 
Bond strength of universal adhesives to dentin: A systematic review and 
meta-analysis. Polymers (Basel). 2021;13:814. https://doi.org/10.3390/
polym13050814, PMID:33799923

	[20]	 Hegde V, Khatavkar R. A new dimension to conservative dentistry: Air abra-
sion. J Conserv Dent. 2010;13:4–8. https://doi.org/10.4103/0972-0707.62632, 
PMID:20582212

	[21]	 Türp L, Bartels N, Wille S, Lehmann F, Kern M. Effect of alumina particle mor-
phology used for air abrasion on loss of enamel and luting composite resin. 
Dent Mater. 2021;37:e523–32. https://doi.org/10.1016/j.dental.2021.10.003, 
PMID:34702558

	[22]	 Johnson King O, Milly H, Boyes V, Austin R, Festy F, Banerjee A. The effect of 
air-abrasion on the susceptibility of sound enamel to acid challenge. J Dent. 
2016;46:36–41. https://doi.org/10.1016/j.jdent.2016.01.009, PMID:26808159

	[23]	 Arce C. Intraoral air abrasion: A review of devices, materials, evidence, and 
clinical applications in restorative dentistry. Compend Contin Educ Dent 
(15488578) 2019;40:18.

	[24]	 França FMG, Santos AJS, Lovadino JR. Influence of air abrasion and long-
term storage on the bond strength of self-etching adhesives to dentin. 
Oper Dent. 2007;32:217–24. https://doi.org/10.2341/06-61, PMID:17555172

	[25]	 Chaves P, Giannini M, Ambrosano GMB. Influence of smear layer pre-
treatments on bond strength to dentin. J Adhes Dent. 2002;4:191–6. 
PMID:12666754

https://doi.org/10.1016/S0140-6736(07)60031-2
https://doi.org/10.1016/S0140-6736(07)60031-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17208642?dopt=Abstract
https://doi.org/10.1016/j.jdent.2018.03.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29522787?dopt=Abstract
https://doi.org/10.1080/23337931.2018.1457445
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29707613?dopt=Abstract
https://doi.org/10.1007/s00784-020-03768-6
https://doi.org/10.1007/s00784-020-03768-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33417063?dopt=Abstract
https://doi.org/10.1016/j.jds.2021.09.032
https://doi.org/10.1016/j.jds.2021.09.032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35756812?dopt=Abstract
https://doi.org/10.1186/s40563-015-0049-x
https://doi.org/10.1186/s40563-015-0049-x
https://doi.org/10.1016/j.msec.2019.03.090
https://doi.org/10.1016/j.msec.2019.03.090
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31029321?dopt=Abstract
https://doi.org/10.1016/j.dental.2014.10.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25458352?dopt=Abstract
https://doi.org/10.1016/j.dental.2010.10.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21093034?dopt=Abstract
https://doi.org/10.5395/rde.2015.40.4.262
https://doi.org/10.5395/rde.2015.40.4.262
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26587411?dopt=Abstract
https://doi.org/10.1016/j.jds.2011.03.008
https://doi.org/10.1007/s00784-023-05164-2
https://doi.org/10.1007/s00784-023-05164-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37477724?dopt=Abstract
https://doi.org/10.1177/22808000231151832
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36708253?dopt=Abstract
https://doi.org/10.1016/j.prosdent.2004.05.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15343159?dopt=Abstract
https://doi.org/10.1016/j.dental.2007.02.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17442386?dopt=Abstract
https://doi.org/10.1016/j.prosdent.2014.08.008
https://doi.org/10.1016/j.prosdent.2014.08.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25444282?dopt=Abstract
https://doi.org/10.1080/23337931.2017.1305273
https://doi.org/10.1080/23337931.2017.1305273
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28642929?dopt=Abstract
https://doi.org/10.3390/nano11081894
https://doi.org/10.3390/nano11081894
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34443725?dopt=Abstract
https://doi.org/10.3390/polym13050814
https://doi.org/10.3390/polym13050814
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33799923?dopt=Abstract
https://doi.org/10.4103/0972-0707.62632
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20582212?dopt=Abstract
https://doi.org/10.1016/j.dental.2021.10.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34702558?dopt=Abstract
https://doi.org/10.1016/j.jdent.2016.01.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26808159?dopt=Abstract
https://doi.org/10.2341/06-61
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17555172?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12666754?dopt=Abstract


E. Başol,  et al. / J Prosthodont Res. 2025; **(**): ****–**** 7

	[26]	 Sutil BGS, Susin AH. Dentin pretreatment and adhesive temperature as 
affecting factors on bond strength of a universal adhesive system. J Appl 
Oral Sci. 2017;25:533–40. https://doi.org/10.1590/1678-7757-2016-0500, 
PMID:29069151

	[27]	 Sauro S, Watson TF, Thompson I. Dentine desensitization induced by 
prophylactic and air-polishing procedures: An in vitro dentine perme-
ability and confocal microscopy study. J Dent. 2010;38:411–22. https://doi.
org/10.1016/j.jdent.2010.01.010, PMID:20132859

	[28]	 Välimaa S, Perea-Lowery L, Smått JH, Peltonen J, Budde T, Vallittu PK. Grit 
blasted aggregates of hydroxyl apatite functionalized calcium carbon-
ate in occluding dentinal tubules. Heliyon. 2018;4:e01049. https://doi.
org/10.1016/j.heliyon.2018.e01049, PMID:30603691

	[29]	 Liu Y, Zhou Y, Jiang T, Liang YD, Zhang Z, Wang YN. Evaluation of the osseo-
integration of dental implants coated with calcium carbonate: An animal 
study. Int J Oral Sci. 2017;9:133–8. https://doi.org/10.1038/ijos.2017.13, 
PMID:28452375

	[30]	 Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y. Surface treat-
ments of titanium dental implants for rapid osseointegration. Dent 
Mater. 2007;23:844–54. https://doi.org/10.1016/j.dental.2006.06.025, 
PMID:16904738

	[31]	 Garoushi S, Vallittu P, Lassila L. Development and characterization of ion-
releasing fiber-reinforced flowable composite. Dent Mater. 2022;38:1598–
609. https://doi.org/10.1016/j.dental.2022.08.006, PMID:36041943

	[32]	 Kokubo T, Takadama H. How useful is SBF in predicting in vivo bone bio-
activity? Biomaterials. 2006;27:2907–15. https://doi.org/10.1016/j.biomateri-
als.2006.01.017, PMID:16448693

	[33]	 Brkanović S, Sever EK, Vukelja J, Ivica A, Miletić I, Krmek SJ. Comparison of 
different universal adhesive systems on dentin bond strength. Materials 
(Basel). 2023;16:1530. https://doi.org/10.3390/ma16041530, PMID:36837160

	[34]	 G2-BOND Universal | GC Avrupa N.V. 2020. https://www.gc.dental/europe/
en-LB/products/g2bonduniversal (accessed May 12, 2024).

	[35]	 Ramos RQ, Peumans M, Mercelis B, Ahmed MH, Politano G, Lopes GC, et 
al. Influence of airborne particle abrasion on dentin bonding effective-
ness of a 2-step universal adhesive. J Dent. 2024;144:104918. https://doi.
org/10.1016/j.jdent.2024.104918, PMID:38461887

	[36]	 Van Meerbeek B, De Munck J, Mattar D, Van Landuyt K, Lambrechts P. Micro-
tensile bond strengths of an etch&rinse and self-etch adhesive to enamel 
and dentin as a function of surface treatment. Oper Dent. 2003;28:647–60. 
PMID:14531614

	[37]	 Santos MJM, Costa MD, Rêgo HMC, Rubo JH, Santos GC Jr. Effect of surface 
treatments on the bond strength of self-etching adhesive agents to dentin. 
Gen Dent. 2017;65:e1–6. PMID:28682287

	[38]	 Rafael CF, Quinelato V, Morsch CS, DeDeus G, Reis CM. Morphological 
analysis of dentin surface after conditioning with two different methods: 
Chemical and mechanical. J Contemp Dent Pract. 2016;17:58–62. https://
doi.org/10.5005/jp-journals-10024-1803, PMID:27084864

	[39]	 Zimmer R, Mantelli AR, Montagna K, Reston EG, Arossi GA. Does sand-
blasting improve bond strength in resin composite repair? Dent Rev. 
2024;4:100077. https://doi.org/10.1016/j.dentre.2023.100077

	[40]	 Turp V, Sen D, Tuncelli B, Goller G, Özcan M. Evaluation of air‐particle abra-
sion of Y‐ TZP with different particles using microstructural analysis. Aust 
Dent J. 2013;58:183–91. https://doi.org/10.1111/adj.12065. https://onlineli-
brary.wiley.com/doi/full/10.1111/adj.12065, PMID:23713638

	[41]	 Rinaudo PJ, Cochran MA, Moore BK. The effect of air abrasion on shear 
bond strength to dentin with dental adhesives. Oper Dent. 1997;22:254–9. 
PMID:9610322

	[42]	 Levartovsky S, Ferdman B, Safadi N, Hanna T, Dolev E, Pilo R. Effect of 
silica-modified aluminum oxide abrasion on adhesion to dentin, using 
total-etch and self-etch systems. Polymers (Basel). 2023;15:446. https://doi.
org/10.3390/polym15020446, PMID:36679326

	[43]	 Lima VP, Soares KDA, Caldeira VS, Faria-e-Silva AL, Loomans BAC, Moraes 
RR. Airborne-particle abrasion and dentin bonding: Systematic review 
and meta-analysis. Oper Dent. 2021;46:E21–33. https://doi.org/10.2341/19-
216-L, PMID:32926155

	[44]	 Huang C-T, Kim J, Arce C, Lawson NC. Intraoral Air Abrasion: A review of de-
vices, materials, evidence, and clinical applications in restorative dentistry. 
Compend Contin Educ Dent. 2019;40:508–13. PMID:31478697

	[45]	 Milly H, Austin RS, Thompson I, Banerjee A. In vitro effect of air-abrasion op-
erating parameters on dynamic cutting characteristics of alumina and bio-
active glass powders. Oper Dent. 2014;39:81–9. https://doi.org/10.2341/12-
466-L, PMID:23718212

	[46]	 Sauro S, Watson TF, Thompson I, Banerjee A. One-bottle self-etching 
adhesives applied to dentine air-abraded using bioactive glasses contain-
ing polyacrylic acid: an in vitro microtensile bond strength and confocal 
microscopy study. J Dent. 2012;40:896–905. https://doi.org/10.1016/j.
jdent.2012.07.004, PMID:22819812

	[47]	 Graumann SJ, Sensat ML, Stoltenberg JL. Air polishing: A review of current 
literature. J Dent Hyg. 2013;87:173–80. PMID:23986410

	[48]	 Barnes CM, Covey D, Watanabe H, Simetich B, Schulte JR, Chen H. An in 
vitro comparison of the effects of various air polishing powders on enamel 
and selected esthetic restorative materials. J Clin Dent. 2014;25:76–87. 
PMID:26054183

	[49]	 Németh KD, Haluszka D, Seress L, Lovász BV, Szalma J, Lempel E. Effect of 
air-polishing and different post-polishing methods on surface roughness of 
nanofill and microhybrid resin composites. Polymers (Basel). 2022;14:1643. 
https://doi.org/10.3390/polym14091643, PMID:35566812

	[50]	 Frankenberger R, Lohbauer U, Tay FR, Taschner M, Nikolaenko SA. The ef-
fect of different air-polishing powders on dentin bonding. J Adhes Dent. 
2007;9:381–9. PMID:17847641

	[51]	 Tamura Y, Takamizawa T, Shimamura Y, Akiba S, Yabuki C, Imai A, et al. 
Influence of air-powder polishing on bond strength and surface-free en-
ergy of universal adhesive systems. Dent Mater J. 2017;36:762–9. https://doi.
org/10.4012/dmj.2016-185, PMID:28701636

	[52]	 Benitez Sellan PL, Zanatta RF, Gomes Torres CR, Tian F, Bergeron BE, Niu L, et 
al. Effects of calcium-phosphate, laser and adhesive on dentin permeability 
and bond strength. Heliyon. 2020;6:e03925. https://doi.org/10.1016/j.heli-
yon.2020.e03925, PMID:32420491

	[53]	 Kim H, Choi A, Gong MK, Park HR, Kim YI. Effect of remineralized collagen 
on dentin bond strength through calcium phosphate ion clusters or meta-
stable calcium phosphate solution. Nanomaterials (Basel). 2020;10:2203. 
https://doi.org/10.3390/nano10112203, PMID:33158249

	[54]	 Sauro S, Watson TF, Thompson I. Ultramorphology and dentine perme-
ability changes induced by prophylactic procedures on exposed dentinal 
tubules in middle dentine. Med Oral Patol Oral Cir Bucal. 2011;16:e1022–30. 
https://doi.org/10.4317/medoral.17397, PMID:21743391

	[55]	 Ouchi H, Takamizawa T, Tsubota K, Tsujimoto A, Imai A, Barkmeier WW, et 
al. The effects of aluminablasting on bond durability between universal 
adhesives and tooth substrate. Oper Dent. 2020;45:196–208. https://doi.
org/10.2341/18-170-L, PMID:31738692

	[56]	 Pan Y, Jin H, Lu C, Wang Y, Nie R, Meng X. Effect of chemical removal 
or mechanical modification of smear layer on dentin adhesion with 
universal resin adhesives. Int J Adhes Adhes. 2023;127:103498. https://doi.
org/10.1016/j.ijadhadh.2023.103498

	[57]	 Perdigão J. New developments in dental adhesion. Dent Clin North 
Am. 2007;51:333–57, viii. https://doi.org/10.1016/j.cden.2007.01.001, 
PMID:17532916

	

This is an open-access article distributed under the terms of Creative Commons Attribution-NonCommercial License 4.0 (CC BY-
NC 4.0), which allows users to distribute and copy the material in any format as long as credit is given to the Japan Prosthodontic 
Society. It should be noted however, that the material cannot be used for commercial purposes.

https://doi.org/10.1590/1678-7757-2016-0500
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29069151?dopt=Abstract
https://doi.org/10.1016/j.jdent.2010.01.010
https://doi.org/10.1016/j.jdent.2010.01.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20132859?dopt=Abstract
https://doi.org/10.1016/j.heliyon.2018.e01049
https://doi.org/10.1016/j.heliyon.2018.e01049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30603691?dopt=Abstract
https://doi.org/10.1038/ijos.2017.13
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28452375?dopt=Abstract
https://doi.org/10.1016/j.dental.2006.06.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16904738?dopt=Abstract
https://doi.org/10.1016/j.dental.2022.08.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36041943?dopt=Abstract
https://doi.org/10.1016/j.biomaterials.2006.01.017
https://doi.org/10.1016/j.biomaterials.2006.01.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16448693?dopt=Abstract
https://doi.org/10.3390/ma16041530
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36837160?dopt=Abstract
https://www.gc
https://doi.org/10.1016/j.jdent.2024.104918
https://doi.org/10.1016/j.jdent.2024.104918
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38461887?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14531614?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28682287?dopt=Abstract
https://doi.org/10.5005/jp-journals-10024-1803
https://doi.org/10.5005/jp-journals-10024-1803
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084864?dopt=Abstract
https://doi.org/10.1016/j.dentre.2023.100077
https://doi.org/10.1111/adj.12065
https://onlinelibrary.wiley.com/doi/full/10.1111/adj.12065
https://onlinelibrary.wiley.com/doi/full/10.1111/adj.12065
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23713638?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9610322?dopt=Abstract
https://doi.org/10.3390/polym15020446
https://doi.org/10.3390/polym15020446
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36679326?dopt=Abstract
https://doi.org/10.2341/19-216-L
https://doi.org/10.2341/19-216-L
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32926155?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31478697?dopt=Abstract
https://doi.org/10.2341/12-466-L
https://doi.org/10.2341/12-466-L
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23718212?dopt=Abstract
https://doi.org/10.1016/j.jdent.2012.07.004
https://doi.org/10.1016/j.jdent.2012.07.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22819812?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23986410?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26054183?dopt=Abstract
https://doi.org/10.3390/polym14091643
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35566812?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17847641?dopt=Abstract
https://doi.org/10.4012/dmj.2016-185
https://doi.org/10.4012/dmj.2016-185
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28701636?dopt=Abstract
https://doi.org/10.1016/j.heliyon.2020.e03925
https://doi.org/10.1016/j.heliyon.2020.e03925
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32420491?dopt=Abstract
https://doi.org/10.3390/nano10112203
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33158249?dopt=Abstract
https://doi.org/10.4317/medoral.17397
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21743391?dopt=Abstract
https://doi.org/10.2341/18-170-L
https://doi.org/10.2341/18-170-L
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31738692?dopt=Abstract
https://doi.org/10.1016/j.ijadhadh.2023.103498
https://doi.org/10.1016/j.ijadhadh.2023.103498
https://doi.org/10.1016/j.cden.2007.01.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17532916?dopt=Abstract
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en

