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Effect of Surface Roughning Methods on Bond Strength of
Various Composite Resins to Porcelain: An In Vitro Study

Cesitli Kompozit Rezinlere Uygulanan Farkli Yiizey Piiriizlendirme
Y ontemlerinin Porselen Baglanma Dayanimina Etkisi:

In Vitro Calisma
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ABSTRACT Objective: This study compares different surface con-
ditioning methods applied to various composite surfaces in order to in-
vestigate the possible effects on composite-ceramic bond strength. It
was aimed to increase the bond strength between flowable composite
which is frequently used in the immediate dentin sealing procedure and
ceramic surfaces. Material and Methods: Eighty flowable composite
and eighty conventional composite discs were prepared with five dif-
ferent surface conditioning methods applied to the discs. The folllow-
ing treatments were applied to the discs: orthophosphoric acid, air-flow,
bur conditioning, Er:YAG laser irradition and an unconditioned control
group. The composite disc surface roughness was measured with a pro-
filometer. Composite and ceramic (Glass-ceramic blocks, e.max CAD,
Ivoclar Vivadent AG, Liechtenstein) discs were then bonded with an
adhesive resin cement. The shear bonding test was performed with an
universal tester. Results: There was no statistical difference between
the conditioning methods applied to flowable composites in terms of
bond strength (p>0.05). However, a statistically significant difference
was found between the conditioning methods applied to conventional
composites regarding bond strength (p<0.05). The highest mean bond
strength value was observed with ER:YAG laser conditioned conven-
tional composites and was significantly higher than laser irradiated
flowable composite groups. Conclusion: Our data shows that similar
bond strength values are obtained when using either flowable or con-
ventional composite resins. In addition, both conventional and flow-
able composite resins require surface conditioning to achieve reliable
adhesion to porcelain material.
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OZET Amag: Bu galismanin amac, gesitli kompozit yiizeylere uygu-
lanan yiizey piiriizlendirme yontemlerinin, kompozit-seramik arasin-
daki baglanma dayanimina etkisini aragtirmaktir. Genellikle immediyat
dentin kapama isleminde uygulanan akiskan kompozit ile seramik yii-
zeyler arasindaki baglanma dayaniminin arttirilmas: amaglanmistir.
Gerec ve Yontemler: Seksen adet akigkan kompozit, 80 adet kon-
vansiyonel kompozit érnek hazirlanmistir. Kompozit yiizeylere 5
farkli piiriizlendirme yapilmistir. Uygulanan piiriizlendirme yontem-
leri; Ortofosforik asit uygulamasi, agiz i¢i kumlama, frez ile piiriizlen-
dirme, Er:YAG lazer ile piiriizlendirme ve kontrol grubu seklindedir.
Kompozit 6rneklerin yiizey piiriizliiligi profilometre ile 6l¢iilmiistiir.
Kompozit ve seramik (Cam-seramik bloklar, e.max CAD, Ivoclar Vi-
vadent AG, Liechtenstein) 6rnekler adeziv rezin siman ile yapistirilmis
ve Uiniversal test cihazi ile makaslama baglanma dayanimu testi uygu-
lanmigtir. Bulgular: Akiskan kompozitlere uygulanan piiriizlendirme
yontemleri arasinda baglanma dayanimi agisindan istatistiksel olarak
fark bulunmamustir (p>0,05). Ancak geleneksel kompozitlere uygula-
nan piiriizlendirme yontemleri arasinda baglanma dayanimi agisindan
istatistiksel olarak anlamli bir fark bulunmustur (p<0,05). En yiiksek
ortalama baglanma dayanimi degeri, Er:YAG lazerle piirtizlendirilmis
konvansiyonel kompozitlerde gozlenmistir ve lazerle piiriizlendirilmis
akiskan kompozit grubundan daha yiiksektir. Sonu¢: Akiskan ve gele-
neksel kompozit rezinlerin porselen ile baglantisinda benzer sonuglar
elde edilmistir. Hem geleneksel hem de akiskan kompozit rezinlerin
porselen ile giivenilir bir sekilde baglanmasi igin ylizey piriizlendirme
islemi gereklidir.

Anahtar Kelimeler: Yiizey piiriizlendirme; baglanma dayanimy;
kompozit rezin

Indirect restorations have become quite
common with the development of computer-aided
design and manufacturing (CAD and CAM) tech-
nologies as well as advances in adhesive tech-
nology. Indirect restorations are a more costly and

time consuming treatment option compared to
direct restorations, but also have various advan-
tages: indirect restorations are aesthetically, me-
chanically and biologically superior to direct
restorations.
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Polymerisation shrinkage occurs minimally with
indirect restorations while both interproximal con-
tacts and occlusal morphology are better achieved.?
The bonding process between dentin and porcelain
used in indirect restorations can be achieved opti-
mally by adhesive cementation. However, in cases
where there is an old composite restoration on the
tooth surface, there might be difficulties with bond-
ing. The chemical and physical structure of the old
composites in the mouth are not the same as the
newly applied composite resins. Water absorption oc-
curs from the microgaps between the resin and the
fillers. The number of vinyl groups for crosspoly-
merization to new composite layer decrease over
time.** Therefore, the bond strength between the
composite based resin cement and the old composite
filling in the mouth decreases.

Studies have demonstrated that the bonding pro-
cess between porcelain and old composite materials
is often unreliable and recommended to roughen the
composite surface mechanically.>*

Porcelain laminate veneer restorations, inlay,
onlay, and endo-crown restorations are indirect treat-
ment options frequently applied in the clinic. With
such restorations, the presence of old composite fill-
ings on teeth is a common feature. Furthermore, deep
margin elevation applied to the posterior teeth and
immediate dentin sealing (IDS) procedure is recom-
mended before indirect restorations, and various
composite materials are used in such procedures.
Therefore, strengthening the bonding between com-
posite and porcelain is important for the success of
teeth restorations. Mechanical and chemical roughn-
ing processes are applied to both surfaces to increase
the adhesisve bonding between composite and porce-
lain such as the application of hydrofluoric acid to
glass matrix ceramics as a successful etching
method.’ Different roughening methods have been
proposed for composite based materials. The most
common method used include rotary tool etching,
sandblasting, tribochemical silica coating, and laser
etching.>® In this study, surface preparation and
roughening methods were applied to composite sur-
faces and examined.

Another problem encountered during the indi-
rect restoration procedure is the time taken from im-
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pression making to cementation of the prosthesis. In
this process, exposed vital dentin surface is open to
bacterial infiltration and microleakage. Pulp irritation
and post-operative sensitivity can occur as a result of
bacterial and fluid penetration from the dentinal
tubules. It has been reported that these problems can
be prevented by sealing the exposed dentin surface
with a dentin bonding agent.”* IDS procedure is the
closure of dentin with a bonding agent followed by
the application of either a flowable or conventional
composite on the prepared dentin surface. This pro-
cedure has many favorable results such as reducing
bacterial leakage, reducing post-operative sensitivity,
lowering the probability for gap formation, and in-
creasing bond strength.”!

In IDS procedure, the bonding agent is com-
monly combined with a flowable composite when
sealing exposed dentin surfaces. In some cases, con-
ventional composite resin is preferred to eliminate
undercuts or to increase the marginal limit. The bond
strength of flowable and conventional composite
resins between ceramic materials has not been inves-
tigated. Therefore, in this study the etching methods
used on composite surfaces that can be applied in
clinical conditions were compared, and the bond
strength of the composite to porcelain was investi-
gated.

The first null hypothesis was there will be no dif-
ference between the etching methods applied to com-
posite surfaces. The second null hypothesis was the
type of composite material will not effect the bond
strength of porcelain and composite.

I MATERIAL AND METHODS

In this study, 80 flowable composite (G-aenial Flo X,
GC Corporation, Japan) and 80 conventional com-
posite (Solare X, GC Corporation, Japan) samples
were prepared. Composite discs with a diameter of 5
mm were prepared with teflon molds in order to stan-
dardise the samples. Composite materials were ap-
plied to these molds and polymerised by light-curing.
The composite discs were embeded in acrylic resin
blocks with their upper surfaces exposed.

Flowable and conventional composite groups
were randomly divided into 5 subgroups with 16
samples in each group.
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Group 1 (acid-etching): The upper surface of the
composite samples was etched with 37% orthophos-
phoric acid (Panora 200, IMICRYL, Konya, Tiirkiye)
then samples washed with water and then dried with
air.

Group 2 (air-flow): Composite surfaces were
blasted with a sandblasting device that sprayed 50 um
Al, O particles at a pressure of 2.5 bar.

Group 3 (bur conditioning): Surface condition-
ing was applied by using a round diamond bur with a
high-speed hand piece, under continuous water spray.

Group 4 (Er:YAG laser): Composite surfaces
were irradiated with the Er:YAG laser (PDT Com-
bine, Fotona Germany). Parameters applied with
ER:YAG laser; 1.5 W output power, 150 mJ energy,
2940 nm wavelength. Laser was applied to each sam-
ple from a distance of 1.5 cm for 20 seconds under
air-water cooling.

Group 5 (control): No conditioning was applied
on the surfaces of the samples.

The roughening of the composite surfaces were
assessed with a non-contact, 3D surface profilometer
(ZeeScope Optical, Phaseview). Arithmetic mean of
the ordinate surface roughness values (Ra) was
recorded.

Glass-ceramic blocks (Ivoclar Vivadent AG,
Liechtenstein) were cut with a low speed saw
(ISOMET, Buehler, USA) and prepared with a height
of 2 mm and a length of 4 mm on each side. After
160 glass-ceramic blocks were sintered, they were
bonded with the composite discs.

For the bonding process, 9% hydrofluoric acid
(Ultradent, Tiirkiye) was applied to the porcelain
samples for 60 s. After the hydrofluoric acid was
washed off with water for 60s, the discs were dried
with compressed oil-free air, Silane (Monobond Plus,
Ivoclar Vivadent AG, Liechtenstein) was applied for
60 s and dried afterwards. Light-curing bonding He-
liobond resin (Ivoclar Vivadent AG, Liechtenstein)
was applied and any excess was dispersed with an
air-water spray. Composite and porcelain samples
were cemented with dual-curing resin-based luting
material (Variolink Esthetic DC, Ivoclar Vivadent
AG, Liechtenstein). All samples were stored in dis-
tilled water prior to the shear bond strength test.
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FIGURE 1: Applying the shear force to the composite-ceramic bonding surface.

The test was performed with a universal tester
(Shimadzu AG-XD 50 kN, Shimadzu Corporation,
Japan) at a speed of | mm/min. The shear force was
applied with the cutting blade parallel to the com-
posite-porcelain interface (Figure 1). The force re-
quired to break up the porcelain-composite bond was
recorded and the results in Newtons (N) were con-
verted to megapascals (MPa).

Statistical analysis was performed with SPSS for
Windows version 24.0 (Armonk, NY: IBM Corp.,
USA) and p value <0.05 was accepted as statistically
significant. The normality of distribution of continu-
ous variables was tested by Shapiro-Wilk test. Two-
way factorial analysis of variance was performed to
evaluate the impact of conditioning on composite ma-
terials and the effect on bond strength surface rough-
ness. Fisher’s least significant difference multiple
comparison test was performed for sub-group analy-
sis. Mean=tstandard deviation were given for numer-
ical variables.

I RESULTS

Shear bond strength and surface Ra’s of the tested
groups were statistically analysed. Descriptive statis-
tics for shear bond strength and surface roughness
were summarised in Table 1. When the flowable and
conventional composite groups were compared, a sta-
tistically significant difference was found in the
Er:YAG laser irradition group (p=0.001). Shear bond
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TABLE 1: Descriptive statistics and two-way ANOVA results for Bond strength and Surface roughness.

Bond strength (mpa) Surface roughness (Ra)
Composite material Composite material
Flowable Composite Flowable Composite
Conditioning X£SD X£SD X£SD X£SD
Acid etching 7.3£3.31 8.22+3.84 0.19+0.07 0.06+0.02
Air flow 8.34+3.81 4.97+3.7 0.22+0.07 0.05+0.01
Bur condtioning 8.42+3.6 6.45+3.67 0.25+0.08 0.06+0.02
Er:YAG 7.9414.42 12.9245.54 0.21£0.06 0.2240.1
Control 5.88+3.5 7.92+3.88 0.240.08 0.08+0.02
Two-way factorial ANOVA results Two-way factorial ANOVA results
Composite material p=0.410 p=0.001
Conditioning p=0.005 p=0.001
Compositematerial * Conditioning interaction p=0.001 p=0.001

ANOVA: Analysis of variance; SD: Standard deviation.

strength value was found to be higher in the Er:YAG
laser irradition method applied to conventional com-
posites compared to flowable composites. A statisti-
cally significant difference was found between the
air-flow method applied to flowable composites and
conventional composites (p=0.017). The bond
strength was found to be higher with the air-flow
method applied to the flowable composites compared
to conventional composite. For the bond strength of
flowable and conventional composite groups, no sig-
nificant difference was found between bur condi-
tioning, acid etching, and control groups (Figure 2).

There was no statistical difference between the
roughening methods applied to flowable composites
in terms of bond strength (p>0.05). A statistically sig-
nificant difference was found between the roughen-
ing methods applied to conventional composites in
terms of bond strength (p<0.05). Er:YAG laser irra-
dition group for composite material showed the high-
est mean bond strength value (12.92+5.54) and a
statistically significant difference was found between
Er:YAG laser group and other groups (p<0.05).

According to the results of the surface Ra’s, the
highest Ra was found for the flowable composite in
bur conditioning (Ra=0.25+0.08). The Ra was statis-
tically higher for bur conditioning compared to both
acid etching and control groups (p<0.05). No statis-
tically difference was found between the bur condi-
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FIGURE 2: Graph Error bar graph for Bond strength with different composite
material and conditioning.

tioning group and the air-flow and Er:YAG laser
groups (p>0.05).

For the conventional composite group, the high-
est Ra was found in the Er:YAG laser group
(Ra=0.22+0.1). A statistically difference was found
between Er:YAG laser irradition and the other groups
(p<0.05).

When the surface Ra’s of flowable and conven-
tional composite groups were compared, values were
found to be higher in all subgroups in the flowable
composite group compared to the conventional com-
posite group. A statistically significant difference was
found in acid etching, air-flow, bur conditioning, and
control groups between flowable and conventional
composite groups (p<0.05). However, no statistically
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FIGURE 3: Graph Error bar graph for Surface roughness with different com-
posite material and conditioning.

significant difference was found between the Er:
Y AG irradition groups (p>0.05) (Figure 3).

I DISCUSSION

Porcelain restorations are adhesively bonded with
various surfaces like enamel, dentin or composite.
While bonding with porcelain is achieved by apply-
ing various adhesive systems to the dentin and
enamel surfaces, it is necessary to apply some rough-
ening on the composite surfaces. Various mechani-
cal and chemical methods have been applied to
roughening, but there is no definite protocol for
roughening of the composite surface.'!"'* In addition,
there is no study examining the effect of roughening
methods on flowable composites. Therefore, in this
study the surface roughness of the flowable compos-
ite and conventional composites applied with the IDS
protocol, was evaluated. According to the results ob-
tained, higher surface Ra was found in flowable com-
posites in all roughening methods. This difference is
thought to be due to the high filler content of con-
ventional composites. The highest roughening value
was obtained in the bur conditioning group in flow-
able composites, the highest bond strength was also
obtained in the bur conditioning group. Likewise, the
highest Ra and the highest bond strength were ob-
tained in the Er:YAG laser irradiation group in con-
ventional composites. According to these results, it
was concluded that mechanical roughening of both
composite surfaces have an effect on the bond
strength.

The roughening of dentin and enamel surfaces
with orthophosphoric acid is a routine procedure in
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adhesive cementation. In studies where composite
surfaces are roughened with orthophosphoric acid, it
was concluded that this method resulted in limited
bond strength.!>'® In some studies, it has been re-
ported that orthophosphoric acid application does not
affect the roughness of the composite surface.!'° In
the present study, there was no difference in the bond
strength values of orthophosphoric acid applied to
flowable and conventional composites. Compared
with the control group, it was found that orthophos-
phoric acid application did not affect the bond
strength in both groups.

With the bur conditioning method, it has been
observed that mostly macro-retentive areas are
formed on the composite surfaces.?! However, there
is no definite information that suggests macro-reten-
tive areas increase the bond strength. In our study, it
was observed that roughening flowable composites
with a bur creates higher surface roughness and pro-
vides higher bond strength. It has also been reported
that more micro-retentive areas are formed in the
roughening method with air-flow (sandblasting), cre-
ating more surface area than the bur conditioning
method.?!”> However, there are studies reporting that
similar bond strength is obtained by sandblasting and
bur conditioning.>*** Similar to these results, in the
present study similar bond strength results were ob-
tained in the air-flow and bur conditioning method.

When compared with the control group, no sta-
tistically significant difference was found between
the mean bond strength values of the air-flow and bur
conditioning methods with the control group. Deniz
et al. found that the mean shear bonding values in the
sandblasting and bur methods were statistically sig-
nificantly higher when compared to the control
group.'* However, in this study the bond strength of
composite and metal surfaces was investigated with
the discrepancy in results is likely attributable to the
material difference.

Farhadifard et al. investigated the bond strength
of ceramic surfaces to composite surfaces. The high-
est bond strength found in bur conditioning, then in
sandblasting, followed by Er, Cr:YSGG laser group.”
In our study, in the conventional composite group,
the highest bond strength was found in the Er:YAG
laser method. The difference between the results
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could be due to variation in the laser types used in the
two studies. Dehghani and Ahrari also stated that
Er:YAG laser enhanced the bond strength between
composite resin and brackets.?

In the IDS protocol, it is recommended to cover
the dentin bonding agent with low viscosity resin
(flowable composite resin).”’” Flowable composite
resins are easy to apply, low-viscosity materials and
have low-elastic modulus so they are often used as a
cavity liner or for temporary restoration. Flowable
composite resins applied in the IDS protocol reduces
the permeability of the composite resin cement that is
used for cementation. Even as resin-dentin interfaces
deteriorate over time, a flowable composite material
preserves a underlying hybrid layer and maintains the
seal and integrity of the dentin.?®*’ Many studies have
shown that dentin bonding agents with low viscosity
resin layers, increase the bond strength and the re-
sulting indirect restoration complex is more success-
ful.*32 In the IDS protocol and in some cases,
conventional composites are required to correct cav-
ity geometry, provide marginal relocation, and fill un-
dercuts. Various surface roughening processes have
been applied to increase the bond strength of con-
ventional composites with ceramics and many stud-
ies have been carried out on this subject.!*33-3
However, there are no studies sufficiently examining
the bond strength of flowable composites with ce-
ramics. In our study, comparatively similar bond
strength values were obtained when using flowable
or conventional composites. Futhermore, all results
were within clinically acceptable bond strength lim-
its. In addition, both conventional and flowable com-
posite resins require surface conditioning to achieve
reliable adhesion to porcelain material. The limita-
tion of this study; since it was carried out under lab-
oratory conditions, we could only performed the
porcelain-composite bonding. The porcelain structure
is bonded to enamel, dentin and composite surfaces
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simultaneously when applying IDS procedure or an
indirect restoration to the patient so this can change
bonding values.

I CONCLUSION

For indirect restorations, the IDS technique is the rec-
ommended application and has many advantages.
With this procedure, the correct selection of the ma-
terial to be used will affect the long-term success of
the restoration. In the present study, it was concluded
that the use of flowable or conventional composites
did not affect the bond strength, but applying rough-
ening to both composite surfaces increased the bond
strength. Bur conditioning in flowable composites
and Er:YAG laser irradition in conventional com-
posites, gave the highest bond strength results per
composite type. The results from this in vitro study
provides valuable clinical data and should be devel-
oped further by long-term clinical follow-up studies.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions
Idea/Concept: Irem Karagozoglu,; Design: Irem Karagozoglu;

Control/Supervision: Irem Karagézoglu; Data Collection
and/or Processing: Leyla Aksel; Analysis and/or Interpreta-
tion: Irem Karagézoglu, Literature Review: Leyla Aksel;
Writing the Article: Irem Karagozoglu.



irem KARAGOZOGLU et al.

Turkiye Klinikleri J Dental Sci. 2023;29(1):159-65

IREFERENCES

Samartzi TK, Papalexopoulos D, Sarafianou A, Kourtis S. Inmediate dentin
sealing: a literature review. Clin Cosmet Investig Dent. 2021;13:233-56.
[Crossref] [PubMed] [PMC]

Duquia Rde C, Osinaga PW, Demarco FF, de V Habekost L, Conceigéo
EN. Cervical microleakage in MOD restorations: in vitro comparison of in-
direct and direct composite. Oper Dent. 2006;31(6):682-7. [Crossref]
[PubMed]

Kaya Y, Degirmenci BU, Degirmenci A. Comparison of the shear bond
strength of metal orthodontic brackets bonded to long-term water-aged and
fresh porcelain and composite surfaces. Turk J Orthod. 2019;32:28-33.
[Crossref] [PubMed] [PMC]

Padipatvuthikul P, Mair LH. Bonding of composite to water aged compos-
ite with surface treatments. Dent Mater. 2007;23(4):519-25. [Crossref]
[PubMed]

Sevmez H, Glingér MB, Yiimaz H. Tam seramik restorasyonlarda uygu-
lanan yuzey islemleri [Surface treatments of all ceramic restorations]. Ege
Universitesi Dis Hekimligi Fakiiltesi Dergisi. 2018;39:148-59. [Crossref]

De Azevedo Miranda D. Essential considerations for the cementation of
facets and ceramic laminates. J Dent Res. 2019;1:1004. [Crossref]

Pashley EL, Comer RW, Simpson MD, Horner JA, Pashley DH, Caughman
WF. Dentin permeability: sealing the dentin in crown preparations. Oper
Dent. 1992;17(1):13-20. [PubMed]

Gresnigt MM, Cune MS, de Roos JG, Ozcan M. Effect of immediate and de-
layed dentin sealing on the fracture strength, failure type and Weilbull char-
acteristics of lithiumdisilicate laminate veneers. Dent Mater. 2016;32(4):
e73-81. [Crossref] [PubMed]

Magne P, So WS, Cascione D. Immediate dentin sealing supports delayed
restoration placement. J Prosthet Dent. 2007;98(3):166-74. [Crossref]
[PubMed]

. Giinsel Kesimli E, Yilmaz Atali P, Tirkmen C. Effect of immediat dentin

sealing on the bonding state of hybrid ceramic CAD/CAM restorative ma-
terial to dentin. European Journal of Research in Dentistry. 2020;4(2):52-8.
[Crossref]

. Tezvergil A, Lassila LV, Vallittu PK. Composite-composite repair bond

strength: effect of different adhesion primers. J Dent. 2003;31(8):521-5.
[Crossref] [PubMed]

. Viwattanatipa N, Jermwiwatkul W, Chintavalakorn R, Kanchanavasita W.

Weibull analysis of bond strength of orthodontic buccal tubes bonded to
resin composite surface with various techniques. J Orthodontic Waves.
2010;69(2):66-74. [Crossref]

. Erdur EA, Basciftci FA. Effect of Ti:Sapphire-femtosecond laser on the sur-

face roughness of ceramics. Lasers Surg Med. 2015;47(10):833-8. [Cross-
ref] [PubMed]

. Deniz M, Erdur EA, Akin M. Direkt ve indirekt kompozit ylizeylere metal

braketlerin baglanma dayanikliiginin degerlendirimesi [Evaluation of shear
bond strength of metal brackets on direct and indirect composite surfaces].
Selcuk Dental Journal. 2020;7(2):326-33. [Crossref]

. Dall'oca S, Papacchini F, Radovic |, Polimeni A, Ferrari M. Repair potential

of a laboratory-processed nano-hybrid resin composite. J Oral Sci.
2008;50(4):403-12. [Crossref] [PubMed)]

. Hannig C, Laubach S, Hahn P, Attin T. Shear bond strength of repaired ad-

hesive filling materials using different repair procedures. J Adhes Dent.
2006;8(1):35-40. [PubMed]

. Loomans BA, Cardoso MV, Roeters FJ, Opdam NJ, De Munck J, Huys-

mans MC, et al. Is there one optimal repair technique for all composites?
Dent Mater. 2011;27(7):701-9. [Crossref] [PubMed]

. Papacchini F, Dall'Oca S, Chieffi N, Goracci C, Sadek FT, Suh BI, et al.

165

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Composite-to-composite microtensile bond strength in the repair of a mi-
crofilled hybrid resin: effect of surface treatment and oxygen inhibition. J
Adhes Dent. 2007;9(1):25-31. [PubMed]

Swift EJ Jr, LeValley BD, Boyer DB. Evaluation of new methods for com-
posite repair. Dent Mater. 1992;8(6):362-5. [Crossref] [PubMed]

Swift EJ Jr, Cloe BC, Boyer DB. Effect of a silane coupling agent on com-
posite repair strengths. Am J Dent. 1994;7(4):200-2. [PubMed]

Valizadeh S, Alimohammadi G, Nik TH, Etemadi A, Tanbakuchi B. In vitro
evaluation of shear bond strength of orthodontic metal brackets to aged
composite using a self-adhesive composite: Effect of surface conditioning
and different bonding agents. Int Orthod. 2020;18(3):528-37. [Crossref]
[PubMed]

Wendler M, Belli R, Panzer R, Skibbe D, Petschelt A, Lohbauer U. Repair
bond strength of aged resin composite after different surface and bonding
treatments. Materials (Basel). 2016;9(7):547. [Crossref] [PubMed] [PMC]

Brosh T, Pilo R, Bichacho N, Blutstein R. Effect of combinations of surface
treatments and bonding agents on the bond strength of repaired compos-
ites. J Prosthet Dent. 1997;77(2):122-6. [Crossref] [PubMed]

Lima AF, Ferreira SF, Catelan A, Palialol AR, Goncalves LS, Aguiar FH, et
al. The effect of surface treatment and bonding procedures on the bond
strength of silorane composite repairs. Acta Odontol Scand. 2014;72(1):71-
5. [Crossref] [PubMed]

Farhadifard H, Rezaei-Soufi L, Farhadian M, Shokouhi P. Effect of different
surface treatments on shear bond strength of ceramic brackets to old com-
posite. Biomater Res. 2020;24(1):20. [Crossref] [PubMed] [PMC]

Dehghani M, Ahrari F. The effect of surface treatment with Er: YAG laser on
shear bond strength of orthodontic brackets to fiber-reinforced composite.
J Clin Exp Dent. 2014;6(4):€379-83. [Crossref] [PubMed] [PMC]

Spohr AM, Borges GA, Platt JA. Thickness of immediate dentin sealing ma-
terials and its effect on the fracture load of a reinforced all-ceramic crown.
Eur J Dent. 2013;7(4):474-83. [Crossref] [PubMed] [PMC]

Carvalho RM, Pegoraro TA, Tay FR, Pegoraro LF, Silva NR, Pashley DH.
Adhesive permeability affects coupling of resin cements that utilise self-
etching primers to dentine. J Dent. 2004;32(1):55-65. [Crossref] [PubMed]

Duarte RM, de Goes MF, Montes MA. Effect of time on tensile bond strength
of resin cement bonded to dentine and low-viscosity composite. J Dent.
2006;34(1):52-61. [Crossref] [PubMed]

Jayasooriya PR, Pereira PN, Nikaido T, Tagami J. Efficacy of a resin coat-
ing on bond strengths of resin cement to dentin. J Esthet Restor Dent.
2003;15(2):105-13; discussion 113. [Crossref] [PubMed]

Okuda M, Nikaido T, Maruoka R, Foxton RM, Tagami J. Microtensile bond
strengths to cavity floor dentin in indirect composite restorations using resin
coating. J Esthet Restor Dent. 2007;19(1):38-46; discussion 47-8. [Cross-
ref] [PubMed]

Ariyoshi M, Nikaido T, Foxton RM, Tagami J. Microtensile bond strengths of
composite cores to pulpal floor dentin with resin coating. Dent Mater J.
2008;27(3):400-7. [Crossref] [PubMed]

Gresnigt MMM, Cune MS, Schuitemaker J, van der Made SAM, Meisberger
EW, Magne P, Ozcan M. Performance of ceramic laminate veneers with
immediate dentine sealing: an 11 year prospective clinical trial. Dent Mater.
2019;35(7):1042-52. [Crossref] [PubMed]

Magdy NM, Kola MZ, Algahtani HH, Algahtani MD, Alghmlas AS. Evaluation
of surface roughness of different direct resin-based composites. J Int Soc
Prev Community Dent. 2017;7(3):104-9. [PubMed] [PMC]

Shahverdi S, Canay S, Sahin E, Bilge A. Effects of different surface treat-
ment methods on the bond strength of composite resin to porcelain. J Oral
Rehabil. 1998;25(9):699-705. [Crossref] [PubMed]


https://www.dovepress.com/immediate-dentin-sealing-a-literature-review-peer-reviewed-fulltext-article-CCIDE
https://pubmed.ncbi.nlm.nih.gov/34188553/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8232880/
https://meridian.allenpress.com/operative-dentistry/article/31/6/682/106906/Cervical-Microleakage-in-MOD-Restorations-In-Vitro
https://pubmed.ncbi.nlm.nih.gov/17153977/
https://cms.galenos.com.tr/Uploads/Article_53442/Turk%20J%20Orthod-32-28-En.pdf
https://pubmed.ncbi.nlm.nih.gov/30944897/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6436911/
https://www.sciencedirect.com/science/article/abs/pii/S010956410600087X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/16765431/
https://jag.journalagent.com/eudfd/pdfs/EUDFD_39_3_148_159.pdf
https://www.oatext.com/essential-considerations-for-the-cementation-of-facets-and-ceramic-laminates.php
https://pubmed.ncbi.nlm.nih.gov/1437680/
https://www.sciencedirect.com/science/article/abs/pii/S010956411600018X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26856454/
https://www.sciencedirect.com/science/article/abs/pii/S0022391307600523?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17854617/
https://dergipark.org.tr/en/pub/erd
https://www.sciencedirect.com/science/article/abs/pii/S0300571203000939?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/14554068/
https://www.tandfonline.com/doi/full/10.1016/j.odw.2009.12.013
https://onlinelibrary.wiley.com/doi/10.1002/lsm.22432
https://onlinelibrary.wiley.com/doi/10.1002/lsm.22432
https://pubmed.ncbi.nlm.nih.gov/26599824/
https://dergipark.org.tr/tr/pub/selcukdentj/issue/56017/722336
https://www.jstage.jst.go.jp/article/josnusd/50/4/50_4_403/_article
https://pubmed.ncbi.nlm.nih.gov/19106467/
https://pubmed.ncbi.nlm.nih.gov/16536343/
https://www.sciencedirect.com/science/article/abs/pii/S0109564111000832?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21571359/
https://pubmed.ncbi.nlm.nih.gov/17432398/
https://www.sciencedirect.com/science/article/abs/pii/010956419290020D?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/1303383/
https://pubmed.ncbi.nlm.nih.gov/7986435/
https://www.sciencedirect.com/science/article/abs/pii/S1761722720300590?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/32451267/
https://www.mdpi.com/1996-1944/9/7/547
https://pubmed.ncbi.nlm.nih.gov/28773669/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5456933/
https://www.sciencedirect.com/science/article/abs/pii/S0022391397702245?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9051597/
https://www.tandfonline.com/doi/full/10.3109/00016357.2013.804945
https://pubmed.ncbi.nlm.nih.gov/24354927/
https://biomaterialsres.biomedcentral.com/articles/10.1186/s40824-020-00199-y
https://pubmed.ncbi.nlm.nih.gov/33292632/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7687813/
https://doi.org/10.4317/jced.51613
https://pubmed.ncbi.nlm.nih.gov/25593660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4282905/
https://www.thieme-connect.de/products/ejournals/abstract/10.4103/1305-7456.120682
https://pubmed.ncbi.nlm.nih.gov/24932124/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4053674/
https://www.sciencedirect.com/science/article/abs/pii/S0300571203001404?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/14659719/
https://www.sciencedirect.com/science/article/abs/pii/S030057120500076X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/15922502/
https://onlinelibrary.wiley.com/doi/10.1111/j.1708-8240.2003.tb00325.x
https://pubmed.ncbi.nlm.nih.gov/12762474/
https://onlinelibrary.wiley.com/doi/10.1111/j.1708-8240.2006.00062.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1708-8240.2006.00062.x
https://pubmed.ncbi.nlm.nih.gov/17244149/
https://www.jstage.jst.go.jp/article/dmj/27/3/27_3_400/_article
https://pubmed.ncbi.nlm.nih.gov/18717168/
https://www.sciencedirect.com/science/article/abs/pii/S0109564118312673?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31084936/
https://pubmed.ncbi.nlm.nih.gov/28584779/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5452562/
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2842.1998.00299.x
https://pubmed.ncbi.nlm.nih.gov/9758401/

