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Effect of Ultrasonic Agitation on the Microtensile Bond Strength for

Cementing Ceramic Inlays

Seramik Inleylerin Simantasyonunda Ultrasonik Aktivasyonun Mikrogerilim Baglant:

Dayanimlarina Etkisi

Ebru SUMER EKIiN | Yalgin DEGER

Abstract

Objectives: This in-vitro study was performed to assess the
effect of ultrasonic agitation on microtensile bond strength [WTBS]
of composite resin cements or self adhesive resin cements used for
cementing ceramic inlays.

Materials and Methods: In the study, standardized Class 1
cavities were prepared on 72 human premolar teeth and impression
was taken using elastomeric impression material. IPS e-max Press
inlay restorations were prepared according to manufacturer’s
instruction. HF acid [9.5%] and silane coupling agent was applied
to the cementation surfaces of ceramic inlays. Firstly, teeth were
randomly divided into four groups for four different resin cements
[RelyX ARC, Panavia F 2.0, RelyX U200 and G-Cem] . And
then, each resin cement group was divided into two subgroups
according to the cementation by finger pressure or ultrasonic
agitation. While 64 teeth were used for microtensile bond strength
test, 8 teeth [including one in each group] were used for scanning
electron microscopy evaluation. At the end of the microtensile test,
samples were examined using a stereomicroscope for analysis of
fracture type.

Results: The microtensile bond strengths of conventional
resin cements [RelyX ARC and Panavia F 2.0] were significantly
higher than self adhesive resin cements’ [RelyX U200 and G-Cem]|
bond strengths [p < 0.05] . In each cements’ subgroups, the two
cementation techniques did not effect the microtensile bond
strength of each cements [p > 0,05] . The effect of ultrasonic
agitation on microtensile bond strength of resin cements was not
statistically significant for all groups.
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Conclusions: In the present study, the best bonding
performances were achieved with the etch-and-rinse and self-etch
systems. Ultrasonic agitation did not influence the microtensile
bond strength of resin cements.
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Oz

Seramik Inleylerin Farkli Rezin Simanlarla Simantasyonunda
Ultrasonik Yerlestirme Tekniginin Dentine Mikrotensil Baglanma
Dayanimi Uzerine Olan Etkisinin in Vitro Degerlendirilmesi

Amag: Seramik inleylerin rezin siman ya da self-adeziv rezin
simanlarla simantasyonunda ultrasonik yerlestirme tekniginin
mikrotensil baglanma dayanimlarina etkisinin degerlendirilmesi
amaclandi.

Materyal ve Method: Bu in vitro ¢aligmada, periodontal ve
ortodontik tedavi amaciyla ¢ekimi yapilan 72 adet cliriiksiiz ve
restorasyonsuz saglam insan premolar disi kullanildi. Her bir dise
Smif 1 inley kavitesi agildi ve dislerin elastomerik 6l¢ii maddesi ile
Ol¢tisii alindi. Laboratuvarda IPS e-max Press (Ivoclar Vivadent,
Schaan, Liechtenstein) seramik inley restorasyonlart {iretici
firmanin talimatlaria gore hazirlandi. Tim seramik inleylerin i¢
yiizeylerine HF asit (%9,5) ve silan baglanma ajani uygulandi.
Disler dnce rastgele dort gruba ayrildi ve her bir gruptaki disler ikisi
self-adeziv 6zellige sahip olan dort farkli rezin siman (RelyX ARC,
Panavia F 2.0, RelyX U200 ve G-Cem) ile simante edilmek iizere
ayrildi. Her bir siman grubu da simantasyonun parmak basinci ile
ya da ultrasonik yerlestirme teknigi ile simantasyonuna gore iki
alt gruba ayrildi. Simantasyon islemi her bir simanin {iretici firma
talimatina gore gergeklestirildi. Ornekler, oda sicakliginda (23 +
2 0C) hazirland1. Etiivde ( Heraeus, Heraeus Instruments, Hanau,
Germany ) distile su i¢inde 37 °C’de 48 saat bekletildi. 64 adet dis
mikrotensil testi i¢in kullanilirken, geriye kalan 8 adet dis ise (her
bir gruptan birer tane olmak iizere) taramali elektron mikroskobu
(SEM) degerlendirmesinde kullanilmistir.

Bulgular : Bu in vitro ¢aligmanin sonucunda, her iki geleneksel
rezin simanin baglanma dayanimi degerleri self adeziv rezin
simanlarin baglanma dayanimi degerlerinden istatistiksel olarak
yiiksek bulunmustur (p < 0,05). Her bir siman grubunun parmak
basinci ve ultrasonik yerlestirme teknigi ile simante edilen alt
gruplari arasinda istatistiksel olarak anlamli bir fark bulunmamistir
(p >0,05).
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Sonug: Ultrason uygulamasinin farkli rezin simanlarin dentine
mikrotensil baglanma dayanimlar1 iizerinde herhangi bir etkisinin
olmadig1 bulunmustur.

Anahtar Kelimeler: Seramik inleyler, self-adeziv rezin
siman, ultrasonik aktivasyon, mikrogerilme baglanma dayanima.

Introduction

In recent years, the growing interest in aesthetics,
especially for the posterior teeth, aesthetic inlays, and
onlays, has taken the place of amalgam and cast gold inlays.
With a minimal tooth preparation requirement, ceramic
inlay and Onlay restorations are the conservative and
esthetic approaches for posterior teeth with moderate tissue
loss (1-5).

Clinical success with ceramic inlays/onlays has been
assisted by developing a reliable bond of resin cement to
dental tissues (6). The adhesion of ceramic to the tooth
structure with composite resin-based adhesive materials
increases the fracture resistance of the tooth and the
restoration, improves marginal adaptation, prevents
microleakage, and increases the long-term success of the
treatment (7, 8). Although bonding to enamel and ceramic
can be considered reliable, dentin bonding is usually the
weakest link in the luting process (9). Because of its high
organic content, dentin is a less favorable substrate for
bonding than enamel. Therefore, it is important to improve

dentin adhesion when cementing ceramic restorations (10).

Currently, resin cement can be classified as total-etch,
self-etch, and self-adhesive resin cement, according to
dental tissues treatment or adhesion strategy (11, 12). Self-
adhesive resin cement was designed with the intent to
overcome some of the disadvantages of both conventional
and composite resin cement (11). These materials were
developed to simplify clinical procedures and overcome
multistep systems’ technique sensitivity (13, 14).

Ultrasonic devices are used in various clinical
applications in dentistry (15). Scaling can be applied for
using different types of ultrasonic devices, endodontic
treatment (16), cavity preparation, irrigation, polishing (17),
and most frequently (16, 18-22). Ultrasonic instruments can
also be used in cases such as removal of the intraradicular
post (23), amalgam core (24) or broken canal instruments
from the root canal and removal of a crown (19, 25, 26),
cleaning of the instrument before sterilization and dentures
(27). Currently, ultrasonic devices can also be used to

cement laminate veneers and fiber posts (17).

In ultrasonic instrumentation, the cement’s vibration
forces fill the surface irregularities between the restoration
and the tooth tissue (25). The ultrasonic agitation provides
an advantage by affecting the composite resin’s thixotropic
property (11, 28). The fluid properties of resin materials
containing a high filler can be developed with ultrasonic
agitation (11, 13, 29-31).

Some application modes of adhesives and different
luting procedures have been reported in the literature to
have better bond strengths, for example, precuring the
adhesive systems (32, 33), applying constant pressure to
the restoration during the cementation (34-37), or ultrasonic
agitation (13, 29, 31). Therefore, it would be worthwhile to
investigate if ultrasonic agitation may help achieve better
infiltration of conventional resin cement or self-adhesive
cement, and as a consequence, improve the bond strength.

This in-vitro study aimed to evaluate the effect of the
ultrasonic agitation on micro tensile bond strength of four
different resin cement used for cementing ceramic inlays,
to define the types of failures to evaluate the morphological
changes in the dentine-resin-ceramic interfaces using a
scanning electron microscope.

Materials and Methods

In this study, 72 caries and restoration-free extracted
human premolars were used; 64 were used for the micro
tensile test, and eight were used for SEM analysis.
Standardized Class I box preparations were made with
6-degree conical diamond inlay burs [acurata a-Diamant
diamond burs no: 172, 544 and 545, Acurata, Germany]|
with a high-speed handpiece [KaVo Compact Torque 636P,
Lot No:11-1029461, KaVo Dental GmbH, Bismarckring,
Germany] utilizing water spray. 2 mm occlusal, 4 mm mesio-
lingual and 3 mm buccolingual reductions [with rounded
internal angles] were made. No bevels were utilized in the
preparation.

Impressions were made of teeth preparations with
polyvinyl [Elite P&P,
Zhermack, Italy]. They poured in a vacuum mixed die
material [Alpha Die Mf, Schiiltz-Dental GmbH, Rosbach,
Germany] according to the manufacturer’s instructions.
IPS e-max Press [ LT Al Ingot, Lot No: P8-5002, Ivoclar-
Vivadent AG, Schaan, Liechtenstein] inlays were pressed.

siloxane impression material

All procedures were performed with IPS e-max Press
materials and protocol.
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The inlays’ adhesive surfaces were conditioned with
9,5 % hydrofluoric acid gel [Porcelain etchant, Lot No:
110.000.1470, Bisco, Inc, Schaumburg, USA] for 20
seconds, then thoroughly rinsed with water and air-dried.
A silane coupling agent [Clearfil Ceramic Primer, Lot
No0:00019D, Kuraray, Osaka, Japan] was applied to the
cementation surfaces and allowed to react for 60 seconds.

Cementation Procedures

The 72 prepared teeth were randomly assigned to
4 types of cement groups; Panavia F 2.0, RelyX ARC,
G-Cem, and RelyX U200 groups. Each of the four groups
was further divided into two luting procedure groups; finger
pressure and ultrasonic agitation. Cementation procedures
were performed according to each resin type of cement’
manufacturers’ instructions. The specimens were cleaned
with an air-water syringe and dried with cotton buds;
subsequently, the cement was applied.

For all groups, the same steps were followed; cement
was applied to the ceramic inlay’s adhesive surface.
Ceramic inlay was carried and placed onto the tooth using
a clamp. Then, it was directly pressed on the cavity using
finger pressure by the same operator.

In the cementation procedure with the ultrasonic
agitation, after the restoration was moved to the cavity
with tweezers, the placement procedure was made with the
ultrasonic device in the same way for all the groups. The
tip [G22, Lot No: Z217020, NSK, Nakanishi Inc, Japan] of
the ultrasonic handpiece was applied perpendicularly on the
middle of the occlusal surface of the inlay and switched on
according to the manufacturer’s instructions and in water-
free mode. This procedure was repeated until no new resin
cement emerged along the inlay margins.

Both two luting procedure groups; the excess cement
was LED cured unit for 40 second periods at each side of the
restorations. After the light polymerizing, the restorations
were polished with polishing discs.

After the cementation procedures, the teeth were
embedded into auto polymerizing acrylic resin [Akrileks,
Giilsa T1bbi Cihazlar ve Malz. San. Ve Tic. Ltd. Sti, Izmir,
Tirkiye] . Samples were then sectioned perpendicularly to
the adhesive interface using a precision cutter [Microcut,
Precision Cutter, Metcon, Kemet IL, USA] under continuous
running water. Each tooth was vertically cut into ‘I’ shaped
sections approximately 1.2x1.2mm wide. A total of 128

samples, 16 per batch, were subjected to tensile strength.

The specimens were not trimmed.

Micro tensile Bond Strength Test

The specimens were fixed to the micro tensile testing
apparatus [Micro Tensile Tester, Lot No: T-61010K/
T-61020K, BISCO, Inc., Schaumburg, IL, USA] with
cyanoacrylate adhesive [Zapit, Lot No: C26A, Dental
Ventures of America, Inc., Corona, Calif, USA]. The
specimens were then subjected to tensile forces at a
crosshead speed of 1 mm/min until fracture. The load
[Kg] at the time of fracture was recorded and converted to
MPa. Each fractured surface was measured with the digital
caliper to calculate the microtensile bond strength exactly.
The same operator performed all of the cavity preparations,

cementation procedures, specimen preparations, and tests.

Mode of Failure

After the pTBS test, both the dentin and ceramic sides of
fractured beams were examined under a stereomicroscope
[Olympus C5060-ADU, Olympus Co, Tokyo, Japan] 30x or
40x magnification to determine the mode of failure. Failure
modes were classified into three different types;

Type 1: Adhesive failure [at the resin-dentin interface or

the resin ceramic interface]
Type 2: Cohesive failure [in dentin, in resin, or ceramic]

Type 3: Adhesive and cohesive failure [mixed failure].

Scanning Electron Microscope Analysis

One tooth from each experimental group was processed
for morphological evaluation of the adhesive interface
by scanning electron microscopy. The specimens were
polished with 240, 300, and 600 grit silicon carbide
metallographic papers. The specimens were etched for 3-5
seconds with 10 % phosphoric acid, subsequently stored in
5 % NaOCI solution for 5 minutes, and rinsed with water.
The dried surfaces were fixed to SEM holders, sputter-
coated with gold [Bal-tec SCD 050 Sputter Coater, Bal-tec
AG, Liechtenstein] and then, examined with an SEM [LEO
440, Leica-Zeiss, Cambridge, UK] at x500, x1000, and x
2000 magnification.
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Statistical Analysis

All the study data were evaluated using SPSS v.15.0 for
Windows and Medcalc for Windows XP software. One Way
Anova test, Student-Newman-Keuls multiple comparison
tests, Independent Student’s t-test were used for statistical
evaluations. All the tests were applied at a 95% confidence
interval. A value of p<0.05 was accepted as statistically
significant.

Results

Table 1: The mean values and standard deviations of the groups’
microtensile bond strength cemented with four different resin
types of cement and two different cementation techniques.

Cement Technique
Finger pressure Ultrasonic agitation

Panavia-F 14,8975(6,32886) 10,9319(4,60819)
RelyX ARC 10,6338(2,35930) 10,3294(5,00723)
G-Cem 3,5156(1,92528) 4,8731(2,18627)
RelyX U200 5,1100(2,33273) 6,8413(2,83653)
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Graphic 1: The mean values of the microtensile bond strength of
the groups

All The Groups Where Cementation Was Applied With
Finger Pressure

The microtensile bond strength values of the RelyX ARC
and Panavia F2.0 groups were determined to be statistically
significantly higher than the bond strength test values of the
self-adhesive resin cement groups [p<0.05]. (Table 1) While
no difference was observed between the self-adhesive resin
cement groups [G-Cem and RelyX U200], the Panavia F 2.0
group’s bond strength values were found to be statistically
significantly higher than those of the RelyX ARC group.

All The Groups Applied The Ultrasonic Agitation

Table 2: A statistically significant difference was determined
between all the groups that applied ultrasonic agitation, and these
differences were statistically significantly different from each

other [p<0.05].
Group Mean (MPa) Statistical significance
* (p<0,05)
(1) G-Cem-U 4,8731 2)(3)
(2) Panavia F 2.0-U 10,9319 (1)(4)
(3) RelyX ARC-U 10,3294 (1)(4)
(4) RelyX U200-U 6,8413 2)(3)

* Different numbers indicate significant differences (p< 0,05).

The RelyX ARC and Panavia F2.0 groups’ bond strength
values were determined to be statistically significantly
higher than the bond strength test values of the self-adhesive
resin cement groups [p<0.05]. No statistically significant
differences were determined between the bond strength
values of the RelyX ARC and the Panavia F 2.0 groups nor
between the self-adhesive resin cement groups.

Stereomicroscope analysis of fractured specimens
revealed a prevalence of adhesive failures, especially at
the resin-dentin interface for all groups, with few types of
cement’ differences. Most failures [92,18 %] were adhesive
failure [Type 1] . Only one specimen [0,78 %] showed
cohesive failure [ Type 2] was seen in Group PF. 9 specimens
[7,03 %] showed mixed failure [Type 3] (Figure 1).

Figure 1: The ultrasonic device, application tips and cementation
of ceramic inlay under ultrasonic agitation
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In the SEM evaluation of the self-adhesive resin cement
groups, while a more superficial layer was formed in the
cement’s dentine surface, penetration of the resin into the
dentinal tubules was seen in the Rely X ARC and Panavia F
2.0 groups. (Figure 2)

Figure 2: Stereomicroscope image of dentin-resin cement-ceramic
interface of RelyX ARC- Finger pressure group. Adhesive failure
between dentin and the resin cement is observed. (D: Dentin, R: Resin
cement, C: Ceramic inlay)

10pm Detector = SE1

EHT =20.00 kV Date :13 May 2013 b

Figure 3: a) of cement-dentin interface of RelyX U200-Finger
pressure group ( x 2000 magnification) and b) Ultrasonic
agitation group ( x 2000 magnification).

Discussion

Ceramic inlays prepared with the Empress technique
are used successfully in routine clinical practices (38). In
many clinical studies, it has been reported that inlays and
onlays prepared with pressable ceramic systems have a long
clinical life (38-45).

The cementation stage is vital to the clinical success of
full ceramic restorations (46). It is known that the factor
providing the resistance of a ceramic restoration is the
proper application of adhesive cementation (47).

In ceramic inlay cementation, dual-cured composite
resin cement is generally preferred because of its excellent
aesthetic and mechanical properties (48). The use of dual-
cured resin cement and dentine bonding agents reduces
retention by providing airtight closure of the ceramic inlay
in cementation. Also, ceramic restoration with composite
resin cement forms a stress-breaking base in the interface
(49, 50). In this study, 2-step etch-and-rinse, 1-step self-
etch adhesive systems together with resin cement, and two
different self-adhesive resin cement were used.

In previous studies, hydrofluoric acid and silane’s
application has been revealed to increase the bond strength
of glass ceramics strengthened with lithium disilicate (51-
56). In the current study, after sanding off the IPS e-max
press ceramics with 50 pm aluminum oxide sand in all
the groups, 9.5% HF and a single bottle of silane coupling
agent which contains 3-methacryloxyprophil-three methoxy
silane, 10-methacryloyloxydecyl dihydrogen phosphate
[MDP], and ethanol was used.

As total-etch systems include acute and multistep
stages, events can occur, such as a change in the bonding
efficacy, postoperative sensitivity, and indirect failure in
the restoration (57). Therefore, self-etch systems, which
are less invasive, have been developed (50, 58). In recent
years, despite the tendency to produce simplified self-etch
bonding systems, some studies have shown that self-etch
systems’ bonding efficacy is weaker than that of total-etch
systems (59-62).

Self-adhesive resin cement used in this study [RelyX
U200 and G-Cem] contains functional phosphoric acid
monomers. These functional acidic monomers possibly
contribute to the adhesion (63, 64). G-Cem self-adhesive
resin cement contains UDMA as a cross-linking monomer
due to a lower molecular weight and greater flexibility of the
urethane linkage (65). GC’s bonding mechanism is based
on the glass ionomer technology modified by exchanging
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polyacrylic acid with the acidic functional monomers [4-
META] and phosphoric acid esters (66).

The self-etch approach of Panavia F 2.0 is based
upon the dissolution of the smear layer, without the
subsequent removal of the dissolved calcium phosphates,
as there is no rinse phase (67). Functional monomers like
10-methacryloyloxydecyl dihydrogen phosphate have been
proven to interact with this residual hydroxyapatite through
primary ionic binding (68).

The adhesive mechanism of two-step etch-and-rinse
systems [ like RelyX ARC used in this study] involves a
phosphoric acid-etch step that within enamel produces etch-
pits in the hydroxyapatite-rich substrate and within dentin
demineralizes up to a depth of a few micrometers to expose
a hydroxyapatite-deprived collagen mesh. The next step of
these systems involves applying and curing a composite
primer-adhesive resin (67).

To date, researchers have mostly used shear and tensile
bond strength tests. Classic shear and tensile bond strength
tests are made on wide-tooth surface areas. As the surface
area is wide [7-12 mm?], an accumulation of stress occurs,
which is not homogenous, and therefore local stress areas
are formed on the restoration surface. Consequently, failures
in the samples are often seen in a cohesive type (69, 70). It
is thought that reliable information has not been provided
to evaluate this type of failure (71, 72). For the shear test,
as failures are from one of the materials and not seen in
the adhesive region, the results may not be true or can
lead to misinterpretation, and criticisms can be made that
stress distribution has not developed homogeneously in the
adhesive interface (71, 73). The microtensile test method
was developed to overcome this problem, which is more
homogenous and in which there is less stress accumulation
(69, 70, 73).

In the current study, the microtensile test was conducted
at a crosshead speed of Imm/min. The applied speed
was consistent with ISO [International Organization for
Standardization] defined values, and many studies in the
literature have used the same speeds [1, 38, 63, 72-77]

As in recent studies evaluating the microtensile bonding
strength of resin cement to dentin, in this study, the samples
were kept in distilled water at 37 © C for 48 hours after resin
cement polymerization, and then a microtensile test was
applied.[63, 73, 78, 79] .

The application of vibration forces is an alternative
method to be able to achieve effective cementation of the

restoration in the cavity. (30, 74, 75). Koyano et al. used a
vertical oscillation frequency of 35 Hz and a horizontal
oscillation frequency of 50 Hz to be able to obtain the optimal
film thickness for the application of vibration forces (74).

In previous studies, it has been reported that ultrasonic
vibrations started the glass ionomer cement setting reaction
by increasing the temperature of the environment and that
the cement was more uniform in the completed reaction,
and porosity was reduced (12, 76, 77).

The reduction of cement viscosity by the ultrasonic
agitation during the cementation procedure and that a thinner
and more homogenous film thickness is obtained with
reduced porosity with the use of the ultrasonic placement
technique (11, 12).

In a study by Bagis et al., which evaluated the effect of
high ultrasonic frequency on microtensile bond strength of
different self-cetch adhesives, it was reported that ultrasonic
agitation could increase the bond efficacy of adhesives (78).

In astudy by Ozcan et al., finger pressure or the ultrasonic
placement technique was reported not to have affected the
fracture resistance of the indirect restoration (79). In the
current study, no statistically significant difference in finger
pressure or ultrasonic agitation technique in all the cement
groups [p>0.05].

In parallel with the current study, in a study by Bagis et
al., which investigated the effect of ultrasonic agitation on
bond strength of self-etch adhesives, it was reported that the
ultrasonic agitation had not significantly increased the bond
strength of adhesives (17).

In the current study, the frequency of the ultrasonic
device was 28-32 kHz. In the study where Bagis et al.
[2009] reported that ultrasonic agitation could increase bond
strength of adhesive systems, the frequency of the ultrasonic
device used was 1 MHz (78). In another study by Bagis et
al. [2008], where it was reported that ultrasonic agitation did
not change the bond strength values, the frequency of the
ultrasonic device used was the same as that of the current
study (17). It can be concluded that the frequency range of
the ultrasonic device used in the current study was not high
enough to increase the bond strength.

In the comparisons between all the cement groups
cemented with the finger pressure, self-adhesive resin
cement showed lower L' TBSs than Panavia F 2.0 and RelyX
ARC. There were significant differences between cement;
G-Cem showed the lowest and Panavia F 2.0 the highest
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pTBSs [p<0,05]. But there were no significant differences
between G-Cem and RelyX U200 uTBSs.

In the comparisons between all the cement groups
cemented with the ultrasonic agitation technique, the
bond strength values of the Panavia F 2.0 and RelyX ARC
groups were found to be statistically significantly higher
than G-Cem and RelyX U200 [p<0.05]. No statistically
significant difference was found between the bond strength
values of Panavia F2.0 and RelyX ARC resin cement or
between the bond strength values of G-Cem and RelyX
U200.

In an in vitro study by Garcia et al., the pTBS values were
compared of RelyX ARC and three different self-adhesive
resins to dentine. The bond strength values of RelyX ARC
resin cement were found to be significantly higher than
those of all three self-adhesive resin cement (80). According
to the previous in-vitro studies, significantly lower nTBSs
of RelyX Unicem to dentin compared to Panavia F 2.0 (57,
81), Multilink (81), and Variolink II (82) were reported.

In parallel with the current study, Abo et al. reported that
the uTBS of all three different self-adhesive resin cement
were statistically significantly lower than those of Panavia
F 2.0 (64). Tonial et al. reported that the pTBS values of
RelyX ARC resin cement were significantly higher than
those of RelyX Unicem and Maxcem Elite self-adhesive
resin cement (83).

In a study by Viotti et al., the uTBS to dentine was
examined of RelyX Unicem, Maxcem, and G-Cem self-
adhesive resin cement and various conventional resin
cement. No statistically significant difference was found
between the self-adhesive resin cement, and these all
demonstrated statistically significantly lower bond strength
than some of the conventional resin cement (84). The low
bond strength was thought to be due to the superficial
bonding to the tooth surfaces of the self-adhesive resin
cement compared to the other resin cement (85). RelyX
U200 self-adhesive resin cement does not have the capacity
to dissolve and demineralize dentine in the same way as
RelyX Unicem, so there is, therefore, no decalcification and
infiltration on the dentine surface, and a hybrid layer and
resin tags can not form (57, 85).

According to previous studies, self-adhesive resin
cement has lower bond efficiency than resin cement used
together with adhesive systems (10, 86-88), and when extra
retention is not demanded, it has been emphasized that they
can be used when conditions are ideal for retention (10, 86).

Following the uTBS test in the current study, when the
failure types were evaluated as a whole, the most common
type of failure was seen to be adhesive followed by mixed-
type then cohesive. In a study of 5 different adhesive
systems, Hubbezoglu et al. determined 81% adhesive, 19%
mixed, and no cohesive failures (89).

Conclusion

Resin cement containing MDP used together with
adhesive systems should be the first choice in the
cementation of ceramic inlay restorations because they
had the highest bond strength values. In the cementation of
ceramic restorations, if the cases are exposed to a high level
of chewing force or have insufficient retention, the use of
self-adhesive resin cement should be avoided. According
to this study, it can be said that using an ultrasonic device
does not increase the adhesion strength of resin cement.
However, there are very few studies on this subject in the
literature. Therefore, the results obtained in this in vitro
study need to be confirmed by a greater number of in-vitro
and clinical studies.
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