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Abstract

Aim: The aim of this in vitro study was to qualitatively assess the mode of failure of dual forms of resin repaired
lithium disilicate ceramic.

Material and Methods: Twenty two wax patterns were fabricated from customized stainless steel jig. The
samples were divided into 2 groups with each group comprising of 11 samples. Group | wax patterns were heat
pressed layered Lithium disilicate ceramic (IPS emax press, IPS emax Ceram Powder Dentin, lvoclarvivadent,
Schaan, Liechtenstein) and Group Il wax patterns were heat press monolithic Lithium disilicate ceramic. The
samples were etched with 5% HF for 20s, and one representative sample from each group was analyzed under
SEM for etched surface characteristics. The remaining 20 samples were then silanized and repaired with
composite resin, according to the manufacturer’s instructions. These samples were then subjected to
thermocycling and shear bond testing using universal testing machine and data was obtained. The data was
then subjected to statistical analysis using non-parametric Mann-Whitney U test. Mode of failure was analyzed
using scanning electron microscope.

Results: The mean shear bond value for Group I: 5.34 MPa and for Group Il: 13.88 MPa. There was high
statistical significant difference between the two test groups (P<0.05)

Conclusion:The mean shear bond strength of repair composite resin bonded to monolithic lithium disilicate
restorations is higher than that of bilayered lithium disilicate restorations. The repair of monolithic lithium
disilicate ceramic crowns with repair composite resin is recommended and not for the bilayered lithium
disilicateceramic.Mixed mode of failure was observed in SEM analysis for both groups.

Keywords: Lithium disilicate glass ceramic, SEM analysis, Repair composite, 5% Hydrofluoric acid,shear
bond.
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I.  Introduction

The ceramo-metal restoration hadbeenthe gold standard in crown & bridge procedures for several
years. Although durable and time-tested, patient’s demand for metal-free restorations mainly for esthetic
reasons, and the demand had been met with various all ceramic systems.

In spite of the advantages of All — ceramic restorations including life-like appearance,biocompatibility
and durability, there are still disadvantages to their use clinical use. fracture of layering ceramics still remains
the primary cause of failure of all — ceramic crowns. &% %4

The evolution of glass-ceramics in the dental field was profoundly influenced by the increase in
crystalline structure of up to 60-70% and reinforcement through lithium-disilicate. This led to a flexural strength
two or three times higher and suitable for restorations in the molar region. !

Studies had shown that the contact damage is induced at the loading, occlusalsurface!! for molars and
premolars or palatine surfaces for incisors. Wang et al'®lshowed that all ceramic restorations demonstrated a
fracture rate of 4.4% at a 5-yr follow-up in a clinical study.?!

Repair composite restoration was a conservative method that can increase the longevity and durability
of restorations while preserving the old restorations. 3¢ 78!

Adequate surface treatment for lithium disilicate glass ceramic was achieved with the HF concentration
of 5% applied for 20 seconds.™™® ™12 ¥land the use of a silane agent to provide a high bond strength. 45 ¢!
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Numerous studies, evaluating the shear bond strength between repair composite and monolithic lithium
disilicate ceramics had focused on different repair composite resins and/or different types of surface treatment
agents, including different concentrations and duration as their study variables.!? 3171819201

Standalone studies focusing on the SEM analysis between repair composite resin and bilayered lithium
disilicate ceramic that had been subjected to suitable surface treatments were lacking in the literature. Moreover
such studies comparing the bond strength between the repair composite resins bonded to either bilayered or
monolithic lithium disilicate ceramic were lacking.

Therefore, in view of the above, the aim of the present in vitro study was toto qualitatively assess the
mode of failure of dual forms of resin repaired lithium disilicateceramic.s The null hypothesis of the present
study was that there will be no significant difference in the SEM analysis and bond strength between the repair
composite resin bonded to bilayered and monolithic lithium disilicate ceramic test groups.

Il.  Materials And Methods
A total of 11 wax patterns with height 3mm, diameter 10mm, with central defect of diameter 4 mm
which simulates the fractured site and debonded ceramic site of the restorations were prepared for bilayered
lithium disilicate ceramic test samples as Group |, another 11 wax patterns with height 5mm, diameter 10 mm
with central defect well of diameter 4mm which simulates the fractured site and debonded ceramic site of the
restorations were prepared for monolithic lithium disilicate ceramic test samples as Group Il were fabricated
using customized stainless steel jig. (Fig. 1a,1b).

Figla Group | wax pattern Bilayered

Fig 1b Monolithic Group

11 wax patterns for Group | were sprued and invested with phosphate bonded investment (Bellavest®
SH, Germany). The burn out process was carried out at 900°C after soaking time of half an hour. Lithium
Disilicate monolithic ceramic press (IPS emax press, lvoclarvivadent, Schaan, Liechtenstein) was carried
out.Divesting was done using glass beads followed by ultrasonic cleaning with 1% HF acid. Each sample was
finished with water emery paper of 220, 320 and 400 grit sizes, respectively.

For addition of layering ceramic, surface of the test samples were sandblasted with 50pum aluminum
oxide particles at low pressure of 50 psi to create roughness. After sandblasting, opaque ceramic powder was
added and fired, then dentin ceramic powder was added to the thickness of 2mm and fired under 750°C vacuum
pressure.Final trimming and polishing was done using sintered diamond( Vijay dental products,Chennai,India).

11 wax patterns for Group Il were sprued and invested, pressed and finished following all necessary
protocol as followed for Group | except the layering procedure which is not needed for Group Il. Thus all 20 test
samples with their specified dimensions were obtained. (Fig. 2a,2b)
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Fig 2a,2b -Group | and Group Il — ceramic samples( Bilayered& Monolithic )

The surface of defect well of test samples from groups | &Il were etched with 5% HF for 20 seconds. The
samples were then rinsed with distilled water for 1 minute and air dried. (Fig. 3 & 4)

Fig 3 - HF acid etchin
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Fig 4 Distilled water rinsing

One representative test sample was randomly taken from each test group for qualitative analysis of
etched surface using scanning electron microscope (S- 3400N, Hitachi High Technologies Corporation, Japan).
The sample was coated with a layer of gold usinggold sputtering system and was examined at 2000X
magnification to assess the surface characteristics (Fig. 5)

A RSttty

o

Fig 5 Quality analysis of the surfacé characteristics of the etched surface of test samples by SEM

Following etching of the test sample with 5% HF for 20 seconds, it was rinsed with distilled water for 1
minute and air dried. Next, Silanizationwas done (Monobond N, IvoclarVivadent, Schaan, Liechtenstein) The
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silane coupling agent was applied to the defect well and allowed to react for 60s (Fig. 6) After Silanization,
bonding agent (Heliobond, IvoclarVivadent, Schaan, Liechtenstein) was applied in a thin layer to the entire
surface of the defect well (Fig. 7). The bonding agent was then cured for 10 seconds using a light cure unit (Fig.
8). Repair composite resin (Tetric N-Ceram, lvoclarVivadent, Schaan, Liechtenstein) was filled in individual
increments of 2mm + 2mm + 1mm using a customized incremental jig and light cured for 10 seconds
respectively(Fig.9 & 10). In this manner the defect well was filled until the 5mm depth was achieved.

L

Fig 6 Silanization of etched surface

Fig 7 Application of bonding agent
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Fig 9 Placement of the composite resin

Fig 10 - Light curing of the composite resin
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The test samples were stored in distilled water in individual containers for 24 hours at 37°C.Then the
test samples were subjected to thermocycling for a total of 250 cycles in a distilled water bath between 5°C and
55°C with a dwell time of 60 seconds and a dry time of 10 seconds at 27°C using a thermocycling apparatus
(Haake, W15, Germany) to simulate three months of clinical use. (Fig. 11).Upon completion of thermocycling,
the test samples were again stored in distilled water in their respective containers till they were subjected to
shear bond testing.

Fig 11- Thermocycling of the test samples

The test samples were subjected to shear bond testing individually in the universal testing machine
(Instron 3382 100 KN, UK). The test samples were placed on the fixture with a ball ended pin of 4mm diameter
positioned perpendicular to samples (Fig. 12). Force was applied to the test sample in such a way that the shear
load was exerted directly on the whole of the repair composite surface at a cross head speed of 2mm/min until
failure of the bond occurred. Shear bond force at which the bond failed was recorded in Newton (N) and shear
bond strength (MPa) was calculated by dividing the force (N) at which failure of the bond occurred by the
surface area of adhesion (mm?). The tested samples were stored in distilled water again.

Fig 12 Shear testing of the test sample
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Bond Strength (MPa) =Force (N) /surface area (mm?)

Surface analysis of the mode of failure was carried out individually on one representative test sample per group
using Scanning Electron Microscope (S- 3400N, Hitachi High Technologies Corporation, Japan) and the images
obtained were compared between two groups and interpretation of results were drawn.

I11.  Results

The basic data obtained from shear bond testing were tabulated using Microsoft Excel 10 (Microsoft,
USA) and the mean and standard deviation were calculated. Basic and mean shear bond values of repair
composite resin bonded to bilayered lithium disilicate ceramic restoration (Group 1) and to monolithic lithium
disilicate ceramic restoration (Group 1) were tabulated.( Table 1 and 2).The data were subjected to statistical
analysis. The SPSS software for Windows 10.0.05 (SPSS Software Corp., Munich Germany) was used for
statistical analysis. Non-parametric Mann-Whitney U test (Table 3)was used for statistical analysis to compare
the respective overall mean shear bond strength values, between the two test groups. P value <0.05 was
considered as significant.

IV. Tables
Table I: Basic and mean shear bond strength (MPa) of repair composite resin bonded to bilayered

lithium disilicate ceramic restoration (Group 1)
Sample no Shear bond
strength in MPa
6.40
5.32
4.70
5.59
5.70
4.03
8.32
3.19

Inference

Group | exhibited maximum shear bond strength value of 8.32MPa andminimum shear bond strength value of

OO (N[O |WIN |-

5.20

10

4.93

Mean (MPa)

5.34

3.19MPa. The mean shear bond strengthwas 5.34MPa.

Table I1: Basic and mean shear bond strength (MPa) of repair resincomposite bonded to monolithic

Inference

lithium disilicate ceramic restoration(Group II)

Sample no shear bond strength in MPa
1 14.23
2 12.66
3 11.61
4 16.72
5 16.64
6 19.60
7 13.47
8 11.69
9 12.77
10 9.43
Mean (MPa) 13.88

Group 11 exhibited maximum shear bond strength value of 19.60MPa and minimum shear bond strength value of
9.43MPa. The mean shear bond strength was 13.88MPa

Table 111: Comparative evaluation of the mean shear bond strength

between repair composite resin bonded to bilayered lithium disilicate ceramic restoration (Group 1) and
repair composite resin bonded to monolithic lithium disilicate ceramic restoration (Group Il) using
Mann-Whitney U non- parametric test

Groups Mean shear bond strength SD P value
(MPa)
I 5.34 1.379 0.000
11 13.88 3.003
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Inference

Mann-Whitney U test showed overall statistically significant difference between the two test groups with the ‘p’
value 0.000*. Group Il showed higher mean shear bond strength as compared Group | and this difference was
found to be highly significant.

Note :
* ‘p’ value <0.05 denotes statistical significance.
S- Statistically significant
SD- Standard deviation
Cl- 95%
DF -1
MPa-Megapascals

V.  Discussion

It is a known fact that, glass ceramic materials have been widely used in dentistry,studieswithglass
ceramic reinforced by lithium disilicate crystals had shown excellent clinicaloutcomeswithgreat
optical/mechanical properties'® > ?*land high survival rate overtime.[>11:1920.24.25]

In the present study we had used lithium disilicate glass ceramic fabricated by hot press method in its
two forms as monolithic and as core with fluorapatite dentin layering glass ceramic.

Intraoral ceramic-repair system for chipped/fractured layering ceramic relyon strong resin bonds and
adequate surface treatments."" ¥ These systems may increase the longevity of a failing restoration and may be
a provisional, costeffective alternative to immediate replacement. X% 26 27 28 29,30, 31]

The clinical success of either a repaired ceramic restoration or a resin cemented ceramic restoration
depends on the quality and durability of the bond between ceramic and the resin.™* %2

A desirable porous surface for repairing lithium disilicate ceramics wasachieved by etching for 20
seconds ™ *¥lwhich had been followed in the present study.

Application of a silane coupling agent to the pre-treated ceramic surface provides a chemical covalent
and hydrogen bond and was a major factor for a sufficient resin bond to silica based ceramics.*2* Silanization
also increases wettability of the ceramic surface.?® 3% ®lalso, the use of a thin layer of unfilled resin prior to
the composite resin improved bond strength and the interfacial quality between lithium disilicate glass ceramic
and composite resin as it promotes a better infiltration to the superficial irregularities of the etched ceramic
surfaces on application.[*> 1825 37381

Ozcan%stated that thermocycling is more effective method forsimulation of aging of composites and
creates more challenging conditions for composite restorations. Thermocycling was performed aiming to create
thermal strains at the bonding interface by thermal changes in water baths between 5-55°C.% *IThus, in this
study, samples were subjected to a short thermocyclingexposure simulating 3 months of clinical use and this
was employed before shear bond testing.

The present study was to comparatively evaluatetheSEM pictures and bond strengthbetween repair
composite resin bonded to bilayered lithium disilicate ceramic with layering and repair composite resin bonded
to monolithic lithium disilicateceramic.

In terms of evaluation method, shear bond strength test was chosen because it is the most common
method for investigating the bond strength between various surfaces, luting agents, and ceramics. [ 1 39 40 41. 42
“IThe shear test was the commonly used test for evaluating the composite repairbonding.® %!

Shear bond strength test was performed by applying the forceparallel to the bonding interface!®" **
“sland the shear bond strength was calculatedby dividing the maximum load (in N) to the surface area (in mm?)
of thecomposite resin. Shear bond strength value (in MPa) is the stress on the unit ofarea. "

For clinical applications, usually 15-25 MPa bond strength for direct composite resin has been reported
as an optimal value depending on the composite material and repair method ™ ** *¢1|n the present study, Group
I showed a mean bond strength of 13.88 +£3.00 MPa (ranging between 9.43-19.60 MPa), the results which are in
agreement with previous studies. 13 2539.471

After shear bond testing, tested samples were subjected to SEM analysis to assess the mode of failure.
SEM analysis at 2000X magnification was done on the repair composite resin surface that got sheared from the
defect well of test sample during testing.

Shear bond strength values of Group I, showed low bond strength value when compared to Group II.
Studies focusing on shear bond strength between repair resins bonded to lithium disilicate with layering are
lacking, hence, shear bond strength values of Group | cannot be compared with the previous studies. Also,
values obtained in this study were below the clinically accepted limits (5.34+1.37MPa). SEM photomicrograph
(Fig 13) of pre-repaired etched surface (after 20s etching) of Group I representative sample (nanofluorapatite)
sample, under 2000X magnification, revealed presence of both undissolved and dissolved surface topography.
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There were significant areas of unetched ceramic surface present throughout the observed field, which could be
one of the reasons for the low bond strength in first group. SEM photomicrograph of pre-repaired etched surface
(after 20s etching) of Group Il representativesample (lithium disilicate), under 2000X magnification image
revealed significantchange in surface microstructure as compared to that observed for Group | etchedsurface.
The etched surface showed, a predominantly irregular surfacecharacterized by humerous micro porosities in the
form of pits, grooves and fewstriations, that were present throughout the observed field. Fewer areas
ofundissolved glassy phase of lesser dimensions were also visible, interspersedbetween the predominantly
etched surfaces. And this image apﬁ)eared similar to theimages obtained by the previous authors in their
respective surface topographystudy.

5.00kV 7

1 ' '
mm x2.00k SE 20.0um

Fig 13 Qualitative analysis of the etched surface of Group | sample ( Bilayered group)

Thermal cycling, an artificial aging method of dental materials, which causes thermal strain on the
bonding surface by influence of liquids and thereby thermal change is simulated.'> *!These could be the
reasons for low bond strength for Group I. Shear bond values of both groups tabulated in the present study
showed that Group Il bond strength value was approximately 15MPa and consequently could be considered
sufficient for clinical application. The difference between our results of Group Il and those of other studies may
be due to several factors such as differences in the concentration of HF used, types of composite resins used,
different surface treatment methods in repair process and different testing conditions. Based on the results
obtained in this study, the null hypotheses was rejected, because there was high statistical significant difference
between the two tested groups (p<0.05). SEM analysis was done on the repair composite resin surface bonded to
bilayered and monolithic lithium disilicate ceramic restorations, Group | SEM image at 2000X magnification
showed, predominantly smoothen resin surface with sparsely distributed isolated areas of ceramic material,
indicative of a mixed mode of failure that was predominantly adhesive in nature between repair resin and
ceramic.

The mode of failure pattern observed was indicative of a vulnerable bond at the ceramic-repair resin
interface. Group 1l SEM image at 2000X magnificationalso showed a predominantly irregular surface. There
were increased areas of the ceramic material of greater thickness distributed over the resin surface, throughout
the observed field, indicative of a mixed mode of failure that was predominantly cohesive in nature within the
ceramic. The mode of failure pattern observed was indicative of improved bonding at the ceramic-repair resin
interface. It appears from the results of the present study that the repairs of monolithic lithium disilicate ceramic
restorations have a better survival rate as compared to bilayered lithium disilicate ceramic restoration.
(Fig14,15,16).
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Fig 14 Qualitative analysis of the etched surface of Group Il sample ( Monolithic group)
. S 4 s

‘

Fig 16 Qualitative analysis of mode of failure of Group 11 sample (Monolithic group)
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CLINICAL SIGNANCE

Repair of fractured or chipped monolithic glass ceramic restoration is recommended because of better and
superior bond strength values with composite resin when compared with bilayered glass ceramic restorations.
Replacement of fractured bilayered glass ceramic restoration is recommended and not repairsdue to minimal
bond strength values.

Lithium dislicate crowns are expensive compared to porcelain fused to metal crowns. In the event of chipping or
fracture, the repaired crown will come in handy especially for those patients who cannot afford a new
restoration immediately. Special attention should be given in the shade selection and matching of the resin to
glass ceramic.

VI.  Limitations
Samples were subjected to a short thermocycling exposure simulating 3 months of clinical use. The
impact of different concentrations of hydrofluoric acid coupled with different durations of application, using
different repair resins subjected to longer thermocycling periods may yield different results than those obtained
in the present study. It had been proven that the type of composite resin influences its bond strength to
ceramic.?® ! Further studies employing the aboveparameters coupled are recommended to enhance the results
obtained with the present study.

VIl.  Conclusions
Within the limitations of the present study, it was concluded that the repair of monolithic lithium
disilicate ceramic crowns with repair composite resin had a better bond strength than the bilayered lithium
disilicate ceramic crowns and therefore should be widely used in clinical situations.Mixed mode of failure was
observed in SEM analysis for both groups.

References

[1]. Bona AD, Anusavice KJ, Hood JAA. Effect of ceramic surface treatment on tensile bond strength to a resin cement. Int J
Prosthodont (2002);15:248-253.

[2]. Kalavacharla VK, Lawson NC, Ramp LC, Burgess JO. Influence of etching protocol and silane treatment with a universal
adhesive on lithium disilicate bond strength. Operative Dentistry (2015);40(2):372-378.

[3]. Kiomarsi N, Saburian P, Chiniforush N, Karazifard MJ, Hashemikamangar SS. Effect of thermocycling and surface treatment
onrepair bond strength of composite. J ClinExp Dent (2017);9(8):945-51.

[4]. . Aboushelib MN, ElImahy WAM, Ghazy MH. Internal adaptation, marginal accuracy and microleakage of a pressable versus a
machinable ceramic laminate veneers. Journal of dentistry (2012);40:670-677.

[5]- Wang YG, Xing YX, Sun YC, Zhao VJ, Lu PJ, Wang Y. Preliminary evaluation of clinical effect of computer aided design and
computer aided manufacture zirconia crown. Chinese Journal of Stomatology (2013);48(6):355-358.

[6]. Bitter K, Paris S, Hartwig C, Neumann K, Kielbassa AM. Shear bond strength of different substrates bonded to lithium
disilicate. Dental Materials Journal (2006);25(3):493-502.

[7]. Noel LG, Mitchell WC. Porcelain veneer repair of prostheses. Gent Dent (1997);45(2):182-5.

[8]. Proenca JP, Erhardt MCG, Valandro LF, Aceves GG, Carmona MVB, Salmeron RDC, Bottino MA. Influence of ceramic
surfaceconditioning and resin cements on microtensile bond strength to a glassceramic. J Prosthet Dent (2006);96:412-7.

[9]. Shahdad SA, Kennedy JG. Bond strength of repaired anterior composite resins: an in vitro study. Journal of Dentistry

(1998);26:685-694.

[10]. Ozcan M, Barbosa SH, Melo RM, Galhano GAP, Bottino MA. Effect of surface conditioning methods on the microtensile bond
strength of resin composite to composite after aging conditions. Dental Materials (2007);23:1276-1282.

[11]. Rontani JP, Sundfled D, Costa AR, Correr AB, Rontani RMP, Borges GA, Sinhoreti MAC, Sobrinho LC. Effect of
hydrofluoric acidconcentration and etching time on bond strength to lithium disilicateglassceramic. Operative Dentistry
(2017);42(6):606-615.

[12]. Ramakrishnnaiah R, Alkheraif AA, Divakar DD, Matinlinna JP, Vallittu PK. The Effect of Hydrofluoric Acid Etching
Duration on theSurface Micromorphology, Roughness, and Wettability of DentalCeramics. Int. J. Mol. Sci. (2016);17(822):1-17.

[13]. Suliman AHA, Swift EJ, Perdigao J. Effects of surface treatment and bonding agents on bond strength of composite resin to
porcelain. J Prosthet Dent (1993);70:118-20.

[14]. Kupiec KA, Wuertz KM, Barkmeier WW, Wilwerding TM. Evaluation of porcelain surface treatments and agents for
composite-to-porcelain repair. J Prosthet Dent (1996);76:119-24.

[15]. Vidotti HA, Garcia RP, Conti PCR, Pereire JR, Valle ALD. Influence of low concentration acid treatment on lithium disilicate
core/veneer ceramic bond strength. J ClinExp Dent (2013);5(4):157-62.

[16]. Yavuz T, Dilber E, Kara HB, Tuncdemir AR, Ozturk AN. Effects of different surface treatments on shear bond strength in two
different ceramic systems. Lasers Med Sci (2013);28:1233-1239.

[17]. Attia A. Influence of surface treatment and cyclic loading on the durability of repaired all-ceramic crowns. J Appl Oral Sci
(2010);18(2):194-200.

[18]. Meereis CTW, De souza GBF, Albino LGB, Ogliari FA, Piva E, Lima GS. Digital smile design for computer-assisted esthetic
rehabilitation: two yearfollow-up. Operative Dentistry (2016);41(1):13-22.

[19]. Prochnow C, Venturini AB, Grasel R, Bottino MC. Effect of etching with distinct hydrofluoric acid concentrations on the
flexural strength of a lithium disilicate-based glass ceramic. J Biomed Mater Res Part B (2017);105(4):885-891.

[20]. Yoshida F, Tsujimoto A, Ishii R, Nojiri K, Takamizawa T, Miyazaki M, Latta MA. Influence of surface treatment of
contaminated lithium disilicate and leucite glass ceramics on surface free energy and bond strength of universal adhesives. Dental
Materials Journal (2015);34(6):855-862.

DOI: 10.9790/0853-1811104961 www.iosrjournals.org 60 | Page



Scanning Electron Microscopic Analysis and Bond Nature of Dual Forms of Resin Repaired And ..

[21]. Neto SD, Naves LZ, Costa AR, Correr AB, Consani S, Borges GA, Sobrinho LC. The effect of hydrofluoric acid concentration
on the bondstrength and morphology of the surface and interface of glass ceramics to aresin cement. Operative Dentistry
(2015);40(5):470-479.

[22]. Shibata S, Taguchi CMC, Gondo R, Stolf SC, Baratieri LN. Ceramic veneers and direct-composite cases of amelogenesis
imperfect rehabilitation. Operative Dentistry (2016);41(3):233-242.

[23]. Smyd ES, Mich D. The role of torque, torsion, and bending in prosthodontics failures. J Pros Dent (1961);11(1):95-111.

[24]. Filho AM, Vieira LCC, Araujo E, Monterio junior S. Effect of different

[25]. ceramic surface treatments on resin microtensile bond strength. J Prosthodont (2004);13:28-35.

[26]. Teixeria EC, Bayne SC, Thompson JY, Ritter AV, Swift EJ. Shear bond strength of self-etching bonding systems in
combination with various composites used for repairing aged composites. J Adhes Dent (2005);7(2):159-64.

[27]. Borges GA, SophrAM, De Goes MF, Sobrinho LC, Chan DCN. Effect of etching and airborne particle abrasion on the
microstructure of different dental ceramics. J Prosthet Dent (2003);89:479-88.

[28]. Colares RCR, Neri JR, De souza AMB, Pontes KMF, Mendonca S, Santiago SL. Effect of surface pretreatments on the
microtensilebondstrength of lithium — disilicate ceramic repaired with composite resin.Brazilian Dental Journal (2013);24(4):349-
352.

[29]. Duzyol M, Sagsoz O, Sagsoz NP, Akgul N, Yildiz M. The effect of surface treatments on the bond strength between CAD/CAM
blocks and composite resin. Journal of Prosthodontics (2016);25(6):466-71.

[30]. Gourav R, Ariga P, Jain AR, Phillip JM. Effect of four different surface treatments on shear bond strength of three porcelain
repair systems: An invitrostudy. Journal of Conservative Dentistry (2013);16(3):208-212.

[31]. Gungor MB, Nemli SK, Bal BT, Unver S, Dogan A. Effect of surface treatments on shear bond strength of resin composite
bonded to CAD/CAM resin-ceramic hybrid materials. J AdvProsthodont (2016);8:259-66.

[32]. Helvey G. Monolithic versus bilayeredrestorations : a closer look. Chairside Dental Magazine (2017);6(1):1-15.

[33]. Ozturk E, Bolay S, Hickel R, Ilie N. Shear bond strength of porcelain laminate veneers to enamel, dentin and enamel-dentin
complex bonded with different adhesive luting systems. Journal of Dentistry (2013);41:97- 105.

[34]. Makishi P, Andre CB, Lyra e Silva JP, Bacelar-Sa R, Sobrinho LC, Giannini M. Effect of storage time on bond strength
performance of multimode adhesive to indirect resin composite and lithium disilicate glass ceramic. Operative Dentistry
(2016);41(5):541-551.

[35]. Emslander A, Reise M, Eichberger M, Uhrenbacher J, Edelhoff D, Stawarczyk. Impact of surface treatment of different
reinforced glassceramicanterior crowns on load bearing capacity. Dental Materials Journal(2015);34(5):595-604.

[36]. Gre CP, Silveira RCR, Shibata S, Lago CTR, Vieira LCC. Effect of silanization on microtensile bond strength of different resin
cements to a lithium disilicate glass ceramic. The Journal of Contemporary Dental Practice (2016);17(2):149-153.

[37]. Thurmond JW, Barkmeier WW, Wilwerding TM. Effect of porcelain surface treatments on bond strengths of composite resin
bonded to porcelain. J Prosthet Dent (1994);72:355-9.

[38]. Guarda GB, Correr AB, Goncalves LS, Costa AR, Borges GA, Sinhoreti MAC, Sobrinho LC. Effects of surface
treatments,thermocycling, and cyclic loading on the bond strength of a resin cementbonded to a lithium disilicate glass ceramic.
Operative Dentistry(2013);38(2):208-217.

[39]. Baratto SSP, Spina DRF, Gonzaga CC, Da Cunha LF, Furuse AY, Filho FB, Correr GM. Silanated surface treatment: effects
on the bondstrength to lithium disilicate glass — ceramic. Brazilian Dental Journal(2015);26(5):474-477.

[40]. Denehy G, Bouschlicher M, Vargas M. Intraoral repair of cosmetic restorations. Dental Clinics of North America
(1998);42(4):719-37.

[41]. Reich S, Schierz O. Chair-side generated posterior lithium disilicate crowns after 4 years. Clin Oral Invest (2013);17:1765-1772.

[42]. Salvio LA, Sobrinho LC, Consani S, Sinhoreti MAC, De Goes MF, Knowles JC. Effect of water storage and surface treatments
on the tensilebond strength of IPS empress 2 ceramic. J Prosthodont (2007);16:192-199.

[43]. Soderholm KJM, Roberts MJ. Variables influencing the repair strength of dental composites. Scand J Dent Res (1991);99:173-80.

[44]. Spohr AM, Sobrinho LC, Consani S, Sinhoreti MAC, Knowles JC. Influence of surface conditions and silane agent on the bond
of resin to IPSempress 2 ceramic. Int J Prosthodont (2003);16:277-282.

[45]. Nagai T, Kawamoto Y, Kakehashi Y, Matsumura H. Adhesive bonding of a lithium disilicate ceramic material with resin-based
luting agents. Journal of Oral Rehabilitation (2005);32:598-605.
[46]. Kussano CM, Bonfante G, Batista JG, Pinto JHHN. Evaluation of shear bond strength of composite to porcelain according to

surface treatment. Braz Dent J (2003);14(2):132-135.

[47]. Neis CA, Albuquerque NLG, Albuquerque IS, Gomes EA, Filho CB, Feitosa VP, Spazzin AO, Bacchi A. Surface Treatments
for Repair ofFeldspathic, Leucite- and Lithium Disilicate —Reinforced Glass CeramicsUsing Composite Resin. Brazilian Dental
Journal (2015);26(2):152-155.

[48]. Setcos JC, Khosravi R, Wilson NH, Shen C, Yang M, Mjor IA. Repair or replacement of amalgam restorations: decisions at a
USA and a UK dental school. Oper Dent (2004);29(4):392-7.

Janani D, Ramakrishnan H“Scanning Electron Microscopic Analysis and Bond Nature of |
Dual Forms of Resin Repaired and Thermocycled Crystalline Lithium Disilicate Ceramic.”

|
:
|
. 10SR Journal of Dental and Medical Sciences (IOSR-JDMS), vol. 18, no. 11, 2019, pp49-61.
|
|
1

DOI: 10.9790/0853-1811104961 www.iosrjournals.org 61 | Page



