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Abstract 

Background: Fracture of ceramic-metal restorations is a major problem facing the dentists and the patients. There are 

several bonding systems currently available in the market to repair the fractured ceramic-metal restorations inside or outside 

the oral cavity. 

Purpose: The purpose of this study was to test the efficiency of repairing of metal-ceramic restorations using different 

bonding systems with different surface treatments. This efficiency was tested through the conduction of shear bond strength 

of the composite bonded to the porcelain and to nickel-chromium alloy using three different bonding agents (Excite, AdheSE, 

and Prompt L-Pop) with four different surface treatments (sandblasting and enchant, diamond stone roughening, 

sandblasting and hydrofluoric acid etching, or without surface treatment). 

Materials and Methods: A total of 120 specimens were prepared, 60 specimens from porcelain and 60 specimens from 

nickel-chromium alloy. Each group was divided into three equal subgroups, 20 specimens each, corresponding to the 3 

bonding agents used. Each subgroup was further subdivided into four subgroups, 5 specimens each, corresponding to the 

surface treatment procedures. Bonding agents applied over all specimens and cured, followed by application of a micro-

hybrid light-cured composite resin (Tetric Ceram).Thermal cycling was done for all specimens between 5°C and 55°C for 

1000 cycles with a 10-second dwell time. Shear bond strength test was conducted using a universal testing machine at a 

cross-head speed of 0.5 mm/min. 

Results: The highest shear bond strength value recorded for the porcelain specimens bonded with Excite bonding agent 

with surface treatment sandblasting and hydrofluoric acid etching. In metal groups, the AdheSE bonding agent showed the 

highest shear bond strength value with the same surface treatment of the porcelain specimens. It was observed that 

sandblasting followed by hydrofluoric acid etching produced the most effective treatment method for porcelain and metal 

surfaces.   

Conclusion: The most effective technique for repairing metal ceramic restoration was sandblasting with hydrofluoric acid 

etching as surface treatment together with AdheSE or Excite bonding agents. 

Keywords: ceramo-metallic restorations; sandblasting; hydrofluoric acid etching; bonding agents 

Introduction 

Ceramic was first introduced to the dentistry for making denture teeth by 

De Chemant in 17th century and followed by Alex Duchateau [1]. 

Ceramic-metal restorations are widely used in dentistry because of 

excellent esthetic qualities and biocompatibility. Fracture in ceramic-

metal restorations can occur and could be repaired because its 

replacements are not an economic solution [2]. A perfect repair of the 

fractured metal-ceramic restorations are the best solution in most of cases. 

There are two types of bonds, metal-resin bond and porcelain-resin bond, 

which involved in the repair process of ceramic-metal restorations. 

Surface configuration, reactivity of the bonding surfaces, and use of 
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adhesive resins are important for metal-resin bond [3].  

      Fracture of metal-ceramic restorations in the form of chipping or 

de-veneering of ceramic due to bond failure between ceramic and metal. 

Fracture may result from trauma, fatigue, occlusal prematurity, 

parafunctional habits, poor abutment preparation, inappropriate coping 

design and incompatibility of coefficient of thermal expansion between 

ceramic and the metal structure [1,4]. Intraoral chair side porcelain repair 

systems are a quick, painless and highly patient acceptable techniques, 

and no need for removal of restorations or fabrication of a new 

restorations [4]. 

        Various techniques for repair have been used as an alternative to the 

expensive and time-consuming procedure of remaking prostheses. 

Repairing methods have been classified into, indirect methods and direct 

methods. Indirect repair would mean repair of the prosthesis in the 

laboratory using ceramic as a repair material. It is advantageous due to 

the esthetic ability of porcelain to match the remaining ceramic units. The 

drawbacks of this procedure were increased time and cost. Moreover, 

during removal of the prosthesis fracture of abutment tooth or porcelain 

veneer may occur [5]. 

      The direct technique uses composite for intraoral repair of the 

fractured porcelain. A number of systems have been developed to 

facilitate bonding of composite to porcelain and metal [6].The techniques 

included surface preparation of ceramics and silane treatment for bonding 

procedure [7].The surface treatment of porcelain and metal includes 

diamond roughening, air particle abrasion with metal oxide and etching 

with acids [8]. Surface treatments help in micromechanical retention. The 

formation of reliable and durable chemical bonds between dental 

ceramics and composite resins is of paramount importance, which is due 

to the invention of silane coupling agents. These agents chemically bond 

dissimilar organic and inorganic compounds together and help in 

chemical retention [7].The advantages of using composites are less 

chairside time, low cost and ease of application, whereas disadvantages 

include low strength, poor wear resistance, and poor esthetic qualities [5].   

         Recently, physical alteration of ceramic and metal substrates 

together with chemical agents such as metal primer, ceramic primer and  

improved silane coupling agents to promote adhesion of resin to fractured 

metal-ceramic restorations were introduced [9,10]. Since the reported 

shear bond strengths in the literatures for repairing metal-ceramic 

restorations are different, this study conducted to detect which bonding 

agent and surface treatment more effective in repairing of fractured meta-

ceramic restorations. 

Material and Methods 

The materials used in this study were: (1) Excite, 5th generation bonding 

agent ( Ivoclar Vivadent, Liechtenstein, Germany), (2) AdheSE, 6th 

generation bonding agent (Ivoclar Vivadent, Liechtenstein, Germany), (3) 

Prompt L-Pop 7th generation bonding agent (3 M Dental Products, St. 

Paul, MN, USA), (4)Tetric-Ceram, Microhybride composite resin (( 

Ivoclar Vivadent, Liechtenstein, Germany), (5) Vita metal ceramics, 

Feldspatheic Dental Porcelain ( VitA Zahnfabrik, Spitalglasse 3, D-79713 

Bad Sackingen,Germany), and (6) Wiron Light Ni-Cr alloy, metal-

ceramic alloy ( Bego, Wilhelm-Herbst, Germany). A total of 120 

specimens were prepared, 60 from porcelain, and 60 from nickel- 

chromium alloy.  

Preparation of porcelain specimens 

A total of 60 specimens prepared using a specially designed Teflon mold 

of 7 mm diameter and 2 mm thickness. Porcelain powder mixed with the 

liquid according to the manufacturer’s instructions. Porcelain mix placed 

into the mold in layers, vibrated and the excess liquid was blotted away. 

The condensed porcelain specimens fired according to the manufacturer’s 

instructions in calibrated furnace (Lectra, Ugin, France). Porcelain 

specimens were ready for composite resin bonding.  

Composite-porcelain bonding 

60 porcelain specimens were embedded in a polyvinyl chloride rings 2cm 

dimeter and 2 cm height using polymethyl methacrylate resin. Specimens 

divided into 3 groups (A, B, C), 20 specimens each, corresponding to the 

used bonding agents, then subdivided into 4 subgroups (A1, A2, A3, and 

A4), (B1, B2, B3, and B4), and (C1, C2, C3, and C4) corresponding to 

the surface treatment techniques, 5 specimens each Table I. 

Group Subgroups Surface treatments Etching Adhesive 

A A1 Sandblasting Phosphoric acid Excite 

 A2 Roughness with stone Hydrofluoric acid  

 A3 Sandblasting Phosphoric acid  

 A4 No treatment Phosphoric acid  

B B1 Sandblasting AdheSE primer AdheSE 

 B2 Roughness with stone AdheSE primer bond 

 B3 Sandblasting Hydrofluoric acid  

 B4 No treatment AdheSE primer  

C C1 Sandblasted All-in-one self-etch Prompt L-Pop 

 C2 Roughness with stone All-in-one self-etch  

 C3 Sandblasting Hydrofluoric acid  

 C4 No treatment All-in-one self-etch  

Table I: Shows the tested porcelain groups 

A. Using Excite bonding agent with porcelain specimens 

Subgroup A1:  

 5 Specimens were sandblasted vertically using Al2O3 particles with 

average particle size 100սm, at a pressure of 1.5 bars, for 10 s from a 

distance of 2 cm [11]. Specimens were etched using phosphoric acid (total 

etch) for 30 s, etchant rinsed with water spray for 20 s, then air dried. A 

silane coupling agent applied (Ultrdent® Silane, Ultrdent Products, South 

Jordan, UT) [12]. Using a small brush, a layer of Excite applied to the 

etched surfaces and dried using a gentle air for 2 s at 5 mm distance, then 

light-cured for 20 s using visible light curing unit (Blue Luxcer TM M-830, 

Monitex, Korea). Tetric ceram composite resin (shade A2) was built over 

all specimens using cylindrical Teflon molds (4 mm dimeter and 3 mm 

height) in 2 incremental layers. Each layer was cured for 20 s using the 

same curing unit, then cured for additional 20 s without celluloid matrix 

at zero distance. Specimens stored in distilled water at 37 0C for 24 hours. 

Specimens exposed for thermal cycling between 5°C and 55°C for 1000 

cycles with a 10 s dwell time.  

Subgroup A2: 
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5 Specimens were surface treated by roughness with a water cooled 

diamond stone (Electroplated HP Diamonds, DFS Diamon Gmblt, 

Riedenburg, Germany). Roughness done for 15 s, rinsed in water, dried, 

etched and silinated. A layer of Excite was applied to the porcelain 

specimen’s surfaces and cured. Composite resin built and cured as 

subgroup A1.  

Subgroup A3:         

5 Specimens were surface treated by sandblasting and etching with 9% 

hydrofluoric acid (Porcelain etch, Ultrdent Products; South Jordan, UT). 

Etchant rinsed for 10 s, air dried, Excite bonding agent applied and 

composite resin was built up. 

Subgroup A4   

5 Specimens were etched only with phosphoric acid as subgroup A1 

without any surface treatments. Excite bonding agent applied, composite 

resin was built up and both were cured.  

B. Using AdheSE bonding agent with porcelain specimens  

20 porcelain specimens classified (B1, B2, B3, B4), treated and built up 

in composite resin as mentioned in group A except using of AdheSE 

bonding agent instead of Excite. AdheSE primer was applied to the 

porcelain specimens with brush for 30 s, excess material removed using 

strong stream of dry air. AdheSE Bond applied with a small brush and 

dried with weak stream of dry air and light cured for 20 s.      

C. Using Prompt L-Pop bonding agent with porcelain 
specimens  

20 porcelain specimens were classified (C1,C2,C3,C4), treated and built 

up in composite resin as mentioned in group A except using of Prompt L-

Pop (All-in-one self-etch adhesive) bonding agent instead of Excite. 

Prompt L-Pop applied to the porcelain specimens according to the 

manufacturers instructions for 15 s, dried with dry air and light cured for 

20 s followed by the composite resin built up.   

Preparation of metal specimens 

A total of 60 specimens prepared using the previous Teflon mold from 

blue inlay casting wax (Crown Wax, Bego, Germany) in incremental 

layers. Wax sprues attached to the prepared wax patterns using sticky 

wax. Wax specimens invested in phosphate-bonded investment (Bella 

Vest SH, Bego, Germany). Wax elimination done in an oven by rising the 

temperature gradually to 3000C in 3o min, then raised up to 8500C for 1 

h. Casting done in Ni-Cr alloy using centrifugal casting machine 

(Ducatron Series 3, Ugin Dentaire, Seyssins, France).  

     Specimens divested after slow cooling to room temperature, cleaned 

by air borne-particles abrasion, using 50 mm aluminum oxide powder 

(Williams Blasting Compound, Ivoclar, Vivadent, Amherst, NY) at 4 bar 

pressure. Specimens were ultrasonically cleaned in distilled water for 

10 min. Metal specimens were ready for composite resin bonding. 

Specimens of nickel- chromium alloy classified into three groups (D, E, 

F), 20 specimens each, corresponding to three bonding agents. Each group 

was classified into 4 subgroups (D1,D2,D3,D4); (E1,E2,E3,E4); and 

(F1,F2,F3,F4), 5 specimens each, corresponding to 4 surface treatment 

techniques.  

Composite-metal bonding 

The prepared metal specimens classified (Table II), surface treated, 

bonding agents were applied and composite resin built up as mentioned 

above in the porcelain specimens except the application of opaquer. 

Opaque resin (Monopaque, Ivoclar-Vivadent, Liechtenstein, and 

Germany) applied to the metal specimens and light cured for 20 s before 

composite built up [13]. All specimens stored again in distilled water after 

thermal cycling for additional 24 hours at 37 0C before shear strength 

testing [14]. 

Group Subgroups Surface treatments Etching Adhesive 

D D1 Sandblasting Phosphoric acid Excite 

 D2 Roughness with stone Hydrofluoric acid  

 D3 Sandblasting Phosphoric acid  

 D4 No treatment Phosphoric acid  

E E1 Sandblasting AdheSE primer AdheSE 

 E2 Roughness with stone AdheSE primer bond 

 E3 Sandblasting Hydrofluoric acid  

 E4 No treatment AdheSE primer  

F F1 Sandblasted All-in-one self-etch Prompt L-Pop 

 F2 Roughness with stone All-in-one self-etch  

 F3 Sandblasting Hydrofluoric acid  

 F4 No treatment All-in-one self-etch  

Table II: Shows the tested Ni-Cr groups 

Shear bond strength testing 

Each specimen was mounted in a computer-controlled testing machine 

(Model LRX- plus; Lloyd Instruments Ltd., Fareharn, UK) with a load 

cell of 5 KN. Data recorded using computer software  (Nexygen MT; 

Lloyd Instruments). Specimen secured to the lower fixed compartment of 

the testing machine by tightening screws. Shearing test done by 

compressive load applied at composite-substrate interface using a mono- 

beveled chisel shaped metallic rod attached to the upper movable 

compartment of the testing machine at cross-head speed of 0.5 mm/min. 

The load of debonding recorded in Newton and divided by the bonding 

area to express the bond strength in MPa [1, 2]: 

                     6 = P/ xr2 

Where; 6 = shear bond strength (MPa),  

            P = load at failure (N), 

            x = 3.14, and r = radius of composite disc (min). 

Statistical analysis: 

Data collected, analyzed and compared using 2-way analysis of variance 

(ANOVA) statistical test at 95% confidence level. The Least significant 

difference (LSD) statistical test used to determine the significant 

difference between groups and subgroups. 

Results  

The results of shear bond strength of the repaired composite resin to the 

porcelain specimens are presented in Table III. Sandblasting and 

hydrofluoric acid etching together with Excite bonding agent application 

to porcelain specimens showed the highest shear bond strength. On the 

other hand, surface roughness together with AdheSE bonding agent 

applied to porcelain specimens showed the lowest shear bond strength. 



International Journal of Clinical Case Reports and Reviews                                                                                                                      Copy rights @ Ibrahim M. Hamouda et al 
 

 
Auctores Publishing – Volume 9(1)-162 www.auctoresonline.org  

ISSN: 2690-4861   Page 4 of 9 

The statistical analysis of the results showed significant differences 

between the different surface treatments and different bonding agents of 

the repaired porcelain specimens (Table IV).  

 

Surface treatments Excite  ± 

SD 

Bonding agents 

AdheSE  ± SD 

Prompt L-Pop 

 ± SD 

Sandblasting and 

phosphoric acid etching 

6.26 ± 1.9 5.17 ± 1.4 8.98 ± 0.9 

Roughness  with stone 4.56 ±  0.8 2.59 ± 0.4 2.79 ± 0.7 

Sandblasting and 

hydrofluoric acid etching 

14.02 ± 2.8 11.91 ± 1.2 11.95 ± 2.0 

No treatment 8.36 ± 1.6 5.311 ± 1.4 7.56 ± 1.0 

P-value  ≤ 0.001*  

* The mean difference is significant at the 0 .05 level. 

Table III: Shows mean shear bond strength (MPa) of composite resin to porcelain. 

Source of 

variance 

Sum of Square df Mean 

Squares 

F P-value 

Bonding agents 46.93 2 23.46 6.17 0.004 

Surface 

treatments 

708.1 3 236.1 62.0 0.0001 

Interactions 10.42 6 1.736 0.46 0.836 

Table IV: ANOVA test results for composite-porcelain bonding. 

Table V shows the shear bond strength of the repaired Ni-Cr alloy 

specimens with composite resin. Sandblasting and hydrofluoric acid 

etching together with AdheSE bonding agent applied to Ni-Cr alloy 

specimens showed the highest shear bond strength. On the other hand, 

surface roughness together with Prompt L-Pop bonding agent applied to 

Ni-Cr alloy specimens showed the lowest shear bond strength. The 

statistical analysis of the results showed significant differences between 

the different bonding agents of the repaired Ni-Cr alloy specimens (Table 

VI). On the other hand, there were no significant differences between the 

different surface treatments of the repaired Ni-Cr alloy specimens 

(P≥0.05).     

Surface treatments Excite  ± SD Bonding agents 

AdheSE  ± SD 

Prompt L-Pop  

± SD 

Sandblasting and 

phosphoric acid etching 

10.86 ± 1.6 9.42 ± 1.4 4.67 ± 0.9 

 

Roughness  with stone 7.15 ± 1.5 12.2 ± 2.0 2.04 ± 0.5 

Sandblasting and 

hydrofluoric acid etching 

6.58 ± 1.4 15.65 ± 2.1 6.34 ± 1.2 

 

No treatment 6.74± 1.6 15.38 ± 2.5 4.4625± 0,4 

P-value  ≤ 0.001* 

 

 

* The mean difference is significant at the 0 .05 level. 

Table V: Shows mean shear bond strength (MPa) of composite resin to metal Ni-Cr alloy. 

Source of 

variance 

Sum of 

Square 

df Mean 

Squares 

F P-value 

Bonding agents 46.93 2 324.6 38.08 0.0001 

Surface 

treatments 

42.06 3 14.02 1.68 0.183 

Interactions 161.3 6 26.88 3.22 0.009 

Table VI: ANOVA test results for composite-metal bonding. 

SEM analysis of composite-porcelain repaired specimens revealed 

different types of failures. Excite bonding agent had, 8 specimens 

cohesive failure (Fig. 1), 6 specimens adhesive failure, and 6 specimens 

mixed failure. AdheSE bonding agent had, 5 specimen’s cohesive failure, 

11 specimens’ adhesive failure (Fig.2), and 4 specimens mixed failure. 

Prompt L-Pop bonding agent had, 5 specimen’s cohesive failure (Fig.3), 

10 specimens adhesive failure, and 5 specimens mixed failure.           

             SEM analysis of composite-Ni-Cr alloy repaired specimen’s 

revealed different types of failures. Excite bonding agent had 5 

specimen’s adhesive failure, and 15 specimens mixed failure. AdheSE 

bonding agent had all specimens showed mixed failure (Fig. 4). Prompt 

L-Pop bonding agent had 12 specimens showed adhesive failure (Fig. 5) 

and 8 specimens mixed failure. 
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Figure 1: The SEM photomicrograph showing cohesive failure in composite resin 

 

Figure 2: The SEM photomicrograph showing adhesive failure between porcelain substrate and composite resin 
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Figure 3: The SEM photomicrograph showing cohesive failure in porcelain substrate 

 

Figure 4: The SEM photomicrograph showing mixed adhesive-cohesive failure between metal substrate and composite resin 

 

Figure 5: The SEM photomicrograph showing adhesive failure between metal substrate and composite resin 



International Journal of Clinical Case Reports and Reviews                                                                                                                      Copy rights @ Ibrahim M. Hamouda et al 
 

 
Auctores Publishing – Volume 9(1)-162 www.auctoresonline.org  

ISSN: 2690-4861   Page 7 of 9 

Discussion 

         Metal-ceramic restorations are common in dentistry for restoration 

of teeth. It was stated in the literatures that anterior metal-ceramic 

restorations are subjected for fracture [6]. Anterior restorations are 

subjected to shear stresses, and the shear bond test is considered 

appropriate for predicting the strength of the intraoral porcelain repairs 

[15]. Although porcelains or ceramics have been used commonly in 

dentistry, it has several disadvantages. Feldspathic porcelain has 

compressive strength more less than enamel [7]. So, this porcelain has the 

ability to fracture due to several reasons such as impact load, occlusal 

forces, incompatible coefficient of thermal expansion between porcelain 

and metal substructures, use of metal with low elastic modulus, improper 

design, excessive seating force during trial insertion or cementation, 

micro-defects within the material and trauma [4]. 

       The adhesive interfaces between porcelain and metal substructures 

could be subjected to thermal changes, pH changes, saliva, and fatigue 

that can destroy the ceramic-metal bond which have low tensile strength. 

Therefore, failures in porcelain restorations are more common [7]. 

Failures of metal-ceramic restorations could be classified into simple 

(involving the porcelain body only), mixed (involving the porcelain 

associated with exposure of metal) and complex (with substantial metal 

exposure) [5,7]. 

           Intraoral repair system enhances the mechanical and chemical 

bonds between resin and metal or ceramic substrate by increasing the 

surface area, decreasing the surface tension and causes physical changes 

which promote adhesion of resin materials to porous surfaces of the 

metal-ceramic restorations. The physical changes are achieved by 

selective chemical dissolving the glassy matrix of the ceramic material 

[16-18]. 

         The suitable repair technique depends on the cause of fracture. 

Intraoral and extra oral porcelain repairs are two possible ways of repair 

techniques. Intraoral technique with direct application of composite resin 

is a common and more practical treatment for fractured metal-ceramic 

restorations. The direct intraoral repair technique requires fewer skills, 

less time-consuming, less costly, less destructive, and more convenient 

for the patient and dentist [19].  

         However, the intra-oral repairing technique is associated with 

several drawbacks. The most common drawback is de-bonding of 

composite resin material from the fractured metal-ceramic restoration 

after short time in service. The bond of intraoral repair system depends on 

mechanical and chemical factors. The chemical factors can be achieved 

by silanization while mechanical retention can be achieved by surface 

roughness. The later include macro-mechanical and micromechanical 

methods [19, 20]. Macro-mechanical retention can be achieved by 

sandblasting the fractured surface with aluminum oxide particles, 

grinding with stone burs or silicon carbide paper [21]. These techniques 

for repair metal-ceramic restorations create a micro-retentive surface and 

increase the roughened surface area for bonding and thus its wettability 

[17]. The results of this study showed increased shear bond strength with 

sandblasting and application of hydrofluoric acid for etching of porcelain 

as surface treatment. On the other hand, the type of the adhesive play 

principle role in improving the shear bond strength of Ni-Cr alloy.   

       This study used three bonding agents and four types of surface 

treatments included mainly mechanical means of retention. 

Micromechanical retention could be produced for repairing of metal 

ceramic restorations by itching the surfaces with hydrofluoric, phosphoric 

or acidulated phosphate fluoride acids [17,20]. In a conflict of our 

research, a study concluded that, the roughness with burs as a surface 

treatment was the technique of choice for roughening fractured porcelain 

surfaces. Bur roughness with phosphoric acid etching was the technique 

of choice for roughening metal exposed surfaces (Metal) and bur- 

hydrofluoric treatment is the technique of choice for roughening metal-

porcelain combined surfaces (Metal-Porcelain) [22]. 

       Various repairing techniques such as acid etching, sandblasting, 

silanization, and application of metal primer have been introduced for 

repairing of fractured metal-ceramic restorations. Acid etching of 

feldspathic porcelain provides micromechanical undercuts that have the 

main effect for better adhesion [23]. Several researches have reported that 

a combination of micromechanical roughness and silane application 

technique to the porcelain creates long lasting bonding {24]. This study 

showed that the higher shear bond strength recorded for repaired porcelain 

with composite resin when sandblasting and hydrofluoric acid used as a 

surface treatment with all bonding agents. On the other hand, the lowest 

shear bond strength recoded for porcelain specimens roughened with 

dental stone burs only with all bonding agents.  

       The maximum bond between the repaired surfaces, there are various 

methods of providing mechanical and chemical bonding could be used. 

Mechanical means of retentions could be gained by air abrasion with 

aluminum oxide particles which results in clearing superficial 

contaminations, increasing the wettability of the surface by resins, 

increasing the surface roughness, and improving the bond between the 

composite and substructures [19]. Etching the surface with acids such as 

hydrofluoric acid leads to dissolution of glass matrix of ceramics and 

develop a porous surface for god bond of the composite resin in these 

pores [1, 19].  

      Application of mechanical and chemical surface treatments 

techniques could lead to an increased bond strength of the composite to 

the material surface, depending on the type of material substrate. Surface 

treatment using diamond burs can cause increased abrasion of the alloy 

surface and development of fixed points for increasing the surface 

roughness [25]. This study indicated that, there was no significant 

difference between four studied surface treatments for roughness of Ni-

Cr alloy for bonding with composite resin one of them was the roughness 

with diamond stone. While there was a significant difference between 

three tested bonding agents. Air abrasion using aluminum oxide particles 

coated with silica, pressure is exerted to the surface together with surface 

roughness, the remaining silica on that metal surface leads to improved 

silane function in the composite resin bonding [26].  

           Silane coupling agent used able to form a chemical bond between 

the organic (composite resin) and inorganic (porcelain) structures, and its 

application together with the silica layer remaining on the surface caused 

increased bond strength of the composite particularly to the ceramic 

surface [19,26]. A research tested the strength of the shear bond for aged 

composite to ceramic-base metal alloy specimens with application of air 

abrasion, surface etching with hydrofluoric acid plus using of phosphate 

monomer compounds and silane resulted in higher composite bond 

strength to the surfaces [25]. Also, this study indicated that sandblasting 

and etching with hydrofluoric acid was the more appropriate surface 

treatment technique for repairing metal-ceramic restorations. 

       In the meta-analysis of substrate metal-ceramic samples without 

aging, application of air abrasion leads to a significant increase in the 

bond strength of composite resin when using chemical compounds of the 

group without the mentioned functional monomers [27]. A study 

concluded that, the shear bond strength of a ceramic repair with 40% 

phosphoric acid etching showed highest bond strength when compared to 

other systems and surface treatments [4]. Another researchers concluded 

that the exposed metal surface of fractured metal ceramic restorations 

treated with sandblasting or sandblasting and etching the surrounding 

ceramic surface with hydrofluoric acid increased the shear bond strength 

of the repaired metal ceramic area. Porcelain repair systems which contain 

hybrid composites and 4-META as primer had increased bond strength 
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[28]. 

          A research showed combinations of mechanical and chemical 

treatment techniques improved the shear bond strength between intraoral 

repair materials and the surface of fracture metal-ceramic restorations. Air 

abrasion with 50 սm aluminum oxide increased the shear bond strength 

for both ceramic and metal substrate when repaired with three different 

intraoral repair systems [25]. Another study concluded that air abrasion 

with 50 սm aluminum oxide particles is more effective then roughening 

with diamond bur for improving the shear bond strength of all the intraoral 

repair system to both metal and ceramic [29]. 

          SEM study of this research showed most of repaired porcelain 

specimens exhibited adhesive failure between composite resin and 

porcelain. On the other hand, most of the repaired Ni-Cr alloy specimens 

exhibited mixed failure. Cohesive fractures are more favorable and more 

easier to repair when compared to adhesive fracture. Clearfil repair kit is 

the material of choice for cohesive fracture when compared to P and R 

Shofu repair kit, while P and R repair kit is the material of choice for 

adhesive fracture when compared to Clearfil repair kit [30]. 

Conclusions 

Excite bonding agent had the highest shear bond strength for porcelain 

repairing with composite resin. On the other hand,  AdheSE bonding 

agent had the highest shear bond strength for bonding of composite resin 

to Ni-Cr alloy. Sandblasting followed by hydrofluoric acid etching 

showed the most effective method for treating the surface of both 

porcelain and Ni-Cr alloy. Most of repaired porcelain specimens 

exhibited adhesive failure between composite resin and porcelain, while 

most of the repaired Ni-Cr alloy specimens exhibited mixed failure. 
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