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ABSTRACT 
        Base metal alloys have replaced noble alloys in the fabrication of porcelain fused 
to metal restorations since the price of noble alloys has risen rapidly. Nowadays there 
are many types of base metal alloys and porcelains in Thailand, and the proper 
matching between porcelain and alloy will increase the longevity of the restorations.  
        A modified shear bond strength test was developed to evaluate compatibility 
between 8 base metal alloys and 3 porcelains. Four cast metal discs (6.8x2.0 mm) of 
each base metal alloy were prepared and fused with each type of porcelain cylinder 
(5.2x9.0 mm). The porcelain cylinders were then embedded in 20 mm cubes of an 
autopolymerizing acrylic resin in PVC pipes. The specimen was fixed on a Universal 
Testing Machine to allow pull loading of the cast metal disc in a vertical direction 
until failure of the bond occurred. 
        The bond strength ranged from 14.2-25.7 MPa. There were no significant 
differences of the mean shear bond strength among each porcelain-alloy composite 
and among each alloy group. However, a significant difference was found only 
between the Noritake porcelain group (21.0 MPa) and the Shofu group (16.4 MPa) 
(p<0.05), while the Vita group (19.0 MPa) did not significantly differ from the other 
two groups. Failure of almost all specimens (93 out of 96) were cohesive failures in 
the porcelain cylinders and the rest were partially adhesive failures.  
        The results implied that the recorded values reflected the strength of the porcelain 
itself rather than the strength of the interfacial bond. So, the bond strength seemed to 
be higher than what the recorded values showed. This indicated that the pull shear test 
used in this study was not the ideal test as expected. Matching of porcelain and base 
metal alloy could not be determined because most of the failures occurred in the 
porcelain. Good bond strength of the porcelain and the alloy was one of many factors 
that controlled the success of the restorations.  
 

   KEY WORDS :  SHEAR BOND STRENGTH, BASE METAL ALLOYS,                        
PORCELAINS 

 
55 P. ISBN 974-04-3537-8 
 
 
 
 
 
 
 



Fac. of Grad. Studies, Mahidol Univ.  Thesis/v 

กําลังการยึดติดระหวางโลหะเจือพื้นฐาน 8 ชนิดกับพอรซเลน 3 ชนิด ( BOND STRENTH OF 8 
BASE METAL ALLOYS WITH 3 PORCELAINS ) 
 
มาริสา ปานฉิม  4336391 DTPT/M 
 
วท.ม. (ทันตกรรมประดิษฐ) 
 
คณะกรรมการควบคุมวิทยานิพนธ : สมชาย อุรพีพล, Ph.D., วิชญ กาญจนะวสิต, Ph.D. 

 
บทคัดยอ 

        โลหะเจือพื้นฐานไดเขามามีบทบาทในงานบูรณะฟนโลหะเคลือบกระเบื้องแทนที่โลหะเจือมี
สกุลเนื่องจากราคาของโลหะเจือมีสกุลสูงขึ้นอยางรวดเร็ว ปจจุบันในประเทศไทยมีโลหะเจือพื้น
ฐานและพอรซเลนหลายชนิดดวยกัน การจับคูที่เหมาะสมระหวางโลหะและพอรซเลน ชวยใหวัสดุ
บูรณะมีอายุการใชงานนานขึ้น 

        การทดสอบคากําลังแรงเฉือนแบบประยุกตไดนํามาใชทดสอบความเขากันไดของโลหะเจือพื้น
ฐาน 8 ชนิดกับพอรซเลน 3 ชนิด แผนกลมโลหะ 4 ช้ิน (6.8x2.0mm)ตอโลหะ 1 ชนิดถูกนําไปยึด
กับพอรซเลนทรงกระบอก(5.2x9.0mm) จากนั้นนําไปฝงในอะคริลิกเรซินชนิดบมดวยตัวเองที่เท
ลงในทอพีวีซีขนาด 20 mm นําตัวอยางที่ไดไปยึดกับเครื่องทดสอบสากลโดยออกแรงดึงขึ้นในแนว
ตรงจนเกิดการแตกหัก 

        คากําลังแรงเฉือนที่ไดมีคา 14.2-25.7 MPa ไมพบความแตกตางอยางมีนัยสําคัญระหวาง
โลหะกับพอรซเลนแตละคูและระหวางกลุมโลหะแตละกลุม พบความแตกตางอยางมีนัยสําคัญใน
กลุมพอรซเลนนอริตาเกะ (21.0 MPa) กับโชฟุ (16.4 MPa)เทานั้น(p<0.05) ขณะที่พอรซเลนวิ
ตา(19.0 MPa)ไมแตกตางจากอีกสองกลุมที่เหลือ การแตกหักของตัวอยาง 93 จาก 96 ช้ินเกิดขึ้น
ในเนื้อพอรซเลน สวนที่เหลืออีก 3 ช้ินเปนการแตกบางสวนระหวางรอยตอของโลหะกับพอรซเลน 

        ผลการทดลองนี้บอกไดวาคาที่บันทึกไดเปนคาความแข็งแรงของพอรซเลนมากกวาที่จะเปนคา
กําลังแรงยึดที่รอยตอ คากําลังแรงยึดของโลหะกับพอรซเลนควรมีคาสูงกวาคาที่บันทึกได ผลการ
ทดลองนี้บอกไดวาการทดสอบกําลังแรงเฉือนแบบดึงขึ้นนี้ไมเปนการทดลองในอุดมคติอยางที่คาด
ไว ความเขากันไดของพอรซเลนและโลหะพื้นฐานก็ไมไดแตกตางกันเพราะการแตกสวนใหญเกิด
ในเนื้อพอรซเลน กําลังแรงยึดของพอรซเลนและโลหะเปนเพียงปจจัยหนึ่งในหลายปจจัยที่ทําให
งานประสบความสําเร็จได 
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CHAPTER I 

INTRODUCTION 

 

        The metal-ceramic or porcelain-fused-to-metal (PFM) restorations were 

introduced into clinical dentistry about 40 years ago. They are used extensively and 

have become increasingly popular because of their high strength, acceptable esthetics, 

durability, and insolubility in oral fluids. The poor tensile, shear, and impact strength 

of dental porcelain have been partially overcome by fusing it to the cast alloy 

substructures.  

         

        A modified dental gold alloy has been successfully used as a substructure for 

PFM restorations for two decades because of their accuracy in the casting process, 

their ability to resist corrosion in the aggressive conditions of the mouth, and their 

good adherence to porcelain. Due to the price of noble alloys which climbes up 

rapidly, alternative alloy systems have been developed. Cobalt- and nickel-based 

alloys have become the alloys of choice since they have lower price.  

        

         One of the major problems of base metal alloys used in fixed restorations is their 

excessive hardness. Occasionally the dentists have to remove these restorations due to 

failure which mostly occurs for 2 reasons: 1) marginal leakage, which is the main 

cause of the failure of base metal alloys since its castability is not sufficiently accurate,  

and 2) fracture of porcelain, which results from weak bond between porcelain and base 

metal alloys. The marginal leakage can be prevented by carefully detection of the 

marginal fit before cementation while the porcelain fracture usually occurs during 

service and cannot be predicted. The prevention is to select the porcelain and alloy 

which are compatible. 

 

        Nowadays, a variety of base metal alloys and porcelains are available in 

Thailand. Most of the dental laboratories face the problem of selection of an alloy to 

match their existing porcelain. Occasionally, they have to purchase an alloy which is 
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different from that recommended for their porcelain. This is due to the manufacturer’s 

advertisement, costs or mechanical properties, without any information on the alloy-

porcelain compatibility. Some manufacturers claim that their alloys are compatible 

with some or all types of porcelain, without any scientific proof. Fracture of porcelain, 

which results from improper matching with alloys, is more frequently seen clinically 

than in dental laboratories. The longevity of the porcelain-fused-to-metal restorations 

relies on the compatibility between porcelain and metal substructure. Acceptable 

restorations require that metals and porcelains be chemically, thermally, mechanically 

and esthetically compatible(1). 

 

        The American Dental Association’s Council on Dental Materials, Instruments 

and Equipment(2) has recommended that compatibility can be evaluated by using 

thermal expansion test in combination with two or three other tests, such as thermal 

shock test, bond strength using flexure test, and multiple firing of long-span bridge 

test. In this study, the bond strength test was used to evaluate the compatibility of 

porcelains and alloys because the specimen preparation and test procedures were not 

too complicated and the results could be interpreted more easily than the other two 

methods. Among various types of bond strength test, it was found that the flexure test 

is more affected by stress concentration than the shear bond test. Therefore, the bond 

strength test which was used to evaluate the compatibility in this study was the shear 

bond test. 

  

        The purpose of this study was to evaluate the compatibility of base metal alloys 

and porcelains which are available in Thailand by using the shear bond test. 

 

Objectives of the study 
1. To compare the bond strength of porcelain-base metal alloy combination which 

are available in Thailand using the circular interface shear test.  

2. To evaluate effect of porcelain type on bond strength of porcelain-alloy 

composites. 

3. To evaluate effect of alloy type on bond strength of porcelain-alloy 

composites. 
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Clinical implications 
1. Direct implication 

The data from this study will help dental technicians in commercial 

laboratories and dentists to consider using the most compatible porcelain-base 

metal alloy combination. 

2. Indirect implication 

-The proper selection of porcelain and base metal alloy will be beneficial to 

patients. The longevity of porcelain-fused-to-metal restorations will be longer. 

-The modified shear test will be useful and may be the effective method to test 

shear bond strength between porcelain and metal.   

 

Research hypothesis 
- There was no statistically significant difference among shear bond 

strength of each combination of porcelain and base metal alloy. 

- The type of porcelain did not affect the bond strength of porcelain-alloy 

composites. 

- The type of alloy did not affect the bond strength of porcelain-alloy 

composites. 

 

Statistical hypothesis 
        1. H0 :   The mean shear bond strengths of 24 combinations of 8 base metal alloys 

and 3 dental porcelains were equal.  

H0 :  µpm1 = µpm2 = µpm3 =… µpm24, where µpm were the mean shear bond 

strength of 24 combinations of 8 base metal alloys and 3 dental porcelains. 

 H1  :   There was a difference  of at least 1 pair of porcelain-metal combination. 

        2. H0 :   The mean shear bond strengths of 3 dental porcelains in the same group 

of   base metal alloys were equal. 

 H0 :  µp1 = µp2 = µp3 , where µp were The mean shear bond strengths of 3 dental 

porcelains in the same group of   base metal alloys. 

 H1 :  There was a difference  of at least 1 pair of porcelain-metal combination . 

        3.  H0 :   The mean shear bond strengths of 8 base metal alloys in the same group 
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of   dental porcelains were equal. 

 H0 :  µm1 = µm2 =… µm8, where µm were the mean shear bond strength of 8 base 

metal alloys in the same group of   dental porcelains.  

 H1 :  There was a difference  of at least 1 pair of porcelain-metal combination . 
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CHAPTER II 

LITERATURE REVIEW 
 

Dental casting alloys 

        Dental casting alloys used in metal-ceramic restorations can be classified into 3 

groups (3). 

 

1. High noble alloys.  Alloys in this group are: 

1.1 Gold-Platinum-Palladium Alloys. These alloys have a gold content ranging 

up to 88% with varying amounts of palladium, platinum, and small 

amounts of base metals. 

1.2 Gold-Palladium-Silver Alloys. These gold-based alloys contain between 

39% and 77% gold, up to 35% palladium, and silver levels as high as 22%. 

1.3 Gold-Palladium Alloys. A gold content ranging from 44% to 55% and a 

palladium level of 35% to 45% is present in these metal-ceramic alloys. 

   

2. Noble alloys. Palladium-Cobalt Alloys. 

 Alloys in this group are: 

2.1 Palladium-Silver Alloys. These alloys contain 53% to 61% palladium and 

28% to 40% silver. 

2.2 Palladium-Copper Alloys. These alloys contain between 74% and 80% 

palladium and 9% to 15% copper. 

2.3 Palladium-Cobalt Alloys. The noble metal content (based on palladium) 

ranges from 78% to 88%. The cobalt content ranges between 4 and 10 

wt%. 

2.4 Palladium-Gallium- Silver Alloys and Palladium-Gallium-Silver-Gold 

Alloys . The silver content is relatively low (5 to 8%). 

 

3. Predominately base metal alloys. Alloys in this group are: 

 3.1 Nickel-Chromium Alloys. 

 3.2 Nickel-Chromium-Beryllium Alloys. 
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 3.3 Cobalt-Chromium Alloys. 

 Most Ni-Cr alloys contain 61 to 81 wt% nickel, 11 to 27 wt% chromium, and 2 

to 5 wt% molybdenum. 

 

Properties of Ni-Cr Alloys. 

        Compared with Au-Pd or Pd-Ag alloys used for metal-ceramic restorations, Ni-

Cr alloys generally are superior due to the following reasons (4). 

1. a density that is one half that of gold alloy so it is lighter in the same size 

2. a modulus of elasticity that is 2 to 2.5 times that of the gold alloy 

3. a sag resistance that is 9 times greater so it can be used in a long span bridge 

4. a yield strength that is approximately 138 MPa greater 

5. elongation values of between 3 and 22 per cent 

6. a cost that is one fifth that of the gold alloy 

         

Nickel-chromium alloy substructures 

1. may be finished thinner than high noble alloys 

2. provide greater resistance to deformation 

3. provide increased strength to the ceramic-metal restorations. 

 

Dental porcelains 

        Conventional dental porcelain is a vitreous ceramic based on a silica (SiO2) 

network and potash feldspar (K2O Al2O3 6SiO2) or soda feldspar (Na2O Al2O3 6SiO2) 

or both (4). 

         

        Dental porcelains are classified according to their firing temperatures. A typical 

classification is as follows: 

 High fusing   13000 C (23720 F) 

 Medium fusing 1101-13000 C (2013-23720 F) 

Low fusing   850-11000 C (1562-20120 F) 

 Ultra-low fusing <8500 C (15620 F) 
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Porcelain-metal alloy compatibility 

        Certain physical and chemical requirements must be fulfilled to obtain a 

satisfactory porcelain-fused-to-metal bond such as: 1) a close match of the coefficient 

of thermal expansion of the ceramic and metal is essential to minimize breakage that 

might result from temperature changes and superimposed occlusal forces (6). 2) a 

strong chemical bond between the ceramic and metal at the interface.  

        

         Chemical compatibility implies a sufficient bond to resist both transient and 

residual thermal stresses and mechanical forces encountered in clinical function. 

Thermal and mechanical compatibility include a fusing temperature of porcelain that 

does not cause distortion of the metal substructure, along with some degree of 

matching of thermal expansion coefficients, α.  

 

Methods for testing porcelain-metal alloy compatibility 

1. Coefficient of thermal expansion, α 

        The service life of a metal-porcelain restoration is highly dependent on the state 

of residual stress that exists under intraoral conditions. Relatively high transient and 

residual stresses may develop in metal-porcelain systems due to the differences in 

thermal contraction coefficients. Transient tensile stresses may cause cracks during 

cooling. However, if no cracks develop, the residual stresses then become the principal 

variable which can enhance or reduce the bond strength of a metal-porcelain system 

(7). Residual stresses can lead to cracking and crazing in the porcelain. The stresses 

that cause such cracking are directly proportional to the difference in thermal 

expansion between the two materials, as well as the magnitude of the temperature drop 

during cooling (8). It is generally believed that the alloy should have a slightly higher 

thermal expansion coefficient than the porcelain (a positive expansion coefficient 

mismatch) in order to produce compressive stresses in the porcelain on cooling. The 

radial tensile stresses which develop are assumed to be negligible (9).  

         

        Since dental porcelains are much stronger under compression than tension, these 

residual compressive stresses can effectively increase the bond strength. Some 

researchers suggested that a “perfectly compatible” system would be one for which the 
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α values are exactly matched throughout the range of temperatures encountered in the 

manufacture and use of PFM restorations. Others suggested that the ideal situation 

would be one in which the α between metal and porcelain would place the porcelain 

in compression at the intra-oral temperature (10). 

        

        Using finite element analysis, Anusavice et al (11) reported that a negative 

contraction coefficient mismatch (αm - αp < 0) can produce residual axial and hoop 

tensile stresses which may cause immediate crack formation as a metal-porcelain unit 

is cooled to room temperature. Research has estimated that a metal-porcelain 

composite system should be compatible if the difference in the component expansion 

coefficients α was less than 1x10-6/0C at a given temperature (12). 

         

        Tuccillo and Nielsen (12) recognized that residual stresses generated by α 

mismatch could affect apparent bond strengths of metal-porcelain systems. They 

concluded that a contraction mismatch ( α) of up to 0.125x10-6/0C would generate a 

“safe” level of residual stress in the porcelain, and such a system could be considered 

to be compatible.  

 

2.  Thermal shock test 

        The thermal shock test is used to evaluate the relative resistance of porcelain-

metal systems to failure due to contraction incompatibility or rapid temperature 

changes (13). 

         

        The ADA Acceptance Program for porcelain-metal systems requires a thermal 

shock test of three-unit bridges, presumably to determine the compatibility of these 

porcelain-metal systems. Recently, Anusavice et al.(14) proposed a thermal shock 

protocol using a single simulated crown. This test was found to be a sensitive 

discriminator of the crazing resistance of the porcelain-metal systems test in their 

study. A later study (15) found a strong linear relationship between the thermal shock 

resistance and compatibility index values of the porcelain-metal systems studied. 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Prosthodontics)/9 

        However, residual stresses are only one factor contributing to the failure of 

porcelain-metal systems during thermal shock testing. An equally or perhaps more 

important factor is the transient stress state induced by thermal gradients and 

instantaneous α mismatch during the early phases of the quench cycle. These “extra” 

transient stress components are superimposed on the residual stresses to create what 

might be called the “total transient stresses.” If the total transient stresses reach a 

critical value during the quench cycle, crazing could occur at the body porcelain 

surface. A more detailed evaluation of the total transient stresses which develop during 

shock cooling is needed to determine the efficacy of the thermal shock test as a 

measure of porcelain-metal compatibility (10). 

 

3. Multiple porcelain firings of long-span bridges 

        The objective of this test is to evaluate the porcelain stability of a given 

porcelain-metal systems by subjecting long-span bridges with full porcelain coverage 

to multiple porcelain firing cycles. The test is designed to determine if and when a 

porcelain that has undergone extensive firings will crack on an alloy framework (2). 

However, this test is not popular due to the difficult specimen preparation. 

         

        Stress analysis of porcelain veneered split metal ring was developed by 

measuring dimensional changes across the split (16,17). The stresses which are of 

interest in this system are interfacial shear and tensile radial stresses, porcelain surface 

tensile and internal tensile stresses. The higher these stresses, the more prone the 

restoration to fracture and failure. The residual stresses usually present following 

porcelain firing cycles (16). The significance of stress development resulting from 

various porcelain/alloy combinations and firing schedules will be presented in terms of 

measured gap changes (17). Experimentally, the change in gap of a split, multilayered 

ring (porcelain + alloy) is being used as an indication of these stress states (16).  

 

4. Porcelain-metal bonding(18)  

        Theories of metal-ceramic bonding have historically fallen into two groups (5): 

(1) mechanical interlocking between porcelain and metal, and (2) chemical bonding 
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across the metal-porcelain interface. True chemical bonding results from electron 

transfer between the oxygen of the glassy phase of porcelain and an oxidized metal 

surface. Porcelain applied to a non-oxidized metal surface, e.g. when a platinum foil is 

used, will not exhibit evidence of chemical attachment. The addition of oxidizable 

elements such as tin, indium, or iron to a noble metal casting alloy creates the potential 

for oxidization of the alloy and subsequent chemical bonding to the porcelain. In base 

metal alloys such as nickel-chromium, oxidation of the metal is easily achieved. 

However, excessive oxidation of these alloys can be a problem, since an excessively 

thick oxide layer is subject to spalling and fracture.  

         

        Porcelain-fused-to-metal crowns are fabricated by firing  porcelain directly to a 

crown made from a specially formulated alloy. The first layer of the porcelain, called 

the opaque, bonds to this oxide layer. Good wetting by the glass phase of the porcelain 

is essential to the bonding. It is essential that the coefficient of thermal expansion of 

the metal and porcelain be matched to prevent cracking during cooling. The 

coefficient of thermal expansion of the currently available porcelain is 13 to 14 x 10-

6/0C.  

         

        A proper bond between the porcelain and the alloy is one that is stronger than the 

porcelain itself. Therefore, the porcelain rather than the bond will fail cohesively. Six 

types of bond failures are possible near the porcelain-metal interface(18), as shown in 

Fig. 2-1. Type III represents a cohesive failure indicative of a proper bond. Type I 

failure can be seen in the casting which is coated with a layer of pure gold to improve 

the appearance of the crown. This action results in a weak bond, since the oxides that 

are associated with good bonding do not form with gold alloys. These oxides are tin, 

indium, and iron oxides. Type V failure occurred in which the porcelain has separated 

because of a weak boundary oxide on a nickel-chromium alloy. These alloys must be 

oxidized carefully according to the manufacturer’s instructions for a thin adherent 

oxide layer to form. Observations of clinical failures often show the presence of mixed 

types of failure. 
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 Fig. 2-1 Classification of porcelain-metal failures according to interface formed(18). 

 

Factors affecting bond strength 

        The bond strength values may be influenced by the alloy composition, oxide 

layer, the prefired alloy surface preparation (surface roughness), the rate of cooling of 

the porcelain, and the type of bond strength test used. 

 

The alloy composition and oxide layer 

        Beryllium in the Beryllium-containing alloys may act as a reducing agent for 

chromium and nickel oxides and inhibit diffusion of these elements into the porcelain. 

This lack of diffusion may preclude the establishment of an adequate ceramometal 

bond (19).  

         

        The ceramometal bond is considered a direct result of oxide formation at the 

ceramometal interface (20). Many studies of bond strength between porcelain and 

precious alloys compared to base metal alloys showed that base metal alloys produced 
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a significantly higher bond strength than precious alloys due to their oxide layer. In 

contrast, some studies concluded that the strength of the bond between dental 

porcelain and base metal alloys containing chromium is adversely influenced by the 

formation of chromium oxide (21). 

        

         McLean and Sced concluded that chromium ions of the base metal alloys diffuse 

into the porcelain from the oxide interface. They stated that chromium oxide reduced 

the expansion coefficient of dental porcelain (21). Based on this fact, they proposed 

that since this oxide dissolves in the porcelain during firing, a high state of residual 

compressive stresses is developed after the metal-porcelain composite has cooled, thus 

predisposing the porcelain on a metal restoration to spontaneously fracture (22).   

          

        The preoxidation process (that is, the degassing cycle) tends to form a surface 

oxide that limits the diffusion of beryllium into the oxide layer and stabilizes the alloy 

surface during the porcelainization process. Ideally, this oxide forms a monomolecular 

layer, which is part of the metal and part of the glass. Excessive thickness of the oxide 

layer may diminish the bond strength by permitting fracture through the oxide. The so-

called metal conditioners or bonding agents function to absorb excess oxides formed 

on the surface of the alloy and/or to provide oxidizing elements for the formation of 

appropriate stable oxides for bonding with the ceramic veneer during firing (19).   

         

        The composition and thickness of the interfacial oxide varied according to  the 

contents of the alloy. Thick oxide layers had less coherent strength than thin oxide 

layers. Conversely, if the oxide layer was absent, a much weaker Van der Waals bond 

was produced (20). 

        

        Firing the opaque porcelain 650F higher than the recommended temperature 

significantly increased the bond strength (20). Furthermore, greater bond strengths 

were recorded for the metal-ceramic groups when the oxide layer was not removed 

before opaque application (23). Some investigations stated that chemical depletion of 

the oxides from the surface of the alloys reduced the bond strength by approximately 

30%(24).  
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Surface roughness 

        Mechanical retention in ceramoalloy bonding has been shown to fulfill a 

subsidiary role to chemical bonding in ceramoalloy coupling. Carpenter and Goodkind 

stated that increased surface roughness enhanced the bond strength for base metal 

alloy systems (20). Lubovich and Goodkind(4)  also noted that surface roughness 

slightly enhanced the bond strength for gold-palladium alloys. Surface roughness by 

air abrasion contributed to proper wetting of the alloys by the porcelain. It also 

provided additional mechanical keying and increased the surface area for porcelain 

attachment. They showed that bond strength obtained from using sandblasting is 

higher than etching. However, when samples were fired 650F higher, the etched 

samples produced a higher bond strength, possibly because of increased wettability. 

         

        Gritblasting, another process to enhance roughness, dramatically improved 

adherence by producing a greater amount of oxide per unit area combined with 

mechanical interlocking with the porcelain (22). 

 

Porcelain-metal bonding tests 

        These are qualitative tests characterizing the quality of porcelain/alloy interfacial 

bonding based on the results obtained from controlled destruction of the samples (2). 

         

        Measurements of the true bond strengths between metal and ceramic are difficult 

because of the complexity of the bonding mechanism. Evaluation of metal-ceramic 

bonds varied from one study to another because it depended on test standardization, 

interpretation, and clinical correlation of results. 

         

        Different tests have been designed and selected by researchers to evaluate metal-

ceramic bond strengths. These tests can be classified according to the nature of the 

stresses created in the specimens such as shear, tension, combination of shear and 

tension, flexure, and torsion test designs (25). 
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Shear tests 

Pull-through tests 

        Several forms of pull-through tests have been designated to measure bond 

strengths of the metal-ceramic complex. The first pull-through metal-ceramic shear 

strength test was designed by Shell and Nielsen(26) (Fig.2-2).  

 

                              
 

Fig.2-2 Pull-through tests design (Shell and Nielsen). 

 

        The Shell and Nielsen test design recorded sufficient data to demonstrate that 

substantial variations in alloy chemistry or constituents of alloy have a definite 

influence on bonds. However, samples were very difficult to fabricate and did not 

permit testing of the bond after a single firing of a ceramic component. Furthermore, 

these samples were subject to notch effects that are caused by geometric imperfection 

such as pinholes, grooves, or roughness. These defects are collectively known as 

“stress raisers” or “notches” and can cause localized elevation of stresses. Therefore, 

irregularities and sharp angles on the metal surface reduce metal-ceramic bond 

strength. 

  

        Nielsen and Tuccillo(12) concluded that porcelain appeared to adhere to metal 

with a shear strength of approximately 89.64 MPa and they used this value of 

interfacial shear strength as a criterion for adequate metal-ceramic bonding. They also 

confirmed that minor differences in expansion coefficients (approximately 0.6x10-
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6/0C) would elevate interfacial stresses that reached levels as high as 89.64 MPa and 

consequently destroy the bond. 

 

Planar interface shear tests 

        Planar tests are the tests which porcelain is applied to a flat metal surface. The 

metal-ceramic bond sites could be either circular or rectangular. 

         

        Circular interface tests. The test was designed by Hammad et al. (20) (Fig.2-3). 

They stated that their test designs directed stresses mainly at the metal-ceramic 

interface. Disadvantages of these tests are costly, time-consuming, and they required 

precision. 

 

 

 
 

Fig.2- 3 Circular interface shear test design (Hammad et al.). 

 

Frictional resistance and modulus of elasticity of each alloy tested were not as 

critical as pull-through tests and bend tests. They also stated that the thickness of 

porcelain was constant and interfacial failures were consistent in all test samples. 

However, the test were also costly, time-consuming, and they required precision. 

Furthermore thermal stresses were not excluded from the metal-ceramic interface 

because of the different coefficients of thermal expansion between porcelain and metal 

(25). 
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        In 1974, Civjan et al. (27) developed a relatively simple test to bond a metal disk 

approximately 6.4 mm in diameter and 1.6 mm thick to a porcelain cylinder 

approximately 3.2 mm in diameter. The porcelain cylinder of each sample was 

embedded in an acrylic resin block (Fig.2-4). Samples were then mounted in an 

Instron testing machine for application of shear loading to separate metal disks from 

porcelain rods. 

 

 
 

Fig. 2-4 Circular interface shear test design (Civjan et al.). 

        

        Rectangular interface test. A shear test with a rectangular metal-ceramic 

interface has been suggested by Schmitz and Schulmeyer and Susz et al., and it was 

used by Lund and Davis (28)(Fig. 2-5). 

                  

        In comparison, Hammad’s test is considered precise in controlling porcelain 

thickness and metal-ceramic interfacial surface area. Civjan’s test is uncomplicated 

and easy to fabricate. However, all planar interface tests directed stresses mainly at the 

interface. Because the frictional areas of these test are less and the mass of the alloys 

are much more than that used in the pull-through test and bend test, frictional 

resistance and modulus of elasticity were also not as critical as pull-through test and 

bend test. Planar tests developed relatively uniform distribution of interfacial stresses 
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and allowed for testing effects of different textures for metal surfaces; thus planar 

interface test designs are well-suited for evaluation of metal-ceramic bonds (25). 

 

 
 

Fig.2- 5 Rectangular interface shear test design (Schmitz and Schullmeyer). 
 

Oblique shear test (25) 

        In 1977 Anusavice et al. introduced an oblique stress test for evaluating metal-

ceramic bond strength (Fig.2-6). They stated that uniform stress distribution was 

evident, but stress concentration effects were negligible. They also concluded that 

oblique shear tests could be considered ideal for stress analysis. However, the 

accuracy of post-test samples demonstrated plastic deformation of the metal blocks. 

This was mainly because of the difficulty in oblique sliding movement between blocks 

during testing. These problems reduced the popularity of oblique test among dental 

researchers. 
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Fig.2-6 Oblique shear test design (Anusavice et al.). 

 

Conical interface shear test  

        Sced and McLean (21) described an experimental design that allowed interfacial 

fracture at the metal-ceramic interface or cohesive within the porcelain based on a 

standard metallurgical tensile test (Fig. 2-7). They reported that this test was not 

entirely free from the problem of residual stresses, but these stresses were lower than 

those occurring in the Shell-Nielsen test. During testing, forces were not uniformly 

directed toward a metal-ceramic interface and, consequently, failures were not always 

interfacial. 
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Fig.2-7 Conical interface test design (Sced and McLean). 

 

Tensile tests 

        Tensile tests have been mainly used for measurement of oxide adherence to 

ceramic alloys (29,30). They consisted of porcelain on one end of a metal rod or 

between ends of two metal rods (Fig.2-8). Longitudinal tensile force was then applied 

to separate porcelain from the metal.  

  

        Tensile tests have been criticized because of alignment difficulties and a 

possibility of notching on the external surface of porcelain. Consequently, this allowed 

irregular stress distribution with cohesive failures within porcelain. This indicated that 

the strength of the interfacial bond was greater than that of porcelain. Cohesive failure 

of porcelain, not the interfacial strength, was then actually evaluated. 

 



Marisa Panchim  Literature review/20 
 

 
 

Fig. 2-8 Ceramometal tensile test design. 

 Left, porcelain fired on one end of metal. Right, porcelain fired between two metal 

rods. 

 

Bend tests (Flexure tests) 

 The bend test with three-or four-point loading was selected by Lavine and 

Custer(31), Caputo et al.(32,33), and O’Brien and Craig(34) (Fig. 2-9). Finite element 

stress analysis(11) demonstrated higher interfacial tensile stresses compared with 

shear stresses, creating a greater probability of tensile failures. Caputo et al.(33) 

reported that four-point loading test reduced the possibility of the tensile failures 

occurring in three-point loading tests and relatively greater interfacial shear stresses 

were developed.  

 

        Bend tests were subject to criticism because the maximum tensile stresses were 

created at the outer surface of porcelain and resulted in predictable tensile failures. The 

major difficulty with bend tests was related to analysis of stress states that were 

present and ceramic breakage depended on the modulus of elasticity of the metal 

tested. An alloy with high modulus of elasticity would resist bending to a greater 

extent, creating a higher bond (20). 
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Fig. 2-9 Bend test designs. Left, Three-point loading (Lavine and Custer). Right, Four-

point loading (Caputo et al.). Bottom, Four-point loading (O’Brien and Craig). 

 

Torsion test 

        Carter et al(35). evaluated metal-ceramic bond strengths by the use of a torsion 

test. Test samples consisted of metal plates with porcelain applied on both sides (Fig. 

2-10). Two-dimensional finite element stress analysis and calculation of stress 

distribution were extremely difficult because of the complexity of this test design. 

 

 
 

Fig. 2-10 Torsion test design (Carter et al.). 
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        Failures for all metal-ceramic specimens were assumed to be combined adhesive-

cohesive failures. Porcelain cohesive failure may result from several factors, including 

the method of loading. Cohesive failures of porcelain could indicate that the strength 

of the metal ceramic bond exceeded that of the porcelain itself. Combined failures may 

indicate the presence of residual stress concentrations in the porcelain. Any residual 

tensile stresses within the porcelain would decrease the external load necessary to 

cause fracture. Failure may have originated at areas of high stresses within the 

porcelain or originated at the alloy-porcelain interface and progressed through areas of 

high porcelain stress because of increased chance for fracture (27). 

 

        Numerous metal-ceramic bond strength tests have been described, however, none 

of them fulfills all criteria of an ideal test. 

 

        Characteristics of an ideal test have been described in the dental literature (11, 

36) are: 

1.  The testing configuration induces adhesive metal ceramic failure within the 

interfacial adherence zone, but not cohesive failure within the porcelain. 

2.  Specimen loading generates uniform stress distribution along the alloy-

porcelain interface, permitting accurate force/area bond strength calculations. 

3.  Specimen or testing geometries do not create stress concentrations within the 

porcelain that may initiate failures below the true adhesive bond strength. 

4.   Specimen preparation and testing procedures are uncomplicated, allowing 

evaluation of many metal ceramic pairs. 

 

        Previous studies examined stress distribution in 12 different metal-ceramic bond 

strength testing configurations using finite element analysis (11). The investigators 

compared uniformity of stress distribution and the presence of stress concentration 

areas along the alloy-porcelain interface, as well as the likelihood of interfacial shear 

failure rather than tensile failure within porcelain. Although several test configurations 

rated favorably for one of those aspects, only the rectangular planar shear and oblique 

shear tests ranked high for all aspects. The oblique shear test resulted in the most ideal 
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stress distribution. However, specimen preparation and testing procedure appear 

complicated, and testing difficulties were described. 

 

        The test which was claimed to produce less stress concentration included the 

circular interface shear test described by Civjan et al. (Fig.2-4) and the rectangular 

interface shear test design by Schmitz and Schullmeyer (Fig.2-5). A summary of the 

effectiveness of each test analyzed by Finite element stress analysis was shown in Fig. 

2-11. It demonstrated a plot of area index versus the ratio of maximum normalized 

tensile stress (σmax) to maximum normalized shear stress (Tmax). The area index is a 

measure of the average shear stress, as well as an indicator of the magnitude of stress 

concentration effects.  

 

        The ratio of maximum tensile stress to maximum shear stress is a measure of the 

potential for tensile failure. The ideal interfacial shear test would have an area index of 

1 and σmax/Tmax ratio of 0, as indicated by the circle on Fig. 2-11. 

 

        The rectangular parallel shear test, together with the three-point bending test, and 

the four-point bending test, are not likely to exhibit failure in porcelain 

(σmax/Tmax<1)(Fig.2-11). However, these two bending tests have area index values 

below 0.2. These low values indicated that high stress concentration values may cause 

bond failure at lower average stresses than the other test which have higher index 

values. 

 

        The rectangular parallel shear test loaded along the porcelain body (Fig.2-4) has 

less stress concentration effects than the same test loaded at the interface (Fig.2-5). 

However, the specimen preparation in Fig.2-5 is rather difficult. Therefore, the 

circular interface shear test design (Fig.2-4) was used in this study and the metal bar 

was modified to produce shear force along the thickness of the metal disk. 
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Fig. 2-11 Area index versus normalized maximum tensile stress to shear ratio for the 

bond tests evaluated. 
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CHAPTER III 

MATERIALS AND METHODS 
 

MATERIALS 

1.   Base metal alloys 

- Wiron 99 ( BEGO, Bremen, West Germany ) Lot No. 1408 

- Wirocer ( BEGO, Bremen, West Germany ) Lot No. 1391 

- Design-10 ( Williams, Ivoclar ) Lot No. $$9787J 

- Haranium NA ( Heraeus, Kulzer ) Lot No. 64600957 

- Ceradium V ( Matech, Inc., California ) Lot No. 062800 

- Sankin NNB ( Sankin Industry Co., Japan ) Lot No. J 50033 

- Superalloy EX-3 ( Noritake Co., Japan ) Lot No. 11105-2 

- Unimetal ( Shofu Inc. Tokyo, Japan ) Lot No. 090002 

2.   Porcelain (shade A3)   

- Vita VMK 95 ( Vita Zahnfabrik, Germany ) 

Opaque powder (Lot No.5470), opaque liquid (Lot No. 5081) 

Dentin powder (Lot No. 6064I), modeling fluid (Lot No. B74344) 

- Vintage Halo ( Shofu Inc. Kyoto, Japan ) 

Opaque powder (Lot No.079915), opaque liquid (Lot No. 049903) 

Dentin powder (Lot No. 110108), modeling fluid (Lot No. 096872) 

- Porcelain EX-3 ( Noritake Co., Japan ) 

Opaque powder (Lot No.99X07), opaque liquid (Lot No. 99803) 

Dentin powder (Lot No. 0AY27), modeling fluid (Lot No. 0B716) 

3. Plastic disk 6.8 mm in diameter, 2.0 mm thick 

4. Modeling silicone (Provil ) 

5. Dental stone (Kerr) 

6. Plastic cylinder tube 1.5 inches in diameter 

7. PVC pipe 20 mm in diameter, 13 mm high 

8. Blue inlay wax (Kerr Corporation, USA) 

9. Spruing wax 2.0 mm in diameter 

10. Debublilizing agent (preparation liquid) (Aurofilm, Bego, Bremen, Germany) 
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11. Casting ring  2.0 inches in diameter 

12. Absorbent lining paper (Bego, Bremen, Germany) 

13. Phosphate bond investment powder&liquid (Bego, Bremen, Germany) 

14. Eight crucibles (SchÜtz Dental GmbH, Germany) 

15. Aluminum oxide 50 µm (Korox, Bego, Bremen, Germany) 

16. Distilled water 

17. Acetone 

18. Paper puncher  

19. Adhesive transparent tape 

20. Porcelain baking instruments 

21. Glass slab 

22. Autopolymerizing acrylic resin powder and liquid (Homedent) 

23. Rubber bowl 

24. Wax spatula No. 7 

25. Stainless steel bar with a center hole 

 

APPARATUS 

1. Electric burnout furnace (Midtherm TH, Bego, Bremen, Germany) 

2. Casting machine (Nautilus, Bego, Bremen, Germany) 

3. Sand blasting machine (ECO, Dentalfarm, Italy) 

4. Steam cleaner (Aquaclean 3, Degussa Dental, Germany) 

5. Ultrasonic cleanser (Elma Transsonic 460/H, Germany) 

6. Dental porcelain furnace (Vacumat 2500, Vita, Zahnfabrik H Ranter Gmbit&Co., 

Germany) 

7. Universal Testing Machine (Instron model 5566, Instron Corporation, Canton, 

MA, USA.) 

8. Electronic digtital caliper with the accuracy of ±0.01mm. (Mitutoyo No 293-421 

N, Mitutoyo, Japan) 

 

 



Fac. of Grad. Studies, Mahidol Univ.                                                               M.Sc.(Prosthodontics)/ 27 

METHODS 

1. Preparation of wax pattern for cast metal discs 

        A wax pattern of cast metal disc was fabricated as follows. A plastic disc 6.8 

mm in diameter and 2.0 mm thick was placed on the glass slab. Light-bodied 

silicone impression material was injected in the PVC pipe over the plastic disc. 

The plastic disc was removed after the impression material was completely set. 

Blue inlay wax was melt and poured into the silicone mold. Ninety-six wax 

patterns were divided into 24 groups (4 pieces per group). Spruing wax was 

attached at the center of each wax pattern. Four wax patterns were then attached 

to the base of a casting ring via the spruing wax (Fig.3-1). 

 

 
 

Fig.3-1 Preparation of wax patterns. 

 

2. Investing and burning out wax pattern 

        Wax patterns were applied with debublilizing agent. The casting ring was lined 

with moistened asbestos paper to increase the expansion of investment. Then 

phosphate-bonded investment was poured into the casting ring. After the investment 

was completely set, the casting ring was put into the electric burn-out furnace to burn 

out wax patterns. The temperature was raised from room temperature to 300oC within 

an hour and successively to 800oC within an hour. They were held at 800oC for 15 

minutes.  
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3. Casting the metal discs 

        The ceramic crucible was preheated at 1450oC prior to casting for 20 minutes. 

Then the base metal alloy ingot was put into the ceramic crucible, melt and 

immediately cast in the high-frequency centrifugal casting machine. Each alloy ingot 

was melt only in a new clean ceramic crucible. One type of alloy was used for casting 

12 metal discs (3 casting rings). 

 

4. Finishing the cast metal discs 

        The investment was removed by blasting with 50 microns aluminum oxide 

abrasive at 0.55 MPa. The sprues were cut 5 mm from the base of the metal discs. No 

grinding was necessary at the metal surface because all wax patterns were smooth. 

The metal discs with any surface porosity or metal bead were discarded from the 

experiments (Fig.3-2). 

 

 
 

Fig. 3-2 Finished cast metal discs. 

 

5. Treatment of metal surface 

        Treatment of metal surface of each alloy was different (Fig.3-3). 

 

- Wiron 99 and Wirocer 

The metal disc was held with artery clamps at the sprues and then blasted with 

aluminum oxide powder (Korox 250 µm) using a pressure of 3-4 bar. They 
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were cleaned by steam cleaner and avoided from touching. No oxidation was 

required in these metal groups. 

 

 
 

Fig. 3-3 Cast metal discs with oxide layer. 

 

- Heraenium NA 

The metal disc was blasted with aluminum oxide powder (Korox 50 µm) 

using a pressure of 3-4 bar and then cleaned with a steam cleaner. Oxidation 

was performed at 950oC for 5 minutes under vacuum. The surface was re-

finished and cleaned by blasting and steam cleaning. 

 

- Ceradium V  

The metal disc was blasted with aluminum oxide powder (Korox 50 µm) 

using a pressure of 3-4 bar and then cleaned in an ultrasonic cleaner with 

distilled water for 5 minutes. The metal disc was oxidized 650oC to 980oC 

under vacuum before applying porcelain. 

 

- Unimetal 

The metal disc was blasted with aluminum oxide powder (Korox 50 µm) 

using a pressure of 3-4 bar and then cleaned in the ultrasonic cleaner with 

distilled water for 15 minutes to remove grinding dust and aluminum oxide 

particles. The metal disc was oxidized 650oC to 980oC under vacuum. 
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- Superalloy EX-3 

The metal disc was cleaned with the steam cleaner and completely cleaned 

with acetone in the ultrasonic cleaner for 10 minutes. The metal disc was 

placed in the porcelain furnace, pre-heated to 700oC and fired up to 980oC 

under vacuum. Then it was sandblasted and cleaned again using acetone in the 

ultrasonic cleaner for 10 minutes. 

 

- Design-10 

 The metal disc was blasted with aluminum oxide powder (Korox 50 µm) 

using a pressure of 3-4 bar. Then it was placed in the ultrasonic cleaner with 

distilled water for 5 minutes to remove grinding dust and aluminum oxide 

particles. Oxidation was performed by placing the alloy in the furnace and 

heated from 650oC to 1010oC. It was held for 5 minutes at 1010oC using firing 

program with vacuum. 

 

- Sankin NNB 

The metal disc was degassed in the porcelain furnace at 800oC to 1030oC 

under vacuum. The oxide film was removed by sand blasting with aluminum 

oxide powder (Korox 50 µm) and cleaned with alcohol in the ultrasonic 

cleaner. 

 

6. Application of porcelain 

        Before applying the porcelain, the outer area of metal disc was covered with 

clear adhesive tape which was punched to get a hole with a diameter of 5 mm. 

Powder and liquid of opaque porcelain were mixed into slurry. A small brush was 

used to paint the slurry onto the exposed surface of the metal disc twice in one 

diretion. Then the adhesive tape was removed before placing the specimen into the 

porcelain furnace (Fig.3-4). 
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Fig. 3-4 First opaque applying. 

 

        After the first firing (see the firing temperature in Table 3-1 to 3-3), the 

specimen was allowed to cool to room temperature. The adhesive tape was re-

attached and the second layer of opaque was applied. This layer was thick enough 

to cover the color of the metal. The adhesive tape was removed and the metal disc 

was re-fired (Fig.3-5). 

 

 
 

Fig.3-5 Second layer opaque applying. 
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        The porcelain cylinder 5.2 mm in a diameter and 9 mm long was created on 

the opaque porcelain by using a sectional silicone mold. 

        The silicone mold was prepared from a plastic cylinder which was attached to 

the metal disc by embedding it’s sprue in dental stone. Then the light-bodied 

silicone impression material was injected around the disc and the cylinder which 

was held in the plastic tube. After the impression material was set, the metal disc 

and plastic tube was removed and the silicone mold was sectioned vertically into 3 

pieces. 

         

        The metal disc was placed on the stone base and the silicone mold was held 

on together. One scoop of porcelain powder was mixed with 5 drops of the liquid 

on the glass slab. The slurry was poured into the silicone mold. The excess liquid 

was extracted by capillary action into tissue paper. The silicone mold was 

carefully removed from the porcelain cylinder. Then the porcelain cylinder was 

put in the porcelain furnace (Fig.3-6). Each porcelain type was fired in a different 

program (Table 3-1 to 3-3). 

 

Table 3-1 Firing program of Vita 95 

 

 First opaque Second opaque Body porcelain 

Low-temperature (0C) 600 600 600 

Start vacuum (0C) 600 600 600 

Heat rate (0C/min) 55 55 55 

Release vacuum (0C) 950 930 930 

High temperature (0C) 950 930 930 

Hold time (min) 6 6 6 
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Table 3-2 Firing program of Noritake (Porcelain EX-3) 

 

 First opaque Second opaque Body porcelain 

Low-temperature (0C) 650 650 600 

Start vacuum (0C) 650 650 600 

Heat rate (0C/min) 55 55 45 

Release vacuum (0C) 950 950 925 

High temperature (0C) 960 960 935 

Hold time (min) 10 10 10 

 

 

Table 3-3 Firing program of Shofu (Vintage Halo) 

 

 First opaque Second opaque Body porcelain 

Low-temperature (0C) 680 680 680 

Start vacuum (0C) 680 680 680 

Heat rate (0C/min) 55 55 55 

Release vacuum (0C) 950 950 930 

High temperature (0C) 950 950 930 

Hold time (min) 10 10 10 

 

        After the specimen was allowed to cool to room temperature, the porcelain 

cylinder was embedded in the autopolymerizing acrylic resin which was filled in a 

1 inch diameter PVC pipe (Fig. 3-7). 
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Fig.3-6 Porcelain cylinders after firing. 

 

 
 

Fig. 3-7 Specimens preparation before testing. 

 

7. Determination of failure load 

        The specimen was mounted into the lower part of the universal testing 

machine. A stainless steel bar with a center hole was used to attach the metal disc 

to the loading device of the universal testing machine. The load was then applied 

in a pull action using a crosshead speed of 5 mm/min until failure occurred (Fig. 

3-8, 3-9).   
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  Fig. 3-8 Bond strength testing. 

 

        The maximum load was recorded and the bond strength was calculated. The 

test area was calculated by using the diameter of 5 mm in all specimens. 

 

S = F/A 

When   S = bond strength (MPa) 

F = maximum load (N) 

A = test area = π(2.5x10-3)2  (m2) 
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  Fig. 3-9 Bond strength testing. 
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Data analysis 

 The bond strength data received from these tests was analyzed to 

1. compare bond strength of each alloy-porcelain pair. 

2. evaluate effect of interaction of alloy and porcelain. 

3. evaluate effect of porcelain type on bond strength of metal-porcelain 

composites. 

4. evaluate effect of alloy type on bond strength of metal-porcelain composites. 

 

Statistical analysis 

 The test statistic used in this study were one-way and two-way ANOVA. One-

way ANOVA was used to compare bond strength of each porcelain-alloy pair. Two-

way ANOVA was used to evaluate effect of porcelain type and alloy type on the bond 

strength. These test statistic would be used if 

1. Data in each group were normally distributed (tested by Kolmogonov Smirnov 

Test).  

2. Each group of samples were independent and were homogeneous groups. 

3. The variances of each group were not different, which could be tested by 

Levene’s test. 

- If at least 1 pair of groups differed from the others, it would have been found 

out using Tukey multiple comparison test. 

- If the data did not pass the 3 criteria, a proper non-parametric test would have 

been used. 
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CHAPTER IV 

RESULTS 

 
        The mean values of shear bond strength of each metal-porcelain combination 

varied from 14.2 to 25.7 MPa as shown in Table 4-1.  

        The lowest mean shear bond strength is subjected to Shofu porcelain and 

Heraenium NA alloy (14.2 MPa.). 

  The highest mean shear bond strength is subjected to Noritake porcelain and 

Unimetal alloy (25.7 MPa.). 

 

Table 4-1. Metal-porcelain mean (and SD.) shear bond strength. 

 

METAL\PORCELAIN SHOFU NORITAKE VITA 

WIRON 99 16.9(3.8) 20.3(8.6) 19.6 (3.6) 

WIROCER 16.4(6.9) 21.3(7.4) 20.1 (4.4) 

HERAENIUM NA 14.2(6.1) 24.5(7.7) 17.6 (5.4) 

UNIMETAL 15.0(2.1) 25.7(7.6) 20.7(8.4) 

SUPERALLOY EX-3 16.6(3.6) 17.8(2.9) 16.5(1.9) 

CERADIUM 14.7(4.1) 18.6(6.5) 22.1(5.5) 

DESIGN-10 18.7(5.2) 19.9(6.6) 19.8(7.7) 

SANKIN NNB 19.2(3.0) 19.7(6.4) 15.6(4.8) 

 

        The data in each experiment group was normally distributed. This test was 

performed by using Kolmogorov-Smirnov test (.481).  

         

        A Levene’s test revealed that the variances of each group were not statistically 

different (p=.251)(Table 4-2). 

  One way analysis of variance (ANOVA) was used to identify if any significant 

difference in the mean metal-porcelain shear bond strength existed among groups 

(Table 4-3). 
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Table 4-2. Levene’s Test of Equality of Variances. 

 

F df1 df2 P-value 

1.228 23 72 0.251 

 

 

Table 4-3. One-way ANOVA Tests. 

 

 Sum of Squares df Mean Square F-value P-value 

Between Groups 

Within Groups 

Total 

770.931 

2387.414 

3158.344 

23 

72 

95 

33.519 

33.519 

1.011 .464 

 

        From Table 4-3, it was shown that there was no significant difference between 

the mean shear bond strength of each porcelain-alloy composites. 

 

        Then two-way ANOVA was analyzed to evaluate effect of porcelain and alloy 

types on the bond strength (Table 4-4). 
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Table 4-4. Two-way ANOVA Tests of Between-Subjects Effects. 

 

Source  Sum of Squares df Mean Square F-value P-value 

PORCELAIN 334.683 2 167.342 5.047 0.009

METAL 85.549 7 12.221 0.369 0.918

PORC*METAL 350.698 14 25.05 0.755 0.712

Error 2387.414 72 33.159     

Total 3158.344 95       

         

        From model analysis of two-way ANOVA (Table 4-4), it was confirmed that 

there was no significant difference between the shear bond strength of each porcelain-

alloy composite (p=0.712). It was shown that there was no significant difference 

among metal groups (p=0.918). There was statistically significant different among 

porcelain groups (p=0.009).  

 

        The mean shear bond strength of Shofu, Vita, Noritake were 16.4,19.0 and 21.0 

MPa, respectively, as shown in Fig. 4-1. 

 

        A Tukey HSD Multiple Comparison Test revealed a significant difference 

between Shofu porcelain and Noritake porcelain (p=.006). There was no significant 

difference between Shofu and Vita (p=.185) and Noritake and Vita (p=.349)(Fig. 4-1). 
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Fig.4-1 Mean shear bond strength of porcelain groups. 

 

Failure Mode 

        Failures of metal and porcelain in this experiment could be classified into 2 

groups according to the interfacial exposure. 

         

        Group I: Cohesive failure  

- Failure within the body of porcelain cylinder (86 from 96 specimens). 

- Failure between opaque and the body of porcelain (7 specimens). These 

specimens were Shofu-Design 10, Noritake-Heraenium, Noritake-

Superalloy EX-3, Noritake-Ceradium (number 1 and 4), Vita- Heraenium, 

Vita-Unimetal. 

        The patterns of failure within each group were similar. The failure area between 

opaque and the body of porcelain, at the border of the testing area, involved area of  

approximately 20-25% (Fig.4-2). The remaining 75-80% were the failure within the 

body of porcelain. 

 

        Group II: Adhesive failure, between opaque and metal (3 specimens). 

    



Marisa Panchim                                                                                                                            Results/42 

        The specimens in this group were Shofu-Superalloy EX-3, Noritake-Wirocer and 

Vita-Unimetal. The adhesive failure areas, at the border of the testing area, were the 

testing area of approximately 10-15%. Another 85-90% of the testing area was 

cohesive failure (Fig.4-3). 

 

 
 

Fig.4-2  Cohesive failure between opaque and body of porcelain. 

 

 
 

Fig.4-3 Adhesive failure between opaque and metal. 
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CHAPTER V 

DISCUSSION 
         

        The mean shear bond strengths obtained from this study ranged from 14.2 to 25.7 

MPa. These values were in the same range obtained from the similar method with 

push action (13.1-37.2 MPa)(19) but lower than the other studies with the same action 

(29-40 MPa)(27), (30-46 MPa)(36). 

 

        From the present study, it could be seen that no significant differences were 

recorded between each porcelain-alloy combination. This implied that the shear bond 

strength of each porcelain-alloy combination was not different. The mean bond 

strengths in each alloy group were not different. This indicated that the type of alloy 

did not influence the bond strength. The mean bond strengths in each porcelain group 

were significantly different, however, the type of porcelain did not affect the bond 

strength since the recorded values were received from the fracture within the porcelain 

body rather than at the interface. It could be said that the recorded values were the 

strengths of the porcelain itself rather than the true interfacial bond strengths. Thus the 

differences between the porcelain groups meant the differences of the strength of each 

type of porcelain (i.e. Shofu, Noritake and Vita). However, the strengths of each type 

of porcelain have to be confirmed by further experiments. 

 

        The bond strengths from different methods could not be compared. Even though 

the methods were similar the bond strengths could be different such as the pull through 

test of Shell & Nielsen (26). By using this method, the obtained bond strength values 

varied considerably from 20 MPa in one study (38) to more than 100 MPa in others (5, 

24, 39). The coefficient of variation within each series of specimen was also high and 

more than 50% had been reported. Differences in materials, preparation of specimens 

and measuring methods made direct comparison of the published bond strength values 

difficult, but the average strength obtained with this method seemed to be around 70-

90 MPa. 
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        There have been no studies using the modified circular interface shear test like 

that used in this study. Therefore, the data from this study could not compare to others. 

Malhotra (40,41) compared the shear bond strengths obtained from push and pull tests 

modified from Shell & Nielsen’s study.  They concluded that the shear bond strengths 

from the push test are higher than those from the pull test. This result could be 

assumed that the shear bond strength from this pull test study was possibly lower than 

the values from the push tests from other studies (27,37). However, the bond strength 

values was influenced by many factors such as specimens preparation and test method, 

as cited before, so the obtained values from various studies were different. 

 

        Johansson and Syverud (39) compared two test methods between the rod/disk 

push test and the cubic/cubic push test. The values obtained with the latter test were 

between 10%-20% of those obtained with the former. The fracture of the specimen in 

the former propagated close to the interface but occurred mainly in the opaque layer. 

They concluded that the rod/disk push test was a close approximation to a shear test of 

porcelain/metal interface. The fracture in cubic/cubic push test was located further 

from the interface than in the rod/disk push test. The failure mode in the present study 

was similar to the cubic/cubic push test of the study of Johansson and Syverud. 

 

        The failure in the present study exhibited areas of cohesive failure in the 

porcelain body and also at the alloy-porcelain interface. These interfacial failures were 

indicated by fragments of porcelain adhering to the metal substrate after testing. Some 

of the specimens exhibited areas of exposed metal. These were assumed to be areas of 

adhesive failure. Some of the specimens exhibited areas of opaque porcelain. These 

were assumed to be areas of cohesive failure. All specimens within a group exhibited 

nearly identical failure patterns. Representative examples of each failure pattern were 

shown in Fig. 4-2 and 4-3. 

 

        Most of the specimens exhibited cohesive failures which could be indicated that 

the strength of the metal-porcelain interfacial bond exceeded the strength of the 

porcelain itself, resulting in predominantly cohesive failures. Therefore, the values of 

bond strength obtained from this study were not the true interfacial bond strengths of 
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metal and porcelain but the values of the strength of porcelain. The true bond strength 

of metal- porcelain seemed to be higher than the presented values. Furthermore 

combined cohesive-adhesive failures may indicate the presence of residual stress 

concentration in the porcelain at the areas of cohesive failure. Any residual tensile 

stress within the porcelain would decrease the external load necessary to cause 

fracture.  

 

        The circular interface shear test used in the present study is similar to that 

described by Quinones and Vermilyea (19) and Civjan (27) but different action. 

Quinones and Vermilyea reported that the adhesive failure at the metal-metal oxide 

junction was 22% of all specimens. Civjan reported 74 adhesive failures from 108 

specimens. The results of both studies did not support the finite element analysis by 

Anusavice and DeHoff (11) which demonstrated that the rectangular (or circular) 

interface shear test are least likely to exhibit failure in porcelain. The investigators 

compared uniformity of stress distribution and the presence of stress concentration 

areas along the alloy-porcelain interface, as well as the likelihood of interfacial shear 

failure rather than tensile failure within the porcelain. Although several test 

configurations rated favorably for one of these aspects, only the rectangular planar 

shear and oblique shear tests ranked high of all aspects. The rectangular interface shear 

test and the circular interface shear test were also claimed that they presented less 

stress concentration. Thus, it was questionable which test method would be suitable to 

use. The bond strength tests, which have been used in various studies, did not fulfill all 

criteria of an ideal test. 

 

        Characteristics of an ideal test have been described in the dental literature (11, 

36) are: 

1.  The testing configuration induces adhesive metal ceramic failure within the 

interfacial adherence zone, but not cohesive failure within the porcelain. 

2.  Specimen loading generates uniform stress distribution along the alloy-

porcelain interface, permitting accurate force/area bond strength calculations. 

3.  Specimen or testing geometries do not create stress concentrations within the 

porcelain that may initiate failures below the true adhesive bond strength. 
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4.   Specimen preparation and testing procedures are uncomplicated, allowing 

evaluation of many metal ceramic pairs. 

 

        Mode of failure in this study was predominantly cohesive within the dental 

porcelain itself. The presence of cohesive failure indicated that the circular interface 

shear test was not an ideal metal-ceramic bond strength test. Areas of porcelain 

cohesive failure may result from several factors. It was hypothesized that this mode of 

failure was due to the generation of high tensile stresses within the sample base as a 

consequence of the non-uniform stress distribution generated in the shear test 

arrangement (42). 

 

        Porcelain cohesive failures may have also resulted from the method of loading. 

The 2 mm wide puller in this study resulted in distributed loading, rather than loading 

strictly at the metal-ceramic interface. Previous analysis indicated that distributed 

loading results in a significant probability of porcelain tensile failure rather than 

interfacial adhesive failure(11). 

 

        It has been shown that shear bond strength measurements were very sensitive to 

the method of preparation of the specimens and the design of the testing arrangement 

(42). From the study of Della Bona and Van Noort, the circular interface shear test 

was used to evaluate shear bond strength of resin composite bonded to ceramic. Group 

I was composite cylinder on the ceramic base and group II was ceramic cylinder on 

the composite base. It was found that the shear bond strength and the mode of failure 

were different although an identical geometric design and an identical adhesive 

interface were used. This study supported that it was difficult to decide which the best 

method should be used. 

 

        By using the circular shear test method in this study, it appeared that all base 

metal alloys did not produce different bond strength. The bond strength of the 

porcelain-metal restoration was higher than the strength of the porcelain itself. This 

bond strength was good enough to normal function. The adhesive failure which was 

assumed to be resulted from the sensitive procedures suggested that the dentist should 
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be cautious in the selection of a good laboratories and technicians. The other factors 

such as tooth preparation, substructure design, patient’s occlusion and chewing habits, 

etc. are also affect the durability of porcelain-metal restorations. 
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CHAPTER VI 

CONCLUSION 

 
1. Bond strength of porcelain and alloy was higher than the recorded values 

because most of specimen failures occurred in the porcelain cylinders rather 

than at the interfaces. 

2. Bond strengths of each porcelain and alloy could not be comparable. 

3. The type of alloy and porcelain did not influent the bond strength of porcelain-

alloy combinations. 

4. The recorded values seemed to be the strength of porcelain itself, so the 

strength of Noritake porcelain was assumed to be higher than Vita and Shofu. 

5. Matching of each porcelain and alloy are not different because most of 

specimens had good bonding.  

6. The interface pull shear test used in this study was not the ideal test as 

expected because most of specimen failures occurred in the porcelain 

cylinders. 
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Table A-1  The data of shear bond strength (MPa) of 8 base metal alloys and 3 
porcelains 
 

METAL-PORCELAIN 1 2 3 4 MEAN 
SHOFU-WIRON 99 13.39 22.15 16.96 14.96 16.9
SHOFU-WIROCER 13.05 22.26 8.26 22.10 16.4
SHOFU-HAERANIUM 19.09 9.06 19.84 8.73 14.2
SHOFU-UNIMETAL 15.66 16.70 12.00 15.67 15.0
SHOFU-SUPERALLOYEX3 15.44 13.61 15.31 21.84 16.6
SHOFU-CERADIUM 16.26 18.50 15.12 8.97 14.7
SHOFU-DESIGN 10 17.22 17.25 14.12 26.15 18.7
SHOFU-SANKIN 23.05 19.75 16.02 17.80 19.2
NORIRAKE-WIRON99 14.83 32.41 13.60 20.52 20.3
NORIRAKE-WIROCER 11.40 20.37 24.82 28.75 21.3
NORIRAKE-HAERANIUM 13.54 28.90 24.99 30.57 24.5
NORIRAKE-UNIMETAL 33.86 28.86 23.98 15.97 25.7
NORIRAKE-SUPERALLOYEX3 16.64 21.64 14.84 18.83 18.0
NORIRAKE-CERADIUM 16.92 27.29 18.86 11.54 18.6
NORIRAKE-DESIGN 10 25.46 16.38 25.31 12.40 19.9
NORIRAKE-SANKIN 24.59 10.72 19.60 23.92 19.7
VITA-WIRON99 19.49 15.41 24.31 19.20 19.6
VITA-WIROCER 25.85 15.20 19.81 19.58 20.1
VITA-HEARANIUM 21.43 10.75 16.02 22.42 17.6
VITA-UNIMETAL 27.95 16.44 10.99 27.37 20.7
VITA-SUPERALLOY EX3 17.63 18.65 14.84 14.85 16.5
VITA-CERADIUM 16.93 24.40 18.84 28.20 22.1
VITA-DESIGN 10 18.13 30.00 11.35 19.59 19.8
VITA-SANKIN 19.15 10.63 12.37 20.276 15.6
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