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A B S T R A C T 

Because of the inherently brittle nature of ceramic, the susceptibility to their failure was identified at 

localized areas of high stress concentration on the ceramic surface, metal-ceramic interface or within the 

microstructure. The aim of this study was to investigate the influence of different cast surface finishing 

process on metal-ceramic bond strength. 

 

   

 
 
 
Introduction 
 
Increased patient awareness of esthetics has promoted 

research into understanding the brittleness and tendency 

of all-ceramic crowns to fracture under masticatory 

forces in service. One approach was to support the 

esthetic porcelain utilising a metal and the porcelain 

veneered to the whole metallic crown, or was applied 

only as a facial veneer. A second approach relied on 

improving the strength of existing porcelains, leading to 

the use of a strengthened porcelain or glass ceramic as a 

reinforcing core rather than a metal substructure.
1
 

Dental ceramics are considered chemically inert 

restorative materials. However, many factors such as the 

composition, microstructure, chemical properties of the 

ceramic materials, erosive or acidic agents, exposure 

time, and the temperature, may influence the durability 

of dental ceramics.
2 

Ceramic for dental reconstructive work are multiphase 

silicate ceramics, glass ceramics or monophased glasses 

with varying compositions.
3,4

 Structure composed of 

ceramic layers on a metal frame combined the strength 

of a metal substrate (dental alloy) with esthetic of a 

ceramic. Because of their inherently brittle nature 

susceptibility to their failure was identified at localized 

areas of high stress concentration on the ceramic surface, 

metal-ceramic interface or within the microstructure.
5 

 A strong interface should provide sufficient stress 

transfer between the individual laminates to allow the 

applied loads to be transferred and accommodated. 

Conversely, a weak interface will frequently result in 

failure by a process of delaminating under an applied 

load possibly arising from crack initiation and 

propagation within and along the layer. 
6
 

Oxidation heat treatment of the metal is used to remove 

the entrapped gas, eliminate surface contaminants, and 

form the metal oxide layer. An alloy is deliberately given 

an oxidation treatment prior to ceramic application or 
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whether it oxidizes during the portion of the firing cycle 

before flow of the ceramics begins, the fusing ceramics 

comes into immediate contact with oxide rather than 

with metal surface.
7,8 

The longevity of metal-ceramic restorations depends on 

the formation of a stable adhesive layer between the two 

materials. The adhesion mechanism between the metal 

and ceramic has not been completely defined, but it is 

believed to generally result from suitable oxidation of the 

metal and inter-diffusion of ions between the metal and 

ceramic.
9,10,11,12

  

Airborne-particle abrasion of bonding surfaces increases 

the metal surface energy by improving the wettability of 

the opaque ceramic and consequently, the bond strength, 

through micromechanical bonding. Aluminium oxide 

(Al2O3) particles are the most commonly used air-

abrasion particles for this purpose.
13 

 

MATERIALS AND METHODS 

A total forty two plates, metal fused to ceramic samples 

of length 25mm width 3mm and thickness 2mm were 

prepared. Sandblasting was done with 100 and 250 µm 

aluminium oxide (Bego, Bermen Germany). Metal used 

was bellabond bego Germany. Ceramic used was VITA 

VMK MASTER (Bego, Bermen Germany) and the 

bonding agent used in group v was Tetric N Bond 

(Ivoclar Vivadent Bendererstr. Schaan, Liechtenstein.) 

Fabrication of samples: 

Forty two metal cast plates of 25x3x0.5 mm were casted 

according to manufacturer’s instruction. These samples 

were grouped into six groups, the samples were cleaned 

and handled in same direction, and the surfaces to which 

ceramic was applied were treated by different procedures 

and combinations of procedures. Sandblaster used for 

sandblasting. (Santer Labo 16 – Confident Sales Pvt. 

Ltd.)  

Grouping of samples: 

Forty two metal cast plates were grouped into six groups. 

I
st 

Group: oxidation of metal plate, then sandblasting 

with 100 µm aluminium oxide (Al2O3). 

II
nd

 Group: oxidation of metal plate, then sandblasting 

with 250 µm aluminium oxide (Al2O3). 

III
rd

 Group: sandblasting of metal plate with 100 µm 

aluminium oxide (Al2O3),then oxidation and again 

sandblasting of metal plate with 100 µm aluminium 

oxide (Al2O3). 

IV
th 

Group:  sandblasting of metal plate with 250 µm 

aluminium oxide (Al2O3), then oxidation and again 

sandblasting of metal plate with 250µm aluminium oxide 

(Al2O3). 

V
th

 Group: sandblasting of metal plate with 100 µm 

aluminium oxide (Al2O3),then oxidation and again 

sandblasting of metal plate with 100 µm aluminium 

oxide (Al2O3),then application of bonding agent. 

VI
th

 Group: sandblasting of metal plate with 100 µm 

aluminium oxide (Al2O3)then oxidation and again 

sandblasting of metal plate with 100 µm aluminium 

oxide (Al2O3) ,then etching with Hydrochloric acid 

solution. (50 ml distilled water and 50 ml of 32% 

hydrochloric acid). After etching samples were washed 

in distilled water and then in the compound of ethyl 

alcohol and acetone in the ratio of 1:1. 

Then on the middle of metal plates ceramics ( VITA 

VMK MASTER - Bego, Bermen Germany ) was fired in 

the length of (8×3×1 mm). Specimens were fired in 

Ceramic Furnace Averon-007 SB (7x) (Ekaterinburg 

Russia) according to the manufacturer's directions. The 

following dentine porcelain firing schedule was applied: 

initial temperature, 403°C ,rate of rise, 60'per minute; 

final glazing temperature, 880X,Vacuum was initiated at 

500°C and released at 880°C. Samples were fired only  
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Table 1: Group- wise distribution of the samples 

under study 

Group distribution Total no. 

Group I 7 

Group II 7 

Group III 7 

Group IV 7 

Group V 7 

Group VI 7 

 

once. Surfaces were steam cleaned (Vaporklein Machine, 

Ivoclar). After fabrication, the specimens were finished 

with ceramic bur SHOFU Ceramaster (San Marcos 

USA) to flatten the ceramic surface and make it uniform. 

A thin layer of surface glaze (Vita Akzent Plus 

Sackingen Germany) was mixed thoroughly and applied 

in the usual manner using a brush. Glazing was 

accomplished using an initial temperature of 403°C 

raised at a rate of 80X per minute to 890°C, The samples 

were glazed using a rapid firing cycle. 

All specimens were tested with a 3-point bending test 

with a universal testing machine (Times Shijin Group-

China, Model- WDE-5E). 

The samples were set so that the surface with ceramics is 

turned opposite to the pin and the metal parts resting on 

the supports. The shift of pin was constant during testing 

and the testing was continued till the fracture that is till 

the full separation of the ceramics from the metal occurs.  

The separation always started at the end of the sample 

and propagates towards the middle. Testing procedure 

was carried out according to the standard guidelines 

given in ISO 9693. 

 After testing the samples types of fracture surfaces were 

examined by the scanning electronic microscope (FEI 

Quanta 200,Hillsboro-USA). 

 

Data was analysed statistically by ANOVA, Post Hoc 

Tests (Bonferroni procedure) and Multiple Comparisons. 

 

RESULTS AND OBSERVATIONS 

The results in the present study are tabulated as 

follows: 

Table no.1: Represents the group wise distribution of 

the samples under study. 

A total of forty two samples were distributed into six 

groups each with seven samples. 

Groups Were Coded As Group I, Group II, Group III, 

Group IV, Group V and Group VI. 

 

Table No.2 And Graph No.1: Represents The Force 

At Which There Is Interfacial Fracture Between 

Metal And Ceramic. 

The table no.2 and graph I shows the different forces at 

which the group samples have the fracture at interfacial 

surface the maximum force for fracture was seen in 

Group IV sample no.5 whereas the lowest force was 

noted in the Group VI sample no. 5. 

Table no. 3: Represents the maximum force in a 

group. 

Table no.3 represents the maximum force load in a group 

required to separate or initiate the interfacial fracture 

between the metal and ceramic. Maximum force was 

noted in the Group IV in which sandblasting of metal 

plate was done with 250 µm aluminium oxide 

(Al2O3),then oxidation and again sandblasting of metal 

plate with 250µm aluminium oxide (Al2O3),while lowest 

force was recorded in  Group VI in which sandblasting 

of metal plate was done with 100 µm aluminium oxide 

(Al2O3),then oxidation and again sandblasting of metal 

plate with 100 µm aluminium oxide (Al2O3),then etching 

with hydrochloric acid solution. (50 ml distilled water 

and 50 ml of 32% hydrochloric acid). After etching  
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Table 2: Represents the Force At Which There Is Interfacial Fracture Between Metal And Ceramic 

S
r.

 N
o

. 

(S
a

m
p

le
s)

 

Force in Newtons 

Group I Group II Group III Group IV Group V Group VI 

1 38.62 48.28 42.48 59.28 36.6 34.28 

2 36.12 52.2 40.76 54.16 36.86 36.9 

3 38.24 45.92 42.46 58.9 39.34 36.16 

4 39.2 46.63 41.58 56.48 38.22 34.14 

5 37.92 49.76 43.72 62.92 35.75 38.92 

6 35.14 54.24 44.34 60.14 35.82 38.82 

7 37.4 48.38 42.9 60.82 37.46 34.4 

samples were washed in distilled water and then in the 

compound of ethyl alcohol and acetone in the ratio of 

1:1. 

Table no. 4 and Graph no.2 Represents intergroup 

comparison mean scores and standard deviation in a 

group after application of force in Newton’s. 

 Mean force to fracture the interface between metal 

and ceramic in Group I was 37.52 Newtons, std. 

deviation was 1.43. 

 Mean force to fracture the interface between metal and 

ceramic in Group II was 49.34 Newtons, std. deviation 

was 2.98. 

 Mean force to fracture the interface between metal and 

ceramic in Group III was 42.60 Newtons, std. deviation 

was 1.21. 

 Mean force to fracture the interface between metal and 

ceramic in Group IV was 58.95 Newtons, std. deviation 

was 2.88. 

 Mean force to fracture the interface between metal and 

ceramic in Group V was 37.15 Newtons, std. deviation 

was 2.07. 

 Mean force to fracture the interface between metal and 

ceramic in Group I was 36.23 Newtons, std. deviation 

was 8.52. 

 Mean force required for fracture of the interface 

between the metal and ceramic irrespective of Group 

was 43.63 Newtons and std. deviation was 1.31. 

Table no. 5 Multiple Comparisons between the 

groups after treatment of samples by different 

surface finishing procedure, Test applied ANOVA 

with Post hoc.  

The group was compared with other groups and the 

mean difference was significant at the (p<0.05) level. 

 On comparison of Group I with other groups there 

was statistically significant difference between 

Group II, Group III, Group IV. 
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 On comparison of Group II with other groups there 

was statistically significant difference with other 

groups. 

 On comparison of Group III with other groups there 

was statistically significant difference with other 

groups. 

 On comparison of Group IV with other groups there 

was statistically significant difference between all 

groups except Group no.VI. 

 On comparison of Group V with other groups there 

was statistically significant difference between Group 

I, Group III, Group IV. 

 On comparison of Group VI with other groups there 

was statistically significant difference between Group 

II, Group III . 

SEM IMAGES; 

The SEM revealed the surface topography of the 

prepared samples. The sandblasted samples exhibited a 

roughened irregular surface and with evidence of 

striations in etched samples. In our study, examination of 

the metal specimens revealed a mixed adhesive- 

cohesive mode of failure for Group I,Group V ,Group VI 

and adhesive failure for Group II, Group III, Group V. 

IMAGE 1A, 2A, 3A, 4A, 5A, 6A Shows the long view 

that is long view magnification while IMAGEs 1B, 2B, 

3B ,4B ,5B ,6B Shows the close view magnification. 

IMAGE 1a- This view reveals the smooth surface on 

appearance.  

IMAGE 1b- This view reveals the irregular surface with 

pits measuring 1mm on measuring scale. On further 

magnification the pores were visible. 

IMAGE 2a- This view reveals some roughness on 

surface.  

IMAGE 2b- This view reveals the spot on surface,the 

pores were 300µm on measuring scale. 

IMAGE 3a- This view reveals the some rough surface 

on appearance.  

IMAGE 3b- This view reveals the irregular surface with 

pits measuring 300µm on measuring scale. The pores 

visible were more in numbers. 

IMAGE 4a- This view reveals the circular form of 

damage due to more force application.  

IMAGE 4b- This view reveals the irregular surface with 

pits measuring 300µm on measuring scale. The pores 

visible were more in number in compare to other 

samples. The roughness was more in this sample. 

IMAGE 5a- This view reveals the cracks on the surface 

of the sample. 

IMAGE 5b- On magnification there was circular form 

of damage with pores measuring 500µm on measuring 

scale. 

IMAGE 6a- This view reveals the scaling on the sample 

surface. 

IMAGE 6b- on magnification cracks were seen in the 

samples, reveals the breakage of sample on low force. 

Discussion- 

Because of their inherently brittle nature susceptibility to 

their failure was identified at localized areas of high 

stress concentration on the ceramic surface, metal-

ceramic interface or within the microstructure.
5
 A strong 

interface should provide sufficient stress transfer 

between the individual laminates to allow the applied 

loads to be transferred and accommodated. Conversely, a 

weak interface will frequently result in failure by a 

process of delaminating under an applied load possibly 

arising from crack initiation and propagation within and 

along the layer .
6
 

The surface treatment of metal substrates plays an 

important role in the formation and thickness of the 

interactive oxide layer which directly affects the bond 

between ceramic and metal. It was reported that the 
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Graph 1: Represents the Force (in Newton) At Which There Is Interfacial Fracture Between Metal And Ceramic. 

 

 

Graph 2:  Means Plots 

thinner the oxide layer on the metal surface, the stronger 

the bond between the two materials.
14

 

Evidence suggests that this roughened surface can also 

provide mechanical interlocking and increase the surface 

area for porcelain-metal bonding.
15

  

Sandblasting has been shown to affect oxide formation; 

the oxide layer formed before sandblasting differs from 

the one obtained after sandblasting.
16

 Investigations have 

found that a roughened metal surface yields the highest 

porcelain-metal bond strengths.
17

  

The metal oxides have been studied extensively and are 

thought to play an important role in ceramometal 

bonding.
9,18-22

 

It is widely believed that the fusing porcelain dissolves 

away the oxide originally formed and produces an 

interaction zone responsible for the formation of a 

bond.
23

 

Graham suggested final finishing process in the order: 

sandblasting, grinding, sandblasting and oxidation.
24
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Smoother surface achieved the lowest values of bond 

strength and bonding agent did not improve bond 

strength because of hermitical sealing of cast surface. 
25 

Conclusion 

It is difficult to quantify the real bond strength because in 

vitro testing is not usually in correlation with ceramic 

breakdown in function. 

   

It can be concluded that the analysis of all the parameters 

used in assessing the strength of the bond between metal 

and ceramics has confirmed that the bond is the strongest 

in the surface treatment procedure sandblasting with 250 

μm (Al2O3), oxidation and sandblasting again with 250 

μm and significantly weaker in the etched sample. The 

metal samples revealed an adhesive mode of failures on 

the most part of surface and adhesive-cohesive on the 

edges. 

Table 3 : Maximum force applied in a group sample 

leading metal-ceramic interface fracture. 

Group Maximum Force (Newtons) 

1.00 39.20 

2.00 54.24 

3.00 44.34 

4.00 62.92 

5.00 39.34 

6.00 38.92 

Total 62.92 

Table No 4: Intergroup comparison mean scores and standard deviation in a group after application of force in 

Newton’s 

Groups N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum 

Lower Bound Upper Bound 

1.00 7 37.5200 1.43467 .54225 36.1932 38.8468 35.14 

2.00 7 49.3443 2.98473 1.12812 46.5839 52.1047 45.92 

3.00 7 42.6057 1.21324 .45856 41.4837 43.7278 40.76 

4.00 7 58.9571 2.88184 1.08923 56.2919 61.6224 54.16 

5.00 7 37.1500 1.30081 .49166 35.9470 38.3530 35.75 

6.00 7 36.2314 2.07836 .78555 34.3093 38.1536 34.14 

Total 42 43.6348 8.52446 1.31535 40.9784 46.2912 34.14 

 

 

Table 5: Multiple Comparisons between the groups after treatment of samples by different surface finishing procedures by Test applied ANOVA 

with post hoc.  

Groups Mean SD P value 

1 37.52a 1.43467  

 

 

0.001 

2 49.34b 2.98473 

3 42.60c 1.21324 

4 58.95d,f 2.88184 

5 37.15a,e 1.30081 

6 36.23a,f 2.07836 

  



INFLUENCE OF CAST SURFACE FINISHING PROCESS ON METAL-CERAMIC BOND STRENGTH                                                      50 

 

Journal Of Applied Dental and Medical Sciences 1(3);2015 

References : 

1. Garry J.P. Fleming, Sherin F.A. El-Lakwah, Jonathan J. 

Harris, Peter M. Marquis. The influence of interfacial 

surface roughness on bilayered ceramic specimen 

performance (Dental Materials 2004; 20: 142–149). 

2. Milleding P, Haraldsson C, Karlsson S. Ion leaching from 

dental ceramics during static in vitro corrosion testing. J 

Biomed Mater Res 2002; 61(4): 541-50. 

3. Mehulic K. Glassceramics. Acta Stom Croat 2005; 39:483-

486. 

4. Music S, Zivko-Babic J, Mehulic K, Ristic M, Popovic S, 

Furic K. Microstructure of leucite glass-ceramics for dental 

use. Materials Letters 996; 27:195-9. 

5. Fleming GJ, Nolan L, Harris JJ. The in-vitro clinical failure 

of all-ceramic crowns and the connector area of fixed partial 

dentures: the influence of interfacial surface roughness. J 

Dent 2005;30:405-12. 

6. Ford C, Bush MB, Hu XY, Zhao H. A numerical study of 

fracture mode in contact damage in porcelain/Pd-alloy 

bilayers. Mater Sci Eng 2004; 202-6. 

7. Camacho GB, Vinha D, Panzeri H, Nonaka T, Goncalves 

M. Surface roughness of a dental ceramic after polishing 

with different vehicles and diamond pastes. Braz Dent J 

2006; 17:191-94. 

8. Sarac D, Sarac YS, Yuzbasioglu E, Bal S. The effect of 

porcelain polishing systems on the color and surface texture 

of feldspatic porcelain. J Prosthet Dent 2006; 96:122-8. 

9. Mackert Jr JR, Ringle RD, Parry EE, Evans AL, Fairhurst 

CW. The relationship between oxide adherence and 

porcelain-metal bonding. J Dent Res 1988;67:474-8. 

10. Adachi M, Mackert Jr JR, Parry EE, Fairhurst CW. Oxide 

adherence and porcelain bonding to titanium and Ti-6A1-

4V alloy. J Dent Res 1990;69:1230-5. 

11. Hegedus C, Daroczi L, Ko¨kenyesi V, Beke DL. 

Comparative microstructural study of the diffusion zone 

between NiCr alloy and different dental ceramics. J Dent 

Res 2002;81:334-7. 

12. Yilmaz H, Dinc¸er C. Comparison of the bond compatibility 

of titanium and a Ni-Cr alloy to dental porcelain. J Dent 

1999;27: 215-22. 

13. Alfredo Julio Fernandes, Neto Heitor Panzeri, Flavio 

Domingues Neves, Ricardo Alves do Prado, Gustavo 

Mendonka. Bond Strength of Three Dental Porcelains to Ni-

Cr and Co-Cr-Ti Alloys (Braz Dent J 2006;17(1):24-28). 

14. Anusavice KJ, Dehoff PH, Fairhurst CW. Comparative 

evaluation of ceramic-metal bond tests using finite element 

stress analysis. J Dent Res 1980; 59: 608-613.  

15. McLean JW, Sced IR. The bonded alumina crown. 1. The 

bonding of platinum to aluminous dental porcelain using tin 

oxide coatings. Aust Dent J 1976; 21: 119-27. 

16.  William A. Brantley, Zhuo Cai, Efstratios Papazoglou, 

John C. Mitchell, Susan J. Kerber, Gregory P. Mann, Tery 

L. Barr. X-ray diffraction studies of oxidized high-

palladium alloys (Dent Mater, November 1996; 12:333-

341). 

17.  Warren C. Wagner, Kamal Asgar, W.C. Bigelow, Richard 

A. Flinn. Effect of interfacial variables on metal-porcelain 

bonding (Journal of Biomedical Materials Research 1993; 

27: 531-537). 

18. Mackert JR Jr, Ringle RD, Fairhurst CW. High Temperature 

behavior of a Pd-Erg alloy for porcelain. J Dent Res 1983; 

62: 1229-35. 

19.  Carr AB, Brantley WA. New high-palladium casting 

alloys: part 1. Overview and initial studies. Int J 

Prosthodont 1991; 4: 265-75. 

20. Borom MP, Pask JA. Role of “adherence oxides” in the 

development of chemical bonding at the glass-metal 

interfaces. J Am Ceram Soc 1966; 49: 1-6. 

21. Papazoglou E, Brantley WA, Mitchell JC, Cai Z, Carr AB. 

New high-pal- ladium cast alloys: studies of the interface 

with porcelain. Int J Prosthodont 1996; 9: 315-22. 

22.  Volpe C, Cascone PJ, Cadoff I. Oxidation kinetics of 

palladium alloyed with gallium, indium, and silver [abstract 

1612]. J Dent Res 1993; 72: 305. 

23. King BW, Tripp HP, Duckworth WH. Nature of adherence 

of porcelain enamels to metals. J Am Cer Soc 1959; 42:504-

25. 

24. Graham JD, Johnson A, Wildgoose DG, Shareef MY, 

Cannavina G. The effect of surface treatments on the bond 

strength of a nonprecious alloy-ceramic interface. In J 

Prosthodont 1999; 12: 330-4. 

25.  Al Mutawa NJ, Sato T, Shiozawa I, Hasegawa S,  Miura H. 

A study of the bond strength and color of ultralow-fusing 

porcelain. In J Prosthodon. 2000; 13: 159-65. 

 

 

 

 

 

 

How to cite this article: Gadge H, Gandhewar  M, Chaturvedi V,Nagral S, 

Singh M, Goutam M. Influence of Cast Surface Finishing Process on Metal-

Ceramic Bond Strength –In Vitro Study. JOADMS 2015; 1(3):43-56. 

 Source of Support: Nil,                      Conflict of Interest: None declared 



INFLUENCE OF CAST SURFACE FINISHING PROCESS ON METAL-CERAMIC BOND STRENGTH                                                      51 

 

Journal Of Applied Dental and Medical Sciences 1(3);2015 

Figures 

    

Figure -1 Material used                                     Figure-2 Armamentarium used 

 

 

 

 

 

Figure 3- Sandblasting Machine (SANTER LABO 16 CONFIDENT PVT.LTD) 
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Figure 4– Metal plates after different surface finishing procedure 

 

Figure 5- Opaque layer application 

 

 

Figure 6- (a)Opaque on plates 

 

 

Figure 6- (b) Opaque on plates 
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Figure7- (a) Opaque layer after heat treatment 

 

Figure 7- (b) Opaque layer after heat treatment 

 

 

Figure 8-  Ceramic firing in furnance 

 

 

Figure 10-(a) – After ceramic firing 
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Figure 11- Plate in universal testing machine 

SEM PHOTOGRAPHS 

IMAGE 1 (a and b) 

 

 

 

A                                                         b 

IMAGE 2 (a and b) 

 

                            

A                                                                                         b 

 

IMAGE 3 (a and b) 
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IMAGE 4 (a and b) 
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IMAGE 5 (a and b) 
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IMAGE 6 (a and b) 
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