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Öz
Amaç: Bu pilot çalışmanın amacı farklı yüzey işlemleri uygulanmış zirkonya yüzeyi 
ile rezin siman arasındaki sızıntının değerlendirilmesidir.
Gereç ve Yöntemler: Farklı yüzey hazırlıklarına tabi tutulmak üzere 6 gruba ayrılan 
örneklerden 1. grup yüzey işlemi uygulanmadan kontrol grubu (grup 1) olarak ayrıldı. 
Grup 2’deki örnekler 110 μm olan alüminyum oksit (Al2O3) kumu ile pürüzlendirildi. 
Grup 3’teki örnekler 110 μm olan Al2O3 kumu ile pürüzlendirildikten sonra silika 
kaplandı ve silan (espe-sil) uygulandı. Grup 4’teki seramikler, neodymium: yttrium-
aluminum-garnet lazer cihazı [fidelis plus 3 fotona (Ljubljana, Slovenia)] kullanılarak 
pürüzlendirildiler. Cihazın paneli 20 hz, 100 mj, 2 w, 100 μs olacak şekilde ayarlandı. 
5. gruptaki seramikler de lazerle pürüzlendirildi ve cihaz; 20 hz, 150 mj, 3 w, 100 
μs olarak ayarlandı. Grup 6’daki örneklere ise çift kat zirconia primer (z-prime plus 
bisco, İL, ABD) uygulandı. Hava ile 10 sn kibarca kurutuldu 20 sn 800 mw/cm2 ışıkla 
polimerize edildi ve tüm seramikler sızıntı testine tabi tutuldu. 
Bulgular: Sızıntı testine tabi tutulmuş örneklerde marjinlerde ince bir çizgi şeklinde 
sızıntı izlenmiştir.
Sonuç: Farklı yüzey işlemleri uygulanan örneklerde sızıntı değerleri arasında fark 
bulunamamıştır.

Abstract
Objective: The aim of this pilot study was to compare the effects of pretreatments 
on leakage of zirconia ceramics. 
Materials and Methods: The speciments divided into 6 groups that were 
subsequently treated as follows: group 1, no treatment (control); group 2, the 
ceramic surfaces were airborne-particle abraded with 110 μm aluminum-oxide 
(Al2O3) particles; group 3, after abrasion of the surfaces with 110 μm Al2O3 
particles, silica coating using 30 μm (Al2O3) particles modified by silica (rocatec 
system) and application of the silane coupling agent (espe-sil); group 4, ceramic 
surfaces irritated with neodymium-doped yttrium aluminium garnet (Nd:YAG) 
laser [fidelis plus 3 foton (Ljubljana, Slovenia)] at 20 hz, 100 mj, 2 w, 100 μs; group 
5, ceramic surfaces irritated with Nd:YAG laser at fidelis plus 3 fotona (Ljubljana, 
Slovenia) at 20 hz, 100 mj, 2 w, 100 μs; group 6; application of a zirconia primer 
(z-prime plus bisco, IL, USA) agent. And all ceramics tested for leakage.
Results: For marginal leakage, score 0 was found in all groups.
Conclusion: No significant differences were found in marginal leakage under all 
conditions.
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Introduction

Yttria-stabilized tetragonal zirconia polycrystals 
(Y-TZP) were introduced in the biomaterials world 
many years ago (1) Indications for zirconia restorations 
have been extended in recent years due to their 
superior esthetic appearance and physical properties, 
such as high strength and toughness (2,3). Due to these 
improved mechanical properties, zirconia ceramic was 
introduced to restorative dentistry for the restoration 
of posterior teeth (1,4). Clinical applications of Y-TZP 
include full-coverage crowns, implant abutments, 
endodontic posts, and small bridges (5-9). Luting of a 
zirconia restoration can be done with conventional luting 
agents. However, the advantages of resin bonding, e.g. 
improvement of retention, marginal adaption, fracture 
resistance and inhibition of secondary caries, have 
made them more frequently used (10-13). A strong and 
long-term durable adhesive bond is key to the clinical 
survival of the restoration (10,14). The use of silanes 
and hydrofluoric (HF) acid is recommended for silica-
based ceramics. However, this chemical reaction is not 
possible for zirconia-based ceramics because of their 
high crystalline content which makes them resistant 
to HF acid etching (9,14,15). Long-term stable ceramic-
resin bonds require surface pretreatment such as acid 
etching, sand blasting, airborne-partical abrasion with 
aluminum oxide (Al2O3) particles, modified priming 
and/or resin composite luting agent that contains special 
adhesive monomers [e.g. 10-methacryloyloxydecyl 
dihydrogen phosphate (MDP)], treating with laser 
beam or combinations of these methods (9,14,15). 
Treating zirconia surface with laser beam is a quite 
new method but the obtained results are promising 
(16-18). The purpose of this study was to examine the 
null hypothesis that different surface treatments affect 
marginal leakage of zirconia ceramics. 

Materials and Methods

In this study, the leakage of zirconia all-ceramics 
subject to different surface procedures with Panavia 
F 2.0 resin cement was investigated and the zirconia 
samples were obtained from prefabricated Zirkonzahn 
blocks. Cutting procedure was done using a precision 
cutter (Minitom, Struers, Denmark) with a special 
water-cooled diamond wheel (M0D10, Struers, 
Denmark) in dimensions of 13x13x2.5 mm. After 
flash pickling process at the corners, the samples 
were sintered according to the instructions of the 
manufacturer, in a Zirkonzahn sintering oven at 1500 
°C for 8 hours. After sintering, samples’ dimensions 
changed approximately 25%. The final dimensions of 
the samples were measured with a digital caliper as 
10x10x2 mm. Then, the specimens were ultrasonically 
cleaned with distilled water for 3 minutes and carefully 
dried in air before surface treatment. The surface 
pretreatment protocols applied to zirconia surfaces 
are shown in Table 1. 

Group 1: Control group, no treatment.
Group 2: Sand blasting (Rocatec Junior 3M ESPE, 

USA) with a size of 110 μ Al2O3 particles (Rocatec-
Pre powder, 3M ESPE, Germany) was applied 
perpendicularly to the surface at a 10 mm distance 
and pressure of 2.8 psi for 13 seconds.

Group 3: Rocatec Plus powder (3M ESPE, USA) was 
blasted to the surface for 10 seconds using the same 
parameters as for samples in the group 2. Before 
cementation, the silane coupling agent ESPE Sil (3M 
ESPE, Germany), a component of the Rocatec system,  
was applied to the specimens and waited for 5 minutes 
according to the instructions of the manufacturer.

Groups 4-5 laser groups: The specimens in these 
groups were treated with Fidelis Plus 3 Fotona 
(Ljubljana, Slovenia) laser device. Since the reflectance 
of the ceramic samples is very low, the surfaces 
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Table 1. Surface pretreatment protocols applied to each ceramic

Group Name Pretreatments

1 Control No treatment

2 Sand blasting Rocatec-Pre powder with 110 μ Al2O3 particle size

3 Rocatec Rocatec-Pre powder+Rocatec plus powder with 110 μ Al2O3 particle size+silane

4 Laser 1 20 Hz, 100 mJ, 2 w 100 μs-Nd-YAG laser

5 Laser 2 20 Hz, 150 mJ, 3 w 100 μs-Nd-YAG laser

6 Primer Zirconia primer
Nd-YAG: Neodymium-doped yttrium aluminium garnet
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were washed with distilled water and stained with 
polymerized powdered carbon (graphite powder) 
before using laser.

Group 4: Ceramic surfaces were irritated with 
neodymium-doped yttrium aluminium garnet 
(Nd:YAG) laser. The Nd: YAG laser parameters were: 
20 Hz , 100 mJ (energy in per pulse), 2 w (total pulse 
energy), 100 μs (pulse duration). 

Group 5: For this group, the same laser system was 
employed at 20 Hz, 150 mJ, 3 w, 100 μs. In both laser 
etching groups, the ceramic surfaces were scanned 
with horizontal movements, perpendicular to the 
surface with a focused spot size of 1 mm fiber hand 
piece.

Group 6: After air rinsing, Zirconia Primer (Z-Prime 
Plus Bisco, IL, USA) was applied to the surfaces, gently 
dried for 10 seconds and light cured for 20 seconds at 
a light intensity of 800 mW/cm2.

After surface pretreatments were performed; 
equal amounts of pastes A and B (Panavia F 2.0 
-Kuraray Medical Inc., Japan) were mixed for 20 
seconds on the mixing paper and applied on both two 
specimens. All ceramic samples subject to leakage 
test were cemented in the tension/compression 
device after the processed surfaces of the two 
samples in every group had been placed face-to-face. 
A weight of 750 g was applied for 10 minutes using 
the tension/compression device. After that loading 
excess luting agent, which exuded from the bonding 
surfaces, was cleaned with foam pellets and oxygen-
blocking gel (Oxyguard, Kuraray, Osaka, Japan) was 
applied according to the manufacturer’s instructions. 
Resin material was light polymerized from four 
directions for 40 seconds. Stain infiltration method 
(Figure 1) (45). Luted specimens were stored in 0.5% 
fuchsine solution at room temperature for 24 hours. 
The samples were cleansed from excess stains under 
running water for 5 minutes. The leakage scores of all 
samples were photographed.

Results

For all the pretreated specimens, score 0 was 
found (Figure 2).

Discussion

The purpose of the prosthetic restorations is to 
regain the aesthetic appearance with the proper 

functional structure. Studies focused on this 
objective, regarding the fixed restorations, facilitated 
the development of all-ceramic systems using durable 
core structures instead of metal substructures. It 
is reported that cement and cementation process 
are important in the clinical success of all-ceramic 

Figure 1. Stain infiltration method (45)
0: No stain infiltration, 1: Stain infiltrated in less than ½, 2: Stain 
infiltrated in more than ½, 3: Stain infiltrated in whole

Figure 2. Leakage surfaces
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restorations. The cement should cover the entire 
restoration-tooth interface with a mechanic and 
chemical mechanism or with a combination of these 
and prevent microbial leakage (19,20). Until recently, 
although the usage of all-ceramic systems was limited 
to anterior teeth, further development of the ceramic 
systems facilitated their implementation also for the 
posterior teeth. Today, there are various ceramic 
systems, which provide high-quality esthetics for many 
different clinical practices (21). After the clinical success 
of alumina-based ceramics, zirconia ceramics came in 
use in the dentistry. Zirconium oxide as a substructure 
material is preferred due to its advantages like high 
bending stiffness, biocompatibility, satisfying optical 
features and making multiple-unit fixed restorations 
possible. As zirconium is a very durable material, 
it has a wide range use in dental practice (15,21-
23). Conventional cement can be used for bonding 
of all-ceramic restorations with high durability like 
zirconia oxide. As the surface of zirconia all-ceramic 
restorations does not contain a glass phase, it cannot 
be etched with HF acid like conventional ceramics. 
This prevents the formation of micromechanical 
adhesion. The physical strength of conventional 
cement depends on micromechanical adhesion, as it 
does not possess adhesive features (24,25). We put 
the mechanical adhesion aside, currently, the only 
way of an effective chemical bonding to zirconia is 
the use of phosphate ester monomers (10-MDP). 
This monomer, resistant to hydrolyzation, provides a 
stable adhesion during different ageing methods. Lots 
of studies have reported that the highest stability in 
the shear-bond was found in samples cemented with 
Panavia F 2.0 and carried out with a priming agent 
containing 10-MDP (26-29). As MDP monomer is 
water resistant and it is believed that the resin-based 
cement has an effect of “treating” the microcracks on 
the ceramic surfaces and of strengthening the ceramic, 
resin cement containing MDP are recommended 
(29,30). In addition to that, in resin cementation, 
the possibility of fracture of the restoration and 
the supportive tooth is decreased compared to the 
conventional bisphenol-A-glycidyl dimethacrylate 
(Bis-GMA) containing cements. Therefore, many 
investigators recommended the usage of adhesive 
resin-based cement in the regions where adhesion 
is important because of the strong occlusal forces 
(10,31-34). In their  study which focused on alumina 

disks infiltrated with glass, Kern and Thompson 
(35), have reported that the adhesive resistance of 
samples cemented with Bis-GMA composite resin had 
lower bond strength than the samples bonded with 
MDP-containing composite resin. They suggested 
that the reason for this was the direct bonding of 
phosphate ester groups in the monomer to the metal 
oxides, hence, to the alumina and zirconia ceramics 
(14,31,36,37).

Considering all these features, we used dual-
polymerized Panavia F 2.0 containing MDP monomer 
in our study. However, in dual-polymerized cement, the 
completion of the polymerization lasts approximately 
24 hours in regions with limited exposure to light 
(14,38,39). Therefore, in our study, we kept our 
samples in water for 24 hours after cementation. 
Regarding the comparison of the methods used 
with silica-based ceramics, only a few methods are 
recommended in the literature for increasing the 
adhesion force of the zirconium oxide ceramics to resin 
cement. These studies focused rather on the usage 
of agents containing special adhesive monomers like 
MDP or micro chiseling of the surface with the Al2O3 
salts with different particle sizes (21,36,40). In addition 
to these methods, procedures aiming the increase of 
silica content of the surface in zirconia-based ceramics 
were also applied. For this purpose, manufacturers 
recommend various products (rocatec, cojet, pyrosil 
Pen). There are also studies showing that adhesion 
force may be enhanced with the plasma spray 
method. Treating ceramic surfaces with laser energy is 
a relatively newer method (21,41-43). Sand particles 
with particle sizes of 50, 100, 110 or 250 μ can be used 
for treating  the surfaces before the cementation of 
the porcelain surfaces. On the other hand, in several 
previous studies, mostly Al2O3 particles with a size of 
110 μ was used (21,25,29). Therefore, in our study, we 
also preferred sand blasting with a particle size of 110 
μ Al2O3 for surface treatment. Some in vitro studies 
have showed that air abrasion damages the integrity 
of high durable ceramics. However, in few studies, it 
has been reported that air abrasion is necessary for 
long-term resin bonding of the high durable ceramics 
(43,44). As zirconium is a highly reflective material, it 
cannot interact directly with the Nd-YAG laser beam. 
In both laser groups, ceramic surfaces were painted 
with polymerized powdered carbon (graphite powder) 
in order to increase the efficacy of the laser beams 



68

Meandros Medical Journal 2016;17:64-69

Alkan Demetoğlu and Zortuk. Effect of Surface Treatments on Leakage of Zirconi

on the material (16). We preferred powdered carbon 
because of its dark color, easy-cleaning after the 
procedure and its common usage in similar studies. 

However, as it can be seen on the photographs 
(Figure 2), it caused grey-black staining on the sample 
surfaces and could not be removed with ultrasonic 
bathing. In order to evaluate the effect of this 
observation on bondings and hence on infiltration, 
further studies are needed. Evaluation of leakage in 
ceramics treated with different surface procedures 
was performed only in a limited number of studies. 
Tsukakoshi et al. (45) investigated the leakage in their 
study and found that the samples covered with silica 
with Rocatec system displayed highest adhesion 
forces in all groups with different cement. However, 
all resin-based cement groups revealed rather 
different adhesion forces compared to the glass 
ionomer cement reinforced with resin. Regarding the 
leakage evaluation, almost in all groups with resin 
cement-surface procedure, scores were registered as 
“0”. Rominu et al. (46), in their study on microleakage, 
have reported that there was always microleakage in 
the metal-resin interface independent from the resin 
used and it could not be prevented completely with 
chemical bonding systems. In line with the studies in 
the literature, in our study, we also obtained similar 
results after keeping the samples in basic fuchsin for 
one day and after a one-week follow-up, the leakage 
values were registered as “0”. However, we observed 
leakage as a thin line at the corners of the restoration. 
There was no difference between the groups. The 
null hypothesis is accepted that different surface 
treatments did not affect the leakage of ceramic 
surfaces (p>0.05).

Conclusion

Within the limitations of this in vitro study; no 
significant differences were found in marginal leakage 
under all conditions.

Ethics
Ethics Committee Approval: A pilot study, Informed 

Consent: A pilot study.
Peer-review: Internal peer-reviewed.
Authorship Contributions
Concept: Mustafa Zortuk, Design: Mustafa Zortuk, 

Data Collection or Processing: Göknil Alkan Demetoğlu, 
Mustafa Zortuk, Analysis or Interpretation: Göknil 
Alkan Demetoğlu, Mustafa Zortuk, Literature Search: 

Göknil Alkan Demetoğlu, Writing: Göknil Alkan 
Demetoğlu.

Conflict of Interest: No conflict of interest was 
declared by the authors.

Financial Disclosure: The authors declared that 
this study has received no financial support.

References

1. Christel P, Meunier A, Heller M, Torre JP, Peille CN. Mechanical 
properties and short-term in-vivo evaluation of yttrium-oxide-
partially-stabilized zirconia. J Biomed Mater Res 1989; 23: 45-61.

2. Kelly JR, Nishimura I, Campbell SD. Ceramics in dentistry: 
historical roots and current perspectives. J Prosthet Dent 1996; 
75: 18-32.

3. Guazzato M, Albakry M, Quach L, Swain MV. Influence of surface 
and heat treatments on the flexural strength of a glass-infiltrated 
alumina/zirconia-reinforced dental ceramic. Dent Mater 2005; 
21: 454-63.

4. Lin J, Shinya A, Gomi H, Shinya A. Effect of self-adhesive resin 
cement and tribochemical treatment on bond strength to 
zirconia. Int J Oral Sci 2010; 2: 28-34.

5. Kelly JR, Denry I. Stabilized zirconia as a structural ceramic: an 
overview. Dent Mater 2008; 24: 289-98.

6. Meyenberg KH, Lüthy H, Schärer P. Zirconia posts: a new all-
ceramic concept for nonvital abutment teeth. J Esthet Dent 
1995; 7: 73-80. 

7. Lopes GC, Baratieri LN, Caldeira de Andrada MA, Maia HP. All-
ceramic post, core, and crown: technique and case report. J 
Esthet Restor Dent 2001; 13: 285-95. 

8. McLaren EA. All-ceramic alternatives to conventional metal-
ceramic restorations. Compend Contin Educ Dent 1998; 19: 307-8. 

9. Blatz MB. Long-term success of all-ceramic posterior restorations. 
Quintessence Int 2002; 33: 415-26.

10. Burke FJ, Fleming GJ, Nathanson D, Marquis PM. Are adhesive 
technologies needed to support ceramics? An assessment of the 
current evidence. J Adhes Dent 2002; 4: 7-22. 

11. Rosenstiel SF, Land MF, Cripson BJ. Dental luting agents: a review 
of the current literature. J Prosthet Dent 1998; 80: 280-301.

12. Umino A, Nikaido T, Tsuchiya S, Foxton RM, Tagami J. Confocal 
laser scanning microscopic observations of secondary caries 
inhibition around different types of luting cements. Am J Dent 
2005; 18: 245-50.

13. Jayasooriya PR, Pereira PN, Nikaido T, Burrow MF, Tagami J. 
The effect of a “resin coating” on the interfacial adaptation of 
composite inlays. Oper Dent 2003; 28: 28-35.

14. Blatz MB, Sadan A, Kern M. Resin-ceramic bonding: a review of 
the literature. J Prosthet Dent 2003; 89: 268-74.

15. Kern M. Clinical long-term survival of two-retainer and single-
retainer all-ceramic resin bonded fixed partial dentures. 
Quintessence Int 2005; 36: 141-7.

16. Dörterler E. Zirkonyum oksit esaslı seramik sistemlerinde lazerle 
yapılan pürüzlendirmenin bağlantı gücüne etkisi, Doktora Tezi. 
Ankara: Ankara Üniversitesi. 2007.



69

Meandros Medical Journal 2016;17:64-69

Alkan Demetoğlu and Zortuk. Effect of Surface Treatments on Leakage of Zirconi

17. Uludamar A. Zirkonyum oksit seramik restorasyonlarda farklı 
yüzey hazırlıklarının kompozit yapıstırma simanının bağlanmasına 
etkilerinin incelenmesi, Doktora tezi Konya: Selçuk Üniversitesi. 
2007.

18. Spohr AM, Borges GA, Junior LH, Mota EG, Oshima HM. Surface 
modification of In-Ceram Zirconia ceramic by Nd:YAG laser, 
Rocatec system, or aluminum oxide sandblasting and its bond 
strength to a resin cement. Photomed Laser Surg 2008; 26: 203-
8.

19. Nakabayashi N, Kojima K, Masuhara E. The promotion of 
adhesion by the infiltration of monomers into tooth substrates. J 
Biomed Mater Res 1982; 16: 265-73.

20. Walton JN, Gardner FM, Agar JR. A Survey of crown and fixed 
partial denture failures: length of service and reasons for 
replacement. J Prosthet Dent 1986; 56: 416-21.

21. Ozcan M, Vallittu PK. Effect of surface conditioning methods on 
the bond strength of luting cement to ceramics. Dent Mater 
2003; 19: 725-31.

22. Gamborena I B. A clinical guide to predictable esthetics with 
zirconium oxide ceramic restorations. Quintessence Dent 
Technol 2006; 29: 11-23.

23. GlauserR W, Studer S. Application of zirconia abutments on 
single tooth implants in the maxillary esthetic zone. A 6-year 
clinical and radiographic follow up report. Appl Osseointegration 
Res 2004; 4: 41-5.

24. Kern M, Thompson VP. Sandblasting and silica coating of a 
glass-infiltrated alumina ceramic -volume loss, morphology, and 
changes in the surface-composition. J Prosthet Dent 1994; 71: 
453-61.

25. Kern M, Wegner SM. Bonding to zirconia ceramic: adhesion 
methods and their durability. Dent Mater 1998; 14: 64-71.

26. Lüthy H, Loeffel O, Hammerle CH. Effect of thermocycling on 
bond strength of luting cements to zirconia ceramic. Dent Mater 
2006; 22: 195-200. 

27. Oyagüe RC, Monticelli F, Toledano M, Osorio E, Ferrari M, Osorio 
R. Effect of water aging on microtensile bond strength of dual-
cured resin cements to pre-treated sintered zirconium-oxide 
ceramics. Dent Mater 2009; 25: 392-9.

28. Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Selective infiltration-
etching echnique for a strong and durable bond of resin cements 
to zirconia-based materials. J Prosthet Dent 2007; 98: 379-88.

29. Wegner SM, Gerdes W, Kern M. Effect of different artificial 
aging conditions on ceramic-composite bond strength. Int J 
Prosthodont 2002; 15: 267-72.

30. Hooshmand T, van Noort R, Keshvad A. Bond durability of the 
resin-bonded and silane treated ceramic surface. Dent Mater 
2002; 18: 179-88.

31. Rubin R. Zirkonya Altyapılı Restorasyonların Dişe Bağlantı 
Özelliklerinin İncelenmesi, Doktora Tezi. İstanbul. 2007.

32. Marchan S, Coldero L, Whiting R, Barclay S. In vitro evaluation 
of the retention of zirconia-based ceramic posts luted with glass 
ionomer and resin cements. Braz Dent J 2005; 16: 213-7.

33. Matinlinna JP, Heikkinen M, Ozcan M, Lassila LV, Vallittu PK. 
Evaluation of resin adhesion to zirconia ceramic using some 
organosilanes. Dent Mater 2006; 22: 824-31.

34. Wolfart M, Lehmann F, Wolfart S, Kern M. Durability of the resin 
bond strength to zirconia ceramic after using different surface 
conditioning methods. Dent Mater 2007; 23: 45-50.

35. Kern M, Thompson VP. Bonding to Glass infiltrated alumina 
ceramic-adhesive methods and their Durability. J Prosthet Dent 
1995; 73: 240-9.

36. Valandro LF, Della Bona A, Bottino MA, Neisser MP. The effect 
of ceramic surface treatment on bonding to densely sintered 
alumina ceramic. J Prosthet Dent 2005; 93: 253-9.

37. Wada T. Development of a new adhesive material and 
its properties. In: Gettleman L VM, Uchiyama Y, editors. 
Procceedings of the International Symposium on Adhesive 
Prosthodontics. Amsterdam: Netherlands; 1986.

38. Ferrari M, Vichi A, Feilzer A. Operatif dishekimliğinde gelismeler: 
güncel Pratik uygulamalar: Quintessence yayıncılık; 2006.

39. Ernst CP, Cohnen U, Stender E, Willershausen B. In vitro retentive 
strength of zirconium oxide ceramic crowns using different luting 
agents. JProsthet Dent 2005; 93: 551-8.

40. Della Bona A, Borba M, Benetti P, Cecchetti D. Effect of surface 
treatments on the bond strength of a zirconia-reinforced ceramic 
to composite resin. Braz Oral Res 2007; 21: 10-5.

41. Heikkinen TT, Lassila LV, Matinlinna JP, Vallittu PK. Effect of 
operating air pressure on tribochemical silica-coating. Acta 
Odontol Scand 2007; 65: 241-8.

42. Blatz MB, Chiche G, Holst S, Sadan A. Influence of surface 
treatment and simulated aging on bond strengths of luting 
agents to zirconia. Quintessence Int 2007; 38: 745-53.

43. Zhang Y, Lawn BR, Rekow ED, Thompson VP. Effect of sandblasting 
on the long-term performance of dental ceramics. J Biomed 
Mater Res B Appl Biomater 2004; 15: 381-6.

44. Zhang Y, Lawn BR, Malament KA, Van Thompson P, Rekow ED. 
Damage accumulation and fatigue life of particle-abraded 
ceramics. Int J Prosthodont 2006; 19: 442-8.

45. Tsukakoshi M, Shinya A, Gomi H, Lassila LV, Vallittu PK, Shinya 
A. Effects of dental adhesive cement and surface treatment on 
bond strength and leakage of zirconium oxide ceramics. Dent 
Mater J 2008; 27: 159-71.

46. Rominu M, Lakatos S, Florita Z, Negrutiu M. Investigation of 
microleakage at the interface between a Co-Cr based alloy and 
four polymeric veneering materials. J Prosthet Dent 2002; 87: 
620-4.


