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Aim: To investigate the bonding capability of resin cement with different shelf-lives and also, 

to examine the microshear bond strength between various reinforced-glass ceramics and 

composite resin cement. 

Materials and methods: Three different glass ceramic blocks were used in this study; Leucite-

reinforced glass ceramic (LRC), lithium silicate glass ceramic reinforced with zirconia (ZLC) 

and lithium-disilicate glass ceramic (LDC). The blocks were cut with a saw with the thickness 

of 1 mm. and placed in acrylic molds. The composite rods prepared in 1mm. diameter and they 

were bonded to ceramic surfaces with resin cement (Multilink N, Ivoclar AG) with three 

different shelf lives (Group 1: Not-past shelf-life, group 2: shelf-life past 6 months, group 3: 

Shelf-life past 12 months). Microshear bond strength test was applied to the samples. 

Results: According to the statistical analysis, a significant difference was found between 

leucite-reinforced glass ceramic (LRC) and lithium-disilicate glass ceramic (LDC) in the group 

3 (p=0.047). In all three ceramic samples, significant difference was found between group 1 

and group 2 (p=0.007). There was no statistically difference between LDC, LRC, ZLC samples 

in the group 1. 

Conclusion: Resin cement with shelf-life past 12 months decreased the bond strength, while 

resin cement with shelf-life past 6 months did not affect the bond strength. 
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1. INTRODUCTION 

 

The materials used in prosthetic restorations, along with the development of technology and the 

increase in aesthetic expectations, have led researchers to constantly developing material 

production. In particular, studies are continuing to ensure that the materials used in all-ceramic 

restorations have both aesthetics and high durability. Leucite-reinforced glass ceramic (LRC) 

and lithium-disilicate glass ceramic (LDC) are preferred in prosthetic treatments due to their 

superior aesthetic properties. However, due to its fragility, studies are continuing to develop the 

mechanical and physical features. One of the substance used to increase the mechanical 

properties of all ceramics is zirconia. With the development of zirconia-reinforced lithium 

silicate (ZLC) material, due to the zirconia in its content, crack propagation in the matrix has 
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been stopped and its durability has increased (1,2,3). Thus, it is possible to produce aesthetic 

restorations with higher fracture strength.  

Long-term clinical success of all ceramic restorations is not only dependent on new materials, 

but also closely related to the bond strength between materials and dental tissues (4,5). 

Therefore, adhesive cementation should be applied in the cementation of all ceramics. The long-

term success for tooth-cement-ceramic material complex, it is necessary to perform the bonding 

stages of each surface precisely. It is proved that the system provides the longest and most 

reliable bonding between the tooth and the resin cement is the “total-etch system” (6). Various 

studies have been carried out to roughening the ceramic surface with mechanical and chemical 

processes in order to provide micromechanical bonding between the ceramic surface and the 

resin cement (7,8). The most accepted method for roughening the ceramic surface is the 

applying hydrofluoric acid and silane (9-12). In glass ceramics reinforced with zirconia, 

micromechanical retention is achieved by dissolving the glass matrix with applying the 

hydroflouric acid (HF) to the surface. However, it is thought that the distribution of zirconia 

particles in the ZLC ceramic blocks etched with HF acid may affect the bond strength (13). 

Therefore, in this study, the bond strength between ZLC, LDC and LRC ceramics was also 

compared as a secondary objective. 

Chemical bonding between ceramic surface and resin cement is provided by covalent and 

hydrogen bonds formed by the application of silane to the roughened ceramic surface. The 

wettability of the ceramic surface is increased. Silane is a substance that is very sensitive to 

moisture contamination, has rapid solvent evaporation and a very short shelf-life. Generally, 

attention is paid to the storage conditions of the material in the clinics, but in some cases, 

materials that have passed their shelf life for a short time are used. Various studies have been 

conducted on how a material affects its mechanical and chemical properties related to shelf life, 

but there is not enough data on how shelf life affects bond strength. Silane and composite resin 

cement are evaluated as a whole, so in this study, in the same conditions expired silane and 

composite resin cement were used together. 

The first purpose of this study was to investigate the microshear bond strength of reinforced 

glass ceramics and resin cements with different shelf-lives. Secondary, comparison of bond 

strength between three different glass ceramics and resin cement. The first null hypothesis was 

that adhesive systems with different shelf-lives would not affect the bonding capability of ZLC, 

LRC, LDC glass ceramics. The second null hypothesis was there is no difference on the bond 

strength between ZLC, LRC, LDC ceramics and resin cement. 

 

 

 

2. MATERİALS AND METHODS 

Three computer-aided design and computer-aided manufacturing (CAD-CAM) dental ceramic 

blocks including, leucite-reinforced glass ceramic (LRC), lithium silicate glass ceramic 

reinforced with zirconia (ZLC) and lithium-disilicate glass ceramic (LDC) were used. The 

ceramic blocks were cut with a diamond saw (Isomet diamond saw 1000, Buehler, USA) with 

the thickness of 1 mm. and then crystallized in a ceramic furnace. The ceramic samples placed 

in the acrylic mold were cleaned in an ultrasonic bath for 2 minutes. Three different ceramic 

groups were prepared with 6 samples in each group (Group ZLC, Group LDC, Group LRC). 

Each group was divided into three subgroups.  

In the all ceramic groups, 10% hydrofluoric acid (Ultradent, Germany) was applied to the 

ceramic surfaces for 20 seconds. surfaces were thoroughly washed with air/water spray and 

then dried. Silane (Monobond N, Ivoclar Vivadent) was applied to ceramic surfaces for 60 

seconds.. The composite rods with 1mm. diameter and 5 mm. height were prepared. The 

composite rods and ceramic samples were bonded with resin cement (Multilink N, Ivoclar AG) 
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with three different shelf lives (Group 1: Not-past shelf-life, Group 2: Shelf-life past 6 months, 

Group 3: Shelf-life past 12 months). 

The samples were placed in the universal testing device for microshear bond strength test 

(Shimadzu AG-XD 50kN, Shimadzu Corporation, Japan). A thin wire with 0.2 mm thickness 

was placed around the composite rod. Before applying force, for each samples it was ensured 

that the wire is adjacent to the joint surface and aligned with the center of load. Shear force was 

applied at 0.5 mm/min until debonding occurs. A total of 144 samples were tested. The force 

required for debonding was recorded in Newton (N) and these results were converted to 

megapascals (MPa). Statistical analysis was performed using SPSS for Windows 24.0 program 

and p<0.05 was considered statistically significant. First, the data were analyzed for 

homogeneity (Levene’s test) and normality (Kolmogorov-Smirnov test). Due to non-parametric 

distribution of the data, Mann Whitney U test was used to compare the microshear bond 

strength. 

 

3. RESULTS 

Table 1 shows the standart deviation and average degree of shear bond strength results for 

the zirconia-reinforced lithium silicate (ZLC), lithium disilicate (LDC), and leucite reinforced 

ceramic (LRC) specimens between the resin cement. Mann Whitney U test was performed to 

compare the bonding ability of resin cements with different shelf lives.  

Table 1. 

 

Group 1 Group 2 Group 3 

Mean Mpa 
Standart 

Deviation 
Mean Mpa 

Standart 

Deviation 
Mean Mpa 

Standart 

Deviation 

LRC 20.0588 6.7484 17.4282 7.6651 15.1651 6.4032 

LDC 17.7570 5.4185 19.9273 9.8071 12.6272 5.4609 

ZLC 20.4534 6.6879 14.7317 5.4474 14.6525 6.8505 

LRC: Leucite Reinforced Ceramic, LDC: Lithium-Disilicate Ceramic, ZLC: Zirconia-

Reinforced Lithium Silicate Ceramic. 

 

The p values of the bond strength of resin cements with different shelf lives, and different 

materials are given in table 2. According to the statistical analysis, while a significant difference 

was found between LRC and LDC groups with the resin cement which shelf-life past 12 months 

(p=0.047), there was no significant difference was found between LRC and ZLC groups 

(p=0.515), LDC and ZLC groups (p=0.210) with the resin cement which shelf-life past 12 

months. Also, a significant difference was found between resin cement which are not past shelf-

life, and which shelf-life past 12 months in LDC, LRC, ZLC groups (p=0.007). In terms of 

bond strength, there was no statistical difference between LDC, LRC, ZLC ceramics in group 

1. 

When the shear bond strength values of the resin cement in group 2 were examined, there 

was no statistical difference between the LRC group and LDC group (p=0.539), between the 

LRC group and ZLC group (p=0.445), and between the LDC group and ZLC group (p=0.184). 
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Table 2. 

P Value* 

Table 2 Shelf Lives 

LRC LDC ZLC 

Group.1 Group.2 Group.3 Group.1 Group.2 Group.3     

Group

.1 

Group.2 Group.3 

LRC 

Group.1 - 0.270 0.007* 0.305 - - 0.985 - - 

Group.2 0.270 - - - 0.539 - - 0.445 - 

Group.3 
0.007* - - - - 0.047* - - 0.515 

LDC 

Group.1 0.305 - - - 0.669 0.007* 0.196 - - 

Group.2 - 0.539 - 0.669 - - - 0.184 - 

Group.3 - - 0.047* 0.007* - - - - 0.210 

ZLC 

Group.1 0.985 - - 0.196 - - - 0.290 0.007* 

Group.2 - 0.445 - - 0.184 - 0.290 - - 

Group.3 - - 0.515 - - 0.210 0.007* - - 

p < 0.05, LRC: Leucite-Reinforced Ceramic, LDC: Lithium-Disilicate Ceramic, ZLC: 

Lithium silicate reinforced with zirconia 

 

The failures in the samples were examined under the light microscope after the shear bond 

strength test. When the surfaces were examined, the fractures in which the composite resin was 

completely separated from the ceramic surface with the cement, no cement residue was 

observed on the surfaces and the ceramic surface was smooth, were considered as “adhesive 

failure”, and this type of failure was most common in the "ZLC ceramic group bonded with 

cement with shelf-life past 12 months". The bonding surface is completely covered with 

cement; Failures of the bonds within the composite resin were considered as “cohesive 

failures”. This type of failure was most common in the “LDC ceramic group bonded with not 

past shelf-life cement”. While cement residues were observed on the ceramic surface, fractures 

with exposed ceramic surfaces in places were considered as “mixed failure”. The most mixed 

failures were seen in the “LDC and LRC groups bonded with not past shelf-life cement”. 

 

4. DISCUSSION 

 

Adhesive cementation is applied in the cementation of all-ceramic systems. Before 

cementation, mechanical and chemical procedures must be applied on the inner surface of the 

restoration (14,15). In the present study, only chemical bonding processes (HF acid and silane) 

were applied to the ceramic surface. As a result of roughening glass ceramics with hydrofluoric 

acid; surface roughness increases and micro-mechanical connection is provided. In glass 

ceramics reinforced with zirconia, surface roughness can be provided due to the glass matrix it 

contains. The other chemical bonding method is silane application. The chemical bonding 

between resin cement and glass ceramics is provided by silane bonding agents. Silanes are 

bifunctional agents containing organic and inorganic groups. Inorganic groups are attached to 

the ceramic surface by condensation reaction, and organic groups containing methacrylate are 

attached to the resin cement (16). Silanes also increase the wettability of the surface, 

contributing to its micromechanical retention (17). However, the situation is different in the 

adhesive cementation of zirconia. It has been shown in many studies that the use of silane and 

resin cement containing phosphate monomer (MDP) positively affects the bond strength of 
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zirconia (18-21). Therefore, in this study, it was aimed to compare the bond strength of glass 

ceramics reinforced with zirconia and glass ceramics without zirconia. According to the results 

obtained, the bond strength of zirconia-reinforced glass ceramics with the application of 

hydrofluoric acid, silane and cement without MDP did not differ from other glass ceramic 

groups. This result is thought to be due to the glass matrix content of the ZLC material. Similar 

to the results of present study, Peumans et al. (22) showed that HF acid and silane application 

were effective in zirconia reinforced lithium disilicate blocks. 

One of the factors affecting the clinical success of adhesive systems is storage conditions and 

shelf life. There are many studies examining the changes in the chemical structure of expired 

composite resins (23-25). In these studies, mechanical and chemical properties such as 

microhardness, water sorption, nanoleakage were investigated. There is not enough data on how 

the use of expired composite resin affects the bond strength. In this study, resin cement which 

shelf-life past 6 months did not affect the bond strength, while the bond strength decreased in 

resin cements which shelf-life past 12 months. In a study with application of universal adhesive, 

it was reported that the adhesive with a 3 month expiration date adversely affected the bond 

strength (26). The difference with the data obtained from the study may be different due to the 

material used in the study. Dimethacrylates, which are included in the structure of dentin 

adhesives, are an important factor in terms of bond strength. Dimethacrylates are not water 

resistant, over time they hydrolyze into methacrylic acid and cross-diols in the bottle. Studies 

have determined that this disintegration reduces the bond strength by disrupting the structure 

of the adhesive over time (27). Therefore, dentin adhesives should be consumed quickly. The 

situation is different for resin-based materials. Shelf life is extended when stored in appropriate 

conditions.  

Generally, resin-based materials have a shelf life of 18-24 months when stored in a cool place, 

but it has been reported that the shelf life of materials stored at room temperature is shortened 

(28). In the present study, the use of resin cements with an expiration date of 12 months, the 

bond strength decreased, which may be related to the storage of the composite resin at room 

temperature. 

In the present research, only bonding performance of expired shelf-life composite resins was 

deter- mined, biological and cytotoxic properties of these materials were not tested. 

Cytotoxicity of these materials is more important than bond strength or chemical properties. 

Therefore, more in vitro and in vivo studies on this subject are needed. 

 

CONCLUSION 

Within the limitations of this research, the following can be concluded: 

Shelf-life past 12 months negatively affect the bond strength of composite resin cement and 

ceramic materials. 

Shelf-life past 6 months did not affect the bond strength of composite resin cement and ceramic 

materials. 

The bond strength of zirconia reinforced glass ceramic blocks showed similar bond strength 

with LDC and LRC ceramics as a result of the application of HF acid, silane and not past shelf-

life composite resin cement. 

 

 

REFERENCES 

 

1. Awad D, Stawarczyk B, Liebermann A, Ilie N. Translucency of esthetic dental 

restorative CAD/CAM materials and composite resins with respect to thickness and 

surface roughness. J Prosthet Dent 2015; 113:534-40. 



 

Year 7 (2023)   Vol:2                                               Issued in JUNE, 2023                                                                 www.ejons.co.uk 

 

EJONS International Journal on Mathematic, Engineering and Natural Sciences  ISSN 2602 - 4136 

144 

2. Elsaka SE, Elnaghy AM. Mechanical properties of zirconia reinforced lithium silicate 

glass-ceramic. Dent Mater 2016; 32:908- 14. 

3. Gracis S, Thompson VP, Ferencz JL, Silva NR, Bonfante EA. A new classification 

system for all-ceramic and ceramic-like restorative materials. Int J Prosthodont 2015; 

28:227-35. 

4. Vargas MA, Bergeron C, Diaz-Arnold A. Cementing all- ceramic restorations: 

recommendations for success. J Am Dent Assoc. 2011; 142: 20-4. 

5. Lima RBW, Barreto SC, Alfrisany NM, Porto TS, De Souza GM, De Goes MF. Effect 

of silane and MDP-based primers on physico-chemical properties of zirconia and its 

bond strength to resin cement. Dent Mater 2019; 35: 1557-67.  

6. De Munck J, Van Landuyt K, Peumans M, et al. A critical review of the durability of 

adhesion to tooth tissue: methods and results. J Dent Res. 2005;84(2):118-132.  

7. T. Tian, J.K.-H.Tsoi, J.P.Matinlinna, M.F.Burrow,“Aspects of bonding between resin 

luting cements and glass ceramic materials,” Dental Materials, vol. 30, no. 7, pp. e147–

e162, 2014. 

8. G. B. Guarda, A. B. Correr, L. S. Gonc ̧alves et al., “Effects of surface treatments, 

thermocycling, and cyclic loading on the bond strength of a resin cement bonded to a 

lithium disilicate glass ceramic,” Operative Dentistry, vol. 38, no. 2, pp. 208–217, 2013.  

9. A. Della Bona, K. J. Anusavice, and J. A. A. Hood, “Effect of ceramic surface treatment 

on tensile bond strength to a resin cement,” International Journal of Prosthodontics, vol. 

15, no. 3, pp. 248–253, 2002. 

10. R. C. R. Colares, J. R. Neri, A. M. B. de Souza, K. M. D. F. Pontes, J. S. Mendonc ̧a, 

and S. L. Santiago, “Effect of surface pretreatments on the microtensile bond strength 

of lithium- disilicate ceramic repaired with composite resin,” Brazilian Dental Journal, 

vol. 24, no. 4, pp. 349–352, 2013. 

11. G. M. Iorizzo, F. Prete, B. Mazzanti, G. Timellini, R. Scotti, and P. Baldissara, “Effects 

of hydrofluoric acid etching on lithium disilicate,” Dental Materials, vol. 30, p. e24, 

2014. 

12. P. Kursoglu, P. F. K. Motro, and H. Yurdaguven, “Shear bond strength of resin cement 

to an acid etched and a laser irradiated ceramic surface,” The Journal of Advanced 

Prosthodontics, vol. 5, no. 2, pp. 98–103, 2013.  

13. Yiqiao Wang, Ruizong Hui, Li Gao, Yuanyuan Ma, Xiangnan Wu, Yukun Meng, 

Zhichao Hao, Effect of surface treatments on bond durability of zirconia-reinforced 

lithium silicate ceramics: An in vitro study,The Journal of Prosthetic Dentistry,Volume 

128, Issue 6,2022, Pages 1350.e1-1350.e10.  

14. Conrad HJ, Seong WJ, Pesun IJ. Current ceramic materials and systems with clinical 

recommendations: a systematic review. J Prosthet Dent 2007;98: 389-404. 

15. Yoshida K, Tsuo Y, Atsuta M. Bonding of dual-cured resin cement to zirconia ceramic 

using phosphate acid ester monomer and zirconate coupler. J Biomed Mater Res B Appl 

Biomater 2006; 77:28-33.  

16. Awad MM, Alhalabi F, Alshehri A, Salem MA, Robaian A, Alghannam S, Alayad AS, 

Almutairi B, Alrahlah A. Silane-Containing Universal Adhesives Influence Resin-

Ceramic Microtensile Bond Strength. Coatings. 2023; 13(2):477  

17. Thompson J, Stoner B, Piascik J, Smith R. Adhesion/ce- mentation to zirconia and other 

non-silicate ceramics: Where are we now Dent Mater 2011;27: 71–82.  

18. Bielen V, Inokoshi M, Munck JD, Zhang F, Vanmeensel K, Minakuchi S, Vleugels J, 

Naert I, Van Meerbeek B. Bonding Effectiveness to Differently Sandblasted Dental 

Zirconia. J Adhes Dent 2015; 17:235-42. 



 

Year 7 (2023)   Vol:2                                               Issued in JUNE, 2023                                                                 www.ejons.co.uk 

 

EJONS International Journal on Mathematic, Engineering and Natural Sciences  ISSN 2602 - 4136 

145 

19. Altan B, Cinar S, Tuncelli B. Evaluation of shear bond strength of zirconia-based 

monolithic CAD-CAM materials to resin cement after different surface treatments. 

Niger J Clin Pract 2019; 22:1475-1482. 

20. Tanaka R, Fujishima A, Shibata Y, Manabe A, Miyazaki T. Cooperation of phosphate 

monomer and silica modification on zirconia. J Dent Res 2008; 87:666–670. 

21. Senyilmaz DP, Palin WM, Shortall ACC, Burke FJT. The effect of surface preparation 

and luting agent on bond strength to a zirconium-based ceramic. Oper Dent 2007; 

32:623–630.  

22. Peumans M, Valjakova EB, De Munck J, Mishevska CB, Van Meerbeek B. Bonding 

Effectiveness of Luting Com- posites to Different CAD/CAM Materials. J Adhes Dent 

2016; 18(4):289-302.  

23. Sabbagh J, Nabbout F, Jabbour E, Leloup G. The effect of expiration date on mechanical 

properties of resin composites. J Int Soc Prevent Communit Dent 2018;8:99-103.  

24. Aziz, Ahmed. Evaluatıon of mechanıcal propertıes of expıred and non-expıred resın 

composıte. A comparatıve study. Egyptian Dental Journal. 2019; 65. 619-628. 

10.21608/edj.2019.72820  

25. Eliguzeloglu Dalkilic E, Donmez N, Kazak M, et al. Microhardness and water solubility 

of expired and non-expired shelf-life composites. Int J Artif Organs. 2019 Jan;42(1):25-

30. doi: 10.1177/0391398818790626. Epub 2018 Jul 30. PMID: 30058467.  

26. Mazzitelli C, Maravic T, Sebold M, et al. Effect of shelf-life of a universal adhesive to 

dentin,International Journal of Adhesion and Adhesives, 2020;102, 102673,  

27. Moszner N, Salz U, Zimmermann J. Chemical aspects of self-etching enamel-dentin 

adhesives: A systematic review. Dent Mater 2005; 21: 895-910.  

28. Fallo GJ, Wakefield CW, Czerw RJ. Effects of uncontrolled outdoor storage on the 

polymerization, manipulation, and appearance of visible light‐cured composite resin 

and resin‐modified glass ionomer materials. Mil Med 1996;161:290‐3.  

29. Van Meerbeek, B., Peumans, M., Poitevin, A., Mine, A., Van Ende, A., Neves, A. ve 

diğerleri. (2010) Relationship between bond-strength tests and clinical outcomes. 

Dental Materials, 26 (2), e100-e121.  

30. Braga, R.R., Meira, J.B., Boaro, L.C.,Xavier, T.A. (2010) Adhesion to tooth structure: 

a critical review of “macro” test methods. Dental Materials, 26 (2), e38-e49. 

31. Cardoso, P.E., Braga, R.R.,Carrilho, M.R. (1998) Evaluation of micro-tensile, shear and 

tensile tests determining the bond strength of three adhesive systems. Dental Materials, 

14 (6), 394-398. 

 

 


