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Abstract 
 

Aim of the study: To evaluate the effect of zirconia different surface 

treatments(primer, sandblast with 50μmAlR2ROR3R, Er,Cr:YSGG laser) on shear 

bond strength between zirconia surface and resin cement. 

Material and methods: Sixty presintered Y-TZP zirconia cylinder specimens 

(IPS e.max ZirCAD, Ivoclar vivadent) will be fabricated and sintered in high 

temperature furnace of(1500 C for 8 hours) according to manufacturer’s 

instructions to the selected size and shape of (5mm. in diameter and 6mm in 

height). All specimens were ground flat using 600.800.1000.1200 , aluminum 

oxide abrasive paper to obtain a standardized surface roughness. Surface 

roughness values were then recorded in µm using surface roughness tester 

(profilometer) to obtain a standardized data base line for all samples. The 

specimens were then randomly divided into three main groups (n=20); group A: 

no surface treatment(control group),group B: specimens in this group treated 

with 50μm AlR2ROR3 Rand group C: specimens in this group treated with 

Er,Cr:YSGG laser. 

Sixty sound human premolars were used in this study , after construction 

of acrylic blocks ,the occlusal surface of the teeth were ground flat, with 

diamond cutting disk to obtain a flat dentine surface . 

Prior to cementation of zirconia cylinders to tooth specimens subgroups 

(A1,B1,C1) will receive a coat of metal/zirconia primer and left to react for 

three minutes. while the subgroups (A2,B2,C2) were left undisturbed. 

Bonding surface of zirconia cylinder was then luted with SpeedCEM self 

adhesive resin cement under a static load of 2Kg. placed on the vertical arm of 

the surveyor and allowed to auto cure for 4minutes.The final cemented 

specimens were then stored in distilled water at room temperature for 24hours. 
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All specimens were subjected to shear loading force in a universal testing 

machine at crosshead speed of 1mm/min. The shear bond strength values were 

analyzed statistically with one-way ANOVA; the fractured surfaces of zirconia 

cylinders were examined with a stereo-microscope to observe the failure mode. 

Results: The airborne-particle 50μm followed by primer application showed 

significantly the higher bond strength than other groups.  

Conclusion : within the limitation of this study, the results showed that 

sandblasting the bonding surface of zirconium cylinders with  50μmAlR2ROR3 R 

produced the highest values of shear bond strength , also the use of primer 

enhanced shear bond strength as well. 

 

 

 

 


	Title
	اية
	Dedication
	acknowledgement
	abstract
	List of Contents
	List of Tables
	List of Figures
	Milling and cutting the zirconium parallel sided blank

	list of abbreviation
	Fasel
	Introduction
	aim of this study
	Literature reveiw
	1.1 Zirconium biomaterial
	Zirconium (Zr) is a chemical element and its name originates from the Persian “Zar-Gun” meaning golden in color. Zr belongs to the transitional metals and its atomic number is 40 and its atomic mass is 91.224g mol-1. The melting temperature of Zr is 1...
	1.1.1 Properties of zirconia:
	1.1.1.1 Mechanical characteristics:
	1.1.1.1.1 Flexural strength:
	Flexural strength is an important mechanical property that aids in predicting the performance of fragile materials. It can be defined as the final force required to cause fracture and is strongly affected by the size of flaws and defects on the surfac...
	The hypothesis that surface defects and microcracks in ceramic Y-TZP zirconia are made internally on the surface machined by CAD-CAM technique was confirmed by (Luthardt et al. 2004). Milling may introduce residual surface compressive stresses that ca...
	1.1.1.1.2 Fracture toughness
	Fracture toughness is defined as the level of critical stress at which a particular defect starts to grow. This property indicates the material's ability to resist rapid crack propagation and catastrophic fracture. (Scherrer et al., 1998). It also mea...
	1.1.1.1.3 Subcritical crack growth
	The subcritical crack growth (SCG), which consists of a slow propagation of failures, is one of the major causes of damage to ceramics and usually occurs as a function of time. SCG under constant load is due to the corrosive action in the region under...
	1.1.1.1.4 Transformation Toughening
	The most popular of the polycrystalline ceramic materials in dentistry is currently ZrO2. It is a white crystalline oxide of Zr. ZrO2 has a melting temperature of 2715 C and a boiling temperature of 4300 C. It is produced though a series of steps that...
	Figure (1-1): Molecular configuration of ZrO2:
	Tetragonal crystal structure (top), Monoclinic crystal structure (bottom).
	(Source: Dambreville A, Phillipe M, Ray A. 1999.
	“Zirconia ceramics or by night, all cats are grey.” Maîtrise Orthop 78:1-11.)
	It is this transformation of ZrO2 from the monoclinic to the tetragonal phase that differentiates it from other ceramic materials. The addition of oxides such as CaO, MgO, CeO2, Y2O3 to pure ZrO2 can create partially stabilized zirconia (PSZ) which is...
	It is also possible to create PSZ at room temperature consisting of primarily the tetragonal phase (Tetragonal Zirconia Polycrystalline-TZP) by the addition of 2-3% mol yttrium oxide (Y2O3) (Piconi and Maccauro, 1999). (Fig. 1-2)
	The ability to retain the tetragonal phase at room temperature provides very favorable mechanical properties. Under stress, i.e., at the tip of a crack, the 3Y-TZP undergoes a phase transformation from tetragonal to monoclinic phase. This phase transf...
	Figure (1-3): Closing of microcracks because of the crystal volume
	Increase caused by the phase change.
	Sintering is an important step in processing zirconia; the zirconia is raised to a high temperature (about 1500ºC) having the furnace raising temperature in a steady rate. The process results in pores being reduced between particles (Fig. 1-4), increa...
	Figure (1-4): Microscopic image of pre-sintered zirconia (left) and after sintering (right). (Source: VITA In-ceram YZ manual).
	1.1.1.1.5 Martensitic transformation
	The characteristic of phase transformations that zirconia suffers is of the martensite type. This phenomenon was named by Osmond, who described the microstructure of a hardened steel and introduced the term ‘martensite’ (Kelly & Francis Rose, 2002). I...
	The intensity of the martensitic transformation is influenced by several parameters, such as size, shape and location of the particles of ZrO2 (inter or intragranular), amount of oxide stabilizers, and difference in coefficient of thermal expansion, a...
	1.1.1.1.6 Aging
	Aging or zirconia degradation at low temperature (LTD) is a progressive and spontaneous phenomenon that is exacerbated in the presence of water, steam or fluids (Fig.1-5) (Chevalier, 2004). The consequences of the material aging process are many, incl...
	Figure (1-5): Diagram of the aging process in cross section. Source: Chevalier, 2004
	Aging occurs through a slow surface transformation to the monoclinic stable phase. This transformation begins in individual particles on the surface through a mechanism of stress corrosion. The transformation occurs through nucleation and growth proce...
	Figure (1-6): Nucleation in a specific grain surface, leading to the formation of microcracks and stress on neighboring grains. Source: Chevalier, 2004
	The attempt to minimize the degradation at low temperature (LTD) of 3Y-TZP includes reducing the particle size, increasing the content of a stabilizing oxide, or even the formation of composites with aluminum oxide (Al2O3). The addition of alumina par...
	Figure (1-7): Growth of the transformed zone, leading to the extensive formation of microcracks and surface roughening. The processed grains appear in gray. The paths in red represent the penetration of water due to the formation of microcracks around...
	1.1.1.2 Biological characteristics
	1.1.1.2.1. Biocompatibily and bioinercia
	In vitro and in vivo studies have confirmed a high biocompatibility of zirconia, especially when it is completely purified of its radioactive contents. (Gahlert et al., 2007; Andreiolli et al., 2009). Generally, ceramics are inert materials, which hav...
	Depending on the smoothness, the ceramics prevent the buildup of plaque, creating a favorable surface for the gingival tissues. Zirconia based ceramics are chemically inert materials, allowing good cell adhesion, while no adverse systemic reactions ha...
	1.1.1.2.2 Degree of toxicity
	In vitro tests have shown that zirconia has a lower toxicity than titanium oxide and similar to alumina. Cytotoxicity, carcinogenicity, mutagenic or chromosomal alterations in fibroblasts or blood cells has not been observed. (Vagkopoulou et al., 2009).
	1.1.1.2.3 Radioactivity
	Zirconia is often accompanied by radioactive elements of long half-life, such as thorium (Th) and uranium (U). The separation of these elements is difficult and costly. Two types of radiation are correlated with zirconia, alpha and gamma. Significant ...

	Materials and methods lwppm
	Materials and Methods
	2.1 List of materials and Equipment
	2.2 Methods
	2.2.1 Fabrication of zirconia samples:
	Figure (2-1): IPSe. max zirconium blank.
	Figure (2-3): Milling and cutting the zirconium parallel sided  blank.
	Figure (2-4): Cylindrical zirconia blank.
	Figure (2-6): Infire HTC speed sintering furnace.
	Figure (2-7): Final shape and size of the zirconia cylinders.
	2.2.2 Specimens grouping
	Figure (2-11): Sample grouping of the specimens
	2.2.3  Treatment of the bonding surface of the zirconia cylinder:
	2.2.3.1 Preparation of zirconia samples before surface treatment :
	Prior to surface treatment the specimens were cleaned  with  70％ ethanol  by  wiping  their  surfaces  with  cotton  and  subsequently  cleaning  them  for  ﬁve  minutes  in  an ultrasonic bath with ethanol (Fischer et al., 2008).
	Figure (2-12): Zirconia specimens in 70% ethanol.
	Figure (2-13): Stereomicroscopic appearance of zirconia cylinder in group A.
	Figure (2-15): Er,Cr: YSGG, laser irradiating Zirconia bonding surface.
	Figure (2-16): Stereomicroscopic appearance of zirconia cylinder in group B.
	Figure (2-18): Stereomicroscopic appearance of zirconia cylinder in group C.
	2.2.4 Preparation of teeth samples:
	2.2.4.1 Teeth selection:
	2.2.4.2 Construction of acrylic blocks:
	Figure (2-19): Tooth sample in acrylic block (A) Lateral view (B) Occlusal view
	2.2.5 Preparation of teeth
	Figure (2-20): Tooth preparation with diamond disc.
	Figure (2-21): Prepared tooth sample.
	2.2.6 Bonding of zirconia cylinder to tooth surface
	Figure (2-22): Metal zirconia primer
	Figure (2-23): Speed CEM resin cement.
	Figure (2-24): Vertical load of 2Kg was applied during cementation.
	Figure (2-25): Specimen after cementation
	2.2.7 Shear bond strength test
	(A)                                                       (B)
	2.3 Light Microscope Examination
	2.4 Statistical Analysis:

	Results
	Figure (3-4): Cohesive failure.

	Discussion
	Metal/zirconia primer have been used in this study as many researchers recommend using this type of primer prior to cementation of zirconia crown, because it has a chemical affinity for metal oxides, thus, it enhances bonding of zirconia crown to resi...
	The mechanism most likely involved in enhancement of zirconia bonding to tooth surface in the present study can be identified in the improvement in zirconia surface wetting ability following primer coating.
	4.2 Discussion of results
	4.2.1 Effect of primer
	Furthermore, the surface wetting theory recognizes a key role to the wetting capacity of the primer for improved adhesion. According to this theory the viscosity of the metal/zirconia primer would assist zirconia surface wetting, thus promoting physic...
	This was clearly shown in this study when there was increased bonding strength of zirconia surface to dentine surface when using SpeedCEM self-adhesive luting resin cement containing a functional phosphate monomer with metal/zirconia primer that conta...
	4.3 The effect Er,Cr:YSGG  laser treatment
	4.4. Effect of sandblast treatment
	4.5. Effect of primer with other surface treatments
	The result of this study has showed that using sandblast with primer give us the highest mean of shear bond strength when comparing it with other subgroups, this could be explained by the fact that using multifunctional methods ,which mix the ability ...
	The result is an agreement with (Yang et al., 2010), whom stated that the combination of primers and air-abrasion methods tend to produce better bond strength, especially in long term durations.
	4.6 Mode of failure
	Studying the results of examining  of  bonding surface of zirconia, by using stereomicroscope at 40X magnification ,table(3-7) highly support the result of this study .Studying table(3-7)shows that mode of failures when using sandblasting treatment wa...

	conclusion and suggetion
	References
	 Anderson M, oden A. A new all ceramic crown: a dense sintered, high purity alumina coping with porcelain. Acta Odontol Scand 1993; 51: 59-64.
	 Anderson M. Carlsson L, Persson M, Bergmann B. Accuracy of machine milling and spark-erosion with a CAD/CAM system. J. Prosthet Dent 1996; 76:187-93.
	 Ariko K. Evaluation of the marginal fitness of tetragonal zirconia polycrystal all ceramic restorations. Kokubyo Gakkai Zasshi 2003;70:114-123 .
	 Ayad, MF.; Fahmy, NZ. & Rosenstiel, SF.  Effect of surface treatment on roughness and bond strength of a heat-pressed ceramic. Journal of Prosthetic Dentistry, 2008; 99: 123–130
	 Black, S.; Amoore, J. N. Measurement of forces applied during the clinical cementation of dental crowns. Physiol. Meas. 1993, 14, 387-392.
	 Ellingsen LA, Fasbinder DJ. An in vitro evaluation CAD/CAM ceramic crowns. J. Dent Res 2002; 81:331
	 Freedman M, Quinn F, Sullivan M. Single unit CAD/DAM restorations: a literature review. J Irish Dent Assoc 2007; 53:38-45.
	 Hertlein G. Kramer M, Sprengart T, et al. Millingtime Vs marginal fit of CAD/CAM manufactured zirconia restorations. J. Dent Res 2003; 82:194.
	 Hibst R,  Keller U.  Experimental Studies of  the Application of  the Er:YAG  laser on Dental Hard Substances:  I Measurement of  the Ablation Rate. Lasers Surg Med 1989; 9: 338-344.
	 Jhonson J.(1990)Laser Physics and its Relevance to Applications in Medicine Volume 103, 1990, pp 21-30
	 Liu PR. A panorama of dental CAD/CAM restorative systems. Compend Contin Educ Dent 2005: 26(7); 507-512.
	 1TParker S.  Introduction,  history of lasers  and  laser  light production. Br Dent J 2007; 1: 21-31.
	 Re D., Augusti D., Sailer I., Spreaico D., and Cerutti A., the efect of surface treatment on the adhesion of resin cements to Y-TZP, he European Journal of Esthetic Dentistry, 2010; 3(2): 186–196.
	 Tinschert J, Natt G, Mautsch W. et. al. Marginal fit of alumina and zirconia based fixed partial dentures produced by a CAD/DAM system. Oper Dent 2001; 26:367-374.
	 Vander Zel J, Vlaar S, Ruiter W, Davidsonc. TheCICERO system for CAD/CAM fabrication of full ceramic crown. J Prosthet Dent 2001; 85:261-67.

	appendix
	الخلاصه
	العنوان العربي

