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Abstract

:

It has been observed in recent years that zirconia (Zr) is being increasingly used for a wide range of clinical applications. There are several reasons for this, but the most significant one is its excellent mechanical properties, specifically its transformation toughening properties compared to other dental ceramics and its improved natural appearance when compared to ceramometal restorations. As a result of the advancement of chairside milling and developments in rapid-sintering technology, the fabrication of dental restorations has become more computerized, time-saving, and accurate over the past few decades. However, a main disadvantage of conventional Zr restorations is that they lack the translucency of glass–ceramics, although they are extremely strong. Recently, by increasing the yttrium %, changing the grain size, and reducing the impurities, the ultra-translucent monolithic zirconia “5-mol%-yttria-stabilized tetragonal zirconia polycrystals” has been introduced, with successful attempts to make translucent Zr an aesthetically attractive option for minimally invasive veneer restorations. It is important to note that veneer restorations do not possess the mechanical retentive features of the tooth preparations and rely primarily on bonding to resin cement. This presents a great challenge for the inert Zr since it does not bond chemically with resin cement, unlike glass–ceramic materials that establish chemical adhesion with resin cement, favoring their use for indirect veneer restorations. Taking this into account, this article aims to review the progressive development of ultra-translucent monolithic Zr materials as they are available today and, in the future, represents a concerted drive toward maximum translucency and strength, which renders them a viable treatment option for esthetic veneer restorations.






Keywords:


zirconia; dental ceramics; veneers; lithium disilicate; ceramics; monolithic zirconia












1. Introduction


More and more zirconia (Zr) is being created for various dental therapeutic uses. This is due to its superior natural appearance over ceramometal restorations and its superior mechanical qualities, which are connected to transformation toughening compared to other dental ceramics [1]. Furthermore, the creation of dental restorations is becoming more automated, accurate, and time-efficient because of the development of chairside milling and its connection to cutting-edge rapid-sintering technology [2].



The first Zr used in dentistry as “white metal” was “3-mol% yttria tetragonal Zr polycrystalline” (3Y-TZP), which was used in conventional restorations. They are used with ceramic veneering and as framework cores [3]. Conventional Zr restorations lack the translucency of glass–ceramics despite their considerable strength. Traditionally, powder-firing porcelain onto a zirconia core has been the method used to overcome this aesthetic shortcoming [4]. However, using this method exposes the restoration to chipping and delamination. To reduce this susceptibility, several strategies have been used, including separately milling the veneer and the framework before combining them with resin cement or fusion firing. However, covering the Zr core with ceramic veneer would result in a thicker restoration overall, which would require the removal of more tooth structure and consequently weaken the abutment tooth. Monolithic Zr was presented as a solution to these challenges in an effort to resolve them [5].



According to Zhang and Lawn, concentrated efforts were directed toward monolithic Zr restorations aiming to improve their aesthetic and durability requirements, simplify their production, and minimize the need for material thickness [6]. To improve Zr’s translucency and optical characteristics, the majority of these efforts concentrated on changing the crystal’s size and aligning the reflective indices of crystalline and matrix phases [7,8]. Additionally, increasing the yttrium content, adjusting the grain size, and lowering the contaminants were effective ways to achieve success. As a result, translucent Zr has been advertised as an attractive treatment modality for minimally invasive veneer restorations [9]. However, veneer restorations rely mostly on resin cement bonding because they lack the mechanical retentive characteristics of tooth preparation. Nevertheless, in contrast to silica-based glass ceramics, the composition and physical properties of high-strength ceramic materials, such as those based on zirconium oxide (ZrO2) and aluminum oxide (Al2O3), vary greatly, necessitating alternative bonding techniques to create an adhesive bond that is robust, long-lasting, and durable [7,8,9].



To give general dentists a thorough understanding of the material, this review attempts to integrate the literature on the developments in composition, physical properties, translucency, preparation designs, and bonding characteristics that render these materials a viable option for the use of esthetic veneer restoration.




2. Search Strategy


To address the focused questions, a literature search was carried out to identify suitable articles that have reported on the progressive development of ultra-translucent monolithic Zr as it is available today and in the future, representing a concerted drive toward maximum translucency and strength.



Well-known scientific databases like PubMed, Scopus, Elsevier, and Embase were searched to find pertinent English-language literature published between 2000 and 2023. The terms “Zirconia”, “Dental ceramics, “Veneers”, “Lithium disilicate”, “Ceramics”, “Monolithic Zirconia”, “Translucent Zirconia”, “Zirconia Crowns”, “All Ceramic Crowns”, “Esthetic Crowns”, “Bonding of Zirconia”, “Strength of Zirconia”, “Esthetic Veneers”, “Zirconia Wear”, “Zirconia Preparation”, and “Zirconia Restorations” were utilized in various combinations. The flow chart below schematically depicts the literature search and study selection procedure (Figure 1).




3. Development and Associated Physical Properties


Zr, as a dental restorative material, has undergone many advancements and modifications over time (Figure 2). Compared to other ceramic substances, the 3Y-TZP, which is the first generation of dental Zr, was more durable because it incorporated a small quantity of alumina (Al2O3) sintering benefit [8]. However, this form of Zr had limited translucency because of the non-cubic Zr phases, which led to light scattering from pores, grain boundaries, and other inclusions, resulting in high opacity and poor optical appearance [6,7,8,9,10,11,12,13,14]. Accordingly, it was mostly utilized as a supporting framework for fixed dental prostheses (FDPs) for posterior teeth due to its strong flexural strength and biocompatibility [8,9,10,11].



In 2013, an improved version of the 3Y-TZP materials was released (Figure 2). This was achieved via sintering at a higher temperature to eliminate porosity and by drastically reducing the amount of alumina addition [15]. There was also more light transmission since the alumina grains were positioned at the edges of the Zr grains [15]. Because of such modification, this generation of Zr has improved aesthetic qualities, but its application was restricted to the posterior area.



The next stage in the development of monolithic Zr required the inclusion of transparent phases in the final product to increase its translucency. Zr’s translucency was further improved by raising the yttria (Y2O3) content to 5 mol%-yttria-partially stabilized zirconia (5Y-PSZ) [16]. Cubic Zr is the vernacular name for this Zr, which is described as having a cubic-tetragonal microstructure [14,15,16]. Approximately 50% of the material is cubic. Light traveling through the restorations travels through fewer edges and porosities because cubic crystals are larger than tetragonal crystals. As a result, it appears more translucent. However, mechanical qualities like flexural strength and fracture toughness suffer when the cubic crystal concentration rises. Therefore, its use is limited to single tooth restorations in the anterior region and fixed partial denture prostheses (FPDs) with up to three units and one pontic between two crowns in the premolar region [6,12,13,14,15,16]. The prescription range for monolithic Zr restorations is being expanded by a range of improvements aimed at optimizing the material qualities. In 2017, modifications to the third generation of Zr were performed through a reduction in yttria concentration to 4 mol% (4Y-PSZ) to increase the mechanical qualities compared to 5Y-PSZ from the third generation [6,12,13,14,15,16].



Monolithic Zr restorations are constructed using “CAD/CAM technology” (Computer-aided design and computer-aided manufacturing). Utilizing a single monolithic zirconium oxide ceramic ingot or black, sintering and cutting are carried out via computer numerical control [17,18]. The manufactured crowns exhibit superior flexural strength and fracture toughness in contrast to ceramic crowns based on silica (Table 1). Monolithic Zr ceramic restorations have an advantage over other all-ceramic restorations because of their mechanical qualities, which allow them to withstand stronger chewing with a lower risk of chipping (Table 1) [19]. In addition, monolithic Zr crown restorations require less tooth structure trimming than all ceramic crown restorations, preserving more natural tooth structure [20]. While conventional Zr has an elastic modulus of 215 GPa and a flexural strength of >1100 GPa (Table 1), the strength of translucent Zr is determined to be only half that of conventional Zr, with variations occurring based on the manufacturer [9]. However, translucent Zr has been discovered to have better fracture resistance than lithium disilicate and other porcelain-veneered restorations, in addition to its flexural strength [9,21,22,23,24,25,26].



Translucent monolithic Zr undergoes slow aging, sometimes referred to as low-temperature deterioration (LTD) over time [27,28]. This begins at the surface of the material and gradually works its way down to change the substance’s overall characteristics. LTD will result in a 20–40% reduction in fracture load by making the surface area rougher, causing microcracks to form, and lowering the mechanical characteristics of the material. This will happen regardless of the surface treatment applied [29]. Several variables affect Zr’s capacity to tolerate LTD, including the amount of yttria, grain size, cubic phase content, the concentration of Al2O3 and SiO3, and the degree of residual stress. According to research, the level of Al2O3 should be kept at least 0.15 weight percent (with an acceptable range of 0.15–0.25 weight percent) to prevent the aging process [30]. Reducing the alumina content to increase translucency, however, runs the risk of increasing the material’s vulnerability to LTD. The literature reports that the monoclinic phase tends to rise following the LTD phase, potentially resulting in reduced fracture resistance in translucent Zr crowns [31,32,33].



Although raising the amount of Y2O3 to enhance the optical features has been associated with a drop in mechanical properties of translucent monolithic Zr, Elsayed et al. have demonstrated that the fracture strength of translucent monolithic Zr 5Y-PSZ with higher Y2O3 was still high when comparing it with 3Y-TZP and 4Y-PSZ molar crowns [34]. On the other hand, 8 mol% monolithic Zr specimens were discovered to be considerably more prone to strength loss following mechanical cycling, particularly when thermal cycling was added to mechanical cycling [35]. Moreover, following thermal cycling in water, unglazed monolithic crowns showed the least strength. In contrast to these results, Bergamo et al. also state that the combined effects of mechanical and thermal aging do not considerably reduce the fracture loads associated with the restoration of monolithic zirconia crowns [36].




4. Progress in Color Properties and Enhanced Translucency


To establish a natural appearance with desirable translucency, the composition and microstructure of zirconia have been modified. Like conventional Zr, translucent Zr also contains yttria. However, translucent Zr has a greater yttria content, ranging from 4% mol to 8% mol. As a result, at room temperature, PSZ has both tetragonal and cubic phases [37]. A portion of the tetragonal phase changes into a cubic phase as the yttria content rises, rendering the phase optically isotropic. Translucency is increased, and light scattering at the grain boundaries is decreased as a result [20,21]. The restoration’s flexural strength and toughness were impaired by this increase in translucency. Zhang et al. claim that this is because an increase in yttria content would prevent the cubic Zr from undergoing a stress-induced transformation, which would have caused the strength compromise [30].



In recent years, various manufacturers have developed Zr’s composition to become a polychromatic multilayer, with the ultimate goal being to reproduce the shade gradient seen in natural teeth, in which the incisal portion of the veneer represents the most translucent area, increasing in chroma and opacity as it moves down to the gingival portion of the veneer [38]. Initially, pre-shade layers of the same Zr composition were produced as polychromatic multilayer uniform Zr. It has been stated that only pigment composition varies among the different layers of this uniform multilayer zirconia material, resulting in different shades but showing similar translucency [38]. Thereafter, ultra-translucent Zr with different microstructures among the layers were introduced, in which TZP and PSZ layers with various compositions and properties were present, giving the polychromatic multilayer hybrid composition of Zr [39]. Depending on the Yttrium content and chemical composition, the layers appear as variable formulations; therefore, their physical properties in a material may be different [39]. Various manufacturers state that the developments in different grades of ultra-translucent Zr have rendered monolithic translucent Zr a viable treatment option for the restoration of anterior teeth through indirect veneer restorations [3,38].



The total translucency is also significantly influenced by scattering, material compositions, and microstructures [21,22,23]. Alumina plays a role in light-scattering within zirconia due to variations in refractive index, reducing the translucency of zirconia; therefore, in new translucent generations, alumina content has been reduced [23].



According to Lambert’s law, light is transmitted more when the thickness is generally decreased since there is less absorption [40]. Zr restorations that are only 0.5 mm thick may exhibit translucent to a degree comparable to lithium disilicate ceramics that are at least 1 mm thick and are considered to be extremely translucent [8]. The monolithic Zr ceramics exhibit distinct optical characteristics that vary depending on the brand [41]. An in vitro investigation was conducted to assess the shade of translucent zirconia laminate veneers with variable thicknesses over teeth of different hues. The color imaging spectrophotometer indicates that thinner veneer restorations typically display higher values, suggesting that thinner veneer restorations may produce better color matching [42].



High translucency has been associated with thinner translucent zirconia, specifically those measuring around 0.3 mm [43]. It is crucial to consider the ultimate appearance of restorations employing translucent Zr, which lets light pass through by evaluating the shade of the cement or composite–resin luting agent. For the greatest results, it is therefore advised to utilize try-in pastes to confirm the expected appearance and select a cement shade that complements the shade of the abutment tooth [44].



Several studies have documented the influence of some factors on the color and optical properties of translucent monolithic Zr [19,39]. However, little is known about how aging or low temperatures affect the translucency of a new generation of translucent Zr ceramics. In a study, Subasi et al. looked at the effect of material and thickness (0.5, 0.7, and 1.0 mm) on the color. During thermocycling in coffee solution, the color stability and relative translucency parameters (RTP) of monolithic Zr ceramics were evaluated [45]. In the groups with varying thicknesses, material and thickness interacted highly significantly, but there was also a statistically significant difference between them. Kim et al. reported that hydrothermal aging increased the translucency of monolithic Zr [46].




5. Veneer Preparation Design, Marginal Fit, and Adaptation


According to several manufacturers, the thickness of their translucent monolithic Zr dental restorative material can be as thin as 0.3 mm, falling between 0.3 and 0.7 mm. More retentive preparation designs and data about the thickness of translucent monolithic Zr are nevertheless needed and should be included in the literature [47,48]. A careful and accurate reduction of tooth tissue is necessary to get effective results with aesthetic veneers. Ensuring the lifespan and natural appearance of the veneers requires careful and suitable execution of this process. The location and function of the tooth will determine how best to prepare it for monolithic Zr restorations, but as a general rule of thumb, anterior teeth should have wall thicknesses of at least 0.3 mm and between 1.0 and 1.5 mm; incisal depth cut with a continuous circumferential chamfer at the gingival edge that is at least 0.3 mm to facilitate accurate milling of the pre-sintered Zr [49,50].



The veneer preparation design lacks retentive features, creating a great challenge for monolithic Zr veneer restorations. It is significant to remember that a variety of factors influence the retention of monolithic Zr restorations. Lepe et al. discovered in a study that Zr restorations can be adequately retained in a clinical context with a tooth preparation that has an optimum taper and axial length [51]. In another study employing a minimally invasive vertical preparation procedure, Zr and Zr reinforced lithium silicate restorations fabricated through CAD/CAM techniques were bonded with dual-polymerizing luting resin over a three-year follow-up period. Both ceramic materials produced good aesthetic results supported healthy and stable soft tissues and did not present any mechanical complications [52,53].



The marginal adaption of monolithic translucent Zr laminates is influenced by both the sintering process and the design of tooth preparation. A variety of marginal designs, including modified vertical with reverse shoulder, deep chamfer, and vertical, can influence the failure modes and fracture strengths of monolithic Zr veneer restorations [54]. According to Abdulazeez et al., the vertical marginal design had the lowest fracture load, and the chamfer, succeeding the modified vertical, had the highest fracture load [54]. The average fracture strengths of the monolithic Zr restorations across all groups exceeded the premolar region’s maximal occlusal forces. The fracture strength was improved by the vertical preparation adjustment, which included placing a reverse shoulder at the buccal surface, to the point that the difference between the chamfer group and the control group was not statistically significant [55,56]. Fracture resistance will also be impacted by the marginal thicknesses of zirconia veneer restorations. The reduction in fracture resistance was statistically significant when the marginal width was lowered below 0.8 mm, even if it was not statistically significant up to 0.8 mm, per a study looking at the marginal thickness [57]. In another in-vitro study on the fracture resistance of zirconia crowns made using CAD/CAM with different marginal thickness abutments, it was demonstrated that when marginal thickness decreased, the fracture load value decreased [58]. Saker and Ozcan, on the other hand, have shown that the sintering process and tooth preparation design have an impact on the marginal adaptation of monolithic transparent Zr [59]. Regardless of the tooth preparation design utilized, the sintering process has a major impact on the translucent Zr restorations’ resistance to breakage [60]. According to Jurado et al., chair-side milled Zr-reinforced lithium silicate veneers’ fracture resistance was significantly impacted by the designs used for incisal preparation [61]. In contrast to incisal shoulder preparation or no preparation at all, the incisal palatal chamfer incisal preparation design resulted in much greater fracture resistance of monolithic Zr-reinforced lithium silicate laminate veneers. Additionally, this study discovered that adhesive fractures occurred primarily in the incisal palatal shoulder and chamfer [62].



The marginal gap of two thicknesses of monolithic Zr restorations (0.5 and 1 mm) was evaluated in a study by Mohaghegh in 2020, and the results showed no statistically significant difference between the two groups [49]. The layered Zr crowns, on the other hand, had a marginal gap that was noticeably larger than the monolithic Zr veneers. Thus, they proposed that Zr with a thickness of 0.5 mm can be employed for aesthetic purposes without risking the marginal fit of the restoration [49,62]. Studies have also shown that the butt joint veneer preparation design was significantly better than the palatal chamfer design in terms of marginal fit [63]. A recent case report demonstrated successful treatment after one year of follow-up with ultrathin zirconia veneer restorations on the anterior teeth with veneers ranging in thickness from 0.3 to 0.6 mm [43]. Case series reports of two patients who had received zirconia veneer restorations (0.6 mm thick) on anterior teeth have also documented patients’ satisfaction with the cosmetic results of their treatment. The backdrop teeth did not have any stains; therefore, it was not difficult to match the final hue, even though these reports found that translucent zirconia restorations produced outstanding esthetic outcomes [46].



Veneer resistance and retention are directly correlated with internal fit. Greater misfit values raise the possibility of fracture under stresses and reduce retention. An even distribution of cement space within the crown prevents loss of retention and possible fracture and is essential for appropriate force dissipation under occlusal stresses [63,64,65,66]. Different studies have reported that the mean axial and occlusal gap values ranged from 57 to 105 µm, while mean marginal gap values were reported by Paul et al. to be 77 µm [64]. Studies now appear to concur that any misfit at the veneer margin should be less than 120 µm. Some argue that when CAD-CAM technology is used, this restriction should not be more than 100 µm [67]. The ultra-translucent monolithic zirconia veneers have clinically acceptable marginal and internal fit. The manufacturing technique or the different thicknesses of monolithic zirconia veneers do not significantly affect the marginal and internal fit [67]




6. Bonding Properties with Adhesive Cements


Since veneer preparations lack retentive features, retention of laminate veneer restorations depends mainly on bonding with adhesive cement. Adequate retention, enhanced marginal adaptation, reduced micro-leakage, and increased fracture resistance of the restored tooth and the restoration are all benefits of a robust, long-lasting resin cement bond [68]. Modern all-ceramic systems and adhesive bonding techniques provide a multitude of extremely aesthetic treatment alternatives. When certain instructions are followed, including conditioning using hydrofluoric acid (4–10%) followed by silanization, bonding to conventional silica-based ceramics is a predictable process that produces long-lasting effects [69,70]. On the other hand, treatment with zirconia veneers presents a major challenge due to inferior adherence properties to resin cement. This is one of the reasons glass–ceramic materials have been widely chosen for indirect veneer restorations, as they form a chemical link with the resin cement, in contrast to Zr restorations, which are chemically inert [69,70]. For this reason, various surface preparations have been suggested to alter the surface of zirconia and enhance adhesion to resin cement [71,72,73,74]. These techniques include airborne-particle abrasion (APA), tribo-chemical silica airborne-particle abrasion (TBS), laser irradiation, plasma spraying, Zr ceramic powder coating, low-fusion porcelain application, hot chemical etching solutions, and selective infiltration etching (SIE) [74].



The application of surface preparation techniques improves mechanical and chemical bonding. Zr resin bonding can be strengthened and prolonged using primers and resin cement based on “phosphate ester monomers” or “10-Methacryloyloxydecyl Dihydrogen Phosphate (MDP)” monomers as surface pretreatments [74]. Because these monomers may establish strong chemical bonds with the metal oxides in Zr, they are very helpful. Furthermore, well-known studies have shown that 10-MDP-containing resin luting agents and airborne-particle abrasion are efficient ways to achieve long-term, durable Zr resin bonding [75]. According to research by Blatz et al., the APC Zr Bonding Concept is a useful technique for creating strong, durable resin bindings to Zr [76]. The three primary processes of zirconia cementation are referred to as the APC Zirconia Bonding Concept; Step A: Alumina or silica-coated alumina particles are air-particle abraded; Step P: MDP or phosphate-monomer-based primer is applied to the air-abraded surfaces; Step C: Dual- or self-cured composite resin cement is applied [76]. The material can be efficiently strengthened by air-abrading the bonding surface of Zr with a sandblaster utilizing small alumina particles (50 μm) or silica-coated alumina particles at low pressure. The bonding ability would then be increased by putting Zr primer, such as MDP, onto the Zr bonding surface, which would naturally be effective in bonding with metal oxides. It is essential to use dual- or self-cure resin cement to ensure sufficient polymerization [69,70,71,72,73,74,75,76]. However, it is worth noting that when using a 0.5 mm thin monolithic Zr veneer material, it is necessary to increase the resin composite’s curing time by about 40% over what it would be if the Zr ceramics were not used. However, the curing period must be doubled if the thickness of the Zr ceramic material is increased to 1 mm [77]. A case series of up to five years of follow-up has demonstrated a survival rate of 100% of ultra-translucent Zr veneers luted with adhesive resin cement following airborne particle abrasion and silica coating. There were no obvious failures such as debonding, veneer fracture, or secondary caries [78].




7. Effect on Antagonist Teeth


The strongest ceramic material used in restorative materials is Zr [79]. However, it is important to realize that a material’s hardness does not always indicate that it would cause greater abrasion on the opposing tooth’s enamel surface [80]. Conversely, a number of tests revealed that in contrast to glass ceramics with a greater degree of surface roughness, translucent monolithic Zr has less wear effect on the opposing enamel because of its smooth polished surface [81]. The antagonist’s natural dentition becomes more abrasive and has a rougher surface when the glass–ceramics microstructure disappears and reveals the crystalline phase. It is important to remember that translucent monolithic Zr can seriously erode the enamel of the opposing teeth. However, this only happens if it has been subjected to sandblasting or glazing or if the polishing process was insufficiently carried out [82]. It is, therefore, essential to ensure that proper polishing and treatment methods are employed when using translucent monolithic Zr to prevent any damage to the opposing teeth’s enamel [83].



According to prior in vitro studies, translucent monolithic Zr may be used as a safe antagonist to human enamel despite its hardness [84]. The hardest materials should theoretically be able to wear antagonist teeth the most; however, there are other elements that affect a material’s wear capacity, such as surface roughness. In vitro studies by Preis et al. and Amer et al. discovered that polishing significantly reduced the surface roughness of monolithic Zr and that, in contrast to human enamel, the material’s surface roughness does not alter after three-body wear [85,86]. Even though these tests are rapid, simple, and inexpensive, they are not able to replicate the oral environment accurately. A few clinical research have looked into how antagonist enamel or ceramic/metal ceramic crown restorations degrade over time when combined with monolithic zirconia crown restorations. Esquivel-Upshaw et al. concluded that polished monolithic zirconia was just as wear-resistant as enamel coatings and metal–ceramics based on a randomized controlled study with a one-year observation period. Zr restorations yield nearly the same outcomes as other dental repair options [86].



When studied for up to a year, translucent monolithic Zr crowns produced less wear of the opposing enamel than the known wear values of normal teeth [87]. Enamel against monolithic Zr crowns showed less wear after a year of wear monitoring than common ceramic materials such as lithium disilicate and feldspathic porcelain; furthermore, the enamel wear against Zr (16.3 μm) was significantly less than that against metal–ceramic crowns [88,89,90]. After a year of follow-up, the authors observed wear of 69.20 μm in the premolar region and 179.70 μm in the molar region. This may be the result of the surface roughness of Zr, which, in contrast to feldspathic porcelain, does not change significantly following three-body wear against human enamel. When different clinical criteria were examined, monolithic Zr crowns demonstrated outstanding overall clinical survival over a one-year period [91,92].




8. Summary


Because of its exceptional optical and physical qualities, the ultra-translucent monolithic zirconia (Zr), a dental restorative material largely made of zirconium oxide, is emerging as a favored choice for the aesthetic zone. It has been demonstrated that this material’s strong mechanical properties and ability to yield superior aesthetic outcomes make it a great choice for indirect aesthetic veneer restorations. This is made possible by meticulously organizing, incorporating, and executing the essential ideas and methods necessary for these Zr-based aesthetic restorations to be successful in providing a visually stunning and structurally solid final result. Modern ultra-translucent monolithic Zr restorations are strong, do not have to be very thick, and take up less tooth structure. Prior to using resin luting agents with these restorations in a predictable manner, the bonding surface of the restorations must be roughened using grit blasting to enhance mechanical interlocking and chemical conditioning. To ensure durable microstructures of the ultra-translucent monolithic Zr in an environment that closely mimics oral circumstances, more research is needed to elucidate their wear behavior, mechanical performance, durability, stress distribution, and survival. This is a challenging technique designed to improve the aesthetics of fine-grain microstructures without sacrificing their inherent strength. Published data demonstrated promising results and satisfactory aesthetics for the use of translucent monolithic zirconia veneers. However, limited clinical studies documenting their survival were found in the literature. Therefore, long-term clinical studies are mandatory to confirm this type of treatment.
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Figure 1. Flowchart of the literature search and study selection process. 
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Figure 2. Schematic diagram of evolution and generations of yttria-stabilized dental zirconia. 
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Table 1. Physical properties of three commercial brands of zirconia representative of the three dental zirconia generations compared to silica-based ceramic.
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	First Generation

Lava Frame *

(3M ESPE)
	Second Generation

Cercon ht *

Dentsply Sirona
	Third Generation

Cercon xt *

Dentsply Sirona
	Lithium Disilicate

IPS Emax CAD (LT) *

Ivoclar Vivadent





	Flexural Strength (MPa)
	>1100
	1200
	750
	400



	Coefficient of Thermal Expansion (CTE)
	10.5 μm/m·K

(25–500 °C)
	10.5 μm/m·K (25–500 °C)
	10.1 μm/m·K (25–500 °C)
	10.5 μm/m·K

(100–500 °C)



	Modulus of Elasticity (GPa)
	210
	210
	210
	95



	Fracture Toughness (Mpa.m0.5)
	3.5–4.5
	3.5–4.5
	2.7–3.5
	2.75



	Translucency **
	---
	41%
	49%
	40.32% ***







* Data published by representative manufacturers, ** transmittance of light as a percentage, *** obtained from literature source [21] for LT: low translucency Emax CAD.
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