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ABSTRACT 
Monolithic zirconia has become an important material in contemporary restorative and implant prosthodontics due to its 
high strength, fracture resistance, and CAD/CAM compatibility. This review discusses the evolution of zirconia 
generations, mechanical and optical properties, surface characteristics, clinical applications, and long-term performance. 
Advances from 3Y-TZP to high-translucency 4Y-PSZ, 5Y-TZP, and gradient multilayer zirconia have improved esthetics 
while maintaining functional performance. Monolithic zirconia demonstrates favorable outcomes in posterior crowns, fixed 
dental prostheses, anterior restorations, implant-supported prostheses, and full-arch rehabilitation. However, concerns 
regarding translucency-strength balance, aging, antagonist wear, and long-term clinical evidence remain. Appropriate 
material selection, sintering, polishing, and evidence-based clinical protocols are essential for predictable outcomes. 
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INTRODUCTION 
One of the most clinically relevant advances over the last 
20 years in restorative dentistry, is the development of 
single-material, full-contour ceramic restorations of 
zirconia. Cohesive veneer fracture was the most common 
failure mode in traditional zirconia frameworks veneered 
with feldspathic porcelain, with cumulative five-year 
complication rates up to 13.6% [1]. Monolithic zirconia is 
able to fully utilize the best intrinsic mechanical properties 
of yttria-stabilised tetragonal zirconia polycrystal (Y-TZP) 
in its most structurally efficient form, which significantly 
lowers fracture risk and allows for easy fabrication using 
computer-aided design and manufacturing (CAD/CAM) 
systems [2]. This study critically reviews the evolution and 
successive generations of monolithic zirconia, analyzes its 
mechanical and optical properties, summarizes clinical 
applications from the literature and synthesizes evidence 
evaluating the clinical performance of monolithic zirconia 
in the following categories: posterior crowns, fixed dental 
prostheses, anterior and implant-supported restorations, and 
full-arch rehabilitation[3].  
Historical Evolution of Zirconia in Dental Ceramics 
Origins and First-Generation Frameworks 
Helmer and Driskell (1969) proposed zirconia as an implant 
material because, when compared to alumina, it is 
chemically inert and mechanically strong. The theory for 
the toughening mechanism of the stress-induced tetragonal-
to-monoclinic (t→m) phase transformation that underlies 
high-strength partially stabilised zirconia[4]. Clinical use of 
3 mol% Y-TZP began in the 1990s when its flexural 
strength (900 – 1200 MPa) and fracture toughness (5 – 10 
MPa·m½) far surpassed all competing dental ceramics[5]. 

The first generation materials were aesthetically only 
acceptable when porcelain veneered; reintroducing a 
second ceramic-ceramic interface of its mechanical 
inferiority[6]. With the introduction of CAD/CAM milling 
in the early 2000s, precision of pre-sintered blanks of only 
20–50 µm was achieved for fabricating frameworks, which 
enabled implants to be fabricated with almost the same 
precision as conventional metal-ceramic implants[7]. 
Emergence of Monolithic and High-Translucency 
Generations 
High-transluceny varieties appeared in the second 
generation. In the 2010s, monolithic 3Y-TZP restorations 
were clinically introduced, which were all based on the 
concept of removing the veneering layer completely to 
eliminate cohesive porcelain fracture[8,9]. At the same time, 
the content of yttria was increased to 4-5 mol%, the 
proportion of cubic phase increased, and the translucency 
was improved significantly - Translucency Parameter (TP) 
value increased from 4-8 (3Y-TZP) to 12-18 (5Y-TZP), 
close to that of lithium disilicate glass-ceramic, but the 
flexural strength reduced to 400-700 MPa and the fracture 
toughness was reduced[10]. This aesthetic-mechanical 
dilemma is overcome in fifth-generation gradient multi-
layer blanks, which exhibit a gradient of yttria, a translucent 
incisal zone that grades to a higher-strength 3Y-TZP 
cervical zone, mimicking optical properties of natural 
dentition while simultaneously maintaining structural 
adequacy at the restoration periphery [11]. 
Mechanical and Optical Properties 
Structural Mechanics: Transformation Toughening and 
Hardness 
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A key mechanical property of Y-TZP is the t to m 
transformation toughening mechanism. Propagating cracks 
cause 3–5% volume expansion of transforming tetragonal 
grains at the crack tip, which exert a compressive closure 
stress to prevent further crack propagation imparting 5–10 
MPa·m¹/² of fracture toughness, significantly higher than 
lithium disilicate (1–3 MPa·m¹/²) and feldspathic porcelain 
(0.7–1.0 MPa·m¹/²) [12]. Because of the Vickers hardness of 
monolithic 3Y-TZP (1200-1300 HV), which is significantly 
higher than natural enamel (343 HV), special attention must 
be paid to occlusal design and surface finishing procedures 
[13]. As yttria content increases, the volume of non-
transformable cubic phase decreases, containing less 
toughening tetragonal phase, thus the inverse relationship 
between translucency and mechanical properties has been 
well established[10]. 
Optical Properties, Wear Behaviour, and Hydrothermal 
Ageing 
The more cubic-phase content and grain size refinement is 
achieved by optimised sintering, the less light scattering is 
caused by the intergranular phase, thereby enhancing 

translucency[14]. The effect of variation from the 
recommended sintering temperatures was shown to have a 
negative impact on both translucency and phase stability, 
highlighting the importance of the processing protocol[10]. 
As for antagonist wear, a clinically polished zirconia 
surface (Ra < 0.2 µm) results in enamel wear that is 
statistically similar to glazed lithium disilicate; whereas Ra 
> 0.4 µm significantly increases enamel wear [15], which has 
direct clinical protocol implications. Even though the grain 
susceptibility of 5Y-TZP is lower than other Y-TZP 
formulations, the grain susceptibility of 5Y-TZP is still 
measurable, this can be described as Low-Temperature 
Degradation (LTD), a spontaneous surface transformation 
of the grains from the tetragonal to the monoclinic structure 
in aqueous media at physiological temperature[16]. By pre-
colouring with transition metal oxide pigments in a shade 
system (VITA), and post-sintering with external staining 
and glazing, shades within clinically relevant color ranges 
can be matched at an acceptable level[17]. 
Clinical Applications and Performance 
Posterior Crowns, Fixed Dental Prostheses, and Anterior 
Restorations 
Single crowns and short span FDPs are the strongest use 
case for monolithic zirconia ceramics. There were no 
cohesive fractures and that 100% of the monolithic 3Y-TZP 
posterior crowns had survived at three years[15]. A 
systematic review carried out by Sasse et al. (2015) 
confirmed the high 5 year survival rates obtained at various 
clinical centres with a few surface stains as the main 
complications[12]. Three-unit posterior FDPs made of 
monolithic 3Y-TZP meet the requirement of the minimum 
connector area of ≥ 9 mm² in physiologic crown contours, 
which enhances their applicability for bridging[18]. High 
Translucency 5Y-TZP formulations have introduced 
monolithic zirconia into the aesthetic zone for anterior 
restorations[19]. With regard to aesthetic outcomes,  reported 
97.5% 3-year survival of anterior monolithic zirconia 
crowns, with the need to consider the underlying substrate 
opacity and apply targeted staining protocols on a case-by-
case basis[20].  
Implant-Supported and Full-Arch Prostheses 
The absence of the adhesive cement-retained abutment-
porcelain interface is a common failure point of 
conventional implant-supported ceramics, which is 
overcome by monolithic zirconia, and results in survival 
rates around 96-100% for posterior implant crowns over 
three to five years [21]. The 3Y-TZP full-arch implant-
supported monolithic zirconia prostheses, which are milled 
single-piece structures, have exhibited no implant or 
prosthetic failure within five years and high level of patient 
satisfaction [13], which is better than acrylic-veneered metal-
framework prostheses that are prone to denture tooth 
fracture[19]. The survival rate for all-ceramic fixed 
prostheses is comparable to metal-ceramic fixed prostheses 
after 5 years, the additional benefit being that ceramic-only 
implant prosthodontic protocols are more biocompatible 
and esthetic, and thus have been widely adopted in clinical 
settings throughout the world[12,18]. 
DISCUSSION, RESEARCH GAPS, AND FUTURE 
DIRECTIONS 

 
Figure 1. Historical evolution of zirconia in dental 
applications, from early biocompatibility investigations 
(Helmer & Driskell, 1969) to gradient multi-layer 
formulations (2020) 

 
Figure 3. CAD/CAM manufacturing workflow for 
monolithic zirconia, from digital impression acquisition 
through milling, sintering, surface finishing, and clinical 
delivery 

 
Figure 2. Proportional distribution of clinical 
applications of monolithic zirconia restorations reported 
across systematic reviews and multi-centre longitudinal 
studies 
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The MRI highlight that monolithic zirconia has a broad 
spectrum of clinical indications and provides highly 
successful clinical outcomes in the short to medium term, 
with a clinical success rate of >95–97% at five years[22]. 
Removal of veneering porcelain fracture is a mechanical 
benefit that is long lasting and clinically significant, and 
should be widely adopted[23]. There are, however, three 
substantive research gaps that need to be recognized. First, 
the evidence base is temporally limited: most of the 
published evidence reports 3-5 year outcomes and does not 
allow characterization of the progression of LTD, colour 
stability, marginal integrity, and antagonist enamel wear 
over decades-long implants[20].First, the evidence base is 
temporally limited: Most of the published evidence reports 
3-5 years, which does not allow characterization of the 
progression of LTD, colour stability, marginal integrity, 
and antagonist enamel wear over decades-long implants[15]. 
There is very little data available from long-term RCTs with 
uniform reporting of outcomes and uniform assessment 
protocols that are blinded. Second, the in vitro tribological 
models used to date do not fully explain the outcome 
variability in antagonist wear, as patient-level factors 
(dietary habits, salivation and parafunctional bruxism) also 
play a role [12]. Future clinical studies of enamel wear in 
relation to parafunctional activity need to be quantitative. 
Third, there is no evidence of internationally standardised 
clinical decision frameworks available for the selection of 
the 3Y-TZP, 4Y-PSZ, and 5Y-TZP dental formulations and 
the gradient versions of each, leaving clinicians to follow 
manufacturer guidance without independent trial evidence 
[12]. Further studies are needed to assess the durability of 
new all-digital chairside workflows and AI-assisted design 
software in the context of monolithic zirconia clinical 
success[20].  
CONCLUSION  
In recent years, monolithic zirconia has experienced an 
impressive clinical and scientific evolution: starting as the 
material used to support opaque structures, all the way to 
fully contoured, gradient multi-layer restorations, which 
meet anterior esthetic requirements while also fulfilling 
posterior functional ones within a single material 
architecture. By using yttria content modulation, powder 
engineering, and refining the sintering protocol, a whole 
portfolio of generational compositions have been developed 
that collectively represent a paradigm shift in ceramic 
prosthodontics that is reflected in their clinical 
performance. CAD/CAM integration has played a pivotal 
role in making this possible with the ability to fabricate with 
precision and to work with digital workflow. The use of 
evidence-informed formulation selection, meticulous 
sintering protocols, focusing on occlusal surface polishing 
and systematic recall monitoring should be maintained. The 
constant advancement of material science in combination 
with digital workflows paints a picture of zirconia more and 
more becoming a mainstay of today's restorative and 
implant prosthodontics, and evidence-based in its 
application. 
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