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Abstract 

The field of dental ceramics has undergone significant 

evolution with the introduction of advanced materials 

and manufacturing technologies. These innovations have 

improved ceramic restorations' aesthetic, mechanical, 

and biological properties. This review discusses the 

latest developments in dental ceramics, including high-

translucency zirconia, lithium disilicate ceramics, 

polymer-infiltrated ceramics, and CAD/CAM fabrication 

techniques. Emphasis is placed on their material 

properties, clinical applications, and prospects. 

Keywords: CAD/CAM, dental ceramics, lithium 

disilicate, translucent zirconia, zirconia-reinforced 

ceramics 

Introduction 

Dental ceramics have long been valued in restorative 

dentistry due to their superior aesthetics and 

biocompatibility. Traditional feldspathic porcelains, 

though highly aesthetic, were limited by brittleness and 

low fracture resistance. The advent of advanced 

ceramics such as zirconia and lithium disilicate has 

dramatically improved the reliability and durability of 

all-ceramic restorations. The combination of material 

science advancements and digital dentistry has expanded 
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clinical applications and enhanced outcomes in 

prosthodontics and restorative dentistry 1. 

Types of Advanced Dental Ceramics 

 Zirconia-Based Ceramics 

Zirconia (ZrO₂) ceramics, especially yttria-stabilized 

tetragonal zirconia polycrystals (Y-TZP), have become 

the standard for high-strength restorations. Their 

superior flexural strength (900–1200 MPa) and fracture 

toughness (9–10 MPa·m1/2) make them suitable for 

posterior crowns and multi-unit bridges2. Recent 

advancements include high-translucency zirconia (5Y-

TZP), which offers better aesthetic integration while 

slightly compromising strength. These newer 

generations are ideal for anterior zones where aesthetics 

are critical 3. 

 Lithium Disilicate Ceramics 

Lithium disilicate ceramics (e.g., IPS e.max Press/CAD) 

have become popular for their excellent translucency and 

mechanical strength (~400 MPa). They offer natural 

aesthetics with gradient translucency and are widely 

used in anterior and posterior crowns, veneers, inlays, 

and onlays4. Their glass matrix enables etching and 

reliable bonding with resin cements, which contributes 

to long-term success 5. 

 Polymer-Infiltrated Ceramic Networks (PICN) 

Hybrid materials such as VITA Enamic represent a new 

class that combines ceramic and polymer matrices. 

These materials exhibit dual-network structures where 

the elasticity of polymers complements the brittleness of 

ceramics, simulating the modulus of dentin (~30 GPa) 6. 

They are particularly suited for conservative restorations 

and are easily machinable with CAD/CAM systems. 

Technological Advancements 

 CAD/CAM Integration 

Digital dentistry has revolutionized ceramic restoration 

fabrication. CAD/CAM systems allow the milling of 

pre-sintered or fully sintered blocks, providing 

restorations with minimal internal flaws and consistent 

properties7. This technology supports same-day 

restorations and improves accuracy and efficiency in 

both chairside and laboratory workflows. 

 Speed Sintering Techniques 

Conventional sintering of zirconia required several 

hours. Newer high-speed sintering furnaces now 

complete the process in 15–30 minutes without 

significantly compromising material properties8. This is 

particularly beneficial for single-visit restorations using 

monolithic zirconia. 

 Additive Manufacturing (3D Printing) 

Though still under development, additive manufacturing 

in ceramics shows promise for individualized, layer-by-

layer fabrication of dental restorations. This technology 

enables intricate geometries and reduces material waste 

9. 

Surface Treatments and Adhesion 

 Surface Modifications 

To ensure effective bonding of ceramics, surface 

treatments such as air abrasion with alumina particles, 

silanization, and laser etching are commonly used. These 

techniques increase micromechanical retention and 

surface energy, improving the bonding efficacy of resin 

cements10. 

 Bonding Techniques 

Lithium disilicate ceramics are etched with hydrofluoric 

acid and treated with silane coupling agents, leading to 

strong adhesive interfaces. Zirconia, being acid-resistant, 

requires MDP-containing primers and sandblasting for 

durable resin bonding11. These bonding protocols 

significantly influence restoration longevity and 

performance. 
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Clinical Performance and Limitations 

 Clinical Success and Longevity 

Clinical studies report success rates exceeding 90% for 

lithium disilicate and zirconia crowns over 5–10 years, 

with fewer complications compared to metal-ceramic 

systems12. Monolithic zirconia reduces veneer chipping 

and is favorable for bruxers. 

 Drawbacks and Limitations 

Despite advancements, limitations exist. Hybrid 

ceramics show lower wear resistance compared to glass 

ceramics. Zirconia's opacity in earlier generations 

limited its use in anterior zones. Furthermore, bonding to 

zirconia is technique-sensitive and can influence clinical 

outcomes 13. 

Future Trends 

Emerging technologies such as functionally graded 

ceramics that mimic enamel-dentin transitions are under 

development. Bioactive ceramics and nanostructured 

materials with antimicrobial properties are being 

explored. Artificial intelligence and deep learning are 

being integrated with CAD/CAM software to optimize 

tooth morphology and occlusal harmony14. 

Conclusion 

Recent advancements in dental ceramics have 

transformed the landscape of restorative dentistry. 

Materials such as high-translucency zirconia, lithium 

disilicate, and hybrid ceramics, supported by digital 

workflows, offer reliable, aesthetic, and patient-centered 

solutions. Continued innovation promises even more 

personalized and biologically integrated restorative 

options in the future. 
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