
IP Annals of Prosthodontics and Restorative Dentistry 2024;10(2):93–96

 

 

Content available at: https://www.ipinnovative.com/open-access-journals

IP Annals of Prosthodontics and Restorative Dentistry

Journal homepage: https://www.aprd.in/  

 

Review Article

The synergy of ceramic dental biomaterials and CAD/CAM innovation

Onkar Arun Patil1*, Deborah Lalhmingmawii Pachuau2, Supriya Sawant Kolge1,
Prajakta Ruikar3, Swapnil Chopade4, Prem Sagar Yekula5

1Dept. of Conservative Dentistry and Endodontics, Nanded Rural Dental College and Research Center, Nanded, Maharashtra,
India
2Dept. of Prosthodontics, Crown and Bridge, Teerthankar Mahaveer Dental College and Research Center, Moradabad, Uttar
Pradesh, India
3General Dental Surgeon, Ichalkaranji Kolhapur, Maharashtra, India
4Dept. of Prosthodontics, Crown and Bridge, Tatyasaheb Kore Dental College and Research Center, New Pargaon, Kolhapur,
Maharashtra, India
5Dept. of Prosthodontics and Implantology, Sibar Institute of Dental Sciences, Guntur, Andhra Pradesh, India

 

 

A R T I C L E I N F O

Article history:
Received 15-03-2024
Accepted 16-04-2024
Available online 15-05-2024

Keywords:
Ceramic dental biomaterials
CAD/CAM technology
Hybrid Ceramics
Digital workflows

A B S T R A C T

Introduction: Restorative dentistry has undergone a revolutionary transformation with the integration of
ceramic dental biomaterials and CAD/CAM technology. This review dissects the multifaceted implications
of this synergy, characterized by precision, efficiency, and esthetic excellence.
Aim and Objective: This review aims to provide a comprehensive overview of the integration of
ceramic dental biomaterials and CAD/CAM technology in restorative dentistry, exploring its evolution,
implications, and future directions.
Advancements in ceramic dental biomaterials, including Zirconia, Lithium Disilicate, and Hybrid
Ceramics, are explored in detail. The components and processes of CAD/CAM technology, such as intraoral
scanners, CAD software, and CAM processes, are also examined.
Zirconia, Lithium Disilicate, and Hybrid Ceramics offer unique advantages in terms of strength, esthetics,
and versatility. Intraoral scanners, CAD software, and CAM processes collaborate to elevate precision and
efficiency in the creation of dental prosthetics.
Conclusion: The synergy between ceramic dental biomaterials and CAD/CAM innovation represents
a paradigm shift in restorative dentistry, offering a new standard of precision, efficiency, and esthetic
excellence. Despite challenges, ongoing research and technological advancements hold promise for further
refinement and expansion of applications in the future.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
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1. Introduction

Restorative dentistry has undergone a revolutionary
transformation with the integration of ceramic dental
biomaterials and CAD/CAM technology. This dynamic
duo has transcended the limitations of traditional
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methodologies, ushering in a new era characterized by
precision, efficiency, and esthetic excellence. This review
aims to dissect the multifaceted implications of this synergy,
providing a comprehensive overview of its evolution and
potential implications for the future.1
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2. Advancements in Ceramic Dental Biomaterials: A
Closer Look

The evolution of ceramic dental biomaterials has witnessed
a paradigm shift, redefining the parameters of restorative
dentistry and opening up a spectrum of possibilities
for clinicians. Three prominent materials – Zirconia,
Lithium Disilicate, and Hybrid Ceramics – stand out as
transformative forces in this revolution.2

2.1. Zirconia:3

Zirconia, a crystalline oxide of zirconium, has emerged as
a cornerstone in modern restorative dentistry. Renowned
for its exceptional strength and biocompatibility, Zirconia
has transcended the limitations of traditional materials.
Its introduction marked a departure from conventional
restorative approaches, offering clinicians a material
capable of supporting thin, minimally invasive restorations
without compromising durability.

Zirconia’s mechanical properties make it an ideal choice
for a range of dental procedures. Its high flexural strength
and fracture resistance enable the creation of crowns,
bridges, and implant abutments with reduced thickness,
preserving a more natural tooth structure. Beyond its
mechanical prowess, Zirconia’s biocompatibility ensures
minimal adverse reactions in the oral environment, making
it a reliable choice for a diverse range of patients.

2.2. Lithium disilicate:4

Celebrated for its translucency and versatility, Lithium
Disilicate has become a stalwart in modern restorative
dentistry. Composed of lithium metasilicate and lithium
dioxide, this glass ceramic material combines strength with
optimal esthetics. Lithium Disilicate finds its niche in both
anterior and posterior restorations, offering a harmonious
balance between form and function.

One of the standout features of Lithium Disilicate is
its ability to mimic the optical properties of natural teeth.
Its translucency allows for the creation of restorations that
seamlessly blend with the patient’s dentition, providing a
lifelike appearance. This makes it a preferred choice for
veneers, inlays, onlays, and full-contour crowns in both
cosmetic and functional dental reconstructions.

2.3. Hybrid ceramics:5

Hybrid ceramics represent the cutting edge of biomaterial
innovation, amalgamating the strengths of diverse materials
to provide a comprehensive solution. Combining ceramics,
resins, and sometimes even glass fibers, these biomaterials
offer a unique set of advantages. The versatility of hybrid
ceramics allows clinicians to tailor treatments to the specific
needs of each patient, striking an optimal balance between
strength, esthetics, and longevity.

The hybrid nature of these materials enables a
harmonious integration of properties. They often exhibit the
strength and durability of ceramics, the flexibility and shock
absorption of resins, and the reinforcement of glass fibers.
This amalgamation allows for the creation of restorations
that not only withstand the rigors of occlusal forces but also
present a natural and esthetically pleasing appearance.

In practical terms, clinicians can leverage hybrid
ceramics to address a wide range of clinical scenarios.
From single crowns to complex multi-unit bridges, the
adaptability of these biomaterials empowers clinicians with
a versatile toolset to meet the diverse needs of their patients.

3. CAD/CAM Technology in Dentistry: A Revolution
in Precision and Efficiency6

The integration of Computer-Aided Design/Computer-
Aided Manufacturing (CAD/CAM) technology into
the field of dentistry has ushered in a transformative
era, revolutionizing the traditional workflow of dental
restorations. This section delves deeper into the
components of CAD/CAM technology, exploring how
intraoral scanners, CAD software, and Computer-Aided
Manufacturing (CAM) processes collaborate to elevate
precision and efficiency in the creation of dental prosthetics.

3.1. Intraoral scanners:7,8

Intraoral scanners represent a fundamental departure from
the conventional method of creating impressions using
trays and molding materials. These handheld devices utilize
cutting-edge optical technology to capture highly accurate
3D representations of the oral environment. This not
only eliminates the discomfort associated with traditional
impression techniques but also significantly reduces the
likelihood of errors in capturing the intricacies of dental
anatomy.

The advantages of intraoral scanners extend beyond
patient comfort. The real-time capture of digital impressions
allows for immediate feedback, enabling clinicians to
identify any areas that may need additional attention or
refinement. The digital nature of these impressions also
facilitates seamless communication between clinicians and
dental laboratories, as files can be instantly transmitted
without the need for physical molds.

3.2. CAD software:9,10

Once the digital data is obtained from the intraoral scanner,
CAD software becomes the virtual canvas for precise design
and customization. Clinicians can engage in meticulous
virtual design, manipulating digital models with a level
of precision and detail that was previously unattainable
with traditional manual methods. This digital design phase
allows for a high degree of customization, ensuring that
restorations are tailored to meet the specific anatomical and
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esthetic needs of each patient.
The ability to visualize and manipulate digital models in

three dimensions provides clinicians with a comprehensive
understanding of the proposed restoration. This not only
enhances treatment planning but also fosters a collaborative
approach between clinicians and patients. Visualizing the
anticipated outcome allows for informed decision-making
and facilitates communication about the expected esthetic
and functional results.

3.3. CAM processes:11–13

The CAM phase represents the culmination of the
CAD/CAM workflow, involving the automated fabrication
of restorations. This can be achieved through milling or 3D
printing technologies. The precision and consistency offered
by CAM processes surpass traditional manual methods,
ensuring that the final restoration faithfully replicates the
virtual design created in the CAD phase.

Automated milling machines carve out restorations from
blocks of pre-selected ceramic materials, such as zirconia or
lithium disilicate, with unparalleled accuracy. Alternatively,
3D printing technologies build up restorations layer by
layer, offering a level of intricacy and detail that traditional
casting methods may struggle to achieve. The use of CAM
processes not only enhances precision but also streamlines
the production timeline, reducing the overall turnaround
time for dental restorations.

4. Synergy in Action:14–16

The true synergy between ceramic biomaterials and
CAD/CAM innovation is exemplified in the amalgamation
of digital precision and material characteristics. The
clinician’s ability to manipulate the digital design in real
time, considering the unique properties of the chosen
ceramic biomaterial, ensures a level of control and
predictability that was once elusive. The result is a
harmonious blend of strength, function, and esthetics
tailored to the individual needs of the patient.

Beyond the chairside benefits, the collaboration between
clinicians and dental laboratories has been elevated to
new heights. Digital communication facilitates a seamless
exchange of information, enabling a more collaborative
approach to treatment planning. This not only enhances
the overall quality of restorations but also streamlines the
workflow, reducing the time and resources traditionally
associated with the fabrication process.

5. Challenges and Future Directions:17–20

While the synergy between ceramic biomaterials and
CAD/CAM technology has undeniably revolutionized
restorative dentistry, challenges persist. The initial learning
curve associated with adopting digital workflows, the
substantial upfront investment in technology, and the need

for ongoing education present hurdles for widespread
integration. However, as technological literacy increases
and the cost of equipment gradually decreases, these
challenges are likely to diminish.

Looking ahead, ongoing research is focused on
refining existing biomaterials and expanding the scope of
CAD/CAM applications. Advances in artificial intelligence
hold the promise of further automating the design
process, potentially reducing the dependence on manual
intervention. As the field evolves, the integration of these
technologies is anticipated to become more seamless,
offering practitioners unprecedented capabilities and
patients enhanced outcomes.

6. Conclusion

In conclusion, the synergy between ceramic dental
biomaterials and CAD/CAM innovation represents a
paradigm shift in restorative dentistry. This dynamic
collaboration has transcended the boundaries of
conventional approaches, offering a new standard of
precision, efficiency, and esthetic excellence. As technology
continues to advance and clinicians embrace these tools,
the future holds exciting possibilities for further refining
biomaterials, expanding applications, and ultimately,
redefining the boundaries of what can be achieved in the
realm of dental restorations. The journey from traditional
methodologies to this digital frontier signifies not just a
technological leap but a renaissance in the art and science
of restorative dentistry.
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