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Introduction

In the vast landscape of modern dentistry, the convergence of digital technologies and
innovative materials has sparked a revolution, fundamentally altering the way dental
professionals diagnose, treat, and restore oral health. This intersection has given rise
to what is now known as digital dentistry, a paradigm shift that transcends traditional
methodologies, offering unprecedented precision, efficiency, and patient-centric care.
"Dental Materials in Digital Dentistry" serves as a comprehensive exploration of this
dynamic realm, where the synergy between advanced materials and cutting-edge
digital technologies reshapes the practice of dentistry. As we embark on this journey, it
is imperative to understand the foundational principles underpinning digital dentistry
and the pivotal role that dental materials play in its evolution. The opening chapter
sets the stage by tracing the evolutionary trajectory of digital dentistry, from its
nascent stages to its current prominence in the field. We delve into the transformative
impact of digital technologies, such as computer-aided design/computer-aided
manufacturing (CAD/CAM), three-dimensional (3D) imaging, and 3D printing,
highlighting their manifold advantages in terms of accuracy, efficiency, and patient
satisfaction. Furthermore, we elucidate the challenges and opportunities inherent in
this digital landscape, navigating the complexities of integration, standardization, and
regulatory compliance. With this foundational understanding established, subsequent
chapters delve into the intricate interplay between dental materials and digital
dentistry. We explore the myriad applications of dental biomaterials within digital
workflows, from restorative dentistry to orthodontics, prosthodontics, and beyond.
Nanotechnology emerges as a pivotal frontier, offering unprecedented possibilities for
material design, manipulation, and enhancement, thus ushering in a new era of
precision and performance.

Throughout this exploration, we are guided by a central thesis: that dental materials
are not merely passive constituents but dynamic enablers of innovation and progress
within digital dentistry. From the formulation of bioactive ceramics to the
customization of polymers for 3D printing, each material embodies the convergence of
scientific rigor, clinical utility, and patient-centric design.
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n Introduction to Digital Dentistry

1.1. Evolution of Digital Dentistry

The evolution of digital dentistry represents a significant shift in dental care practices,
driven by the relentless advance of technology. This journey began in the late 20th
century, as dental professionals sought more efficient, accurate, and less invasive
methods to diagnose, plan, and treat dental conditions. The introduction of digital
technologies into dentistry has transformed it from a largely manual and analog
profession into a highly precise, predictable, and efficient field.

Early Innovations: The initial steps toward digital dentistry were taken with the
development of digital radiography in the 1980s. This technology provided dentists
with immediate imaging results, reducing patient exposure to radiation and enhancing
the diagnostic process. Shortly after, the advent of Computer-Aided Design/Computer-
Aided Manufacturing (CAD/CAM) systems marked a turning point, allowing for the in-
office fabrication of restorations in a single visit, a process that previously took weeks.

Rapid Technological Advancements: The rapid pace of technological advancements
in the late 20th and early 21st centuries further propelled the evolution of digital
dentistry. Innovations such as intraoral scanners, which capture direct digital
impressions of the oral cavity, revolutionized traditional impression-taking methods.
These digital impressions increased accuracy, patient comfort, and streamlined the
workflow for dental professionals.

Integration of 3D Printing: The integration of 3D printing technology into dental
practices opened new horizons for custom dental appliances, prosthetics, and even
complex dental surgeries. With 3D printing, dentists can produce highly accurate and
personalized dental products on-demand, significantly reducing turnaround times and
improving patient outcomes.
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The Era of Digital Imaging and Diagnostics: The development of advanced digital
imaging techniques, including Cone Beam Computed Tomography (CBCT), provided
unprecedented detail and accuracy in dental diagnostics. These technologies allowed
for precise planning and execution of dental treatments, from implant placement to
orthodontic interventions, with minimally invasive procedures.

Software and Digital Planning: The introduction of sophisticated dental software for
treatment planning and simulation has enabled dentists to visualize end results before
beginning treatment, allowing for more accurate and predictable outcomes. These
digital tools have facilitated a collaborative approach to dental care, where patients
can actively participate in their treatment planning process.

The Impact of Digitalization: The digitalization of dentistry has not only enhanced
clinical outcomes but also significantly improved the patient experience. Reduced
treatment times, increased comfort, and the ability to visualize potential outcomes
have all contributed to greater patient satisfaction and engagement.

The evolution of digital dentistry is a testament to the profound impact of technology
on healthcare. From the early days of digital radiography to the sophisticated digital
workflows of today, digital technologies have reshaped the landscape of dental care.
As we look to the future, ongoing innovations and advancements in digital dentistry
promise to further enhance the efficiency, accuracy, and quality of dental care, making
it more accessible and personalized for patients around the world.

1.2. Advantages and Challenges of Digital Dentistry

The incorporation of digital technologies in dentistry has brought about a revolution in
the way dental care is delivered, offering numerous advantages while also presenting
certain challenges. Understanding these aspects is crucial for the continued
advancement and integration of digital practices in dental healthcare.

Advantages of Digital Dentistry
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Advantages of Digital Dentistry

1. Enhanced Accuracy and Precision: Digital tools and technologies, such as
CAD/CAM systems and 3D imaging, offer unparalleled accuracy in diagnosis, planning,
and treatment execution. This precision leads to better fitting restorations, more
predictable outcomes in surgeries, and overall improved patient outcomes.

2. Improved Efficiency and Speed: Digital dentistry streamlines many traditional
processes, significantly reducing the time required for dental restorations, orthodontic
appliances, and even surgical guides. For instance, CAD/CAM technology enables the
creation of dental restorations within a single visit, eliminating the need for multiple
appointments.

3. Increased Patient Comfort: Technologies like intraoral scanners replace the need
for conventional impression materials, which can be uncomfortable and trigger gag
reflexes in some patients. Digital impressions are quicker and more comfortable,
enhancing the patient experience.

4. Better Patient Engagement: Digital imaging and simulation tools allow patients to
visualize their treatment outcomes before the procedure begins, leading to better
understanding and engagement in their treatment plans. This visualization can
increase patient satisfaction and compliance.

5. Customization and Personalization: Digital technologies enable the
customization of dental prosthetics and appliances with a level of precision and
personalization previously unattainable, ensuring that each patient receives care that
is specifically tailored to their individual needs.
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Challenges of Digital Dentistry

1. High Initial Investment: The adoption of digital dental technologies often requires
a significant initial investment in equipment, software, and training. This financial
barrier can be substantial, especially for smaller practices.

2. Learning Curve and Training: Implementing digital dentistry involves mastering
new skills and workflows. Dentists and dental technicians must undergo training to
efficiently use these technologies, which can be time-consuming and require ongoing
education to stay updated with advancements.

3. Technical Issues and Maintenance: Dependence on digital technologies
introduces the potential for technical difficulties, including hardware failures, software
issues, or data loss. Regular maintenance and technical support are necessary to
mitigate these risks, adding to the operational costs.

4. Data Security Concerns: The digitalization of patient records and digital
impressions necessitates robust cybersecurity measures to protect sensitive patient
information from unauthorized access or breaches, which requires additional
resources and vigilance.

5. Resistance to Change: Some dental professionals may resist adopting new
technologies due to comfort with traditional methods or skepticism about the benefits
of digital practices, slowing the integration of digital dentistry into some practices.

While digital dentistry offers numerous benefits that enhance the quality, efficiency,
and patient experience of dental care, it also presents several challenges that must be
carefully managed. Overcoming these obstacles requires a strategic approach,
including investment in education, infrastructure, and a commitment to embracing the
future of dental healthcare. As the field continues to evolve, the advantages are likely
to increase, and solutions to these challenges will become more accessible, paving the
way for wider adoption of digital dentistry practices.
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1.3. Role of Dental Materials in Digital Dentistry

The role of dental materials in digital dentistry is pivotal, as the success of digital
procedures not only depends on the accuracy of digital tools and technologies but also
on the performance and adaptability of the materials used. The integration of digital
technologies in dentistry has necessitated the development and optimization of dental
materials to meet the specific requirements of digital workflows. This evolution has led
to significant improvements in material properties, offering enhanced outcomes for
patients.

Compatibility with Digital Fabrication Techniques

Digital dentistry relies heavily on CAD/CAM systems and 3D printing technologies for
the fabrication of dental restorations and appliances. The materials used in these
processes must be compatible with digital fabrication techniques. They need to
possess certain properties, such as appropriate viscosity or flow for 3D printing and
the right level of hardness and machinability for milling in CAD/CAM systems.
Advances in dental materials have led to the development of resins, ceramics, and
composite materials specifically formulated for these technologies, ensuring high-
quality restorations with precise fit and aesthetics.

Improved Physical and Aesthetic Properties

The demands of digital dentistry have pushed for advancements in the physical and
aesthetic properties of dental materials. Materials used in restorations and prosthetics
must mimic the natural appearance of teeth, including translucency, color, and surface
texture. Moreover, they must exhibit excellent strength, durability, and wear
resistance to withstand the forces of mastication. The development of high-
performance ceramics and composite materials has been instrumental in meeting
these requirements, offering superior aesthetic results and long-term performance.
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Customization and Personalization

One of the significant advantages of digital dentistry is its ability to offer highly
customized and personalized dental solutions. Dental materials play a crucial role in
this aspect, as they must be adaptable to individual patient needs. Through digital
design and fabrication processes, materials can be shaped and modified to create
personalized restorations, orthodontic appliances, and surgical guides that fit perfectly
with the patient's anatomy, enhancing comfort and effectiveness of the treatment.

Research and Development

The continuous evolution of digital dentistry drives ongoing research and development
in dental materials. Scientists and manufacturers are constantly working to improve
the properties of existing materials and to develop new materials that can further
enhance the outcomes of digital dental procedures. This research is critical for
addressing the limitations of current materials and for keeping pace with the
advancements in digital technology.

Dental materials play a fundamental role in the success of digital dentistry. Their
development and optimization for digital fabrication techniques, combined with
improved physical, aesthetic, biocompatible, and customizable properties, are crucial
for achieving high-quality, patient-specific outcomes. As digital dentistry continues to
evolve, so too will the materials used, promising even greater advancements in dental
care.
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n Digital Imaging Techniques in Dentistry

2.1 Intraoral and Extraoral Digital Imaging Systems

The advent and integration of digital imaging techniques in dentistry have
revolutionized diagnostic procedures, treatment planning, and patient care. Among
these, intraoral and extraoral digital imaging systems stand out for their pivotal roles
in capturing detailed images of the teeth, gums, and jaw, facilitating accurate
diagnoses and tailored treatments. Understanding the nuances, applications, and
benefits of these systems is essential for modern dental practices.

Intraoral Digital Imaging Systems

Definition and Types:

Intraoral imaging systems are designed to capture images within the mouth and are a
cornerstone of digital dentistry. These systems include digital radiography sensors,
intraoral cameras, and scanning devices. Each type serves specific diagnostic or
treatment planning purposes, from identifying cavities and dental fractures to
mapping the oral cavity for restorative procedures.

Digital Radiography:

Digital radiography utilizes electronic sensors instead of traditional photographic film.
It offers several advantages, including immediate image availability, reduced radiation
exposure for patients, and the ability to digitally enhance images for better diagnosis.
There are two main types of digital radiography sensors: Charge-Coupled Device (CCD)
and Complementary Metal-Oxide-Semiconductor (CMOS), both converting X-ray
photons into digital images.

Intraoral Cameras:

Intraoral cameras are small, handheld devices that capture high-quality images of the
teeth and gums. These images can be displayed on a screen in real-time, allowing
dentists to conduct thorough examinations and educate patients about their oral
health conditions.
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Intraoral cameras facilitate communication between dentists and patients, making
them an indispensable tool in modern dental practices.

Intraoral Scanners:

Intraoral scanners represent a significant advancement in digital dentistry, allowing for
the digital capture of 3D images of the internal structures of the mouth. These
scanners eliminate the need for traditional impression materials, providing a more
comfortable experience for patients and yielding highly accurate data for the
fabrication of dental restorations and appliances using CAD/CAM technology.
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Extraoral Digital Imaging Systems

Definition and Applications:

Extraoral imaging systems capture images from outside the mouth and are crucial for
comprehensive evaluations of dental and maxillofacial structures. These include
panoramic radiographs, cephalometric radiographs, and Cone Beam Computed
Tomography (CBCT).

Panoramic Radiographs:

Panoramic radiography offers a broad view of the entire mouth area, including the
teeth, upper and lower jaws, and surrounding structures. It is particularly useful for
assessing dental development, detecting impacted teeth, and planning orthodontic
treatments. Digital panoramic systems provide enhanced image quality with lower
radiation doses compared to traditional film-based systems.

Cephalometric Radiographs:

Cephalometric radiography is essential in orthodontics for analyzing craniofacial
morphology and planning treatment. Digital cephalometric systems enable precise
measurements of facial bones and teeth, assisting in the development of customized
orthodontic strategies.

Cone Beam Computed Tomography (CBCT):

CBCT has transformed dental imaging by providing 3D images of dental structures, soft
tissues, nerve paths, and bone in a single scan. It is invaluable for implant planning,
evaluation of complex dental anomalies, and surgical preparation. CBCT offers
detailed visualization while maintaining lower radiation levels compared to
conventional medical CT scans.

Intraoral and extraoral digital imaging systems are fundamental to the practice of
modern dentistry. They enhance diagnostic accuracy, improve patient communication
and comfort, and facilitate the precise planning and execution of dental treatments. As
technology continues to advance, these digital imaging systems will undoubtedly play
an even greater role in elevating the standard of dental care.
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2.2 Digital Radiography and Cone Beam Computed
Tomography (CBCT)

Within the realm of digital imaging techniques in dentistry, Digital Radiography and
Cone Beam Computed Tomography (CBCT) stand out as two pivotal technologies that
have significantly enhanced diagnostic precision, treatment planning, and patient care.

Digital Radiography

Digital Radiography represents a leap forward from traditional film-based
radiography, utilizing electronic sensors to capture images of the teeth, bone, and
surrounding soft tissues. This technology offers several key benefits:

Immediate Image Availability: Unlike film radiography that requires development
processes, digital radiography provides instant images. This immediacy facilitates
quicker assessments and diagnoses, enabling dental professionals to discuss findings
with patients without delay.

Enhanced Image Quality: Digital images can be easily adjusted for brightness and
contrast, allowing for better visualization of dental structures. This capability enhances
the detection and diagnosis of dental issues such as cavities, periodontal disease, and
infections.

Reduced Radiation Exposure: Digital radiography systems are more sensitive to X-
rays than traditional film, requiring less radiation to produce an image. This reduction
in radiation exposure is a significant advantage for patient safety.

Environmental Impact: By eliminating the need for film and chemical processing,
digital radiography is a more environmentally friendly option.

Efficiency and Storage: Digital images can be stored electronically, saving space and
making it easier to retrieve, share, and compare images over time. This efficiency
improves the management of patient records and facilitates communication with
other dental professionals.
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Cone Beam Computed Tomography (CBCT)

CBCT has revolutionized dental and maxillofacial imaging by providing three-
dimensional images of dental structures, soft tissues, nerve paths, and bone in the
craniofacial region. Its advantages include:

Three-Dimensional Imaging: CBCT offers a comprehensive view of the
dentomaxillofacial complex in three dimensions, allowing for a more thorough
analysis than traditional two-dimensional imaging techniques.

Precise Treatment Planning: The detailed visualization provided by CBCT is
particularly beneficial for implant dentistry, orthodontics, endodontics, and oral and
maxillofacial surgery. It enables precise measurement and visualization of anatomical
structures, improving the accuracy of treatment planning and outcomes.

Lower Radiation Dose: Although CBCT exposes patients to more radiation than
traditional digital radiography, it typically requires a lower dose than conventional
medical CT scans, balancing the need for detailed images with the principle of
minimizing radiation exposure.

Rapid Scanning Time: CBCT scans are quick, often taking less than a minute to
complete, which minimizes discomfort and movement artifacts, ensuring high-quality
images.

Cost-Effectiveness: With the increasing availability of CBCT technology, its cost has
become more accessible to dental practices, making it a feasible option for a wide
range of applications.

Despite their numerous benefits, both Digital Radiography and CBCT should be used
judiciously, adhering to the ALARA (As Low As Reasonably Achievable) principle to
minimize radiation exposure to patients. The choice between these imaging modalities
should be based on the specific diagnostic needs of each case, considering the unique
advantages and limitations of each technology.
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H CAD/CAM Technology in Dentistry

Computer-Aided Design/Computer-Aided Manufacturing (CAD/CAM) technology has
revolutionized the field of dentistry, offering significant improvements in the
fabrication of dental restorations. This technology encompasses the design and
manufacture of dental prosthetics, including crowns, veneers, inlays, onlays, bridges,
and even some types of dental implants. The integration of CAD/CAM technology into
dental practice has streamlined workflows, enhanced precision, improved aesthetic
outcomes, and reduced turnaround times.

3.1. Principles of CAD/CAM

CAD/CAM technology operates on the principle of digital design and manufacturing.
The process begins with the digital capture of the prepared tooth or dental arch using
an intraoral scanner. This scanner creates a 3D digital model of the dental anatomy,
which is then used in CAD software to design the restoration. Once the design is
complete, CAM processes take over, utilizing the design data to fabricate the
restoration from a block of dental material using computer-controlled milling
machines or 3D printers.
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3.2 Types of CAD/CAM Systems

CAD/CAM systems can be categorized based on their location and usage:

e In-Office Systems: These compact systems are designed for use directly in the
dental clinic, allowing dentists to design and fabricate restorations within a single
appointment. In-office systems are highly advantageous for practices aiming to
offer same-day dentistry services, enhancing patient satisfaction by reducing the
need for multiple visits.

o Laboratory Systems: Larger and more sophisticated CAD/CAM systems are used
in dental laboratories. These systems can handle a wider variety of materials and
more complex restorations. Laboratory-based CAD/CAM enables high-volume
production with a broad range of customization options, serving multiple dental
practices simultaneously.

e Hybrid Systems: Some CAD/CAM solutions are designed to facilitate
collaboration between dental practices and laboratories. These hybrid systems
allow dentists to scan and design restorations in-office and then transmit the
design to a dental laboratory for fabrication, combining the convenience of in-
office design with the advanced manufacturing capabilities of laboratory systems.
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e Laboratory Systems: Larger and more sophisticated CAD/CAM systems are used
in dental laboratories. These systems can handle a wider variety of materials and
more complex restorations. Laboratory-based CAD/CAM enables high-volume
production with a broad range of customization options, serving multiple dental
practices simultaneously.

e Hybrid Systems: Some CAD/CAM
solutions are designed to facilitate
collaboration between dental
practices and laboratories. These
hybrid systems allow dentists to
scan and design restorations in-
office and then transmit the design
to a dental laboratory for
fabrication, combining the
convenience of in-office design
with the advanced manufacturing
capabilities of laboratory systems.
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3.4 Materials Used in CAD/CAM Restorations

The choice of material is crucial for the success of CAD/CAM restorations, with options
including:

e Ceramics: High-strength ceramics, such as zirconia and lithium disilicate, are
popular for their excellent aesthetic properties and durability.

o Composites: Resin-based composite materials offer a good balance between
aesthetics and strength, suitable for both anterior and posterior restorations.

e Metals: Although less common in visible areas due to aesthetic considerations,
metals like gold and cobalt-chromium alloys are used for their superior strength
and longevity, especially in posterior restorations.
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CAD/CAM materials for chairside production can be classified according to the composition

of the materials

Categories Description Commercial Name Manufacturer
Vitablocs Mark II Vita Zahnfabrik
CEREC Elocs Dentsply Sirona
Feldspathic ceramic
; Vitablocs Triluxe Vita Zahnfabrik
Vitablocs RealLife Vita Zahnfabrik
Leucite-reinforced IPS Empress CAD Ivoclar Vivadent
Adhesive ceramic CETAIC Initial LRF Block GC
IPS e.max CAD Ivoclar Vivadent
Lithium disilicate Amber Mill HASS
Tessera Dentsply Sirona
Lithium silicate zirconia _
_ Celtra Duo Dentsply Sirona
reinforced
Paradigm MZ100 3M
Brilliant Crios Coltene /Whaledent
Compositeresin -~ Bis-GMA composite Grandio Blocks Voco
LuxaCam composite DMG Fabrik
Tetric CAD Ivoclar Vivadent
Lava Ultimate 3M
Cerasmart GC
: Shofu Block HC Shofu
Nanoceramic :
Hybrid ceramic Cerasmart GC America
Mazic Duro Vericom co.
Avencia Block Huraray Noritake Dental
PICN Enamic Vita Zahnfabrik

CEREC Firconia e.max

Dentsply Sirona

ZirCAD Ivoclar Vivadent
Zirconia Tetragonal zirconia Katana Zirconia Block  Kuraray Noritake Dental

Mazic Zir Vericom co.
LuxaCam Zircon HT Plus DMG Fabrik

TelioCAD Ivoclar Vivadent

Cad Temp Vita Zahnfabrick
Resin PMMA Mazic Pro Vericom co.
LuxaCam PMMA DMG Fabrik

ArtBlock Temp MERZ




3D Printing in Dentistry

3D printing, also known as additive manufacturing, has emerged as a groundbreaking
technology in the field of dentistry, revolutionizing the way dental professionals create
restorations, appliances, and even surgical guides. This technology builds objects layer
by layer, based on digital 3D models, allowing for the fabrication of complex structures
with high precision. The flexibility, efficiency, and customization capabilities of 3D
printing have opened new possibilities in dental treatment and patient care.

4.1. Basics of 3D Printing Technology

3D printing in dentistry utilizes digital dental scans to create physical objects through a
layer-by-layer addition process. The primary steps involved in 3D printing include:

e Digital Modeling: A digital 3D model is created or acquired, often through
intraoral scanning or CAD software. This model serves as the blueprint for the
object to be printed.

o Slicing: The digital model is then "sliced" into thin, horizontal layers using
specialized software. This process converts the model into a series of cross-
sectional layers that the printer will build.

e Printing: The 3D printer reads the sliced model and deposits materials layer by
layer to form the physical object. Each layer fuses with the preceding one until the
entire object is formed.

o Post-Processing: After printing, the object may require cleaning, curing, or other
finishing processes to achieve the desired surface finish and mechanical
properties.
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4.2 Applications of 3D Printing in Dentistry

3D printing technology has found various applications in dentistry, including:

Dental Restorations: Crowns, bridges, and veneers can be 3D printed with
remarkable accuracy, reducing the need for adjustments and shortening the
treatment time.

Orthodontic Appliances: Custom aligners, retainers, and other orthodontic
devices are efficiently produced using 3D printing, offering personalized treatment
options.

Surgical Guides: For dental implant placement, 3D printed surgical guides
provide precise guidance, improving the accuracy and safety of the procedure.

Dentures: Complete and partial dentures can be 3D printed, allowing for rapid
production and customization to the patient's oral anatomy.

Educational Models: Anatomical models and case-specific replicas can be
created for educational purposes or to plan and explain complex treatments to
patients.
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4.3 Materials for 3D Printing in Dentistry

The choice of material is crucial for the success of 3D printed dental applications, with
options including;

e Resins: Photopolymer resins are widely used in dental 3D printing for their ability
to produce fine details and smooth surface finishes. They are suitable for a variety
of applications, from models to restorative and orthodontic appliances.

e Ceramics: Advanced 3D printing technologies can process ceramic materials to
produce dental restorations that combine aesthetic appeal with high strength and
durability.

e Metals: Metal 3D printing is used for fabricating dental implants, crowns, and
bridges. Materials like titanium and cobalt-chromium alloys are preferred for their
biocompatibility and mechanical properties.

The advancement of 3D printing materials continues to expand the scope of dental
applications, improving the functionality, aesthetics, and patient-specific customization
of dental products.
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MATERIALS LIBRARY

Dental

High-Accuracy Materials for Dental Labs and Practices

Formlabs Dental Resins empower dental labs and practices to rapidly
manufacture biocompatible surgical guides, splints, fixed patterns and models,
clear aligner models, and full dentures.

formlabs W | dental




MATERIAL DATA SHEET

Model Resin

Model Resin for High-Precision, High-Accuracy

Designed for crown and bridge models with removable dies, Model Resin is a
high-precision, high-accuracy resin. Print crisp margins and contacts within

+ 35 microns, and removable dies with consistently tight fit. A smooth, matte
surface finish and color similar to gypsum make it easy to switch from analog to
digital model production.

(v  FibmeE02 formlabs ¥ | dental

Prepared 02 . 10..2017 To the best of our knowledge the information contained herein is accurate. However, Formlabs, Inc. makes no warranty,

Rev 01 02.10.2017 expressed or implied, regarding the accuracy of these results to be obtained from the use thereof.



Material Properties Data

METRIC! IMPERIAL METHOD
Green? Post-Cured? Green? Post-Cured?

Mechanical Properties

Tensile Strength at Yield 33 MPa 61 MPa 4800 psi 8820 psi ASTM D 638-14

Tensile Modulus 1.0 GPa 27 GPa 230 ksi 397 ksi ASTM D 638-14

Elongation at Failure 25 % 5% 25 % 5% ASTM D 638-14
Flexural Properties

Flexural Modulus 0.95 GPa 2.5 GPa 138 ksi 365 ksi ASTM D 790-15

Flexural Strength at 5% Strain 33.9 MPa 95.8 MPa 4910 psi 13900 psi ASTM D 790-15
Impact Properties

Notched 1ZOD 27 J/m 33 J/m 0.5 ft-Ibf/in 0.6 ft-Ibf/in ASTM D256-10
Thermal Properties

Heat Deflection Temp. @ 264 psi 32:8°C 459°C 9E1 °F 14.6 °F ASTM D 648-16

Heat Deflection Temp. @ 66 psi 404 °C 485°C 104.7 °F N9.3°F ASTM D 648-16

°Data was obtained from parts printed using
Form 2,100 um, Model settings, and post-cured
with 1.25 mW/cm? of 405 nm LED light for 60
minutes.

2 Data was obtained from green parts, printed
using Form 2,100 um, Model settings, washed
and air dried without post cure.

"Material properties can vary with part geometry,
print orientation, print settings, and temperature.

Solvent Compatibility

G = Good resistance.

Parts exposed to this solvent should not experience a decrease in
mechanical properties. (< 1% weight gain, < 1% width increase over
24 hours fora 1x1x1cm cube)

X = Unacceptable resistance.

Parts exposed to this solvent will experience a significant decrease in
mechanical properties as well as visible degradation. (> 2% weight gain,
> 2% width increase over 24 hours fora1x 1x1cm cube)

Solvent Green Post-Cured Solvent Green Post-Cured
Acetic Acid, 5 % G G Isooctane G G
Acetone X X Isopropyl Alcohol X G
Bleach, ¥5 % NaOCI G G Sodium hydroxide (0.025 %, pH =10) G G
Butyl Acetate X G Salt Water (3.5 % NacCl) G G
Diethyl glycol monomethyl ether X G Water G G
Hydrogen Peroxide (3 %) ' G G Xylene X G




MATERIAL DATA SHEET

Surgical Guide

Next Generation Material for 3D Printed Surgical Guides

Surgical Guide Resin is an autoclavable, biocompatible resin for applications
including 3D printing dental surgical guides for implant placement. Developed
specifically for Formlabs printers and rigorously tested with autoclaves, solvents,
and implant systems, this material was designed from the ground up to exceed
dental demands in part quality, accuracy, and performance.

Surgical guides Drilling templates

Pilot drill guides Device sizing templates

@ FLSGAMO1 formlabs ¥ | dental

Prepared 11.04.2019 To the best of our knowledge the information contained herein is accurate. However, Formlabs, Inc. makes no warranty,

Rev 01 1.04.2019 expressed or implied, regarding the accuracy of these results to be obtained from the use thereof.



Material Properties Data

Tensile Properties
Ultimate Tensile Strength
Young’s Modulus
Elongation

Flexural Properties
Flexural Strength
Flexural Modulus

Hardness Properties

Hardness Shore D

METRIC IMPERIAL METHOD
Post-Cured "2 Post-Cured'?
73 MPa N ksi ASTM D638-10 (Type V)
2.9 GPa 420 ksi ASTM D638-10 (Type IV)
123% 12.3% ASTM D638-10 (Type 1V)
103 MPa 15 ksi ASTM D790-15 (Method B)
2.5 GPa 363 ksi ASTM D790-15 (Method B
67D 67D ASTM D2240-15 (Type D)

Disinfection Compatibility

Chemical Disinfection

Steam Sterilization

70% Isopropyl Alcohol for 5 minutes

Autoclave at 134 °C for 20 minutes
Autoclave at 121 °C for 30 minutes

Surgical Guide Resin is a Class | Medical Device as defined in Article | of the Medical Device Directive (93/42/EEC) in the
EU and in Section 201(h) of the Federal Food Drug & Cosmetic (FD&C) Act.

Surgical Guide Resin has been evaluated in accordance with ISO 10993-1:2018, Biological evaluation of medical devices -
Part 1: Evaluation and testing within a risk management process, and ISO 7405:2009/(R)2015, Dentistry - Evaluation of
biocompatibility of medical devices used in dentistry, and passed the requirements for the following biocompatibility risks:

ISO Standard
EN ISO 10993-5:2009
1ISO 10993-10:2010/(R)2014

ISO 10993-10:2010/(R)2014

Description 3
Not Cytotoxic
Non Irritation

Not a sensitizer

The product was developed and is in compliance with the following ISO Standards:

ISO Standard
EN ISO 13485:2016

ENISO 14971:2012

NOTES:

! Material properties may vary based on
part geometry, print orientation, print settings,
temperature, and disinfection
or sterilization methods used.

Description
Medical Devices — Quality Management Systems — Requirements for Regulatory Purposes

Medical Devices — Application of Risk Management to Medical Devices

3 Surgical Guide Resin was tested at
NAMSA World Headquarters, OH, USA.

2 Data for post-cured samples were measured
on Type IV tensile bars printed on a Form
2 printer with 100 um Surgical Guide Resin
settings, washed in a Form Wash for 20 minutes
in 99 % Isopropyl Alcohol, and post-cured
at 60 °C for 30 minutes in a Form Cure.



Dental LT Clear

Biocompatible Material for Splints and Occlusal Guards

Manufacture affordable, high-quality occlusal splints in-house with Dental LT Clear
Resin. A Class lla long-term biocompatible resin with high resistance to fracture,
this clear material polishes to high optical transparency for a finished appliance

you'll be proud to deliver.

@ FLDLCLO1 formlabs ¥ | dental

Prepared 10.04 . 2017 To the best of our knowledge the information contained herein is accurate. However, Formlabs, Inc. makes no warranty,

Rev 01 10.04.2017 expressed or implied, regarding the accuracy of these results to be obtained from the use thereof.



Material Properties Data

METRIC METHOD
Post-cured
Flexural Properties
Ultimate Flexural Strength > 50 MPa (no break) ISO 20795-2:2013
Flexural Modulus >1300 Mpa ISO 20795-2:2013
Hardness Properties
Hardness Shore D 80 - 90D SO 868:2003
Impact Properties
Maximum stress intensity factor > 11 MPa-m” ISO 179:2010
Total fracture work > 250 J/m? ISO 20795-2:2013

Dental LT Clear is tested at NAMSA, Chasse sur Rhone in France, and is certified biocompatible per
EN-ISO 10993-1:2009/AC:2010. Further details are available upon request.

The product is in compliance with ISO Standards:

« EN-ISO 1641:2009

+ EN-ISO 10993-1:2009/AC:2010
« EN-ISO 10993-3:2009

« EN-ISO 10993-5:2009

« EN 908:2008

NOTES:

'Material properties can vary with part geometry, print orientation, print settings, and temperature.

’Data refers to post-cured properties obtained after exposing green parts to 108 watts each of Blue UV-A (315 — 400 nm) and
UV-Blue (400 — 550 nm) light, in a@ heated environment at 80 °C (176 °F), with six (6) 18W/71 lamps (Dulux L Blue) and six (6)
18W/78 lamps (Dulux blue UV-A) for 20 minutes.



Denture
Base and Teeth

Truly Accessible Direct Printed Dental Prosthetics

Formlabs is expanding access to digital dentures with an efficient, cost-effective

manufacturing solution. Class Il long-term biocompatible Digital Denture Resins enable
dental professionals to produce 3D printed full dentures accurately and reliably.

Use Denture Base Resin for denture bases and try-ins.

Use Denture Teeth Resin for denture teeth.

@ FLDTA201

Prepared

Rev

01

01.08.2019
01.08.2019

(v1) FLoBLPOf formlabs ¥ | dental

To the best of our knowledge the information contained herein is accurate. However, Formlabs, Inc. makes no warranty,

expressed or implied, regarding the accuracy of these results to be obtained from the use thereof.



Denture Material Properties Data

Denture Teeth (FLDTA201) METRIC? METHOD

| Postcured?
Flexural Strength | > 50 MPa ISO 10477
Density | 115 g/ecm3 < X <1.25 g/cm3 ASTM D792-00
Denture Base (FLDBLPO1) METRIC? METHOD

| Postcured?
Flexural Strength | > 65 MPa ISO 20795-1
Density | 115 g/cm3 < X <1.25 g/cm3 ASTM D792-00

Denture Base and Teeth Resins were tested for biological evaluation of medical devices at WuXi Apptec,
2540 Executive Drive, St. Paul, MN, and is certified biocompatible per EN-ISO 10993-1:2009/ AC:2010:

- Non-mutagenic.

« Non-cytotoxic.

+ Not induce erythema or edema reactions.
+ Not a sensitizer.

+ Not cause systemic toxicity.

Denture Teeth ISO Standard:

« EN-ISO 22112: 2017 (Dentistry — Artificial teeth for dental prostheses)
« Flexural Strength, Water sorption and Water solubility under EN-ISO 10477
(Dentistry — Polymer-based crown and veneering materials) Type 2 and Class 2

Denture Base ISO Standard
« EN-ISO 20795-1:2013 (Dentistry — Base Polymers — Part 1: Denture Base Polymers)

NOTES:

"Material properties can vary with part geometry, print orientation, print settings, and temperature.

2 Data refers to post-cured properties obtained after exposing green parts to 108 watts each of
Blue UV-A (315 — 400 nm), in a heated environment at 80 °C (140 °F) and 1hr, with six (6) 18W/78 lamps
(Dulux blue UV-A).



B Digital Impressions and Scanning
Technologies

The advent of digital impressions and scanning technologies has marked a significant
evolution in dental practice, offering a modern alternative to traditional impression
materials. This chapter delves into the intricacies of digital impression systems,
intraoral scanning techniques, and the myriad advantages they bring to dentistry.

5.1 Digital Impression Systems

Digital impression systems utilize advanced optical imaging technologies to capture
precise digital replicas of the oral cavity. These systems have transformed the
landscape of dental diagnostics, treatment planning, and the fabrication of
restorations. Operating through a combination of hardware (the intraoral scanner)
and software, these systems enable the visualization of scan data in real-time,
facilitating immediate assessment and adjustments as needed.

5.2 Intraoral Scanning Techniques

Intraoral scanners are the cornerstone of digital impression systems. These devices
are equipped with cameras or lasers that capture thousands of high-resolution images
or 3D videos of the teeth and gums. The images are then pieced together using
sophisticated software algorithms to create a detailed 3D model of the patient's
mouth. The technique for capturing a digital impression involves moving the scanner
around the patient's mouth to systematically cover all surfaces of the teeth and
gingiva. This process is non-invasive, significantly more comfortable for the patient
than traditional impression materials, and can be completed in just a few minutes.
ents as needed.

PACIFICDDS www.pacificdds.com

DIGITAL DENTAL STUDIO




The workflow of intraoral scanning techniques in dentistry represents a significant
advancement in the way dental professionals capture the detailed anatomy of a
patient's oral cavity. This digital process not only enhances the accuracy and efficiency
of dental treatments but also improves the patient experience. Here's a detailed look
at the typical workflow involved in intraoral scanning:

1. Preparation
o Patient Preparation: The patient is seated comfortably in the dental chair, and
the area to be scanned is prepared. This might involve drying the teeth and oral
tissues to optimize the scanning process.
e Scanner Calibration: Before beginning the scan, the intraoral scanner is
calibrated according to the manufacturer's instructions. This ensures the accuracy
of the digital impressions.

2. Scanning Process

o Starting the Scan: The dentist or dental hygienist begins the scanning process by
placing the intraoral scanner into the patient's mouth. Modern scanners are
compact and designed to minimize discomfort during the scanning process.

o Systematic Coverage: The scanner is moved systematically around the mouth to
capture all necessary surfaces. This includes all teeth, gingival tissue, and specific
areas of interest for the treatment plan. The scanner emits a light or laser,
capturing thousands of high-resolution images or creating a continuous 3D video.

e Real-Time Visualization: As the scan progresses, the images are displayed in
real-time on a connected computer or display screen. This allows the operator to
immediately assess the quality of the images and ensure comprehensive coverage
of the oral structures.

o Completing the Scan: Once all areas have been scanned, the software compiles
the images into a complete 3D model of the patient's oral cavity. The operator can
then review the model, checking for any gaps or areas that may require re-
scanning.

PACIFICDDS www.pacificdds.com
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3. Data Processing
» Image Stitching: The software stitches the captured images together, creating a
detailed and accurate 3D model of the oral cavity. This model can be manipulated
and viewed from different angles for a thorough examination.
e Quality Check: The dentist reviews the 3D model for accuracy and completeness.
Any necessary adjustments or rescans are performed at this stage to ensure the
model is precise and fully representative of the patient's oral anatomy.

4. Utilization of Scanned Data

e Treatment Planning: The digital model serves as a foundation for treatment
planning. Dentists can use this model to design restorations, plan orthodontic
treatments, or simulate surgical procedures.

o Fabrication of Dental Restorations: For restorative treatments, the digital
impression can be directly used in CAD/CAM systems to design and fabricate
dental restorations such as crowns, bridges, and veneers, either in-office or at a
dental laboratory.

e Sharing and Collaboration: The digital model can be easily shared with other
dental professionals or specialists for consultation, or with dental laboratories for
the fabrication of dental appliances, enhancing collaboration and communication.

5. Feedback and Adjustment
o Patient Involvement: The digital model can also be used to engage patients in
their treatment planning, showing them the expected outcomes and discussing
treatment options.
e Adjustments: If any adjustments to the treatment plan are required, the digital
model can be easily modified, and in some cases, new scans may be taken to
reflect changes in the oral cavity after initial treatments.

The workflow of intraoral scanning techniques highlights the move towards more
digital, efficient, and patient-friendly dental care practices. By leveraging these
advanced technologies, dental professionals can achieve higher accuracy in their work,
offer quicker turnaround times for dental appliances, and improve the overall
treatment experience for patients.

PACIFICDDS www.pacificdds.com
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lllustration of scan-strategies applied with three 10Ss according to manufactures'
instructions: (1A) CEREC Omnicam (Software Ortho SW 1.2); (1B) 3Shape TRIOS }°
(Software 1.4.7.3), and (1C) PLANMECA Emerald (Software Romexis 5.0.0.R.). | PDF |
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https://www.sciencedirect.com/science/article/abs/pii/S1883195819301458?via%3Dihub

5.3. Advantages of Digital Impressions in Dentistry

Enhanced Accuracy and Efficiency: Digital impressions offer unparalleled accuracy
compared to traditional methods. The high-resolution images and precise
measurements ensure that restorations fit more accurately, reducing the need for
adjustments and remakes. This accuracy, coupled with the elimination of manual
errors associated with traditional impressions, significantly enhances treatment
efficiency.

Improved Patient Experience: The comfort and convenience of digital impressions
are vastly superior to the traditional impression process, which can be uncomfortable,
time-consuming, and sometimes cause gag reflexes. Digital impressions are quick,
clean, and far more tolerable for patients, improving their overall experience and
satisfaction.

Streamlined Workflow and Communication: Digital impression data can be easily
shared with dental laboratories or used in conjunction with CAD/CAM systems for in-
office restoration fabrication. This streamlined workflow reduces turnaround times
and improves the collaboration between dental professionals, enhancing the quality of
patient care.

Reduced Material and Storage Needs: Digital impressions eliminate the need for
physical storage of models, as the data is stored digitally. This not only saves space but
also reduces the costs associated with impression materials and the need to dispose
of these materials, making the process more environmentally friendly.

Facilitates Teledentistry: Digital impressions can be used in teledentistry
applications, allowing dentists to assess patients remotely and plan treatments
without the need for an in-person visit. This is particularly beneficial in reaching
underserved populations or in situations where patients cannot easily visit a dental
office.
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Integration with Robotic Systems

In some advanced applications, Al is integrated with robotic systems to further
enhance the precision and efficiency of 3D printing in dentistry. These robotic systems,
guided by Al, can automate certain aspects of the printing process, leading to faster
production times and the ability to produce more complex structures that might be
challenging for traditional printing methods.

Future Implications

As we look to the future, the integration of Al with 3D printing in dentistry holds
immense potential. From the development of new materials and techniques to the
creation of smart dental devices capable of monitoring and responding to patient
conditions, the possibilities are vast. This integration promises not only to enhance the
efficiency and quality of dental treatments but also to open new avenues for
personalized patient care and innovative treatment solutions.

Through this exploration of Al's role in enhancing 3D printing in dentistry, we gain a
deeper understanding of how these technologies are converging to redefine what is
possible in dental healthcare, paving the way for a future where precision,
personalization, and efficiency are at the forefront of dental practice.
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. Biomaterials for Digital Dentistry

The integration of biomaterials in digital dentistry plays a crucial role in the success
and longevity of dental treatments. As digital techniques continue to evolve, the
demand for advanced dental biomaterials that meet specific criteria for digital
fabrication processes has increased. This chapter explores the overview of dental
biomaterials, their requirements in the context of digital dentistry, and the various
types used in practice.

6.1. Overview of Dental Biomaterials

The field of dental biomaterials encompasses a broad spectrum of materials
specifically engineered to interact with the biological tissues of the oral cavity for the
restoration, replacement, repair, or modification of teeth and their surrounding
tissues. These materials are foundational to virtually all aspects of dentistry, from
preventive treatments and direct restorations to prosthetics, orthodontics, and
implantology. The overview of dental biomaterials delves into the science behind these
materials, their classification, and the criteria for their successful application in dental
practice.




Science and Classification of Dental Biomaterials

Dental biomaterials science involves the study of natural and synthetic materials and
their interactions with the dental tissues, oral environment, and biological systems.
This interdisciplinary field draws on materials science, biology, chemistry, and
engineering to develop materials that can effectively mimic or support the functions of
dental tissues.

Biomaterials used in dentistry can be broadly classified into several categories based
on their application and composition:

e Metals and Alloys: Used for their strength and durability in applications such as
crowns, bridges, implants, and orthodontic wires. Common metals include gold,
silver, titanium, and stainless steel, along with alloys like cobalt-chromium and
nickel-chromium.

o Ceramics: Preferred for their aesthetic qualities and biocompatibility. Ceramics
include porcelain, zirconia, and lithium disilicate, which are used in crowns,
veneers, and some implant components due to their excellent color matching and
resistance to wear.

» Polymers: Synthetic organic compounds that offer versatility and ease of use.
Dental polymers include resins used in composites, dentures, sealants, and
adhesives. Polymethylmethacrylate (PMMA) and bisphenol A-glycidyl methacrylate
(Bis-GMA) are examples of polymers widely used in restorative and prosthetic
dentistry.

e Composites: Materials that combine organic polymer matrices with inorganic
fillers to create restorations that mimic the appearance of natural teeth while
providing desirable mechanical properties. Composite resins are extensively used
in fillings, inlays, onlays, and cosmetic enhancements.

o Bioactive Materials: These materials interact with biological tissues, promoting
healing and tissue regeneration. Examples include calcium phosphate cements
and bioactive glasses used in bone grafts, dental implants, and as components of
restorative materials to enhance biointegration and repair.
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CAD/CAM composite resins composition, properties, and preparation requirement

Paradigm
Properties Brilliant MZ100
Composition 70% glass 85% zirconia-
and silica silica
Fracture 141 +041%° 0.78 +0.21Y
toughness
(MPa m*’?)
Flexural strength 198 + 14®  157%
(MPa)
Modulus of 10.301% 12.60%?
elasticity (GPa)
Biaxial strength 284,222 NP
(MPa)
Water sorption 23 NP
(pg/mm°)
Fracture load 1580 + 5217 1826 + 564°°
(Newton)
Vickers hardness 82.61*% NP
(VH)
Minimum wall NP 1.50-2.00 mm
thickness
occlusal
Minimum wall NP 1.50 mm

thickness
circumferential

Abbreviation: NP, not provided.
?Data from the manufacturer.

Tetric CAD

Barium glass
(64%%), silica
(7.1%), and
dimethacrylates
(28.4%)

NP

NP

10.20°

273.80°

225"

~2600°

NP

NP

NP

Sulaiman TA. Materials in digital dentistry-A review. | Esthet Restor Dent. 2020 Mar;32(2):171-181.
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Criteria for Successful Application

The successful application of dental biomaterials depends on several critical criteria:

o Biocompatibility: Materials must be safe and non-toxic, not eliciting any adverse
immune responses or inflammation. They should integrate well with the
surrounding tissues without causing harm.

o Mechanical Properties: Materials should possess sufficient strength, toughness,
and wear resistance to withstand the forces of mastication and the challenging
oral environment.

o Aesthetic Considerations: Especially important for visible restorations, materials
should mimic the translucency, color, and texture of natural teeth.

o Durability and Longevity: Biomaterials should maintain their structural integrity
and appearance over time, resisting degradation from saliva, food, and
temperature fluctuations.

o Ease of Use: The material's handling properties, including its workability, setting
time, and ability to bond with tooth structures or other materials, are crucial for
the efficiency and effectiveness of dental procedures.

As research and technology advance, the development of new dental biomaterials
continues to evolve, focusing on enhancing their properties, functionality, and
application methods. Innovations in biomaterials science are aimed at creating more
durable, bioactive, and aesthetically pleasing materials that can more closely replicate
the natural properties of dental tissues, thereby improving patient outcomes and
satisfaction in dental care.
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6.2. Requirements for Dental Biomaterials in
Digital Dentistry

The transition to digital dentistry imposes specific requirements on dental
biomaterials, which are essential to ensure the compatibility with digital fabrication
processes and the success of dental treatments:

e Machinability and Printability: Biomaterials must be suitable for processing by
CAD/CAM systems and 3D printers, requiring properties such as appropriate
hardness, flexibility, and viscosity.

e Dimensional Stability: Materials should maintain their shape and size during
and after the digital fabrication process to ensure the accuracy and fit of the final
restoration or device.

o Aesthetic Properties: With an increasing emphasis on aesthetic outcomes,
dental biomaterials must offer options for color matching and translucency that
mimic natural tooth appearance.

o Strength and Durability: High mechanical strength and resistance to wear and
degradation are crucial, especially for materials used in load-bearing applications
such as crowns and implants.

o Biocompatibility: Materials must be non-toxic, hypoallergenic, and capable of
integrating well with the surrounding biological tissues, ensuring patient safety
and comfort.
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6.3. Types of Dental Biomaterials Used in Digital
Dentistry

The advancements in digital dentistry have led to the utilization of diverse
biomaterials, each selected based on the specific requirements of the treatment:

e Ceramics: Ceramics are highly favored for their excellent aesthetic qualities and
mechanical properties. Materials such as zirconia and lithium disilicate are
commonly used for crowns, veneers, and fixed bridges, offering durability and a
natural appearance.

e Resin Composites: Composite resins are versatile materials that can be used for
direct restorations, inlays, onlays, and even some types of indirect restorations.
Their printability makes them ideal for use in 3D printing applications, and their
aesthetic qualities are suitable for anterior restorations.

e Metals: Metals like titanium are predominantly used in implants due to their
strength, biocompatibility, and ability to osseointegrate with bone tissue. Cobalt-
chromium alloys are also used for frameworks and prosthetics, offering durability
and resistance to corrosion.

o Polymers: Polymethylmethacrylate (PMMA) and polyetheretherketone (PEEK) are
examples of polymers used in digital dentistry. PMMA can serve as a temporary
restoration material, while PEEK is noted for its excellent mechanical properties
and biocompatibility, suitable for permanent restorations and implant
frameworks.

o Bioactive Materials: Bioactive materials such as calcium phosphates and
bioactive glasses are used in regenerative dentistry and bone grafting procedures.
These materials support the natural process of bone regeneration and integration
with dental implants.
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Nanotechnology in Dental Materials

Nanotechnology, the manipulation of matter on an atomic or molecular scale, has
made significant inroads into various fields, including dentistry. This chapter delves
into the realm of nanomaterials in dentistry, their applications, and the future
perspectives of nanotechnology in digital dentistry, highlighting how these microscopic
technologies are revolutionizing dental materials and treatments.

7.1. Nanomaterials in Dentistry

Nanomaterials refer to materials that have at least one dimension in the nanometer
range (1 to 100 nanometers). In dentistry, these materials are engineered to exhibit
superior properties compared to their bulk counterparts, such as increased strength,
enhanced optical properties, and improved bioactivity. The unique characteristics of
nanomaterials stem from their increased surface area to volume ratio, which
significantly impacts their physical, chemical, and biological properties.
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Challenges and Future Research

e Complexity of Oral Environment: The oral cavity presents a challenging
environment for implanted bio-printed tissues due to factors like saliva, bacterial
load, and mechanical forces.

 Vascularization: Ensuring adequate blood supply to the bioprinted tissues, which
is crucial for their survival and integration.

e Regulatory and Ethical Considerations: As with any emerging medical technology,
bioprinting in dentistry faces regulatory hurdles and ethical debates, particularly
concerning the use of human cells.

Current Status and Future Prospects
While still largely in the experimental and research phases, bioprinting in dentistry
holds significant promise. The technology is advancing rapidly, and there are ongoing
studies and trials aimed at overcoming current challenges and bringing these
innovative solutions to clinical practice.

Bioprinting in dentistry represents a frontier in regenerative medicine and
personalized dental care, offering the potential to significantly improve treatment
outcomes and patient quality of life. As research continues and technology evolves,
bioprinting is likely to become an integral part of future dental therapies and
procedures.
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7.2. Applications of Nanotechnology in Dental
Materials

Nanotechnology has found diverse applications in dental materials, offering improved
outcomes and innovative solutions for longstanding challenges:

e Nanocomposites: Dental composites incorporating nanosized fillers provide
superior aesthetics, higher mechanical strength, and better polishability compared
to traditional composites. These nanocomposites mimic the natural appearance of
tooth enamel while offering enhanced durability and wear resistance.

» Nanosolutions and Coatings: Nanosized particles in solutions and coatings can be
applied to the surfaces of implants or restorations to improve their bioactivity and
antibacterial properties. For example, titanium implants coated with nanoparticles
promote better osseointegration and reduce the risk of post-operative infections.

e Nanoceramics: Used in prosthetics and restorative dentistry, nanoceramics offer
improved translucency and strength over conventional ceramics. These materials
are particularly advantageous for creating lifelike dental crowns and veneers that
are both durable and aesthetically pleasing.

o Nanofibers: Employed in tissue engineering and regenerative dentistry,
nanofibers can support the growth and differentiation of cells, aiding in the
regeneration of dental tissues such as pulp and periodontal ligaments.

» Antibacterial Nanoparticles: Nanoparticles with antibacterial properties, such as
silver or zinc oxide nanoparticles, can be incorporated into dental materials to
prevent caries and periodontal disease by inhibiting the growth of harmful
bacteria.
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7.3. Future Perspectives of Nanotechnology in Digital
Dentistry

The future of nanotechnology in digital dentistry looks promising, with ongoing
research focused on developing smarter, more efficient, and patient-friendly dental
solutions:

o Targeted Drug Delivery: Nanocarriers can be engineered to deliver drugs or
therapeutic agents directly to the site of dental infections or lesions, offering
targeted treatment options with minimal side effects.

e Enhanced Diagnostic Tools: Nanotechnology could lead to the development of
highly sensitive diagnostic tools capable of detecting early signs of dental diseases
at the molecular level, facilitating prompt and precise interventions.

» Self-Healing Dental Materials: Research is underway to develop dental materials
with self-healing capabilities, mimicking the natural healing processes of biological
tissues. Such materials could automatically repair cracks or damages, extending
the lifespan of dental restorations.

e Personalized Dental Treatments: Nanotechnology, combined with digital
dentistry techniques, holds the potential for creating personalized dental
materials and treatments tailored to the specific needs and conditions of
individual patients, enhancing the effectiveness and outcomes of dental care.

In conclusion, nanotechnology represents a frontier in dental material science, offering
transformative potentials for dental treatments and patient care. As research and
development in this field continue to advance, the integration of nanotechnology in
digital dentistry is expected to bring about even more innovative solutions,
significantly impacting the future of dental practices and patient experiences.
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n Digital Workflow in Prosthodontics

The dental digital workflow varies based on the specific issue, its complexity, the
required treatment type, and any additional complicating factors. However, unlike
traditional methods, the use of digital technology in dentistry enhances precision,
automation, speed, and collaboration across different dental disciplines.

In the realm of digital workflows, the divide between the tasks of dentists and lab
technicians diminishes as both parties utilize unified digital platforms. These platforms
are not only more interactive but also more comprehensible to patients.

For example, in the case of creating digital dentures, the entire process can be
centralized. Here, the dentist captures the impression and formulates the treatment
plan, even for patients without any teeth, forecasts and visualizes the end result;
allows the patient to preview the final look and make adjustments based on their
preferences; and assists the dental lab in crafting anatomically accurate dentures
swiftly.

Irrespective of the treatment indication, the standard digital dental workflow
consistently follows three main phases:

Intraoral scan

Visualization tools Milling
== — —
O 2
=y ==
0D f
pmy (=)
N A
CAD/CAM 3D Printing

Physical Impression Lab scan
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1.Scanning or Digital Impression: This initial phase, visible to the patient, involves
capturing the dentition. Although it's possible to start with a traditional impression
and digitize it later in the lab, utilizing an intraoral scanner directly is preferable for
the patient's experience. This process, typically lasting just 2-3 minutes, lets the
patient immediately view a 3D representation of their teeth on a display screen. If
a traditional impression is used, a lab technician will spend a similar amount of
time scanning the conventional impressions or plaster models using a desktop
scanner.

2.Treatment Planning and Design: During this phase, dentists or dental specialists
employ CAD/CAM software to create restorations and plan other treatments. The
design or treatment strategy can be quickly adjusted or refined based on feedback
from the patient or lab.

3.Manufacturing the Product: Following the approval of digital designs, they can
be forwarded to dental 3D printers or milling machines to produce various
appliances such as aligners, retainers, dentures, crowns, bridges, splints, and
indirect bonding trays, among others. At this stage, the patient either returns (or
may still be present) to receive or commence their treatment.

This streamlined digital process not only facilitates greater efficiency and collaboration
but also enhances the overall patient experience by providing clearer insights into
their treatment journey.

Integration of CAD/CAM and 3D Printing in
Prosthodontics

The integration of Computer-Aided Design/Computer-Aided Manufacturing (CAD/CAM)
and 3D printing technologies in prosthodontics has revolutionized the field, ushering
in an era of precision, efficiency, and customization previously unattainable. These
digital technologies have transformed the way prosthodontic treatments are planned,
designed, and executed, offering significant improvements in the creation of dental
prostheses such as crowns, bridges, dentures, and implant-supported restorations.
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CAD/CAM in Prosthodontics

CAD/CAM technology involves the use of digital design software to create detailed 3D
models of dental prostheses, which are then manufactured using automated milling
machines or 3D printers. In prosthodontics, this technology enables the fabrication of
highly accurate and aesthetically pleasing restorations with a perfect fit.

e Precision and Customization: CAD/CAM technology allows for the design of
prostheses that precisely match the patient's dental anatomy, ensuring a
comfortable fit and optimal functionality. The high level of customization available
with  CAD/CAM enhances both the aesthetic and clinical outcomes of
prosthodontic treatments.

e Material Options: A wide range of materials can be used with CAD/CAM systems,
including ceramics, composite resins, and metals. This versatility allows
prosthodontists to select the most appropriate material based on the specific
requirements of each case, such as strength, durability, and appearance.

o Efficiency: The digital workflow associated with CAD/CAM reduces the number of
appointments needed and significantly shortens the turnaround time for the
fabrication of dental prostheses, improving the overall treatment experience for
patients.

AN \V,
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3D Printing in Prosthodontics

3D printing, or additive manufacturing, involves creating three-dimensional objects by
layering material according to digital models. In prosthodontics, 3D printing is used to
produce various dental appliances with high precision and efficiency.

e Wide Range of Applications: 3D printing technology is utilized to fabricate not
only fixed and removable prostheses but also custom trays, occlusal splints, and
even complex implant surgical guides, expanding the scope of prosthodontic
treatment possibilities.

e Rapid Prototyping and Production: 3D printing enables the rapid prototyping and
production of dental prostheses, allowing for quick adjustments and iterations
during the treatment planning phase. This agility accelerates the treatment
process and enhances patient satisfaction.

o Cost-Effectiveness: By reducing material waste and decreasing labor costs
associated with traditional manufacturing techniques, 3D printing offers a cost-
effective solution for the production of dental prostheses, making high-quality
prosthodontic care more accessible to patients.
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Integration and Future Perspectives

The combined use of CAD/CAM and 3D printing technologies represents a synergistic
approach in prosthodontics, offering a seamless, efficient, and highly customizable
workflow. The integration of these technologies facilitates collaborative treatment
planning between prosthodontists, dental technicians, and patients, ensuring optimal
treatment outcomes.

Looking forward, the integration of CAD/CAM and 3D printing in prosthodontics is
expected to continue evolving, with ongoing advancements in materials science, digital
imaging, and manufacturing technologies. This evolution will further enhance the
precision, aesthetics, and durability of dental prostheses, ultimately leading to
improved patient care and treatment satisfaction.

The integration of CAD/CAM and 3D printing technologies in prosthodontics has
marked a significant advancement in the field, offering unprecedented levels of
precision, efficiency, and customization. As these technologies continue to develop,
they promise to further refine the art and science of prosthodontic treatment, making
it more accessible, predictable, and patient-centric.
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n Leading 3D Printer Companies in Dentistry

The incorporation of digital technologies into orthodontics has significantly
transformed the diagnosis, treatment planning, and execution of orthodontic care.
This chapter explores the role of digital dentistry in orthodontics, focusing on digital
diagnostic and treatment planning tools, the customization of orthodontic appliances
using digital technologies, and the integration of digital workflows into orthodontic
practices.
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9.1. Digital Orthodontic Diagnosis and Treatment
Planning

Digital technologies offer a more precise and efficient approach to orthodontic
diagnosis and treatment planning, enhancing the accuracy and effectiveness of
orthodontic care.

e 3D Imaging and Analysis: Advanced imaging techniques such as Cone Beam
Computed Tomography (CBCT) and digital intraoral scanning create detailed
three-dimensional representations of the patient's dentition and craniofacial
structures. These images enable orthodontists to analyze malocclusions and
dental anomalies with greater accuracy and detail than traditional two-
dimensional radiographs.

o Digital Treatment Simulation: Software tools allow for the simulation of
treatment outcomes, enabling both the orthodontist and the patient to visualize
potential results before treatment begins. This aids in creating more realistic
expectations and informed decisions regarding treatment options.

e Customized Treatment Planning: Digital technologies facilitate the creation of
personalized treatment plans that account for the unique anatomical features and
needs of each patient. This customization leads to more effective treatment
strategies and outcomes.

CURRENT DENTITION
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Customized Orthodontic Appliances Using Digital
Technologies

The use of digital technologies in the fabrication of orthodontic appliances has
revolutionized the customization process, providing devices that are highly tailored to
the individual patient's anatomy.

e CAD/CAM and 3D Printing: These technologies are employed to design and
manufacture a range of orthodontic appliances, including custom brackets,
aligners, and retainers. CAD/CAM and 3D printing ensure that these appliances fit
precisely, improving comfort and effectiveness.

e Indirect Bonding Techniques: Digital models of the patient's teeth can be used to
plan the optimal placement of brackets and to create customized jigs that guide
accurate bracket placement on the teeth. This process not only saves chair time
but also enhances treatment efficiency and outcomes.
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Integration of Digital Workflow in Orthodontic
Practices

Integrating a digital workflow into orthodontic practices offers numerous benefits,
streamlining operations and improving patient care.

 Efficient Workflow: Digital tools streamline every step of the orthodontic process,
from diagnosis and treatment planning to appliance fabrication and patient
monitoring. This efficiency reduces treatment times and improves the patient
experience.

e Enhanced Collaboration: Digital files can be easily shared with dental
laboratories, other dental specialists, and patients, fostering better
communication and collaboration. This interconnectedness ensures that all
parties are aligned on treatment objectives and progress.

e Remote Monitoring: Digital technologies enable the remote monitoring of
patients' progress, allowing adjustments to treatment plans as needed without the
necessity for frequent in-office visits. This convenience is particularly beneficial for
patients with geographical or scheduling constraints.
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Conclusion

Digital dentistry in orthodontics represents a paradigm shift in how orthodontic care is
delivered. By harnessing the power of digital diagnosis and treatment planning,
customized appliance fabrication, and integrated digital workflows, orthodontic
practices can offer more precise, efficient, and patient-centered care. As these
technologies continue to evolve and become more ingrained in orthodontic
procedures, they hold the promise of further enhancing the efficacy and accessibility
of orthodontic treatments, ultimately leading to better patient outcomes and
satisfaction.




m Future Trends and Innovations

The landscape of digital dentistry is continually evolving, driven by technological
advancements and the pursuit of improved patient care. This chapter explores the
horizon of digital dentistry, highlighting emerging technologies, future predictions for
dental materials, and the ethical and regulatory considerations that accompany the
advancement of digital dental practices.

10.1. Emerging Technologies in Digital Dentistry

The future of digital dentistry is bright, with several emerging technologies poised to
further transform dental practices:

o Artificial Intelligence (Al) and Machine Learning: Al and machine learning
algorithms are becoming increasingly integrated into diagnostic tools, treatment
planning, and patient management systems. These technologies can analyze vast
amounts of data to identify patterns, predict treatment outcomes, and suggest
optimal treatment plans, enhancing decision-making and patient care.

o Augmented Reality (AR) and Virtual Reality (VR): AR and VR technologies offer
immersive training and education experiences for dental professionals.
Additionally, they can be used in patient education, helping individuals
understand their treatment plans and expected outcomes in a highly visual and
interactive manner.

e Robot-Assisted Surgery: Robotic technologies are beginning to make their way
into dental surgery, offering precision and consistency that surpasses human
capability. These systems can assist in implant placement and other complex
procedures, improving accuracy and reducing recovery times.

o Digital Patient Records and Blockchain: The digitization of patient records,
combined with blockchain technology, promises enhanced security and privacy of
patient data. Blockchain can provide a secure, immutable ledger for dental
records, facilitating safe and easy sharing of information among authorized
professionals.

PACIFICDDS www.pacificdds.com

DIGITAL DENTAL STUDIO




10.2. Predictions for the Future of Dental Materials in
Digital Dentistry

The development of dental materials is critical to the advancement of digital dentistry.
Future trends in this area include:

e Smart Materials: The next generation of dental materials will not only mimic the
aesthetic and mechanical properties of natural teeth but will also possess self-
healing abilities, antibacterial properties, and the capacity for real-time monitoring
of oral health conditions.

e Biocompatible and Bioactive Materials: There will be an increased focus on
materials that interact positively with biological tissues, promoting healing and
integration. Innovations in bioactive materials will lead to better outcomes in
regenerative dentistry and implantology.

o Sustainable Materials: As environmental considerations become more pressing,
the dental industry will seek to develop more sustainable, eco-friendly materials
and manufacturing processes, reducing the carbon footprint of dental care.
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10.3. Ethical and Regulatory Considerations in
Advancing Digital Dentistry

As digital dentistry continues to advance, several ethical and regulatory considerations
must be addressed:

e Privacy and Data Protection: The digitization of dental records and the use of Al
and machine learning raise significant concerns about patient privacy and data
security. Robust measures and regulations will be necessary to protect sensitive
information.

o Accessibility and Equity: Ensuring that advancements in digital dentistry benefit
all segments of the population is a crucial ethical concern. Efforts must be made to
make digital dental technologies affordable and accessible to underserved
communities.

e Regulatory Oversight: As new technologies emerge, regulatory bodies will need to
keep pace to ensure that these innovations are safe, effective, and used in a
manner that benefits patients. Ongoing collaboration between innovators,
practitioners, and regulators will be essential to navigate the complex landscape
of digital dentistry.

In conclusion, the future of digital dentistry is characterized by rapid innovation and
the potential for significant improvements in patient care. By embracing emerging
technologies, developing advanced dental materials, and addressing ethical and
regulatory challenges, the dental profession can look forward to a future where dental
care is more precise, efficient, and accessible than ever before.
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n Summary of Key Concepts

"Dental Materials in Digital Dentistry" offers an insightful exploration into the
transformative impact of digital technologies on the selection, use, and development
of dental materials. The book navigates through the convergence of digital
advancements and material science, underscoring how this synergy enhances the
efficacy, efficiency, and outcomes of dental treatments.

Key Themes and Insights:

 Introduction to Digital Dentistry: The book begins by setting the stage with an
overview of digital dentistry's evolution, highlighting its benefits over traditional
practices, including increased accuracy, patient comfort, and interdisciplinary
integration.

 Digital Imaging and CAD/CAM: A comprehensive examination of digital imaging
techniques and CAD/CAM technology reveals their critical roles in modern
dentistry. The text elaborates on how these tools have revolutionized diagnosis,
treatment planning, and the fabrication of restorations, bringing precision and
customization to the forefront of dental care.

e 3D Printing in Dentistry: The exploration of 3D printing technology
demonstrates its versatility in creating dental appliances and restorations. The
book details the materials and methods that facilitate rapid prototyping and
production, emphasizing 3D printing's role in customizing patient care.

« Biomaterials for Digital Dentistry: A core theme of the book, this section delves
into the requirements and types of dental biomaterials suited for digital
applications. The discussion spans across ceramics, composites, metals, and
innovative bioactive materials, showcasing their significance in achieving durable
and aesthetically pleasing outcomes.

* Nanotechnology in Dental Materials: The narrative progresses to uncover the
potential of nanotechnology in enhancing dental materials. By manipulating
materials at the molecular level, nanotechnology promises to bring about smarter,
more effective dental solutions, from nanocomposites to bioactive coatings that
promote tissue regeneration.
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n Summary of Key Concepts

» Digital Workflow in Prosthodontics and Orthodontics: The book presents in-
depth analyses of how digital workflows revolutionize prosthodontics and
orthodontics. It highlights the integration of digital technologies in treatment
planning, appliance fabrication, and patient monitoring, underscoring the
efficiency and improved patient experiences these workflows facilitate.

e Future Trends and Innovations: Looking ahead, "Dental Materials in Digital
Dentistry" forecasts the evolution of digital dentistry. It speculates on emerging
technologies, future dental materials, and the ethical and regulatory landscapes,
envisioning a future where digital dentistry broadens the horizons of patient care.

"Dental Materials in Digital Dentistry" is a comprehensive guide that captures the
essence of how digital technologies and dental materials converge to redefine
dentistry. It offers readers—from dental professionals to researchers—an in-depth
understanding of the current state and exciting future of dental care. Through its
exploration of technological advancements and innovative materials, the book
encourages the dental community to embrace the digital revolution, ensuring better,
faster, and more personalized dental treatments for patients worldwide.
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