This second edition first published 2023
© 2023 John Wiley & Sons, Inc.

Edition History
John Wiley & Sons (1e, 2015)

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, except as permitted by law. Advice on how to obtain permission to reuse material
from this title is available at http://www.wiley.com/go/permissions.

The right of Radi Masri and Carl F. Driscoll to be identified as the authors of the editorial material in this work has been asserted in accordance
with law.

Registered Office
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA

For details of our global editorial offices, customer services, and more information about Wiley products visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-demand. Some content that appears in standard print versions
of this book may not be available in other formats.

Limit of Liability/Disclaimer of Warranty

The contents of this work are intended to further general scientific research, understanding, and discussion only and are not intended and
should not be relied upon as recommending or promoting scientific method, diagnosis, or treatment by physicians for any particular patient.
In view of ongoing research, equipment modifications, changes in governmental regulations, and the constant flow of information relating

to the use of medicines, equipment, and devices, the reader is urged to review and evaluate the information provided in the package insert

or instructions for each medicine, equipment, or device for, among other things, any changes in the instructions or indication of usage and

for added warnings and precautions. While the publisher and authors have used their best efforts in preparing this work, they make no
representations or warranties with respect to the accuracy or completeness of the contents of this work and specifically disclaim all warranties,
including without limitation any implied warranties of merchantability or fitness for a particular purpose. No warranty may be created or
extended by sales representatives, written sales materials, or promotional statements for this work. The fact that an organization, website, or
product is referred to in this work as a citation and/or potential source of further information does not mean that the publisher and authors
endorse the information or services the organization, website, or product may provide or recommendations it may make. This work is sold with
the understanding that the publisher is not engaged in rendering professional services. The advice and strategies contained herein may not be
suitable for your situation. You should consult with a specialist where appropriate. Further, readers should be aware that websites listed in this
work may have changed or disappeared between when this work was written and when it is read. Neither the publisher nor authors shall be
liable for any loss of profit or any other commercial damages, including but not limited to special, incidental, consequential, or other damages.

Library of Congress Cataloging-in-Publication Data

Names: Masri, Radi, 1975- editor. | Driscoll, Carl F., editor.

Title: Clinical applications of digital dental technology / edited by Radi
Masri, Carl F. Driscoll.

Description: Second edition. | Hoboken, NJ : Wiley-Blackwell, 2023. |
Includes bibliographical references and index.

Identifiers: LCCN 2022019896 (print) | LCCN 2022019897 (ebook) | ISBN
9781119800583 (cloth) | ISBN 9781119800590 (Adobe PDF) | ISBN
9781119800606 (epub)

Subjects: MESH: Technology, Dental | Prosthodontics-methods |
Endodontics-methods | Surgery, Computer-Assisted | Radiography, Dental,
Digital | Computer-Aided Design

Classification: LCC RK656 (print) | LCC RK656 (ebook) | NLM WU 150 | DDC
617.6/90284-dc23/eng/20220810

LC record available at https://lccn.loc.gov/2022019896

LC ebook record available at https://lccn.loc.gov/2022019897

Cover Image: Courtesy of Radi Masri
Cover Design by Wiley

Set in 9.5/12.5pt STIXTwoText by Straive, Pondicherry, India


http://www.wiley.com/go/permissions
http://www.wiley.com

1.1
1.1.1
1.1.1.1
1.1.1.2
1.1.1.3
1.1.14
1.1.2
1.1.2.1
1.1.3
1.1.31
1.1.3.2
1.1.3.3
1.1.4
1.14.1
1.14.2
1.14.3
1.14.4
1.1.4.5

1.1.5

1.1.5.1
1.1.6

1.1.6.1
1.1.6.2
1.1.6.3
1.1.6.4
1.1.7

1.1.7.1
1.1.7.2
1.1.7.3
1.1.7.4
1.1.7.5

Contents

Notes on Contributors xvi
Preface xix

About the Companion Website xx

Digital Imaging 1

Jeffery B. Price

Introduction 1

Digital Versus Conventional Film Radiography 1

Increased Use of Computers in The Dental Office 2

Review of Basic Terminology 2

Image Quality Comparison between Direct and Indirect Digital Radiography 3
Amount of Radiation Required to Use Direct and Indirect Digital Radiography 4
Radiation Safety of Diagnostic Radiography 4

Radiation Dosimetry 5

Uses of Two-Dimensional (2D) Systems in Daily Practice 6

Caries Diagnosis 6

Caries Classifications 7

Ethics of Caries Diagnosis 7

Non-Radiographic Methods of Caries Diagnosis 8

Quantitative Light-Induced Fluorescence 8

Laser Fluorescence 9

Electrical Conductance 10

Alternating Current Impedance Spectroscopy 10

Frequency-Domain Laser-Induced Infrared Photothermal Radiometry and Modulated Luminescence
(PTR/LUM) 10

Dental Cone Beam Computed Tomography 10

Limitations of CBCT 12

Common Uses of CBCT in Dentistry 13

Dental Implant Planning 13

Endodontics 14

Growth and Development 15

Oral and Maxillofacial Surgery 16

Emerging Imaging Technology 17

Computer-Aided Diagnosis and Artificial Intelligence in Medicine 17
CAD for Dental Caries 17

Advancements in Artificial Intelligence for Use in Dentistry 17
Intraoral Tomosynthesis 18

Polarization-Sensitive Optical Coherent Tomography 19

vii



viii | Contents

1.1.7.6 MRI for Dental Implant Planning 19
1.1.7.7 MRI for Caries Detection 20
1.1.7.8 Dynamic MRI 20
1.1.7.9 Low-Dose CBCT 20
1.2 Summary 20
References 20

2 Digital Impressions 28
Brian J. Goodacre, Charles J. Goodacre, Sarah E. Goodacre, and Gary D. Hack
2.1 Introduction 28
2.2 Benefits of Digital Impressions 29
23 Limitations of Digital Impressions 30
2.4 Clinical Considerations 30

2.4.1  Technology of Intraoral Scanners 30
2.42  Clinical Scanning Techniques 31
2.43  Scanning Environment 34

2.5 Accuracy of Intraoral Scanners Compared with Conventional Impressions 34
2.6 Accuracy of Complete Arch vs. Quadrant Scans 35

2.7 Indirect Restoration Accuracy 35

2.8 Preparation Design 36

2.9 Implant Restoration Accuracy 36

29.1  Single/Multiple Implants 38
2.9.2  Complete Arch Implant Scanning 38
2.10 Removable Prosthodontics 39
2.11 Summary 42
References 42

3 Direct Digital Manufacturing 46
Gerald T. Grant

31 Introduction 46

3.2 Scanning Devices 46

3.3 Digital Manufacturing 47
3.4 File Format in The Digital Workflow 47
3.5 Additive versus Subtractive Manufacturing Technologies 49
3.5.1  Subtractive Manufacturing Technology 49
3.5.2  Additive Manufacturing Technology 50
3.6 Materials Extrusion Technologies 52
3.7 Powder Bed Fusion 53
3.7.1  Selective Laser Melt 53
3.7.2  Electron Beam Melting 53
3.7.3  Selective Heat Sintering 54
3.74  Selective Laser Sintering 54
3.8 Binder Jetting 55
3.8.1  Plaster-based 3D Printing 55
3.9 Sheet Lamination 55
3.9.1 Laminated Object Manufacturing (LOM) 55
3.10 Vat Photopolymerization 56
3.10.1 Stereolithography 56
3.10.2 Digital Light Processing 56
3.10.3 PolyJet 3D Printing 57
311 Applications of Digital Manufacturing in Medicine and Dentistry 57
3.12 Future of DDM 58
References 58



4.1
4.2
4.3
4.3.1
4.3.2
433
4.4
441
4.4.2
4.4.3
4.4.4
4.4.5
4.4.6
4.4.7
4.4.8
4.4.9
4.4.10
4.5
451
4.5.2
4.5.3
4.6
4.6.1
4.6.2
4.6.3
4.6.4
4.6.5
4.7
4.7.1
4.7.2
4.7.3
4.7.4
4.7.5
4.8
4.8.1
4.8.2
4.8.3

5.1

5.2

5.2.1
5.2.2
5.2.3
524
5.2.5
5.2.6
5.2.7
5.2.8

Additive Manufacturing Procedures and Clinical Applications in Restorative Dentistry
Marta Revilla-Ledn and Amirali Zandinejad

Introduction 60

Manufacturing Workflow and Manufacturing Accuracy 61

Polymer Additive Manufacturing 62

Vat-Polymerization Technologies 62

Material Jetting Technologies 63

Material Extrusion 64

Dental Applications of Polymer Additive Manufacturing Technologies 65
Diagnostic and Definitive Casts 65

Surgical Implant Guides 66

Endodontic Guides 68

Occlusal Devices 68

Castable Patterns 68

Silicone Indices 69

Custom Trays 69

Interim Dental Restorations 70

Removable Prostheses 71

Extraoral Scan Bodies for Virtual Patient Integration 72

Metal Additive Manufacturing 73

Selective Laser Sintering 74

Selective Laser Melting 74

Electron Beam Melting 74

Dental Applications of Metal Additive Manufacturing Technologies 74
Metal Frameworks for Removable Partial Dentures 74

Metal Frameworks for Complete Dentures and Overdentures 75
Metal Frameworks Tooth-Supported Prostheses 75

Metal Frameworks for Implant-Supported Prostheses 76

Metal Frameworks for Implant Impression Techniques 77

Ceramic Additive Manufacturing 77

Vat-Polymerization Technologies 78

Binder Jetting Technology 79

Material Extrusion 79

Material Jetting 79

Powder Bed Fusion Technologies 80

Dental Applications of Ceramic Additive Manufacturing Technologies 80
Dental Restorations 80

Dental Implants 82

Regenerative Dentistry 82

References 83

Dental Materials in the Digital Age 96
Geoffrey A. Thompson and Hongseok An
Introduction 96

Materials for CAD-CAM Prosthodontics 96
Ceramics 96

Common Processing Methods 96
Polymers 97

Common Processing Methods 97
Metal Alloys 97

Common Processing Methods 97
Reasons for Selection 98

Esthetics 98

60

Contents



x| Contents

5.2.9  Anticipated Stress or Forces 98
5.2.10 Mechanical Properties 99
5.2.11 Available Space 100
5.2.12 Wear Resistance 101
5.2.13  Survival Rate 101
5.3 Manufacturing Considerations for CAD-CAM Dental Materials 101
5.3.1  Subtractive Manufacturing of Dental Ceramics 101
5.3.1.1 Soft Milling 101
5.3.1.2 Margin Offset 102
5.3.1.3 Milling Tools and Tool Diameter Compensation 103
5.3.2  Manual Contouring 104
5.3.3  Heat Treatment 105
5.3.3.1 Heat Treatment of Lithium Disilicate Restorations 105
5.3.3.2 Heat Treatment of Zirconia Restorations 105
5.3.4  Ceramic Veneering and Finishing 106
5.3.4.1 Lithium Disilicate Ceramic 106
5.3.4.2 Zirconia 107
5.3.5  Additive Manufacturing of Dental Ceramics 111
5.3.6  Subtractive Manufacturing of Polymers 112
5.3.6.1 Polymethyl Methacrylate 112
5.3.6.2 Composite Resin & Hybrid resin-ceramic 113
5.3.7  Additive Manufacturing of Polymers 115
5.3.8  Subtractive Manufacturing of Metal Alloys 117
5.3.9  Additive Manufacturing of Metal Alloys 117
5.4 Summary 118
References 118

6 Clinical Applications of Digital Technology in Fixed Prosthodontics 122

Ramtin Sadid-Zadeh
6.1 History of Computer-Aided Design/Computer-Aided Manufacturing Technology in Fixed Prosthodontics 122
6.2 Current State of Computer-Aided Restorations in Fixed Prosthodontics 122

6.3 Factors Impacting The Quality of CAD/CAM Fixed Dental Prostheses 123
6.3.1  Tooth Preparation 123

6.3.2  Optical Scanners 124

6.3.3  Computer-Aided Design 125

6.3.4  Computer-Aided Manufacturing 126

6.4 Materials Used for CAD/CAM Fixed Dental Prostheses 128
6.4.1 Die Materials 128

6.4.2 Pattern Materials 130

6.4.3 Restorative Materials 131

6.4.3.1 Polymethyl Methacrylate 132

6.4.3.2 Composite Resins 133

6.4.3.3 Polyetheretherketone 133

6.4.3.4 Silicate-Based Ceramics 133

6.4.3.5 In-Ceram Restorative Materials 136

6.4.3.6 Polycrystalline Ceramics 136

6.4.3.7 Metal Alloys 138

6.5 CAD/CAM Fixed Dental Prostheses 139

6.5.1 Optical Scanners in Fixed Prosthodontics 139
6.5.2 CAD Software in Fixed Prosthodontics 139
6.5.3 Production in Fixed Prosthodontics 141

6.54  CAD/CAM Single Crowns 143



6.5.5
6.6

7.1
7.1.1
7.1.2
7.1.3
7.2

7.3
7.3.1
7.3.1.1
7.3.1.2
7.3.1.3
7.3.2
7.3.3
7.3.4
7.3.5
7.3.6
7.4
7.4.1
74.1.1
7.4.1.2
7.4.2
7.4.2.1
7.4.2.2
7.4.2.3
7.4.3
7.4.3.1
7.4.3.2
7.4.4
7.4.4.1
7.4.4.2
7.4.5
7.4.5.1
7.4.5.2
7.4.6
7.4.6.1
7.4.6.2
7.4.7
7.4.7.1
7.4.8
7.4.9
7.5
7.5.1
7.6
7.6.1
7.6.2

CAD/CAM Partial Fixed Dental Prostheses 145
Summary 146

Acknowledgments 146

References 147

Clinical Applications of Digital Dental Technology in Removable Prosthodontics 154
Nadim Z. Baba, Brian J. Goodacre, Charles J. Goodacre, and Frank Lauciello

Introduction 154

History of Complete Dentures and the Development of CAD/CAM Technology 154
Advantages of CAD/CAM Dentures 156

Disadvantages of CAD/CAM Dentures 157

Techniques Available for Fabricating CAD/CAM Complete Dentures 157
AvaDent® Digital Dentures 157

Step-by-Step Procedures for the Fabrication of Complete Dentures Using the AvaDent® System 157
Appointment 1 157

Appointment 2 159

Appointment 3 159

AvaDent Conversion Denture for Immediate Loading of a Complete Arch Implant Prosthesis 159
Clinical Procedures 159

Technique Description for the Fabrication of a Digital Definitive Fixed Complete Denture 162
Laboratory Phase 168

Placement of Definitive Maxillary Denture and Mandibular Fixed CD 169

The Ivoclar Digital Denture™ 169

Traditional Wax-Rim Bite 171

Clinical Procedure 171

Laboratory Procedure 172

Impressions and Bite Registration in Existing Dentures 174

Clinical Procedure 174

Copy Denture Option 174

Lab Procedure 174

Direct to Try-in Workflow 174

Clinical Procedure 174

Lab Procedure 177

Biofunctional Prosthetic System Workflow 177

Clinical Procedures 177

Laboratory Procedures 180

Clinical Try-in Appointment 181

Try-in Denture Fabrication Options 181

Clinical Try-in Procedures 181

Definitive Denture Placement Appointment 182

Finalizing The Design 182

Clinical Procedures for Denture Placement 183

Dentca™ CAD/CAM Dentures 184

First Appointment 184

Laboratory Procedures 186

Second Appointment 187

Amann Girrbach® AG 187

The Ceramill® Full Denture System 187

VITA VIONIC® 188

Baltic Denture System 188

Dentsply Dentures 191

References 192

Contents

Xi



xii | Contents

8 Clinical Applications of Digital Dental Technology in Removable Partial Prosthodontics 195
Scott Hollis and David R. Cagna

8.1 Introduction 195

8.2 A Brief Historical Perspective 195

8.3 Introduction of CAD/CAM Technologies 196

8.4 Subtractive Manufacturing Technology for RPD Frameworks 196

8.5 Additive Manufacturing Technology for RPD Frameworks 206

8.6 RPD Framework Fit Assessment 213

8.6.1  Advantages of CAD/CAM Methods for Fabricating RPD Frameworks 214

8.6.2  Disadvantages of CAD/CAM Methods for Fabricating RPD Frameworks 214
Acknowledgments 214
References 215

9 Clinical Applications of Digital Dental Technology in Implant Surgery: Computer-Aided Implant Surgery 217
Hans-Peter Weber, Mariam Margvelashvili-Malament, and Andre Barbisan De Souza

9.1 Introduction 217

9.2 Prosthetically Driven 3D Implant Positioning 217

9.3 Computer-Aided Implant Planning 218
9.4 Computer-Aided Implant Surgery 219
9.5 Static Computer-Aided Implant Surgery and Guides 219
9.5.1  Surgical Template Fixation Methods 220
9.5.2  Fabrication Methods 220
9.6 CAD/CAM Fabrication of Surgical Guides 220
9.6.1  Stereolithographic Surgical Guides 220
9.6.2  Additive Manufacturing (3D Printing) of Guides 220
9.6.3  Workflows for Static Computer-Aided Implant Placement 221
9.6.4  Partially Edentulous Arches (Single and Multiple Missing Teeth) 222
9.6.5  Completely Edentulous Arches 222
9.7 Workflows for Dynamic Computer-Aided Implant Surgery 228
9.71  Human-Controlled Dynamic Computer-Aided Implant Placement 228
9.8 Robot-Assisted Implant Placement (Haptic Guidance) 231
9.9 Static Versus Dynamic Computer-Aided Implant Surgery 231
9.9.1  Effectiveness of Computer-Aided Implant Surgery 232
9.9.2  Accuracy 233
9.9.3  Influencing Factors 233
9.9.4  Guide-Related Factors 233
9.9.5  Software-Related Factors 234
9.9.6 Operator-Related Factors; Experience 234
9.9.7  Patient-Related Factors 234
9.9.8  Possible Complications 234
9.10 Clinical Applications of Computer-Aided Implant Surgery 235
9.10.1 Morbidity and Efficiency of Minimally Invasive Implant Surgery 235
9.10.2 Immediate Provisionalization or Custom Healing Abutments for Single Implant Placement 235
9.10.3 Computer-Aided Implant Surgery and Immediate Loading for Full-Arch Rehabilitations 235
9.11 Future Directions 236
9.12 Summary 236
Acknowledgments 236
References 236

10 Clinical Applications of Digital Dental Technology in Implant Prosthodontics 240
Seung Kee Choi, Carl F. Driscoll, Joanna Kempler, and Radi Masri

10.1 Introduction 240

10.2 Implant Abutments 241



Contents | xiii

10.2.1 Prefabricated Abutments 241
10.2.2 Custom Abutments 243
10.3 CAD/CAM Abutment Design 245
10.4 ATLANTIS Abutments 247
10.5 NobelProcera Abutments 247
10.6 BellaTek Encode System 251
10.6.1 Abutment Design Considerations for Full-Arch Implant Prosthesis 251
10.7 Summary 254
References 254

11 Virtual Articulators 256
Wei-Shao Lin, Chao-Chieh Yang, and Dean Morton
11.1 Traditional Mechanical Articulator 256
11.2 Virtual Articulator 258
11.2.1 Need for Virtual Articulators 258
11.2.2  History of Virtual Articulators 259
11.3 Virtual Articulation 260
11.3.1 Brief Overview of Clinical Procedures 260
11.3.2  Digital Data Acquisition 260
11.3.3 Intraoral Scans 261
11.3.4 Facial Scan 263
11.3.5 CBCT Scans 266
11.3.6  Virtual Interocclusal Records 268
11.3.7 Virtual Facebow 269
11.3.8 Fabrication of Facial Scan Appliance 270
11.3.9 Data Collection and Registration of Facial Scans 270
11.3.10 Virtual Articulation 273
114 Conclusions 276
References 276

12 Digital Applications in Endodontics 279
Ashraf F. Fouad
12.1 Introduction 279
12.2 Digital Diagnostic Technologies 279
12.2.1  Pulp Vitality Versus Sensibility Testing 279
12.2.2  Allodynia Measuring Device 280
12.2.3  Optical Coherence Tomography 280
12.2.4 Cone Beam Computed Tomography 281
12.2.5 Magnetic Resonance Imaging 282
12.2.6  Ultrasound Real-Time Imaging of Periapical Lesions 282
12.3 Electronic Technologies in Local Anesthesia 282
12.4 Digital Technologies in Root Canal Treatment 283
12.4.1 Magnification Technologies: Microscopes, Videoscopes, and Endoscopes 283
12.4.2  Sonic, Ultrasonic, and Multisonic Technologies 284
12.4.3 Root Canal Instrumentation: Rotary and Reciprocating Files 286
12.44 Root Canal Obturation 287
12.4.5 Down Pack Technologies 287
12.4.6 Thermoplasticized Gutta Percha 287
12.4.7 Carrier-Based Technologies 287
12.5 Guided Approaches for Surgical and Non-surgical Endodontic Treatment 288
12.6 Artificial Intelligence in Endodontics 288
References 290



15

15.1
15.2
15.3
15.4
15.5
15.5.1
15.5.2
15.5.3
15.5.4
15.5.5
15.5.6
15.5.7
15.5.8
15.5.9
15.6

Clinical Applications of Digital Dental Technology in Oral and Maxillofacial Surgery 333
Nicholas Callahan, Michael Han, and Michael Miloro
Introduction 333

Types of Digital Data 333

Digital Imaging 333
Optical Scans 334
Clinical Applications

334

Dentoalveolar Surgery 334

Macxillofacial Pathology and Reconstruction 334

Orthognathic Surgery 341
Facial Esthetic Surgery 343

Temporomandibular Disorders

Maxillofacial Trauma 344
Maxillofacial Prosthetics 345

Navigation in Oral and Maxillofacial Surgery 346

344

Robotic Maxillofacial Surgery 347
Summary 348

References

Index 352

350

Contents

XV



8

1 Digital Imaging

ICDAS Code Description
0 Sound tooth surface
1 First visual change in enamel
2 Distinct visual change in enamel
3 Localized enamel breakdown due to caries

with no visible dentin

4 Underlying dark shadow from dentin (with or
without enamel breakdown)

5 Distinct cavity with visible dentin

6 Extensive distinct cavity with visible dentin

Figure 1.2 ICDAS caries classification system.

Figure 1.3 |CDAS clinical examples.

conservative therapies (Bravo et al. 1997, Marinho et al. 2003, Petersson et al. 2005). This scenario for managing teeth with
early caries will hopefully make some inroads into the decades-old practice of restoring small demineralized areas because
they are going to need fillings anyway and you might as well fill them now instead of waiting until they get bigger (Baelum
et al. 2006). Continuing to stress the preventive approach to managing early caries begins with early diagnosis. What better
way to “do no harm” to our patients than to avoid placing restorations in these teeth with early demineralized enamel
lesions and remineralize them instead?

1.1.4 Non-Radiographic Methods of Caries Diagnosis

1.1.4.1 Quantitative Light-Induced Fluorescence

It has been shown that tooth enamel has a natural fluorescence by using a CCD-based intraoral camera with specially
developed software for image capture and storage quantitative light-induced fluorescence (QLF) Patient, Inspektor
Research Systems BV, Amsterdam, The Netherlands. QLF technology measures (quantifies) the refractive differences
between healthy enamel and demineralized, porous enamel with areas of caries and demineralization showing less
fluorescence. With the use of a fluorescent dye, which can be applied to dentin, the QLF system can also be used to detect
dentinal lesions in addition to enamel lesions. A major advantage of the QLF system is that these changes in tooth
mineralization levels can be tracked over time using the documented measurements of fluorescence and the images from



1.1 Introduction

ICDAS Radiographic scoring system

0 No radiolucency No radiolucency

Radiolucency in the outer %2

RAT of the enamel

Radiolucency in the inner V2
of the enamel + EDJ
(enamel-dentine junction)

_RA RA 2
Initial stages

Radiolucency limited to the
outer 1/3 of dentine

RB: Moderate RB 4 E Radiolucency reaching the
stages middle 1/3 of dentine

RA 3

ICCMS™ Caries Categories

Radiolucency reaching the
inner 1/3 of dentin, clinically
cavitated

RC 5

RC:
Extensive
stages

Radiolucency into the pulp,

REE clinically cavitated

Figure 1.4 ICDAS radiographic scoring system.

the intraoral camera. The third generation Qraycam system has been shown to produce markedly improved results at caries
detection when compared with earlier models (Angmar-Mansson and Ten Bosch 2001, Pretty and Maupome 2004, Amaechi
and Higham 2002, Pretty 2006, Park et al. 2019).

1.1.4.2 Laser Fluorescence

The DIAGNOdent uses laser fluorescence for caries detection, a technique that relies on the differential refraction of light
as it passes through sound tooth structure versus carious tooth structure. As described by Lussi et al. in 2004, a 650 nm light
beam, which is in the red spectrum of visible light, is introduced onto the region of interest on the tooth via a tip containing
a laser diode. As part of the same tip, there is an optical fiber that collects reflected light and transmits it to a photo diode
with a filter to remove the higher-frequency light wavelengths, leaving only the lower-frequency fluorescent light that was
emitted by the reaction with the suspected carious lesion. This light is then measured or quantified, hence the name
“quantified laser fluorescence.” One potential drawback with the DIAGNOdent is the increased incidence of false-positive
readings in the presence of stained fissures, plaque and calculus, prophy paste, existing pit and fissure sealants, and existing
restorative materials. A review of caries detection technologies published in the Journal of Dentistry in 2006 by Pretty that

9
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Figure 1.5 MPR images illustrating bilateral antrostomies in a patient with a history of a LeFort | maxillary advancement and
genioplasty. The software is In Vivo Dental by Anatomage (Santa Clara, CA, USA), the patient was imaged with a Planmeca ProMax
CBCT machine (Helsinki, Finland).

Figure 1.6 MPR images highlighting an impacted maxillary right third molar on a patient with four mandibular implants supporting
an attachment retained mandibular RPD. The software is In Vivo Dental by Anatomage; the patient was imaged with a Carestream
9300 CBCT machine (Atlanta, GA).




2.4 Clinical Considerations

when the scanner is rotated 90° from the occlusal surface because of the reduced overlap of previously and newly scanned
data (Figure 2.5).

The importance of scanning strategies cannot be overstated, and, once again, the importance of understanding the spe-
cific scanner used and the scan strategies suggested by the manufacturer is emphasized. If these suggested scan strategies
and principles are not followed, there is a much greater chance of incorporating errors into the scan that may or may not
be identified. Some examples of suggested scan strategies are shown below (Figure 2.6).

Figure 2.5 When transitioning from occlusal to
buccal or lingual surface, it is suggested to rotate
the scanner 45° to ensure adequate overlap of
scanned data (green circle). If rotation approaches
90°, reduced overlap (red circle) can lead to
stitching errors at this location.

JUVEY S

Figure 2.6 (a) Maxillary complete-arch scan strategy; (b) mandibular complete-arch scan strategy; (c) maxillary quadrant scan
strategy; (d) mandibular quadrant scan strategy.

33



2.9 Implant Restoration Accuracy | 37

Figure 2.8 Intraoral picture of implant scan body

Figure 2.9 Implant scan body regions.

Figure 2.10 Digitized scan body with virtual
implant analog.

Some key considerations when selecting a scan body have been described and summarized by Mizumoto and Yilmaz (2018)
who conducted a systematic review of implant scan bodies. The most critical consideration when selecting a scan body is to
ensure compatibility with the design software used by the laboratory. This compatibility can determine whether a designed
restoration can be milled in house with your laboratory or if it must be sent to the implant manufacturer for fabrication. This
compatibility must be researched prior to scanning to know the limitations and to select the correct scan body accordingly.
Considerations include the scan body material, connection material, reusability, and cost. Scan bodies should be made of a
dull, smooth, and opaque surface, allowing the scanner to easily capture its shape (Li et al. 2017; Kurz et al. 2015). The mate-
rial used at the connection with the implant is another important consideration. Some scan bodies are fabricated entirely of
PEEK material including the connection with the implant. Others are fabricated using PEEK for the scan region of the scan
body while using metal at the connection. A metal connection provides a more stable and durable interface with the implant.
This metal interface will lead to more clinical uses before the scan body needs to be replaced. The exact number of uses for the
scan bodies is unknown but factors such as the interface material and sterilization cycles would likely play a role in determin-
ing the exact number of uses (Sawyers et al. 2019). With a clear understanding of these factors, the correct scan body can be
selected and used to digitally transfer the implant location from the patient’s mouth to the computer.

Multiple systematic reviews have been performed to evaluate the accuracy of intraoral scanning of dental implants. These
reviews have reported many factors including the distance between scan bodies, depth of the implant, location within the
arch, increased torque of the scan body, saliva, fogging of the optics, and using intraoral scan spray. Overall, they concluded
that implant scan bodies are complex transfer devices that have many variables that must be understood but offer a valid
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3 Direct Digital Manufacturing

Figure 3.4 A 5-axis computer numerical

Figure 3.3 Medical images such as a CT scan are a stack of axial control (CNC) milling machines.

slices that can be stacked to build a 3D image.

Figure 3.5 Example of the irregular organic shapes that are best fabricated using additive manufacturing techniques.

dental profession begin to prevail, there has been a trend toward flexibility between scanners, design software, and manu-
facturing devices, with more open options (interoperability) available.

System interoperability is dependent on the use of a common file format for the “Scan” step forward in the workflow.
This has been achieved in medical imagery with the near universal adoption of the DICOM file format, developed by the
National Electrical Manufacturers Association (NEMA) for storage of all medical images. MRI, CT, ultrasound, and other
medical imaging systems all use this file format to describe their images. DICOM enables the integration of scanners, serv-
ers, workstations, printers, and network hardware from multiple manufacturers into a picture archiving and communica-
tion system. The different devices come with DICOM conformance statements that clearly state which DICOM classes they
support. DICOM has been widely adopted by hospitals and the Department of Defense Medical Care systems. However, the
standard is not widely accepted in dentistry, demonstrated by the proprietary image formats common in some cone beam
CT scanners, intraoral scanners, and dental CAD/CAM systems.
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(a) (b)

(c) (d)

Figure 4.3 Post-processing procedures of a vat-polymerized diagnostic cast. (a) additively manufactured diagnostic cast being
remove from the building platform; (b) rinsing procedures for cleaning the unpolymerized resin located on the surfaces of the
additively manufactured diagnostic cast; (c) diagnostic cast after post-polymerization methods; (d) removing the supportive material
from the additively manufactured diagnostic cast.

To maximize the manufacturing accuracy and characteristics of the AM dental devices, it is recommended to follow
manufacturing protocol including the optimal printing parameters and post-processing methods for a particular material
and printer choice recommended by the manufacturers.

4.3.3 Material Extrusion

Fused deposition modeling (FDM) technology was developed and patented by Scott Crump who founded the Stratasys
Company (Crump 1992). Material extrusion or FDM process is an AM procedure in which a thermoplastic material is
selectively dispensed through a nozzle, where it is heated and then deposited in a layer. After the completion of the first
layer, the extrusion heads move up or the building platform moves down to facilitate the delivery of the subsequent layer
of material. The procedure is repetitive until the 3D object is manufactured (ISO:17296-2:2015, 1SO:52900).
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Figure 5.15 Typical milling tools used for zirconia
or PMMA.

Figure 5.17 Margin overhang due to improper finishing:
restoration margins should be manually finished after milling
to remove extra material added around the margins.

restorations. Although grinding zirconia for minor
occlusal or proximal contact adjustments can be done
without compromising its mechanical properties,
excessive grinding after sintering should be avoided to
preserve the structural integrity of the zirconia restora-
tion (Kosmac et al. 1999, Pereira et al. 2016).

Like most other ceramic restorations, monolithic zir-
conia restorations can be polished or glazed. Polishing
may be preferred to finish occlusal surfaces, especially
maxillary occlusal surfaces, as some studies have shown
that polished zirconia causes less wear on the opposing
teeth compared with glazed zirconia or most other types
of ceramic restorations. When coloring liquids are
applied before sintering, polishing would not signifi-
cantly alter the surface color if the infiltration depth

Figure 5.16 Pattern and size of surface adjustments are different
depending on the size and shape of milling tools: a smaller milling
tool (left, 1 mm round-ended) requires less surface adjustment, but
requires a longer milling time and more frequent tool
replacement; a larger milling tool (right, 1.7 mm flat-ended) may
require shorter milling time and less frequent tool replacement,
but it requires more aggressive surface adjustments for tool
diameter compensation.

Figure 5.18 Three-dimensional printed resin model is used to
adjust proximal and occlusal contacts; it is especially useful when
multiple restorations are planned.

Figure 5.19 (a) Virtual design with detailed anatomy and deep
grooves; (b) deep occlusal grooves that are narrower than the
milling tool diameter may not be perfectly reproduced.

were sufficient. However, it is sometimes difficult to achieve ideal color match by just using pre-sinter coloring liquids. If
additional color adjustment is necessary, external staining and glazing can be used to correct color and add surface character-
istics. While this is a very widely used approach, long-term color stability of post-sinter external staining and glazing on zirco-
nia restorations may not be as great as that of glass-ceramic restorations (Yuan et al. 2018, Sulaiman et al. 2020).
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Figure 5.20 (a) Pre-crystallized lithium disilicate glass-ceramic restorations: the milled restorations lack detailed surface anatomy;
(b) manually created surface anatomy: gentle grinding with sharp rotary tools can be used; (c) completed restorations.

Figure 5.21 Lithium disilicate ceramic block: milled restoration,
external stain, and glaze application, fully crystallized restoration
(from Left to right).

Figure 5.22 Enlargement factor is usually provided by the
manufacturer or pre-programmed in the milling system.

Monolithic zirconia restorations have gained popularity due to their excellent mechanical properties combined with
recently improved optical properties. Translucency of zirconia can be enhanced by increasing the amount of stabilizers
such as yttria. About 4 or 5 mol% yttria partially stabilized zirconia ceramics are often called translucent zirconia ceramics
as they show improved translucency compared with 3 mol% yttria partially stabilized zirconia. However, translucent zirco-
nia ceramics should be used with caution because their mechanical properties are not as great as those of opaque 3 mol%
zirconia (Zhang et al. 2016, Carrabba et al. 2017). Also, translucency of 4-5mol% zirconia is still lower than that of highly
translucent glass ceramics such as lithium disilicate (Harada et al. 2016, Harianawala et al. 2014).

There are cases that manual ceramic veneering is required to achieve optimal esthetic outcomes. Unlike lithium
disilicate ceramic, full veneering of the whole facial side is normally used for zirconia restorations instead of selective
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