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Preface

Congratulations and my most humble thanks to you, our reader! I
believe that this reading and learning experience with Handbook of
Oral Biomaterials is something unique in our scientific community.
We, the contributors, wish you to enjoy these 19 brand new and
unforeseen chapters that introduce you to and facilitate your
understanding of oral biomaterials. Handbook of Oral Biomaterials
provides you with the latest updates and advances in dental
materials and dental biomaterials. This book lays special emphasis
on materials used in implant dentistry, but it also covers other
clinically vital aspects and indications of dental biomaterials.

What is contemporary dentistry, then? My definition that all my
undergraduate and postgraduate students in Hong Kong, since 2008,
have heard is that “dentistry is all about adhesion, biochemistry,
biocompatibility, biofilms, bioinformatics, biology, biomaterials,
biomechanics, biomineralization and beyond.” In this book we come
across these disciplines, at least concisely.

The initiative for this book came from the Singapore publisher
Mr. Stanford Chong of Pan Stanford Publishing Pte Ltd., who contacted
me sometimeinlate 2011. Mr. Chong had paid attention to the serious
and continuous lack of a proper updated textbook on titanium and
zirconia as materials in dentistry. This invaluable observation was
remarkable, as titanium and zirconia are growingly materials of
choice in various disciplines in dentistry: implant dentistry, oral
and maxillofacial surgery, prosthodontics, endodontics, etc. Hence,
special emphasis on these contemporary materials of choice in
dentistry was born and now sees daylight.

The chapters aim at going easily and directly to business, without
compromising the context. Given this, we may not go deep into
details of the physicochemical phenomena behind (but we do take
a concise and clinically adequate glance), but then we refer to some
other sources. We all may agree that there is a continuous need for
a comprehensive but, at the same time, crystallized, easy-to-digest
information package for undergraduate and postgraduate students,
researchers, mentors, facilitators, clinicians, tutors, and teachers.



XX

Preface

This book aims at adding value, with its novelty and updates, to
the existing clinical textbooks and textbooks on materials science.
Basic sciences are included, as appropriate, to support clinical dental
sciences. All the chapters also provide our readers with appropriate
and recent references to discover the topics deeper and thus deepen
their understanding.

Do we cover all dental materials, dental biomaterials, and
materials in dental technology in Handbook of Oral Biomaterials,
then? [ am confident that we cover or at least introduce, in addition
to some procedures in operative dentistry, restorative materials,
and dental cements, ceramic materials, polymers, metal and alloys,
bioactive glasses, modern resin composite materials, surface-
conditioning approaches, primers and their monomeric components,
and modeling approaches. We don’t discuss dental instruments,
burs, or procedures at dental laboratories—how important they
of course are. We refer again to some other existing textbooks by
our colleagues. Please, let me know, if | am wrong in saying this, and
drop a few lines (or more): jpmat@hku.hk.

Handbook of Oral Biomaterials, with its total 649 pages, is
constructed on a principle that certain concepts are handled time
after time in different contexts in the book in its 19 chapters. This is
why, for example, adhesion as a vital dental phenomenon is covered in
several contexts and occasions throughout the book. There are some
other topics dealt following this principle as well. We believe that
this effectively facilitates learning. Handbook of Oral Biomaterials
is probably the first dental textbook to include a chapter on dental
informatics and digital dentistry (Chapter 18). We, the contributors,
are building up tomorrow’s dentistry. We present the whole
“dental chain” from etching enamel and dentin and primer systems
(Chapter 1) to mineralization processes (Chapter 2), primers and
coupling agents (Chapters 1 and 11), biological activity (Chapter
9), and biocompatibility (Chapter 5), ending with restorative
materials (Chapters 3 and 6). Metals, alloys, polymers, waxes, and,
in particular, acrylic materials find an easy-to-access platform in
Chapter 3. We also go for explaining surface treatments and gaining
an understanding of why it is significant (Chapter 11). In addition,
the role of biomechanical aspects is covered in Chapters 3, 4, and
17. The oral and maxillofacial world is illuminated in Chapter 13,
and periodontal guided tissue generation is dealt with in Chapter 19.
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Resin composite-based materials are widely discussed in Chapters
3, 6, and 7. Whilst titanium is discussed in Chapters 9, 10, and 13,
bioactive coatings on titanium are summarized in Chapter 12. Glasses
in various chemical compositions finding promising applications in
dentistry are exhibited in Chapters 7 and 8. Ceramic materials in
dentistry, in particular alumina and zirconia, are widely discussed
in Chapters 3 and 14-16. Virtually any material in dentistry and
dental technology is introduced, at least to a certain extent, in
Chapter 3, in addition to clinically important material properties.

As this is the dawn, the first edition, we are obviously collecting
the readers’ experience and remarks for the content. I am indebted
to our Dean, Chair Professor Edward C. M. Lo (University of Hong
Kong, People’s Republic of China) for his support, Professor Jukka H.
Meurman (University of Helsinki, Finland), Professor Nabil Samman
(University of Hong Kong, People’s Republic of China), and Professor
Mohamed Ibrahim Abu Hassan (Universiti Teknologi MARA, Shah
Alam, Malaysia) for their reviews of the manuscript and comments
on the back cover of this book. With the chapter contributors, we
have been a tremendous seamless team, scattered geographically
all over the world (from Australia, Belgium, Brazil, Canada, Egypt,
Finland, Hong Kong SAR of the People’s Republic of China, Japan,
Malaysia, Pakistan, Switzerland, UK, and USA), working toward
this final outcome. I am deeply grateful to every one of you for your
invaluable input and support. Thank you so much from the bottom of
my heart, my colleagues and friends AKki, Alex, Alvaro, Ammar, Andre,
Andy, Bart, Besim, Christie, Jack, James, Jan, Kirsten, Klaus, Kumiko,
Leena, Maisoon, Marcia, Marleen, Mohammad Ahmad, Mohamed-
Nur, Moustafa, Nader, Paul, Pekka, Richard, Roger, Susanne, Takashi,
Will, Yo, Zeeshan, and Zohaib. Dr. Christie Y. K. Lung (University of
Hong Kong) is warmly acknowledged for drawing numerous figures
in Chapter 3.

In addition, I want to express my deepest gratitude to
Mr. Stanford Chong for accepting the manuscript of Handbook of Oral
Biomaterials for publication and to his editorial and production team.
[ am deeply grateful to my dear, sweet daughter, Salli, who timely
reminded me of my years-old dream to one day edit a textbook and
encouraged me to go for it. Thank you for the initiation, interest, and
endless support. Most of all, [ am indebted to my dear wife, Suzie,
for her dental expertise, unconditional love, never-ending support,
partnership, inspiration, and faith in me during this book project.

xxi
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It is not only for her never-ending technical support in my text
creation and editing but also for the time I had to use. Suzie, having
you in my life as my partner is God’s true blessing.

Dr. Jukka Pekka Matinlinna
Pok Fu Lam, Hong Kong SAR,
People’s Republic of China
April 2014



Disclaimer

The material in this textbook, Handbook of Oral Biomaterials,
whether related to dentistry, medicine, or any other topic, should be
verified as to its accuracy, currency, and preciseness by the reader.

It should in no way replace any advice given by a dental or
medical professional or any other professional.

None of the information provided here should be a substitute for
additional reading advice, experience, or other relevant information
in any topic discussed in this book.



Contents

Preface Xix

1. Bonding in Dentistry 1

Bart Van Meerbeek, Kirsten Van Landuyt,
Kumiko Yoshihara, André Poitevin, Jan De Munck,
and Marleen Peumans

1.1 Introduction 2
1.2 The AD Concept Revisited as a Fundament
of Dental Bonding 3
13 Adhesive Approaches and Nomenclature
(Classification) 6
1.4 Glass Ionomers 7
1.5 Etch-and-Rinse Adhesives 11
1.5.1 The Degradation-Prone E&R Bond
to Dentin 18

1.5.2 Strategies to Improve the Resistance
of E&R Hybrid Layers against

Degradation 22
1.5.2.1 Ethanol wet bonding to
improve hybridization 22

1.5.2.2 Application of MMP
inhibitors to prevent

enzymatic bond degradation 23
1.5.2.3 Biomimetic repair of E&R
hybrid layers 25
1.6 Self-Etch Adhesives 26
1.6.1 Major Shortcomings of One-Step SEAs 28
1.6.2 No Use of Strong SEAs Sl
1.6.3 Use of Mild SEAs 32

1.6.4 Improved Bond Durability through
Chemical Bonding and Interfacial
Nanolayering 34
1.6.5 Self-Etching and the Smear Layer 38



vi

Contents

1.7
1.8

129

1.6.6  Self-Etching Enamel and
Recommendation to Selectively
Phosphoric-Acid-Etch Enamel

Self-Adhesive Composites

Clinical Performance of Adhesives and Its

Prediction in the Laboratory

Conclusion: Today’s Most Ideal Adhesive

Approach to Achieve Durable Bonding

2. Biomineralization and Biodemineralization of Enamel
Maisoon Al-Jawad and Paul Anderson

2.1

2.2

2.3

2.4

2.5

2.6
2.7

Introduction
2.1.1 Primary and Secondary Mineralization
2.1.2 Biologically Controlled and Biologically
Induced Mineralization
2.1.3 Amelogenesis
2.14 Remineralization
2.1.5 Hierarchical Length Scales in Enamel
Structure
Atomic/Molecular Length Scale
2.2.1 Chemical Control of Biomineralization
2.2.2  Solubility of Calcium Hydroxyapatite
2.2.3 Proteins of Enamel Biomineralization
2.2.4 Proteins of Saliva
2.2.4.1 Proline-rich proteins
2.2.4.2 Cystatins
2.2.4.3 Histatins
2.2.4.4 Statherin
Nanometer Length Scale
2.3.1 Nanostructure of Enamel
2.3.2 Biodemineralization
2.3.3 latrogenic Remineralization Strategies
Micrometer Length Scale
2.4.1 Enamel Prism Mineralization
2.4.2 Enamel Caries
Macroscopic Length Scale
2.5.1 Tooth Morphology
2.5.2 Medicinal Enamel Mineralization
Conclusions
Further Reading

39
42

44

46

58
59

60
61
62

63
64
64
66
67
68
69
69
69
70
70
70
73
73
73
73
74
75
75
75
76
76



3. Materials in Dentistry
Ammar A. Mustafa and Jukka P. Matinlinna

3.1

3.2
3.3

34
3.5

3.6

3.7

3.8
39

Classification of Dental Biomaterials
3.1.1 Restorative Dental Materials
3.1.1.1 Zinc oxide eugenol cement
3.1.1.2 Glass ionomer cement
3.1.2 Preventive Dental Materials
3.1.2.1 Dentifrices
3.1.2.2 Mouthwashes
3.1.2.3 Pitand fissure sealants
3.1.3 Gypsum
3.1.4 Waxes
3.1.5 ...And the Rest
Metals
Ceramics
3.3.1 Dental Porcelain
3.3.2 Porcelain Fused-to-Metal Restorations
Polymers
Elastic Impression Materials
3.5.1 The Hydrocolloids
3.5.2 Colloids
3.5.3 Reversible Hydrocolloids: Agar
3.5.4 Irreversible Hydrocolloids: Alginates
Elastomers
3.6.1 Polysulfides
3.6.2 Polyether Impression Materials
3.6.3 Condensation Silicones
3.6.4 Addition Silicones
3.6.5 IsSilicon a Biomaterial?
3.6.6 Silicones as Biomaterials
Acrylic Materials
3.7.1 Denture Repair
3.7.2 Denture Rebasing
3.7.3 Tissue-Conditioning Liners
3.7.4 Orthopedics: Bone Cements
Resin Composites
Adhesion and Bonding
3.9.1 Atomic Bonds
3.9.2 Adhesion and Cohesion
3.9.3 Factors and Mechanisms of Adhesion

Contents

81

82
83
85
86
87
87
89
90
91
93
94
95
97
98
100
104
105
105
105
106
107
110
110
111
112
116
117
118
118
123
124
125
125
125
130
130
131
133

vii



viii

Contents

3.10

3.1

3.12

Basic Properties of Dental Materials

3.10.1 Biomechanical Properties

3.10.2 Hardness Tests

3.10.3 Physical Properties

3.10.4 Thermal and Electrical Properties

3.10.5 Rheological Properties

3.10.6 Chemical Properties

3.10.7 Kinetics and Thermodynamics

3.10.8 Biocompatibility

Dental Silver Amalgams

3.11.1 Mercury

3.11.2 About the Use of Dental Amalgams

3.11.3 Some Amalgam Chemistry and Physics

3.11.4 A Summary on Amalgams:
Disadvantages and Advantages

What Is an Ideal Dental Biomaterial?

4. Biomechanics in Dentistry
Akikazu Shinya

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Moments Affecting Dental Materials and
Tissues

Types of Force

4.2.1 Force: Newton's Laws
Bending Moment

4.3.1 Section Modulus

Stress and Strain

441 Stress-Strain Diagrams
4.4.2 Modulus of Elasticity
4.4.3 Proportional Limit

4.4.4 Yield Point

4.4.5 Ultimate Strength
Tension, Compression, and Shear
4.5.1 Tension

4.5.2 Compression

4.5.3 Shear

Stress (Strain) Distributions and
Concentrations

Stress, Strength, and Fracture
4.7.1 Fracture Mode

4.7.2 Crack Separation Modes

134
134
137
138
138
140
141
142
143
143
144
145
146

148
149

155

156
157
157
158
160
160
161
161
163
163
163
164
164
164
165

165
167
169
170



4.7.3 Fracture Toughness
474 Stiffness

5. Biocompatibility

Alexander T. H. Tang

5.1
5.2

5.3

5.4

0:0

Introduction and Consensus Definitions
Dose and Host Responses
5.2.1 Dose-Response Curve
5.2.2 Water Fluoridation
5.2.2.1 Dental fluorosis as an
adverse effect
5.2.2.2 Fluoride dose (x axis)
5.2.2.3 Quantification of adverse
effects (y axis)
Non-Paracelsian Adverse Effects of Oral
Biomaterials
5.3.1 Bis-GMA-Based Resin Composites
5.3.2 Hypersensitivity ‘
5.3.3 Other Medical Issues
Three Levels of Testing
5.4.1 Test Design and Reproducibility
5.4.2 Reproducibility and Relevance of
in vitro Cytotoxicity
5.4.2.1 Assessment of cytotoxicity
of the test setting
5.4.2.2 Assessment of
reproducibility
5.4.2.3 Rationalising “relevance”
5.4.3 Alternative Pathways in
Biocompatibility Studies
Concluding Remarks

6. Resin-Based Cements Used in Dentistry
William M. Palin and Jack L. Ferracane

6.1

6.2

Introduction and Historical Perspectives
6.1.1 Evolution of Dental Cements

6.1.2 Contemporary Dental Cements
Key Material Properties of Resin Cements
6.2.1 Chemistry and Curing Mechanisms

Contents

170
170

173

174
175
176
177

177
181

182

184
185
189
192
194
197

200

200

201
201

202
203

213

214
214
237
219
219

ix



X

Contents

6.2.1.1 General composition
6.2.1.2 Self-etch and self-adhesive
composition
6.2.1.3 Initiation chemistry
6.2.2 Mechanical and Physical Properties
6.2.3 Biocompatibility
6.2.4 Clinical Performance
6.3 Mechanisms of Adhesion
6.3.1 Resin Cements with Adhesives
6.3.2 Self-Adhesive Resins
6.3.3 Resin Strengthening of Conventional
Ceramics
6.3.4 Bonding to Polycrystalline Ceramics
6.3.5 Metal Adhesion
6.4 Future Trends

7. Glass Fibers in Fiber-Reinforced Composites
Pekka K. Vallittu

7.1 Overview of Fiber-Reinforced Composites
7.1.1 Role of the Resin
7.1.2 Interface between Glass Fibers and
the Polymer Matrix
7.1.3 Chemical Composition of Various
Glass Fibers
7.1.4 Effect of Water on the Properties
of FRCs
72 Clinical Aspects and Use
7.2.1 Structure of Dental FRC Devices
7.2.2 Removable Dentures
7.2.3 Fixed Dental Prostheses
7.2.4 Root Canal Posts
7.2.5 Fiber-Reinforced Filling Composites
7.3 Future Development

8. Bioactive Glasses
Leena Hupa and Susanne Fagerlund
8.1 Background
8.2 Glass as a Biomaterial
8.3 Compositions of Melt-Derived Bioactive
Glasses

219

221
223
224
227
228
230
230
231

232
235
240
243

255

256
258

260

263

265
266
266
267
268
271
272
273

281

282
285

287



8.4

8.5
8.6

8.7
8.8
8.9
8.10

Surface Reactions of Bioactive Glasses
8.4.1 Reaction Steps at the Glass Surface
8.4.2 Invitro vs. in vivo Surface Layers
Ion Dissolution vs. Cellular Response
Applications in Dentistry

8.6.1 Bone Regeneration

8.6.2 Treatment of Dental Hypersensitivity
8.6.3 Coatings Enhancing Osseointegration

Scaffolds for Tissue Engineering

Clinical Studies in Head and Neck Surgery
Commercial Products

Summary

9. Biological Activity of Titanium
Yo Shibata and Takashi Miyazaki

9.1

9.2
9.3

9.4

9.5

Initial Cell Adhesion

9.1.1 Wound-Healing Phenomena

Bone Tissue Responses

Biomechanical Considerations

9.3.1 Surface Roughness of Titanium
Implants

9.3.2 Nanomechanical Evaluation of
Biological Tissues

Bacterial Cell Responses

9.4.1 Killing Adherent Bacteria on
Titanium Implants

9.4.2 Preventing Bacterial Cell Adhesion
on Titanium Implants

Future Challenges and Directions

10. Titanium in Implant Dentistry
Niklaus P Lang and Jukka P Matinlinna

10:1.
10.2
10.3
10.4
10.5

10.6
10.7

Titanium, Its Chemistry, and Biomechanics
Bonding to Titanium

Titanium Alloys

Titanium Oxides

Titanium Surface Properties and Surface
Modifications

Surface Charges on Titanium

Oral Implants

Contents

289
289
292
293
299
299
300
302
303
304
304
305

317

318
320
321
322

322

323
329

330

331
332

339

340
341
341
343

345
346
348

xi



xii | Contents

11,

10.8
10.9

Osseointegration
Clinical Aspects of Dental Implant Surfaces

Surface Pretreatment Methods and Silanization
Christie Ying Kei Lung and Jukka P. Matinlinna

11.1
11.2

11.3

11.4

11.5

11.6

Introduction

Surface Science

11.2.1 Interface and Surface Tension

11.2.2 Contact Angle

11.2.3 Critical Surface Tension

Theories of Adhesion

11.3.1 Mechanical Interlocking Theory

11.3.2 Wetting Theory

11.3.3 Diffusion Theory

11.3.4 Weak Boundary Layer Theory

11.3.5 Electrostatic Theory

11.3.6 Chemical Bonding Theory

Surface Characterization Techniques

11.4.1 Infrared Spectroscopy

11.4.2 Scanning Electron Microscopy

11.4.3 Energy Dispersive X-Ray
Spectroscopy

11.4.4 Transmission Electron Microscopy

11.4.5 Atomic Force Microscopy

Surface Pretreatment Methods Used in

Dental Laboratories

11.5.1 Hydrofluoric Acid Etching

11.5.2 Grit Blasting

11.5.3 Pyrochemical Silica Coating

11.5.4 Tribochemical Silica Coating

11.5.5 Silanization

Current Studies on Other Surface

Pretreatment Methods

11.6.1 Chemical Treatment

11.6.2 Selective Infiltration Etching

11.6.3 Laser Treatments

11.6.4 Nanostructured Alumina Coating

11.6.5 Internal Porcelain Coating

11.6.6 Chemical Vapor Deposition

11.6.7 Plasma Fluorination

348
352

359

360
360
360
361
362
362
363
364
364
365
365
365
366
366
367

367
368
368

369
369
370
370
371
371

375
375
376
376
377
377
377
378



