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my studentsTo my teachers and



Preface 

I am very pleased to publish Oral Biochemistry and hope it will help students 
understand oral biochemistry, which is the study of the molecular basis of life 
specific to the oral and maxillofacial areas. Oral Biochemistry covers the basic 
structures and metabolic processes of the hard and soft tissues that comprise 
the oral and maxillofacial areas, and how metabolic abnormalities are related 
to the development of oral diseases. 

In writing the first edition of Oral Biochemistry, I have balanced the desire 
to present the latest advances with the need to make oral biochemistry as clear 
and engaging as possible for students studying this subject for the first time. 
To this end, I have tried to clarify concepts for students, in addition to 
introducing new discoveries. 

Dental education has changed rapidly. In particular, integrated courses 
have been developed and implemented, and problem-based learning has 
been introduced, giving students more opportunities to study on their own. 
Oral Biochemistry is designed to help students study efficiently by them-
selves. It is expected to be a good textbook and reference book for students. I 
hope this book will provide students and dental workers with an easy means to 
access oral biochemistry and will facilitate student education and dental 
advancements. 

I especially thank the contributors to this book. Their contributions, 
thoughtful comments, suggestions, and encouragement have been a great 
help. I also owe a great debt of gratitude to Yong-Won Choi, President of 
Daehan Narae Publishing, Inc. His vision for dental books makes working 
with Daehan Narae Publishing, Inc. truly pleasurable. I also deeply appreciate 
Springer Nature Singapore Pte Ltd. and the enthusiastic support provided by 
the production staff of the publishing companies. Finally, I owe a debt of 
gratitude to my family, including my wife Ok-Joo, Seung-Ki, Hong-Ki, Chae-
Yoon, Hyoeun, and Seo-Yul. Without their support, comfort, and understand-
ing, this endeavor could never have been undertaken, let alone successfully 
completed. 

Seoul, Korea (Republic of) Byung-Moo Min

vii



Contents 

1 Characteristics and Importance of the Oral Cavity .  . . . . . .  . 1  
What Is Oral Biochemistry? . . . . . . . . . . . . . . . . . . . . .  . . . . .  . 1  
Characteristics and Importance of Oral Cavity . . . . . . . . . . . . . . 1 
Digestive Function . . . .  . . . .  . . . . .  . . . .  . . . . .  . . . .  . . . . .  . .  . 1  
Antibacterial Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 2  
Buffering Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Lubrication . . . . . . .  . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  . . . .  . .  . 2  
Hygienic Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Taste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4  
Repair  .  . . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . .  . 4  
Control of Water Balance . . . . . . .  . . .  . . . .  . . .  . . .  . . . .  . . .  .  . 5  
References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  . 5  

2 Enamel .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . .  . 7  
Microstructure of Enamel . . . . . . . . .  . . . . . .  . . . . . .  . . . . .  . .  . 7  

Unit Cell . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . .  . 7  
Crystal . . . .  . . . . .  . . . . . .  . . . . .  . . . . .  . . . . . .  . . . . .  . . .  . 9  
Enamel Rod (Prism) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Inorganic Constituents of Enamel . . . . . . .  . . . . . .  . . . . . .  . . .  .  10  
Isolation of Enamel, Dentine, and Cementum from Teeth . . . . 10 
Chemical Composition of Enamel . . . . . . . .  . . . .  . . . .  . . .  .  .  12  

Major Inorganic Components . . . . . .  . . . .  . . . . .  . . . .  . . . . .  .  .  13  
Calcium and Phosphate . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . .  .  .  14  
Bicarbonate (CO3 

2-)  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . .  .  15  
Bicarbonate and Dental Caries . . . . . . . . .  . . . . . .  . . . . . . .  . .  .  16  
Fluoride and Dental Caries . . . . . . . . . . . . . . . . .  . . . . . . . . . .  .  16  

Trace Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Distribution of Fluoride in Tooth and Its Uptake Ratio . . . . .  .  17  
Fluoride As an Inhibitor of Dental Caries . . . . . . . . . . . . . . . . 18 
Fluoride and Mottled Teeth . . . . . . .  . . . .  . . . .  . . . .  . . . .  . .  .  19  
Effects of Fluoride on Enamel Remineralization . . . . . . . . . . . 19 

Ionic Substitution in Enamel Apatite . . . . . . . . . . . . . . . . . . . . . 19 
Comparison of Synthetic Hydroxyapatite and Human Enamel 
Apatite . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . .  .  19  
Changes in Crystallinity After Heterogeneous Ionic 
Substitutions in Hydroxyapatite . . . .  . . . .  . . . .  . . . .  . . . .  . .  .  20

ix

https://doi.org/10.1007/978-981-99-3596-3_1
https://doi.org/10.1007/978-981-99-3596-3_1
https://doi.org/10.1007/978-981-99-3596-3_1
https://doi.org/10.1007/978-981-99-3596-3_1#Sec1
https://doi.org/10.1007/978-981-99-3596-3_1#Sec1
https://doi.org/10.1007/978-981-99-3596-3_1#Sec2
https://doi.org/10.1007/978-981-99-3596-3_1#Sec2
https://doi.org/10.1007/978-981-99-3596-3_1#Sec3
https://doi.org/10.1007/978-981-99-3596-3_1#Sec3
https://doi.org/10.1007/978-981-99-3596-3_1#Sec4
https://doi.org/10.1007/978-981-99-3596-3_1#Sec4
https://doi.org/10.1007/978-981-99-3596-3_1#Sec5
https://doi.org/10.1007/978-981-99-3596-3_1#Sec5
https://doi.org/10.1007/978-981-99-3596-3_1#Sec6
https://doi.org/10.1007/978-981-99-3596-3_1#Sec6
https://doi.org/10.1007/978-981-99-3596-3_1#Sec7
https://doi.org/10.1007/978-981-99-3596-3_1#Sec7
https://doi.org/10.1007/978-981-99-3596-3_1#Sec8
https://doi.org/10.1007/978-981-99-3596-3_1#Sec8
https://doi.org/10.1007/978-981-99-3596-3_1#Sec9
https://doi.org/10.1007/978-981-99-3596-3_1#Sec9
https://doi.org/10.1007/978-981-99-3596-3_1#Sec10
https://doi.org/10.1007/978-981-99-3596-3_1#Sec10
https://doi.org/10.1007/978-981-99-3596-3_1#Bib1
https://doi.org/10.1007/978-981-99-3596-3_1#Bib1
https://doi.org/10.1007/978-981-99-3596-3_2
https://doi.org/10.1007/978-981-99-3596-3_2
https://doi.org/10.1007/978-981-99-3596-3_2
https://doi.org/10.1007/978-981-99-3596-3_2#Sec1
https://doi.org/10.1007/978-981-99-3596-3_2#Sec1
https://doi.org/10.1007/978-981-99-3596-3_2#Sec2
https://doi.org/10.1007/978-981-99-3596-3_2#Sec2
https://doi.org/10.1007/978-981-99-3596-3_2#Sec3
https://doi.org/10.1007/978-981-99-3596-3_2#Sec3
https://doi.org/10.1007/978-981-99-3596-3_2#Sec4
https://doi.org/10.1007/978-981-99-3596-3_2#Sec4
https://doi.org/10.1007/978-981-99-3596-3_2#Sec5
https://doi.org/10.1007/978-981-99-3596-3_2#Sec5
https://doi.org/10.1007/978-981-99-3596-3_2#Sec6
https://doi.org/10.1007/978-981-99-3596-3_2#Sec6
https://doi.org/10.1007/978-981-99-3596-3_2#Sec10
https://doi.org/10.1007/978-981-99-3596-3_2#Sec10
https://doi.org/10.1007/978-981-99-3596-3_2#Sec11
https://doi.org/10.1007/978-981-99-3596-3_2#Sec11
https://doi.org/10.1007/978-981-99-3596-3_2#Sec12
https://doi.org/10.1007/978-981-99-3596-3_2#Sec12
https://doi.org/10.1007/978-981-99-3596-3_2#Sec13
https://doi.org/10.1007/978-981-99-3596-3_2#Sec13
https://doi.org/10.1007/978-981-99-3596-3_2#Sec13
https://doi.org/10.1007/978-981-99-3596-3_2#Sec13
https://doi.org/10.1007/978-981-99-3596-3_2#Sec14
https://doi.org/10.1007/978-981-99-3596-3_2#Sec14
https://doi.org/10.1007/978-981-99-3596-3_2#Sec15
https://doi.org/10.1007/978-981-99-3596-3_2#Sec15
https://doi.org/10.1007/978-981-99-3596-3_2#Sec16
https://doi.org/10.1007/978-981-99-3596-3_2#Sec16
https://doi.org/10.1007/978-981-99-3596-3_2#Sec17
https://doi.org/10.1007/978-981-99-3596-3_2#Sec17
https://doi.org/10.1007/978-981-99-3596-3_2#Sec18
https://doi.org/10.1007/978-981-99-3596-3_2#Sec18
https://doi.org/10.1007/978-981-99-3596-3_2#Sec19
https://doi.org/10.1007/978-981-99-3596-3_2#Sec19
https://doi.org/10.1007/978-981-99-3596-3_2#Sec20
https://doi.org/10.1007/978-981-99-3596-3_2#Sec20
https://doi.org/10.1007/978-981-99-3596-3_2#Sec21
https://doi.org/10.1007/978-981-99-3596-3_2#Sec21
https://doi.org/10.1007/978-981-99-3596-3_2#Sec22
https://doi.org/10.1007/978-981-99-3596-3_2#Sec22
https://doi.org/10.1007/978-981-99-3596-3_2#Sec22
https://doi.org/10.1007/978-981-99-3596-3_2#Sec23
https://doi.org/10.1007/978-981-99-3596-3_2#Sec23
https://doi.org/10.1007/978-981-99-3596-3_2#Sec23


�

x Contents

Precursors of Enamel Apatite . . . . . .  . . . . . . . . . . .  . . . . . . . .  .  20  
Octacalcium Phosphate [Ca8H2(PO4)6 5H2O]  . .  . . .  . . .  . . . .  .  22  
Amorphous Calcium Phosphate . . . . . . . . . . . . . .  . . . . . . . .  .  22  
Tricalcium Phosphate [Whitlockite, Ca3(PO4)2]  .  . . .  . .  . . .  .  .  23  
Dicalcium Phosphate Dihydrate (Brushite, CaHPO4.2H2O) . . . 23 

Organic Materials in Enamel . . . .  . . . . .  . . . .  . . . .  . . . .  . . . .  .  .  23  
Amelogenin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Enamelin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Ameloblastin (Amelin or Sheathlin) . . . . . . . . . . .  . . . . . . . .  .  27  
Tuftelin . . . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  .  .  27  

References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  28  

3 Dentine . .  . . . .  . . . .  . . . . .  . . . .  . . . .  . . . . .  . . . .  . . . .  . . . .  .  .  29  
Dentine Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Chemical Composition of Dentine . . . . . . . .  . . . . . .  . . . . . . .  .  .  30  

Inorganic Components of Dentine . . . . . . . . . . . . . . . . . . . . . 30 
Organic Constituents of Dentine . . . . . . . . . . . . . . . . . . . . . . 31 

Physicochemical Properties and Biosynthesis of Collagen . . . . .  .  32  
Physicochemical Properties of Collagen . . . . . . . . . . . . . . . . . 32 
Collagen Biosynthesis . . . . . . . . . . . . .  . . . . . . . . . . .  . . . .  .  36  
Collagen Degradation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Diseases Related to Collagen Synthesis . . . . . . . . .  . . . . . .  .  .  42  

Elastic Fibers . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . .  .  42  
Non-collagenous Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

Non-collagenous Proteins in Bones and Dentine . . . . .  . . . . .  .  44  
Dentine-Specific Non-collagenous Proteins . . . . . . . . . .  . . .  .  51  
Extrinsic Non-collagenous Proteins . . . . . . . . . . . . . . . . . . .  .  52  

References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  52  

4 Pulp .  . . .  . . .  . .  . . .  . . .  . . .  . .  . . .  . . .  . . .  . .  . . .  . . .  . . .  . .  .  .  53  
Composition of Pulp . . . . . . . . . .  . . .  . . .  . . .  . . . .  . . .  . . .  . .  .  53  

Pulp Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Changes in the Distribution of Pulp Cells . . . .  . . . .  . . . .  . . .  .  55  
Extracellular Matrix of the Dental Pulp . . . . . .  . . . . . . . .  . .  .  57  

Metabolism of the Pulp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
Pulp Repair and Related Signaling . . . . . . . . . . . . . . . . . . . . . . 59 
References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  60  

5 Calcification of Bones and Teeth . .  . . .  . .  . .  . .  . .  . .  . .  . .  . .  .  61  
Calcified Biological Tissue . . . . . . . . .  . . .  . . . .  . . .  . . . .  . . .  .  .  61  

Function and Structure of Bone . . . . . . . . . . . . . . . . . . . . . . . 62 
Chemical Composition of Bone and Bone Tissue Cells . . . . . . 62 
Growth and Remodeling of Bone . . . .  . . . . . . .  . . . . . . .  . .  .  66  
Local Factors Causing Bone Remodeling . . . .  . . . . .  . . . . .  .  .  67  

Calcium and Phosphorus Metabolism . . . . . . . . .  . . . .  . . . .  . .  .  68  
Calcium Metabolism . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . .  .  68  
Phosphorus Metabolism . . . . . . . . . .  . . . . . . . . . . . . .  . . . .  .  70  

Hormones That Affect Calcium and Phosphorus Metabolism . . . 71 
Parathyroid Hormone . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  71

https://doi.org/10.1007/978-981-99-3596-3_2#Sec24
https://doi.org/10.1007/978-981-99-3596-3_2#Sec24
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec25
https://doi.org/10.1007/978-981-99-3596-3_2#Sec26
https://doi.org/10.1007/978-981-99-3596-3_2#Sec26
https://doi.org/10.1007/978-981-99-3596-3_2#Sec27
https://doi.org/10.1007/978-981-99-3596-3_2#Sec27
https://doi.org/10.1007/978-981-99-3596-3_2#Sec27
https://doi.org/10.1007/978-981-99-3596-3_2#Sec27
https://doi.org/10.1007/978-981-99-3596-3_2#Sec27
https://doi.org/10.1007/978-981-99-3596-3_2#Sec28
https://doi.org/10.1007/978-981-99-3596-3_2#Sec28
https://doi.org/10.1007/978-981-99-3596-3_2#Sec28
https://doi.org/10.1007/978-981-99-3596-3_2#Sec28
https://doi.org/10.1007/978-981-99-3596-3_2#Sec29
https://doi.org/10.1007/978-981-99-3596-3_2#Sec29
https://doi.org/10.1007/978-981-99-3596-3_2#Sec30
https://doi.org/10.1007/978-981-99-3596-3_2#Sec30
https://doi.org/10.1007/978-981-99-3596-3_2#Sec31
https://doi.org/10.1007/978-981-99-3596-3_2#Sec31
https://doi.org/10.1007/978-981-99-3596-3_2#Sec32
https://doi.org/10.1007/978-981-99-3596-3_2#Sec32
https://doi.org/10.1007/978-981-99-3596-3_2#Sec33
https://doi.org/10.1007/978-981-99-3596-3_2#Sec33
https://doi.org/10.1007/978-981-99-3596-3_2#Bib1
https://doi.org/10.1007/978-981-99-3596-3_2#Bib1
https://doi.org/10.1007/978-981-99-3596-3_3
https://doi.org/10.1007/978-981-99-3596-3_3
https://doi.org/10.1007/978-981-99-3596-3_3
https://doi.org/10.1007/978-981-99-3596-3_3#Sec1
https://doi.org/10.1007/978-981-99-3596-3_3#Sec1
https://doi.org/10.1007/978-981-99-3596-3_3#Sec2
https://doi.org/10.1007/978-981-99-3596-3_3#Sec2
https://doi.org/10.1007/978-981-99-3596-3_3#Sec3
https://doi.org/10.1007/978-981-99-3596-3_3#Sec3
https://doi.org/10.1007/978-981-99-3596-3_3#Sec4
https://doi.org/10.1007/978-981-99-3596-3_3#Sec4
https://doi.org/10.1007/978-981-99-3596-3_3#Sec5
https://doi.org/10.1007/978-981-99-3596-3_3#Sec5
https://doi.org/10.1007/978-981-99-3596-3_3#Sec6
https://doi.org/10.1007/978-981-99-3596-3_3#Sec6
https://doi.org/10.1007/978-981-99-3596-3_3#Sec11
https://doi.org/10.1007/978-981-99-3596-3_3#Sec11
https://doi.org/10.1007/978-981-99-3596-3_3#Sec20
https://doi.org/10.1007/978-981-99-3596-3_3#Sec20
https://doi.org/10.1007/978-981-99-3596-3_3#Sec23
https://doi.org/10.1007/978-981-99-3596-3_3#Sec23
https://doi.org/10.1007/978-981-99-3596-3_3#Sec24
https://doi.org/10.1007/978-981-99-3596-3_3#Sec24
https://doi.org/10.1007/978-981-99-3596-3_3#Sec25
https://doi.org/10.1007/978-981-99-3596-3_3#Sec25
https://doi.org/10.1007/978-981-99-3596-3_3#Sec26
https://doi.org/10.1007/978-981-99-3596-3_3#Sec26
https://doi.org/10.1007/978-981-99-3596-3_3#Sec42
https://doi.org/10.1007/978-981-99-3596-3_3#Sec42
https://doi.org/10.1007/978-981-99-3596-3_3#Sec45
https://doi.org/10.1007/978-981-99-3596-3_3#Sec45
https://doi.org/10.1007/978-981-99-3596-3_3#Bib1
https://doi.org/10.1007/978-981-99-3596-3_3#Bib1
https://doi.org/10.1007/978-981-99-3596-3_4
https://doi.org/10.1007/978-981-99-3596-3_4
https://doi.org/10.1007/978-981-99-3596-3_4
https://doi.org/10.1007/978-981-99-3596-3_4#Sec1
https://doi.org/10.1007/978-981-99-3596-3_4#Sec1
https://doi.org/10.1007/978-981-99-3596-3_4#Sec2
https://doi.org/10.1007/978-981-99-3596-3_4#Sec2
https://doi.org/10.1007/978-981-99-3596-3_4#Sec7
https://doi.org/10.1007/978-981-99-3596-3_4#Sec7
https://doi.org/10.1007/978-981-99-3596-3_4#Sec8
https://doi.org/10.1007/978-981-99-3596-3_4#Sec8
https://doi.org/10.1007/978-981-99-3596-3_4#Sec11
https://doi.org/10.1007/978-981-99-3596-3_4#Sec11
https://doi.org/10.1007/978-981-99-3596-3_4#Sec12
https://doi.org/10.1007/978-981-99-3596-3_4#Sec12
https://doi.org/10.1007/978-981-99-3596-3_4#Bib1
https://doi.org/10.1007/978-981-99-3596-3_4#Bib1
https://doi.org/10.1007/978-981-99-3596-3_5
https://doi.org/10.1007/978-981-99-3596-3_5
https://doi.org/10.1007/978-981-99-3596-3_5
https://doi.org/10.1007/978-981-99-3596-3_5#Sec1
https://doi.org/10.1007/978-981-99-3596-3_5#Sec1
https://doi.org/10.1007/978-981-99-3596-3_5#Sec2
https://doi.org/10.1007/978-981-99-3596-3_5#Sec2
https://doi.org/10.1007/978-981-99-3596-3_5#Sec3
https://doi.org/10.1007/978-981-99-3596-3_5#Sec3
https://doi.org/10.1007/978-981-99-3596-3_5#Sec11
https://doi.org/10.1007/978-981-99-3596-3_5#Sec11
https://doi.org/10.1007/978-981-99-3596-3_5#Sec15
https://doi.org/10.1007/978-981-99-3596-3_5#Sec15
https://doi.org/10.1007/978-981-99-3596-3_5#Sec18
https://doi.org/10.1007/978-981-99-3596-3_5#Sec18
https://doi.org/10.1007/978-981-99-3596-3_5#Sec19
https://doi.org/10.1007/978-981-99-3596-3_5#Sec19
https://doi.org/10.1007/978-981-99-3596-3_5#Sec23
https://doi.org/10.1007/978-981-99-3596-3_5#Sec23
https://doi.org/10.1007/978-981-99-3596-3_5#Sec24
https://doi.org/10.1007/978-981-99-3596-3_5#Sec24
https://doi.org/10.1007/978-981-99-3596-3_5#Sec25
https://doi.org/10.1007/978-981-99-3596-3_5#Sec25


Contents xi

Calcitonin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
1,25-Dihydroxycholecalciferol [1,25(OH)2D3]  .  . . . . .  . . . .  .  .  74  
Sex Hormones . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  .  76  
Growth Hormones . . . . . . .  . . .  . . .  . . . .  . . .  . . .  . . . .  . . .  .  .  76  
Glucocorticoids . . . . . . . .  . . .  . . . .  . . .  . . . .  . . . .  . . .  . . . .  .  77  
Thyroid Hormone . . . . . . . .  . . . . . .  . . . . .  . . . . . .  . . . . .  . .  .  77  
Factors Affecting Bone Metabolism . . . . . . . . . . . . . . . . . . .  .  77  

Disorders of Calcium and Phosphorus Metabolism . . . . . . . . . . . 77 
Hyperparathyroidism . . . . . . . . . . .  . . .  . . .  . . . .  . . .  . . .  . .  .  77  
Hypoparathyroidism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 

Mechanism of Calcification . . . . . . . . . . . . . . . . . . . . . . . . . .  .  78  
Simple Spontaneous Precipitation Hypothesis . . . . . . . . . . . . 79 
Alkaline Phosphatase Hypothesis . . . . . . . . . . . . . .  . . . . . .  .  80  
Glycolysis and Alkaline Phosphatase Hypothesis . . . . . .  . . .  .  80  
Seeding Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Hole-Zone Theory . . . . .  . . . .  . . . .  . . . .  . . . . .  . . . .  . . . .  .  .  82  
Matrix Vesicle–Induced Calcification Theory . . . . . . . . . . . .  .  82  
Current Concepts Regarding the Calcification Mechanism . . .  .  84  
Growth and Maturation of Apatite Crystals . . . . .  . . . . . .  . .  .  84  
Characteristics of Calcification in Teeth . . . . . . . . . . . . . . . . . 85 

References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  85  

6 Oral Mucosa and Gingiva . . . .  . . .  . . . .  . . . .  . . .  . . . .  . . .  .  .  87  
Structure and Function of the Oral Mucosa and Gingiva . . . . . .  .  87  

Epithelial Structure of Oral Mucosa and Gingiva . . . . . . . . . . 87 
Connective Tissue Structure of Oral Mucosa and Gingiva . . . . 90 
Function of the Oral Mucosa . . . . . .  . . . . .  . . . . .  . . . . .  . . .  .  91  

Metabolism of Gingiva . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  .  91  
Composition of Gingiva . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
Metabolism of the Gingiva . . . .  . . . . .  . . . . .  . . . . .  . . . . .  .  .  93  
Gingivitis . . . . .  . . .  . . .  . . . .  . . .  . . . .  . . .  . . .  . . . .  . . .  . .  .  94  

References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  97  

7 Saliva . .  . .  . . .  . . .  . .  . . .  . .  . . .  . . .  . .  . . .  . .  . . .  . . .  . .  . . .  .  .  99  
Structure and Vascular System of Salivary Glands . . . . . . . . . .  .  99  

Structure of Salivary Glands . . . . . . . . . . . . . . . . . . . . . . . . . 99 
Vascular System of Salivary Glands . . . . .  . . .  . . . .  . . . .  . .  .  99  

The Nervous System of the Salivary Gland . . . . . . . . . . . . . . . . 100 
Brain Functions Involved in Saliva Secretion (Central 
Autonomic Network) . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . .  .  100  

Mechanism of Salivary Secretion . . . . . . .  . . . . . .  . . . . . .  . . .  .  103  
Secretion of Inorganic Substances in Primary Saliva . . . . . . .  .  103  
Secretion of Organic Substances in Primary Saliva . . . . .  . . .  .  103  
Transportation Through Intercellular Junctions . . . . . . . . . . .  .  104  
Autonomous Properties of Myoepithelial Cells . . . . . . . . . . . . 104 
Modification of Primary Saliva by the Duct System . . . .  . . .  .  106  

Properties of Saliva . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . .  . . .  .  107  
Functions of Saliva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

https://doi.org/10.1007/978-981-99-3596-3_5#Sec28
https://doi.org/10.1007/978-981-99-3596-3_5#Sec28
https://doi.org/10.1007/978-981-99-3596-3_5#Sec29
https://doi.org/10.1007/978-981-99-3596-3_5#Sec29
https://doi.org/10.1007/978-981-99-3596-3_5#Sec29
https://doi.org/10.1007/978-981-99-3596-3_5#Sec29
https://doi.org/10.1007/978-981-99-3596-3_5#Sec32
https://doi.org/10.1007/978-981-99-3596-3_5#Sec32
https://doi.org/10.1007/978-981-99-3596-3_5#Sec33
https://doi.org/10.1007/978-981-99-3596-3_5#Sec33
https://doi.org/10.1007/978-981-99-3596-3_5#Sec34
https://doi.org/10.1007/978-981-99-3596-3_5#Sec34
https://doi.org/10.1007/978-981-99-3596-3_5#Sec35
https://doi.org/10.1007/978-981-99-3596-3_5#Sec35
https://doi.org/10.1007/978-981-99-3596-3_5#Sec36
https://doi.org/10.1007/978-981-99-3596-3_5#Sec36
https://doi.org/10.1007/978-981-99-3596-3_5#Sec37
https://doi.org/10.1007/978-981-99-3596-3_5#Sec37
https://doi.org/10.1007/978-981-99-3596-3_5#Sec38
https://doi.org/10.1007/978-981-99-3596-3_5#Sec38
https://doi.org/10.1007/978-981-99-3596-3_5#Sec39
https://doi.org/10.1007/978-981-99-3596-3_5#Sec39
https://doi.org/10.1007/978-981-99-3596-3_5#Sec40
https://doi.org/10.1007/978-981-99-3596-3_5#Sec40
https://doi.org/10.1007/978-981-99-3596-3_5#Sec41
https://doi.org/10.1007/978-981-99-3596-3_5#Sec41
https://doi.org/10.1007/978-981-99-3596-3_5#Sec42
https://doi.org/10.1007/978-981-99-3596-3_5#Sec42
https://doi.org/10.1007/978-981-99-3596-3_5#Sec43
https://doi.org/10.1007/978-981-99-3596-3_5#Sec43
https://doi.org/10.1007/978-981-99-3596-3_5#Sec44
https://doi.org/10.1007/978-981-99-3596-3_5#Sec44
https://doi.org/10.1007/978-981-99-3596-3_5#Sec45
https://doi.org/10.1007/978-981-99-3596-3_5#Sec45
https://doi.org/10.1007/978-981-99-3596-3_5#Sec46
https://doi.org/10.1007/978-981-99-3596-3_5#Sec46
https://doi.org/10.1007/978-981-99-3596-3_5#Sec49
https://doi.org/10.1007/978-981-99-3596-3_5#Sec49
https://doi.org/10.1007/978-981-99-3596-3_5#Sec50
https://doi.org/10.1007/978-981-99-3596-3_5#Sec50
https://doi.org/10.1007/978-981-99-3596-3_5#Sec51
https://doi.org/10.1007/978-981-99-3596-3_5#Sec51
https://doi.org/10.1007/978-981-99-3596-3_5#Bib1
https://doi.org/10.1007/978-981-99-3596-3_5#Bib1
https://doi.org/10.1007/978-981-99-3596-3_6
https://doi.org/10.1007/978-981-99-3596-3_6
https://doi.org/10.1007/978-981-99-3596-3_6
https://doi.org/10.1007/978-981-99-3596-3_6#Sec1
https://doi.org/10.1007/978-981-99-3596-3_6#Sec1
https://doi.org/10.1007/978-981-99-3596-3_6#Sec2
https://doi.org/10.1007/978-981-99-3596-3_6#Sec2
https://doi.org/10.1007/978-981-99-3596-3_6#Sec3
https://doi.org/10.1007/978-981-99-3596-3_6#Sec3
https://doi.org/10.1007/978-981-99-3596-3_6#Sec4
https://doi.org/10.1007/978-981-99-3596-3_6#Sec4
https://doi.org/10.1007/978-981-99-3596-3_6#Sec5
https://doi.org/10.1007/978-981-99-3596-3_6#Sec5
https://doi.org/10.1007/978-981-99-3596-3_6#Sec6
https://doi.org/10.1007/978-981-99-3596-3_6#Sec6
https://doi.org/10.1007/978-981-99-3596-3_6#Sec12
https://doi.org/10.1007/978-981-99-3596-3_6#Sec12
https://doi.org/10.1007/978-981-99-3596-3_6#Sec13
https://doi.org/10.1007/978-981-99-3596-3_6#Sec13
https://doi.org/10.1007/978-981-99-3596-3_6#Bib1
https://doi.org/10.1007/978-981-99-3596-3_6#Bib1
https://doi.org/10.1007/978-981-99-3596-3_7
https://doi.org/10.1007/978-981-99-3596-3_7
https://doi.org/10.1007/978-981-99-3596-3_7
https://doi.org/10.1007/978-981-99-3596-3_7#Sec1
https://doi.org/10.1007/978-981-99-3596-3_7#Sec1
https://doi.org/10.1007/978-981-99-3596-3_7#Sec2
https://doi.org/10.1007/978-981-99-3596-3_7#Sec2
https://doi.org/10.1007/978-981-99-3596-3_7#Sec3
https://doi.org/10.1007/978-981-99-3596-3_7#Sec3
https://doi.org/10.1007/978-981-99-3596-3_7#Sec4
https://doi.org/10.1007/978-981-99-3596-3_7#Sec4
https://doi.org/10.1007/978-981-99-3596-3_7#Sec5
https://doi.org/10.1007/978-981-99-3596-3_7#Sec5
https://doi.org/10.1007/978-981-99-3596-3_7#Sec5
https://doi.org/10.1007/978-981-99-3596-3_7#Sec7
https://doi.org/10.1007/978-981-99-3596-3_7#Sec7
https://doi.org/10.1007/978-981-99-3596-3_7#Sec8
https://doi.org/10.1007/978-981-99-3596-3_7#Sec8
https://doi.org/10.1007/978-981-99-3596-3_7#Sec9
https://doi.org/10.1007/978-981-99-3596-3_7#Sec9
https://doi.org/10.1007/978-981-99-3596-3_7#Sec10
https://doi.org/10.1007/978-981-99-3596-3_7#Sec10
https://doi.org/10.1007/978-981-99-3596-3_7#Sec11
https://doi.org/10.1007/978-981-99-3596-3_7#Sec11
https://doi.org/10.1007/978-981-99-3596-3_7#Sec12
https://doi.org/10.1007/978-981-99-3596-3_7#Sec12
https://doi.org/10.1007/978-981-99-3596-3_7#Sec13
https://doi.org/10.1007/978-981-99-3596-3_7#Sec13
https://doi.org/10.1007/978-981-99-3596-3_7#Sec14
https://doi.org/10.1007/978-981-99-3596-3_7#Sec14


xii Contents

Constituents of Saliva . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . .  . .  .  108  
Inorganic Constituents . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  .  109  
Organic Constituents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

Buffering Capacity of Saliva . . . . . . . . . .  . . . . . . . . . . . . . . . .  .  120  
Bicarbonate Buffer System . . . . . . . . . . . . . . . . . . . . . . . . . . 121 
Phosphate Buffer System . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 
Salivary Protein Buffer System . . . . . . . .  . . . . . .  . . . . . .  . .  .  123  
Ammonia Buffer System . . . . . .  . . .  . . . .  . . . .  . . . .  . . .  . .  .  123  

Factors Affecting Saliva Composition . . . . . . . . . . . . .  . . . . . .  .  123  
Relative Contributions of the Salivary Glands . . . .  . . .  . . . .  .  123  
Salivary Secretion Rate . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  .  123  
Nature of Stimuli . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . .  .  124  

References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  124  

8 Acquired Enamel Integuments: Pellicle, Plaque, and 
Calculus . . .  . .  . .  . .  . . .  . .  . .  . . .  . .  . .  . .  . . .  . .  . .  . .  . . .  . .  .  .  125  
Acquired Pellicle . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . .  .  125  

Formation of Acquired Pellicle . . . . .  . . .  . . . .  . . . .  . . . .  . .  .  125  
Mechanism of Acquired Pellicle Formation . . . . . . . . . . . . . . 125 
Function of Acquired Pellicle . . . . . . . . . . . . . . . . . . . . . . . . 126 

Dental Plaque (Oral Biofilm)  .  . . . . .  . . . . .  . . . . .  . . . . . .  . . .  .  126  
Mechanism of Dental Plaque Formation . . . . . . . .  . . . . . . .  .  .  126  
Formation of Plaque Matrix . . . . . . . .  . . . . . .  . . . . . .  . . . .  .  128  
Sugar As a Cariogenic Factor . . . . . . . . . . . . . . . . . . . . . . . . 132 
Dental Plaque Metabolism and Oral Diseases . . . . . . . . . . . . . 134 
Composition of Dental Plaque . . . . . . . .  . . . . . .  . . . . . .  . . .  .  141  
Control of Dental Plaque . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . .  .  145  

Dental Calculus . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . .  . .  .  147  
Mechanism of Dental Caries . . . . . . . . . . . . . . . . . . . . . . . . . . . 148 

Theories of Caries Development . . . . . . . .  . . . .  . . .  . . . .  . .  .  148  
The Proteolytic Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 

Alternative Sweeteners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 
Xylose . . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . .  .  150  
Palatinose . . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . .  . . . . .  . .  .  150  
Sorbitol . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . .  . . .  . . .  . . .  .  .  150  
Maltitol . . . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . .  .  .  150  
Xylitol . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . .  .  150  
Fructooligosaccharides and Coupling Sugars . . . .  . . . . .  . . .  .  151  
Stevioside . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151 
Monellin . . . . . . .  . . . . .  . . . . . .  . . . . . .  . . . . .  . . . . . .  . . .  .  151  
Aspartame . . . . . . .  . . . .  . . . .  . . . .  . . . . .  . . . .  . . . .  . . . .  .  .  152  
Saccharin . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  .  152  

References . . . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  152  

9 Functions of Fluoride in the Oral Cavity . . .  . . . . . . . . .  . . .  .  153  
Fluoride . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . .  .  153  
Effects of Fluoride on Enamel Remineralization . . . . . . . . . . . . . 153 
Inhibition of Caries by Fluoride . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  154

https://doi.org/10.1007/978-981-99-3596-3_7#Sec15
https://doi.org/10.1007/978-981-99-3596-3_7#Sec15
https://doi.org/10.1007/978-981-99-3596-3_7#Sec16
https://doi.org/10.1007/978-981-99-3596-3_7#Sec16
https://doi.org/10.1007/978-981-99-3596-3_7#Sec24
https://doi.org/10.1007/978-981-99-3596-3_7#Sec24
https://doi.org/10.1007/978-981-99-3596-3_7#Sec41
https://doi.org/10.1007/978-981-99-3596-3_7#Sec41
https://doi.org/10.1007/978-981-99-3596-3_7#Sec42
https://doi.org/10.1007/978-981-99-3596-3_7#Sec42
https://doi.org/10.1007/978-981-99-3596-3_7#Sec43
https://doi.org/10.1007/978-981-99-3596-3_7#Sec43
https://doi.org/10.1007/978-981-99-3596-3_7#Sec44
https://doi.org/10.1007/978-981-99-3596-3_7#Sec44
https://doi.org/10.1007/978-981-99-3596-3_7#Sec45
https://doi.org/10.1007/978-981-99-3596-3_7#Sec45
https://doi.org/10.1007/978-981-99-3596-3_7#Sec46
https://doi.org/10.1007/978-981-99-3596-3_7#Sec46
https://doi.org/10.1007/978-981-99-3596-3_7#Sec47
https://doi.org/10.1007/978-981-99-3596-3_7#Sec47
https://doi.org/10.1007/978-981-99-3596-3_7#Sec48
https://doi.org/10.1007/978-981-99-3596-3_7#Sec48
https://doi.org/10.1007/978-981-99-3596-3_7#Sec49
https://doi.org/10.1007/978-981-99-3596-3_7#Sec49
https://doi.org/10.1007/978-981-99-3596-3_7#Bib1
https://doi.org/10.1007/978-981-99-3596-3_7#Bib1
https://doi.org/10.1007/978-981-99-3596-3_8
https://doi.org/10.1007/978-981-99-3596-3_8
https://doi.org/10.1007/978-981-99-3596-3_8
https://doi.org/10.1007/978-981-99-3596-3_8
https://doi.org/10.1007/978-981-99-3596-3_8#Sec1
https://doi.org/10.1007/978-981-99-3596-3_8#Sec1
https://doi.org/10.1007/978-981-99-3596-3_8#Sec2
https://doi.org/10.1007/978-981-99-3596-3_8#Sec2
https://doi.org/10.1007/978-981-99-3596-3_8#Sec3
https://doi.org/10.1007/978-981-99-3596-3_8#Sec3
https://doi.org/10.1007/978-981-99-3596-3_8#Sec4
https://doi.org/10.1007/978-981-99-3596-3_8#Sec4
https://doi.org/10.1007/978-981-99-3596-3_8#Sec5
https://doi.org/10.1007/978-981-99-3596-3_8#Sec5
https://doi.org/10.1007/978-981-99-3596-3_8#Sec6
https://doi.org/10.1007/978-981-99-3596-3_8#Sec6
https://doi.org/10.1007/978-981-99-3596-3_8#Sec8
https://doi.org/10.1007/978-981-99-3596-3_8#Sec8
https://doi.org/10.1007/978-981-99-3596-3_8#Sec15
https://doi.org/10.1007/978-981-99-3596-3_8#Sec15
https://doi.org/10.1007/978-981-99-3596-3_8#Sec17
https://doi.org/10.1007/978-981-99-3596-3_8#Sec17
https://doi.org/10.1007/978-981-99-3596-3_8#Sec23
https://doi.org/10.1007/978-981-99-3596-3_8#Sec23
https://doi.org/10.1007/978-981-99-3596-3_8#Sec29
https://doi.org/10.1007/978-981-99-3596-3_8#Sec29
https://doi.org/10.1007/978-981-99-3596-3_8#Sec38
https://doi.org/10.1007/978-981-99-3596-3_8#Sec38
https://doi.org/10.1007/978-981-99-3596-3_8#Sec39
https://doi.org/10.1007/978-981-99-3596-3_8#Sec39
https://doi.org/10.1007/978-981-99-3596-3_8#Sec40
https://doi.org/10.1007/978-981-99-3596-3_8#Sec40
https://doi.org/10.1007/978-981-99-3596-3_8#Sec42
https://doi.org/10.1007/978-981-99-3596-3_8#Sec42
https://doi.org/10.1007/978-981-99-3596-3_8#Sec48
https://doi.org/10.1007/978-981-99-3596-3_8#Sec48
https://doi.org/10.1007/978-981-99-3596-3_8#Sec49
https://doi.org/10.1007/978-981-99-3596-3_8#Sec49
https://doi.org/10.1007/978-981-99-3596-3_8#Sec50
https://doi.org/10.1007/978-981-99-3596-3_8#Sec50
https://doi.org/10.1007/978-981-99-3596-3_8#Sec51
https://doi.org/10.1007/978-981-99-3596-3_8#Sec51
https://doi.org/10.1007/978-981-99-3596-3_8#Sec52
https://doi.org/10.1007/978-981-99-3596-3_8#Sec52
https://doi.org/10.1007/978-981-99-3596-3_8#Sec53
https://doi.org/10.1007/978-981-99-3596-3_8#Sec53
https://doi.org/10.1007/978-981-99-3596-3_8#Sec54
https://doi.org/10.1007/978-981-99-3596-3_8#Sec54
https://doi.org/10.1007/978-981-99-3596-3_8#Sec55
https://doi.org/10.1007/978-981-99-3596-3_8#Sec55
https://doi.org/10.1007/978-981-99-3596-3_8#Sec56
https://doi.org/10.1007/978-981-99-3596-3_8#Sec56
https://doi.org/10.1007/978-981-99-3596-3_8#Sec57
https://doi.org/10.1007/978-981-99-3596-3_8#Sec57
https://doi.org/10.1007/978-981-99-3596-3_8#Sec58
https://doi.org/10.1007/978-981-99-3596-3_8#Sec58
https://doi.org/10.1007/978-981-99-3596-3_8#Bib1
https://doi.org/10.1007/978-981-99-3596-3_8#Bib1
https://doi.org/10.1007/978-981-99-3596-3_9
https://doi.org/10.1007/978-981-99-3596-3_9
https://doi.org/10.1007/978-981-99-3596-3_9
https://doi.org/10.1007/978-981-99-3596-3_9#Sec1
https://doi.org/10.1007/978-981-99-3596-3_9#Sec1
https://doi.org/10.1007/978-981-99-3596-3_9#Sec2
https://doi.org/10.1007/978-981-99-3596-3_9#Sec2
https://doi.org/10.1007/978-981-99-3596-3_9#Sec3
https://doi.org/10.1007/978-981-99-3596-3_9#Sec3


Contents xiii

Mottled Teeth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154 
Effects of Fluoride on Plaque Bacterial Metabolism . . . . .  . . . .  .  154  
Uses of Fluoride for the Prevention of Dental Caries . . . . . . . .  .  155  
References .  . . . .  .  . . .  . . . . .  . . . . .  . . . .  . . . . .  . . . . .  . . . .  . .  .  155  

Index .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  157

https://doi.org/10.1007/978-981-99-3596-3_9#Sec4
https://doi.org/10.1007/978-981-99-3596-3_9#Sec4
https://doi.org/10.1007/978-981-99-3596-3_9#Sec5
https://doi.org/10.1007/978-981-99-3596-3_9#Sec5
https://doi.org/10.1007/978-981-99-3596-3_9#Sec6
https://doi.org/10.1007/978-981-99-3596-3_9#Sec6
https://doi.org/10.1007/978-981-99-3596-3_9#Bib1
https://doi.org/10.1007/978-981-99-3596-3_9#Bib1


fessor of Oral Biochemistry, Emeritus, in the School
ional University (SNU), where he has been on the
ceived his D.D.S. from SNU School of Dentistry in
S. and Ph.D. degrees (1989) from SNU College of
rmed research with Seung-Won Kimm. In addition,
h Dong-Kyun Cheong at SNU School of Dentistry.
stdoctoral fellowship with No-Hee Park at UCLA
esearch focused on oral carcinogenesis, keratinocyte
for tissue engineering. He served as the Chair of the
hemistry (1991–2009), the Program in Maxillofacial
2003–2009), and the Program in Cancer and Devel-
2013). He also showed outstanding leadership as a
ntal Research Institute (2011–2013) and the Brain
acial Life Sciences Research Program (2008–2013),

Chair of Life Sciences in Dental Medicine
member of the SNU Senate from 2011 to 2019 and
e-Chair from 2014 to 2015. He has been a lifetime
cademy of Science and Technology since 2006. He
ssociation for Dental Research (IADR), including as
2), and represented the Asia/Pacific Region as the
of the IADR (2012–2015). He has received numer-
Hatton Award in the IADR Korean Division (1989),
g Professor of the Year from SNU (2003), an award
ment at the 8th World Congress on Advances in
tional Symposium on Molecular Medicine (Greece,
Association Award of Merit (2005), an Outstanding
NU (2008), and Korean Dental Association Grand
2022). Professor Min was awarded the Order of
Merit (2018) and the Order of Service Merit (2020)
he Republic of Korea.

Author and Contributors 

About the Author 

Byung-Moo Min is Pro 
of Dentistry at Seoul Nat 
faculty since 1986. He re 
1980. He received his M. 
Medicine, where he perfo 
he conducted research wit 
He then completed a po 
School of Dentistry. His r 
biology, and peptidomics 
Department of Oral Bioc 
Regenerative Medicine ( 
opmental Biology (2009– 
Director of the SNU De 
Korea 21 Craniomaxillof 
and as the Department 
(2012–2015). He was a 
served as the Senate Vic 
member of the Korean A 
served the International A 
the Councilor (2007–201 
Regional Board Member 
ous awards, including the 
an Award for Outstandin 
for outstanding achieve 
Oncology and 6th Interna 
2003), the Korean Dental 
Research Award from S 
Prize (Academic Award, 
Science and Technology 
from the government of t

xv



istry, College of Veterinary
ublic of Korea

d Cell Biology, School of
u, Republic of Korea

gy, College of Dentistry,

l Science, College of Den-
Korea

try and Molecular Biology,
versity, Pusan, Republic of

stry, College of Dentistry,

stry, College of Dentistry,

ry, College of Dentistry,
a

School of Dentistry, Seoul

stry, School of Dentistry,
c of Korea

stry, School of Dentistry,
c of Korea

ogy, College of Dentistry
ea

Molecular Biology, College
sity, Gangneung, Republic

School of Dentistry (past),
Korea

and Dental Therapeutics,
eoul, Republic of Korea

stry, College of Dentistry,

xvi Author and Contributors

Contributors 

Je Yoel Cho Department of Veterinary Biochem 
Medicine, Seoul National University, Seoul, Rep 

Je-Yong Choi Department of Biochemistry an 
Medicine, Kyungpook National University, Daeg 

Won-Yoon Chung Department of Oral Biolo 
Yonsei University, Seoul, Republic of Korea 

Young-Joo Jang Department of Nanobiomedica 
tistry, Dankook University, Cheonan, Republic of 

Jung Sook Kang Department of Oral Biochemis 
College of Dentistry (past), Pusan National Uni 
Korea 

Jeong Hee Kim Department of Oral Biochemi 
Kyung Hee University, Seoul, Republic of Korea 

Joong-Ki Kook Department of Oral Biochemi 
Chosun University, Gwangju, Republic of Korea 

Seon-Yle Ko Department of Oral Biochemist 
Dankook University, Cheonan, Republic of Kore 

Gene Lee Department of Oral Biochemistry, 
National University, Seoul, Republic of Korea 

Tae-Hoon Lee Department of Oral Biochemi 
Chonnam National University, Gwangju, Republi 

Byung-Ju Park Department of Oral Biochemi 
Chonnam National University, Gwangju, Republi 

Kwang-Kyun Park Department of Oral Biol 
(past), Yonsei University, Seoul, Republic of Kor 

Soon-Ho Park Department of Biochemistry and 
of Dentistry, Gangneung-Wonju National Univer 
of Korea 

Fyo-Jae Rhie Department of Oral Physiology, 
Jeonbuk National University, Jeonju, Republic of 

Hyun-Mo Ryoo Department of Pharmacology 
School of Dentistry, Seoul National University, S 

Yong-Ouk You Department of Oral Biochemi 
Wonkwang University, Iksan, Republic of Korea


	Preface
	Contents
	Author and Contributors

