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v

Human genetics is the discipline that deals with inheritance as it occurs in 
human beings. It has components of classical genetics, cytogenetics, molecu-
lar genetics, biochemical genetics, genomics, population genetics, develop-
mental genetics, clinical genetics, and genetic counseling, and to the list we 
can now add epigenetics. My main purpose in writing this book is to docu-
ment the content of 12 years of developing a Craniofacial Genetics course for 
dental students. The course, as is this book, is designed to use the clinical 
conditions that interest dentists to present genetic concepts. In that sense, this 
book brings information that is not typically found in other genetic textbooks 
or dental textbooks. Similarly to how the course addresses inheritance of den-
tal conditions, the book focuses on inheritance, which is a topic not really 
explored in publications of the conditions highlighted in the following chap-
ters. This text is the result of more than 20 years of interactions with a number 
of very talented dental and craniofacial scientists, dentists, and physicians 
from all continents. I thank Lindsay Carol Brown, Jacob I.  Khan, Daryna 
A.  Koval, and Catherine A.  Roberts who took my Craniofacial Genetics 
course and then accepted the challenge to carefully revise the text for gram-
mar, style, and flow so it resembles closely the discussions that happen in the 
classroom.

Chapter 1 is the introduction of all other chapters and although the follow-
ing chapters are structured to stand alone in their respective subspecialties of 
dentistry; concepts that can be relevant to all conditions are described 
throughout in the book. In that sense, this book can be read as a novel. Since 
multifactorial inheritance is the best explanation for most of the conditions 
presented in the book, this concept is highlighted in all chapters and the rep-
etition is done purposely. There are also other obviously related topics. 
Individuals interested in cariology, which is discussed in Chap. 4, will find 
interesting and relevant content in Chaps. 2, 5, 6, and 10. Craniofacial and 
dental development disturbances are discussed in Chaps. 2, 3, and 7 and have 
relevant overlap with Chap. 8 that deals with cancer. Orofacial pain, in Chap. 
9, can be complemented by Chaps. 4, 5, 8, and 10.

In writing this volume, I have attempted to produce a comprehensive but 
at the same time concise, well-referenced text on the genetics of selected 
dental conditions, each area combined in a separate chapter with depth pro-
vided by selecting a few ideas we published for detailed consideration, 
including a few instances of original data.
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Readers who should find this volume of interest include dentists, dental 
hygienists, craniofacial, oral, and maxillofacial surgeons, craniofacial biolo-
gists, psychologists, sociologists, anthropologists, students, and others with 
special interest in dental, oral, and craniofacial structures.

Pittsburgh, PA, USA� Alexandre Rezende Vieira  
2019
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Inheritance in Oral Health 
Conditions

1.1	 �Introduction

Inheritance of human conditions (both traits 
and diseases, including those of the craniofacial 
region) can be divided into three main groups. 
The vast majority are complex or multifactorial. 
These are the conditions that are defined by more 
than one gene, and which can be influenced by 
the environment (Fig. 1.1; Manolio et al. 2008). 
Some examples of these conditions include den-
tal caries, periodontitis, dental abnormalities of 
number and structure, most cases of cleft lip and 
palate, malocclusion, orofacial pain, oral can-
cer, and temporomandibular joint dysfunction. 
The mode of inheritance most people relate to 
is the one defined by a major single gene, which 
is called monogenic or Mendelian (Fig.  1.1; 
Manolio et al. 2008). The reason most know of 
this type of mode of inheritance is because this is 
the type typically taught in high school and uni-
versity curricula. Certain forms of cleft lip, cleft 
palate, and tooth agenesis are monogenic. The 
third type refers to conditions that are the result 
of chromosomal abnormalities. To complicate 
matters further, there are plenty of exceptions to 
these three groups.

The etiology and progression of all human 
diseases likely have a genetic and an environ-
mental component, even if we do not have the 
tools to identify them. If one lined up all human 
conditions, three main groups can be identified 
(Fig.  1.2). At one end of the line, we would 

see a group of diseases that have a very impor-
tant genetic component, whereas at the oppo-
site extreme, a group of conditions that have 
a very important environmental component, 
and in the vast majority of scenarios, there will 
be diseases that have both significant genetic 
and environmental contributions. This chapter 
will thus aim to describe the main concepts 
underlying complex inheritance, single gene 
inheritance, and chromosomal abnormalities. 
These concepts relate to changes in the DNA 
sequence and do not include therefore epigen-
etic changes, which are modifications of gene 
expression that are not due to alterations of the 
genetic code itself.

1.2	 �Complex Inheritance

Complex modes of inheritance explain the large 
majority of the conditions affecting oral, den-
tal, and craniofacial structures. Most forms of 
oral cancer, cleft lip and palate, craniosynos-
tosis, craniofacial deformities, malocclusion, 
periodontitis, dental caries, orofacial pain, tem-
poromandibular joint dysfunction, and devel-
opmental dental abnormalities have complex 
inheritance. Furthermore, various traits such as 
height (Fig. 1.3), weight, blood pressure, glyce-
mia, response to vaccines, intelligence, behav-
iors, sexual orientation, and cognition also have 
a complex mode of inheritance.

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14485-2_1&domain=pdf

	Preface
	Contents
	1: Inheritance in Oral Health Conditions
	1.1	 Introduction
	1.2	 Complex Inheritance
	1.3	 Single Gene Disorders
	1.4	 Chromosomal Abnormalities
	References

	2: Genetic Basis of Enamel and Dentin Defects
	2.1	 Introduction
	2.2	 From Monogenic to Complex Forms of Enamel and Dentin Alterations
	2.3	 Molar-Incisor Hypomineralization (MIH)
	2.4	 Dental Caries and Erosive Tooth Wear
	2.5	 Dental Fluorosis
	References

	3: Genetic Basis of Tooth Agenesis, Supernumerary Teeth, and Other Dental Abnormalities
	3.1	 Introduction
	3.2	 Tooth Agenesis
	3.3	 Supernumerary Teeth
	3.4	 Other Dental Abnormalities
	3.5	 Genetic Testing
	References

	4: Genetic Basis of Dental Caries and Periapical Pathology
	4.1	 Introduction
	4.2	 Genes Influence Dental Caries Risks
	4.3	 Dental Caries Progression
	4.4	 Genomic Biomarkers for Dental Caries
	References

	5: Genetic Basis of Periodontitis and Tooth Loss
	5.1	 Introduction
	5.2	 Periodontitis Is Difficult to Measure
	5.3	 Evidence for a Genetic Contribution
	5.4	 Interleukin 1 Alpha and Beta
	5.5	 Tooth Loss as an Outcome
	5.6	 The Impact of Oral Health on Overall Health
	References

	6: Genetic Basis of Dental Implant Failure and Alveolar Ridge Resorption
	6.1	 Introduction
	6.2	 Risk Factors for Dental Implant Failure
	6.3	 BRINP3 (Bone Morphogenetic Protein/Retinoic Acid Inducible Neural Specific 3)
	6.4	 A Changing Paradigm
	6.5	 Alveolar Ridge Resorption
	References

	7: Genetic Basis of Craniofacial Deformities and Malocclusion, Oral Clefts, and Craniosynostosis
	7.1	 Craniofacial Deformities and Malocclusions
	7.1.1	 An Unconventional Myosin
	7.1.2	 Sprinters Versus Marathon Runners
	7.1.3	 Facial Asymmetry
	7.1.4	 Orthodontic Tooth Movement

	7.2	 Oral Clefts
	7.2.1	 Oral Clefts Frequency Worldwide
	7.2.2	 Left Versus Right
	7.2.3	 Maternal Cigarette Smoking
	7.2.4	 Dental Development
	7.2.5	 Severity of Oral Clefts
	7.2.6	 Cancer

	7.3	 Craniosynostosis
	References

	8: Genetic Basis of Lichen Planus and Oral Cancer
	8.1	 Lichen Planus
	8.2	 Oral Cancer
	8.3	 Oral Mucositis
	8.4	 Radiation Caries
	8.5	 Precision
	References

	9: Genetic Basis of Orofacial Pain and Temporomandibular Joint Dysfunction
	9.1	 Orofacial Pain
	9.2	 Variation in the Ability to Respond to Pain Relief Strategies
	9.3	 Congenital Insensitivity to Pain
	9.4	 Temporomandibular Joint Dysfunction (TMD)
	9.4.1	 Mitochondria and Temporomandibular Joint Dysfunction (TMD)

	9.5	 Stress and Inflammation
	References

	10: Genetic Influence on Behavior and the Impact on Oral Health Conditions
	10.1	 Introduction
	10.2	 The Interplay of Genes and Environment: Measuring Intelligence
	10.3	 Sexual Orientation: A Behavioral Genetics Case Study
	10.3.1	 Measuring Heterosexual–Homosexual Orientation
	10.3.2	 Height as a Model
	10.3.3	 Sexual Orientation Distribution in a Population
	10.3.4	 Lack of Evolutionary Pressure

	10.4	 Decision-Making Genes
	10.5	 Risk-Taking Genes
	10.6	 Altruism, Cooperation, and Fear
	10.7	 Belief in the Supernatural
	References


