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ABSTRACT 

OF THE THESIS OF 

  

Elie Joseph Haddad      for         Master of Science   

      Major: Orthodontics  

  

Title:     Genetic Basis of Excessive Gingival Display in Eastern Mediterranean Families. 

  

Background:   

Excessive gingival display ï EGD (Gummy smile) is a condition in which a high lip-

line exposes a large amount of gingival tissue upon smiling. Several potential factors 

could contribute to EGD: excessive vertical maxillary growth, short upper lip, 

hypermobile upper lip, altered passive eruption (short clinical crowns). EGD is 

commonly present within the long face syndrome (LFS) which is the second most 

inherited facial condition. Treatment of this condition may require an invasive surgical 

approach to correct bony positions and decrease or eliminate EGD. However, EGD may 

be separate from the LFS. 

Aims:   

1. Investigate the inheritance pattern of excessive gingival display in Eastern 

Mediterranean population; 2. Identify candidate loci and gene(s) responsible of the 

development and familial transmission of EGD in the studied Mediterranean population; 

3. Evaluate the skeletal and dento-alveolar cephalometric characteristics of individuals 

affected by EGD. 

Methods:   

Pedigrees of 4 Mediterranean families with individuals of different generations having 

EGD were included. 21 subjects (Affected and non-affected) underwent a detailed data 

and biospecimen collection procedure. This consisted of: (1) a clinical examination 

during which a set of extraoral photographs were captured; (2) lateral cephalometric 

radiograph to assess the skeletal and dentoalvelolar features of all participants and (3) 

5cc of blood collection from affected and some non-affected members. The elevation of 

the upper lip, height of clinical crowns and the incisor display at rest were measured on 

photographs. The upper lip length, divergence pattern, vertical maxillary height, 

position of the jaws and the inclination of maxillary and mandibular teeth were 

measured on the lateral cephalometric radiographs. Next Generation Sequencing (NGS) 

technology was used and a Whole Exome Sequencing was applied to determine the 

genetic determinants of EGD. 
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Results:   

A Mendelian inheritance pattern was observed segregating in either an autosomal 

dominant or X-linked manner. Pedigree analysis showed a female predominance among 

affected individuals. Extraoral photographs demonstrated that EGD is transmitted with 

different levels of penetrance. A hypermobile upper lip was present in 5 affected 

individuals. Short clinical crowns were observed in 6 affected subjects. A normal or 

slightly increase upper lip length was measured among individuals having EGD. 

Cephalometric analysis on affected subjects revealed an increased lower facial height, a 

hyperdivergent facial pattern, an increased anterior vertical maxillary height, a tendency 

towards a skeletal class II and retroclined maxillary incisors. Genetic analysis denoted 

the presence of 33 novel genes affecting skeletal and muscular development. HERC2 

gene could have a direct impact on the transmission of EGD.  

Conclusion:   

This is the first study evaluating the inheritance pattern and genetic contribution to 

EGD. It illustrated the clinical, cephalometric characteristics of affected individuals and 

shed light on the genetic map responsible for the development of EGD. The presence of 

multiple etiologic factors responsible for EGD do not necessarily point to a skeletal 

discrepancy but also to a muscular alteration and to a lesser extent to dental 

contribution. Vertical maxillary excess is the main determinant of the condition. 
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CHAPTER I 

INTRODUCTION 

A. Background 

A harmonious smile depends on well balanced three anatomic components: the 

gingiva, teeth, and lips (Mahardawi et al., 2019). The gingival smile is the state in which 

the smile line moves in an apical direction beyond the gingival margin of the 

anteroposterior teeth, causing excessive exposure of the maxillary gingiva during the 

smile (Mohamed Ali and Ines, 2020). Excessive gingival display ï EGD (Gummy 

smile) is a condition in which a high lip-line exposes a large amount of gingival tissue 

upon smiling. Therefore, the gingiva is an important determinant of the smile esthetics 

(Izraelewicz-Djebali and Chabre, 2015). Sharma et al., defined the normal gingival 

display as the gum exposure between the inferior border of the upper lip and the 

gingival margin of the anterior central incisors when smiling (Sharma et al., 2017). This 

condition affects a notable proportion of the population, especially women who are 

more affected than men (Allen, 1988; Bhola et al., 2015; Liebart et al., 2004).  

The lip line is the amount of vertical tooth exposure upon smiling (Sabri, 2005). 

During smile, the upper lip should elevate around 80% of its length  to the level of the 

gingival margin of the maxillary central incisors, displaying about 1 to 2 mm of gingiva 

in females, and up to the cervical crown in males (Sabri, 2005).  An exposure of gingiva 

around 0-2 mm when smiling, and a display of 2-4 mm of the maxillary incisor edges 

when the lips are at the rest are considered as acceptable. EGD is defined as a gingival 

exposure of more than 2 mm when a person smiles (Allen, 1988; Pausch and Katsoulis, 

2017a).  
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Table I.1: Acceptable gingival exposure (GE) and diagnosis of EGD among different 

studies (Bhola et al., 2015; Geron and Atalia, 2005; Jananni et al., 2014; Kokich et al., 

1999; Pausch and Katsoulis, 2017b; Pinto et al., 2015; Van der Geld et al., 2011). 

 

 

Author 

 

Year Acceptable GE Having EGD 

Kokich el al. 

 

1999 < 4 mm by lay persons 

< 2 mm by Orthodontists 

 Ó 4mm by laypersons 

 Ó 2 mm by Orthodontists 
Geron and Atalia 2005 Until 1 mm 

 

> 1 mm 

Van der Geld et al. 2011 Until 4 mm > 4 mm 

Jannani et al. 2014 2-3 mm > 3 mm 

Pinto et al. 2015 1-3mm > 3 mm 

Bhola et al. 2015 Until 1 mm > 1 mm 

Pausch et al. 2017 0-2 mm More than 2  mm 
 

 

A high lip line exposes an additional amount of gingival tissue, whereas a low 

lip line shows less than 75% of the maxillary anterior teeth (Dong et al., 1999; Tjan et 

al., 1984). The female lip line is on average 1.5 mm higher than it is for males (Sheldon 

Peck et al., 1992; Rigsbee et al., 1988a; Tjan et al., 1984). Patients showing more than 2 

mm of gingiva are often unattractive (Figure I.1).  

At rest, the smile line should allow on average the display of 1.91 mm of 

maxillary incisors in men and 3.4 mm in women (Vig and Brundo, 1978). Due to the 

loss of muscle tone with age, exposure of the maxillary incisors at rest decreases 

progressively and, to a lesser extent, in smiling and there is an increase in lower teeth 

display. (Dong et al., 1999; Sheldon Peck et al., 1992; Vig and Brundo, 1978).  
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Figure I.1: (A) Upper lip line measurement (Sheldon Peck et al., 1992) ; (B) Lip line 

(Sabri, 2005) and (C) Patient with EGD. 

 

 

Facial esthetic harmony correlates directly with the smile. In turn, the union of 

the teeth, gingiva and lips define the smile (Bashetty et al., 2009; Hwang et al., 2009; 

Narayan et al., 2011). The smile becomes esthetically pleasing when these components 

are disposed in suitable proportion, and the gingival exposure is less than 2 mm. When 

the exposure of the gingival tissue exceeds 2 to 3 mm, facial esthetics is compromised. 

The unpleasant facial appearance associated with EGD may affect patientsô self-

confidence and lead to psychological and social problems (Bashetty et al., 2009; Indra 

et al., 2011; Mangano and Mangano, 2012; Mazzuco and Hexsel, 2010; Polo, 2005a). 

Therefore, a well-balanced smile is important for self-esteem and social integration.  

EGD is a readily noticed unattractive feature. Nevertheless, the perception of 

gingival exposure differs between individuals. Orthodontists made the distinction 

between esthetic and unaesthetic smile when the distance from the lower border of the 

upper lip to the gingival margin of the maxillary teeth was 2 mm (Figure I.2). They 

rated 0 mm of gingival display as most attractive. General dentists and lay people were 

more tolerant of increasing the gingiva-to-lip distance. They classified it as excessive if 

4 mm of gingiva was visible above the level of the anterior gingival margins (Kokich et 

al., 1999). 
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Figure I.2: Photographs where the lip line was altered in 2-mm increments (Kokich et 

al., 1999). 
 

 

In most instances, when EGD is developmental, it is not evident in early 

childhood because its severity accompanies the individualôs growth. The vertical 

component of growth is the last to end and does not reach its complete expression until 

the individual is fully mature (Ahmed et al., 2016). Therefore, this condition emerges 

progressively and accelerates in puberty due to the excessive vertical growth of the 

maxilla. When EGD is due to constitutional limitations (short or hypermobile upper lip), 

it is detected earlier in life because its severity is not directly related to the growth 

potential.  

The treatment of EGD is based on the etiologic factor involved. Therefore, the 

identification and diagnosis of all factors resulting in EGD are imperative for its 

appropriate management. The nature of a high smile line can be: (1) dento-gingival, 

associated with an abnormal dental eruption and short clinic crowns; (2) muscular, 

caused by a hyperactivity of the elevator muscle of the upper lip; (3) dento-alveolar 
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(skeletal), due to an excessive vertical growth of the maxilla; (4) a mixed nature, in the 

presence of more than one of the above described factors (Monaco et al., 2004).  

The diagnosis of gummy smile must be precocious and based, with reference to 

specific parameters, upon a careful analysis of the etiologic factors and the degree of 

seriousness of the alteration. A correct treatment plan must contemplate the possibility 

of a periodontal, orthodontic, orthopedic and/or surgical therapeutic resolution 

considering the seriousness and complexity of the gingival display in connection with 

the age of the subject. 

In some instances, EGD is present within the long face syndrome (LFS) which 

is the second most inherited facial condition. However, EGD may be separate from the 

LFS. The LFS is a craniofacial pattern characterized by narrow face, excessive exposure 

of maxillary anterior teeth, poor upper-lip-to-tooth relationship, large interlabial 

distance, long lower third of the face, increased mandibular plane angle, inordinate 

exposure of the maxillary teeth, gingiva upon smiling. The most important feature of the 

long face syndrome is vertical maxillary excess (Schendel et al., 1976). The treatment of 

this LFS may require an invasive surgical approach to correct bony positions and 

decrease or eliminate EGD. 
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B. Significance 

Identifying the candidate genes responsible of the development and familial 

transmission of EGD in different ethnic populations is a major advancement in 

orthodontics and dentofacial orthopedics because it can help comprehend the molecular 

mechanisms of jaw development and how these mechanisms may influence the 

response to orthodontic and orthopedic treatment. Also, better understanding of the 

specific genes contributing to variation in the risk for EGD in the Mediterranean 

population can help estimate the genetic susceptibility to this condition in families with 

affected individuals. By extension, the research may help the identification of 

environmental factors that may be addressed in early treatment. 

In addition, by early forecast of the condition following a blood test to assess 

the patientôs genes, earlier treatment may be instituted (if needed) to try to intercept the 

development of EGD, or at least minimize the vertical maxillary growth. More 

importantly, earlier intervention may be foregone in favor of a later orthognathic 

surgery when vertical maxillary overgrowth is genetically determined as a ñcertaintyò, 

in order to prevent a long treatment. 

In other words, if EGD could be defined genetically in a precise manner in 

different ethnic populations, rather than phenotypically, we would approach the 

treatment of the condition in a more rational and effective approach. Such achievement 

can improve treatment modalities and outcome and help in the prevention of moderate 

to severe cases, potentially reducing the frequency of maxillofacial surgery. Molecular 

genetic information can also be used to accurately predict long-term growth changes 

and may ultimately lead to the utilization of gene therapy. Recent gene mapping and 
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linkage analysis give hope that the genetic determinants of facial development in 

general and EGD in particular will be better understood in the near future. 

An emphasis should be placed on studying the heritable patterns of each 

skeletal morphologic characteristic that may contribute to EGD. However, no genetic 

studies have been performed previously in any ethnic populations to identify the gene(s) 

involved in the trait. Therefore, the genetic determinants of EGD remain unclear. In 

both the developmental and clinical contexts, the novelty of this study would contribute 

to the introduction of new genes. It would also represent a significant advance not only 

in the fields of orthodontics and dentofacial orthopedics but also to dentistry in all its 

specialties. 

The most significant contribution of this study is the recognition of the true 

etiology of this condition in families with severe gingival display affecting their quality 

of life. This specification may lead to better genetic delineation of the condition, and as 

such, would provide a guideline to which phenotype is more probable and accordingly 

would need more intervention. Furthermore, the association between the genetic and 

environmental factors will be addressed. 

 

C. Research objectives 

With the lack of specific studies on the genetics of EGD, the expectation is that 

environmental or epigenetic factors can also modify phenotype expression in a 

multifactorial etiology of EGD. However, this mechanism is poorly understood. Our 

objectives are thus to assess the genetic basis of excessive gingival display in families 

and establish a genotype-phenotype correlation by carrying the following specific aims: 
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- Investigate the inheritance pattern of EGD in Eastern Mediterranean families. 

- Identify candidate loci and gene(s) responsible of the development and familial 

transmission of EGD in the studied Mediterranean population. 

- Determine the etiologic factors contributing to EGD. 

- Evaluate the skeletal and dento-alveolar cephalometric characteristics of individuals 

affected by EGD. 

- Analyze the correlation between vertical maxillary excess and the divergence 

pattern of individuals. 

 

D. Hypothesis  

Our main hypotheses are that: 

- Specific candidate loci and genes have an etiological role in the susceptibility to 

EGD in the Mediterranean population. 

- Inheritance may be related more to excessive vertical maxillary growth.  
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CHAPTER II 

LITERATURE REVIEW 

A. Definitions and concepts 

1. Genome, genotypes and genes 

a. Human Genome 

An organismôs genome is defined as the complete set of genetic instructions for 

that organism. The human genome is made up of a double helix of deoxyribonucleic 

acid (DNA) comprised of 3.2 billion chemical nucleotide base pairs. The genetic 

instructions, or DNA code(s), are created by the particular side-by-side arrangement 

(linear pattern, order, and number) of adenine (A), thymine (T), cytosine (C), and 

guanine (G) bases along the paired double helix, where A base pairs with T, and C base 

pairs with G. This genetic information (DNA) is normally packaged in each human cell 

into 46 smaller units (ranging in length from 50 to 250 million base pair each) called 

chromosomes, which are arranged in 23 pairs (ñHuman Genome Program. Genomics 

and Its Impact on Science and Society,ò 2008). 

A chromosome is made up of the double helical DNA that is wrapped around 

proteins called histones. Those proteins enable the DNA units to be tightly packed into 

the nucleus of the cells and also play an important role in regulating when and where the 

cells will use portions of the genetic information contained in the genome (Golbabapour 

et al., 2011). 

Each human being inherits a total of 46 chromosomes; 22 homologous pairs of 

chromosomes called autosomes and one pair of sex chromosomes that are homologous 

(X, X) in females and only partly homologous (X, Y) in males, which make the 
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individual unique. Each pair is formed by one chromosome that is a copy of the original 

maternal chromosome and another chromosome that is a copy of the original paternal 

chromosome. 

 

b. Genes 

Each chromosome contains many genes, which represent the smallest physical 

and functional units of inheritance. Genes are specific sequences of bases that encode 

instructions for the synthesis of a specific polypeptide via a messenger RNA 

intermediate (mRNA) or the synthesis of a specific RNA molecule (e.g., transfer RNA, 

ribosomal RNA, and noncoding regulatory RNA molecules such as microRNA or long 

noncoding RNA). In fact, most codons (sequence of three nucleotides) in the mRNA 

lead to the addition of an amino acid to a growing polypeptide chain, which may 

ultimately become a protein (Figure II.1). Each person normally inherits two copies of 

every gene within the genome: one gene copy on the autosome or sex chromosome of 

maternal origin and the other gene copy on the autosome or sex chromosome of paternal 

origin (Hartsfield JK, 2017). Our genes only make up 2% of the estimated 3.2 billion 

base pairs present in the human genome and the average gene is 3000 nucleotide base 

pairs in length. The remainder consists of non-coding regions (ñHuman Genome 

Program. Genomics and Its Impact on Science and Society,ò 2008). 
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Figure II. 1: Structural components of the genome (ñHuman Genome Program. 

Genomics and Its Impact on Science and Society,ò 2008). 

 

Every gene resides in a specific location referred to as a locus. Genes at the 

same locus on a pair of homologous chromosomes are called alleles. One allele would 

be a copy of the maternal allele and the other a copy of the paternal allele. When the 

two alleles are identical, the individual is said to be homozygous for that locus. When 

the two alleles are different in the DNA sequence, the individual is said to be 

heterozygous for that locus (Hartsfield JK, 2017). 

 

c. DNA variation 

The human genome is 99.9% identical from one person to another. Thus, there 

is only an estimated 0.1% variation within the entire DNA code between two people 

that makes each individual unique. The DNA variation is due to either normal inherited 

variations or sporadic mutations. The most common DNA variation in the human 

genome is called Single Nucleotide Polymorphism (SNP; pronounced ñsnipò). SNP 

describes the occasion when one nucleotide base (A, G, T, or C) can be inherited at a 
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specific location in the DNA code upon comparing the DNA codes at that same position 

among many individuals. In other words, it is a variation in a single nucleotide that 

occurs at a specific position in the genome. There are over 10 million SNPs that have 

been identified in the human genome to date; 1 SNP occurs every 300 nucleotides.  

An example of a SNP is a frameshift mutation (also called framing error or 

reading frame shift) caused by INDELS (Insertions or Deletions) of a number of 

nucleotides in a DNA sequence that is not divisible by three. Due to the triplet nature of 

gene expression by codons, the insertion or deletion can change the reading frame 

(grouping of codons), resulting in a completely different translation from the original. A 

nonsense mutation is also an example of a SNP, defined as a point mutation in a DNA 

sequence that results in a premature stop codon (or termination codon) within the 

mRNA that signals a termination of translation into proteins. Those two types of 

mutations are called ñdisruptive mutationsò, having a high putative impact on protein 

function and structure.  

Another example of a SNP is a missense mutation defined as a point mutation 

in which a single nucleotide change results in a codon that codes for a different amino 

acid. This type of mutation has a moderate putative impact on protein function and 

structure (ñHuman Genome Program. Genomics and Its Impact on Science and 

Society,ò 2008). 
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d. Genotype 

A genotype refers to the combination of alleles at a given locus within the 

genome that codes for a particular trait. Two organisms whose genes differ at even one 

locus are said to have different genotypes. The transmission of genes from parents to 

descendants is controlled by precise molecular mechanisms the discovery of which 

began with Mendel (Hartsfield JK, 2017). 

 

2. Phenotype 

The phenotype can be thought of as a clinical expression of an individualôs 

specific genotype. It is the observable properties, measurable features and physical 

characteristics of an individual (Baltimore, 2001). It is created by summation of the 

effects arising from an individualôs genotype and the environment in which the 

individual develops over a period of time. EGD is a trait, which is a particular aspect or 

characteristic of the phenotype that has a specific mode of inheritance. The genetic 

influences on traits are monogenic (predominantly single gene with the possibility of 

other smaller genetic and environmental factors) or complex (many genetic and 

environmental factors) (Hartsfield JK, 2017). 

 

 

3. Mode of inheritance and penetrance 

a. Mode of inheritance 

The nature of family-based (familial) traits can be studied by constructing 

family trees called pedigrees in which males are denoted by squares and females by 

circles, with the affected individuals having their symbol filled. Pedigrees illustrate the 
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family history in first-degree relatives of the patient (siblings and parents), second-

degree relatives (half-siblings, aunts, uncles, grandparents) and third-degree relatives 

(first cousins) (Hartsfield JK, 2017). 

i. Autosomal dominant 

The mode of inheritance is autosomal dominant when a trait is present as the 

result of only one copy of a particular allele (example: ñAò) in a heterozygous allele 

pair (example: ñAaò). The trait is also expressed in the presence of a homozygous allele 

pair (example: ñAAò) (Figure II.2). 

 

 

Figure II.2: Three-generation pedigree of a family with an autosomal dominant trait 

(Hartsfield JK, 2017) 

 

ii. Autosomal recessive 

The mode of inheritance is autosomal recessive when a trait is only present 

when both alleles at the locus are the same (example: ñaaò); in other words, when the 

individual is homozygous for ñaò. The symbols for presumed carriers (heterozygotes) of 

the autosomal recessive gene are filled in halfway (Figure II.3). 
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Figure II. 3: Three-generation pedigree of a family with an autosomal recessive trait 

(Hartsfield JK, 2017) 

 

iii.  X-Linked recessive 

The mode of inheritance is X-linked recessive when a mutation in a gene on the 

X chromosome causes the phenotype to be expressed in males (who are necessarily 

hemizygous for the gene mutation because they have one X and one Y chromosome) 

and in females who are homozygous for the gene mutation. The symbols for presumed 

female carriers (heterozygotes) of the X-linked recessive gene have a dot in the middle 

of the circle (Figure II.4). 

 

 

Figure II. 4: Three-generation pedigree of a family with an X-linked recessive trait 

(Hartsfield JK, 2017) 
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Table II.1: Summary of the modes of inheritance (Hartsfield JK, 2017) 

 

 

b. Mode of penetrance 

Penetrance is the proportion of individuals carrying a particular variant of a 

gene that also expresses an associated trait (Hartsfield JK, 2017).  

Á Complete penetrance: when all individuals who have the trait-causing 

mutation have clinical symptoms of the trait.  

Á Highly penetrant: when the trait is almost always apparent in an individual 

carrying the allele.  

Á Incomplete penetrance or reduced penetrance: when some individuals fail to 

express the trait, even though they carry the allele. Those individuals are able 

to have offsprings with the trait.  It is most commonly observed with 

dominant traits such as hypodontia, Class III malocclusion and Treacher-

Collins syndrome (Hartsfield JK, 2017).  

Á Low penetrance: it will only sometimes produce the trait with which it has 

been associated at a detectable level. 

 

 Autosomal dominant Autosomal recessive X-linked recessive 

Males and females 

affected 
Equally Equally 

Males more than 

females 

Phenotype 

appearance 
Every generation 

Typically appears in 

one generation  and not 

in the individualôs 

offspring or parents 

- 

Probability of 

inheritance 

Offspring have a 50% 

chance of inheriting the 

trait 

Offspring have a 25% 

chance of inheriting the 

trait if both parents are 

carriers 

Carrier female gave a 

50% chance of having 

an affected son and a 

50% chance of having 

a carrier daughter 
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c. Measures of heritability 

Heritability is a static used in genetics to estimate how much variation in a 

phenotypic trait in a population is due to genetic variation among individuals in that 

population. Heritability increases when genetic factors are contributing more variation 

or when non-genetic (environmental) factors are contributing less variation. H2 is a 

common measure of heritability, which reflects a specific mathematical formula that 

embeds all the genetic contributions to a populationôs phenotypic variance. The values 

of H2 range between 0 and 1. A trait with a heritability estimate of 1 would be 

expressed with complete positive correlation to genotypic factors theoretically, as 

measured by comparing the concordance of the phenotype to the percentage of genes in 

common among twins or other siblings. By comparison, a trait with a heritability of 0.5 

would have half its variability of concordance (from individual to individual) positively 

correlated with the percentage of genes in common. H2 Ó 0.5 reflects a high heritability 

and H2 Ò 0.2 suggests a low heritability (Hartsfield JK, 2017; Wray, N. & Visscher, P., 

2008). 

 

4. Sanger and Next Generation sequencing techniques 

DNA sequencing is the process of determining the precise order of nucleotides 

(adenine, guanine, cytosine and thymine) within a DNA molecule. 

a. Sanger sequencing 

Developed by Frederick Sanger and his colleagues in 1977, the Sanger 

sequencing technique is based on the selective incorporation of chain-terminating 

dideoxynucleotides by DNA polymerase during in vitro DNA replication. It requires a 

single-stranded DNA template (DNA to be sequenced), a DNA primer (starting point 
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for DNA synthesis on the strand of DNA to be sequenced), a DNA polymerase, normal 

deoxynucleoside triphosphates (dNTPs), and modified dideoxynucleoside triphosphates 

(ddNTPs) that terminate DNA strand elongation (chain terminators). Four individual 

DNA synthesis reactions are performed. The four reactions include normal A, G, C, and 

T dNTPs and each contains a low level of one of four ddNTPs: ddATP, ddGTP, ddCTP, 

or ddTTP. The four reactions can be named A, G, C and T, according to which of the 

four ddNTPs was included. The DNA to be sequenced is added to the 4 reactions. Most 

of the time, DNA polymerase will add a proper dNTP to the growing strand it is 

synthesizing in vitro, but at random locations, it will instead add a ddNTP. When it 

does, that strand will be terminated at the ddNTP just added. If enough template DNAs 

are included in the reaction mix, each one will have the ddNTP inserted at a different 

random location, and there will be at least one DNA terminated at each different 

nucleotide along its length for as long as the in vitro reaction can take place. The 

ddNTPs that terminate the strands have specific fluorescent labels covalently attached to 

them. After the reaction is over, it is subject to capillary electrophoresis. All the newly 

synthesized fragments, each terminated at a different nucleotide and so each a different 

length, are separated by size. Smaller fragments will migrate more. As each differently 

sized fragment exits the capillary column, a laser excites the fluorescent tag on its 

terminal nucleotide. From the color of the resulting fluorescence, a computer can keep 

track of which nucleotide was present as the terminating nucleotide. The computer also 

keeps track of the order in which the terminating nucleotides appeared, which is the 

sequence of the DNA used in the original reaction (Sanger and Coulson, 1975). 
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b. Next Generation Sequencing 

In 2009, Next Generation Sequencing (NGS) or deep sequencing platform 

appeared on the market as a revolutionary technology that performs sequencing of 

millions of small DNA fragments in parallel ñmassive parallel sequencingò. NGS can be 

used to sequence entire genomes (Whole Genome Sequencing: WGS) or constrained to 

specific areas of interest, including a whole exome (all 22 000 coding genes) (Whole 

Exome Sequencing: WES) or small numbers of individual genes. NGS has many 

advantages over the traditional sequencing technique known as Sanger sequencing: 

much faster, captures a broader spectrum of mutations, produces more data, genomes 

can be interrogated without bias, needs significantly less template DNA and is cost 

effective. However, the Sanger method remains in wide use for smaller-scale projects, 

validation of NGS results and for obtaining especially long contiguous DNA sequence 

reads (> 500 nucleotides) (Behjati and Tarpey, 2013; Pareek et al., 2011). The technique 

of NGS will be described in details in the material and methods section. 

 

5. Terms related to the genetic analysis 

a. Quality score 

The quality score (Q score) is used to measure base calling accuracy, one of the 

most common metrics for assessing sequencing data quality. It reveals how much of the 

data from a given run is usable in a resequencing or assembly experiment. Sequencing 

data with lower quality scores can result in a significant portion of the reads being 

unusable, resulting in wasted time and expense. Low Q scores can lead also to increased 

false-positive variant calls, resulting in inaccurate conclusions and higher costs for 

validation experiments. For example, Q20 means that 90% of the fragments have 20 
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copies read and more and Q30 means that 90% of the fragments have 30 copies read 

and more (Human Genome Program, 2008). 

 

b. Filter status 

Prior to cluster analysis or genetic network analysis it is customary to filter, or 

remove genes considered being irrelevant from the set of genes to be analyzed. The 

filter status is marked ñPASSò if this position has passed all filters. Otherwise, if the site 

has not passed all filters, a specific code for filters that fail is written (Human Genome 

Program, 2008). 

 

c. Putative impact 

The putative impact aims to check if the variant has a deleterious effect on 

protein function and structure or not. It is classified into high, moderate or low (ñHuman 

Genome Program, 2008). 

 

d. Allele count and Minor Allele Frequency (MAF) 

The allele count is defined as the count of each alternate allele for each site 

across all samples. The MAF determines the frequency of a minor variant of the gene at 

a particular locus in the normal population, obtained by dividing the number of 

appearances of the minor variant by the total number of alleles. An MAF of 0% 

indicates that the variant is not present in the normal population (new variant) and an 

MAF of 100% indicates that the variant is present in the normal population (Human 

Genome Program, 2008). 



 

35 
 

e. Approximate read depth 

The approximate read depth (sequencing depth or coverage) is obtained by 

using the following formula: number of reads x read length / assembly size; number of 

reads meaning the number of times that a given nucleotide in the genome has been read 

in the reconstructed sequence and assembly size meaning the size of the genome that is 

sequenced. Deep sequencing refers to the general concept of aiming for high number of 

replicate reads of each region of a sequence (Human Genome Program, 2008). 

f. Inbreeding coefficient 

The inbreeding coefficient (F) is the probability of autozygosity, i.e. the 

probability that a zygote obtains two copies of the same ancestral gene from both its 

parents because they are related (Human Genome Program, 2008). 

 

g. Yield 

The yield is defined as the total number of sequences for one individual. The 

total yield is calculated by using the following formula: total number of reads * average 

read length (Human Genome Program, 2008). 

 

h. GC-content 

GC-content (or guanine-cytosine content) is the percentage of nitrogenous 

bases on a DNA molecule that are either guanine or cytosine (from a possibility of four 

different ones, also including adenine and thymine). DNA with high GC-content is more 

stable than DNA with low GC-content (Human Genome Program, 2008). 
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B. Incidence, prevalence and sexual dimorphism 

The smile pattern varies with patient sex, age, nationality, and race (Guo et al., 

2011). EGD can affect a large percentage of the population, with prevalence ranging 

from 10.5% (Tjan et al., 1984) to 29% (Dong et al., 1999). EGD is more prevalent and 

considered more unesthetic in women than men (Ackerman and Ackerman, 2002; 

Geron and Atalia, 2005; Sheldon Peck et al., 1992). 

Furthermore, among all ethnic groups a higher smile line is generally found 

more frequently in the younger individuals (up to 35 years) than in the older subjects 

(more than 36 years). The highest incidence has been observed in the Asian population, 

where younger females (up to 35 years) with high smile lines comprised almost 50% of 

the population. Among all ethnicities, EGD are encountered in one third of the female 

populations and to a lesser proportion of the male populations (Jensen, 1996).  

Comparisons of data derived from several studies demonstrate a 2 to 1 ratio of 

the female subjects with high smile lines over the male subjects, and a 2.5 to 1 ratio of 

the male subjects with low smile lines over the female subjects (Sheldon Peck et al., 

1992; Rigsbee et al., 1988a; Tjan et al., 1984). In other words, females have EGD twice 

as much as boys. 

Another study comparing the smile line of 207 men and 247 females with an 

age ranging between 20 to 30 years revealed that 10.57% of the population were 

classified as having a high lip line, 68.94% as having an average smile lime and 20.48% 

as having a low lip line. Among the individuals having a high lip line, 70.8% were 

females, whereas among those having a low lip line 66.7% were men (Tjan et al., 1984). 
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C. Classification of EGD 

The diagnosis of the excessive gingival display requires a proper classification 

of the gingival level. Several classifications of the EGD were introduced using different 

criteria (Jensen, 1996; Liebart et al., 2004; Tjan et al., 1984).  

According to Tjan et al., the smile is divided into three categories: (1) A ñlow 

smileò displaying less than 75% of the clinical crown height of the maxillary anterior 

teeth (found in 20% of the population), an ñaverage smileò revealing 75% to 100% of 

the maxillary anterior crown height (found in 69% of the population) and a ñhigh smileò 

exposing a band of contiguous maxillary gingiva (found in 11% of the population). 

According to Liebart et al., the smile lines were analyzed relative to the following 

classification (Figure II.5): 

- Class 1. Very high smile line (EGD): more than 2 mm of marginal gingiva visible or 

more than 2 mm apical to the cemento-enamel junction for the reduced but healthy 

periodontium. 

- Class 2. High smile line: between 0 and 2 mm of marginal gingiva visible or 

between 0 and 2mm apical to the cemento-enamel junction visible for the reduced but 

healthy periodontium.  

- Class 3. Average smile line: Gingival embrasure only visible. 

- Class 4. Low smile line: Gingival embrasures and cemento-enamel junction not 

visible.  



 

38 
 

 

Figure II. 5: Classification of EGD (Liebart et al., 2004). 

 

Another classification of EGD considers the site of excessive gingival exposure 

(Wu et al., 2010) (Figure II.6): 

- Type I: Presence of a continuous band of EGD with equal distribution anteriorly and 

posteriorly (Most common type ï 88% of patients with EGD) 

- Type II: Posterior parts of EGD (6% of patients with EGD) 

- Type III: Presence of one side of EGD (4% of patients with EGD) 

- Type IV: Anterior parts of EGD (2% of patients with EGD) 
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Figure II. 6: Classification of EGD (Wu et al., 2010). 

 

D. Craniofacial and dental morphological features 

1. Craniofacial features  

Regarding the skeletal pattern, more than 50% of EGD patients present with a 

skeletal class II malocclusion (increased ANB angle) and a relatively less number of 

subjects belong to a skeletal class I malocclusion. The posterior position of Pog (Pog-

NP) reflects that sagittal discrepancy (a retruded mandible and a convex profile). In 

females, the convexity of the facial profile is greater than normal where as in males, the 

facial convexity is usually within normal range. Therefore, EGD is not only related to 

an alteration in the maxilla but is also correlated with the configuration and location of 

the mandible (Wu et al., 2010). 

Concerning the facial growth pattern, 82.5% of individuals develop a vertical 

growth pattern while 17.5% show an average growth pattern (Wu et al., 2010). EGD is 

strongly linked with anterior vertical maxillary excess (Mackley, 1993; S. Peck et al., 
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1992). Another study also suggests that excessive maxilla together with the protrusion 

of anterior alveola results in a gummy smile (Ezquerra et al., 1999). 

The decrease in S-Go/N-Me (Ratio of posterior facial height/anterior facial 

height), the increase in ANS-Me/N-Me (Ratio of inferior-anterior facial height/anterior 

facial height), and the greater value of MP-SN (Angle of mandibular plane to SN plane) 

are indicative of a vertical growth pattern, long face and divergent facial type. 

Furthermore, patients affected with EGD have an increased anterior maxillary height 

(U1-PP). In contrast, the posterior height of mandible (L6-MP) is reduced. Also, a large 

proportion of subjects with EGD have incompetent lips at rest (86%-92%) (S. Peck et 

al., 1992; Wu et al., 2010).  

The upper lip length in patients with EGD is the same with normal subjects 

(Schendel SA, Eisenfeld J, Bell WH, et al, 1984). Other studies demonstrated that the 

upper lip length of patients with EGD is slightly longer than normal (S. Peck et al., 

1992; Singer RE, 1974; Wu et al., 2010). The increased upper lip length might be 

considered as a compensation for the overdeveloped anterior maxillary alveola (U1-PP). 

Moreover, the inclination of the upper lip and the nasolabial angle are decreased in both 

sexes. 

 

2. Dental features 

The dental characteristics of EGD include:  

- Increased overbite and overjet (S. Peck et al., 1992; Wu et al., 2010) 

- Proclined maxillary incisors in both sexes with SN plane as a reference The labially 

inclined maxillary incisors along with the excessive anterior maxillary height and 
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greater overjet led to a labially inclined upper lip and a diminished nasolabial angle (Wu 

et al., 2010). 

- The inclination of the occlusal plane in boys is within normal range, whereas it is 

rotated downward in girls (Wu et al., 2010). 

The maxillary incisor clinical crown height is slightly shorter in patients having 

EGD ; however, the difference is not significant (S. Peck et al., 1992). 

 

E. Etiology of EGD 

1. Vertical maxillary excess (VME) 

This condition involves an overgrowth of the maxilla in the vertical dimension. 

It is highly related to the development of EGD (Mackley, 1993; S. Peck et al., 1992).  

VME has the following characteristics: longer lower third of the face, in relation with 

the upper and middle thirds, a greater exposure of maxillary incisors at rest, 

incompetent lips, inclination towards a class II malocclusion with or without open bite, 

and an excessive gingival display. Sometimes, the nose is longer, the alar bases are 

smaller and the zygoma is flat (Mahardawi et al., 2019). In an Asian population, VME 

was found in 50% of class I malocclusions, in 48% of class II malocclusions and 10% in 

class III patients (Chew, 2006). In severe cases, the incisal edge of the maxillary 

anterior teeth can be covered by the lower lip due to the excessive downward growth of 

the maxilla (Robbins, 1999). VME occurs in patients with longer than normal lower 

facial heights. As a general rule, the face is normally divided into three equal distances, 

from hairline to nose base, nose base to subspinale, and subspinale to chin which 

constitute the lower facial third (Proffit et al., 2007) (Figure II.7). In turn, the lower face 

can itself be subdivided into thirds, with the upper third measured from the subnasale to 
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the stomion and the lower two-thirds measured from the stomion to the menton 

(Milutinovic et al., 2014). 

 

 

Figure II. 7 : (A) Horizontal thirds of the face (Proffit et al., 2007); (B) Schematic 

representation of the horizontal thirds of the face (Silberberg et al., 2009) 

 

To diagnose VME, the anterior maxillary height (upper incisor to palatal plane) 

is measured on a lateral cephalometric radiograph (Figure II.8). The anterior maxillary 

height is approximately 2 mm higher in patients with EGD (S. Peck et al., 1992). 

 

Figure II. 8: Measurement of the anterior maxillary height (Silberberg et al., 2009) 

 

Garber and Salama proposed a classification of VME based on the amount of 

gingival display (Garber and Salama, 1996): 

Á Degree 1: 2-4 mm of gingival display 

Á Degree 2: 4-8 mm of gingival display 

Á Degree 3: >8 mm of gingival display 

A B 
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2. Short upper lip 

The upper lip length is defined as the length from the base of the nose 

(subnasale point) to the inferior part of the upper lip (upper lip stomion point) (Roe P, et 

al., 2012), which is normally around 23 mm in males and 20 mm in females (Sabri, 

2005) (Figure II.9).  

 

Figure II. 9: Upper lip length measurement (a) Schematic representation; (b) Clinical 

measurement (Robbins, J.W. and Rouse, J.S., 2016, n.d.) 

 

Table II.2: Upper lip length from various studies (Burstone, 1967; Farkas et al., 1984; 

Sheldon Peck et al., 1992; Powell and Humphreys, 1984; Prabu et al., 2012; William 

Arnett and Bergman, 1993; Wolford, L.M, 1988) 

Author  Male Female 

Burstone 23.8 ± 1.5 20.1 ± 1.9 

Farkas et al. 21.8 ± 2.2 19.6 ± 2.4 

Powell, Humphreys 23.8 ± 1.5 20.1 ± 1 

Wolford 22 ± 2 20 ± 2 

Peck el al. 23.4 ± 2.5 21.2 ± 2.4 

Prabu et al. 23.4 ± 3.42 20.02 ± 2.89 

Arnett, Bergman Male and female combined: 19-22 

 

However, the upper lip tends to become longer and sagging along with aging. 

Therefore, the position of the lip line becomes lower with age. This age-related 

phenomenon could be caused by 3 possibilities: 
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- As the facial height increases with age (Baer, 1956; Herzberg and Holic, 1943; 

Sharma et al., 2014), the upper lip might lengthen (Jensen, 1996). 

- Another possibility relates to the presence of gingival recessions as a result of past 

or present periodontal disease in adults. In this case, the smile line appears to be lower, 

even though it might not have changed (Jensen, 1996).  

- The increased upper lip length can also be attributed to the decrease in the elasticity 

of soft tissues with age. In consequence, the alterations in the connective tissue 

metabolism result in ñsinkingò of the facial tissue (Jensen, 1996; Neumann et al., 1989). 

 

3. Hypermobile upper lip (HUL)  

This condition represents an increase in the activity of the elevator muscles of 

the upper lip during smile revealing excessive gingival display. Upon smiling, the upper 

lip elevates about 80% of its original length displaying 10 mm of the maxillary incisors 

(Rigsbee et al., 1988). The upper lip elevation from rest position to the full smile varies 

between individuals ranging from 2-12mm, with an average of 7-8mm (Rubin, 1974; 

Zachrisson, B.U, 1998). Other studies reported a 23% decrease (Peck S, Peck L, 1993) 

and 28% decrease (Tarantili et al., 2005) in the initial upper lip length upon smiling. 

Furthermore, the elevation of the upper lip is about 3.5% higher in women (Rigsbee et 

al., 1988).  

The mobility of the upper lip is calculated by subtracting the maxillary incisal 

display at rest from the dentogingival exposure during full  smile. The maxillary incisal 

exposure at rest is defined as the distance from the inferior part of the upper lip (upper 

lip stomion) to the incisal edge of the maxillary incisors. In addition, the dentogingival 
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exposure represents the distance from the inferior part of the upper lip (upper lip 

stomion) to the incisal edge when the upper lip is at the maximum smile position (Roe 

P, et al., 2012) (Figure II.10,11). 

The diagnosis of HUL is made when the upper lip elevation during smile is 

larger than 8 mm (S. Peck et al., 1992; Silva et al., 2013). Furthermore, a HUL is 

considered the main etiologic factor of EGD when the upper lip length is within normal 

range and the lower facial third is not disproportionate (Silva et al., 2013). 

A classification of EGD caused by a hypermobile upper lip was described in 

2015 (Bhola et al., 2015):   

- Subclass 1: 1 to 3 mm of gingiva is visible in the dynamic smile 

- Subclass 2:  4 to 6 mm of gingival display 

- Subclass 3:  Ó7 mm gingival display 

 
Figure II. 10: Anatomical landmarks at (A) the rest and (B) maximum 

smile positions (Roe P, et al., 2012) 
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Figure II. 11: The difference between the measurement (a) at rest to (b) full smile 

determine the upper lip elevation (Robbins, J.W. and Rouse, J.S., 2016). 

 

In patients having EGD, HUL consisted the primary etiology factor being 

present in almost 80% of them (Andijani and Tatakis, 2019). The elevation of the upper 

lip is determined by several facial muscles: (1) the levator labii superioris (LLS), (2) the 

levator labii superioris alaeque nasi (LLSAN), (3) the zygomaticus minor (ZMi), (4) the 

zygomaticus major (ZMj), (5) the levator anguli oris (LAO), (6) orbicularis oris (OO), 

(7) the risorus (R) and (8) the depressor septi nasi (DSN). (Hwang et al., 2009; Indra et 

al., 2011; Jaspers et al., 2011; Mazzuco and Hexsel, 2010; Polo, 2005; Sucupira and 

Abramovitz, 2012) (Figure II. 12).  The first three muscles play the major role in lip 

elevation (Pedron and Mangano, 2018).  

- The LLS originates from the orbital rim of the maxilla and inserts into the upper lip. 

- The LLSAN originates from the frontal process of the maxilla and divides into two 

fascicles that insert into the upper lip and the skin tissue of the ala of the nose.  

- The ZMj muscle originates from the upper lateral surface of the zygomatic bone 

(Spiegel and DeRosa, 2005)  and inserts into the skin at the angle of the corner of the 

mouth (Shim et al., 2008). The ZMi originates from the lower surface of the zygomatic 

bone and inserts into the lateral part of the upper lip (Fehrenbach MJ, Herring SW, 
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2002). The activity of both zygomatic muscles causes elevation and lateralization of the 

lateral portion of the upper lip. 

- The LAO originates inferior to the infraorbital foramen from the canine fossa of the 

maxilla. Its fibers progress in an anteroinferior direction and insert into the modiolus, 

where the muscle fibers are combined with the fibers of the zygomaticus major (Dao 

and Le, 2020). 

- The OO is a complex, multi-layered muscle which attaches through a thin, 

superficial musculoaponeurotic system to the upper lip. It constitutes an attachment site 

for several facial muscles. (Jain and Rathee, 2020) 

- The risorus muscle originate at the fascia of the lateral cheek over the parotid gland 

and superficial masseter and platysma muscles and inserts at the angle of the mouth. 

The risorus muscle elevates the corner of the mouth laterally (Germann and Al Khalili, 

2020). 

- The DSN originates at the orbicularis oris muscle and it inserts at the superior 

portion of the maxilla (close to the anterior nasal spine) (Barbosa et al., 2013). 

Therefore, variations in facial expression is encountered when the morphology, 

distribution and activity of the muscles occurs (K. S. Hu et al., 2016). The LLS and 

LLSAN are more involved in the anterior elevation of the upper lip resulting in more 

anterior gingival exposure whereas the ZMi and ZMj elevate the upper lip from its 

posterior regions leading to a posterior gingival display. The combination of an anterior 

and posterior gingival display is caused by the hyperactivity of several muscles (Pedron 

and Mangano, 2018).  
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Figure II. 12: Main muscles involved in lip elevation 

 

4. Short clinical crowns ï Altered passive eruption 

A maxillary central incisor should have approximately 80% width compared to 

height (Figure II.13). Higher ratios are the result of a short, square tooth while lower 

values indicate a longer tooth (Gürel, 2003). Other reports suggested that the ratio might 

vary between 66% and 88% (Gillen et al., 1994). The presence of short clinical crowns 

in a patient having EGD indicates that the disproportionate height to width ratio of the 

teeth contributes to the excessive gingival exposure. 

 

Figure II.13: Crown width/height ratio (Sarver, 2004) 

 

Altered passive eruption (APE) is a condition where the gingiva fails to migrate 

in the apical direction during the eruption of teeth. In this case, the gingiva remains in a 

coronal position in relation with the cementoenamel junction (CEJ). This alteration can 

be localized or generalized and it leads to an increase gingival exposure due to the 
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unfavorable teeth proportions (Bhola et al., 2015). Tooth eruption consists of an active 

and passive phase. The movement of teeth in the direction of the occlusal plane is 

defined as active eruption while the apical migration of the gingiva for more tooth 

exposure is named passive eruption (F, 2011; Nart et al., 2014). Therefore, as its name 

refers, APE is an alteration of the passive phase of tooth eruption.  

During the normal passive eruption process, the gingival margin is positioned 

within 1 to 2 mm of the CEJ (Robbins, 1999). APE can occur on a single or multiple 

teeth with an incidence of 12% in the general population (Silberberg et al., 2009). In 

1977, a classification for APE was introduced (Coslet et al., 1977) (Figure II.14): 

- Type 1A: excessive amount of keratinized gingiva with normal alveolar crestïtoï

cementoenamel junction (CEJ) relationship   

- Type 1B: excessive amount of keratinized gingiva with osseous crest at the CEJ 

level  

- Type 2A: normal amount of keratinized gingiva with normal alveolar crestïtoïCEJ 

relationship  

- Type 2B: normal amount of keratinized gingiva with osseous crest at the CEJ level 

 

Figure II. 14: (A) Patient having APE (Abhyankar and Blan, 2019); (B) 

Classification of APE (Coslet et al., 1977) 
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By definition, the keratinized gingiva includes the free gingiva and the attached 

gingiva. The free gingiva is a mobile cuff located above the alveolar crest. It represents 

the terminal border of the gingiva. The attached gingiva is continuous with the marginal 

gingiva. It consists of a band, varying between 1 and 9 mm in length and tightly bound 

by collagen fibers to the underlying bone and cementum (Cope and Cope, 2011). 

Buccaly, the attached gingiva is separated from the oral mucosa by the mucogingival 

line where as in the palate no such delineation exists (Figure II.15). 

 

Figure II. 15: Anatomy of the periodontium (Kasaj, 2018; Reddy Shantipriya, 2011) 

 

 

The diagnosis of APE is based on several factors: no sign of periodontal 

disease, no bleeding upon probing, no inflammation, no radiographic bone loss. 

Nevertheless, the most common clinical sign of APE is the presence of a short tooth 

crown. Also, in the case of APE, the gingival margin can be located up to 10 mm 

coronal to the CEJ (F, 2011).  The presence of a band of gingiva covering the teeth is a 

normal condition during childhood where the eruption process is not finished yet. The 

eruption of anterior teeth is completed in late teens while the eruption of posterior teeth 

remains till the third decade of life (F, 2011).  
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F. The long face syndrome 

The long face syndrome is a common dentofacial abnormality mainly 

characterized by excessive vertical facial development. The morphological features that 

accompany the LFS are a longer lower third of the face, facial retrognathism, depressed 

nasolabial areas, excessive gingival exposure, lip incompetence, narrow palate, 

posterior crossbite, and sometimes an anterior open-bite (Schendel et al., 1976) (Figure 

II.16,17). Furthermore, the LFS can be associated with a dolichocephalic cranium, 

narrow nasal apertures, small temporal fossa, underdeveloped mandibular processes, 

narrow and long mandibular symphysis, reduced chin prominence, and large teeth 

(Sassouni, 1969).  

The prevalence of the long face syndrome is approximately 22% (Bailey et al., 

2001). This severe pattern of vertical craniofacial growth is found to be the second most 

frequent cause for seeking orthodontic/surgical treatment (Proffit et al., 1990). Also the 

LFS seems to be more frequent in blacks than in Whites or Asians.  Both genetic and 

environmental factors might contribute to the development of the LFS (Bansal et al., 

2015).  

 

1. Genetic factors 

The long face pattern seems to be the second most likely type of deformity to 

run in families (Proffit et al., 2007). Furthermore, the heritability of the total face height 

is estimated to range from 0.8 to 1,3 while that of the lower anterior face varies between 

0.9 and 1.6 (Amini and Borzabadi-Farahani, 2009). Dominant genetic components were 

observed for most vertical cephalometric variables at 15 and 18 years of age 
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(Hersberger-Zurfluh et al., 2021). However, the estimations are derived in specific 

populations and under different environmental conditions. Therefore, there is no 

conclusive finding in the literature that report the genetic contribution to this condition.  

Other studies suggested that if the growth of the maxillary sutures and the 

maxillary or mandibular alveolar processes surpass the vertical condylar growth, the 

face becomes longer due to the backward rotation of the mandible (Isaacson et al., 1971; 

Schudy, 1965). Some authors reported that the characteristics of the LFS are the 

expression of a hereditary pattern and that environmental factors such as 

mouthbreathing are only considered as aggravating causes (Emslie et al., 1952; Tourne, 

1990).  

 

2. Environmental factors 

i. Nasal airway obstruction and mouth breathing 

Most patients with long face patterns breathe through the nose. However, in 

some cases, the presence of a nasal airway obstruction reduces the nasal airflow and 

favors mouth breathing. Normal respiratory activity leads to the harmonious growth and 

development of the craniofacial structures (Cooper, 1989; Moss, 1997; Yamada et al., 

1997). Environmental factors accounted for 10-40% of vertical discrepancies in a study 

on MZ and DZ twins (Hersberger-Zurfluh et al., 2021).  

Nasal obstruction forces the patient to breathe through the mouth which 

maintain the tongue and jaw in a lower position. This leads to overeruption of posterior 

teeth resulting in a clockwise rotation of the mandible (Proffit et al., 2007; Valera et al., 

2003). Another study found that chronically allergic mouth-breathing children 
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developed narrower maxillas; higher incidence of posterior crossbites; longer anterior 

facial heights; steeper palatal, occlusal, and mandibular planes; larger gonial angles; and 

more retrognathic mandibles (Bresolin et al., 1983).  

Mouth breathing can be a habitual trait where the nasal potency is adequate or 

due to a nasal obstruction that occurs in the anterior (maxillary) airway or in the 

posterior (pharyngeal airway) (Timms DJ, 1981).  

 

Table II.3: Etiologies of mouth breathing (Timms DJ, 1981) 

Mouth breathing due to nasal obstruction 

Anterior (maxillary) airway Posterior (pharyngeal) airway 
 

 

 Causal factors 

Soft tissues 
Catarrhal and allergic rhinitis Large adenoids 

Nasal Polyps Large tonsils 

Hard tissues 

Deviated septum  

Turbinate irregularities  

Congenital traumatic 

/therapeutic asymmetries of 

nasal cavity 

 

 

 

Therefore, subjects with airway obstruction that started during childhood 

become obligatory chronic mouth breathers leading to an abnormal face development 

and absence of lip seal. The resultant long face is known as adenoid facies.  

ii. Weak muscles 

Excessive vertical growth might be associated with weaker masticatory 

musculature in hyperdivergent patients in contrast to short anterior facial height patients 

possessing a strong musculature (Ingervall and Thilander, 1974). In this case, the 
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muscles responsible of elevation of the mandible are not capable of preventing 

excessive tooth eruption and vertical growth of the maxilla. Nevertheless, muscle 

strength remains a secondary etiologic factor contributing to a lesser extent in the 

development of the LFS (Bansal et al., 2015).  

 

Figure II. 16: Patients having the LFS (Hernández-Alfaro, 2016) 

 

Figure II. 17: The ñ adenoid faciesò compared with a normal face (Massler and Schour, 

1958) 
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G. Treatment of EGD 

The underlying cause of EGD has the main effect on the treatment that will be 

performed. The establishment of an accurate diagnosis is imperative for achieving a 

stable and predictable outcome. Several multidisciplinary procedures have been 

introduced to correct this dentofacial discrepancy including surgical and non-surgical 

approaches: 

- Orthognathic surgery (Maxillary impaction) 

- Orthodontic intrusion using mini-implants 

- Periodontal surgery (Crown lengthening/Gingivectomy)  

- Lip Stabilization technique (LipStaT) 

- Botulinum toxin injection 

Orthognatic surgery is the primary treatment to consider in severe cases where 

the gingival exposure is larger than 4 mm (Bhola et al., 2015) (Figure II.18). It is 

generally indicated when EGD is caused by severe vertical growth of the maxilla as in 

the LFS. Maxillary impaction following the LeFort I osteotomy technique allows 

reduction of the bone between the nasal floor and apices of maxillary teeth (Nascimento 

Meger et al., 2017). Therefore, the maxilla is repositioned in a superior position 

resulting in the reduction or the complete correction of the EGD. LeFort I osteotomy 

refers to the fracture pattern initially reported by Rene LeFort in 1901. It extends from 

the nasal septum, along the tooth apices, and through the pterygomaxillary junction 

(Buchanan and Hyman, 2013). Wassmund is the first to use this procedure to correct 
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dentofacial deformities in 1927 (Wassmund M, 1927). At present, LeFort I osteotomy is 

commonly used to correct severe vertical maxillary growth.  

 

Figure II. 18: Patient affected by EGD. (A) before and (B) after orthognathic surgery. 

 

For many years, orthodontic intrusion was considered hard to achieve due to the 

lack of efficient skeletal anchorage. With the introduction of mini-implants, intrusion of 

teeth became a viable treatment option in cases with mild to moderate EGD (2-4 mm) 

(Bhola et al., 2015). Nevertheless, apical root resorption occurs when heavy forces are 

applied. In contrast, intrusion with light forces reduces the incidence and amount of 

apical root resorption (Costopoulos and Nanda, 1996). Orthodontic intrusion with the 

use of controlled mechanics leads to the correction of EGD (Figure II.19). 

A B 
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Figure II. 19: Orthodontic intrusion for a patient having EGD. (A, B), Use of buccal and 

palatal mini-implants to intrude anterior and posterior teeth; (C) Initiation of intrusive 

mechanics; (D) End of orthodontic intrusion 

 

Periodontal surgery is indicated in the presence of a disproportionate 

relationship between the tooth and its periodontium. In this case, the teeth are short, 

squared and can benefit from a gingival or combined gingival and osseous resection 

known as crown lengthening. This approach consists of a surgical procedure to increase 

the amount of exposed tooth structure. 

Gingivectomy is the removal of a band of gingiva. It is indicated in the 

presence of an excessive keratinized soft tissue and an appropriate bone level. 

Gingivectomy is the standard treatment option in cases of gingival overgrowth and 

altered passive eruption type 1A (Allen, 1988; Foley et al., 2003; Levine and McGuire, 

1997; Wennstrom JL, 2006).  

The apically positioned flap (APE) is the apical repositioning of the gingival 

structure while maintaining the mucogingival complex (Nabers, 1954) (Figure II.20). 

A 

D C 

B 



 

58 
 

APE without osseous resection is recommended when the bone level is appropriate but 

gingivectomy will leave less than 3 mm of keratinized gingival tissues or leave the 

patient with alveolar mucosa at the crown margin (Levine and McGuire, 1997). This 

approach is indicated for altered passive eruption type 2A where the width of gingiva is 

relatively normal, but most of it is located coronal to the CEJ.  APE with osseous 

resection is required in the absence of an adequate bony support. In this case, the bone 

crest is repositioned 2.5 to 3.0 mm away apically from the CEJ to obtain a physiologic 

biologic width.(Allen, 1988; Foley et al., 2003; Wennstrom JL, 2006). 

 

Figure II. 20: Crown lengthening. (A) Short clinical crowns; 

(B) Apically repositioned flap; (C) Final outcome 

 

 

The lip repositioning technique was originally introduced in 1973 by 

Rubinstein and Kostianovsky and used in plastic surgery (Rubinstein A and 

Kostianovsky A., 1973). In 2006, Rosenblatt and Simon developed the technique and 

incorporated it in dentistry (Rosenblatt and Simon, 2006). Lip stabilization technique 

(LipStaT) is a conservative permanent surgical procedure aiming to correct an average 

of 3.4 mm of EGD while obtaining stable results (Figure II.21). It limits the activity of 

the elevators muscles of the upper lip (zygomaticus minor, levator anguli, orbicularis 

B A 

C 
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oris, and levator labii superioris) by decreasing the depth of the upper vestibule (Tawfik 

et al., 2018). LipStaT is primary indicated in cases with vertical maxillary excess of less 

than 8 mm and in situations of hypermobility of the upper lip (Bhola et al., 2015). 

Nevertheless, the presence of degree II and III of VME often requires a 

multidisciplinary approach (Jacobs and Jacobs, 2013). Another contraindication for 

LipStaT include the presence of a minimal band of attached gingiva, which can 

compromise the flap design, stabilization and suturing. 

 

Figure II. 21: Lip repositioning technique. (a) Preoperative image of the smile; (b) A 

marking pencil was used to identify the apical, coronal and lateral boundaries of the 

incision; (c) Incision; d) Exposed connective tissue after the epithelial excision. (e) 

Suturing; f) The mucosa was advanced and sutured to the attached gingiva at the 

mucogingival junction; g) Situation after the suture removal. h) Final situation. 

 

The botulinum toxin (Botox) is a more conservative and immediate nonsurgical 

procedure for the correction of EGD (Figure II.22). Injection of the toxin into 

hyperactive muscles reduces muscle tonicity (Meunier et al., 2002) which relaxes the 

muscles of the lip and decreases the elevation of the lip. The treatment outcome is 
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immediately obtained, lasts for 3 to 6 months and progressively fades (Jankovic and 

Brin, 1997). The short term effect of Botox is considered its main disadvantage and 

requires the constant reapplication. There are 8 different serotypes of botulinum toxin 

produced by the anaerobic bacterium Clostridium botulinum. Type A (BTX-A) is the 

most powerful and frequently used clinically. Botox is isolated from the fermentation of 

Clostridium botulinum to obtain a purified form. The clinical disposition is a stable and 

sterile vacuum-dried powder that is diluted with saline (Polo, 2005).  

 

 

Figure II. 22: Botox injection (A) Initial; (B) Outcome (Cengiz et al.,2020) 

 

Adequate diagnosis of the etiological factors behind EGD is the initial key step 

to select the appropriate treatment protocol. The following table summarizes the 

treatment modalities of EGD in relation to the etiologic factor (Bhola et al., 2015; 

Garber and Salama, 1996).  

 

                                   

 

A B 
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Table II.4: Treatment modalities of EGD 

 

Vertical maxillary Excess 

Degree Gingival display 

(mm) 

Treatment modalities 

I 2-4  Orthodontic intrusion 

Orthodontics and periodontics 

Periodontal and restorative therapy 

II  4-8  Periodontal and restorative therapy 

Orthognathic surgery (Le Fort I osteotomy) 

III  Ó8  Orthognathic surgery with or without adjunctive 

periodontal and restorative therapy 

   

Hypermobile upper lip 

Subclass Gingival  

display (mm) 

Treatment modalities 

1 1-3 LipStaT with removal of 2-5 mm of mucosa 

Botulinum type A toxin 

2 4-6 LipStaT with removal of 8-12 mm of mucosa 

3 Ó7 LipStaT with removal of 10-15 mm of mucosa 

   

Altered passive eruption / Short clinical crowns 

Type Subtype Treatment modalities 

1 A Gingivectomy 

1 B Gingivectomy + Osseous reduction 

2 A Apically repositioned flap 

2 B Apically repositioned flap + Osseous reduction 
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The treatment of EGD as a result of a short upper lip is not directly related to 

the correction of the lip length deficiency. Because lip elongation is not a viable option, 

the treatment of such condition relates to the amount of gingival exposure. Therefore, 

the same treatment modalities of vertical maxillary excess apply in addition to the 

possibility of lip repositioning technique.  

The treatment of LFS combined EGD necessitates orthognathic surgery were 

maxillary impaction is recommended (Figure II.23). Surgery is difficult to perform in 

growing patients. In most instances, a combined orthodontic and orthognathic surgery 

treatment is performed after growth cessation to undo the dentofacial discrepancies of 

EGD and long face syndrome.  

A multidisciplinary approach is essential for the successful treatment of EGD. 

Therefore, the establishment of a correct diagnosis would lead to the proper 

management of EGD depending on its etiology and contributing factors. In any case, the 

communication with the patient and specialist doctors is crucial for patient satisfaction.  

 

 

Figure II. 23: Correction of EGD with orthognathic surgery 
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H. Genetic studies 

The Human Genome Project introduced in 1990 and completed in 2003 allowed 

the identification of the sequence of chemical base pairs that constitutes the human 

DNA and the identification and localization of all genes in the human genome. The 

genome-wide linkage scan technology made it possible to recognize the genetic basis of 

malocclusions. Therefore, genetic mapping led to the determination of the underlying 

susceptibility to disease (Sawicki et al., 1993). Studies have mainly investigated the 

genetic contribution in Class III and class II malocclusions while the EGD genetic 

determinants were not yet explored. 

 

1. Excessive gingival display 

Genetic factors contribute to the development of malocclusions in the vertical 

and antero-posterior dimensions (Baker CR, 1924; Korkhaus G, 1930; Markovic, 1992). 

The vertical features are more genetically controlled than the anteroposterior parameters 

(Manfredi et al., 1997). Another study also reported that the vertical proportions are 

genetically determined (Savoye et al., 1998).  However, the inheritance pattern has not 

been studied for vertical maxillary excess. VME could be a monogenic or polygenic 

trait which means that the phenotype is caused either by the expression of one gene or 

the simultaneous segregation of many genes. However, no previous study has identified 

the defective gene(s) and its (their) localization in the human genome. Therefore, the 

study of the genetic contribution to EGD is required to determine the genes leading to 

this dentofacial alteration as well as the inheritance pattern.   
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2. Other malocclusions 

Several genetic studies identified the genes responsible for the development of 

some malocclusions such as class III, Class II, congenitally missing teeth and primary 

failure of eruption and others. 

Class III malocclusions are caused by mandibular prognathism (MP), maxillary 

retrognathism or both. MP was reported as a polygenic trait. However, in most cases, 

the condition presented an autosomal dominant inheritance pattern like in the European 

noble families (e.g., Hapsburg family). Despite the high penetrance, the clinical 

expression of the trait is highly variable (Wolff et al., 1993).  
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Table II.5: Summary of mapping studies for class III malocclusion 

Gene name Phenotype Population Reference 

HSPG2, MATN1 and 

ALPL 

MP Korean and Japanese (Yamaguchi et al., 2001) 

MATN1 MP Korean (Jang et al., 2010) 

EPB41 MP Chinese  (Xue et al., 2010) 

EVC and LTBP2 MP Chinese Han (Li et al., 2010) 

TGFɓ3 and LTBP2 MP Chinese Han (Li et al., 2011) 

MYO1H (rs10850110) MP White, African American, 

Hispanic and Asian 

(Tassopoulou-Fishell et 

al., 2012) 

DUSP6 MP, MD Estonian (Nikopensius et al., 

2013) 

PLXNA2 and SSX2IP MP Japanese (Ikuno et al., 2014) 

COL2A1 MP, MD Chinese (Xue et al., 2014) 

ADAMTS1 MP Chinese (Guan et al., 2015) 

Gly1121Ser variant in 

ARHGAP21 

MP Italian (Perillo et al., 2015) 

IGF1 MD Hispanic (Frazier-Bowers et al., 

2009) 

Clorf167, NBPF8 and 

NBPF9 

MP Eastern Mediterranean (Genno et al., 2019) 

MP: Mandibular Prognathism; MD: Maxillary Deficiency 

 

Class II malocclusion can be the result of maxillary prognathism, mandibular 

retrognathism or both.  A genetic component is associated with class II division 2 

malocclusion with a polygenic inheritance pattern. In a twin study, all 20 monozygotic 

twin pairs were concordant for Class II/2, while only 10.7% of 28 dizygotic twin pairs 

were concordant. The higher discordance for dizygotic twins suggests that more than 

one genetic factor contributes to Class II/2 (Markovic, 1992).  A relative risk of first-
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degree relatives of the patients to have a Class II/2 is found to be between 3.3 to 7.3 

(Morrison M. W. et al., 2008) .  

The genetic factors contributing to the class II phenotype are explored in the 

following table: 

Table II.6: Summary of mapping studies for class II malocclusion 

Gene name Phenotype Population Reference 

GHR P561T 
Shorter mandibular ramus 

height (CO-GO) 
Japanese 

(Yamaguchi et al., 

2001) 

GHR P561T 
Negative impact on 

mandibular growth 
Japanese (Sasaki et al., 2009) 

NOG rs 1348322 Mandibular micrognathia Hispanic 
(Gutiérrez et al., 

2010) 

ACTN3 rs1815739 Class II French (Zebrick et al., 2014) 

SNAI3 rs28755 
Class II, accentuated convex 

profile 
Caucasian 

(da Fontoura et al., 

2015) 

FGFR2 rs11200014 Increased risk of Cl II Caucasian 
(da Fontoura et al., 

2015) 

MYO1H rs3825393 Mandibular retrognathism Indian (Arun et al., 2016) 

MATN1 rs1149042 Mandibular retrognathism South Indian 
(Balkhande et al., 

2018) 

GLUD2, ADGRG4, 

ARSH, TGIF1, 

FGFR3, ZNF181, 

INTS7 and WNT6 

Mandibular retrognathism 
Eastern 

Mediterranean 

El-Chekie et al. 

(unpublished data) 

 

Primary failure of eruption is also affected by genetic determinants especially 

the PTHR1 gene (Decker et al., 2008). Furthermore, dental crowding of more than 5 

mm in Class I malocclusion is associated with SNPs within EDA, XEDAR rs 372024 

and BMP2 (Ting et al., 2011).  For Class I malocclusion, an SNP rs6504340 within the 
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HOXB gene is related to delayed tooth eruption and occlusion irregularities (Pillas et 

al., 2010).   

 

3. Tooth size and agenesis 

The overall crown size is determined to a larger extent by genetic variation than 

by the morphology of the occlusal surface (Kondo et al., 2014). Sonic hedgehog (SHH) 

gene expression influences tooth development and promotes tooth morphology by 

defining crown width and cusp structure (Seppala et al., 2017). 

Although dental agenesis can be due to a newly introduced mutation (sporadic), 

it is commonly inherited among generations and observed as an isolated trait (non-

syndromic). In some instances, dental agenesis is part of a syndromic condition such as 

ectodermal dysplasia. The inheritance pattern varies between autosomal dominant, 

autosomal recessive, X-linked and multifactorial inheritance (Mostowska et al., 2003). 

Patients with dental agenesis tend to have a relatively small mesio-distal size crown 

particularly if more teeth are missing. This finding suggests a polygenic influence on the 

size and patterning of the dentition (Hartsfield JK, 2017). Although genetic factors are 

involved, epigenetic and environmental elements can be implicated (Brook et al., 2009). 

Tooth agenesis can be classified into three categories (Matalova et al., 2008): 

- Hypodontia: tooth loss except third molars (2-10%) 

- Oligdontia: more than 6 teeth missing (0,1-1%) 

- Anodontia: absence of all teeth (Extremely rare) 

Mutations in paired box 9 (PAX9), muscle segment homeobox 1 (MSX1), Axis 

inhibitor 2 gene (AXIN2) lead to dental agenesis.  
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Table II .7: Summary of mapping studies for hypodontia/oligodontia 

Gene name 
Phenotype 

(Hypodontia or oligodontia) 
Reference 

PAX9 

Missing M/m molars, M premolars > m 

premolars 

 

Could be associated with missing or 

peg-shaped m central incisors and/or M 

laterals 

(Bergendal et al., 2011; Frazier-

Bowers et al., 2002; Klein et al., 

2005; Mitsui et al., 2014; Nieminen 

et al., 2001; Suda et al., 2011) 

MSX1 Missing M/m premolars 

(Bergendal et al., 2011; Chishti et 

al., 2006; De Muynck et al., 2004; 

Kim et al., 2006; Kimura et al., 

2014; Lidral and Reising, 2002; 

Mostowska et al., 2003; Pawlowska 

et al., 2009; Vastardis et al., 1996; 

Xuan et al., 2008; Yamaguchi et al., 

2001) 

AXIN2 
Missing M/m molars and premolars, m 

incisors > M laterals > canines 

(Abdalla et al., 2014; Arzoo et al., 

2014; Mostowska et al., 2015, 

2013; Song et al., 2014; van den 

Boogaard et al., 2012) 

 

I. Orthodontic studies on heritability of malocclusions 

One of the most effective methods to quantify the relative contributions of 

genetic (nature) and environmental (nurture) factors to modifications in the phenotype is 

the classical twin research design that compare the similarities in monozygotic (MZ) or 

identical pairs and dizygotic (DZ) or fraternal pairs.  The latterôs share the same early 

environmental features but are not genetically identical (50% alike). In contrast, a 

greater similarity in identical twins is expected because they share the same genetic 

information. Differences between MZ twins are due to environmental factors while 

variations between DZ twins can be the result of genetic and environmental changes. 
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Considering that twins are raised in identical environments, when comparing MZ to DZ 

twins, traits that show a greater similarity in MZ than in DZ are attributed to a shared 

genetic material. Heritability estimates how much variation in a phenotypic trait in a 

population is due to genetic contribution (J. K. Hartsfield Jr. et al., 2012).  

 

1. Growth and development 

Studies on the dental development stages for mandibular first and second 

molars found that dental development is genetically determined (Garn et al., 1960). The 

co-twin study method was used by Picacentini on six sets of same sex triplets in whom 

the zygosity had previously been determined to a high degree of probability. It 

demonstrated that the combined incremental growth of maxilla and mandible of the 

monozygotic twin show significantly lesser intrapair differences compared to that of 

dizygotic twin. This finding confirm the role of heredity in the growth of these bones 

(Piacentini FD, 1962).  

 

2. Craniofacial complex 

The morphology of all bones of the craniofacial complex is controlled by 

genetic factors with complete concordance in MZ triples and at a lower degree in DZ 

triplets (Kraus et al., 1959).  

In a cephalometric study of craniofacial variation in 56 twin pairs, the lower 

facial height is found to be under strict hereditary factors while the upper facial height is 

the most stable element in the facial profile. Also, significant genetic variations are 
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present within the anterior cranial base and mandibular body length (Horowitz S.L. et 

al., 1960). 

Other studies also concluded that the vertical parameters have higher 

heritability values compared with horizontal variables in particular the total anterior 

facial height (TAFH) and its lower component (LAFH) (Dudas and Sassouni, 1973; 

Hunter, 1965; Lundström, 1984; Manfredi et al., 1997).   

 

3. Tooth size and occlusal variations 

The genetic information contributes to the development of malocclusion. In 

Class I occlusion, concordance is observed in 87.3% of MZ twins and 84.6% of DZ 

twins in contrast to 67.7% and 10% respectively in Class II cases (Lundström, 1948). 

A strong genetic component of variability of the four maxillary and mandibular 

incisors with a low hereditary component of variability for canines was proven in a 

study on 54 pairs like sexed adult twins (Horowitz et al., 1958).    

Regarding occlusal variations, teeth displacement and crossbite were found to 

be the most notable heritable feature in a sample of 32 MZ and 28 DZ twins. However, 

there was no genetic contribution to the development of overjet, buccal segment 

relation, rotations/displacements and overbite. This finding suggests the role of the 

environment in the variability of the occlusion (Corruccini and Potter, 1980).  
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CHAPTER III  

MATERIAL AND METHODS 

A. Target population 

1. General characteristics 

This is a prospective case-control study including a sample that consisted of 6 

Mediterranean families known to include growing and/or adult subjects diagnosed with 

EGD (prior to a previous or an ongoing treatment of some of them at the Division of 

Orthodontics and Dentofacial Orthopedics of the American University of Beirut 

Medical Center, AUBMC). Initially, 6 Mediterranean families were first approached 

and their pedigrees drawn; however, 4 families accepted to undergo the genetic 

procedure. IRB approval was granted before initiation of the study. Private information 

of the subjects could only be accessed by the research group members avoiding any 

potential risk of breach of confidentiality.  

 

2. Inclusion criteria 

Families recruited from the eastern Mediterranean population comprised 

affected probands over at least 2 generations (with an average of 5 individuals per 

family). Affected individuals were identified clinically as having excessive gingival 

display of at least 2 mm.  The rationale was based on the established norms for males 

and females. Non-affected family members were included as controls.  
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3. Exclusion criteria 

Subjects having a previous orthognathic surgery for the correction of a skeletal 

discrepancy were excluded. Pregnant women and individuals with a general physical 

disease or congenital disorders (such as cleft lip and palate and syndromic conditions) 

were also ruled out.  

Table III. 1: Selection criteria for affected individuals 

Inclusion criteria  Exclusion criteria 

- EGD in males Ó2 mm 

- EGD in females Ó3 mm 

- General physical disease or congenital disorders 

such as cleft lip/palate and syndromic conditions 

- Pregnant women 

 

Table III. 2: Selection criteria for non-affected individuals 

Inclusion criteria  Exclusion criteria 

- EGD in males ̓ 2 mm 

- EGD in females ̓3 

mm 

- General physical disease or congenital disorders such 

as cleft lip/palate and syndromic conditions 

- Pregnant women 
 

 

B. Families selection and recruitment process 

Six subjects from the Mediterranean population diagnosed with EGD (prior to a 

previous or an ongoing treatment at the Division of Orthodontics and Dentofacial 

Orthopedics (ODO), AUBMC) were approached by their treating orthodontist; 

Subsequently the study coordinator assembled the pedigrees of their corresponding 

families in order to determine the number of affected and non-affected males and 

females, mode of inheritance and consanguinity.  
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The recruitment process was according to the following steps: 

a. The selected subjects who were followed in the ODO division were first approached 

by the study coordinator and asked if they were willing to participate in the research 

project. 

b. Those who agreed were given additional details about the study, handed a written 

consent form and given enough time to read and sign it. Specific consent forms had 

been developed depending on the age of the participant (child between 7-12 years, 

adolescent between 13-17 years, adult and parental consents). The consent form 

contains information about the aims of the study, the procedure, the risks and 

benefits and a confidentiality section. 

c. The study coordinator inquired about the medical history of each subject including 

demographics: gender, date of birth, age, family origin, or racial/ethnic background, 

health status: congenital disorders, genetics: consanguinity, previous genetic testing, 

number of affected subjects over at least 2 generations.  

d. Individuals were given flyers (invitation to participate in the study) to distribute to 

affected and non-affected relatives. The flyers include general information about the 

study, its purpose, benefits and location. If the relatives were interested, they could 

contact the research team (at (01) 350 000 ext. 5702) for further information. 

e. The relatives who decided to enroll were requested to come to the Division of ODO 

to sign the consent form. The consent form was signed by a parental guardian for 

minors. 

f. The subjects were diagnosed based on the results of clinical examination and a 

lateral cephalometric radiograph.  
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g. Biospecimen collection consisted of 5cc of blood withdrawal from both affected and 

non-affected individuals.   

Four Mediterranean families including 21 subjects (12 affected, 9 non-affected) 

accepted to participate in the study. Biospecimen collection was performed on all 21 

subjects whereas the lateral cephalometric radiograph was taken on 16 participants. 

Each one of the selected 21 individuals was assigned a specific code that included the 

family code (A-D) followed by an Arabic numeral (1-8). (Tables III.3-III.4) 

Table III. 3: Distribution of the families included in the study 

Families who were first approached and 

their pedigree drawn 

Families who had data and specimen 

collection 

6 4 

 

 

Table III. 4: Summary of the demographic characteristics of the 4 families 

Family Ethnicity Blood collection 

Lateral 

cephalometric 

radiograph 

  

Number 

of 

males 

Number 

of 

females 

Number of 

affected 

individuals 

Number of 

non-

affected 

individuals 

Number 

of 

males 

Number 

of 

females 

Family (A) Lebanese - 4 2 2 - 3 

Family (B) Lebanese 1 7 6 2 - 5 

Family (C) Lebanese 3 2 3 2 3 2 

Family (D) Lebanese 3 1 1 3 2 1 

Total  5 16 12 9 5 11 

TOTAL  21 21 16 
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C. Familiesô structures (pedigrees) 

1. Pedigrees of the 6 approached families 

The pedigrees of the 6 eastern Mediterranean families that were approach are 

illustrated below (Figure III.1): 

 

 

Figure III. 1: Pedigrees of the 6 approacched families 
 

Families 1, 2, 3 and 4 underwent the data and bioscpecimen collection. 
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2. Pedigrees of the 4 participating families 

The detailed pedigrees of the four participating families labeled A to D are 

illustrated in Figures III.2-III.5. The subjects from whom blood was collected are 

underlined in red and those on whom a lateral cephalometric radiograph was taken 

underlined in green. The selected subjects are numbered using Arabic numerals.  

(A) 

 

Figure III. 2: Pedigree of family (A) 

 

Family A. Pedigree comprised 3 generations with a total 22 individuals 

including 4 affected (all females) and 18 non-affected. A1ôs husband was considered as 

non-affected. However, he had a removable prosthesis that negated the clinical 

diagnosis of EGD. The mode of transmission was considered to be either autosomal 

dominant, autosomal recessive or X-linked. Blood collection and lateral cephalometric 

radiographs were taken on 4 subjects (2 affected and 2 non-affected). 
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(B) 

 

Figure III. 3: Pedigree of family (B) 

 

Family B. Four generations were gathered in this pedigree with a total 35 

individuals including 10 affected (7 females; 3 males) and 25 non-affected. The mode of 

transmission could be either autosomal recessive or dominant. Blood was collected from 

8 subjects (6 affected and 2 non-affected) and a lateral cephalometric radiograph was 

taken on 5 subjects. 

                                       (C)  

 

Figure III. 4: Pedigree of family (C) 

 

Family C. With 2 generations and a total of 5 individuals including 3 affected 

(2 females; 1 male) and 2 non-affected, the mode of transmission in this pedigree could 

be either autosomal recessive or dominant. Blood collection and a lateral cephalometric 

radiograph were taken on all 5 subjects. 
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(D) 

 

Figure III. 5: Pedigree of family (D) 

 

Family D. The pedigree of 4 generations included 38 individuals, 7 affected (6 

females; 1 male) and 31 non-affected. The mode of transmission could be either 

autosomal recessive or X-linked. Blood was collected from 4 subjects (1 affected and 3 

non-affected) and a lateral cephalometric radiograph was taken on 3 subjects. 

In summary, the genetic analysis was performed on 21 subjects (12 affected and 

9 non-affected) from whom 5cc of blood were collected. A lateral cephalometric 

radiograph was taken on 16 individuals (11 affected and 5 non-affected). Consanguinity 

was not present in any family and the mode of inheritance varied between autosomal 

dominant, autosomal recessive or linked to X.  

 

 

 

 



 

79 
 

D. Clinical examination and cephalometric analysis 

1. Description of the means of diagnosis  

The participating subjects were diagnosed by means of a clinical examination to 

determine the presence of EGD. The lateral cephalometric radiographs were taken in 

natural head position with the mandible in centric occlusion and lips at rest (in gentle 

touch). The radiographs were taken in the division of Orthodontics and Dentofacial 

Orthopedics, AUBMC and stored in the corresponding bank of radiographs generated 

and housed through the machineôs radiologic software (CLINIVIEW-version 9.3).  

A total of 6 extraoral photographs were taken on the probands: (1) Frontal at 

rest; (2) Frontal on full smile; (3-4) Right and left profile at rest; (5-6) Right and left 

profile on full smile. Subjects who already had an ongoing treatment had had the series 

of records taken before initiation of therapy. All records were copied by the study 

coordinator (EH) to a separate digital folder named ñRecordsò on a computer in the 

ODO division and codes were assigned so that the folder could be accessed only by the 

study coordinator.  

The lateral cephalometric radiographs were digitized and analyzed by the study 

coordinator (EH) using the Dolphin Imaging program (version 11.5, La Jolla, 

California). The advantages of using the imaging program include: 

- The computer software is consistent and facilitates the operator effort in reduced 

time. Easily manipulated, it provides accurate measurements and instant reading of 

linear and angular measurements of corresponding landmarks.   

- The use of mathematical algorithms to generate digitized cephalometric tracings.  
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- Options of enhancing the tracings for adequate assessment of the bony and soft 

tissue structures. 

 

Figure III. 6: Digitized lateral cephalogram with soft and hard tissue landmarks. 

 

 

2. Cephalometric landmarks 

The digitized landmarks are detailed in Figure III.7 and their corresponding 

definitions displayed in Tables III. 5, 6 and 7.  

 
 

Figure III. 7: Lateral cephalogram tracing displaying the used anatomic landmarks 
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Table III. 5: Soft tissue landmarks 

Landmark  Number Definition 

Glabella 1 
Most anterior point in the mid-sagittal plane of the forehead at the 

level of the superior orbital ridges 

Soft tissue nasion 2 
Point of intersection of the soft-tissue profile with a line drawn 

from the center of sella turcica through nasion 

Bridge of nose 3 Mid-way between the soft tissue N and tip of nose 

Tip of nose 4 Most prominent or anterior point of the nose tip 

Columella 5 Most anterior soft tissue point on the columella 

Subnasale 6 
Midpoint of the columella base at the apex of the angle where the 

lower border of the nasal septum and the upper lip surface meet 

Soft tissue A point 7 
Deepest point on the upper lip determined by an imaginary line 

joining subnasale with the laberale superius 

Upper lip 8 Midpoint of the upper vermilion line 

Stomion superior 9 Most inferior point located on the upper lip 

Stomion inferior 10 Most inferior point located on the lower lip 

Lower lip 11 Midpoint of the lower vermilion line 

Soft tissue B point 12 
Point at the deepest concavity between laberale inferius and soft 

tissue pogonion 

Soft tissue pogonion 13 Most anterior point on the soft tissue chin in the mid-sagittal plane 

Soft tissue gnathion 14 Midpoint between soft tissue pogonion and soft tissue menton 

Soft tissue menton 15 Most inferior point on the soft tissue chin 
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Table III. 6: Hard tissue landmarks 

Landmark  Number Definition 

Nasion (N) 16 
Middle point of the junction between the frontal and the two 

nasal bones (frontonasal suture) 

Sella (S) 17 Center of sella turcica, located by inspection 

Porion (Po) 18 Highest point on the roof of the external auditory meatus 

Basion (Ba) 19 
Most inferior point on the anterior margin of the foramen 

magnum in the midsagittal plane 

Pterygoid point (Ptm) 20 Most posterior point on the outline of the pterygopalatine fossa 

Orbitale (Or) 21 Lowest point on the lower margin of the orbit 

Condylion (Co) 22 Most posterior and superior point on the mandibular condyle 

Articulare (Ar) 23 

Intersection of the radiographic image of basi-occipital and the 

radiographic image of the posterior border of the condylar 

process 

Sigmoid notch  24 
Deepest point on the most inferior border along the top of the 

ramus 

Ramus point 25 Most posterior point up the border of the ramus 

Mid ramus 26 Most concave point of the inferior of the ramus 

Gonion (Go) 27 

External angle of the mandible, located by bisecting the angle 

formed by tangents to the posterior border of the ramus and the 

inferior border of the mandible 

Menton (Me) 28 
Most inferior point on the mandibular symphysis of the 

mandible, in the median plane 

Gnathion (Gn) 29 
Midpoint between Me and Pog on the contour of the chin on the 

mid-sagittal plane 

Pogonion (Pog) 30 Most anterior point on the mid-sagittal symphysis 

B point 31 

Deepest (most posterior) midline point on the bony curvature of 

the anterior mandible, between infradentale and pogonion. Also 

called supramentale (Downs) 

Posterior nasal spine (PNS) 32 Most posterior point on the contour of the bony palate 

Anterior nasal spine (ANS) 33 
Most anterior point of the nasal floor; tip of the premaxilla on 

the midsagittal plane 

A point 34 

Deepest (most posterior) midline point on the anterior contour of 

the maxilla [curvature between ANS and prosthion (dental 

alveolus)]. Also called subspinale (Downs) 
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Table III. 7: Dental landmarks 

Landmark  Number Definition 

U1 35 Most proclined maxillary incisor (at the incisal edge) 

L1 36 Most proclined mandibular incisor (at the incisal edge) 

U6 37 Maxillary first molar 

L6 38 Mandibular first molar 

 

 

3. Cephalometric measurements 

Angular and linear measurements were computed to determine the 

characteristics of the cranial base and each jaw, the relationships of the jaws to the 

cranial base and to each other in the sagittal and vertical planes, and the inclination of 

maxillary and mandibular incisors to the cranial base and to corresponding jaw.  
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Table III. 8: Measurements of the: cranial base, maxilla, facial heights, vertical and 

sagittal relationships between the jaws, and dento-alveolar relationships. 

 Measurement Definition Category 

1 SN Length of the anterior cranial base 

Cranial base 
2 S-Ar Length of the posterior cranial base 

3 SN/H Angle between anterior cranial base and the true horizontal 

4 N-S-Ar Saddle angle 

5 ANS-PNS Maxillary length Maxilla 

6 Co-Gn Mandibular length Mandible 

6 N-ANS Linear measurement between nasion and anterior nasal spine 

Facial heights 

7 ANS-Me Anterior facial height 

8 PFH Posterior facial height 

9 LFH/TFH Ratio between lower facial height and total facial height 

10 St LFH/TFH 
Ratio between soft tissue lower facial height and total facial 

height 

10 AFH/PFH 
Facial height index: ratio between anterior and posterior facial 

heights 

11 MP/SN Angle between cranial base cant and mandibular plane (MP) Vertical 

relationship 

between the 

jaws (facial 

divergence) 

12 MP/H Angle between mandibular plane (MP) and the true horizontal 

13 PP/MP Angle between palatal plane (PP) and mandibular plane (MP) 

14 PP/H Angle between palatal plane (PP) and the true horizontal 

15 SNA Angle between anterior cranial base cant and point A 
Sagittal 

relationship 

between the 

jaws 

16 SNB Angle between anterior cranial base cant and point B 

17 ANB Angle between points A and B 

18 AOBO 
Distance between the perpendiculars drawn from A and B 

points to the occlusal plane 

19 I/NA 
Angle between maxillary incisor long axis and a line joining 

nasion and A point 

Dento-alveolar 

relationships 

20 I-NA 
Distance between maxillary incisor long axis and a line 

joining nasion and A point 

21 I/SN 
Angle between maxillary incisor long axis and anterior cranial 

base 

22 I/PP Angle between maxillary incisor long axis and palatal plane 

23 i/NB 
Angle between mandibular incisor long axis and a line joining 

nasion and B point 

24 i-NB 
Distance between mandibular incisor long axis and a line 

joining nasion and B point 

25 i/MP 
Angle between mandibular incisor long axis and mandibular 

plane (MP) 

26 I/i  Angle between maxillary and mandibular incisors long axes 

27 U1-PP 
Distance between incisal edge of maxillary incisor and palatal 

plane 

28 U6-PP 
Distance between occlusal surface of maxillary first molar and 

palatal plane 

29 L1-MP 
Distance between incisal edge of mandibular incisor and 

mandibular plane 

30 L6-MP 
Distance between occlusal surface of mandibular first molar and 

mandibular plane 
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Figure III. 8: Lateral cephalometric tracing with landmarks and angles describing the 

cranial base, maxilla, facial heights, vertical and sagittal relationships between the jaws 

and dento-alveolar relationships. 

 

The potential risk associated with lateral cephalometric radiographs is the 

radiation dose. The effective dose of a single cephalogram is 1.7 mrem, an exposure 

considered minor. This radiograph was part of the diagnostic records taken for 

participating patients in the ODO clinic. For other subjects, the radiograph represented a 

possible opportunity for evaluation of present or past problems in the relations between 

the jaws. If the same radiograph with a good quality was obtained within the past year, 

no additional exposure was required.  

Subjects were classified as affected if clinical excessive gingival display was 

larger than 2 mm in males and 3 mm in females. Consequently, a familial pedigree was 

constructed to determine the mode of inheritance of EGD in families with several 

affected individuals. 
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4. Statistical analysis 

The cephalometric analysis aimed at finding the differences at the level of 

cephalometric measurements between subjects affected with EGD and a control group, 

which consisted of unaffected individuals with normal tooth-lip relationships retrieved 

from the pool of patients at the ODO and matched to ANB and age with the study 

group. The differences were gauged using a Wilcoxon non-parametric test to compare 

the affected individuals to their matched controls and the non-affected individuals to 

their own matched controls. A Mann-Whitney U test was used to compare the affected 

individuals with the non-affected subjects. The results were considered statistically 

significantly different when the p value was Ò 0.05.  

 

5. Clinical evaluation 

The EGD was measured on the set of extraoral photgraphs taken for each 

affected individual to assess lip length, incisor display at rest, gingival display at full 

smile, lip elevation from rest position to full smile and tooth proportion (width/height). 

Patients were asked to hold a ruler next to their face to calibrate the magnification of 

linear measurements (Figure III.9). 

 

Figure III. 9: Method of calibration 
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The gingival display was measured from the gingival margins of the maxillary 

central incisors to the lower border of the upper lip during full smile (Figure III.10). 

 

Figure III. 10: Measurement of gingival display 

 

The upper lip length was measured from the base of the nose (subnasale point) 

to the inferior part of the upper lip (upper lip stomion point) (Farkas et al., 1984). Lip 

length can be determined either on the profile photograph of the patient or the lateral 

cephalometric radiograph (Figure III.11). In our study, the upper lip length was 

measured on the lateral cephalometric radiograph to obtain an accurate value. 

 

Figure III. 11: Upper lip measurement 

 

An extraoral photograph was taken at rest to evaluate the incisor display when 

the lips were in a relaxed position. The incisor display was measured from the lower 

border of the upper lip to the incisal edge of the maxillary central incisor (Figure III.12) 

(Farkas et al., 1984). 
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Figure III. 12: Incisor display at rest 
 

Tooth proportion was determined by calculating the ratio of width to height of 

the maxillary central incisors (Figure III.13). An increased ratio (>80%) indicated the 

presence of short clinical crowns whereas a lesser value reflected a trend to large 

crowns (Sarver, 2004). 

 

Figure II I.13: Tooth proportion 

 

The mobility of the upper lip was calculated by subtracting the maxillary incisal 

display at rest from the dentogingival exposure during full smile (Figure III. 14) 

(Robbins, J.W. and Rouse, J.S., 2016, n.d.). 

 

Figure III. 14: Lip elevation measurement 
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6. Frontal photographs of affected individuals in families (A-D) 

The following extraoral photographs illustrate the EGD among the different 

families (Figure III.15-18). The level of penetrance between affected individuals is 

different as some probands had severe EGD while others were less affected.  

 

 

Figure III. 15: Af fected individuals in family A.(A4 

was considered as a borderline case) 
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Figure III. 16: Some affected individuals in family B. 

 

 

Figure III. 17: Affected individuals in family C. 
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Figure III. 18: Affected individual in family D. 

 

E. Genetic procedure 

To investigate possible genetic determinants in the development of EGD, 

genomic DNA was isolated from the whole blood cells of the participating subjects. 

Both affected and non-affected individuals were included in order to associate the 

genotype to the underlying phenotype. The extracted DNA was quantified and assessed 

for quality using the Nanodrop at the American University of Beirut Molecular Core 

Facility. The experimental genetic process was then completed by Macrogen in Korea 

(dna.macrogen.com) using the NovaSeq 6000 platform known as Illumina. The system 

initiates a sequencing by synthesis (SBS) to deliver accurate data. This reversible 

terminator-based method enables parallel sequencing of millions of DNA fragments. 

The technology decreases the risk of errors and missed calls associated with strings of 

repeated nucleotides (homopolymers). Coding variants were identified by Whole 

Exome Sequencing (WES). The generated data was analyzed by Dr. Georges Nemer 

(Professor and head of Basic Science and genetic unit at AUB) who has ample expertise 

in this field, through a special software. 
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1. Blood collection 

5cc of blood were withdrawn from affected and consenting non-affected 

subjects from each family. Non-affected individuals served as control. The following 

protocol was applied: 

1. The patient was positioned in the chair  

2. A tourniquet was placed 3 to 4 inches above the puncture area and an appropriate 

site for venipuncture was selected. (Figure III.19-A)  

3. Palpation then selection of a vein was performed. (Figure III.19-B) 

4. The area was cleaned using an alcohol pad in a circular motion beginning at the site 

and working outward. (Figure III.19-C) 

5. After the area was dry, the patient was asked to make a fist and the arm was held by 

the thumb of the operator. 

6. The needle attached to the vacutainer was inserted through the skin into the lumen 

of the vein forming a 15-30-degree angle with the surface. (Figure III.19-D) 

7. The Capillary Blood Collection (CBC) tube placed in the holder was pushed onto 

the needle to remove the proper volume of blood (Figure III.19-E). The CBC tubes 

used had a purple/lavender top color and their inner surface was coated with EDTA 

K2 or K3 to avoid blood clotting. 

8. The tourniquet was removed as the last amount of blood was drawn. (Figure III.19-

F)  

9. The needle was removed and a gauze was placed immediately on the puncture site 

with some pressure to avoid the formation of a hematoma. (Figure III.19-G)  
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10. The CBC tube was gently mixed to incorporate the anticoagulant molecules. (Figure 

III. 19-H) 

 

 

Figure III. 19: Various steps of blood withdrawal (McCall and Tankersley, 2011). 

 

The blood samples were stored at a temperature of 4ǓC in a refrigerator until the 

DNA extraction process was completed (done 0 to 7 daysô maximum after blood 

withdrawal).  

The potential risks associated with blood withdrawal include bruising, pain, 

hematoma, and a minor possibility of infection or fainting. Blood collection was 

performed at the hospital (AUBMC) by a specialized nurse or physician using a clean 
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needle and the AUBMC Laboratory Medicine rules and regulations were followed. The 

symptoms were minor and more serious risks were not encountered by any subject.    

 

2. DNA extraction 

Genomic DNA was isolated using the Qiagen Blood-Midi Kit (Qiagen Science 

Inc., Germantown, MD) as per the manufacturer recommendations. The following 

workflow was adopted: 

a. Cell lysis: 

1. Pipet 200 ɛl QIAGEN Protease (5.5 Ml H2O to the powder) (to denature the proteins 

and keep the DNA intact) into the bottom of a 15 ml centrifuge tube (conical 

centrifugation tube). 

2. Add 2 ml of blood and mix briefly. 

3. Add 2.4 ml of lysis buffer, and mix thoroughly by inverting the tube 15 times, 

followed by additional vigorous shaking for at least 1 min. To ensure adequate lysis, 

the sample must be mixed thoroughly with the buffer to yield a homogenous 

solution.  

4. Incubate at 70ęC for 10 min. DNA yield reaches a maximum after lysis for 10 min at 

70ęC, but longer incubation times will not adversely affect yield.  

5. Add 2 ml of ethanol (96-100%) to the sample, and mix by inverting the tube 10 

times, followed by additional vigorous shaking for 30 seconds. This allows the DNA 

to precipitate from the lysed cells.  
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6. To ensure efficient binding, it is essential that the sample is mixed thoroughly after 

addition of ethanol to yield a homogenous solution.  

b. DNA purification: removal of the cellular debris 

1. Carefully transfer one half of the solution (Ғ3ml) from step 5 onto the QIAamp Midi 

column placed in a 15 ml centrifuge tube. Close the cap and centrifuge at 3600 rpm 

from 10 minutes at 15ęC to separate the DNA from the reagents and proteins during 

the cell lysis step. If the solution has not completely passed through the membrane, 

centrifuge again at a slightly higher speed. 

2. Removed the QIAamp Midi column, discard the filtrate and place back into the 

15ml centrifuge tube. Load the remainder of the solution from step 5 onto the 

QIAamp Midi column. Close the cap and centrifuge again at 3600 rpm for 10 

minutes at 15ęC.  

3. Carefully, without moistening the rim, add 2 ml washing buffer (buffer AW2) to 

QIAamp Midi column, also to clean the reagent. Close the cap and centrifuge at 

3600 rpm for 10 minutes. At this stage, the DNA moved to the bottom of the tube. 

4. Air -dry for 7 minutes to evaporate the ethanol as residual ethanol in the eluate may 

cause inhibition of PCR leading to false-negative results.  

c. DNA elution: removing the DNA from the filter 

1. Placed the QIAamp Midi column in a clean 15ml centrifuge tube and discard the 

collection tube containing the filtrate  

2. Pipet 150 ɛl od dilution buffer or distilled water, equilibrated to room temperature 

(15-25ęC), directly onto the membrane of the QIAamp Midi column and close the 
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cap. Incubate at room temperature for 5 min, and centrifuge at 3600 rpm for 10 

minutes. Repeat the elution step if the quantity is small.  

3. Quantify with a nanodrop to know the concentration of DNA in the blood. 

4. Store at -20ęC with an elution buffer to stabilize the DNA while protecting it from 

degradation.  

 

3. Genetic analysis 

Exomes are regions of the genome that encode proteins. They represent 2% of 

the genome but are responsible of approximately 85% of disease-causing variants. WES 

is a cost-effective method that is useful in detecting genetic disorders. Therefore, the 

NovaSeq 6000 platform satisfy the necessary requirements (Figure III.20). The Illumina 

sequencing workflow consists of four basic steps: (1) Library preparation, (2) Target 

enrichment, (3) Sequencing and (4) Data analysis. The first three steps were carried out 

at Macrogen (dna.macrogen.com). The data analysis was completed at the department 

of biochemistry and molecular genetics at AUB.  

 

Figure III. 20: NovaSeq 6000 Illumina sequencer (© 2021 Illumina, Inc.) 
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a. Library preparation: 

The first step of library preparation is fragmentation which consists of cutting 

the large genomic DNA (gDNA) into smaller fragments. NGS platforms like Illumina 

read millions of small fragments in parallel, then assemble them back later rather than 

sequencing the full length of the genome one base at a time. Therefore, the process of 

fragmentation results in fragments of 300 bp in length on average.  

Subsequently, the fragmented DNA undergoes three consecutive procedures: 

(1) Blunting, (2) A-tailing, and (3) Adaptor ligation. The process of blunting involves 

adding ñbluntò ends of equal length on the double strand of the fragmented DNA. 

Therefore, base pairs are either removed or added depending on which strand the 

overhang is on (Figure III.21).  

 

Figure III. 21: Blunting of DNA  (Adapted from: ñwww.twistbioscience.com,ò ) 

 

  A single adenine (A) nucleotide is added to the blunted ends forming an 

overhanging ñA-tailò. The latter attaches to adapters with an overhanging thymine (T) 

nucleotide forming base-pair interactions with a covalent bond. In consequence, the 

presence of sequencing adaptors on each DNA fragment will initiate the DNA reading 

reaction (Figure III.22). Once the adaptor ligation is completed, the next phase of the 

sequencing process begins: target enrichment.  
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Figure III. 22: Sequencing adapters with a T-tail are ligated to DNA fragments with A-

tail.  (Adapted from: ñwww.twistbioscience.com,ò ) 

 

b. Target enrichment: 

Target enrichment consists of isolating and separating important domains of the 

genome defined as protein-coding exome for focused analysis by NGS.  

A hybridization-based target enrichment was implemented. The ñTwist Human 

Core Exome Kitò contains double stranded DNA probes intended to bond to the exome 

DNA sequences. The probes are mixed with the genomic sample and then heated to 

above 95ę to melt the base pair interactions in the double-stranded genomic DNA, 

forming a pool of single stranded DNA. As the temperature decreases, the genomic 

DNA reorganizes into complementary double stranded molecules. Also, the probes form 

complementary base pair interactions with the genomic DNA.  

The probes are designed to contain a biotin molecule on one end. Biotin is a 

molecule that firmly binds to a protein called streptavidin. Magnetic beads coated in 

streptavidin are then added to the mixture. Once the coated beads are tightly bound to 

the biotinylated probes, a magnet pulls the bound exome DNA out of solution (Figure 

III.23).  
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Figure III. 23: Biotin (pink) and streptavidin (green) form one of the strongest 

molecular interactions in nature. This interaction is used to affix the target capture 

probes to the magnetic beads.  (Adapted from: ñwww.twistbioscience.com,ò ) 

 

c. Next Generation Sequencing (NGS):  

The target DNA is loaded onto a flow cell and the adapters hybridize to DNA 

strands affixed into each well on the Illumina flow cell.  

Once the exome fragments have been attached in the lawn by their adapters, the 

Illumina sequencer starts a process called clustering. It consists of isothermal 

amplification of the DNA fragments. The NovaSeq 6000 system offers the standard 

workflow featuring fully automated onboard cluster generation for ease of use and 

reduced hands-on time. Prepared libraries are loaded directly into a sample tube that sits 

in a preconfigured reagent cartridge, which is loaded directly onto the system for fully 

automated cluster generation.  

A single stranded DNA molecule flips over and forms a bridge by hybridizing 

to an adjacent, complementary primer. The hybridized primer extends by polymerases 

forming a double-stranded bridge. Then, the double-stranded bridge is denatured 

resulting in two copies of covalently bound single-stranded templates. Repeated 

denaturation and extension cycles lead to the formation of millions of unique, clonal 

clusters across the flow cell. Cluster with forward strand are maintained whereas reverse 
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strands are cleaved and washed away. The bridge amplification allows adequate 

detection of incorporated bases at the required signal intensity during sequencing. Each 

fragment is thus amplified into distinct, clonal clusters through bridge amplification 

(Figure III.24). When cluster generation is completed, the templates were ready for 

sequencing.  

 

Figure III. 24: Cluster generation through bridge amplification  (Adapted from: 

ñwww.twistbioscience.com,ò ) 

 

The amplified libraries then undergo WES to determine the exact sequence of 

nucleotides (adenine, guanine, cytosine and thymine). As previously mentioned, 

NovaSeq 6000 leverages proven Illumina sequencing by synthesis (SBS) chemistry.  

SBS technology incorporates four fluorescently labeled nucleotides to sequence the tens 

of millions of clusters on the flow cell surface in parallel. A single labeled dNTP is 

added to the nucleic acid chain during each sequencing cycle. The nucleotide label 

serves as a ñreversible terminatorò for polymerization: after dNTP insertion, the 

fluorescent dye is identified through laser excitation and imaging, then enzymatically 

cleaved to allow the next round of incorporation. Base calls are made directly from 

signal intensity measurements during each cycle. This reversible terminator-based 

method enables the parallel sequencing of millions of DNA fragment, detecting single 
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bases as they are added into growing DNA strands. Once the sequencing run is 

completed, the sequencer compiles all of the spots from all of the images it had taken 

and converted it into millions of short sequences of DNA letters. These short reads are 

exported as a FASTQ file along with other details about the read quality. The FASTQ 

files are ready for data analysis.  

 

d. Data analysis: 

Several softwares were used to map and analyze the sequencing data with a 

primary focus on variant discovery and genotyping as well as strong emphasis on data 

quality assurance, while using the normal database as a reference. Those softwares 

annotate and predict the effects of mutations on genes. They can generate information 

on the: genes and transcripts affected by the variants, how the variants affect protein 

synthesis (e.g. inducing a stop codon) and comparisons with other databases to find 

equal know variants. 

The reads generated from the FASTQ files were aligned to the hg 19 human 

genome using Novoalign and variants were called by the Genome Analysis Toolkit 

(GATK). Single nucleotides and deletion/insertion variants were generated using the 

GATK software. The average total number of single nucleotide variants (SNV) and 

Indels in all samples was around 30 000.  

The first filtering included all variants with a minor allele frequency (MAF) in 

the genomic database of less than 1% against the normal population. For some families, 

the MAF was set at 5%. This filtering was performed using the variant call software 

(VariantStudio software by Illumina).  
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During the second round of filtering, only the variants having a high putative 

impact (either missense mutations or disruptive mutations: frameshift/stop codon inside 

the coding region) and a coverage read of >20 were analyzed. The variants were 

compared between individuals of the same family to find potential common genes 

present between the affected subjects while absent in the genome of non-affected 

subjects. The aim was to find a mutation that segregates with the phenotype. Then, 

relevant variants were compared between affected members of different families in an 

attempt to find genetic similarities.  

The first and second filtering steps resulted in a reduced number of candidate 

genes. During the third filtering, depending on their function some genes were 

eliminated and the others judged as candidate genes for EGD.  

This genetic approach is straightforward to identify gene(s) implicated in the 

condition. No statistical power analysis is needed because the analysis is not a linkage 

analysis, which requires SNP genotyping across the genome, but rather a genotype-

phenotype linkage based on the results of the WES. The latter takes into account all the 

variables (e.g. level inbredness) because it allows the analysis of genotypes with a 

hypothesis-free strategy whereby any variant(s) would be assessed across the family as 

being linked to the phenotype.  
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Table III. 9: Filtering steps 

First filtering  

Variants with a minor allele frequency (MAF) in the genomic database of less than 

1% against the normal population (Family C) 

Variants with a minor allele frequency (MAF) in the genomic database of less than 

5% against the normal population (Family A, B and D) 

Second filtering 

Variants having a high putative impact (either missense mutations or disruptive 

mutations: frameshift/stop codon inside the coding region) and a coverage read of 

>20 

Variants were compared between individuals of the same family 

Variants were compared between affected members of different families 

Third filtering  Function analysis based on previous articles 
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CHAPTER IV 

RESULTS 

A. Pedigree analysis 

The pedigrees of the 6 eastern Mediterranean families with affected individuals 

suggested a Mendelian inheritance pattern and could segregate in autosomal recessive, 

dominant manner or X-linked pattern. Analysis of those pedigrees show (Table IV.1): 

Á 2 pedigrees with 4 reported generations, 2 pedigrees with 3 reported generations and 

2 pedigrees with 2 reported generations.  

Á All families have more affected females 

Á Most families (n=3) with no affected males 

Table IV.1: Number and average of generations, affected males and females in the 6 

Eastern Mediterranean families. 

 Generations Affected females Affected males 

Total number in 6 families 18 26 5 

Average 3 4.33 0.83 

 

B. Clinical analysis 

1. Measurements related to the 4 participating families 

The lip length, incisor display at rest, gingival display at full smile, lip elevation 

from rest position to full smile and tooth proportions among affected individuals in each 

family are displayed in Tables IV.2, 3. The average gingival display of 6.30 mm for all 

subjects exceeds threshold values of 3mm in females and 2 mm in males. The most 

severe condition was observed in family B (Table IV.4) with an average EGD of 6.07 

mm. The higher EGD value was noted in B1 (11 mm) whereas the lowest value was 
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measured in B2 (3.12 mm). The average EGD for the probands was 8.54 mm. Subject 

A4 was considered as a borderline condition having an EGD of 3.01 mm. 

The lip length did not contribute to the increased gingival display; all affected 

individuals had either a normal or slightly increased upper lip length. The lip elevation 

from rest position to full smile showed an average of 11.62±1.97 mm. Five out of the 12 

affected subjects (B2, B7, C1, C4 and D1) had a hypermobile upper lip.  

The average incisor display at rest was increased (5.02± 2.86 mm) relative to 

control. The highest value was observed in A3 (10 mm). Tooth proportions were 

increased in 6 affected individuals. Specifically, A2, B1, B8, C1, C3 and D1 had short 

clinical crowns. The remaining subjects had almost normal crown width to height 

proportions and the values were considered within normal range. Tooth proportions 

were the most increased in the borderline subject A4.  

Table IV.2: Measurements related to the affected individuals in the 4 participating 

families (n=12, excluding A4) 

 Measurement Lip length 

Incisor 

display at 

rest 

Gingival 

display 

Lip 

elevation 

Tooth 

proportion 

(Width/H eight) 

 

Gender/Norm 

Female Male 

2-4 mm 

Female Male 
7 mm ± 

5 
approx. 80% 

 
19.6 ± 

2.4 

21.8 ± 

2.2 
>3mm >2mm 

A2 F 20.50 2.00 7.69 11.85 143.77 

A3 F 21.19 10.00 7.06 10.60 74.30 

A4 F 20.04 1.02 3.01 10.74 146.62 

B1 F 20.33 8.50 11.00 10.50 100.00 

B2 F 23.10 2.56 3.12 12.82 87.83 

B4 F - 3.88 4.34 10.60 85.71 

B6 F 23.50 6.00 8.50 11.00 88.24 

B7 F 21.15 2.45 3.99 12.85 82.32 

B8 F 21.60 6.71 5.44 8.93 98.35 

C1 F 21.91 2.03 4.42 12.10 99.69 

C3 F 21.08 8.64 6.67 9.08 101.66 

C4 M 25.04 3.01 3.88 13.01 81.25 

D1 F 18.60 4.42 9.44 16.11 94.14 

    Probands                Borderline condition 
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Table IV.3: Average measurements related to the affected within the 4 participating 

families (n=12, excluding A4) 

Measurement Average Standard deviation Maximum Minimum  

Lip length 21.69 1.83 25.04 18.60 

Incisor display at rest 5.02 2.86 10.00 2.00 

Gingival display 6.30 2.50 11.00 3.12 

Lip elevation 11.62 1.97 16.11 8.93 

Tooth proportion 

(Width/Height) 
94.77 17.69 143.77 74.30 

 

 

 

Table IV.4: Average measurements related to the affected individuals in family B 

(most severe EGD among individuals) 

Measurement Average Standard deviation Maximum Minimum  

Lip length 22.13 1.45 23.50 20.33 

Incisor display at rest 5.02 2.44 8.50 2.45 

Gingival display 6.07 3.05 11.00 3.12 

Lip elevation 11.12 1.51 12.85 8.93 

Tooth proportion 

(Width/Height) 
90.41 7.13 100.00 82.32 
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C. Cephalometric analysis 

1. Measurements related to the 4 participating families 

Table IV.5: Measurements related to individuals having lateral cephalometric 

radiograph that are part of the 4 participating families (n=16) 

Measurement Average  SD Maximum Minimum  Norms**  

SN (mm) 65.24 7.66 74.6 45 67mm ± 1.9 

N-ANS (mm) 52.55 5.55 58.2 36.1 50.3mm ± 2.5 

S-Ar (mm) 29.76 3.10 35.3 23.8 35° ± 5 

SN-H (°) 11.03 3.16 17 7 8° ± 2 

SN-Ar (°) 130.09* 6.32 141.3 119.3 124° ± 5 

ANS-PNS (mm) 48.15 5.66 54.5 34.2 49.4mm ± 2.2 

Co-Gn (mm) 108.85 11.88 124.4 80.4 109.9mm ± 3.8 

ANS-Me (mm) 63.37 8.35 75.7 46.2 60.6mm ± 3.5 

PFH (mm) 46.98 6.81 60.7 36.2 77.5% ± 7.5 

LFH Ht (%) 56.51 2.29 61.1 53.3 55%   

LFH St (%) 52.14 2.71 57.1 48.4 50% 

AFH/PFH (%) 140.26 13.96 167.1 116.6 63.51% ±1.5 

MP - SN (°) 39.66* 5.28 49.4 32.3 32° ± 5 

MP-HP (°) 35.69 6.55 48.1 26.6 25° 

PP-MP (°) 30.10 6.77 43.1 20 27° 

PP-H (°) -0.76 4.37 5.4 -8.6 0° ± 2 

SNA (°) 82.29* 2.02 85.1 76.6 82° ± 2 

SNB (°) 77.01* 3.40 81.6 71.7 80° ± 2 

ANB (°) 5.13 2.88 10.8 0.4 2° ± 2 

Ao-Bo (mm) 0.34 3.38 9.1 -5.4 0mm ± 2 

U1 - NA (°) 15.67 8.56 27.7 2.4 22° ± 2 

U1 - NA (mm) 3.30 2.86 7.4 -0.7 4mm 

U1 - SN (°) 97.96* 8.08 108.9 83.4 104° ± 4 

U1 - PP (°) 107.51 8.51 119.8 92 110° ± 4 

L1 - NB (°) 31.45 5.98 41.8 21 25° ± 4 

L1 - NB (mm) 7.21 2.14 10.9 4 4mm 

L1 - MP (°) 94.64 8.68 108.1 79.1 90° ± 2 

U1 - L1 (°) 127.76 10.84 148 110.2 131° ± 2 

U1 - PP (mm) 30.80 3.59 36.1 21.3 27.3mm ± 3.1 

U6 - PP (mm) 23.95 2.90 28.8 16.3 22.1mm± 2.5 

L1 - MP (mm) 40.72 5.53 49.6 30.8 37.1mm ± 2.9 

L6 - MP (mm) 30.54 4.84 37.4 22.4 28.5mm ± 2.4 
 

*After correction of SN/H 

** Bhatia et al. 

SD: Standard Deviation 

 

 



 

108 
 

The cephalometric measurements of the affected individuals are presented in 

Table IV.6,7,8. The ANB angle averaged 5.92°, which reflects a tendency to a skeletal 

class II relationship. This discrepancy was mainly related to a retrognathic mandible 

(SNB=76.34°) while the position of the maxilla was adequate (SNA=82.55°). The 

mandible was most retrognathic in C3 with a measurement of 71.7°, the maxilla was the 

most protruded in A3 (SNA=85.1°).  

The height of the upper face N-ANS was slightly increased having an average 

value of 52.62 mm compared to a normal value of 50.3 mm. An increased or normal 

lower facial height was present in patients having EGD with an average of 57.05% and 

52.63% for hard and soft tissue respectively compared to normal values of 55 and 50%. 

Most affected individuals had a tendency for a hyperdivergent facial pattern with an 

average MP-SN angle of 40.98°. The most severe hyperdivergent pattern was observed 

in B1 with a value of 47.1° compared to a normal value of 32±5°. 

The maxillary incisors were retroclined (I-NA=12.15±7.81°) and retruded (I-

NA=2.35±2.85mm). The average inclination of the mandibular incisors was 29.85±5.29° 

to NB and 92.25±8.27° to MP exceeding normal values but having a large standard 

deviation. The palatal plane had a tendency to be tipped downward anteriorly as the 

mean value of PP-H was -2.47°. 
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Table IV.6: Measurements related to the affected individuals having lateral 

cephalometric radiograph that are part of the 4 participating families (n=11) 

Measurement Average SD Maximum Minimum  Norms**  

SN (mm) 65.12 7.63 74.6 45 67mm ± 1.9 

N-ANS (mm) 52.62 5.92 58.2 36.1 50.3mm ± 2.5 

S-Ar (mm) 29.79 2.93 34.5 23.8 35° ± 5 

SN-H (°) 11.59 3.50 17 7 8° ± 2 

SN-Ar (°) 132.01* 6.08 141.3 124.7 124° ± 5 

ANS-PNS (mm) 48.60 4.69 54.5 37.4 49.4mm ± 2.2 

Co-Gn (mm) 109.27 10.20 117.3 81.3 109.9mm ± 3.8 

ANS-Me (mm) 63.94 8.09 75.7 46.2 60.6mm ± 3.5 

PFH (mm) 46.77 6.36 60.7 36.2 77.5% ± 7.5 

LFH Ht (%) 57.04 2.29 61.1 53.9 55% 

LFH St (%) 52.63 2.89 57.1 48.4 50% 

AFH/PFH (%) 142.37 13.95 167.1 126.3 63.51% ±1.5 

MP - SN (°) 40.98* 3.89 47.1 33.1 32° ± 5 

MP-HP (°) 37.57 5.67 48.1 29.6 25° 

PP-MP (°) 32.09 5.89 43.1 26.6 27° 

PP-H (°) -2.47 4.06 2.2 -8.6 0° ± 2 

SNA (°) 82.55* 1.36 85.1 80.1 82° ± 2 

SNB (°) 76.34* 3.57 81.6 71.7 80° ± 2 

ANB (°) 5.92 3.09 10.8 0.4 2° ± 2 

Ao-Bo (mm) 1.10 3.82 9.1 -5.4 0mm ± 2 

U1 - NA (°) 12.15 7.81 26.9 2.4 22° ± 2 

U1 - NA (mm) 2.35 2.85 7.1 -0.7 4mm 

U1 - SN (°) 94.70* 7.53 107 83.4 104° ± 4 

U1 - PP (°) 103.58 7.13 114.7 92 110° ± 4 

L1 - NB (°) 29.85 5.29 37.7 21 25° ± 4 

L1 - NB (mm) 7.09 2.24 10.9 4 4mm 

L1 - MP (°) 92.25 8.27 104.1 79.1 90° ± 2 

U1 - L1 (°) 132.09 9.48 148 110.2 131° ± 2 

U1 - PP (mm) 32.37 2.25 36.1 29.4 27.3mm ± 3.1 

U6 - PP (mm) 24.69 2.31 28.8 21.3 22.1mm± 2.5 

L1 - MP (mm) 41.18 5.47 49.6 30.8 37.1mm ± 2.9 

L6 - MP (mm) 30.84 4.66 36.8 22.4 28.5mm ± 2.4 
 

*After correction of SN/H 

** Bhatia et al. 

SD: Standard Deviation 
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Table IV.7: Measurements related to each affected individuals having lateral 

cephalometric radiograph in families (A-D) (n=11) 

 Family 

 A B C D 

Measurement A2 A3 B1 B2 B6 B7 B8 C1 C3 C4 D1 

SN (mm) 65.5 45 67.5 74.6 67.7 62.4 62 71.5 69.1 65.9 65.1 

N-ANS (mm) 58.2 36.1 54.4 57 55 52.8 52.6 53.6 53.1 50.1 55.9 

S-Ar (mm) 31.2 23.8 30.3 31.9 32 27.5 27.5 29 34.5 28.4 31.6 

SN-H (°) 10 7 16 11 16 13 8 8 10 11.5 17 

SN-Ar (°)*  134.4 124.7 135.4 141.3 137.8 138.7 125.2 125.2 129.3 133.7 126.4 

ANS-PNS (mm) 51.1 37.4 48.3 54.5 49.2 47 44.3 52.4 52.1 50.7 47.6 

Co-Gn (mm) 109.2 81.3 111.2 116.9 116.5 103.7 108.2 115.1 109.7 117.3 112.9 

ANS-Me (mm) 59.6 46.2 67.1 67.7 72.5 56.8 60.5 67.1 62.8 75.7 67.3 

PFH (mm) 48.6 36.2 45.6 48.6 51 44.3 49.1 47.4 39.8 60.7 43.2 

LFH Ht (%) 54 57.6 58.6 56.9 59 53.9 54.4 57.7 58.3 61.1 55.9 

LFH St (%) 49.5 52.9 53.3 48.4 55.1 49.9 51.8 52.3 51.5 57.1 57.1 

AFH/PFH (%) 133.7 129.6 153.6 143.3 144.8 133.5 126.4 146.6 167.1 126.3 161.2 

MP - SN (°)*  42.9 42.7 47.1 38.7 42 36 42.1 39.6 43.5 33.1 43.1 

MP-HP (°) 37.9 34.7 48.1 34.7 43 34 35.1 32.6 38.5 29.6 45.1 

PP-MP (°) 26.6 31.8 43.1 31 40.6 27.4 28.3 27.2 32.7 26.6 37.7 

PP-H (°) -0.8 0.4 -5.8 -8.2 -8.6 -5.8 1.8 -2.9 2.2 -1.5 2 

SNA (°)*  82.6 85.1 83.2 80.1 82.6 82 82.9 81 82.5 84.1 81.9 

SNB (°)*  73.2 79.5 75.4 72.5 80.1 77 79 73.4 71.7 79,8 81.6 

ANB (°) 9.4 5.6 7.9 7.6 2.5 5 4 7.7 10.8 4.2 0.4 

Ao-Bo (mm) 1.8 -0.1 3.2 9.1 -1 1.3 -2.6 1 4.8 0 -5.4 

U1 - NA (°) 5.3 10.6 4.8 26.9 14.2 6 12.7 2.4 11.6 15 24.1 

U1 - NA (mm) -0.7 1.7 -0.7 7.1 6.1 -0.3 1.7 0 2.6 2.5 5.9 

U1 - SN (°)*  88 95.8 88 107 96.8 88 95.6 83.4 94.1 99 106 

U1 - PP (°) 104.3 106.6 92 114.7 98.2 96.6 109.5 95.7 104.9 105.5 111.4 

L1 - NB (°) 37.7 27.4 29.4 35.3 26.2 21 33.6 34.7 32.5 26.9 23.7 

L1 - NB (mm) 10 5.2 8.5 10.9 7.2 4 6.7 6.7 8.8 5.3 4.7 

L1 - MP (°) 101.7 85.2 87 104.1 84.1 88 92.5 101.8 97.3 94 79.1 

U1 - L1 (°) 127.5 136.4 137.9 110.2 137.1 148 129.8 135.3 125.1 133.9 131.8 

U1 - PP (mm) 30.5 30.6 34.8 32.2 33.3 29.4 30.2 36.1 33.3 34.9 30.8 

U6 - PP (mm) 22.8 26.7 25.2 23.6 26 21.3 21.9 25.9 23.1 28.8 26.3 

L1 - MP (mm) 41.5 30.8 43.6 49.6 45.6 35.5 36.7 41.9 45.3 44.8 37.7 

L6 - MP (mm) 33 22.4 29.9 36.8 33.3 26.3 27.3 33.6 34 36.2 26.4 
 

*After correction of SN/H 
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The main features of each affected individual are presented in Table IV.8. The 

soft tissue lower facial height was increased in 7 subjects, decreased in 1 individual and 

normal in the remaining 3. The majority of affected individuals had a hyperdivergent 

facial pattern with an orthognathic maxilla. The position of the mandible varied among 

subjects. A2, B1, B2, B7, C1 and C3 had a retrognathic mandible; A3, B6, B8, C4 and 

D1 had an orthognathic mandible. The maxillary incisors were retroclined in 9 affected 

individuals. However, the inclination of mandibular incisors varied among subjects.  

 

Table IV.8: Cephalometric characteristics of the participating families (A-D) 

 
Inclination 

of SN/H 

LFH  Facial pattern 
Position of 

maxilla 

Position of 

mandible 

Inclination 

of maxillary 

incisors 

Inclination 

of 

mandibular 

incisors  

Hard 

Tissue 

Soft 

tissue 
MP-SN PP-MP 

A2 Increased Normal Normal Hyper Normo Orthognathic Retrognathic Retroclined Proclined 

A3 Decreased Normal Increased Hyper Hyper Prognathic Orthognathic Retroclined Well inclined 

B1 Increased Normal Increased Hyper Hyper Orthognathic Retrognathic Retroclined Well inclined 

B2 Increased Normal Decreased Hyper Normo Orthognathic Retrognathic Proclined Proclined 

B4 - - - - - - - - - 

B6 Increased Normal Normal Hyper Hyper Orthognathic Orthognathic Retroclined Well inclined 

B7 Increased Decreased Normal Hyper Normo Orthognathic Retrognathic Retroclined Well inclined 

B8 Normal Normal Increased Hyper Normo Orthognathic Orthognathic Retroclined Proclined 

C1 Normal Increased Increased Hyper Normo Orthognathic Retrognathic Retroclined Proclined 

C3 Increased Increased Increased Hyper Hyper Orthognathic Retrognathic Retroclined Proclined 

C4 Increased Increased Increased Normo Normo Orthognathic Orthognathic Retroclined Well inclined 

D1 Increased Increased Increased Hyper Hyper Orthognathic Orthognathic Proclined Retroclined 

 

The diagnosis of vertical maxillary excess (VME) was based on the presence of 

excessive gingival display and an increased anterior maxillary height. VME was present 

in all individuals except B7 (Table IV.9). The anterior maxillary height averaged 32.37 

mm with a maximum value of 36.1 mm and a minimum value of 29.4 mm.  Most 

patients diagnosed with VME had an increased lower facial height. The presence of an 

increased or normal posterior maxillary height does not necessarily reflect the existence 
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of a VME but gives an indication about the expected amount of posterior excessive 

gingival display.  

Table IV.9: Measurements of vertical maxillary excess related to the affected 

individuals having lateral cephalometric radiograph that are part of the 4 participating 

families (n=11).  

  
 Vertical Maxillary Excess  

 

Gender Age 
Gingival 

display 

Anterior 

maxillary 

height 

Norms* 

Posterior 

maxillary 

height 

Norms* 

A2 F 29 7.69 30.5 27.3mm ± 3.1 22.8 22.1mm± 2.5 

A3 F 32 7.06 30.6 27.3mm ± 3.1 26.7 22.1mm± 2.5 

A4 F 32 3.01 28.4 27.3mm ± 3.1 23.4 22.1mm± 2.5 

B1 F 30 11.00 34.8 27.3mm ± 3.1 25.2 22.1mm± 2.5 

B2 F 67 3.12 32.2 27.3mm ± 3.1 23.6 22.1mm± 2.5 

B4 F 52 4.34 - 27.3mm ± 3.1 - 22.1mm± 2.5 

B6 F 42 8.50 33.3 27.3mm ± 3.1 26 22.1mm± 2.5 

B7 F 34 3.99 29.4 27.3mm ± 3.1 21.3 22.1mm± 2.5 

B8 F 19 5.44 30.2 27mm ± 2.9 21.9 21.9mm ± 2.4 

C1 F 48 4.42 36.1 27.3mm ± 3.1 25.9 22.1mm± 2.5 

C3 F 26 6.67 33.3 27.3mm ± 3.1 23.1 22.1mm± 2.5 

C4 M 28 3.88 34.9 28.2mm ± 2.9  28.8 24.9mm ± 2.2  

D1 F 47 9.44 30.8 27.3mm ± 3.1 26.3 22.1mm± 2.5 

        Borderline condition * Bathia et al. 
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2. Group comparisons 

Table IV.10: Comparison between affected and non-affected individuals 

Measurement Mean A Mean NA P Value 

SN (mm) 65.12 65.50 0.743 

N-ANS (mm) 52.62 52.40 0.661 

S-Ar (mm) 29.79 29.70 0.661 

SN-H (°) 11.59 9.80 0.377 

SN-Ar (°) 132.01* 125.86* 0.09 

ANS-PNS (mm) 48.60 47.16 1 

Co-Gn (mm) 109.27 107.92 1 

N-ANS (mm) 52.51 52.18 0.661 

ANS-Me (mm) 63.94 62.12 0.743 

PFH (mm) 46.77 47.42 1 

LFH Ht (%) 57.04 55.36 0.145 

LFH St (%) 52.63 51.08 0.003 

AFH/PFH (%) 142.37 135.60 0.583 

MP - SN (°) 40.98* 36.74* 0.115 

MP-HP (°) 37.57 31.54 0.052 

PP-MP (°) 32.09 25.72 0.027 

PP-H (°) -2.47 3.00 0.013 

SNA (°) 82.55* 81.72* 0.913 

SNB (°) 76.34* 78.34* 0.371 

ANB (°) 5.92 3.40 0.09 

Ao-Bo (mm) 1.10 -1.32 0.145 

U1 - NA (°) 12.15 23.42 0.019 

U1 - NA (mm) 2.35 5.38 0.052 

U1 - SN (°) 94.70* 105.14* 0.013 

U1 - PP (°) 103.58 116.14 0.001 

L1 - NB (°) 29.85 34.96 0.145 

L1 - NB (mm) 7.09 7.46 0.827 

L1 - MP (°) 92.25 99.90 0.09 

U1 - L1 (°) 132.09 118.24 0.013 

U1 - PP (mm) 32.37 27.34 0.003 

U6 - PP (mm) 24.69 22.32 0.32 

L1 - MP (mm) 41.18 39.70 0.661 

L6 - MP (mm) 30.84 29.88 0.743 
 

 
 

 

A:  Affected: Affected individuals having EGD (n=11). 

NA: Non-affected (n=5). 

*After correction of SN/H 

P value Ò 0.05: statistically significant. 
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Table IV.11: Comparison between affected individuals and their matched control 

subjects. 

Measurement Mean A Mean AM P Value 

SN (mm) 65.12 67.37 0.534 

N-ANS (mm) 52.62 52.72 0.374 

S-Ar (mm) 29.79 31.30 0.155 

SN-H (°) 11.59 8.90 0.026 

SN-Ar (°) 132.01* 124.18* 0.010 

ANS-PNS (mm) 48.60 51.95 0.075 

Co-Gn (mm) 109.27 109.68 0.534 

N-ANS (mm) 52.51 52.45 0.328 

ANS-Me (mm) 63.94 60.37 0.213 

PFH (mm) 46.77 45.75 0.790 

LFH Ht (%) 57.04 55.63 0.130 

LFH St (%) 52.63 52.89 0.789 

AFH/PFH (%) 142.37 136.73 0.328 

MP - SN (°) 40.98* 36.36* 0.075 

MP-HP (°) 37.57 30.24 0.050 

PP-MP (°) 32.09 27.15 0.328 

PP-H (°) -2.47 0.16 0.213 

SNA (°) 82.55* 82.94* 0.534 

SNB (°) 76.34* 77.05* 0.575 

ANB (°) 5.92 5.89 0.604 

Ao-Bo (mm) 1.10 2.80 0.083 

U1 - NA (°) 12.15 17.36 0.075 

U1 - NA (mm) 2.35 2.62 0.328 

U1 - SN (°) 94.70* 100.31* 0.075 

U1 - PP (°) 103.58 109.48 0.021 

L1 - NB (°) 29.85 30.43 0.790 

L1 - NB (mm) 7.09 6.95 0.959 

L1 - MP (°) 92.25 96.94 0.248 

U1 - L1 (°) 132.09 126.44 0.286 

U1 - PP (mm) 32.37 27.85 0.007 

U6 - PP (mm) 24.69 21.73 0.016 

L1 - MP (mm) 41.18 39.97 0.424 

L6 - MP (mm) 30.84 29.63 0.398 
 

 

A:  Affected: Affected individuals having EGD (n=11). 

AM:  Affected Matched: Individuals matched by ANB and age to affected individuals (n=11). 

*After correction of SN/H 

P value Ò 0.05: statistically significant.  
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Table IV.12: Comparison between non-affected individuals and their matched control 

subjects. 

Measurement Mean NA Mean NAM P Value 

SN (mm) 65.50 67.64 0.893 

N-ANS (mm) 52.40 53.82 0.686 

S-Ar (mm) 29.70 33.98 0.078 

SN-H (°) 9.80 5.60 0.043 

SN-Ar (°) 125.86* 124.88* 0.686 

ANS-PNS (mm) 47.16 52.56 0.225 

Co-Gn (mm) 107.92 118.70 0.225 

N-ANS (mm) 52.18 53.28 0.686 

ANS-Me (mm) 62.12 64.50 0.686 

PFH (mm) 47.42 50.98 0.225 

LFH Ht (%) 55.36 55.20 0.684 

LFH St (%) 51.08 50.88 0.500 

AFH/PFH (%) 135.60 128.32 0.686 

MP - SN (°) 36.74* 35.32* 0.686 

MP-HP (°) 31.54 25.92 0.345 

PP-MP (°) 25.72 23.18 0.893 

PP-H (°) 3.00 1.58 0.500 

SNA (°) 81.72* 81.90* 0.500 

SNB (°) 78.34* 78.88* 0.500 

ANB (°) 3.40 3.42 0.854 

Ao-Bo (mm) -1.32 -1.80 0.588 

U1 - NA (°) 23.42 23.76 0.686 

U1 - NA (mm) 5.38 4.70 0.500 

U1 - SN (°) 105.14* 105.86* 0.686 

U1 - PP (°) 116.14 117.98 0.225 

L1 - NB (°) 34.96 31.18 0.345 

L1 - NB (mm) 7.46 6.96 0.893 

L1 - MP (°) 99.90 97.36 0.686 

U1 - L1 (°) 118.24 121.46 0.686 

U1 - PP (mm) 27.34 27.40 0.715 

U6 - PP (mm) 22.32 21.80 0.893 

L1 - MP (mm) 39.70 41.04 0.500 

L6 - MP (mm) 29.88 31.74 0.500 
 

 

NA:  Non-Affected (n=5). 

NAM:  Non-Affected Matched: Individuals matched by ANB and age to non-affected individuals 

(n=5). 

*After correction of SN/H 

P value Ò 0.05: statistically significant. 
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The cephalometric differences between affected and non-affected individuals is 

presented in Table IV.10. The soft tissue lower facial height was significantly increased 

in affected individuals (52.63%) compared to non-affected members (51.08%) (P 

value=0.003). The divergence pattern had a statistically significant difference between 

both groups. Subjects having EGD had more tendency towards a hyperdivegent facial 

pattern with MP/SN=40.98ę and PP/MP= 32.09ę (P value=0.027). Furthermore, affected 

individuals had a skeletal class II pattern (ANB=5.92ę) in comparison to a more normal 

skeletal relationship in non-affected individuals (ANB=3.40ę) but differences were not 

statistically significant (P value=0.09). The maxillary incisors were retroclined and 

retruded relative to NA, SN and PP in affected individuals in contrast to normal incisor 

inclination in the non-affected subjects. The anterior maxillary height was statistically 

significantly different between both groups (P value=0.003). The maxillary incisors 

were over-erupted (U1-PP=32.37) in individuals having EGD compared with normal 

values in control subjects.  

The cephalometric differences between affected individuals and their matched 

control group are presented in Table IV.11. The divergence pattern between both groups 

was statistically significant (P value= 0.05). Affected individuals had an increased 

divergence of the face (MP/SN=40.98ę) compared to their matched control (MP/SN= 

36.36ę). The position of the mandible was retrognathic in both affected (SNB=76.34ę) 

and control (SNB=77.05ę). The maxillary incisors were more retroclined in the affected 

group. In addition, individuals having EGD had increased anterior and posterior 

maxillary height compared to control with a statistically significant difference (P value= 

0.007 and 0.016, respectively).  
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The cephalometric differences between non-affected individuals and their 

matched control group are presented in Table IV.12. All relevant measurements were 

not statistically significant between both groups. 

D. Etiology of EGD for each individual  

EGD can be the result of an excessive maxillary vertical growth, a short upper 

lip, a hypermobile upper lip, short clinical crowns or a combination of several factors. 

The clinical and radiographic measurements revealed the etiologies of EGD in each 

affected individual (Table IV.13). Among the 12 affected individuals (excluding A4), 

10 had an excessive vertical maxillary growth. All individuals had either a normal or 

increased upper lip length. Therefore, the length did not contribute to the development 

of EGD. Five subjects had an increased upper lip elevation from rest position to full 

smile showing more gingiva. Short clinical crowns were present in 6 subjects. Short 

clinical crowns were the main determinant of the GD in A4; Subsequently, A4 was not 

included among affected individuals in the cephalometric analysis. 

      Table IV.13: Etiologies of EGD for each affected individual 

 
Excessive maxillary 

growth 

Short 

upper lip 

Hypermobile 

upper lip 

Short clinical 

crowns 

A2 + - - + 

A3 + - - - 

A4 - - - + 

B1 + - - + 

B2 + - + - 

B4 N/A N/A - - 

B6 + - - - 

B7 - - + - 

B8 + - - + 

C1 + - + + 

C3 + - - + 

C4 + - + - 

D1 + - + + 

(+): Contributing factor; (-): Not present;              Borderline condition 

N/A:  Unavailable data (missing lateral cephalometric radiograph)   
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E. Genetic analysis 

Whole exome sequencing (WES) identified the coding genes of the 21 subjects 

(affected and non-affected) of the 4 participating families. The genetic variants were 

first displayed on a ñFASTQò file. Then, the sequences were compared to the normal 

databases and a Variant Call Format (VCF) was generated for each subject. The file was 

read on a specific software ñIllumina Variant Studioò. VCF is a text file format for 

storing DNA data such as SNPôs and structural variants found at specific positions. The 

file contains a header and data related to each variant including gene name, 

chromosome number, coordinate, quality score, putative impact and read depth. 

1. Sample and family characteristics 

The total number of variants among affected and non-affected individuals was 

3,194,828. The number of variants for each individual is presented in Table IV.14. The 

pie charts illustrate the percentile distribution of SNVôs, Indels, MNPôs and other 

complex mutations in addition to the zygosity of the generated variants in each 

individual (Figure IV.1-21).  

Table IV.14: Number of variants among all individuals in the 4 participating families 

(A-D). 

Individual Number of variants  Individual Number of variants 

A1 150,035  C1 155,124 

A2 165,790  C2 152,163 

A3 145,111  C3 146,723 

A4 161,372  C4 153,703 

B1 169,558  C5 160,363 

B2 149,453  D1 159,827 

B3 149,417  D2 144,507 

B4 148,699  D3 152,109 

B5 144,284  D4 161,634 

B6 157,237    

B7 161,549  Total (A-D)_ 3,194,828 

B8 153,014    
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a. Family A: 

 
Figure IV.1: Variant type (A) and genotype (B) for individual A1 

 

 

Figure IV.2: Variant type (A) and genotype (B) for individual A2 

 

 

 
Figure IV.3: Variant type (A) and genotype (B) for individual A3 
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Figure IV.4: Variant type (A) and genotype (B) for individual A4 

 

 

 

b. Family B: 

 
 

Figure IV.5: Variant type (A) and genotype (B) for individual B1 

 

 

 
 

Figure IV.6: Variant type (A) and genotype (B) for individual B2 
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Figure IV.7: Variant type (A) and genotype (B) for individual B3 

 

 

 

Figure IV.8: Variant type (A) and genotype (B) for individual B4 

 

 

 

Figure IV.9: Variant type (A) and genotype (B) for individual B5 
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Figure IV.10: Variant type (A) and genotype (B) for individual B6 

 

 

 

Figure IV.11: Variant type (A) and genotype (B) for individual B7 

 

 

 

Figure IV.12: Variant type (A) and genotype (B) for individual B8 
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c. Family C: 

 
 

Figure IV.13: Variant type (A) and genotype (B) for individual C1 

 

 
 

Figure IV.14: Variant type (A) and genotype (B) for individual C2 

 

 

 

Figure IV.15: Variant type (A) and genotype (B) for individual C3 
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Figure IV.16: Variant type (A) and genotype (B) for individual C4 

 

 

Figure IV.17: Variant type (A) and genotype (B) for individual C5 

 

 

d. Family D: 

 

Figure IV.18: Variant type (A) and genotype (B) for individual D1 
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Figure IV.19: Variant type (A) and genotype (B) for individual D2 

 

 

 

Figure IV.20: Variant type (A) and genotype (B) for individual D3 

 

 

Figure IV.21: Variant type (A) and genotype (B) for individual D4 
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2. Filtering results 

The genetic analysis followed three stringent filtering steps as previously 

described. From the total number of variants among all affected and non-affected 

individuals (n= 3,194,828), 33, 208 variants having a MAF<1% were filtered. The 

second filtering step consisted of only selecting variant with a coverage read greater 

than 20 and having a high putative impact (either missense mutations or disruptive 

mutations: frameshift/stop codon inside the coding region) which resulted in a total of 

18, 836 variants. Among these, 51 genes were common between affected individuals of 

the same family. These genes were compared in different families to check for 

similarities and their functions were retrieved from the available literature filtering a 

total of 33 candidate genes (Table IV.15). 

Table IV.15: Number of variants filtered at each step in the 4 participating families  

Filtering step Description 
Number of 

variants 

First filtering 
Variants with a minor allele frequency (MAF) in 

the genomic database of less than 1% against the 

normal population  
33, 208 

Second filtering 

Variants having a high putative impact (either 

missense mutations or disruptive mutations: 

frameshift/stop codon inside the coding region) 

and a coverage read of >20 

18, 836 

Variants were compared between individuals of 

the same family 
51 

Variants were compared between affected 

members of different families 
- 

Third filtering Function analysis based on previous articles 33 
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a. Family A: 

Because the inheritance pattern in Family A was determined to be either 

autosomal dominant, autosomal recessive or X-linked, homozygous, heterozygous and 

hemizygous variants were selected. The following flow chart was adopted to filter the 

variants in family A (Flow chart IV.1). 

 

Flow chart IV. 1: Process adopted to filter genes in Family A (MAF<1%) 

 

 
 

The filtering process revealed 19 common genes between A2, A3 and 9 

common genes between A2, A3, A4. A4 was considered as a borderline condition and 

two filterings were performed in family A: the first excluded A4 as having EGD and the 

second recognizing A4 as an affected individual.  

 

 

 






























































































































































