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Abstract—Among the most common malformations
observed in the oral cavity are cleft lip/palate and
malocclusions, being this last one considered by the World
Health Organization, the third public health problem.

Malocclusions include the anterior open bite, a change in the
vertical plane, that can be of two types: dental anterior open
bite and skeletal anterior open bite. Cleft lip and cleft palate are
the most common congenital malformations at birth. These
malformations result from a failure in the normal craniofacial
development process, which requires the coordination of a
complex series of events. From the embryological point of view,
the cleft lip/palate is a consequence of the failure of the first
superior branchial arch to complete fusion with the frontonasal
process during pregnancy.

All these malformations result from the interaction of both
genetic and environmental factors. Among the environmental
factors involved in the development of malocclusions are
deleterious habits, mouth breathing and trauma. Several genes
involved in the development of facial bones, muscles and teeth
are also responsible for the development of malocclusions. In
the same way, clefts development is a multifactorial trait where
multiple genes are involved as well as environmental factor like
alcohol consumption, tobacco, exposure to pesticides or toxic
solvents, in a complex interaction.

All these factors may jeopardize the normal functioning of the
stomatognathic system and the consequent quality of life of the
patient. The purpose of this study was to review the literature
concerning the genetic and environmental aspects involved in
the development of these malformations.

Index Terms—Cleft lip; Cleft palate; Non-syndromic; Genetic
factors; Environment factors; Malocclusion; Open bite
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1. INTRODUCTION

Oral malformations can occur quite frequently, and several
independent risk factors have been pointed out as possibly
involved in their development.

One of such malformations is cleft lip/palate that has been
found to result from multifactorial inheritance, including
genetic and environmental factors [1] [2]. Epidemiological
and experimental data suggest that environmental risk
factors, such as poor nutrition, use of medications, such as
phenytoin, smoking and alcohol consumption during
pregnancy, may be determinants in the development of cleft
lip/palate [3] [4].

Although there has been marked progress in identifying
genetic and environmental causes for syndromic cleft
lip/palate, the etiology of the most common non-syndromic
(isolated) forms remains poorly characterized [3].

The heterogeneity of cleft lip/palate has important
implications in understanding the biology of facial
development.  Several questions concerning how
environmental risks interact with genetic factors, and how it
will be possible to use such etiological variables to improve
the clinical care of patients affected by non-syndromic cleft
lip/palate, are in the process of being elucidated [5].

Recently, several genetic and environmental risk factors
have been identified for non-syndromic cleft lip/palate.
These discoveries allowed to broaden the understanding of
developmental biology and created new opportunities for
clinical research [6].

In view of the close relationship between environmental
and genetic factors in the appearance of cleft lip/palate, the
purpose of this literature review was to describe how these
factors can lead to the development of cleft lip/palate in non-
syndromic patients. It is of extreme importance that constant
research continues to be carried out, in order to highlight
characteristics and lifestyles that promote this type of
malformation and that causes several inconveniences to
patients. In this way, based on new results, it will be possible
to promote improvements in the diagnosis of these
interrelationships in order to implement effective and safe
treatment plans.

In the same way, for centuries, the increasing prevalence
of dental malocclusions has been a trend attributed to the
interaction of different factors, both genetic and
environmental [7]. According to reference [8], dental
malocclusion comes from anomalies that appear during the
period of childhood and adolescence, in the stage of growth
and development, affecting mainly the muscles and the
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maxillary bones, thus causing changes at the aesthetic and
functional level. Its occurrence depends on different
variables such as genetic factors and the habits established
during this period of life.

Open bite is a multifactorial malocclusion resulting from
the interaction between the environment and genetics. It is
the result of functional etiological factors, including
deleterious habits, mouth breathing, trauma, and pathologies
[9].

It is possible that the open bite is also influenced by genetic
factors, associated with genes that act on the growth and
development of teeth, soft tissues, and facial bones [10].
Several studies highlight the genes involved in bone
development, such as the CYP/9A41 gene, the gene encoding
the growth hormone receptor (GHR gene) and the genes
encoding tumor necrosis factor (TNF-o), RANKL/RANK
and osteoprotegerin (OPG). The genes that intervene in
muscle development and function such as the MYOIH gene,
matrix metalloproteinases (MMP), tissue inhibitors of
metalloproteinases (TIMPs), genes that encode a-actin, and
finally those that intervene in morphogenesis and eruption
dentistry as the gene encoding the parathyroid hormone
receptor (PTHRI gene) [11].

To carry out this bibliographic review, a search was made
in the electronic databases PubMed Central and Cochrane
Library and Scientific Electronic Library Online (SciELO),
using the following keywords: genetic factors,
environmental factors, malocclusion, open bite, cleft palate,
cleft lip, non-syndromic. Papers in English language,
between the years 2000 and 2019 were selected. Articles
prior to this period were also chosen for their historical
importance and relevance to the study.

II. NON-SYNDROMIC OROFACIAL CLEFTS

Non-syndromic orofacial clefts are a heterogeneous group
of disorders that affect the structure of the face and oral
cavity. They are divided into three general categories: those
that affect only the lip (cleft lip); those that affect the lip and
palate (cleft lip and cleft palate) and those that affect only the
palate (cleft palate). These anomalies can be complete or
incomplete and can be found unilaterally and/or bilaterally
[51[12][13].

Orofacial clefts are the most common congenital
malformations at birth [14]. Cleft lip/palate are defects
characterized by incomplete closure of the upper lip with an
alveolar cleft and/or incomplete closure of the hard palate [5]
[13] [15]. The clefts in the midline of the upper lip or the
lower lip, rare clefts and oblique facial clefts are not part of
the set of cleft lip/palate [3].

The average worldwide incidence of any type of orofacial
malformation is 1 per 1000 births, with cleft lip/palate being
the predominant malformations [2] [16]. In syndromic
forms, cleft lip/palate are associated with other phenotypes,
such as heart disecase and delayed neuro-psychomotor
development, while in non-syndromic forms there are no
other associated symptoms [17].

In 70% of affected individuals, the cleft lip/palate are of the
non-syndromic form, which is characterized by incomplete
fragmentation between the oral and nasal cavities without
other associated anomalies. In most cases, non-syndromic
cleft lip/palate are considered to be clinical entities other than
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clefts where only the palate is affected, as the formation of
the primary palate and the central part of the upper lip and
nose (4 to 7 weeks) occurs before the formation of the palate
(between the 8% and 12" weeks) throughout embryonic
development [18].

As for ethnicity, the prevalence of cleft lip/palate is more
common in Asian and Amerindian populations and less
frequent in populations of African origin [17]. According to
reference [6], in China, the isolated type of orofacial cleft is
the second most common defect present at birth, which
makes Asians the population with the highest incidence in
the world.

A. Embryological Aspects of Cleft Lip/Palate

Non-syndromic cleft lip/palate are conditions caused by
the combination of genetic and environmental factors.
Proper face development requires coordination of a complex
series of events that include cell growth, migration,
differentiation, and apoptosis [13].

Clefts can arise due to flaws in any of the various stages of
embryonic development. According to reference [5], to
understand the etiology and elucidate the causes of cleft
lip/palate, it is necessary to understand the complex
developmental processes that lead to the formation of the
upper lip, both at the morphogenetic and molecular level.

The development of the face begins in the 4" week of
gestation, when the cells of the neural crest migrate to form
the five facial primordia: the frontonasal prominence, the
paired mandibular processes, and the paired maxillary
processes. These changes occur in different periods, since
the embryogenesis of the lip and palate does not occur
simultaneously [5]. Between the 4" and 7% week of
pregnancy, the medial and lateral nasal processes merge into
the maxillary process forming the primary palate, the central
part of the upper lip and the nose. Between the 8" and 12
week of intrauterine life, by merging the plates of the
secondary palate, the hard palate and the soft palate are
formed. When failures in the maxillary and/or palatal
processes occur, the individual is affected by lip and/or
palate clefts [20].

Historically, cleft lip and cleft lip/palate have been
considered variants of the same defect, differing only in
severity [12]. Although the primary and secondary palates
have different origins of development, cleft lip and cleft
lip/palate share a defect in the primary palate, which led to
their inclusion in the same group - cleft lip with or without
cleft palate (cleft lip/palate) [21] [22]. However,
epidemiological [23] and biological data [24] [25] suggest
that cleft lip and cleft lip/palate may have different genetic
etiologies. Nevertheless, common pathways may be
underlying the etiologies of each group, since, occasionally,
they are present in patients of the same ethnicity. This event
is generally called a mixed cleft and is most seen in
syndromic cleft forms [26].

B. Epidemiology and Etiology of Cleft Lip/Palate

The underlying etiology is complex and multifactorial,
with several influences, including genetic, environmental,
geographic, racial, and ethnic, as well as socioeconomic
status [27]. In general, Asian, and Amerindian populations
have the highest reported prevalence rates of births with cleft
lip/palate, usually as high as 1/500. Populations of European
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origin have intermediate prevalence rates of around 1/1000,
and those of African origin have the lowest prevalence rates
(around 1/2500). These observations suggest that the relative
contribution of individual susceptibility genes can vary
between different populations [3].

Although members of the same family may have cleft lip
and cleft palate, the pattern of inheritance does not fit the
typical Mendelian genetics [28]. The risk of recurrence of
non-syndromic cleft lip with or without cleft palate in
siblings and subsequent children of the affected child is
approximately 3 to 5%. The frequency of cleft lip with or
without cleft palate also differs between sexes and between
the sides (left and right) of the face. There is a 2:1 ratio of
men to women for cleft lip and approximately a 1:2 ratio of
men to women for cleft palate only. There is also a 2:1 ratio
of slits from left to right between cases of unilateral cleft lip
[3].

Reference [29] carried out a study with the aim of
presenting all types of clefts, and their relationship with
gender and the side of the body. The study group included
434 patients with facial clefts (218 men and 216 women)
aged from 4 weeks to 18 years, who were born in Lodz
(Poland) during the years 1981-2015. The results showed
41.7% of cleft palate, 36% of cleft lip/palate and 22.3% of
cleft lip. The study showed that isolated cleft palate is more
frequent in women than in men, while cleft lip and palate is
more frequent in men. In addition, clefts on the left side of
the face are more common than on the right side.

C. Genetic Factors Involved in Cleft

Development

Lip/Palate

According to reference [28], more than 350 genes have
syndromic and/or non-syndromic associations in humans.
Although the genes involved in genetic disorders with oral
cleft phenotypes are known, there is still a gap between the
detection of these associations and the interpretation of their
biological importance.

Although the family association of orofacial clefts has long
been observed [30]-[32], formal genetic studies did not begin
until reference [21] proposed that genetic factors contribute
to cleft lip/palate, after observing an increased frequency of
clefts in relatives of a patient with a cleft [21]. Segregation
analyses [33] and studies with twins [34] later supported a
genetic component for cleft lip/palate, as they have a high
rate of family recurrence.

The risk of cleft lip in first degree relatives is estimated at
32 times the risk for individuals without a family history of
cleft lip [35]. The 40 to 60% concordance rate in
monozygotic twins is higher than the 3 to 5% rate in
dizygotic twins and suggests a strong genetic etiology [13]
[36].

Estimates in various populations show that 20% of total
cases of cleft lip/palate are familiar [20] [37]. In cases with
family recurrence, it is assumed that the genetic contribution
to the appearance of cleft lip/palate is more prevalent.
Consequently, the comparison of the proportion of familial
and isolated cases in different geographic regions can point
to locations where the factors of predisposition to cleft
lip/palate are different [38]-[41].

There is substantial phenotypic diversity in individuals
with these birth defects and their families, that go from
subclinical ~ phenotypes to  associated  syndromic
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characteristics. This reflects that many genes contribute to
the etiology of these disorders.

The identification of these genes and loci has been the

result of decades of research using multiple genetic
approaches. Recently, significant progress has been made
due to advances in sequencing and genotyping techniques
[2].
A study of reference [39], showed the multi-ethnic
association across the genome and identified new loci for the
cleft lip/palate. The results allowed to identify new risk loci
for these conditions, and new genes involved in craniofacial
development have been suggested, confirming the highly
heterogeneous etiology of orofacial clefts. Although several
genes have been identified as genetic risk factors, the /RF6
gene coding for the interferon regulatory factor 6, is the best
documented genetic risk factor [16] [28] [42].

The IRF6 gene is one of nine members of a family of
transcription factors that share a highly conserved DNA
binding domain and a less conserved protein binding domain
[43]. Reference [44] found that guinea pigs with an IRF6
deficiency have abnormal craniofacial, skin and limb
development. Another study suggested that IRF6 acts on the
cell cycle, regulating mammary epithelial cell differentiation
[45]. Moreover, reference [24] found that the single
nucleotide polymorphism (SNP) rs642961 in the IRF6
region that affects the binding site of the transcription factor
AP-2qa, can directly increase the risk of non-syndromic cleft
lip/palate, by altering the transcription of the /RF6 gene.
Reference [16] confirmed that the rs642961 polymorphism
is significantly associated with an increased risk of non-
syndromic cleft lip/palate.

Non-syndromic orofacial clefts have a complex etiology
due to the contribution of genetic and environmental risk
factors, as well as the interaction between them. Among the
more than 15 loci of susceptibility to non-syndromic
orofacial clefts, with considerable statistical and biological
support, IRF6 is the gene most validated by most studies. The
purpose of the study of reference [42] was to investigate the
association of the /RF6 gene polymorphisms with the
development of non-syndromic orofacial clefts in a
population in the north-eastern Brazil. The SNPs rs2235371,
rs642961, 1s2236907, rs861019 and rs1044516 of the IRF6
gene were analyzed. The genotype and allele frequencies of
the SNP 152235371 showed significant differences in
patients with cleft palate when compared to the control
group. However, no association was observed between SNPs
rs642961, 152236907, rs861019 and rs1044516 and non-
syndromic orofacial clefts [42]. However, this association
must be interpreted with care due to the low number of
studied individuals.

Reference [6] observed that changes in the MTHFR and
RBP4 genes, that code for enzymes involved in the
biosynthesis of folic acid and vitamin A, have a high
contribution to the incidence of cleft lip/palate. These results
are consistent with the notion that folic acid and vitamin A
are essential nutritional supplements for pregnant women in
order to reduce the risk of conceiving a baby with cleft
lip/palate.

Reference [28] classified candidate genes as possibly
associated with the phenotype of oral clefts in humans,
according to the molecular function of the gene, with the
biological and family genetic process (genetic inheritance).
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The genes and associated molecular functions are: molecular
signaling (FGF1, FGF19, FGF2, JAG2, NOG, PDGFC,
SPRY2 genes), growth factor (FGFI, FGFI19, FGF2,
PDGFC genes), transcription factor (ARNT, LHXS, TBX10,
ARX, ESRI, JAG2, PAX7, RARA, SPRY2, MAFB, MKX
genes), transferase (NATI, NAT2, GSTT1, COMT genes),
extra-cellular matrix (COL8A1, MMP9, NTN1, NOG genes).
Genes related to biological processes are: development
process (RYK, TBX10, ARX, ESRI1, FGF1, FGF19, FGF2,
LHXS8, MYH9, NTN1, NOG, PAX7, PDGFC, RARA, SPRY?2,
MAFB, PDGFRA genes); mesoderm development (FGF1,
FGF2, MYH9, NOG, SPRY2 genes); neurogenesis (RYK,
ARX, FGF19, JAG2, LHXS8, NTNI, PAX7, MAFB genes);
ectoderm development (RYK, ARX, FGF19, JAG2, LHXS,
NTNI, PAX7, MAFB genes); specific segments (ARX, PAX7
genes); skeletal development (NOG gene); muscle
development (MYH9 gene); oncogenesis (RARA, PDGFRA,
ST5 genes). The genes related to family genetics (genetic
inheritance) are: protein chain (ARX, PAX7, LHX8, MKX
genes); heparin binding (FGFI, FGF2, FGFI19 genes);
related patterns (DISP! gene); neurotransmitter channel
blocker (GABRB3 gene); protein tyrosine kinase (RYK gene);
N-hydroxyarylamine o-acetyltransferase (NATI, NAT2
genes); tropomyosin (MYHY gene).

D. Environmental Factors Involved in Cleft Lip/Palate
Development

The multifactorial etiology of congenital malformations is
well studied. Thus, in addition to genetic factors, its
occurrence may be related to the exposure of the child, even
before birth, or even of his parents, to toxic substances, such
as tobacco [46]-[49]. Several studies indicate that children of
mothers who smoke during pregnancy have a higher risk of
developing some type of congenital malformation [46].
Significant associations were found between maternal
smoking during pregnancy and congenital malformations of
the cardiovascular, digestive, musculoskeletal and face and
neck systems [50].

In several studies, smoking during pregnancy has been
associated with orofacial clefts [4] [46] [47] [51]-[53].
However, most studies have failed to assess the relationship
between maternal smoking and specific phenotypes (for
example, bilateral clefts).

Reference [48] analyzed the association between
periconceptional maternal smoking, environmental exposure
to tobacco smoke and cleft lip with or without cleft palate
and cleft palate alone compared to babies without birth
defects. It was observed that periconceptional smoking was
associated with cleft lip/palate and more strongly associated
with bilateral cleft lip/palate. Intense maternal smoking
(more than 25 cigarettes/day) was associated with cleft lip
with or without cleft palate, cleft lip with or without bilateral
cleft palate and cleft palate with Pierre Robin sequence. This
study confirmed the modest association between smoking
and orofacial clefts [48].

Reference [50] found a significant positive association
between maternal smoking and malformations of several
systems, including the face and neck. The study showed that
the strength of association between maternal smoking and
malformations in the fetus is significantly related to the daily
amount of consumed cigarettes [46] [49] [54]-[57].
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Reference [58] investigated the association between SNPs
rs7525173, rs2236518 and 152493264 of the PRDM16 gene
and smoking, alcohol exposure and non-syndromic cleft lip
with/without cleft palate. The results showed that the
1s2236518 polymorphism in this gene, passive maternal
smoking (or not) and maternal alcohol consumption were
closely related to the occurrence of non-syndromic cleft
lip/palate [58].

On the other hand, a study in a Brazilian population found
no association between certain  polymorphisms,
environmental factors, and the appearance of a non-
syndromic oral cleft [1]. In this study, the use of tobacco and
alcohol during pregnancy was analyzed. There was no
evidence of association between the TGFA/Taq I
polymorphisms and the presence of clefts. There was also no
association  between  these  polymorphisms  and
environmental factors (alcohol and/or tobacco). However,
larger sampling would be needed to confirm these results.

Reference [59] investigated whether there is an association
between parental consanguinity and the occurrence of oral
cleft in their children. A positive association rate (2.68%)
was observed compared to the control group which showed
only 0.79% of association. The difference found between the
groups was statistically significant. The most frequent
degree of kinship in cases of consanguineous marriages, in
both groups, was among first cousins. The most frequent
types of clefts in children were cleft palate or cleft lip alone.
In the studied population, parental consanguinity was
associated with the occurrence of non-syndromic oral cleft
and can be considered an isolated risk factor in this
population.

According to Reference [60], some malformations are
clearly associated with more advanced maternal age.
However, the effect of older father age is still uncertain. The
aim of this study was to determine the extent to which
maternal and paternal age independently influence the risk
of having a child with an orofacial cleft. Separate analyses of
the mother's and father's age showed that older age was
associated with an increased risk of cleft lip with or without
cleft palate and cleft palate only. In a joint analysis, maternal
and paternal ages were associated with the risk of cleft lip
with or without cleft palate, but the contribution of each
depended on the age of the other parent. In the analysis of
cleft palate alone, the effect of maternal age disappeared,
leaving only paternal age as a risk factor. Both advanced
maternal and paternal ages were associated with cleft lip with
or without cleft palate. Higher paternal age, but not maternal
age, only increased the risk of cleft palate.

Reference [61] stated that previous studies [62]-[64]
suggested that preconception maternal occupational
exposure to solvents and pesticides increases the risk of oral
fissures in children. Little is known about the effect of
occupational exposure to metals, dust, gases, and vapors on
the development of oral clefts. The analysis of subgroups
stratified by gender showed a significantly increased risk for
male babies exposed to 'other solvents' and exposure to
mineral powder for female babies. The study showed that
maternal occupational exposure to pesticides and dust are
risk factors for oral fissures in children [61].
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E. Prevention

Folic acid is important in preventing neural tube defects,
however there is inconclusive evidence that supplementation
of folic acid before the start of pregnancy reduces the risk of
orofacial clefts. Reference [65] did not observed statistically
significant association between the use of folate and the risk
of isolated orofacial clefts. However, these researchers
reported a lower risk of orofacial clefts that occurred in
combination with other malformations, such as congenital
abnormalities of the heart, limbs, or urinary tract.

The American Academy of Pediatrics recommends that all
women of childbearing age consume 0.4 mg of folic acid
daily to avoid two types of serious and common birth defects
(spina bifida and anencephaly). Pre-conception folic acid
supplementation can also have a protective effect against
some types of cleft lip/palate [18].

Reference [66] examined the gene-environment interaction
between the C667T polymorphism of the MTHFR gene,
which encodes the methylenetetrahydrofolate reductase
enzyme, and folic acid in the etiology of orofacial clefts. The
results showed a reduced risk of cleft lip with or without cleft
palate, with the use of maternal folic acid and with
supplements containing folic acid. Maternal smoking
increased the risk of cleft lip with or without cleft palate. No
significant risks were observed in maternal or fetal
genotypes regarding the C677T polymorphism [66].

III. MALOCCLUSION

Balanced facial growth is essential for a harmonious, well-
proportioned face with normal occlusion. Understanding the
mechanisms involved in the growth and development of the
face provides the possibility of obtaining better results when
treating some facial dysmorphology [67].

Reference [68] stated, “(...) that the first maxillary molars
were the key to occlusion and that the maxillary and
mandibular molars should relate so that the mesiobuccal
cusp of the maxillary molar would occlude in the buccal
sulcus of the mandibular molar and the teeth were arranged
in a smooth occlusion curve, so a normal occlusion would
result” [69].

Malocclusion is not considered a disease, but rather a
morphological condition that affects the growth and
development of the facial bones and muscles. It can produce
changes both at the aesthetic level, in the teeth and face,
which can result in a distorted facial appearance, as well as
at the functional level, in the act of chewing, swallowing
food and phonation, and in an increased risk for trauma at the
dental level , thus compromising the patient's quality of life
[67].

Malocclusion can occur as a result of several factors and
be related to habits that are established in childhood [70]. For
Reference [67], malocclusion is a heterogeneous condition
with a multifactorial etiology, present in approximately 60-
70% of the population.

Based on the occlusal relationships of the first molars,
malocclusion was classified according to reference [68] into
three classes [69]:

Class I: Normal molar relationship, but with an incorrect
occlusion line due to poor dental positioning, rotations, or
other causes.
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Class II: Lower molar distally positioned in relation to the
upper molar.

Class III: Lower molar medially positioned in relation to
the upper molar.

Other types of malocclusion are also described in the
literature, such as the case of posterior crossbite, which is a
deviation from the ideal occlusion in the transversal plane,
and overbite and open bite, which are malocclusions in the
vertical plane.

Severe malocclusion is a change at the dental and skeletal
level, which can lead to a distorted facial appearance, limited
masticatory function, an increased risk of dental trauma,
compromising the individual's quality of life [11]. There are
several estimates of high frequency of malocclusions with
approximately one third of the population in need of
treatment [71].

A. Open Bite

Reference [72] determined open bite as a type of
malocclusion and different authors have established that it
occurs when the overbite is less than the normal overbite.
Depending on the location of the open bite, it can be a
posterior open bite or anterior open bite [73].

The posterior open bite can be defined as a failure in the
contact of the upper posterior teeth with the antagonists when
one is in centric occlusion and one has a normal overbite
[73].

Anterior open bite is defined as a negative vertical overlap
where there is no contact between the edges of the upper
incisor teeth and the lower incisor teeth [9] [74]. For
reference [75], anterior open bite can occur in the same way
with a class I, class II or class III skeletal pattern.

There is no consensus in the literature on the exact
definition of anterior open bite, although it appears that this
anomaly has distinct characteristics that are easily
recognized [76]. The anterior open bite is defined as non-
occlusal contact between the lower and upper incisors. The
incidence of anterior open bite varies between different
ethnicities and with dental age, with values between 1.5 and
11%.

According with reference [77], anterior open bite is a
multifactorial malocclusion that can be dentoalveolar,
skeletal or combined, observed in the vertical plane.

Dental open bite is characterized by presenting buccal
teeth, without alteration of the bone bases and does not
extend beyond the canine. It is usually found in the anterior
region, being associated with a normal craniofacial pattern,
proclaimed anterior teeth and finger sucking habits. Patients
have a normal facial morphology and a correct bone
relationship.

Skeletal open bite is characterized by hyper divergence in
the maxilla, with the lower facial third and increased vertical
dimension [73]. It is often related to the excessive growth of
the dentoalveolar complex in the vertical plane [78].

The treatment of an open bite can be exceedingly difficult
for orthodontists, as this change develops as a result of the
interaction of many etiological factors [79].

B. Genetic Factors Determining Open Bite

Like any other malocclusion, the anterior open bite can also
be the result of factors of hereditary origin that can act in the
orofacial tissues at the prenatal or postnatal level [73]. For
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Reference [77], it is possible that the anterior open bite is
influenced by genetic factors, since the genes that contribute
to the growth and development of bones, teeth and soft
tissues may be associated with the anterior open bite.

According with reference [11], several data sources
suggest that genetic factors contribute to the development of
malocclusions. There may be a moderate to high proportion
of inheritance (up to 60% contribution) for many dental and
facial features. On the other hand, overbite has 53% and
overjet 28% of genetic contribution, which suggests that
environmental factors have a greater contribution than
genetic factors.

As for malocclusions and facial deformations, genetics can
explain many of the variations seen in a population.
However, malocclusion is not determined by a monogenic
model, nor is it the case for many human diseases or
congenital malformations, among other characteristics of an
individual. On the contrary, these traits have complex or
multifactorial modes of inheritance, and are also influenced
by environmental factors [71].

C. Genes Involved in the Development of Soft Tissues

The genes encoding MMPs and TIMPs are expressed in
osteoblasts and are involved in bone development, molding,
and tissue remodeling, playing an especially important role
during organogenesis [77]. MMPs are a group of enzymes
responsible for the degradation and cleavage of most
proteins in the extracellular matrix during growth, being
inhibited by TIMPs [80].

Reference [77] concluded that the rs17576 polymorphism
of the MMPY gene (substitution of the amino acid glutamine
for arginine) is associated with the development of anterior
open bite. These authors showed that the GG genotype is a
protective factor for the development of anterior open bite.

Reference [81] demonstrated that the genetic alterations
that lead to variations in the type of muscle fibers, namely in
the masseter muscle, may be associated with malocclusions
and facial asymmetries.

Skeletal muscle cells produce many proteins that, when
combined, define the unique characteristics and functions of
muscle fiber tissues. The main protein responsible for the
speed of contraction of muscle fibers is the myosin heavy
chain (MHC), and four types of muscle fibers can be
described, type I, type IIA, type IIX and type I/II. In addition,
there are also skeletal muscle proteins such as a-actin-2 and
a-actin-3 (fast twitch fiber or type II). Studies have shown
that an increased vertical dimension is inversely related to
type II muscle fibers, that is, anterior open bite or increased
vertical dimension is associated with type I muscle fibers (of
slow contraction) that can be found in the masseter muscle
[82].

The genes encoding a-actin in all fibers were tested, with
ACTN?2 being expressed in all fibers and ACTN3 in fast-
twitch fibers (type II). There is a genetic variant, R577X, in
the gene coding for a-actin, which may be associated with
malocclusion in the sagittal and vertical plane. It was
observed that individuals with class I malocclusion had two
mutant copies (R 577X) and fewer type II muscle fibers [71].
Another gene involved in the development of tissues is the
AJUBA gene, a member of the family of proteins with the
LIM signal that contributes to the determination of the
prosthetic fate in the cell. In rats, the AJUBA gene was
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expressed early in development in the facial prominences
that give rise to the forehead, nose, maxilla, and mandible
[67]. In addition, the protein encoded by this gene regulates
the signaling cascade that controls embryonic development,
activating proliferation and differentiation. It also negatively
regulates the signaling pathway of the hypothalamus
responsible for controlling tissue size. Therefore, the result
of the study of reference [67] constitutes an affirmation of
the role of the AJUBA gene in facial variation and in the
eruption of primary dentition.

D. Genes Involved in Facial Bone Growth

Estrogens and androgens are key hormones for skeletal
growth and maturation and maintenance of bone mass. An
increase in estrogens/androgens promotes pubertal growth,
decreasing the formation of osteoclasts and increasing the
formation and proliferation of osteoblasts. The CYP19A41
gene encodes the aromatase enzyme (estrogen synthetase)
responsible for converting testosterone to estrogen. Single
nucleotide polymorphisms (SNPs) of this gene, could
influence the sagittal growth of the mandible. Thus, He ef al.
[83] tested this association in individuals with class I skeletal
malocclusion and concluded that the rs2470144 and
152445761 polymorphisms have a significant association
with the sagittal growth of the mandible.

Reference [82] observed a significant difference in the
growth of the mandible in the sagittal plane, when they
compared groups of Caucasian men with a genetic variation
in the CYP19A41 gene with groups of women who inherited
the same genetic variation. It was observed that the group of
men showed more significant differences in facial growth
than the group of women, suggesting that the variant of the
CYPI9A41 gene may be a multiethnic marker for the sagittal
growth of the male mandible.

Reference [82] also showed that individuals with
polymorphisms (Pro561Thr) in the growth hormone receptor
(GHR) coding gene, had differences in the length of the
mandibular branch (condyle-gonium) and variation in
skeletal growth. This study showed that the group that
presented this polymorphism had a significantly shorter
mandibular branch length than the group that did not have
this allelic variation.

Recent studies [84] have identified members of the TNF-a
family and their receptors, as essential regulators of
osteoclastogenesis. RANKL/RANK signaling regulates the
formation of osteoclasts including bone modeling and
remodeling. OPG protects the bone from excessive
resorption when it binds to RANKL, preventing it from
binding with RANK, forming the apposition and bone
reduction screening. These studies have shown that the
1s3826620 polymorphism of the RANK gene is associated
with the size of the mandibles.

E. Genes Involved in the Development or Eruption of Teeth

Failure in tooth eruption appears to have an autosomal
dominant inheritance with variable expressiveness that can
be seen mainly in permanent dentition, but there are also
examples in primary dentition. The appearance of this
phenotype in Y of all individuals in a family, helped to
investigate the mutations in the PTHRI gene. This gene is
found on chromosome 3, with more than 25 unique
mutations associated with failure in the eruption, and
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mutations that lead to premature protein synthesis stop
leading to protein truncation and consequent
haploinsufficiency [82].

In class I malocclusions, the SNP rs6504340 described in
the HOXB cluster was associated with late tooth eruptions
and occlusion irregularities [11].

F. Environmental Factors of Open Bite

Facial growth and craniofacial morphology are influenced
by genetic and environmental factors. Changes in the
intensity of growth and development of soft tissues and
muscle function can influence alveolar development, causing
malocclusion in the vertical plane [85].

Open bite, like any other malocclusion, is multifactorial
and results from the interaction of several etiological factors.
These factors can be divided into genetic and environmental
factors [9].

Environmental factors play an especially important role in
the development of a patient's morphofacial changes [84].
Among these factors there are functional etiological factors
such as deleterious mouth habits and mouth breathing. Other
factors that also influence are trauma and certain pathologies
[9].

The presence of some oral habits is one of the most
important factors involved in the development of
dentomaxillofacial anomalies. Habits are an acquired
practice that occurs through the frequent repetition of the
same act, which is initially done in a conscious way, but soon
becomes unconscious. Among the most common habits in
childhood, especially between 0 and 3 years of age, is
pacifier sucking followed by digital sucking [86]. All habits
involve an obstruction mechanics and a lack of contact that
causes the eruption to be prevented or that allows a supra-
eruption of the teeth [79].

The anterior open bite was associated with the continued
presence of non-nutritive sucking habits, mouth breathing
and lingual interposition [86].

G. Pacifier Sucking and Digital Sucking

Breastfeeding is seen as a determining factor in
craniofacial development, as it promotes intense exercise of
the orofacial muscles in addition to stimulating breathing,
swallowing, chewing and phonation [86]. But when for
different reasons breastfeeding is replaced by a baby bottle,
children do not perform the same exercise. They suppress
their physiological need for food, but not their natural need
to suck, which is why children begin to compensate with
pacifier sucking and digital sucking.

In childhood many children develop the habit of sucking
non-nutritious from a finger or a pacifier and in this period,
it is considered to have no effect on primary dentition in the
long run. If the habit persists when the eruption of permanent
teeth begins, it can probably result in a type of malocclusion,
specifically in the open bite [69].

According with reference [86], children who have the habit
of digital sucking or pacifier, as well as those with a low
breastfeeding rate are more susceptible to presenting an open
bite.

The use of the baby bottle causes a decrease in the work of
the jaw. The movements that are made are vacuum with the
tongue, cheeks and lips that cause the tongue to press the teat
of the bottle against the palate, thus generating a deeper
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palate. The buccal inclination of the upper incisors, their
separation from each other and the lingual inclination of the
lower incisors are characteristic of anterior open bite
malocclusion using pacifiers [9].

Regarding digital sucking, some children put their thumb
or other finger between their teeth resting passively, while
others actively suck. The duration, continuity and intensity
of the habit will result in the establishment of malocclusion
[73]. The finger is placed at an angle in the oral cavity which
causes it to occur in the same way as with the suction of the
pacifier. In addition, there may be variation of the affected
teeth according to the position as the finger is inserted into
the mouth.

H. Lingual Interposition

Lingual interposition is the most prevalent oral habit that
explains the occurrence of open bite [70]. During
swallowing, the wrong position of the tongue forward when
interposing between the anterior teeth may explain the
occurrence of an open bite [76].

Swallowing is not a learned habit, but a conscious act that
has two phases. Infant swallowing where the jaws are
separated, the lips have a muscular contraction and the
position of the tongue is between the gingival edges in
contact with the lower lip. Around 3 years of age, the mature
swallowing phase occurs. When children complete their
primary dentition, the teeth enter occlusion, the tip of the
tongue meets the incisor papilla and the labial musculature
remains passive during swallowing [9].

On the contrary, when an anterior open bite is present,
swallowing is not done in the same way, as it becomes more
difficult to close the lips to prevent liquid food from escaping
the oral cavity. That is why the tongue is placed between the
teeth and close to the lips making the sealing maneuver.

According to reference [76] the force of the lingual
interposition during swallowing can last for about 20
minutes a day, which is not enough to deviate the position of
the teeth. For reference [9], the factor to be considered is the
wrong position of the tongue when it is at rest, as it can
contribute to malocclusion. Although the strength is slight, it
remains between the teeth for a long period of time.

I Mouth Breathing and Muscle Tone

Some pathologies can trigger mouth breathing. Nasal
airway obstruction resulting from allergic rhinitis, adenoid
hyperplasia or hyper-spun palatine tonsils can trigger this
condition [76]. Reference [69] points out that to be able to
breathe through the mouth the patient must lower the jaw,
the tongue and extend the head back.

In turn, reference [9] explain, “(...) that children with
mouth breathing remain most of the time with their jaws in a
low position, in order to keep their mouths open, the tongue
in turn accompanies the jaw and, therefore, does not establish
contact with the palate as it should be in a resting position”.
Reference [87] argues that modern diets are nowadays
relatively milder than before, which resulted in a significant
reduction in the muscle forces used in chewing.

There is controversy about the relationship between the
muscles and the open bite. Bone formation is influenced by
facial muscles at their insertion points. When there is little
muscle activity, the plans may diverge and thus develop an
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open bite. Weak muscular forces supposedly lead to the
supra-eruption of the posterior buccal segment [76].

J. Trauma and Pathologies

The types of trauma that can affect occlusion are
dentoalveolar or skeletal-facial. In patients with primary
dentition, the forces involved in trauma can cause ankylosis
in the permanent dentition, resulting in an absent overbite,
that is, an open bite [76]. For reference [9], ankylosis
resulting from some type of lesion in the primary dentition
can cause tooth retention, delayed or ectopic eruption of the
permanent successor, thus leading to an open bite.

Condylar resorption is also identified as an etiological
factor of anterior open bite and many local or systemic
diseases can cause it, such as osteoarthritis, arthritis, reactive
arthritis, avascular necrosis, infections, and trauma.
Autoimmune diseases such as scleroderma, lupus
erythematosus, rheumatoid arthritis, Sjogren's syndrome,
ankylosing spondylitis and psoriatic arthritis can also be a
cause of anterior open bite.

IV. DISCUSSION AND CONCLUSION

The multifactorial character of orofacial congenital
malformations has been discussed and explored in numerous
studies [1] [2] [4] [6] [28] [39] [42] [46]-[48] [50]-[53]. In
most cases, genetic and environmental factors do not act as
isolated events and determinants of congenital
malformations. There is an association of such factors that
favors the development of congenital malformations, such as
cleft lip/palate [3] [16].

As previously discussed, cleft lip/palate have a complex
and multifaceted etiology, with the contribution of both
genetic and environmental factors, such as smoking during
pregnancy, second-hand smoke (or not) by the pregnant
woman, alcohol, parents advanced age, inbreeding, use
anticonvulsants and exposure to pesticides and harmful
products [4] [20] [48] [50] [58] [60] [88]-[93].

Regarding the genetic components involved in orofacial
malformations, the studies by references [2], [39], [28], [6]
and [42] corroborate their results because they present
scientific evidence based on significant populations.
However, studies by reference [1], showed different results,
where no evidence was found that the TGFA/Taq I
polymorphisms play a role in the gap in this population,
which suggests the need for a larger sample to confirm these
results.

Taking into account the environmental elements, a clear
influence was observed in the studies by references [46],
[47], [48], [51], [50], [52], [4] and [53], with smoking being
the most commonly found factor with strong scientific
evidence.

In view of the above, it is possible to conclude that
congenital malformations, such as cleft lip/palate in non-
syndromic patients, have a complex multifactorial etiology,
involving environmental and genetic factors. In the same
way, anterior open bite is a multifactorial trait and numerous
hypotheses have been proposed to explain this characteristic,
considering genetic and environmental factors.

The management of cleft lip/palate requires a
multidisciplinary approach involving medical surgical
interventions, nutritional monitoring, dental treatment, and
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speech and behavioral treatments. The ideal treatment is
difficult to find, due to the great variability of malformations
and the subjective response of each patient to therapy. The
anterior open bite is the most complicated of all
malocclusions. Various treatment modalities should be used
depending on their etiology. This topic is overly complex, so
in the future it should be the subject of more studies in order
to be able to give a better treatment to patients.
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