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Altered dentofacial morphology is an important risk factor of obstructive sleep apnea by compromising the upper airway volume. 
Maxillary and/or mandibular retrognathia, narrow maxilla, and long face are the most common craniofacial risk factors of sleep-
disordered breathing. The etiology of dentofacial variation and malocclusion is multifactorial, which includes the influence of genetic 
and environmental factors acting on the units of the craniofacial complex. There is very little evidence on the reverse relationship, 
where changes in malocclusion could affect gene expression. The advances in human genetics and molecular biology have contributed 
to the identification of relevant genetic markers associated with certain skeletal malocclusions and/or dental malformations. Since 
some studies have observed differences between siblings, between parents/children, and between monozygotic twin pairs, this 
evidence suggests a significant influence of environmental factors in the development of dentofacial structures. However, the skeletal 
craniofacial complex has been systematically documented to be more influenced by genetic factors than the dental malocclusion. The 
greater the genetic component, the lower the rate of success on the outcome of orthodontic treatment. The real therapy should be an 
eventual modification of the gene responsible for the malocclusion; however, this is yet a theoretical proposition. The identification 
of major genes and determination of their biochemical action to a particular jaw discrepancy is the first approach necessary for 
the search of a solution. Early detection of the consequences of abnormal craniofacial development and assessment of orthodontic 
practices may validate the treatments used and change the natural history of pediatric obstructive sleep apnea, thereby possibly 
preventing or delaying the development of sleep apnea in adulthood.
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INTRODUCTION

Altered dentofacial morphology represents a major risk 
factor for obstructive sleep apnea by reducing the upper 
airway volume. Malocclusions, such as maxillary and/or 
mandibular retrognathia, narrow maxilla, and long face are 
the most common craniofacial risk factors of sleep-disordered 
breathing.1,2 Malocclusion is the development of a complex 
trait condition and relationship between both dental arches, in 
which occlusion has deviated from what is defined as ideal or 
normal occlusion. Malocclusion should not be considered as 
abnormal or pathological, instead as a variation of occlusion in 
a continuous multifactorial trait.3–7 The etiology of dentofacial 
variation and malocclusion is multifactorial, which includes 
the influence of genetic and environmental factors acting on 
the units of the craniofacial complex, such as bone, teeth, and 
muscles.5,6,8–13 However, there is very little evidence on the 
reverse relationship, where changes in malocclusion could 
affect gene expression.

DENTOFACIAL MORPHOLOGY AND GENETICS

Although new technologies have allowed the development of 
genetic studies, treatment objectives and therapeutic methods 
have not yet considered the genetic differences between indi-
vidual patients.13 Among the reasons for this lack of progress 
are the limitations of genetic research on human populations 
and the different methods and concept of malocclusion used 

by researchers.3 Most studies on malocclusion use the Angle’s 
classification system, which is based simply on the dental occlu-
sion variation of permanent first molars. While routinely used 
in orthodontic practice, this classification presents various 
deficiencies because it does not consider other vertical and 
transversal dental occlusion, does not evaluate the relationship 
of the maxilla and mandible to the cranial base, and finally, 
does not consider the variation among individuals.3,14 However, 
due to the wide consensus upon Angle’s classification among 
researchers, the present manuscript will use this classification 
system to describe similar patterns of imbalance between the 
jaws, but will place the term “skeletal” in front of each type 
of malocclusion; Class I, Class II, and Class III. Although the 
prevalence of these skeletal malocclusions varies according to 
the age, race, and population studied, it has been described to 
be on average 60% Class I, 35% Class II, and 5% Class III in 
population of western European descent.15 In the United States, 
Class II is present in 15% and Class III in 1% of the popula-
tion.16,17 Regarding the two divisions of skeletal Class II, studies 
in Colombian and Iranian populations have showed that the 
prevalence of patients Class II, division 1 (14.9% to 24%) is 
higher than Class II, division 2 (3.4% to 5.9%).18,19

The recent advances in human genetics and molecular 
biology have contributed to the identification of relevant 
genetic markers associated with certain skeletal malocclu-
sions and/or dental malformations. Among many study 
designs used to understand the role of genetics on malocclu-
sion, there are studies on the skulls of ancient populations, 
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animal models and investigation within family members 
and twins.4,11,12,20–25 Since some of these studies have observed 
notable differences between siblings, between parents and 
children, and even between monozygotic twin pairs, this 
evidence suggests a significant influence of environmental 
factors in the development of dentofacial structures.5,6,26,27 
However, the skeletal craniofacial complex has been system-
atically documented to be more influenced by genetic factors 
than the dental malocclusion.20 Specific parts of the mandible, 
such as the lingual symphysis, the lateral surface of the ramus 
and the frontal curvature of the mandible have been described 
to be more susceptible to genetic control. On the other side, 
the antegonial notch of the mandible seems to be more influ-
enced by environmental factors.20,22 The anterior cranial base, 
mandibular body length, and total and lower face heights have 
demonstrated highly hereditary variations.25,28 More important 
than to determine the degree of importance of genetics versus 
environmental factors in the etiology of skeletal malocclusion, 
is to contemplate the effect of genotype-environment inter-
action (epigenetic) mechanisms on the multifactorial trait in 
humans. Although there is not an ideal method to study the 
genetics of a human trait, studies using complex segregation 
analysis are the first step to determine if familial aggregation 
of a given phenotype is due to polygenes, major genes, and/or 
environment factors.23

The objective of this manuscript is to provide a comprehen-
sive review of literature of the evidence for the genetic influence 
in the skeletal malocclusion. It is worth noting that the genetic 
determination on dentofacial morphology does not localize 
only in the bones, but it has also an influence in the neuro-
logical, muscular, and neuromuscular spheres, which have an 
indirect effect on the skeleton. Therefore, this review has also 
included studies on the genes affecting the muscular pattern 
of the masticatory complex. Although some dental malforma-
tions and syndromes have also been well documented to be 
associated with moderate to high hereditability, respectively, 
these two subjects will not be exploited in the present review. 
A systematic literature search was performed electronically 
in three databases (PubMed, Embase, and Medline) supple-
mented by a hand search and articles published from 1974 until 
March 2015. Search terms were combined as follows: genetics, 
genes, mutations, skeletal malocclusion, dental malocclusion.

Skeletal Class II, Division 1 Malocclusion
Skeletal Class II malocclusion, either division 1 or 2, is charac-
terized by a mandibular retrusion, a maxillary protrusion, or a 
combination of both.20,29 Patients Class II, division 1, can also 
present anterior upward or downward tipping of the maxilla, 
steep mandibular plane angle with or without increased lower 
face height, and a high prevalence of transverse maxillary defi-
ciency. The maxillary incisors have been reported to be normal 
or proclined, and the mandibular incisors can be in a normal, 
proclined, or even in a retroinclined position.15,17

Although studies have supported the concept of polygenic 
mode of inheritance for the skeletal Class II malocclusion, the 
environment has also been described to play an important role 
on this malocclusion.3 Adverse parafunctions, such as digital 
sucking, lip incompetence, protruding tongue, and nasal 

airway obstruction have been also associated with the induc-
tion of a clockwise rotation of the mandible and an overgrowth 
of the maxillary alveolar process in these patients.20,29–31

A small study of Colombian families with mandibular hypo-
plasia has suggested a gene candidate of this jaw size discrep-
ancy. The human NOGGIN genes are a modulator of the bone 
morphogenic protein and essential for various late events in 
mandibular development. This study has shown that all indi-
viduals affected with mandibular hypoplasia were homozy-
gous for the rare allele of the polymorphism rs1348322 within 
the NOG gene.32 Another group of genes that merits attention 
is the SNAIL family of zinc-finger transcription factors. These 
genes are important in epithelial to mesenchymal transitions 
and contribute to the formation of the mesoderm and the 
neural crest.33 The neural crest-specific deletion of Snai on 
a Snai2-/- background has been shown to cause craniofacial 
defects in mice, such as cleft palate and mandibular deficiency, 
indicating that these SNAIL genes may regulate the upper and 
lower jaw growth.34 Recently, da Fontoura et al.35 genotyped 
individuals with skeletal Class II for 198 single-nucleotide 
polymorphisms in 71 craniofacial genes and loci. They found 
that FGFR2 was associated with increased risk for Class II 
malocclusion when compared to the control group (Class I), 
while EDN1 was correlated with reduced risk.

Methods using the combination of principal component 
analysis and cluster analysis applied to data from cephalo-
metric radiographs have provided further insight into the 
characterization of Class II malocclusion phenotypes. Moreno 
Uribe et al.17 identified seven principal components of Class II 
that accounted for 81% of the variation, representing a vari-
ation on mandibular rotation, maxillary incisor angulation, 
and mandibular length. They identified, by cluster analyses, 
five distinct types of Class II phenotypes.17 This study, although 
descriptive, gives an important evidence of the different vari-
ation of Class II traits, which indicates a significant participa-
tion of the interaction of genotype and environment on the 
regulation of skeletal Class II malocclusions.

Skeletal Class II, Division 2 Malocclusion
The skeletal Class II, division 2 malocclusion is characterized 
by a distinct and consistent clinical phenotype, which includes 
a combination of retroinclined incisors, deep overbite, high 
lip line with a lower lip trap, and high activity of the mentalis 
muscle. These patients often present a counter-clockwise rota-
tion of mandibular development, prominence of the chin, and 
reduced lower face height.15,20 All the candidate genes for the 
mandibular retrognathism and deep-bite traits described in 
the anterior sections are associated as well with this type of 
division of Class II.

While some studies have described the mode of inherit-
ance of this type of malocclusion as autosomal dominant with 
incomplete penetrance and variable expressivity; a polygenic 
model with expression of a number of genetically determined 
morphological traits has also been correlated to the Class II, 
division 2.20 This malocclusion has also been associated with 
higher incidence of numerous congenital tooth anomalies, 
such as missing teeth, peg-shaped laterals, transpositions, 
supernumerary teeth, and canine impactions, suggesting that 
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genetic factors related to dental development may also play a 
role in the maxillomandibular size discrepancies.36

Skeletal Class III Malocclusion
Among all the types of sagittal skeletal discrepancies, the skel-
etal Class III is the malocclusion the most studied genetically. 
Class III malocclusion is caused by a deficiency of the maxilla 
growth, excessive mandibular growth, or a combination of 
both.20,23,29 It is characterized by a composite of a dentoskeletal 
pattern consisting of a forward positioning of the mandibular 
teeth in relation to the maxillary teeth and a concave profile.16 
The Habsburgs, one of Europe’s royal families is an example 
of Mendelian inheritance of mandibular prognathism, which 
was observed in several generations of this family, so-called 

“Hapsburg jaw.” Although some authors37 consider that the X 
chromosome might have some role in mandibular prognathism, 
some other studies have verified that this trait is not X-linked 
since both genders are equally affected.23 It has been observed 
for many years that mandibular prognathism and probably 
maxillary deficiency contains not only a genetic component, 
but also an the influence of environmental factors.38 The 
mandibular prognathism has been reported to be a multi-
factorial and polygenic trait, with a threshold for expression. 
A study with 2,562 members from 55 families with at least one 
member affected with the mandibular prognathism described 
an autosomal dominant mode of transmission with incom-
plete penetrance and a heritability of 0.316.23 Taken together, 
these findings suggest a dominant major gene associated with 
the expression of mandibular prognathism and an autosomal 
Mendelian mode of inheritance with the influence of other 
genes and environmental factors.23,39 However, another study 
using segregation analysis of Korean families affected with the 
mandibular prognathism suggested that the inherited suscept-
ibility to this malocclusion is caused by a combination of minor 
effects from a variety of different genes and/or environmental 
influence, rather than an autosomal Mendelian transmission 
of major genes.40

Interestingly, the study of Stahl et al.41 observed a higher 
prevalence of genetically determined dental anomalies such as 
increased molar bud distance, atypical position of tooth buds, 
congenital hypodontia, microdontia, delayed mineralization, 
delayed eruption, and atypical root shape in patients affected 
by mandibular prognathism than in other orthodontic patients.

The Class III malocclusion associated with mandibular 
height and prognathism has been described with the genes 
ADAMTS1, ARHGAP21, GHR, Matrilin-1, EPB41, TGFB3, 
LTBP2, MYO1H, and KAT6B, implying that molecular path-
ways involved in the development of bone (TGFB3, LTBP, 
KAT6B) and cartilage (GHR, Matrilin-1) may be implicated 
in mandibular size discrepancy.16,17,40,42–47 Other candidate 
genes, IGF1, HOXC,COL2A1, and DUSP6 have been associ-
ated not only for with mandibular prognathism, but also with 
maxillary deficiency.39,48,49 Da Fontoura et al.35 described the 
single-nucleotide polymorphisms in FGFR2 and COL1A1 as 
having a higher risk for skeletal Class III, and the TBX5 gene as 
a reduced risk for this malocclusion.

Studies using principal component analysis and cluster 
analysis have been used to generate comprehensive 

phenotypes and to identify the most homogeneous groups 
of Class III subjects. Moreno Uribe et al.16 have identified 6 
principal components that accounted for 81.2% of the vari-
ation, representing the variation of mandibular horizontal 
and vertical positions, maxillary horizontal position, and 
mandibular incisor angulation. In this study, the cluster model 
has identified 5 distinct subphenotypes of Class III malocclu-
sion.16 Another study, using the same multivariate method, 
has found similar findings; 5 clusters were identified with 
distinct subgroups of Class III malocclusion and the 5 prin-
cipal components derived from the data explained 67% of the 
malocclusion variation. Their results suggested that different 
genes might be implicated in controlling dimensions vs 
structures.38 These findings clearly demonstrated that Class 
III malocclusion exists in morphologically diverse patterns. 
Identifying these different phenotypes that can be related to 
different expressions of patient’s genotype may assist in future 
genetic analyses, such as genotyping and linkage studies.

Transversal Skeletal Malocclusion
The lack of transversal maxilla development and greater dental 
crowding have been associated with a polygenic multifactorial 
regulation and gene-environment interaction.20 Cutroneo 
et al.50 studied the integrin expression in masseter muscle 
specimens of severe Class III surgical patients with unilat-
eral posterior cross bite of two or more posterior teeth. They 
remarked that the amount of integrins was significantly lower 
in muscle of the crossbite side than that observed in their 
counterpart. Their finding suggested that integrins may play 
a key role in the regulation of the masseter functional activity 
and may allow the optimization of contractile forces of this 
muscle. Whether the loss of regulatory effects on gene expres-
sion of these proteins will have an impact on the development 
of skeletal crossbite remains to be determined.

Vertical Skeletal Malocclusion
Vertical skeletal malocclusions can be classified as skeletal 
open- or deep-bite, both presenting specific clinical charac-
teristics. Skeletal open-bite is often associated with a nega-
tive overbite, hyper-divergence of the mandibular and palatal 
planes, increased anterior facial height, augmented clockwise 
facial growth, and proclined incisors.51 The inverse features, 
such as an increased vertical overlap between the upper and 
lower incisors, short anterior lower face height, excessive 
forward rotation of the mandible, horizontal palatal plane and 
a large gonial angle characterize the skeletal deep-bite individ-
uals.15,52 The presence of open- or deep-bite in patients skeletal 
Class II and Class III are to some extent common.51,52

Two candidates genes, PAX5 and ABCA4-ARHGAP29, have 
been associated with the vertical discrepancies ranging from 
skeletal deep to open bite.35 Remarkably, the ARHGAP29 
gene has also been correlated with facial traits that are part of 
non-syndromic human cleft lip and/or palate.53

Genetic influences on the development of vertical malocclu-
sions include heritable effects on both masticatory muscles 
and jaw morphology. Short and thin masseter muscles of low 
volume have been associated with dolichocephalic character-
istics, such as open mandibular plane, a small posterior face 
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height and an increased gonial angle. Conversely, long and 
thick muscles of high volume were related to brachycephalic 
features.54 The effect of the muscle will depend on the muscle 
thickness and the distribution of type I and II fibers.26 Another 
example on how the masticatory muscle activity can influence 
skeletal structures is the development of open-bite malocclu-
sion in patients with muscular dystrophy. Inversely, increases 
in the size and proportion of fast-contracting type II fibers 
in masticatory muscle has been shown to play an important 
influence on the development of skeletal deep-bite malocclu-
sion. In fact, Huh et al.9 have shown that genes for HDAC4 
and KAT6B that regulate histone acetylation to modify chro-
matin accessibility and transcription were both expressed at 
levels several fold greater in the deep-bite muscle and Class 
III malocclusion than in the open-bite muscle and Class 
II. According to Desh et al.40 the association of KAT6B with 
mandibular prognathism can be correlated to its activation of 
the osteogenic transcription factor RUNX2, which is essen-
tial to bone growth and maintenance. Although they have 
also found a correlation of RUNX2 expression with masseter 
muscle type II fibre, the role of this protein in adult mature 
muscle remains to be elucidated.

Another study of Zebrick et al.8 demonstrated that the 
ACTN3 is a gene that influences muscle performance and fiber 
type proportions. A common nonsense mutation, R577X iden-
tified in the ACTN3 gene, results in a lack of alpha-actinin-3 
protein expression. The loss of this protein has been shown 
to lead to smaller type II fiber diameters in masseter muscles 
and an increased expression of ENPP1, a negative regulator 
of mineralization. It has been demonstrated that the muta-
tion ACTN3 R577X is overrepresented in patients with skel-
etal Class II malocclusion, while its underrepresentation is 
observed in subjects with deep bite malocclusion, suggesting a 
biological influence during bone development and that muscle 
differences contribute to the vertical facial variation.

Interestingly, the vertical skeletal malocclusions have been 
associated with certain genetically determined dental anom-
alies. A study on the prevalence of palatally displaced maxil-
lary canines observed a significant occurrence in patients 
with deep-bite and the hypodivergent phenotype, three times 
greater than in control subjects. No association with any other 
type of sagittal skeletal malocclusion has been identified. These 
authors concluded that a genetic component is associated with 
the aetiology of the palatal displacement of maxillary canines.55 
Another study on amelogenesis imperfecta (AI) has reported 
a frequent association with the skeletal open-bite malocclu-
sion.56 These authors have shown that the homozygous carriers 
of enamelin (ENAM) mutation presented not only this dental 
anomaly, but also a Class II open-bite malocclusion. While 
some may believe that the coexistence of AI and open-bite 
malocclusion is the result of AI genes influencing the growth 
of the craniofacial skeleton, others may defend that dolicho-
cephalic feature might be the result of the influence of modi-
fying genes and/or environmental factors. Further studies are 
necessary to clarify whether the frequency occurrence of these 
dental disturbances in patients with vertical skeletal malocclu-
sions is a mere coincidence or if there is in fact, a genetically 
aetiological association between these disorders.

Sagittal Skeletal Malocclusion
Certain proteins encoded by specific genes may indirectly play a 
role in the development of skeletal malocclusions. For example, 
the myosin heavy chain (MYH) is an important contractile 
protein that is encoded by a group of genes consisting of I (slow) 
IIa, IIb, IIx (fast), extraocular, embryonic, and neonatal genes. 
Under stress, such as when the masseter muscle is stretched 
or compressed following orthognathic surgery for Class II and 
Class III, respectively, the MYH expression in the fibre is able 
to change from one phenotype into another. Breuel et al.57 have 
showed significant difference in the levels of MYH8, MYH1, 
and FOXO3a between Class II patients and Class III patients, 
six months after orthognathic surgery. Most Class II subjects 
presented with continuing masseter atrophy following surgery 
and a delayed conversion of the type of fibre with the length-
ening of the mandible. This evidence suggests that the genetic 
response to the neuromuscular adaptation of the masticatory 
muscle could explain the high relapse of the malocclusion 
following orthosurgery treatment.

ROLE OF EPIGENETICS ON MALOCCLUSION

The epigenetic regulation has been suggested to play a funda-
mental role in the entire masticatory musculoskeletal complex 
during the development of a malocclusion.9 A better under-
standing of epigenetic factors and the mechanisms that 
determine gene expression is essential to clarify how genetic 
influences contribute to growth and to the diversity of facial 
phenotypes.

Among potential genes implicated in growth development, 
the homeobox genes are known to play a role in patterning 
embryonic development and considered to be the master genes 
of the head and face.5,58 Transcription factors, such as Hox 
group, muscle segment (Msx1 and Msx2), dustakkess (Dlx), 
orthodontical (Otx), goosecoid (Gsc), and sonic hedgehog 
(Shh) are responsible for activating or suppressing gene expres-
sion, which in conjunction with other genes, activate a cascade 
of events leading to the control of patterning and morpho-
genesis.59 Two major family groups of regulatory proteins, 
mesenchymal growth factors, bone morphogenetic proteins 
and the steroid/thyroid/retinoic acid, are vehicles through 
which the information of these genes is expressed. These mech-
anisms are of particular interest in research of craniofacial 
biology and development because they allow a better under-
standing of the process involved in jaw size discrepancies and/
or dysmorphogenesis.

While it is undeniable that some facial structures, such as 
the basic form of the mandibular body, the location of the nasal 
capsule, the size of the teeth and the arch shape are under direct 
genetic influence,5,24 it has been largely recognized that the 
growth and the final morphology of the dentofacial structures 
is determined by the impact of the environmental factors.5,26 
In fact, the craniofacial size and shape are determined by 
a complex interaction of both genetic and environmental 
factors and the maxillary and mandibular discrepancies are a 
distinctive niche on this gene-environment dynamic spectrum. 
A typical example of this genetic-environment interaction is 
the soft tissue. Although its morphology has been considered 
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to be primarily genetically determined, its behavior is influ-
enced by both genetic and environment factors. For example, 
the environmental factors disrupt resting oral posture, which 
in turn, increases the vertical skeletal growth leading to a 
dental malocclusion. Occlusal characteristics are primarily 
defined by inherited muscle patterns, including the muscle 
patterns of the tongue.26 The occlusion and skeletal alterations 
are of multifactorial etiology,10 and the relative contributions 
of genetic and environmental may explain the phenotypic vari-
ation. Some believe that the phenotypic occlusal variations are 
mostly caused by environmental differences rather than due to 
the polygenic mode of inheritance, although there is no strong 
evidence for this.6,60

A study of Fraga et al.27 involving a large cohort of mono-
zygotic twins examined the global and locus specific differ-
ences in their DNA methylation and histone acetylation. They 
observed that while young twins were epigenetically indistin-
guishable on the early years of life, older twins demonstrated 
remarkable differences in DNA methylation and histone modi-
fication, showing an important impact on their gene expres-
sion. These epigenetic markers were more evident in older 
monozygotic twins who had different lifestyles and have spent 
less of their lives together, evidencing the significant role of 
environmental factors in translating a common genotype into 
a diverse phenotype. Evident to say that studies in the epigen-
etic field are essential to allow us to have a better understanding 
of how different phenotypes of skeletal Class II and Class III, as 
earlier described, can originate from the same genotype.

The polygenic systems may have the capacity to protect 
developmental processes against any hostile environmental 
influence. However, when a substitution of deleterious genes 
decreases this protection beyond the level where environmental 
factors may be counterweighed, a skeletal developmental defect 
might result, such as cleft lip and palate and facial asymmetry.5 
A developmental disarrangement between these genetic-en-
vironmental interactions may explain not only craniofacial 
abnormalities, but also can help us to better comprehend the 
regulation of maxillary, mandibular and tooth morphologies.

CLINICAL APPLICATIONS AND CONCLUSION

Preliminary studies suggest that orthodontic treatments may 
be effective for pediatric obstructive sleep apnea,61–63 thereby 
possibly reducing the incidence later in adulthood: up to 70% 
of adults with sleep apnea snored during childhood.64 Orth-
odontic therapy can successfully treat skeletal jaw discrepan-
cies by modifying the direction of dentofacial growth25 and 
therefore, changing the phenotype of a specific morphoge-
netic pattern. However, the treatment success rate depends 
on several factors, including the contribution of gene-envi-
ronmental interaction to the malocclusion and the capacity 
of the orthodontic and orthopaedic appliances to modify the 
skeletal pattern. Still, it is unknown whether it is possible to 
influence the skeletal bases beyond their genetically predeter-
mined potential.22,65 The greater the genetic component, the 
lower the rate of success on the outcome of orthodontic treat-
ment. For example, if the cause of a severe mandibular prog-
nathism is primary genetic, the treatment is considered to be 

only palliative and an orthognathic surgery is required. The 
real therapy should be an eventual modification of the gene 
responsible for the mandibular prognathism, however this is 
yet a theoretical proposition. Nevertheless, the identification of 
major genes and determination of their biochemical action to 
a particular jaw discrepancy is the first approach necessary for 
the search of a solution.3

Further studies with randomized clinical trials on longi-
tudinal cohorts of patients treated with different treatment 
approaches and also, genetic mapping and statistical tech-
niques to family and twin data are the pathways to clarify 
the interaction of genotype and environment on the maxillo-
mandibular discrepancies.12 If a precise skeletal malocclusion 
is influenced mostly by environmental factors, the objective 
would be then to identify the mainly cause and intercept the 
harmful influence on the normal development of the dento-
facial structures.21,31 However, the challenge remains on how 
to determine the contribution of genetic and environmental 
factors in a specific skeletal malocclusion.

Early detection of the consequences of abnormal cranio-
facial development and assessment of orthodontic practices 
will validate the treatments used, establish practice param-
eters, and change the natural history of pediatric obstructive 
sleep apnea, thereby possibly preventing or delaying the 
development of sleep apnea in adulthood. With the advent of 
diagnostic techniques in the field of molecular genetics, the 
orthodontic treatment may take on a completely new direction. 
Such technological advances may open doors for the develop-
ment of molecular approach to develop better strategies for the 
diagnostic, prevention and facilitate treatment modalities.65,66
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