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Introduction: Genetics has been suggested as an explanation for the etiology of malocclusions, although some ques-
tions, due to the perception that genetic inheritance is tied to a monogenic or Mendelian form of inheritance.

Objective: This paper describes the inheritance of malocclusions, highlighting the areas of knowledge where research 
has explored mechanisms that explain deviations in patterns of craniofacial growth.

Conclusion: Malocclusions have a complex or multifactorial pattern of inheritance, where more than one gene is in-
volved in the development of the phenotype. There is also the possibility that the environment influences malocclusions.  
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Introdução: a genética tem sido proposta como uma explicação para a ocorrência das más oclusões, mas isso é questio-
nável, pois a percepção do significado de herança genética está vinculada à herança mendeliana ou monogênica.

Objetivo: o presente artigo visa discorrer sobre a herança das más oclusões e ressaltar as áreas do conhecimento nas quais 
a pesquisa tem explorado mecanismos que explicam a ocorrência de desvios do padrão de crescimento facial.

Conclusão: as más oclusões têm um padrão de herança complexo ou multifatorial, no qual mais de um gene está envolvido 
no desenvolvimento do fenótipo. Isso quer dizer que existe, também, uma potencial influência do ambiente nas más oclusões. 

Palavras-chave: Genética. Miosinas. Estatura. Má oclusão. Genômica.
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INTRODUCTION
Estimations of the frequency of malocclusions ex-

ist for many countries, and in general they are high, 
with approximately one third of the population need-
ing treatment.1

Malocclusion is not a disease, but a condition de-
fined as a series of deviations that in some cases im-
pact quality of life. There is no evidence that orth-
odontic treatment improves oral health or function, 
but the treatment is justified by the potential social 
and psychological improvement that a change in ap-
pearance can bring.2 

There is interest in understanding how malocclu-
sions develop. Many investigators approach the ques-
tion exploring a mechanistic hypothesis. Defining 
growth trajectories may help understand expected 
patterns, but does not provide an explanation for why 
such events occur. Exploring individual susceptibil-
ity to malocclusion will allow for determining why 
some individuals have more deviations in craniofacial 
growth. In this paper, inheritance patterns of maloc-
clusion will be discussed.

 
MALOCCLUSIONS HAVE 
MULTIFACTORIAL INHERITANCE

The suggestion that malocclusion has a genetic 
component comes from observations of mandibu-
lar prognathism (frequently associated with An-
gle’s Class  III) segregating in families. Probably the 
best-known example is the House of Habsburg, 
which produced emperors and kings of Bohemia 
(current Czech Republic), England, Germany, Hun-
gary, Croatia, Illyria (a region of  Austria), the Mexi-
can second empire, Ireland, Portugal, Spain, and sev-
eral administrators and principalities of Denmark and 
Italy (Fig 1).3 Since many cases of mandibular prog-
nathism aggregate in families, there is the percep-
tion that it follows an autosomal dominant Mende-
lian mode of inheritance (monogenic or single gene). 
The perception that one gene with a main effect leads 
to mandibular prognathism4 motivated linkage5-8 
and association9-17 studies under the hypothesis that a 
strong genetic effect can be identified even with rela-
tively small sample sizes (definitions of linkage and 
association studies are provided at the end of this ar-
ticle). These results are inconsistent, suggesting that 
monogenic inheritance and a gene with a major effect 

are not the best explanation for the majority of cases 
of malocclusion. Currently, it is understood that in-
heritance of mandibular prognathism and malocclu-
sions in general is multifactorial or complex, which 
means that more than one gene (instead of just one) 
contribute to the establishment of malocclusion, and 
these genes can be influenced by the environment. 
Like for other conditions, there are exceptions, and 
a major gene effect with autosomal dominant inheri-
tance may be possible.

AN UNCONVENTIONAL MYOSIN
Knowing that malocclusion is influenced by more 

than one gene and that these cases are clinically het-
erogeneous, it was first proposed to approach the 
question by studying clinically well-characterized 
cases18. Profile photos were obtained from all study 
participants, showing soft tissue relationships (con-
cave or convex) and cephalometric measurements, 

Figure 1 - Profile view of Carlos V of Spain and Germany at 17 years of age. 
His family included 13 lineages of European royalty and 409 documented 
individuals,33 with 321 with mandibular prognathism varying from mild to se-
vere. Analyses of this family suggested that mandibular prognathism has an 
autosomal dominant mode of inheritance, and cases that did not fit well may 
be due to consanguinity. In some cases, the prognathism escaped a genera-
tion and penetrance was estimated at 0.88.
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to classify individuals in orthognathic versus progna-
thic. More specifically, it was focused on measure-
ments of Steiner, ANB, Wits and the Downs A-B 
plane. According to the Steiner analysis, the ANB 
angle smaller than 2 degrees indicates that the man-
dible is positioned ahead of the maxilla. Were evalu-
ated the individuals with ANB values smaller than 2 
degrees to determine if the discrepancy is due to the 
maxilla being smaller than average. Such cases were 
not considered true prognathic individuals, but cases 
with a normal size mandible apparently protruded 
due to anteroposterior maxillary deficiency. The 
Wits values were also assessed, which indicates an-
teroposterior relationships according to intracranial 
references. A negative Wits value indicates a skeletal 
Class III, and the lower the Wits value, the more se-
vere the case of Class III. A Downs A-B plane with 
an angle of 4.6 or higher indicates a skeletal Class III, 
although this measurement is more severe when the 
individual has a more accentuated pogonium. Ad-
ditional clinical criteria for Class III were included, 
such as Class III relationships of molars and canines, 
and negative overjet.

In a study with north-American families of 
Hispanic origin that showed an autosomal domi-
nant pattern of mandibular prognathism, five loci 
(chromosomal regions) were identified as being 
linked to mandibular prognathism due to maxillary 

deficiency:  1p22.1,  3q26.2, 11q22, 12q13.13, and 
12q2319 [each chromosome has a short  (“p” for “pe-
tit”) and a long arm (“q” for “queue”), and each arm 
is divided into cytogenetic bands, which are called 
p1, p2, p3, q1, q2, q3 etc., counted from the centro-
mere to the telomere]. When these five regions were 
studied, it was found an association with MYO1H in 
12q23 in north-Americans.18 MYO1H is a unconven-
tional myosin and the present results were indepen-
dently replicated in a group of Brazilian patients with 
prognathism without maxillary discrepancy,20 and in 
prognathic individuals from Midwestern regions in 
the United States.21 The  mutation of a proline to a 
leucine in the position 1001 of the MYO1H protein 
can be a functional variant in humans and orthologs 
(similar DNA sequence in distinct species, suggesting 
they had a common ancestor) of myo1h in zebrafish 
(Danio rerio) are expressed in the mandible,22 suggest-
ing a function during development. This accumulated 
evidence suggests that MYO1H may be a predictor for 
the establishment of prognathism, and may help in de-
termining which patients respond better to treatment. 

SPRINTERS VERSUS MARATHON RUNNERS
The idea that craniofacial deformities and maloc-

clusions can be influenced by factors not directly re-
lated to the skeletal basis in intriguing. Motivated by 
the results with MYO1H, genes that code for skeletal 

Figure 2 - Frequency of ACTN3 R577X geno-
types in track and field Olympic athletes that are 
sprinters versus long distance runners.23 The XX 
genotype is more common in long distance run-
ners. The frequency of X is also more common in 
Class II individuals and less common in individu-
als with deep bite.24
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muscle alpha-actin were tested: ACTN2, which is ex-
pressed in all muscle fibers, and ACTN3, which is ex-
pressed in fast-twitch fibers (type 2). The frequency of 
a genetic variant in particular, the mutation R577X, 
is increased in people who run longer distances, and 
decreased in sprint runners (Fig 2).23 When associa-
tions were tested for genetic variation in the genes that 
code for alpha-actin and sagittal and vertical defini-
tions of malocclusion, it was found that skeletal Class 
II individuals more frequently had two copies of 577X 
and less number of type 2 fast-twitch muscle fibers in the 
masseter.24 This evidence suggests that the function of the 
connective tissue, in particular muscles, has a role in the 
establishment and severity of skeletal deformities. 

FACIAL ASYMMETRY
A perception of symmetry between the two sides 

of the face defines attractiveness. Deviations of this 
harmony, which are referred to as asymmetry, bring 
discomfort and low self-esteem. In general, the right 
and left sides of the face mirror each other, and keep-
ing symmetry is apparently important for midline 
definition. The lefty proteins are responsible for in-
terrupting body symmetry to allow the normal po-
sitioning of the heart, lungs, and stomach.25 In the 
face, a similar event of expression of lefty occurs on 
the left side only, which has not been identified on 
the right side,26 and this difference may explain, at 

least in part, why clefts affect the lip twice as much 
on the left side.27 Similarly, facial asymmetry is typi-
cally found on the left side.28

When individuals who have undergone orthog-
nathic surgery to correct craniofacial deformities 
were studied, four types of asymmetry were detected: 
asymmetry of the body of the mandible, asymmetry 
of the ramus of the mandible, atypical asymmetry, 
and C-shaped asymmetry (Fig 3).29 Genetic varia-
tion in ESR1 and ENPP1, which are genes involved 
in bone mineralization and that were associated with 
Class II and Class III, respectively,30 may influence 
facial formation in cases of asymmetry.29 ENPP1 is 
also associated with mandibular condyle shape varia-
tion.31 Individuals with asymmetry of the body of 
the mandible more often showed genetic variation in 
ENPP1, when compared to other types of asymme-
try (Fig 3). People with atypical asymmetries or C-
shaped asymmetry more often had variation in ESR1. 
Maybe, what is most relevant is that only 3% of the 
cases considered symmetrical had temporomandibu-
lar joint disorder, in comparison to 78% of people 
with asymmetries described in Figure 3. The  chal-
lenge continues to identify which individuals benefit 
from orthognathic surgery. About 7% of patients 
end with their temporomandibular joint dysfunction 
worsened after orthognathic surgery, and most of 
them were individuals without asymmetry.

Figure 3 - Asymmetries studied by Chung et al.29: A) asymmetry of the body of the mandible, B) asymmetry of the ramus of the mandible, C) atypical asymmetry, 
and (D) C-shaped asymmetry.
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ORTHODONTIC TOOTH MOVEMENT
The initial response to the compressive forces in-

volve activation of genes that control angiogenesis, 
inflammation, osteoblast formation, and extracelu-
lar matrix remodeling.32 The osteopontine protein 
is thought to be a potential biomarker to predict the 
result of orthodontic treatment, due to its role in 
bone and periodontal remodeling.33 This idea can 
be proposed to all aspects discussed thus far. Genetic 
variation, or variation in the control of gene expres-
sion may help predict the results of treatment and un-
desirable consequences, such as temporomandibular 
joint dysfunction. Research in Orthodontics, explor-
ing individual susceptibility, and the combination of 
technology that allows exploring genomic and epig-
enomic roles may help to determine the function of 
the connective tissue on the establishment of the skel-
etal basis of the face, and to anticipate the results of 
interventions in the patterns of growth. More specific 
cases, such as the amount of external root resorption 
secondary to orthodontic tooth movement and varia-
tion in the speed each patient supports orthodontic 
tooth movement without negative consequences are 
also the focus of genetic evaluations in the future.

FINAL CONSIDERATION
Genetics explains a great deal of variation seen in 

the population when facial deformities and malocclu-
sions are considered. However, genetics is not syn-
onymous of a deterministic concept in which a single 
gene, segregating in families, determines malocclu-
sion. These monogenic models explain very few cases 
of malocclusion and the other human diseases, as well 
as traits such as height, weight, amount of sugar in 
the circulating blood, blood pressure, intelligence, 
behavior, and sexual orientation. All these traits, as 
well as the majority of human diseases and congeni-
tal defects, have complex or multifactorial modes of 
inheritance, which can be influenced by the environ-
ment, and determine the presence of the majority of 
traits and diseases. 
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Glossary
» Association: Observational study that tests in indi-

viduals if a particular genetic variant is more frequent than 
another one, depending on the person being affected by 
the disease or being a carrier of a trait of interest.

» Linkage: The tendency that genes and other ge-
netic markers are inherited together, since they are 
physically close on the same chromosome.



© 2019 Dental Press Journal of Orthodontics Dental Press J Orthod. 2019 Mar-Apr;24(2):92-797

Vieira AR special article

1. Bilgic F, Gelgor IE, Celebi AA. Malocclusion prevalence and orthodontic 

treatment need in central Anatolian adolescents compared to European 

and other nations’ adolescents. Dental Press J Orthod 2015;20(6):75-81.

2. Shaw W. Dentofacial irregularities. In: Pine C, editor. Community Oral 

Health. London: Elsevier Science Limited; 2002. p. 104-11.

3. Wolff G, Wienker TF, Sander H. On the genetics of mandibular 

prognathism: analysis of large European noble families. J Med Genet. 

1993;30(2):112-6.

4. Cruz RM, Krieger H, Ferreira R, Mah J, Hartsfield J Jr, Oliveira S. Major 

gene and multifactorial inheritance of mandibular prognathism. Am J Med 

Genet A. 2008;146(1):71-7.

5. Yamaguchi T, Park SB, Narita A, Maki K, Inoue I. Genome-wide linkage 

analysis of mandibular prognathism in Korean and Japanese patients. 

J Dent Res. 2005;84(3):255-9.

6. Li Q, Zhang F, Li X, Chen F. Genome scan for locus involved in mandibular 

prognathism in pedigrees from China. PLoS ONE. 2010;5(9):e12678.

7. Li Q, Li X, Zhang F, Chen F. The identification of a novel locus for 

mandibular prognathism in the Han Chinese population. J Dent Res. 

2011;90(1):53-7.

8. Cruz RM, Hartsfield JK Jr, Falcāo-Alencar G, Koller DL, Pereira RW, Mah J, 

et al. Exclusion of Class III malocclusion candidate loci in Brazilian families. 

J Dent Res. 2011;90(10):1202-5.

9. Rodrigues JB, Araújo S, Guedes-Pinto H, San Roman F, Viegas C, Bastos E. 

Analysis of new Matrilin-1 gene variants in a case-control study related to 

dental malocclusions in Equus asinus. Gene. 2013;522(1):70-4.

10. Xue F, Rabie AB, Luo G. Analysis of the association of COL2A1 and IGF-1 

with mandibular prognathism in a Chinese population. Orthod Craniofac 

Res. 2014;17(3):144-9.

11. Signer-Hasler H, Neuditschko M, Koch C, Froidervaux S, Flury C, Burger D, 

et al. A chromosomal region on ECA13 is associated with maxillary 

prognathism in horses. PLoS One. 2014;9(1):e86607.

12. Bayram S, Basciftci FA, Kurar E. Relationship between P561T and C422F 

polymorphisms in growth hormone receptor gene and mandibular 

prognathism. Angle Orthod. 2014;84(5):803-9.

13. Ikuno K, Kajii TS, Oka A, Inoko H, Ishikawa H, Iida J. Microsatellite 

genome-wide association study for mandibular prognathism. Am J Orthod 

Dentofacial Orthop. 2014;145(6):757-62.

14. Perillo L, Monsurrò A, Bonci E, Torella A, Mutarelli M, Nigto V. Genetic 

association of ARHGAP21 gene variant with mandibular prognathism. 

J Dent Res. 2015;94(4):569-76.

15. Guan X, Song Y, Ott J, Zhang Y, Li C, Xin T, Li Z, Gan Y, Li J, Zhou S, Zhou 

Y. The ADAMTS1 gene is associated with familial mandibular prognathism. 

J Dent Res. 2015;94(9):1196-201.

16. Xiong X, Li S, Cai Y, Chen F. Targeted sequencing in FGF/FGFR genes and 

association analysis of variants for mandibular prognathism. Medicine 

(Baltimore). 2017;96(25):e7240.

17. Saito F, Kajii TS, Oka A, Ikuno K, Iida J. Genome-wide association study for 

mandibular prognathism using microsatellite and pooled DNA method. 

Am J Orthod Dentofacial Orthop. 2017;152(3):382-8.

REFERENCES

18. Tassopoulou-Fishell M, Deeley K, Harvey EM, Sciote J, Vieira AR. Genetic 

variation in myosin 1H contributes to mandibular prognathism. Am J 

Orthod Dentofacial Orthop. 2012;141(1):51-9.

19. Frazier-Bowers S, Rincon-Rodriquez R, Zhou J, Alexander K, Lange E. 

Evidence of linkage in a Hispanic cohort with a Class III dentofacial 

phenotype. J Dent Res. 2009 Jan;88(1):56-60.

20. Cruz CV, Mattos CT, Maia JC, Granjeiro JM, Reis MF, Mucha JN, et al. 

Genetic polymorphisms underlying the skeletal Class III phenotype. Am J 

Orthod Dentofacial Orthop. 2017;151(4):700-7.

21. Fontoura CSG, Miller SF, Wehby GL, Amendt BA, Holton NE, Southard TE, 

et al. Candidate gene analyses of skeletal variation in malocclusion. 

J Dent Res. 2015;94(7):913-20.

22. Sun R, Wang Y, Jin M, Chen L, Cao Y, Chen F. Identification and 

functional studies of MYO1H for mandibular prognathism. J Dent Res. 

2018;97(3):1501-9.

23. Yang N, MacArthur DG, Gulbin JP, Hahn AG, Beggs AH, Easteal S, et al. 

ACTN3 genotype is associated with human elite athletic performance. 

Am J Hum Genet. 2003;73(3):627-31.

24. Zebrick B, Teeramongkolgul T, Nicot R, Horton MJ, Raoul G, 

Ferri J, et al. ACTN3 R577X genotypes associate with Class II and 

deepbite malocclusions. Am J Orthod Dentofacial Orthop. 2014 

Nov;146(5):603-11.

25. Chen C, Shen MM. Two modes by which lefty proteins inhibit nodal 

signaling. Curr Biol. 2004;14(7):618-24.

26. Boorman CJ, Shimeld SM. The evolution of left- right asymmetry in 

chordates. Bioessays. 2002;24(11):1004-11.

27. Vieira AR. Genetic and environmental factors in human cleft lip and 

palate. Front Oral Biol. 2012;16:19-31.

28. Hafezi F, Javdani A, Naghiibzadeh B, Ashtiani AK. Laterality and left-

sidedness in the nose, face, and body: a new finding. Plast Reconstr Surg 

Glob Open. 2017;5(12):e1590.

29. Chung K, Richards T, Nicot R, Vieira AR, Cruz CV, Rauol G, et al. ENPP1 

and ESR1 genotypes associated with subclassifications of craniofacial 

asymmetry and severity of temporomandibular disorders. Am J Orthod 

Dentofacial Orthop. 2017 Nov;152(5):631-45.

30. Nicot R, Vieira AR, Raoul G, Delmotte C, Ferri J, Sciote JJ. Role of ENPP1 

and ESR1 genotypes in the TMD of patients with dentofacial deformities. 

J Craniomaxillofac Surg. 2016;44(9):1226-37.

31. Constant M, Nicot R, Vieira AR, Raoul G, Sciote JJ, Ferri J. Condylar 

geometry variation is associated with ENPP1 variant in a population 

of patients with dento-facial deformities. J Craniomaxillofac Surg. 

2017;45(6):826-30.

32. Schröder A, Bauer K, Spanier G, Proff P, Wolf M, Kirschneck C. Expression 

kinetics of human periodontal ligament fibroblasts in the early phases of 

orthodontic tooth movement. J Orofac Orthop. 2018;79(5):337-51.

33. Wolff G, Wienker TF, Sander H. On the genetics of mandibular 

prognathism: analysis of large European noble families. J Med Genet. 

1993;30(2):112-6.


