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Abstract
Class III malocclusion is believed to be a polygenic disorder that results from an interaction between
susceptibility genes and environmental factors. Recent studies and advances in genetic sciences allowed
the orthodontists to better understand the effects of genetics on the etiology of Class III malocclusion.
Knowing the relative impact of genetic and environmental factors would greatly enhance the clinician’s
ability to treat malocclusions successfully. This article includes the current data on the association
between Class III malocclusion and genetics, as a review of the etiological factors of skeletal anomalies
from the genetic point of view.
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1. Introduction
The pioneering work of Gregor Mendel has initiated an interest in the field of genetics in the
19th century and afterwards genetics has been an important part of the studies carried in both
biological and medical sciences [1]. Since the genetic proof is directly related to the diagnosis
of familial dentofacial problems, modern orthodontists need to be aware of the basis of the
genetic sciences, recent advances in the genetic researches and their application in the
orthodontic practice. Once the genetic factors are determined and isolated, the clinician may
clearly ascertain and distinguish the environmental factors and carry out the treatment plan
according to etiology. Therefore, it is an inevitability to clearly outline the association between
genetics and orthodontics.
It has been known for many years that skeletal Class III malocclusion has a significant genetic
component. To date, many investigations have focused on understanding the genetic factors
that underlie Class III malocclusion and on determining how these genetic factors might
influence the response of patients to orthodontic treatment. The objectives of this review were
to discuss the impact of heredity on the development of Class III malocclusion and to
introduce the cause and the consequence relationships between genetics and Class III
malocclusion.
2. Etiology and prevalence of class III malocclusion
According to Angle’s classification, Class III malocclusion is defined in cases that mandibular
first molar is positioned mesially relative to the first molar of maxilla [2]. It can be skeletal or
dentoalveolar. Skeletal manifestations can be due to prognathism or macrognathia,
retrognathism or micrognathia, or a combination of mandibular and maxillary discrepancies.
A wide range of environmental factors have been proposed as contributing to the development
of Class-III malocclusion. Among those are enlarged tonsil, difficulty in nasal breathing,
congenital anatomic defects, disease of the pituitary gland, hormonal disturbances, a habit of
protruding the mandible, posture, trauma and disease, premature loss of the sixth-year molar
and irregular eruption of permanent incisors or loss of deciduous incisors [3]. Other factors
include the size and relative positions of the cranial base, maxilla and mandible, the position of
the temporomandibular articulation and any displacement of the lower jaw also affect both the
sagittal and vertical relationships of the jaw and teeth [4]. The position of the foramen magnum
and spinal column and habitual head position5 may also influence the eventual facial pattern.
The prevalence of Class III malocclusion has been described between 1% to over 10%,
depending on ethnic background, sex and age of the sample as well as the diagnostic criteria
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used. Previous studies have investigated the various skeletal
types of Class III malocclusion. Sanborn [5] distinguished 4
skeletal groups in adults with Class III malocclusion: 45.2%
with mandibular protrusion, 33.0% with maxillary retrusion,
9.5% with a combination of both, and 9.5% with normal
relationship. Similarly, Jacobson et al. [6] found that the
highest percentage of adults with Class III malocclusion had
mandibular protrusion with a normal maxilla (49%), 26% had
maxillary retrusion with a normal mandible, and 14% had
normal protrusion of both jaws. In contrast, Ellis and
McNamara [7] found a combination of maxillary retrusion and
mandibular protrusion to be the most common skeletal
relationship (30%), followed by maxillary retrusion (19.5%)
and mandibular protrusion only (19.1%). In a sample of 50
adults with Class III malocclusion who subsequently had
surgical correction, all had some mandibular prognathism;
22% also had an excessive mandible, and 14% also had a
retrognathic maxilla [8]
3. Mode of inheritance in class III malocclusion
Skeletal Class III malocclusion clearly has a significant
genetic component. Familial studies of mandibular
prognathism are suggestive of heredity in the etiology of this
condition and several inheritance models have been proposed.
The inheritance of phenotypic features in mandibular
prognathism was first reported by Strohmayer [9] and then by
Wolff et al. [10] in their analysis of the pedigree of the
Hapsburg family. Suzuki [11] studied offspring of parents with
mandibular prognathism, and reported a frequency of 31% of
this condition if the father was affected, 18% if the mother
was affected and 40% if both parents were affected. Nakasima
et al. [12] assessed the role of heredity in the development of
Angle’s Class II and Class III malocclusions and showed high
correlation coefficient values between parents and their
offspring in the Class II and Class III groups. However, the
role of cranial base, the midfacial complex and the mandible
in the development of class III malocclusion has not been
clarified yet.
Saunders et al. [13] compared parents with offspring and
siblings and demonstrated a high level of significant
correlations between first-degree relatives. Byard et al. [14]
analyzed family resemblance and found high transmissibility
for components related to cranial size and facial height. Lobb
[15]
suggested that the shape of the mandible and cranial base
are more variable than the maxilla or cranium. Nikolova16, in
his study showed a greater paternal influence for head height
and nose height. Manfredi et al. [17] found strong genetic
control in vertical parameters and in mandibular structure in
twins.
In addition, Johannsdottir [18] showed great heritability for the
position of the lower jaw, the anterior and posterior face
heights, and the cranial base dimensions. Heritability of
craniofacial morphology has also been investigated among
siblings; from parents to twins or from parents to off-spring in
longitudinal studies. Horowitz et al. [19] demonstrated a
significant hereditary component for the anterior cranial base,
mandibular body length, lower facial height and total face
height. Fernex et al. [20] found that the sizes of the skeletal
facial structures were transmitted with more frequency from
mothers to sons than from mothers to daughters. Hunter et al.
[21]
reported a strong genetic correlation between fathers and
children, especially in mandibular dimensions. Nakata et al.
[22]
demonstrated high heritability for 8 cephalometrics
variables and reported that the father–offspring relationship
was stronger than the mother–offspring relationship.

4. Role of genes in expression of class III malocclusion
Condylar cartilage is an important site of growth in the
mandible and it forms part of the temporomandibular joint as
well. The condylar cartilage is categorized as secondary
cartilage, which has distinct biological characteristics, and is
considered to support the growth of the mandibular bone.
Mechanical loading or functional stimuli might influence the
responses of the condylar cartilage and the subsequent growth
of the mandible. Experimental generation of Class III
malocclusion in monkeys has been attributed to an increased
rate of condylar growth. Therefore, McNamara and Carlson
[23]
hypothesized that the cartilage of the mandibular condyle
is responsive to biophysical environmental changes, and it is
highly likely that Class III malocclusion might be precipitated
under these biomechanical conditions by the inheritance of
genes that predispose to a Class III phenotype. A number of
reports have documented the influence of various genes that
are involved in the regulation of mandibular morphogenesis.
Recent research has focused on the expression of specific
growth factors or other signalling molecules that are involved
in condylar growth. Growth factors and cytokines are local
mediators and can be secreted in response to mechanical
strain. These mediators regulate cell proliferation and the
expression of differentiation products by activating signal
transduction pathways in the target cells. In an experimental
model of enhanced condylar growth, Rabie et al. [24] indicated
that forward positioning of the mandible triggered the
expression of Ihh and Pthlh, which promote mesenchymal cell
differentiation and proliferation, respectively, and that these
proteins acted as mediators of mechano-transduction to
promote increased growth of the cartilage. In another rat
model, the expression of IGF-1 increased significantly when
the mandible was repositioned by means of a propulsive
appliance.In addition, growth factors such as Vegf and
transcription factors such as the sex determining region Y
(SRY)-box 9 (Sox9) and runt related transcription factor 2
(Runx2) play important roles in the differentiation of
chondrocytes in the growth plate under conditions of
mechanical loading or exposure to other stimuli. The genes
that have been concerned in condylar growth by studies in the
mouse might aid as potential candidates to increase our
understanding of Class III malocclusion in humans. The
discovery of candidate genes provides the possibility to
identify genes that confer susceptibility to this phenotype. In
the search for susceptibility genes that are involved in Class
III malocclusion, polymorphisms in the afore mentioned
genes and the genes for the molecules that they regulate will
be prime targets.
5. Linkage analysis and association study of class III
malocclusion
5.1 Linkage analysis
Linkage analysis is performed to determine the chromosomal
loci that might harbour genes associated with a particular
disease or phonotype. The helps to identify a genetic marker
that is inherited by all family members that are affected by the
disorder or trait, but is not inherited by any of the unaffected
family members [25]. During linkage analysis, the segregation
of chromosomal regions that are marked by genetic variants is
followed in affected families to identify regions that cosegregate with the disorder or trait. However, this approach
can only provide an approximate location of the gene of
interest relative to a genetic marker, and further association
studies are needed to identify the susceptibility genes. The
results of genome-wide linkage analyses have suggested
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several chromosomal regions that might harbour susceptibility
genes for Class III malocclusion.
Yamaguchi et al. [26] were the first to map susceptibility loci
to chromosomes 1p36, 6q25, and 19p13.2 in affected sibling
pairs from Korean and Japanese families. Recently, another
genome-wide study, which was carried out in four Hispanic
families from a Colombian background, revealed five
suggestive loci, namely 1p22.1, 3q26.2, 11q22, 12q13.13, and
12q23 [27]. Therefore, there is support for the existence of
susceptibility loci on chromosome 1. The region 1p36
harbours positional candidate genes of interest, which include
heparan sulfate proteoglycan 2 (HSPG2), matrilin 1, cartilage
matrix protein (MATN1), and alkaline phosphatase (ALPL).
Recently, it has been reported that HSPG2 is related to the
formation of cartilage and to craniofacial abnormalities28, and
Matn1 and Alpl are considered to be markers for the
formation of cartilage and bone, respectively.
Furthermore, in studies of craniofacial growth in mice, loci
on murine chromosomes 10 and 11 were determined to be
responsible for mandibular length, and these correspond to the
human chromosomal regions 12q21 and 2p13, respectively
[29]
. This comparative result supports the hypothesis that the
regions 12q23 and 12q13 are relevant to craniofacial
development and might be linked to the Class III phenotype.
Candidate genes of interest are located within these regions,
which include the homeobox region (HOX3), IGF-1, and the
collagen, type II, alpha 1 (COL2A1) gene. The HOX genes
are believed to be pivotal in craniofacial development IGF-1
has been proven to be involved in the proliferative activity of
condylar cartilage; and Col2a1 encodes type II collagen in
cartilage and is important for craniofacial growth. Therefore,
studies have proposed that the major gene(s) that are
responsible for Class III malocclusion might be located at
chromosomal loci 1p36, 12q23, and 12q13.

known that the human genome contains many millions of
SNPs, which can either cause changes in the phenotype
directly or might tag nearby mutations that influence variation
among individuals and susceptibility to specific phenotypes.
Such GWASs allow researchers to sample 100 000 or more
SNPs from each subject to capture the variation across the
genome [34]. With the completion of the human genome
project (HGP) in 2003, the pace of GWAS has been
accelerated by several developments in science and
technology: the availability of sequence data from the HGP;
improved bioinformatic and statistical tools for handling large
volumes of data [35], and high-throughput genotyping
platforms [36].

5.2 Association study
The aim of association study is to identify differences in the
frequencies of genetic variants between ethnically matched
cases and controls to find variants that are associated strongly
with the disease [30]. If a variant is more common in cases than
in controls, an association can be inferred. Such studies
require relatively large sample sizes and phenotypes that are
defined accurately. Association study can be based on
candidate genes or can be genome-wide and free of
hypotheses [31].They can be used to resolve and refine the
candidate interval further [32]. Research on a Japanese
population showed that polymorphisms of the gene growth
hormone receptor (GHR) are associated with mandibular
height. Zhou et al. [33] reported a similar conclusion from
research on a Chinese population, but there is no direct
evidence that shows an association with Class III
malocclusion. In a case–control association study that
included 158 people with mandibular prognathism, genotyped
106 single nucleotide polymorphisms (SNPs) on 1p36 across
an 8.6-Mb critical interval and four candidate genes. The
results of the study suggested that the EPB41 gene might be a
new positional candidate gene that is involved in
susceptibility to mandibular prognathism.
Genome-wide association study (GWAS) uses statistical tools
that are comparable to those used in association studies based
on candidate genes. However, instead of depending on
candidate genes that are selected on the basis of previous
knowledge of the disorder or phenotype, GWAS involves an
unbiased scan of the whole genome and therefore is more
probable to reveal genetic and physiological connections. It is

7. References
1. Cakan DG, Ulkur F, Taner TU. The genetic basis of
facial skeletal characteristics and its relation with
orthodontics. European journal of dentistry. 2012;
6(3):340.
2. Profit WR, Fields HW. Contemporary orthodontics, 4th
edition, St. Louis. The CV. Mosby Co, 2000
3. Pascoe JJ, Haywardr JR, Costich ER. Mandibular
prognathism: Its etiology and a classification. J Oral Surg
1960; 18:21-4.
4. Hopkin GB, Houston WJB, James GA. The cranial base
as an etiological basis of malocclusion. Angle Orthod.
1986; 89:302-11.
5. Sanborn RT. Differences between the facial skeletal
patterns of Class III malocclusion and normal occlusion.
Angle Orthod 1955; 25:208-22.
6. Jacobson A, Evans WG, Preston CB, Sadowsky PL.
Mandibular prognathism. American journal of
orthodontics. 1974; 66(2):140-71.
7. Ellis E 3rd, McNamara JA Jr. Components of adult Class
III malocclusion. J Oral Maxillofac Surg 1984; 42:295305.
8. Mackay F, Jones JA, Thompson R, Simpson W.
Craniofacial form in Class III cases. Br J Orthod 1992;
19:15-20.
9. Strohmayer W. Die Vereburg des Hapsburger
Familientypus. Nova Acta Leopoldina. 1937; 5:219-296.
10. Wolff G, Wienker TF, Sander H. On the genetics of
mandibular prognathism: analysis of large European
noble families. Journal of medical genetics. 1993;

6. Conclusion
Complicating factors for the diagnosis and treatment of Class
III malocclusion is its etiologic diversity. Although the
etiology is believed to be multifactorial, vast data is available
now has paved towards a molecular diagnosis of
malocclusion. Progress in molecular biology has made it
possible to recognize different genes that are involved in
mandibular growth. A number of genes have been described
as key regulatory factors that contribute to condylar growth
under mechanical strain, and these genes could play a major
role in the development of Class III malocclusion. As we are
entering a nano era, with techniques like linkage analysis and
association studies, it is now possible to identify the causative
genes responsible for this phenotype. It has been suggested
that a better understanding of the genetic variables that
contribute to the Class III phenotype is necessary to develop
new preventive strategies for the condition. These promising
approaches could allow the clinician to select early courses of
dentofacial and orthodontic treatments that are aimed at
preventing the development of Class III malocclusion.

~ 278 ~

International Journal of Applied Dental Sciences

http://www.oraljournal.com

30(2):112-6.
11. Suzuki S. Studies on the so-called reverse occlusion. J
Nihon Univ Sch Dent. 1961; 3:51-58.
12. Nakasima A, Ichinose M, Nakata S, Takahama Y.
Hereditary factors in the craniofacial morphology of
Angle‘s Class II and Class III malocclusions. Am J
Orthod. 1982; 82:150-156.
13. Saunders SR, Popovich F, Thompson GW. A family
study of craniofacial dimensions in the Burlington
Growth Centre sample. Am J Orthod. 1980; 78:394-403.
14. Byard PJ, Poosha DV, Satyanarayana M, Rao DC.
Family resemblance for components of craniofacial size
and shape. J Craniofac Genet Dev Biol. 1985; 5:229-238.
15. Lobb WK. Craniofacial morphology and occlusal
variation in monozygotic and dizygotic twins. Angle
Orthod. 1987; 57:219-233.
16. Nikolova M. Similarities in anthropometrical traits of
children and their parents in a Bulgarian population.
Annals of human genetics. 1996; 60(6):517-25.
17. Manfredi C, Martina R, Grossi GB, Giuliani M.
Heritability of 39 orthodontic cephalometric parameters
on MZ, DZ twins and MN-paired singletons. Am J
Orthod Dentofacial Orthop. 1997; 111:44-51.
18. Johannsdottir B, Thorarinsson F, Thordarson A,
Magnusson
TE.
Heritability
of
craniofacial
characteristics between parents and offspring estimated
from lateral cephalograms. American journal of
orthodontics and dentofacial orthopedics. 2005;
127(2):200-7.
19. Horowitz S. Osborne R. De George F. A cephalometric
study of craniofacial variation in adults twins. Angle
Orthod. 1960; 30:1–5. Fernex E. Hauenstein P. Roche M.
Heredity and craniofacial morphology. Transactionns of
the European Orthodontic society. 1967, 239-257.
20. Hunter W, Ballouch D, Lamphier D. The heritability of
attained growth in the human face. Am J of Orthod.
1970; 58:128-134.
21. Nakata N, Yu PI, Davis B, Nance WE. The use of genetic
data in the prediction of craniofacial dimensions. Am J
Orthod. 1973; 63:471-480.
22. McNamara JJ, Carlson DS. Quantitative analysis of
temporomandibular joint adaptations to protrusive
function. Am J Orthod 1979; 76:593-611.
23. Tang GH, Rabie AB, Hagg U. Indian hedgehog: a
mechanotransduction mediator in condylar cartilage. J
Dent Res 2004; 83:434-8.
24. Griffiths AJF, Miller JH, Suzuki DT, Lewontin RC,
Gelbart WM. An Introduction to Genetic Analysis, 5th
edn. New York: W.H. Freeman and Company, 1993.
25. Yamaguchi T, Park SB, Narita A, Maki K, Inoue I.
Genome-widelinkage
analysis
of
mandibular
prognathism in Korean and Japanese patients. J Dent Res
2005; 84:255-9.
26. Frazier-Bowers S, Rincon-Rodriguez R, Zhou J,
Alexander K, Lange E. Evidence of linkage in a Hispanic
cohort with a Class III dentofacial phenotype. J Dent Res
2009; 88:56-60.
27. Hu JC, Simmer JP. Developmental biology and genetics
of dental malformations. Orthod Craniofac Res 2007;
10:45-52.
28. Vieille-Grosjean I, Hunt P, Gulisano M, Boncinelli E,
Thorogood P. Branchial HOX gene expression and
human craniofacial development. Dev Biol 1997; 183:4960.
29. Garofalo S, Vuorio E, Metsaranta M, Rosati R, Toman D,

30.
31.

32.

33.
34.

35.
36.

~ 279 ~

Vaughan J et al. Reduced amounts of cartilage collagen
fibrils and growth plate anomalies in transgenic mice
harboring a glycine-tocysteine mutation in the mouse
type II procollagen alpha 1-chain gene. Proc Natl Acad
Sci USA 1991; 88:9648-52.
Risch N, Merikangas K. The future of genetic studies of
complex human diseases. Science 1996; 273:1516-7.
Yamaguchi T, Maki K, Shibasaki Y. Growth hormone
receptor gene variant and mandibular height in the
normal Japanese population. Am J Orthod Dentofacial
Orthop 2001; 119:650-3.
Zhou J, Lu Y, Gao XH, Chen YC, Lu JJ, Bai YX et al.
The growth hormone receptor gene is associated with
mandibular height in a Chinese population. J Dent Res
2005; 84:1052-6.
International Hap Map Consortium. A haplotype map of
the human genome. Nature. 2005; 7063:1299-320.
De La Vega FM, Isaac HI, Scafe CR. A tool for selecting
SNPs for association studies based on observed linkage
disequilibrium patterns. Pac Symp Biocomput 2006;
11:487-98.
Yang WS, Nakaya J. Statistical applications for SNPs
analysis. Chem-Bio Inform J. 2006; 6:255-68.
Syvanen AC. Toward genome-wide SNP genotyping. Nat
Genet. 2005; 37:S5-10.

