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This would undoubtedly change the way clinicians
choose therapeutic modalities in the future.
The significance of genetics in malocclusion has
been known for centuries and has always been a
topic of great debate and some controversy. Lundstrom3 and others4-10 examined the question of ‘nature versus nurture’ and found that both influenced
the development of malocclusion to some extent,
with genetics accounting for up to 50% of malocclusion. In a recent study, Normando et al11 suggested
that genetics plays the most important role and
prevails over environment on dental malocclusion
etiology. Those findings, however, were different
from many studies of European-derived population
groups. Regardless of whether an environmental
versus genetic component prevails, as a result of the
Human Genome Project we have witnessed an explosion of molecular advances that is influencing a
paradigm shift toward a genetic etiology for many
developmental problems, including those that are
craniofacial. In this article, we will explore the relationship between genetics and malocclusion from
both the historical and contemporary perspectives.

Scientists are rapidly developing and employing diagnostic tests in medical diagnosis based on
genomic, proteomics and metabolomics to better
predict the patients’ responses to targeted therapy.
This field termed ‘personalized medicine’ combines
human genome, information technology, and biotechnology with nanotechnology to provide treatment based on individual variation versus population trends.1,2 Similarly, within the last 30 years, orthodontists have seen the introduction of modern
appliance designs, digital records, advanced imaging
capabilities, and the integration of soft tissue esthetics into diagnosis and treatment planning. It is relatively easy to see how these introductions have advanced the specialty. However, when considering the
influence of genetics on contemporary orthodontics,
the advances are perhaps not as obvious. The views
presented here are based on the central tenet that
applying genetic knowledge to the field of orthodontics will augment the current differential diagnosis
of malocclusion, permitting recognition of different
types of malocclusion that are etiologically discrete
and so might respond to treatment in different ways.
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Future Directions in Clinical
Orthodontics and Genetics
Currently the diagnosis and treatment of most
types of malocclusion is fraught with inconsistencies concerning the timing, duration and type of
treatment. For example, the decision of whether to
treat early a patient with Class III malocclusion, with
growth modification, camouflage orthodontically or
prescribe a surgical approach can often present a dilemma for both the clinician and patient. The appropriate choice of treatment is often limited by the specific ‘subtype’ of Class III malocclusion presented,
with reverse pull headgear or a chin cup being contraindicated in certain patients. Therefore, the first
and most critical step in the application of genetics
to clinical orthodontics must be to develop a comprehensive and detailed phenotypic categorization,
which can subsequently be correlated with results
from genotyping experiments.
Within the spectrum of orthodontic problems
that are suspected to have a genetic etiology, Class
III malocclusion provides a good example of a malocclusion that orthodontists acknowledge as genetic in origin. However, the knowledge that Class
III malocclusions in many cases possess a genetic
etiology does not lessen the challenge in diagnosis
and treatment planning. The questions of ‘when
and how’ to treat are still problematic. This is due
in part to a more general problem in clinical orthodontics; specifically that much of the diagnostic
process, particularly that based on cephalometric
analysis is quite controversial.12 To address some
of the gaps in knowledge and understanding, one
attractive proposal would be to develop a system
whereby an objective and detailed characterization of malocclusion into specific subtypes (beyond
Angle’s classification) that could be correlated with
specific haplotypes. Using Class III malocclusion
as a model for this exercise, the range of the Class
III phenotype should be carefully characterized
first delineating, for example, between individuals
with a Class III relationship as measured by some
antero-posterior (AP) determinants such as ANB
and overjet, versus those who have a vertical component, such as downward and backward rotation
of the mandible masking the AP problem. Clearly
many different subtypes exist and may include
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variation in location and severity of the component
distortions. Once these ‘subtypes’ of Class III can
be fully characterized they can then be compiled to
determine how the phenotypic subtypes (sub-phenotypes) are inherited within families.
The question is: ‘Is there a gene for mandibular
prognathism?’ Almost certainly multiple genes interact in the development of this condition, just as
they do for other aspects of growth. Studies have
shown that discrete genetic locations are associated with Class III malocclusion, specifically mandibular prognathism13 and maxillary deficiency.14
Another more recent study15 found that a genetic
variation of the protein Myosin (Type I) contributes to mandibular prognathism, which suggests
that muscle function might have a more important role than previously thought in the development and deviations of the bone structures of the
craniofacial complex. In addition, it is quite likely
that the expression of genes is different depending on the subtype of this problem. Today’s researchers have at their disposal many techniques
to successfully map genes, and the success of these
methods in identifying the genetic basis of congenitally missing teeth is impressive.16 A similar strategy can be applied toward unraveling the genetic
basis of mandibular prognathism. Mouse studies
already have shown that distinct quantitative trait
loci (QTL) determine the shape of the mandible.17
As it becomes clearer what genes are involved in
excessive mandibular growth, it is highly likely
that genetic analysis will contribute to our knowledge of how to manage this problem. Knowledge
of the type of craniofacial growth associated with
specific genetic variations could help greatly with
both the type and timing of orthodontic and surgical treatment.18
Studies in tooth eruption also provide compelling evidence of a genetic etiology in malocclusion,
specifically eruption disorders. Molecular studies
have revealed that eruption is in fact, a tightly coordinated process, regulated by a series of signaling
events between the dental follicle and the alveolar
bone.19 A disruption in this process can occur as
part of a syndrome or as a non-syndromic disorder
(isolated or familial) ranging from delayed eruption20 to a complete failure of the primary eruption
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current practitioners. Considerable restructuring
of dental school curricula will need to take place,
and the emergence of a new dental specialty is anticipated.24 Keys to successful treatment outcomes
include knowing how different patients respond to
various treatment modalities, and how the natural history of many skeletal and connective tissue
disorders impact short and long-term orthodontic
treatment outcomes. In the more distant future,
linkage studies that lead to the identification of
specific genetic mutations responsible for certain
malocclusion will form the basis for future studies
that create specific drug targets to correct discrepancies in facial growth. With the rapid progress
made in human molecular genetics and the knowledge gained from the HapMap and Human Genome
Projects, we can envision a time when specific haplotypes are linked to distinct sub-phenotypes such
as those seen in Class III malocclusion. If we can
successfully categorize individuals based on subtypes, then we can start to propose sensible experiments or clinical trials to identify appropriately
targeted clinical treatment (i.e. personalized medicine in orthodontics). Further, genetic screening
tools whereby a saliva or buccal cell (cheek swab)
sample is taken at the initial records visit can be
used for diagnosis and to predict predispositions to
iatrogenic consequences in patients. In any case, as
the field of orthodontics continues to develop technologically and philosophically, we can expect that
advances in diagnosis and treatment planning are
eminent and inevitable.

mechanism itself.21,22 Recently, reports of genetic
alterations in the parathyroid hormone receptor 1
(PTH1R) gene19,23 further confirmed the molecular
basis of tooth eruption; a mutation in the PTH1R
gene results in a striking failure of eruption that
is hereditary (typically observed as a posterior lateral open bite). This finding is significant for many
reasons including: (1) as non-syndromic eruption
disturbances are difficult to distinguish from one
another (i.e. ankylosis versus PFE or primary retention versus PFE), the knowledge of a genetic cause
for some eruption disturbances will undoubtedly
help delineate between the diagnoses of eruption
disorders stemming from a local versus systemic
cause; and (2) establishment of a genetic cause for
eruption problems will facilitate a more accurate
diagnosis and hence appropriate clinical management of the problem. That is, awareness of an eruption failure due to a genetic mutation in a given patient is certainly an indication that treatment with
a continuous archwire should be avoided, as it will
only worsen the lateral open bite.22
The deciphering and analysis of the human genome signal the inception of a new era of genebased medicine. During the next several decades,
many of the current materials and methods may
be abandoned in favor of emerging bioengineered
technologies, genetically programmed for the prevention and treatment of oral disease as well as for
the repair of damaged dental tissues. The development and implementation of these innovative dental therapies will require intensive education of
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