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Abstract

Objectives: The aim of this literature systematic review was to evaluate the possible association between malocclu-
sions, orthodontic treatment and development of temporomandibular disorders.

Material and Methods: A search was carried out on PubMed-Medline database from January 2000 to August 2013
using the keywords “orthodontics and temporomandibular disorders”, “orthodontics and facial pain” and “maloc-
clusion and temporomandibular disorders”. Human studies included in the study were those assessing signs and
symptoms of temporomandibular disorders in relation to orthodontic treatment.

Results: The search strategy resulted in 61 articles. After selection according to the inclusion/exclusion criteria 9
articles qualified for the final analysis. The articles which linked orthodontics and development of temporomandi-
bular disorders showed very discrepant results. Some indicated that orthodontic treatment could improve signs and
symptoms of temporomandibular disorders, but none of them obtained statistically significant differences.
Conclusions: According to the authors examined, there is no evidence for a cause-effect relationship between or-
thodontic treatment and temporomandibular disorders, or that such treatment might improve or prevent them. More
longitudinal studies are needed to verify any possible interrelationship.

Key words: Malocclusion and temporomandibular disorders, orthodontics and facial pain, orthodontics and tem-
poromandibular disorders, temporomandibular disorders, temporomandibular dysfunction.
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Introduction

The American Association of Dental Research (AADR)
recognizes that temporomandibular disorders (TMD)
encompass a group of musculoskeletal and neuromus-
cular conditions that involve the temporomandibular
joints, the masticatory muscles, and all associated tis-
sues. They also are frequently associated with acute or
persistent pain, and the patients often suffer some other
painful disorders (comorbidities). In the chronic forms
of TMD, pain may cause work absenteeism or some de-
gree of impairment, resulting in an overall reduction in
the quality of life (1).

TMD are considered multifactorial etiology conditions
involving trauma, anatomical, pathophysiological, and
psychosocial factors (2,3). The role of morphological
and functional occlusion in their development has been
matter of debate for a long time. Occlusal interferences,
class II or III malocclusions, anterior open bite, exces-
sive overjet or posterior crossbite have been related to
TMD. Furthermore, orthodontic treatment as a contri-
buting factor for the development of TMD has been the
subject of many studies, (4) especially after the Michi-
gan Court in 1987, when an orthodontist was damned
to pay a $850,000 compensation to a patient as he was
considered main responsible of the TMD developed af-
ter the orthodontic treatment (5). Nevertheless, this topic
still remains under discussion. Arguments against the or-
thodontic treatment are usually based on the deleterious
effects on stomatognathic function such as occlusal in-
terferences, consequences of the use of intermaxillary
elastics, extraoral forces or functional appliances. On
the other hand, several studies demonstrate no relation
between orthodontics and TMD (6).

Signs and symptoms of TMD are relatively common on
adolescents as several longitudinal studies have shown that
clinical signs of TMD increase with age, appearing espe-
cially during the second decade of life (7,8). However, they
are inconsistent over the course of time, showing both im-
provement and impairment on an individual basis.
Moreover, approximately 30% of western European
children and adolescents seek orthodontic treatment (9),
thus the consideration of orthodontics as a risk factor
for the development of TMD may stand in a time-rela-
ted coincidence. Even though, some evidence has been
presented against orthodontics, the relationship between
TMD and orthodontic treatment is still unclear. The
cause-effect relationship between TMD and orthodon-
tic treatment is difficult to demonstrate because of the
incidence of TMD among people of an early age (7) and
therefore they could show signs and symptoms of TMD
either before, during or after orthodontic treatment.

The aim of this systematic literature review was to an-
swer the following question: Is there any association
between the signs and symptoms of TMD and orthodon-
tic treatment?
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Material and Methods

-Search Criteria

An electronic research was conducted in PubMed-Medline
databases covering the period from January 2000 to August
2013 using as keywords “orthodontics and temporoman-
dibular disorders”, “orthodontics and facial pain”, “maloc-
clusion and temporomandibular disorders”, “orthodontics
and temporomandibular disorders treatment”. Studies asso-
ciating sleep apnea, craniofacial syndromes, and treatment
with orthopedics or orthognathic surgery were not included
as well as those that reported only the association between
malocclusion and TMD. The search strategy was performed
by two calibrated reviewers (FJ.F.G. and A.C.O.), indepen-
dently applied the inclusion and exclusion criteria to every
article, with an adequate concordance being shown (kappa
index, 0.86). Disagreements between the 2 reviewers
were discussed with a third reviewer (JL.L.C) for con-
sensus. Articles wherein at least one of the reviewers felt
that reflected the purpose of this study were reviewed in
their entirety. Selected article references were reviewed
in order to extend the search for relevant articles. The
evidence grade of the included studies was judged to
be strong, moderately strong, or limited. The included
papers were evaluated by all members in order to en-
sure they match the inclusion criteria. Studies assessing
orthodontic treatment of TMD, also those concerning
orthodontics and TMD were included, manual searches
of journals and books concerning orthodontic treatment
and TMD also were reviewed. Only human studies in
English and French languages were considered.

-TMD Diagnostic Criteria

Only, those studies in which the diagnosis of TMD in-
cluded significant problems in the temporomandibular
joints or muscles verified by clinical examination were
accepted. Studies relating signs and symptoms of TMD
and different types of malocclusions treated with or-
thodontics were also included. Studies based on the use
just of a diagnostic index and without clinical examina-
tion were not considered.

The following criteria for inclusion or exclusion were
used:

-Criteria for Inclusion

* Studies considering orthodontics as a risk factor on the
development of TMD

* Only prospective, longitudinal, case-control or retros-
pective studies with a large sample (n>100 patients) and
significant statistical analysis were included

* English or French language

 Studies were qualified with strong evidence (A) or
Moderately strong evidence (B) according to the study
quality from the Centre for Reviews and Disseminations
in York, United Kingdom (10):

=Strong evidence (A)

Randomized controlled trial, prospective studies/large
study samples
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Well-defined and adequate control group

Clearly defined and clinically relevant variables

Low dropout rate

Relevant statistical analysis

=Moderately strong evidence (B)

Prospective study, cohort, controlled clinical trial, or
well-defined retrospective study with large study group
Clearly defined and clinically relevant variables

Low dropout rate

Relevant statistical analysis

=Limited evidence (C)

Cross-sectional study

Clinically inadequate result variables

High dropout rate

No control group of its own in the study

Limited/no statistical analysis

Addressing the issue in question only in part

Results

Search and Quality Assessment Results

The search strategy resulted in 61 articles. Forty-seven
papers were excluded because they did not fulfil the in-
clusion criteria. Five papers (11-15) were in according
with the scope of this review but according to our in-
clusion criteria with limited evidence and are listed in
Table 1. After selection, nine articles (6,16-27) qualified
for the final analysis. Table 2 shows and summarizes the
most recent articles that link orthodontics with TMD
published between 2000 and 2013. They were divided
in groups by author, type of study, purpose, population,
conclusions and grade of evidence (Table 2).

None of the selected articles found a deleterious effect of
the orthodontic treatment on the temporomandibular jo-
int. Two of them found that orthodontic treatment could
reduce signs and symptoms of TMD (21,22). The ma-
jority of them showed a relationship between TMD and
female sex and a fluctuation of its manifestations over
time. The differences in TMD between those with and

Table 1. Low Evidence Studies.

Orthodontic treatment and TMD

without malocclusion were small. Subjects with untrea-
ted crossbite, crowding or large overjet showed a higher
prevalence of signs and symptoms of TMD (15,16)

Discussion

The possible relationship between orthodontics and
TMD commands great interest in the contemporary li-
terature. Nevertheless, despite the volume published,
the mechanism whereby orthodontic treatment might
influence the aetiology of TMDs is still unknown.

Here we analyse the role that orthodontics might play in
the initiation of TMDs. The assessment and analysis of
the numerous papers published concerning the negative
effects of orthodontics on the stomatognathic system be-
come difficult due to the heterogeneity of the variables and
the methodology used to record results. Although 75% of
the population may show clinical signs of TMD (19).
The diagnostic criteria defining this pathology until now
have not been standardized. Recently, in 2014 the in-
ternational RCD/TMD Consortium Network and orofa-
cial pain special interest group has published their re-
commended evidence-based new diagnostic criteria for
temporomandibular disorders for clinical and research
applications. This protocol has been shown appropriate
for use in both clinical and research setting, being con-
sidered as a validated instrument for identification of
patients with a range of simple to complex TMD presen-
tations. Nevertheless this protocol is still not frequently
used in the current practice nor in the research sphere.
Thus, the assessment and comparison of the different
publications become difficult.

It should therefore be considered that orthodontists wi-
thout appropriate training might not take into account
the function of the temporomandibular joint and the risk
for TMD could be increased (24). On the other hand,
the multifactorial character of TMDs (occlusion, trau-
ma, emotional stress, severe pain and parafunctional ac-
tivity) (8,13) and their great diversity of manifestations

Study

Reason for low evidence

Hirsch C 2009 (11)

Cross-sectional study

Godoy F et al. 2007 (12)

Cross-sectional study

Vanderas AP and Papagiannoulis 2002 (13)

Cross-sectional study

John MT et al. 2002 (14)

Cross-sectional study

Paulsen Hu and Karle A 2000 (15)

Low study group (2 patients), Limited/no statistical analysis
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Table 2. Quality studies that related orthodontics and TMD?.

Author Study Aim of the study Population Conclusions Evidence
design
Henrikson T Case-Control Study signs of TMD and 65 Treated CII Orthodontic treatment either with B
etal. (2 years follow | occlusal changes in girls 58 Untreated CII or without extractions did not
2000 (16) up) with Class I malocclusion | 60 Normal occlusion | increase the prevalence or worsen
receiving orthodontic 100% F pre-treatment TMD.
treatment and to TMD fluctuated substantially over
compare them with time with no predictable pattern.
subjects with untreated The type of occlusion may play a
Class II malocclusions and role as a contributing factor for the
with normal occlusion development of TMD.
subjects receiving
orthodontic fixed
appliance treatment.
Egermark [ Case-Control Analyze the influence of 320 cuestionaires No single occlusal factor is of B
etal. (20'Y follow orthodontic treatment on 100 examined major importance for the
2003 (17) up) signs and symptoms of 53% F development of TMD, but a lateral
TMD and different forced bite between RC and MI, as
malocclusions during a well as unilateral crossbite, may
20-year period joint click be a potential risk factor. Subjects
sounds in a population of with orthodontic treatment do not
TMD patients. run a higher risk of developing
TMD.
Mohlin B et al. Case-Control Study influence of 62 grave TMD (19 Orthodontic treatment seems to B
2004 (18) Prospective malocclusion, the Y) be neither a major preventive nor a
characteristics of 66% F significant cause of TMD.
occlusion, and 72 without
articulatory movements as TMD(Control)
well as 61%F
psychological factors and
muscular endurance
comparing the individuals
with clinically important
levels of TMD with those
constantly free from TMD.
Egermark I. Case-Series Analyze the influence of 402 children Orthodontic treatment in childho- B
etal. Prospective orthodontic treatment in Divided in 3 groups | od does not entail an increased risk
2005 (19) 20'Y follow up childhood on the (1,11, 15Y) to develop either signs or
long-term development symptoms of TMD later in life.
of signs and symptoms of
TMD.
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Table 2. (Cont). Quality studies that related orthodontics and TMD*.

Orthodontic treatment and TMD

Lippold C. et al.

Prospective

Apply an alternative

65 children

Early treatment of functional

2008 (20) Randomized procedure for the unilateral posterior unilateral posterior crossbites in
Followup 1 Y assessment of condylar crossbite. late deciduous and early mixed
deviations. 31 orthodontic dentition significantly improved the
treatment treated patients’ occlusion.
34 untreated group
Macfarlane TV. Prospective Investigate the 1981: n=1018 Orthodontic treatment neither
etal. Cohort study relationship between (11-12Y) causes nor prevents TMD. Female
2009 (21) orthodontic treatment and 1984 n="792 sex and TMD in adolescence were
TMD. 1989 n=456 the only predictors of TMD in
2000 n=337 young adulthood.
Bourzgui F. Restrospective | Investigate the prevalence n: 114 patients No statistically significant
etal. Observational of TMD during (58,8% F) association could be established
2010 (6) Cobhort study orthodontic treatment. a) 12-18Y between TMD and the various
factors under investigation with
b) 18-25Y the exception of the association
between gender and the Helkimo
c) >25Y

anamnesis index.

Tecco S. et al.
2012 (22)

Prospective
Observational
Cohort study

Analyze the prognosis of
myofascial pain syndrome
(MPS) during orthodontic
treatment of subjects with
malocclusion, initially
diagnosed as having MPS

91 young adult
for orthodontic
treatment
30 diagnosed with
MPS
7 (Control group)
Re-evaluation after
dental alignment

The treated group showed
improvement, although no
resolution, in the signs and
symptoms of MPS, compared with
the untreated control group.

Abrahamsson C.
2013 (23)

Case-Series
Prospective
18 M follow up

Investigate the alteration
of TMD after correction
of dentofacial deformities
by orthodontic treatment
in conjunction with or-
thognathic surgery and to
compare the frequency of
TMD in patients with
dentofacial deformities
with an age and gender
matched control group.

121 Treatment group
56 Control group
18 M follow up

Patients with dentofacial
deformities, corrected by
orthodontic treatment in
conjunction with orthognathic
surgery, seem to have a positive
treatment outcome in respect of
TMD pain.

*(M) indicates Months; (Y), years; (TMD), temporomandibular disorders; (MPS), myofascial pain syndrome; (F), female; (n), sample size.
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make difficult to prove that orthodontics will solve or
improve a TMD.

Longitudinal studies (17,21) have shown an increase in
the prevalence of signs and symptoms of TMD with age,
with a greater prevalence of signs than symptoms, there-
fore it is important to include a comprehensive physical
examination as part of the diagnostic process, regardless
the type of orthodontic treatment to be performed. Ma-
chen et al. (25,26) in their studies of 1990 and 1991
already emphasized the need to record any alteration
diagnosed on clinical examination of the temporoman-
dibular joint (TMJ) for medico-legal reasons. They also
recommended the control of the TMJ situation every 6
months during the orthodontic treatment and the sign of
an informed consent by the patient.

Since Costen (27) first associated occlusal factors with
TMD symptoms in the 1930s, different types of treatment
have been proposed, including orthodontics and occlusal
adjustments to correct malocclusions and improve signs
and symptoms of TMDs. Achieving an ideal occlusion
through orthodontic treatment and/or occlusal adjustments
might decrease signs and symptoms of TMD.

In the case of sagittal malocclusions, several studies
consider it a contributing factor for the development or
perpetuation of TMD. Henrikson and Nilner (9), in a stu-
dy conducted on 183 patients, reported lower prevalence
of signs and symptoms of TMD in patients with class |
malocclusion than in those with class II, although this
influence was difficult to quantify and predict. They also
find significantly fewer functional occlusal interferences
in the class I group treated with orthodontics than in the
group with untreated malocclusion and the group with
normal occlusion, which could explain the decreased
muscular signs observed in this group of patients. These
results emphasize the importance of a correct and stable
occlusion for the proper functioning of the stomatogna-
thic system.

Additionally, Egemark et al. (19) analysed the influen-
ce of multiple variables on TMDs in three samples of
children of 7, 11 and 15 years, reporting morphological
criteria such as class II, class 111, anterior open bites and
posterior crossbites as potential factors of predisposition
to TMDs associated with functional malocclusions. Mo-
reover, in a previous research, they described an impro-
vement in muscular signs after orthodontics in class II
malocclusions (17), which could be explained by the im-
proved occlusal stability observed by reduction of inter-
ferences and increase in occlusal contacts in treated pa-
tients. This improved muscular discomfort may already
be noted during orthodontic treatment, probably owing
to the diminished activity of the chewing muscles during
treatment brought on by the increased dental sensitivity
associated with orthodontic movement. Likewise, Van-
deras and Papagiannoulis (13), in their multiple logistic
regression study, analysed a sample of 314 children aged
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6-8 assessing clinical signs of TMDs and also morpho-
logical or functional malocclusions. Prognathism was
basically associated with TMJ noises, whereas posterior
crossbites had a significant impact on joint pain. They
concluded that parafunctional habits and certain struc-
tural and physiological factors may increase the proba-
bility of developing signs and symptoms of a TMD in
children. Other studies, however, could not demonstrate
a correlation between prognathism and TMD (11,28).
Among different malocclusions, posterior crossbite are
considered to have a strong impact on the functioning
of the stomatognatic system. Several studies have as-
sociated unilateral posterior crossbite in children with
an increased probability of developing signs and symp-
toms of TMD (12,29). The mandibular deviation that
is frequently associated with this posterior crossbites,
interferes with the development and growth of the sto-
matognathic system (30). Lippold et al. (20) studied the
discrepancies in the condyle position between the cen-
tric relation and maximum intercuspation in a sample of
65 children with posterior crossbite in mixed dentition.
A comparison of patients who had received orthodontic
treatment and others who had not, revealed no statisti-
cally significant differences between the groups at the
beginning of treatment, being the condyle deviation less
than 2mm in the transverse, frontal and sagittal planes
on both sides. The treated group showed a statistically
significant decreased in condyle deviation.

Regarding the possible consideration of orthodontic
treatment as a TMD risk factor, several authors (4,12)
consider that certain dental interventions, including or-
thodontics itself could cause TMD. However, the pros-
pective cohort study by MacFarlane and co-workers29
concluded, after a follow-up period of 20 years, that or-
thodontics is not linked with the appearance of TMDs
or their persistence. Only female gender and the presen-
ce of signs and symptoms of TMD during adolescence
were the unique predicting factors. The logistic regres-
sion analysis showed an odds ratio of 3.0 and a confi-
dence index of 95% between 1.2 and 8.2 for the female
gender and an odds ratio of 4.5 between 2.0 and 10.0 for
the TMD in adolescence.

It is necessary to take into account the fluctuating nature
of TMDs, which could be wrongly attributed to be cau-
sed or aggravated by orthodontics due to the fact that
this is the period of the life when this treatment is usua-
lly carried out (16). Epidemiological studies like Mag-
nusson et al. (31) revealed a high prevalence of signs
and symptoms of TMD, especially TM joint noises, in
children and young people, with the greatest prevalence
in those aged between (15-25). Due to this fluctuating
and unpredictable behaviour of the TMD, it results of
utmost importance to properly inform the patients about
the high prevalence of this condition and its multifacto-
rial nature, which makes difficult to establish an asso-



J Clin Exp Dent. 2015;7(2):¢320-7.

ciation with the orthodontic treatment performed. The-
refore, the continuous monitoring of TMJ is essential to
detect the onset of a TMD as early as possible. In these
cases it is recommended to temporarily stop orthodontic
treatment in order to avoid possible aggravating factors
until signs and symptoms, especially pain, improve.
Otherwise, if TMD is diagnosed in the first evaluation
of the patient, the orthodontic treatment should not be
initiated, according to Michelotti ef al. (32) as long as
the patient suffers from a facial pain. In both cases, the
priority should be the differential diagnosis between
musculoskeletal condition and another diseases, and the
management of the TMD would include the use of oc-
clusal splints to evaluate the interference-free position
of the mandible, pharmacotherapy, behavioural therapy,
and/or physical therapy.

Conclusions

After a detailed analysis of the studies found in the cu-
rrent literature, we concluded that:

a) Associations between specific types of malocclusions
and development of significant signs and symptoms of
TMD could not be verified.

b) According to the authors studied, there would appear
to be no evidence for a direct or obvious cause-effect
relationship between orthodontic treatment and TMD.
c) The differentiation of patients into control and study
groups in the studies design is a persistent issue.

d) Different therapeutic methods are used to treat TMD
with orthodontics. Therefore, there is still a need for lon-
gitudinal and randomized trials.
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