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ABSTRACT-

The connection between orthodontics and temporomandibular disorders (TMDs) is a
critical area of focus in dental and craniofacial health. This abstract provides a thorough
exploration of the complex relationship between orthodontic treatments and TMD, with
an emphasis on understanding how orthodontic interventions affect the health and
function of the temporomandibular joint (TMJ).

The analysis examines the interaction between orthodontic procedures and TMD through
a review of academic studies and practical research. It considers how treatments such as
occlusal adjustments and changes in jaw alignment may influence the onset and
management of TMD symptoms. The investigation covers various TMD conditions,
exploring the effects of orthodontic approaches on occlusal stability, condylar
positioning, and overall TMJ functionality.

By synthesizing the existing research, this abstract aims to provide dental professionals,
orthodontists, and researchers with a deeper understanding of the complex dynamics
between orthodontics and TMD. This knowledge helps guide clinical decisions and the
development of effective treatment plans for patients with TMD symptoms. Ultimately,
this review enhances clinical practices, contributing to better patient outcomes and
overall well-being in the context of both orthodontic care and TMD management.
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INTRODUCTION-

Occlusion has long been considered a key factor, either directly or indirectly, in the
development of temporomandibular disorders (TMDs) by both clinicians and researchers

1. TMD is a broad term that refers to conditions involving dysfunction and pain in the
masticatory muscles, temporomandibular joints (TMJs), and surrounding tissues. It is a
significant public health concern and is the leading cause of non-dental orofacial pain 24,
Following chronic low back pain, it is the second most common musculoskeletal disorder

5. The anatomical link between tooth position and jaw function has long been recognized

as a fundamental factor in the cause-and-effect relationship between occlusion and TMD,
with studies showing that individuals with dental malocclusion experience TMD more
frequently than the general population®’. In 1934, otolaryngologist Dr. J. Costen
associated the development of TMJ pain, sounds, headaches, restricted jaw movement,
myofascial tenderness, and ear-related symptoms—collectively known as "Costen's
syndrome"—with occlusal changes, particularly an increase in overbite 8. Thirty years
later, Thompson proposed that dental malocclusion might cause the superior and
posterior displacement of the condyle, suggesting that treating malocclusion could
alleviate TMD symptoms 9. Various studies have explored how occlusion and
malocclusion-related factors might contribute to the onset of TMD signs and symptoms

10 For example, a recent online survey found that over half of the websites reviewed

linked TMD to malocclusion or occlusal problems and recommended treating these
issues to address TMD .

Many studies have explored the connection between malocclusion and TMD, though with
varying levels of success. Both TMDs and malocclusions are broad terms that encompass
a wide range of different conditions. TMDs can involve muscle and joint pain, disc
displacement with or without joint sounds, and pathologies that result in bone remodeling
of the temporomandibular joint (TMJ), while malocclusion, whether skeletal or dental, is
characterized by imbalances in the sagittal, transverse 2, and vertical planes 3.

In this review, we aim to offer an overview of the intricate relationship between
orthodontics and TMDs. By reviewing the existing research, we will examine how
malocclusion influences the development of TMD, discuss treatment options, and
identify areas for future investigation. Through a thorough analysis, we hope to improve
our understanding of how orthodontics can play a role in managing and preventing
TMDs.
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Transverse dental malocclusions

Unilateral posterior crossbite (UPCB) is a common transverse malocclusion often studied
in relation to TMD, especially regarding TMJ clicking and myofascial pain. UPCB is
found more frequently in younger populations (5%-15%) and is believed to significantly
affect the stomatognathic system 415, It is speculated that abnormal occlusal contacts in
UPCB patients may influence the relationship between the condyle and the fossa.

Furthermore, the asymmetrical activation of the masticatory muscles caused by uneven
tooth contacts on both sides might overload one side more than the other '6. These
anatomical and functional changes are thought to increase the likelihood of TMJ clicking
and myofascial pain in individuals with UPCB. However, conflicting findings exist in the
literature !5 . For example, while an initial study in adolescence found no link between
UPCB and TMIJ clicking, a follow-up 10 years later revealed an association with TMJ
clicking and self-reported clicking !”. Despite this, orthodontic treatment did not reduce
the incidence of TMJ sounds, raising doubts about the role of occlusion and suggesting
that anatomical factors, such as asymmetries in the glenoid fossa and condyle, may
influence joint function in UPCB patients '8. A recent long-term study that tracked 903
individuals over 30 years found no connection between posterior crossbite and an
increased risk of TMIJ clicking. Interestingly, while orthodontic treatment didn't affect
self-reported TMJ clicking, emotional factors and reports of sleep bruxism were linked to
it. Given the variability of TMIJ clicking, the significance of anatomical and
psychological factors, and the lack of improvement with crossbite correction, there is
insufficient evidence to support a direct link between crossbite and TMJ clicking.

The relationship between UPCB and masticatory muscle discomfort has also been widely
studied, though many studies failed to consider factors such as muscle activity and
psychological factors. One study using electromyography to measure muscle activity in
children with and without UPCB found asymmetric muscle activity that was unrelated to
the presence of UPCB !. In adults, normal occlusion was associated with balanced
muscle activation, while significant malocclusions resulted in asymmetric activation.
These findings suggest that asymmetric muscle activity is common in developing
children without signs of TMD 2% 21, In adults, asymmetrical muscle activity may or may
not be linked to chronic muscle pain or myalgia 2.
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Sagittal dental malocclusions

A recent systematic review of research on dental occlusion and TMD found only weak,
inconsistent, and sporadic links between both sagittal and vertical malocclusions 23 .
However, studies have identified a connection between open bite, hyperdivergent growth
patterns, and degenerative TMJ diseases, though a clear cause-and-effect relationship has
not been established. While evidence is limited, it is possible that the association between
hyperdivergent growth patterns and TMJ disorders is linked to the early onset of these
conditions, which could lead to abnormal condyle development 2425,

The etiology of TMD is multifactorial, with various factors, including comorbidities, oral
parafunctions, psychosocial stress, muscle overload, somatic symptoms, and genetic
factors, being well-supported as contributors 26 . Since occlusal changes may sometimes
be a consequence of TMD rather than a cause, the role of occlusion in the development of
TMD has not been fully examined and should not be overemphasized %7 .

TMD and orthodontic treatment

It has been suggested that orthodontic treatment may help prevent or reduce TMD due to
the proposed links between jaw misalignment, occlusal factors, and TMD. The goal of
TMD treatment is often to achieve occlusal balance by repositioning the mandibular
condyles into their optimal position in the glenoid fossae or by attaining a presumed ideal
skeletal or occlusal relationship. However, it is important to recognize that some
traditional orthodontic techniques, which do not follow functional occlusion principles,
have been identified as potential causes and contributors to TMD symptoms. On the other
hand, extensive research conducted over the years consistently shows that conventional
orthodontic treatments have a neutral effect on both the TMJ and TMDs 23. These studies
provide strong evidence that traditional orthodontic interventions do not significantly
cause or worsen TMIJ-related problems ?°. For instance, research on orthodontic or
functional treatments for skeletal class II and class III malocclusions has found no
association between these treatments and an increased risk of TMD during treatment or a
decreased risk of TMD after treatment completion 30-33,

Studies using cone-beam computed tomography to assess premolar extractions, often
recommended for maxillary teeth retraction, have shown signs of posterior condylar
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positioning after treatment. However, the clinical relevance of these findings has been
questioned since they did not show a higher incidence of disc displacement 3*. Recent
finite element research has examined the use of intermaxillary elastics in fixed
orthodontic treatment. One study found that these elastic forces increased strain on the
TMLJ, especially in class II patients 3°. However, the potential link between this increased
strain and the onset of TMD symptoms is still unclear.

In modern orthodontics, many adult patients choose clear aligner treatments due to their
aesthetic compatibility with daily life 3. Newer research on clear aligners has shown
increased electromyographic activity in the masticatory muscles within six months of
treatment 37> 38 Additionally, thermoplastic orthodontic devices that cover the entire
occlusion may be a beneficial treatment option for individuals with sleep bruxism, as they
help protect tooth surfaces from wear 3°. However, a study by Manfredini et al. found no
significant effect of invisible orthodontic retainers on the frequency of sleep bruxism in
healthy individuals #°. Despite no statistically significant differences between nights with
and without the appliance, the study observed a slight increase in masticatory muscle
activity during sleep when the orthodontic retainer was used.

The effects of orthodontic treatment on TMDs have been explored in multiple studies.
One study found that after a month of regular orthodontic treatment, the number of
patients reporting muscle soreness upon waking increased. Examination of the TMJ and
orofacial muscles showed a significant rise in the severity and number of painful areas.
However, these symptoms were temporary and gradually returned to normal over time 4!,
In studies related to clear aligners, both passive and active aligners were examined for
their impact on the jaw. These studies indicated that while minor jaw discomfort might
occur briefly, none of the participants developed significant TMD symptoms 2. Notably,
the evidence suggests that clear aligners may increase, rather than decrease, masticatory
muscle activity 4*. However, it is important to recognize that further well-designed
studies are needed to confirm these findings. Therefore, caution should be taken when
prescribing clear aligners to patients who may be prone to jaw muscle discomfort.

Moreover, it is crucial to acknowledge that orthodontic treatment cannot both cause and
resolve TMD, as supported by existing research 4. As such, there is no scientific
foundation for attempting to prevent or treat TMD by achieving an "ideal" occlusion
through orthodontic treatment, regardless of the type of appliance used 23.

Occlusion and orthodontics

Recent scientific advancements have shifted the focus of TMD's etiology from a purely
biomedical perspective to a more complex, multifactorial biopsychosocial model that
considers biological, psychological, and social factors #4 . This shift has contributed to
ongoing debates about the cause-and-effect relationship between occlusion and TMD 45,
Occlusion is traditionally viewed mechanically as the static or dynamic connection
between the upper and lower teeth and jaws, often deviating from what is considered
"ideal." However, occlusion can also be seen as a highly complex system that integrates
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neurological impulses from periodontal, dental, and connective tissue receptors. The
central nervous system (CNS) continually adapts this system to regulate and adjust jaw
position and movement in response to peripheral inputs “°.

Therefore, the definition of occlusion extends beyond simple tooth-to-tooth contact,
incorporating the brain’s interpretation of these interactions. A person’s ability to adjust
to any occlusal and oral changes following dental treatment largely depends on CNS
adaptations, a process known as "sensorimotor neuroplasticity." Occlusal tactile acuity
(OTA)—the ability to detect and differentiate small objects between the teeth during
maximal intercuspation—plays a key role in this adaptation process, as it is highly
variable among individuals and relies on a complex neural pathway 47. OTA information
primarily comes from the TMJ capsule, masticatory muscles (muscle spindles), dental
pulp, and mechanoreceptors in the periodontium. Sensory feedback from the masticatory
system during chewing helps regulate occlusal force and triggers the jaw-opening reflex.
Research has shown that increased OTA, or a heightened ability to sense small
thicknesses between molars, is associated with reported daytime dental parafunctions and
TMD pain #4

Based on these findings, individuals with parafunctional habits or TMD pain may be
more vulnerable to changes in occlusion following dental treatments, potentially leading
to maladaptive behaviors. Interestingly, however, the OTA remained unchanged when
myalgia was artificially induced in healthy participants without TMD °. This could be
because psychosocial factors, which are often compromised in TMD patients but not in
healthy individuals with induced pain, have a significant impact on somatosensory
function. Different people may interpret the same external signal (such as the thin space
between opposing teeth) in various ways, depending on several factors affecting
exteroception and proprioception throughout the body.

Perception is a cognitive somatosensory experience, influenced not only by the intensity
of the stimulus but also by the mental state that governs how the stimulus is processed.
The variation in sensory interpretation is largely driven by top-down regulation of the
input signal by higher brain centers and the reorganization of cortical regions 5'.
Therefore, understanding the relationship between "occlusion" and TMD is crucial, but
this requires a shift toward a more comprehensive understanding of the terms "occlusion"
and "maxillo-mandibular relationship." The role of malocclusion in the pathophysiology
of craniomandibular disorders should be downplayed, as there is no established causal
link. Instead, clinicians should take patients' concerns about occlusion seriously during
general and dental exams, as a specific subset of patients may display maladaptive
behaviors induced by treatment.
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Conclusions

Recent research suggests that dental professionals and orthodontists should move away
from the traditional mechanical assessment of occlusion and instead focus on identifying
and treating TMD with gentle, reversible methods. When appropriate, they should seek
the help of other dental and medical experts for a multidisciplinary approach. It is
common for patients to have prior experiences of orofacial pain, so conducting a routine
TMD-related assessment before starting orthodontic treatment is essential.

This assessment should begin with a comprehensive patient history and an in-depth TMD
examination to evaluate pain intensity, how pain affects function, and overall distress.
Clinicians can use reliable clinical and diagnostic techniques to assess patients who may
be at risk for developing orofacial disorders. The standardized diagnostic criteria for
TMD include two components: Axis I for physical evaluation and Axis II for
psychosocial assessment. These tools help gather necessary data to establish a diagnosis
and to assess cognitive, emotional, and behavioral factors that might contribute to or
worsen pain, which can also affect prognosis and treatment planning.

By using these diagnostic tools, general dentists and orthodontists can make more
informed decisions about patients with facial discomfort, who may not be suitable
candidates for restorative or orthodontic treatments until the pain is managed. If TMD
symptoms arise during orthodontic or dental treatments, it is generally recommended to
pause active treatment and focus on alleviating the discomfort. Once the patient is pain-
free or their pain is under control, dental and orthodontic treatments can be resumed as
initially planned, or adjusted according to the patient's condition.
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