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Chapter

Oral Paratunction - Aetiology,
Implications and Relation to
Orthodontic Treatment

Luciene Menvrique Corradi and Luiz Eduardo Toledo Avelar

Abstract

Oral parafunction can be defined as an extra-functional action of certain com-
ponents of the stomatognathic system. The automation of this kind of occurrence
that persists in the form of a reflex arc is a denominated habit. The oral parafunc-
tional habits are described as the action of clenching or grinding teeth (bruxism),
among others. This work approached bruxism due to its clinical importance. To
evaluate the predisposing factors to the development of oral parafunction, the
orthodontist should have updated knowledge of the whole process of the phenom-
enon of bruxism. The purposes of this chapter were about the comprehension of the
neurophysiology of bruxism and also about the capacity of structural adaptation
of the components of the stomatognathic system, the analysis of its aetiological
factors, as well as its implications on the structures of the masticatory system, and
the verification of the relation between bruxism and the orthodontic treatment. In
conclusion, the nature of that oral habit is multifactorial, which implies extrafunc-
tional demand of neurophysiological mechanisms, whose effects are installed from
the rupture of the structural limit of the adaptive capacity of the stomatognathic
system, peculiar to each individual. The performance of orthodontic treatment is
not related to the development of bruxism.

Keywords: bruxism, parafunction, neurophysiology, orthodontic treatment,
stomatognathic system

1. Introduction

Parafunction is any disorder in the action of a particular organ or organ system,
often characterised by an overactivity of the physiological action associated with a
normal function.

In a dental approach, oral parafunction can be defined as an extra-functional
action of certain components of the stomatognathic system. In order to understand
it, a more complex scope is necessary, reaching the physiological and neurophysi-
ological action of the entire tract of the stomatognathic system involved, as well as
the implications of any disturbances within the normal function, always taking into
consideration the aspects of the structural and functional adaptations to which the
human organism is subject, within certain limits.

The automation of this type of occurrence that persists in the form of a reflex
arc is called a habit. Ferreira [1] defined habit as a lasting disposition acquired by
frequent repetition of an act, use and custom.
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Oral parafunctional habits are described as grinding or clenching teeth (brux-
ism), nail biting, finger sucking, chewing objects, abnormal craniocervical-facial
posture, among others.

In an orthodontic approach, bruxism should be considered due to the clinical
importance of its deleterious effects on the dento-orofacial architecture and the
awareness of its increasing prevalence observed in individuals seeking orthodontic
treatment.

Its aetiology is quite diverse [2], but it is closely related to the central nervous
system (CNS) stimulus and its neurotransmissive mechanisms, as well as psycho-
logical-emotional aspects.

The parafunctional action is due to the frequent repetition of a specific function
over a prolonged period, which may lead to anatomical alterations [2]. Its implica-
tions are several and depend directly on the organic reaction, which is individual
and particular.

A clinical significance of the investigation of bruxism lies in its considerable
role in the aetiology of pain and temporomandibular dysfunction (TMD) [3-5]. In
addition, the increasing prevalence of this parafunctional habit in the population
and the deleterious effect it causes to the stomatognathic system represent a strong
justification for the current approach [6].

2. Aetiology of parafunction

There is controversy regarding the nature of the aetiology of oral parafunction,
that is, whether it is multifactorial or of single origin [6, 7].

However, at present, there is a tendency to agree with a strong psychic-emo-
tional participation and, more recently, for the contribution of the use of certain
types of drugs in the aetiopathogenesis of bruxism.

It is understood that psychic-emotional situations such as depression and
anxiety modify the perception and the tolerance of the individual in face of physical
symptoms and situations triggering stress [8]. Considering the constant state of
alert imposed by the mere participation in the current society [9], the professional
needs to be aware of the degree of involvement of the aetiology, consequences and
implications of the mechanism of oral parafunction in the human organism and,
above all, in the individual who will undergo orthodontic treatment.

Regarding the prevalence of bruxism, it is believed that when it occurs in the
absence of signs and symptoms resulting from this habit that can occur in an
episodic and transient way, it is high. As the effects that are characterised by the col-
lapse of the component structures of the stomatognathic system lead to the search
for treatment, the prevalence in a population group does not appear significant [3].
In short, as long as bruxism is performed on a level of subconsciously controlled
reflex, this habit is not perceived by the individual, except when it begins to draw
attention through its signs and symptoms.

3. Neurophysiological aspects of oral parafunction

All the functions exerted by the masticatory complex depend basically on the
mechanism of muscular contraction that is nothing more than a response to a
stimulus.

In order to study the neurophysiology of the process involved in parafunction, it
is necessary to understand the integration between the main functional and ana-
tomical components of the stomatognathic system and the CNS.
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Figure 1.
Reflex action.

The grinding and clenching of teeth are mainly conditioned by the mechanism
of muscle contraction. The extra-functional muscular demand caused by bruxism
emits stimuli through neuromuscular spindles contained in the intimacy of the
muscle fibres that travel through the afferent pathways to the mesencephalic nucleus
of the V cranial nerve (trigeminal). From this mesencephalic nucleus, through spe-
cific secondary neurons, messages are sent to the trigeminal motor nucleus, located
just below, which will send messages via motor neurons to the muscle from which the
stimulus started, producing the contraction of its fibres (Figure 1) [2].

Although the information is sent to the CNS, the response is independent of the
will and normally occurs without the influence of higher centres. This process is
known as reflex action [10].

This reflex action occurs through the mechanism called proprioception, which is
the term applied to the ability to perceive sensations originating in one’s own body.

It is a phenomenon linked to cognitive systems of the brain, including memory. The
receptors responsible for this function are proprioceptors, which provide information
about the position and movement of the mandible and associated oral structures [10].

The parafunctional behaviour is closely related to certain types of stimuli
originating in the CNS. These stimuli provoke several organic reactions; among
them, the increase of neuromuscular motor excitations, which, in the condition of
constant and uninterrupted hyperactivity, is classified as parafunction [11].

4. Organic structural adaptive capacity

All structures of the stomatognathic system, after growth has ceased, are always
in the process of transformation and adaptation in conformity with their physi-
ological functional demand, thus conferring a dynamic quality to these structures.

Among the structures of the stomatognathic system is the temporomandibular
joint (TM]J). It is subject to functional adaptive changes due to discrepancies that exist
between the positions of maximum dental intercuspation and centric relation of the
mandible head. These constant TM] accommodation processes testify to the remark-
able adaptability of this joint to adapt to the conflict of these discrepancies, giving
the TMJ the characteristic of performing its function in a condition of continuous
displacement. No other junction of the human organism has this characteristic [12].
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Figure 2.
TM]J accommodation process (A); after the limit of its adaptive capacity has expired, collapses can lead to
unpleasant signs and symptoms (B).

Thus, it is understood that the organism, even in the presence of non-physio-
logical situations, exhibits a degree of tolerance in which it has a limiting structural
adaptive capacity. That is, after the limit of its adaptive capacity has expired,
collapses or even changes in the involved structures can lead to unpleasant signs and
symptoms. This is what happens in the mechanism of parafunction (Figure 2).

Studies have shown that the bite force performed in episodes of nocturnal brux-
ism showed an amplitude that exceeded the force that occurred voluntarily during
wakefulness and could reach a frequency of four times more [11, 13]. The nocturnal
dental contacts during the parafunctional activity can reach a frequency between
15 and 45 minutes of contact between the teeth of the bruxism patients, obtaining,
then, an average of 11.4 minutes in these individuals whereas in people without the
habit, the average was 3.1 minutes. Thus, it is inferred that the horizontal forces
performed in parafunction may have potential to promote adaptations that, associ-
ated with other predisposing factors present, determine lesions, since they have a
potential much greater than the forces exerted in the physiological function [14].

What modulates the muscular forces and the duration of dental contacts in both
the physiological masticatory function and the parafunction is the mechanism of
neurological proprioception present in the masticatory system.

There is no functional and anatomical structure in the CNS identifiable as a
specific generator of involuntary oromandibular movements [15]. What can be
concluded, from the knowledge of the phenomenon of organic adaptability, is
that parafunction is a disease that is perceived upon the installation of signs or
symptoms related to rupture of the structural limit of the adaptive capacity of the
stomatognathic system, particular of each individual.

5. Classification of the oral parafunction

Bruxism can be classified according to severity of symptoms, aetiopathogenesis
and clinical manifestations.

The severity of the symptoms depends on the deleterious occurrences on the
masticatory system, which present a degree of variability among individuals [6].
This individual variability is conditioned by the organic response, adaptability and
predisposition factors represented by the presence of certain deficiencies of the
components of the stomatognathic system.
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1. Primary

Peripheral: occlusal factors (Ex.: Malocclusion); central: CNS aminergic imbalance (Ex.: Use of SSRIs)

2. Secondary

Associated with drugs or other substances (Ex.: Parkinson’s disease treatment); associated with sleep
disorders (Ex.: Obstructive sleep apnea), neurological disorders (Ex: Akathisia disorder), psychiatric
disorders and other diseases

Adapted from Aloé [15].

Table 1.
Classification of bruxism according to its aetiopathogeny.

From another point of view, bruxism can be distinguished according to its aetio-
pathogenesis, which will lead it basically to two categories: primary and secondary.
The primary is the aetiology of bruxism conditioned to peripheral factors due to
malocclusion and central factors resulting from neurotransmission disorders [16].
In the secondary category, parafunctional habits associated with clinical, neuro-
logical or psychiatric disorders are included, as well as those related to iatrogenic
factors, such as in the use or withdrawal of substances or medications, and those
resulting from sleep disorders [15] (Table1).

The clinical manifestations represent the signs that denounce the presence of
bruxism or its existence for some period, such as the facets of wear and morphology
of the dental arches, among others. It is thus perceived that its classification covers
the entire process involved in its mechanism, from aetiology to the expression of
signs and symptoms.

6. Aetiological considerations of oral parafunction

Bruxism can be considered as a behavioural disorder when considering the
prevalence of emotional aetiology. However, when aetiological factors related to
organic alterations, such as those occurring in sleep disorders, are considered, it
consists of a derangement of the central nervous system [3].

In an analysis of the contribution of peripheral and central factors in the aetiol-
ogy of bruxism, Lobbezoo and Naeije [17] concluded that there is strong evidence
that the role of occlusal features and other morphological factors is small or even
null. There is also evidence that disturbances in the central dopaminergic system
are implicated in the aetiology of bruxism. In addition, the role of other aetiological
factors such as smoking, alcohol, disease, trauma, heredity, stress and other psy-
chological factors is probably lesser than assumed so far. In short, it can be said that
bruxism has central and not peripheral mediation [17].

The theory of the combination of peripheral (occlusal) and emotional factors in
the aetiology of bruxism is advocated by several authors [6, 14, 17]. Moreover, some
drugs such as amphetamines, alcohol, and also sleep disorders, CNS disorders and
hereditary factors may be related to the onset of bruxism [6].

Based on these considerations, it is inferred that the multifactorial nature of the
aetiology of bruxism can be enumerated in a way to clarify, briefly, each of the main
causes of this parafunctional habit increasingly investigated by several research
fronts, according to their interests and lines of conduct.

6.1 Emotional factor

Several psychological conditions, such as stress, anxiety or aggressiveness, have
been associated with the presence of oral parafunctional habits, which are also
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recognised as stereotyped movements of the masticatory muscles [18]. An emo-
tional aetiological component, such as psychological stress, may play an important
role [19-21], but not all those who grind teeth present emotional problems [21].

The relationship between degrees of dysfunctions of the masticatory system,
presence of parafunctional habit and anxiety can be analysed by means of trait-
state anxiety scales. Anxiety trait refers to personality trait; anxiety state is defined
as a transient emotional state. Thus, there is a positive correlation between the
degree of myofascial pain dysfunction (MPD) and the presence of bruxism with the
level of anxiety in both scales of trait and state, that is, both an anxious personality
and a transient state of anxiety may be directly proportional to the bruxism event
and degrees of MPD [22].

Stress is a reaction of the organism to situations of danger that, at first, does not
produce deleterious implications. What causes the installation of serious organic
complications is uninterrupted stress [11].

In a stress condition, stimuli are routed to the hypothalamus, which in turn
activates the pituitary gland, which will sensitise the adrenal gland. The observed
reactions can be described as increased blood pressure, gastric problems, insomnia,
hair loss and heavy and involuntary isometric contractions of the masticatory
muscles. Even though the masticatory muscles are classified as voluntary, their
stress contractions may become involuntary through CNS-induced stimuli [11].
Another modification is the creation of additional muscle activity without altering
the performance of tasks. These additional activities are considered to be nervous
habits, such as bruxism [10].

It is interesting to note that the hypothalamus, in addition to producing the
hormone corticotropin to induce the pituitary gland, also activates the cognitive sys-
tems of the brain, including memory, to evaluate the stimulus. If the situation that
initiated the stimulus poses no danger, the hypothalamus suspends the whole process
(Figure 3). For this interpretation, it is worth remembering that the body reacts to
stress by increasing its metabolism in order to adapt to the new demands. This leads
to the decrease in the organic adaptation threshold. This structural tolerance, which
is the point at which collapse begins, is an individual characteristic and directly
dependent on personality factors. Thus, what differentiates the stressful manifesta-
tions in individuals, in general, are these personality factors as radical positions in
relation to the facts, competitiveness and the need to dominate situations [11].

For this reason, the individual evaluation becomes essential in the approach
of the emotional effects on the parafunction. However, emotional conditions are
difficult to become operational in a research because there are many individual
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differences in the way the personality and the presence of bruxism are investigated
[17]. Thus, it is believed that the participation of emotional factors in the aetiology
of this habit may be less than what was previously attributed.

In a study about the relationship between stress level and bruxism using tricy-
clic antidepressants (amitriptyline) to control pain and stress, there were positive
results, that is, the level of stress associated with bruxism was reduced in low doses
of this medication [23]. Thus, as previously mentioned, emotional stress has a more
significant influence on bruxism than the occlusal factor [7].

Another expression of oral parafunction characterised by grinding or clench-
ing of teeth in an altered emotional condition may attenuate the effects of stress or
anxiety on the organism, since in this condition, there are central neurotransmis-
sive changes that can be considered as a strategy to support or even deal with stress
and thus minimise its effects on the body [18].

The lack of awareness of the complications that can arise from stressful situ-
ations, the lack of perception of the slow and gradual installation of the organic
implications of constant stress and the alienation before the management of these
situations for a better coexistence converge to the inevitable condition of veritable
collapse of important organic structures, such as the stomatognathic system, which
can sometimes become irreversible.

6.2 Factors associated with medications and neural pathways

There is evidence that neurochemical factors may be related to the aetiology
of bruxism [6]. The acute exposure to stress determines the production of various
neurotransmitters such as noradrenaline, dopamine and serotonin [18]. Thus, the
involvement of central dopamine in the aetiopathogenesis of parafunctional move-
ments [18] confers the participation of dopaminergic and serotonergic neurotrans-
mission in the genesis and modulation of bruxism [16].

The corpus striatum has the highest concentration of dopamine and is
considered the most relevant brain region in the mediation of oral stereotyped
movements. Studies in rodents have shown that administration of high doses of
dopaminergic agonists (apomorphine) induced oral stereotyped movements such as
those occurring in bruxism [18].

Bruxism is primarily a CNS phenomenon, common to all people. In this way, the
intensity of the central process responsible for bruxism could be a persistent feature
of a person who presents it in childhood and continues to present it in adulthood [24].

Most brain functions are the result of converged actions of various neurotrans-
mitters. The neurotransmitter responsible for inhibiting spontaneous movements of
the masticatory muscles and maintaining its tonus is dopamine [16].

Serotonin-concentrating drugs such as selective serotonin reuptake inhibitors
(SSRIs) also alter the level of dopamine in the mesocortical tract and frontal cortex
[15-17, 25, 26]. This effect can be explained by the effect of these drugs on the dopa-
minergic system [16, 17]. It is believed that serotonin exerts modulatory influence
on dopamine, which is the main neurotransmitter in muscle activity [17].

There are two hypotheses compatible with these changes: hyperdopaminergic
and hypodopaminergic. The first may be related to the chronic use of antido-
paminergic drugs, such as in the treatment of Parkinson’s disease, which causes
hypersensitivity of the dopaminergic receptors and may lead to teeth grinding. The
second is implicit in the mechanism that occurs with the use of SSRIs: this drug
induces the increase of serotonergic transmission that will cause a dopaminergic
reduction due to the heteroreceptive serotonin binding on the dopamine receptors
of the dopaminergic neurons. In this fashion, there will be a decrease in dopamine
binding to its receptors leading to motor disinhibition by the prefrontal cortex and
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resulting in bruxism. Thus, disordered movements frequently result from elevation
of serotonin levels by SSRIs, reducing dopaminergic activity in both the mesocorti-
cal and nigrostriatal tracts.

Nevertheless, recent studies indicate that evidence on the manifestation and
establishment of drug influences, such as that of the dopamine agonist (pramipex-
ole), on the parafunctional activities of bruxism is inconsistent [27, 28].

There are reports of bruxism induced by other antidepressant medications
(venlafaxine, citalopram and SSRIs) that can be controlled with buspirone and
gabapentin [15, 16, 29-32]. That is, the use of buspirone can eliminate the bruxism
induced by these medicaments due to the restoration of the motor modulation.

Bruxism can be an acute reaction of induction by drugs that increase the level of
synaptic serotonin and represent mainly a variation of akathisia. Thus, the diagno-
sis of bruxism induced by antidepressants may be controversial because of its vague
symptoms such as bitemporal headaches, masseter spasm or mandibular pain in
addition to classic teeth grinding findings. Therefore, because of its masked pres-
ence, bruxism may be much more common than reported [30].

6.3 Occlusal factors

There is controversy regarding the relationship between malocclusion and
muscle hyperactivity present in parafunction [11].

What makes it difficult to establish the cause and effect of relationship between
these factors is the knowledge of the phenomenon of organic, structural and
functional adaptability [11]. As a result of this phenomenon, the divergence of the
responses in the individuals is defined as a function of the degree of possible altera-
tions provoked by the muscular hyperactivities for non-functional purposes.

Some authors [33-37] considered that local mechanical factors, especially dental
malocclusion, would play a major role in the aetiology of bruxism.

A statistical study performed by Olkinuora [38] found no correlation between
the incidence of malocclusion and bruxism.

An analysis of the literature revealed that most of the controversies regarding
the role of occlusion in the aetiology of parafunction were derived from inconsis-
tently oriented studies, thus not leading to scientifically defined results. This is due
to the difficulty of some researchers to clinically define and stabilise a TM] position
in which the condyles could operate in harmony with the occlusal surfaces of the
teeth, preventing a logical and scientific analysis [2].

Stimuli caused by occlusal alterations can generate motor reflex responses by
altering the mandibular position and affecting muscle tone [11]. What is under-
stood is that, depending on occlusal interference, its type and location in the occlu-
sal anatomy of the tooth, there may be displacement of the mandible in its closing
or eccentric movements, producing unbalanced muscle forces. These mandibular
slides, in addition to moving the condyles out of their positions of musculoskeletal
stability, may require muscle hyperactivity, altering their tonicity. This may lead
to dysfunctions in the stomatognathic system characterised by MPD and orofacial
pain involving the whole musculature of the masticatory apparatus [33, 39].

The excess of fatigue and subsequent pain resulting from the sustained contraction
of the muscles in the parafunctional activity decreases the threshold of excitability of
the neurons of the reflex centre initiating the feedback mechanism. This vicious cycle
of the perpetuating increase in muscle tension related to dysfunctional disorders of the
teeth, periodontium, TM]J, and masticatory muscles is the basis of bruxism [33].

Based on this reasoning, one could theorise the intrinsic participation of the
occlusal factor as a trigger for the parafunctional mechanism. However, it is essen-
tial to infer that there will be imbalance of the involved structures if the limit of the
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organic structural tolerance is broken upon the participation of other supporting
aetiological factors, among them the emotional one.

Historically, discrepancies between centric relation and maximum habitual
intercuspation and poor tooth positioning were labelled as the most common causes
and perpetuating factors of bruxism [17].

Yet, some authors have confirmed the opinion that no occlusal factor alone rep-
resents greater importance in the development of TMD and bruxism [40]. Others
[6, 33, 36], in contrast, considered the interaction of occlusal and emotional factors
as a cause of bruxism.

However, it is believed that there is no scientific evidence that malocclusion
or interceptive contact between opposing teeth can initiate or maintain bruxism
[3, 14, 32, 41, 42].

In the past, authors such as Ramfjord [33] believed that bruxism should be an
instrument with which the individual attempted to eliminate occlusal interference
that would cause reflex excitation of the masticatory muscles through stimulation
of periodontal mechanoreceptors. However, it is now known that the stimulation
of the mechanoreceptors of interceptive dental contacts has a more reduction than
increase effect in muscle activity [34, 4-43].

Recently, some studies have demonstrated that the elimination of interferences
in occlusion had no influence on parafunctional activity [17, 43—-45].

Moreover, not every bruxism patient necessarily presents occlusal interference
and those who present it do not always develop the parafunctional habit [17, 35].

The literature points to several controversial theories and opinions regarding the
true role of occlusion in the aetiology of bruxism. However, at present, the associa-
tion between occlusal disharmony and the triggering of bruxism has been debated
and challenged, as well as a specific relation between principles of ideal occlusion
and absence of bruxism.

What should be considered relevant in relation to the occlusal arrangement
during the bruxism mechanism is the distribution of the forces resulting from
this activity for non-functional purposes on the teeth and support structures. Ina
situation of occlusal disharmony, these forces can generate deleterious effects on
important components of the masticatory system.

6.4 Other aetiological factors

Other sources in the aetiopathogenesis of oral parafunction are also considered
to be factors that trigger bruxism, but no less important in a therapeutic approach
[43, 46] such as the aforementioned emotional factors, those associated with
medications and neural pathways and occlusal. These are: sleep disorders, genetic
factors, use of stimulant and alcoholic beverages and smoking.

6.4.1 Sleep disorders

With regard to sleep disorders, it is understood that during the sleepy state, the use
of the masticatory muscles in non-functional activities during the rhythmic attrition of
the teeth is characterised as a parafunctional behaviour, that is, it has no functional pur-
pose [3], and thus is believed to be more related to changes in emotional stress levels and
sleep stages when neuromuscular protection mechanisms appear to be absent resulting
in less influence on muscle activity for non-functional purposes [10, 35, 41, 47].

Night bruxism is common in the general population and represents the third
most frequent sleep disorder [21].

As aresult of this high prevalence of parafunctional sleep habit, sleep physiology
has been studied extensively in order to search for possible causes of this disorder.
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The sleep process can be described basically as two types of mental activity:
amild one, which is divided into stages 1 and 2, and a deep one, which is divided
into stages 3 and 4. The sequence of these two types of mental activity is called
the non-REM phase and represents 80% of an adult’s sleep period. The other 20%
corresponds to the phase called REM, which is characterised mainly by rapid eye
movements. In this way, the sleep cycle is initiated by stages 1 and 2 (superficial),
passing to stage 3 (deep) and to stage 4 (even deeper), when it reaches the REM
stage. From this REM period, there is a return to the more superficial stage when the
so-called micro-awakenings occur. And so the cycle restarts (Figure 4) [10].

There is an understanding that nighttime bruxism occurs normally in
the non-REM phase, especially in stage 2 and during changes in sleep stages.
Nonetheless, there is also another consensus that bruxism may occur during
REM sleep and, in this case, is more frequently associated with facial and dental
pain [21, 48].

Following this same line of reasoning, there is the theory that parafunctional
habit can start at any stage of sleep, but never in its REM stage [36, 49].

Patients with obstructive sleep apnoea, snorers, who present moderate daytime
sleepiness, alcoholics, caffeine users, smokers, and those with a highly stressful and
anxious life are considered to be at high risk for nighttime bruxism [21].

However, clinical findings showed that there were no significant differences in
sleep microstructure in patients with parafunctional habits when compared with
individuals considered normal [50].

There are divergences in the literature about which stage of sleep bruxism
occurs, such as the observation that bruxism is a relatively nonspecific disturbance
of the awakening mechanism, that is, from the passage from sleep to wakefulness.
Thus, it can occur as an awakening reaction from any stage [36, 37]. In any case,
bruxism is considered a parasomnia, that is, it is a sleep disorder with a high degree
of impairment of the structures of the masticatory system, in view of the deficiency
of mechanoreceptor mechanisms during the sleep period.

In general, some of the main symptoms that affect people who grind or clench
their teeth during sleep are pain in their own teeth, face, head and sensation of
muscle fatigue in the areas corresponding to the masseter and temporal muscles
that occur in the morning, after awakening and relieving after a few hours [51].

6.4.2 Genetic factors

There are reports of a significant connection of a particular genetic contribu-
tion to the pathophysiology of bruxism [21, 38], as well as to the statistically high
frequency of the same wear pattern, which reinforces the hypothesis that hereditary
factors are important in the genesis and pattern of bruxism and seems to influence
the central trigger of this habit [38, 52, 53].
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However, in order to establish a pattern of inheritance of the mechanism of
bruxism, studies are required encompassing several generations and chromosome
identification [54].

6.4.3 Stimulant beverages, tobacco and alcohol

Smoking may increase episodes of tooth grinding during sleep [21]. Both tobacco
and stimulant beverages are excitatory substances in the CNS. This means that they
may contribute to increase the effect of the stress mechanism, since they present diverse
neuromuscular, cardiovascular, and respiratory repercussions. Among stimulating
beverages, coffee, tea, chocolate, and cola-based soft drinks may be mentioned [11].

Nicotine also stimulates central dopaminergic activity, which may explain the find-
ings that smokers report bruxism almost twice as often as non-smokers [17, 50, 55].
Alcohol can also induce bruxism [17, 56, 57].

The search for an understanding of the aetiopathogenic basis of bruxism results
in diverse and controversial opinions of authors who have studied the subject.

However, it is an almost always present opinion that the aetiological principle
of bruxism involves at least two triggering agents and is therefore considered an
aetiology of a multifactorial nature.

7. Implications of the mechanism of oral parafunction

Generally, the parafunctional activity for an extended period may imply damage
to the structures of the stomatognathic system due to excessive forces applied to the
components of this system, which often exceeds the structural tolerance limit of
certain structures, as already described.

When the result of the combination of occlusal changes and stress is greater than
the bodys ability to adapt, muscular hyperactivity is increased, generating intense
forces that can reach the structures of the masticatory apparatus, causing collapse
[11], that is, this tolerance can be described as a critical level of tolerance to the
increased forces generated by the muscular hyperactivity of the components of the
masticatory system [10].

Okeson [10] elaborated an equation to demonstrate the aetiology and effect of
this muscular hyperactivity :

Malocclusion + Emotional Stress > Physiological Tolerance —

Increased muscle hyperactivity > Structural tolerance — Collapse

This statement reinforces the idea that the response to these situations is individual.
The type of reaction is directly related to factors such as particular predisposition to
periodontal and dental problems, muscle changes and TM]J. Each one will cause symp-
tomatology originating from its respective deficiency and will give rise to implications
on the stomatognathic system, which can also be called biomechanically induced den-
tal diseases. The latter affect at least 75% of the adult population. These data confirm
that more teeth are lost due to these diseases than to the effects of caries [12, 58, 59].

There are indications that it is rare to find an individual who presents a condylar
and dental relationship with complete balance and harmony. Likewise, an in-depth
examination of adults reveals that it is equally rare to find one who has no signs of
biomechanically induced dental disease that can be proven to result from grinding
and clenching teeth [12].
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Following this reasoning, the diagnosis of the presence of the parafunctional
habit should be made as early as possible, since in most cases the bruxism patients
only suspect its existence when they present damages in the structures of the
stomatognathic apparatus, often in a very advanced stage such as dental wear, tooth
or restoration fractures, dental hypersensitivity, masticatory muscle discomfort or
TM]J pain and in muscles involved in mastication [54].

McCoy [60] used the term dental compression syndrome (DCS) to refer to brux-
ism and other parafunctional habits such as nail biting. The grinding and clenching
of the teeth produce fatigue on the teeth and supporting tissues causing damage to
the dental and bone structures and soft and articular tissues. Thus, the understand-
ing of the relationship between DCS and TMD should be further investigated since
the effects caused by DCS lead to it becoming an important contributing factor in
the onset of TMD and injuries on the teeth [45, 60]. However, there is evidence that
clenching teeth (centric bruxism) is more damaging to the masticatory system than
grinding teeth (eccentric bruxism) [61].

Among the clinical findings that characterise bruxism, there is a greater
predominance of myofascial pain affecting mainly the masseter and the anterior
temporalis muscle, followed by dental problems and in the periodontium of sup-
port, limitation of the mandibular movements and muscular hypertrophies [62].

The recognition by dentists that bruxism rarely occurs alone, that is, it is always
associated with other symptoms, becomes an approach of fundamental importance [63].

What will determine the type of deleterious effects (signs and symptoms) on the
stomatognathic system due to the prolonged action of parafunction is the structural
tolerance of each component of this system. The potential sites of collapse are the
muscles, the TMJs, the supporting structures of the teeth and the teeth themselves.

There is a strong consensus that bruxism is a significant contributing factor in
the cause of TMD, including masticatory muscle disorders and joint pain [4-6, 10,
54], such as osteoarthritis, capsulitis, synovitis, disc adhesions and joint pain, in
addition to muscle pain [6].

Among the neuromuscular effects that fit the TMDs, one may mention muscle
hypertonicity, muscular hypertrophy, movement limitation, myositis and spontane-
ous myalgia, and myofascial pain. The most frequent symptoms are pain affecting
the masseter and anterior temporalis muscles [62, 64].

Figure 5.
Main masticatory muscles involved in bruxism: masseter and temporal.
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One can also attribute as implications of bruxism the increase in muscle tone
and resistance to manipulation of the mandible, in addition to compensatory
hypertrophy, muscular fatigue sensation and pain to the palpation of the mastica-
tion muscles [36].

7.1 Most frequent symptoms of TMDs

Once the imbalance of the stomatognathic system is established due to oral
parafunction, the main symptoms are limitation of physiological activity, noises
and pain in TMJ, muscular pain, and limitation and deviation of mandibular move-
ments [65]. However, the mandibular elevating masticatory muscles, especially the
masseter and temporal, are the most affected structures in TMDs due to bruxism
(Figure 5) [65, 66].

TMDs may also be associated with anatomical, physiological and psychological
factors, as well as headaches and neck and ear pains [65-67].

8. Changes in morphological craniofacial architecture

Research on the relationship between form (or structure) and function of the
components of the masticatory system is of extreme scientific interest because it
can elucidate how structures develop beyond their genetic component.

In the case of the extra-functional demand of bruxism, can it exert influence on
the craniofacial structures of the individuals who are growing or even those who
have passed this stage?

In this context, the craniofacial morphology could perhaps represent one of the
signs of some relevance for the clinician to search for. However, the literature shows
different opinions, even going to the controversies on this subject.

In 1994, Menapace et al. [68] mentioned that some authors advocated the hypoth-
esis that bruxism directs towards a particular craniofacial morphology and that other
researchers, on the contrary, believed that a certain craniofacial morphology may
predispose to the parafunctional mechanism. However, when investigating the type
of craniofacial and dental morphology between individuals with and without brux-
ism, these authors did not find significant differences between the two groups.

In a recent study, it was observed that some adult individuals, that is, after the
period of facial growth and development, may develop anterior open bite due to
episodes of parafunctional oral activity [69].

In another study on the relationship between craniofacial morphology and
bruxism, Young et al. [70] found a statistically significant difference in the
bizygomatic and cranial widths when they compared bruxism patients with
those who did not present the habit. They associated this finding with the theory
that the increase in non-functional demand that occurs in bruxism can result
in broader or wider skull-and-mouth traits as prescribed by functional matrix
theory. Perhaps, the result of these studies indicated a greater functional effect
of the masseter and temporal muscles on the skeletal traits of bruxism patients.
However, these authors also affirmed that this evidence is based on an indirect
rather than a direct premise, since independent variables reported in bruxism
were evaluated, such as muscle strength, tooth wear, number and density of
muscle fibres and occlusion.

Other data found in research focused on the relationship between tooth wear
occurring in bruxism, and the morphology of craniofacial structures was more
rectangular maxillary arch in combination with anterior mandibular rotation,
diminished anterior facial height and greater bimaxillary interincisal angle [17, 71].
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A

Figure 6.
Prominence of mandibular angle (A); mandibular torus on lingual surface (B).

Other authors [17, 70, 72] believe that parafunctional habit does not imply
alteration of facial morphology, since dentoalveolar development should com-
pensate for tooth wear related to bruxism and, therefore, deny a possible effect of
reducing facial anterior height in bearers of this habit. Thus, they demonstrated
that there is maintenance of the overbite due to the extrusion of anterior teeth so
that the contact with its antagonists remains.

Otherwise, alterations of some facial structures can take place, like the promi-
nence of mandibular angle (masseter insertion) and mandibular torus on the
lingual surface (Figure 6) [73].

From the above, it is observed that there is no consensus on the actual association
between craniofacial morphology and the presence of bruxism, and this probable
clinical sign consequent to the parafunctional habit should be carefully examined.

9. Therapeutic strategies to control bruxism

Considering the multifactorial aetiological nature of oral parafunction, as
well as the different forms of involvement on the dentofacial structures involved,
once it is perceived that when the structural limit of the adaptive capacity of the
stomatognathic system, which is individual, is reached, the therapeutic approach
becomes complex and at the same time palliative. It can be said that bruxism can be
controlled by means of different therapeutic procedures on the signs and symptoms
resulting from its installation, which is slow and gradual.

The proposed therapeutic strategies can be listed as psychological approach,
guidelines on sleep hygiene measures combined with relaxation methods, use of
interocclusal devices, prescription of medication for pain control, electrical stimu-
lation, physiotherapy, acupuncture and, more recently, use of botulinum toxin to
control the contraction of the main muscles involved in the parafunction, decreas-
ing muscular strength and pain [66, 74-76].

There are currently questions about the influence of the use of invisible orth-
odontic aligners on the effects of bruxism with regard to parafunctional muscle
activity during sleep and, consequently, related symptoms, such as pain. These
devices are compared with those used in the traditional therapy of nocturnal
bruxism control: hard-resin appliances. The latter provide a decrease in the force of
muscle contraction, thus relieving pain symptoms and protecting teeth and struc-
tures of the temporomandibular joint. There is no scientific evidence that invisible
orthodontic aligners can exert some effect on parafunctional muscle activity during
sleep, nor on related symptoms [77].
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10. Relation to orthodontic treatment

It is relevant to investigate the real relationship between orthodontic treat-
ment and parafunctional habit, since it is not uncommon for an individual to seek
correction of malocclusion in order to solve problems caused by bruxism or even to
intercept its own mechanism.

On the other hand, in some cases it may develop the habit of grinding or clench-
ing the teeth during or after orthodontic treatment.

What, then, is the association between orthodontic treatment and bruxism? Is
orthodontic treatment responsible for TMD signs and symptoms resulting from
parafunction? Can orthodontic therapy be considered as a triggering factor of the
parafunctional mechanism? How to evaluate, predict and verify the presence of
predisposing factors to parafunction in an individual who will undergo orthodontic
treatment?

These issues have been raised, both by individuals who will undergo orthodontic
treatment and by professionals themselves, because of a growing prevalence of
bruxism currently observed.

To evaluate the factors predisposing to the development of parafunction, the
orthodontist must have updated knowledge of the whole process of the phenomenon
of bruxism. This encompasses from the neurophysiological criteria of the whole
mechanism (CNS control) to the problems related to the aetiology and its implications.

The diversity of factors capable of deflagrating, maintaining or aggravating
the mechanism of bruxism and its sequelae requires the orthodontist to know and
understand the mechanism of this parafunctional habit in order to have success and
clarity in clinical behaviour in relation to individuals who have or who develop it
before, during or after orthodontic treatment.

A longitudinal study by Knight et al. [8] for a period of 20 years in individuals
receiving orthodontic treatment showed that they presented signs of bruxism char-
acterised by wear in the mixed dentition that remained with the same pattern in the
permanent dentition. They inferred that this parafunctional habit may represent a
persistent characteristic in the childhood and in the adult phase of the same person,
thus not having a direct relation between orthodontic treatment and bruxism.

In another study, Egermark et al. [40] investigated the risk of developing
bruxism and TMD in a group of 402 subjects, some of whom received orthodontic
treatment while others represented the control group. The results reinforced the
opinion that orthodontic treatment did not present a high risk of developing TMD
and bruxism in the long term when compared to those who did not undergo orth-
odontic intervention to correct malocclusion.

In contrast, there are reports that bruxism and some signs and symptoms of
TMD have decreased during the active phase of orthodontic treatment [78].

A possible explanation for the association between these two entities is based on
the understanding of the neurophysiology of the CNS involved in its processes.

According to Okeson [10], the constant change of the dental positions in the
orthodontic conduct results in altered peripheral sensorial stimuli causing a
decrease of CNS activity. That is, occlusal contacts generate peripheral (outside
the CNS) stimuli, which present an inhibitory effect of muscle activity through the
nociceptive reflex mechanism. In a different way, bruxism seems to be conditioned
to the CNS, whose stimulus has an excitatory effect on the muscles.

Thus, it can be inferred that the muscular activities related to functional (occlu-
sion) and parafunctional (bruxism) stimuli are different, as they result in con-
trolled and voluntary movements and uncontrolled and involuntary movements,
respectively. From this reasoning, it can be deduced that changes in dental contacts
have little effect on bruxism, that is, as the teeth move in orthodontic treatment,
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they produce constant peripheral stimuli that act to inhibit parafunctional activity,
which is mediated mainly by the CNS. However, once the orthodontic movements
have settled, if the main aetiological factor persists, bruxism may restart [10].
Likewise, the effect of therapy using rigid plaques that are constantly adjusted to
control the habit and protect the structures associated with the parafunctional act,
such as teeth, neuromuscular structures and TM]J, is understood.

This hypothesis is contradictory in relation to the authors who defended the
occlusion and its variations as one of the main triggers of bruxism [33]. On the
other hand, it supports the results of studies of other researchers who found a
reduction in parafunctional muscle activity after the inclusion of deflective occlusal
contacts in a given population sample [79].

At present, there is a concern to investigate the real participation of orthodontic
treatment in the development of one of the consequences of bruxism represented
by TMD.

Studies have demonstrated that parafunctional habits can act as triggers for
TMD, that is, they are conditioned by the contributing factors of these disorders,
as revealed by Conti [4] in a cross-sectional evaluation of the relationship between
TMD signs and symptoms and orthodontic treatment.

Other authors have claimed that parafunctional habits do not represent consis-
tent factors in the induction of muscle or joint pathologies [80].

In this way, one cannot neglect the fact that the uncertainty caused by the
lack of scientific evidence based on subsidies of greater content around the true
involvement of orthodontics on the parafunctional mechanism converges to a more
prudent conduct in relation to orthodontic procedures in patients with bruxism.

Clinical examination, diagnosis and discernment to know the timing to initi-
ate or continue orthodontic treatment in patients who are included in this context
constitute adequate procedures to conduct the orthodontic intervention.

Some professionals postpone the control and treatment of bruxism only after
removal of the fixed appliance, even though this may result in excessive tooth wear.
Others advocate some type of control for the consequences of bruxism during
orthodontic treatment, such as the use of occlusal plaques [81].

In a longitudinal follow-up of a sample composed of 58 TMD patients, of whom
45 were submitted to orthodontic treatment, Imai et al. [82] suggested that TMD-
related symptoms did not recur in individuals receiving orthodontic treatment due,
probably, to the reestablishment of the functional balance of the masticatory system.

These data are consistent with the idea that a healthy occlusal condition is essen-
tial for the entire dynamics of the stomatognathic system. Otherwise, along with
other triggering factors, a situation of occlusal disharmony can act as an aggravat-
ing factor of the deleterious phenomena originated by bruxism.

From this, studies have shown that the relationship between tooth movement
and the aetiological mechanism of parafunctional habits is inconsistent.

Therefore, the researched literature did not provide scientific support for the
hypothesis of a direct association between bruxism and orthodontic treatment,
which reinforces the need for further research on this subject.

11. Conclusions

This chapter dealt with aspects related to the aetiology of oral parafunction, as well
as related neurophysiology, organic structural adaptive capacity, some clinical implica-
tions such as the main structures of the stomatognathic system involved consequent to
the TMDs, alterations in the craniofacial morphological architecture, some therapeutic
conducts and, finally, the association between orthodontic treatment and bruxism.
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The aetiology of bruxism is multifactorial. The deleterious events on the cranio-
orofacial architecture come from the rupture of the structural limit of the adaptive
capacity of the stomatognathic system as a consequence of the oral parafunction,
and it is particular of each individual. However, the facial structures that are most
affected by bruxism are the mandibular elevating masticatory muscles: masseter
and temporal. The therapeutic conducts used to control bruxism should be directed
in accordance with the prevalence of each symptomatology, as well as according to
the specific aetiology. Finally, orthodontic treatment cannot be considered as an
aetiological factor of bruxism, since occlusal interferences are no longer accepted
as the main aetiological factor in this occurrence. Following this reasoning, it can
be concluded that the performance of orthodontic treatment is not related to the
presence of signs and symptoms of temporomandibular disorders (TMD), since the
degree of TMD may be associated with the presence of parafunctional habits (such
as bruxism and clenching of teeth) and emotional tension.

Thus, knowledge and mastery of signs and symptoms of bruxism, in addition
to contributing factors in its aetiology, as well as knowledge about the different
therapeutic approaches, become fundamental requirements, within a more current
perspective, in the practice of orthodontics.
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