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Resumo

Introducdo — A dor cronica ¢ um fator de grande impacto na qualidade de vida de um
individuo, e pode ter consequencias negativas para a saude geral e para o seu bem estar social
e psicologico. O processo de envolve varios mecanismos, permitindo diferentes estratégias de
tratamento. O tratamento farmacoldgico ¢ utilizado na maioria das situagdes, mas pode ser
combinado com tratamentos coadjuvantes ndo farmacologicos.

Objetivos — Analisar eventuais relacdes entre o desempenho dos doentes em testes cognitivos
e de variaveis de dor, presenca de comorbilidades e uso de medicago.

Metodologia — A recolha de informacao foi efetuada a partir de revisao bibliografica no meio
de pesquisa PubMed e dos resultados obtidos num estudo clinico em doentes com dor crénica
devido a disfuncdo temporomandibular que foi realizado na Faculdade de Odontologia de
Ribeirdo Preto, Universidade de Sdo Paulo. A amostra ¢ composta por 33 voluntarios com
diagnédstico de dor cronica devido a disfungdo temporomandibular (Diagnostic Criteria for
Temporomandibular Disorders), com idade entre 15 e 66 anos, sem distingdo de género. A
avaliagdo destes individuos incluiu os seguintes pardmetros: aplicacdo de questionarios
(sociodemografico, Escala de Pensamentos Catastroficos sobre Dor, Pain Vigilance and
Awareness Questionnaire, Central Sensitization Inventory), avaliacdo de variaveis de dor
(intensidade, tempo de dor, presenca de dor referida, presenga de dor em regides
extratrigeminais, numero total de sitios orofaciais com dor a palpagdo, catastrofizagdo,
hipervigilancia a dor e sensibilizacdo central), presenca de comorbilidades, utilizagdo de
medicacgdes e capacidades cognitivas (MoCA, Montreal Cognitive Assessment).

Resultados — Por meio de analises descritivas, observou-se nos boxplots uma tendéncia a
valores reduzidos no teste de capacidade cognitiva e maiores resultados nos testes de
catastrofizacdo e hipervigilancia nos pacientes que relatam maior sensacgdo de dor.

Conclusio — Com esses resultados, ¢ possivel concluir que a presenca de déficit leve da
capacidade cognitiva observada em alguns grupos de pacientes com DTM dolorosa esta
provavelmente mais associada ao estimulo nociceptivo cronico e a sensibiliza¢do do sistema
nervoso central, do que o uso de algum tipo especifico de farmaco, como a hipdtese feita
inicialmente neste estudo. Além disso, os pacientes expostos a niveis mais altos de dor sdo mais
catastroficos e hipervigilantes, ou apresentam niveis mais elevados de dor, por apresentarem
um perfil mais catastréfico e hipervigilante. Assim, um estimulo nociceptivo cronico pode
gerar uma sensibilizag@o central, que poderia causar um leve déficit da capacidade cognitiva
em alguns grupos de pacientes com DTM dolorosa.

Palavras chave: dor cronica, farmacologia, opioides, mindfulness, meditacdo capacidade
cognitiva, catastrofizag¢do da dor, sensibiliza¢do central, disfungdo temporomandibular.



Abstract

Introduction - Chronic pain is a major impact factor on the quality of life of an individual
and can be negative consequences for a general state and for their social and psychological
well-being. The process of developing several mechanisms, using different treatment
strategies. Pharmacological treatment is used in most situations but can be combined with
non-pharmacological treatments.

Objectives - To analyze risks between the performance of patients in cognitive and pain
variables tests, the presence of comorbidities and the use of medication.

Methodology - Data collection was performed based on a bibliographical review in the
middle of the research and, in part, the temporomandibular dysfunction that was installed in
the Faculty of Dentistry of Ribeirdo Preto, University of Sdo Paulo. The indication is made
by 33 patients with chronic pain due to temporomandibular dysfunction (diagnostic criteria
for temporomandibular disorders), aged 15-66 years, without gender distinction. The
assessment of data types includes the following: questionnaire applications, pain awareness
and central awareness questionnaire, central sensitization inventory, assessment of pain
variables, time intensity, presence of pain, presence of diseases in extratrigeminal regions ,
presence of the comorbidities, use of cognitive measures and capabilities (MoCA, Montreal
Cognitive Assessment).

Results - Analyze descriptions, observed in the boxplots one of their reduced capacities
without test of cognitive ability and results in the tests of catastrophizing and hypervigilance
in the patients that relate greater amount of pain.

Conclusion — With those results, it is possible to conclude that the presence of a mild deficit
of the cognitive capacity observed in some clusters of painful TMD patients is probably more
associated with the chronic nociceptive stimulus and a sensibilization of the central neural
system, than the use of some specific kind of drug, as hypothesized initially in this study .
Also, patients exposed to higher levels of pain are more catastrophic and hypervigilant, or
they have higher levels of pain because they had a more catastrophic and hypervigilant
profile. So, a chronic nociceptive stimulus can generate a central sensitization, which could
cause a mild deficit of the cognitive capacity in some clusters of painful TMD patients.

Key words: chronic pain, pharmacology, opioids, mindfulness, meditation, cognitive
behavior, pain catastrophic, central sensibilization, temporomandibular disorders



Introduction

Definition

The International Association for the Study of Pain (IASP) defined Pain as ‘an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage’.

Chronic or persistent pain had been defined by the IASP as ‘pain without apparent biological
value that has persisted beyond normal tissue healing time’, usually a pain that lasts more than
3 months, or more the period when an acute insult would have been expected to heal.(1)

Chronic pain is one of the most prevalent health problems in the world, with millions of people
debilitated by conditions such as back pain, headache and arthritis.(2) The overall prevalence
of chronic pain in Europe is estimated at 18%. (1) In 2012, 25.3 million adults in the United
States experienced chronic pain (3)
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Figure 1. The cycle of chronic pain. (1)
which depression, pain related fear and catastrophising have a prominent role, Figure 1. (1,4,5)

Reported studies show that there is a close association between emotions and pain, with a
variety of theories, some of those trying to describe the bidirectional associations between



increased negative emotions and increased pain, meanwile others viewing emotional distress
and physical pain as two manifestations of the same fundamental mechanisms, Figure 2. (3)

The biopsychosocial model of chronic pain
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Figure 2. The biopsychosocial model of chronic pain. (1)

Moreover, depression, anxiety and stress, that caracterized Psychological distress, has been
shown to mediate the association between pain severity and disability. (3)

Furthermore, some studies suggested a possible cyclical association between difficulties with
emotion regulation and opioid-related outcomes, opioid misuse predicted less positive affective
response to positive stimuli in an experimental heart rate variability task compared to non-
misusers, this affective response pattern was asssociated with craving for opioids.(3)

Diagnosis and assessment of chronic pain

In the diagnosis of chronic pain, a detailed patient assessment is essential in order to discard
any underlying medical disorder. To evaluate the functional impact of the pain several scoring
systems are available, i.e. the visual analogue scale, the Brief Pain Inventory and the McGill
Pain Questionnaire. Other pain evaluation tools can be also used. (1)

The features of chronic pain, i.e. its high prevalence and refractory nature, together with the
deleterious consequences of medication dependence has fostered new treatment strategies
which include adjunctive therapy or alternatives to pharmacologic treatment.



In spite of the limited knowledge of the mechanisms underlying chronic craniofacial pain, it is
recognized from clinical and preclinical studies that alterations in afferent brain inputs, brain
structure as well as modulatory pathways play a role in chronic pain(6)

Many studies have shown that the emotional state has an enormous influence on pain
perception. A negative emotional state increases pain, whereas a positive state lowers pain.
(2,3,7-11)

Not just emotion imparts a value system to sensory processing, but attention too, allowing the
central nervous system to mold sensory experience into a subjective landscape. There is a
differential pain modulation by mood and attention, with mood modifying preferentially pain
unpleasantness and attention affecting mainly pain intensity. (6)

Besides the subjetivity of the pain by the individual perception and emotional-psichological
interaction, there are two phisiological phenomena that need also to be considerated:
Conditioned pain modulation and Central sensibilization.

Conditioned pain modulation (CPM)

Conditioned pain modulation (CPM) or Diffuse Noxious Inhibitory Controls (DNIC) is a
phenomenon known as “pain inhibits pain”. A variety of studies strongly suggest that CPM is
reduced in patients with chronic pain, e.g., TMD, fibromyalgia and migraine. These
observations show that CPM is handicapped in patients with TMD pain particularly at sites
with chronic pain but not at pain-free sites; additionally, the features of the clinical pain do not
affect CPM. (12)

Central sensibilization

Central sensitization is reflected as pain hypersensitivity, particularly dynamic tactile
allodynia, secondary punctate or pressure hyperalgesia, aftersensations, and enhanced temporal
summation. Clinical cohort studies revealed changes in pain sensitivity having an important
contribution of central sensitization to the pain phenotype in conditions of fibromyalgia,
osteoarthritis, musculoskeletal disorders with generalized pain hypersensitivity, headache,
TMD, dental pain, neuropathic pain, visceral pain hypersensitivity disorders and postsurgical
pain. Advances in the genetic and environmental contributing factors and the establishment of
reliable biomarkers of central sensitization will be a step forward in treatment strategies in the
prevention and reduction of this as will form of pain plasticity (13). Preclinical studies on
stimulus-response relations in the spinal cord revealed that the afferent activity induced by
peripheral injury triggers a long-lasting increase in the excitability of spinal cord neurons,
affecting significantly the gain of the somatosensory system. The observed central facilitation
is reflected as a reduced threshold (allodynia), an increased responsiveness and longer
aftereffects to noxious stimuli (hyperalgesia), as well as a receptive field expansion that
allowed input from non-injured tissue to produce pain (secondary hyperalgesia).



These basic science studies suggest the possibility that the experimented pain might not reflect
the presence of a peripheral noxious stimulus. This is of upmost relevance as central
sensitization introduces another dimension, in which the CNS has the potential to change,
distort or amplify pain, increasing its degree, duration, and spatial extent in a way that no longer
reflects the specific features of the peripheral noxious stimuli, but instead the particular
functional states of CNC circuits. In his way, conceptually, pain has become “centralized”
instead of being exclusively peripherally driven. Thus, central sensitization reflects an
uncoupling of the specific stimulus response relationship that defines nociceptive pain. It is
now clear that a noxious stimulus while sufficient is not necessary to produce pain. Depending
on the modulation of the “pain pathway”, neurons might be activated by low threshold,
innocuous inputs. Consequently, pain might be equivalent to an illusory perception, i.e. with
the same features of that triggered by a real noxious stimulation but occurring in the absence
of such a harmful stimulus. The pain is real but not triggered by a noxious stimulus. Thus, it is
not a nociceptive pain but a state of induced pain hypersensitivity, presenting similar
“symptom” profile to that observed in several clinical conditions.(13)

Regarding chronic craniofacial pain conditions, it involves both peripheral and central
amplification of nociceptive signals which may sustain pain. Repeated episodes of pain and
sustained nociceptive drive might alter the balance of central modulation favoring facilitation,
also promoting amplification and contributing to sustained chronic pain.(6)

Normal Sensation

B/ = i o e pain ]

ow-Threshold Mechanoceptor

Nociceptor 4 A j_EL_l

1 Low-Threshold Mechanoceptor .‘)
ﬁ = [ AL S — I
- ouc

Figure 3

Normal sensation. The somatosensory system is organized such that the highly specialized primary sensory
neurons that encode low intensity stimuli only activate those central pathways that lead to innocuous
sensations, while high intensity stimuli that activate nociceptors only activate the central pathways that lead
to pain and the two parallel pathways do not functionally intersect. This is mediated by the strong synaptic
inputs between the particular sensory inputs and pathways and inhibitory neurons that focus activity to these
dedicated circuits. (6)



Central Sensitization
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Figure 4

Central sensitization. With the induction of central sensitization in somatosensory pathways with increases in
synaptic efficacy and reductions in inhibition, a central amplification occurs enhancing the pain response to
noxious stimuli in amplitude, duration and spatial extent, while the strengthening of normally ineffective
synapses recruits subliminal inputs such that inputs in low threshold sensory inputs can now activate the pain
circuit. The two parallel sensory pathways converge. (6)

Temporomandibular disorders (TMD)

The knowledge of the mechanisms underlying chronic craniofacial pain and TMD remain
limited. TMD appears to be associated with increased generalized pain sensitivity after
isometric contraction of the orofacial muscles. Women suffering from myofascial TMD
display widespread bilateral, mechanical and thermal pain sensitivity, compared to age
matched controls, suggesting extensive central sensitization. Additionally, these patients
reported increased referred pain elicited from the more frequent trigger points, compared to
controls. (14)

For pain associated to periradicular inflammation (periradicular periodontitis), a major feature
appears to be mechanical allodynia. Reduced threshold also occurs in contalateral non inflamed
teeth, which reflects central sensibilization. (12,15)

Evidence for central sensitization might also be noticed after a third molar extraction, for at
least a week. This is reflected by enhanced response to repetitive intraoral pinprick and
electrical stimulation aftersensations and extraoral hyperalgesia. (12,15)



Comorbidities

In general, nociceptive pain arises from noxious stimuli, inflammatory pain is produced by
tissue injury and/or immune cell activation, and neuropathic pain is associated to a nervous
system lesion. Further, pain conditions are also experienced in the absence of such stimuli. A
variety of syndromes presents pain hypersensitivity in the absence of noticeable etiological
factors, which might effectively reflect a primary dysfunction of the nervous system. Examples
include temporomandibular joint disease, tension-type headache, fibromyalgia and irritable
bowel syndrome, all having central sensitization as a specific contribution. Even, it can be
hypothesized that the primary defect in some of these syndromes is an enhanced capacity to
produce or maintain central sensitization. (13) In this way, knowing the contribution of central
sensitization to many “unexplained” clinical pain conditions provides the underlying
mechanisms, assisting in the identification of therapeutic targets.

In light of this, increased co-occurrence of comorbidity is highly expected. Several studies
support this view. In a study involving 4,000 twins addressing comorbidity of chronic fatigue,
low back pain, irritable bowel syndrome, chronic tension type headache, temporomandibular
joint disease, major depression, panic attacks and post-traumatic stress disorder, comorbidity
associations exceeded those expected by chance, and the main conclusion appears to be that
these conditions share a common etiology (16). Other epidemiological study on comorbidity
involving 44,000 individuals (including twins) suffering from chronic widespread pain,
reported co-occurrence with chronic fatigue, joint pain, depressive symptoms and irritable
bowel syndrome, suggesting that associations between chronic widespread pain and its
comorbidities may include genetic factors (17). Comorbidity has been reported also for back
pain and temporomandibular disorders (18), and migraine and temporomandibular disorders
(19).

This is a most relevant issue, as knowing and understanding comorbidity patterns would assist
clinicians care for challenging patients.

The management of chronic pain

Goals

Management of chronic pain aims at controlling the pain to optimize patient function through
a multidisciplinary approach. This may include a variety of pharmacological and non-
pharmacological, physical, interventional and surgical approaches culminating in attendance at
a functional and holistic restorative program. (1)

Like other chronic disease, patients must bear in mind that the treatment aims to control pain
rather than curing. Patients need also to understand the involved biopsychosocial aspects to
cope with the needed multimodal approach in the pain management control. (1)



Pain catastrophising

One important contribute to emotion dysregulatioon in pacients with chronic pain is Pain
catastrophising.

The definition of Pain catastrophising is an exaggerated negative orientation toward pain
stimuli and pain experience. Pain catastrophising is the most prominent predictor of social
functioning, vitality, mental health and general health. (4)

Catastrophising and fear of movement appear to have a important role in the transition of acute
to chronic pain. A negative correlation between pain catastrophising and the effect of a
radiofrequency lesion of the dorsal root ganglion has been reported in a population with
cervical brachialgia.(4) The authors hypothesised that a decrease on the level of catastrophising
applying a psychological treatment approach would mediate a positive effect on the treatment
outcome. (4)

Further, in this study sample, catastrophising scores were significantly higher infemales, and
this might be the reason for their lower quality of life.(4)

The important role of pain catastrophising as a predictor of the psychological burden of illness
may imply that an initial approach based in cognitive behavioural treatment, followed by
pharmacological treatment can be more effective or even drug medication is no longer needed.
It can be hypothesized that a treatment focused on decreasing the level of catastrophising, may
increase the effect of medical treatment.(4)

Pharmacological approaches

Generality

Management of chronic and acute pain might involve the following drug types: opioids
analgesics, nonopioid analgesics (mostly nonsteroidal anti-inflammatories, NSAIDs)
antidepressants, anticonvulsants, cannabinoids, botulinum toxin, topical agents, and intrathecal
drugs (20). These drugs can act directly in the pain stimuli or, indirectly, changing mood or
resilience to pain.

Pharmacological therapy aims to control pain improving the patient’s quality of life, while
minimizing unwanted adverse effects. Current pharmacological agents provide some patients
with a 50% improvement in overall pain. The classification of the pain condition and symptoms
as nociceptive/inflammatory, neuropathic or a combination of these will assist in the
establishment of the proper pharmacological treatment. Thus, NSAIDs are of great value in
inflammatory pain, although mostly ineffective to control neuropathic pain.

In general, fixed dosing schedules or slow-release analgesic preparations are used to manage
chronic pain. Non-opioids or adjuvant drugs are favored and, additionally, non-
pharmacological approaches are used to manage flare-ups or incident pain (predictable activity
related exacerbations). A long analgesic therapy should be based upon achieving functional



goals as well as reducing pain symptomatology. Treatment of nociceptive pain traditionally
follows the World Health Organization (WHO) ladder, beginning with paracetamol, and
progressing with non-steroidal anti-inflammatories and weak opioid, but neuropathic pain
responds better to antidepressant and anticonvulsant drugs. Progression from weak to strong
opioids (morphine, tramadol or oxycodone) often occurs. (1)

Addressing directly the noxious stimulus

- NSAIDs, opioids

Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit the synthesis of prostaglandin (PGs),
affecting varying degrees of pain modulation and also anti-inflammatory effects, which are
responsible for their therapeutic use. However, PGs exert a key role in a number of homeostatic
events, thus its decreased synthesis is associated to a number of adverse effects.

Opioids are agonists of the opioid receptors. Stimulation of the mu opioid receptor causes
analgesia, respiratory depression, sedation and constipation. Action on kappa and delta
receptors also contributes to their clinical effects.

A variety of studies together to a recent meta-analysis have consistently reported that the
addition of an NSAID to a pain management regimen can have an opioid-sparing effect of
between 20% and 35%. (20)

The increased awareness of the undertreatment of chronic pain noticed in the last decade
paralleled an increase in opioid prescribing (21). Concomitantly, the number of deaths by
opioid overdose increased fourfold, as well as admissions for the treatment of opioid
dependence. Further, the adverse effects associated with chronic opioid therapy include
respiratory depression, constipation, impaired cognitive ability, immune suppression, opioid-
related endocrinopathies, tolerance and dependence. (20)

In addition to paracetamol, NSAIDs and COX-2 inhibitors are mostly used to control moderate-
severe pain states. Significant adverse effects include gastrointestinal (GI) bleeding and renal
injury, and assessment of the risk / benefit ratio is needed. Even short-term use can cause fatal
GI bleeding. The COX-2 inhibitors are more protective for the GI tract but appear to increase
the risks of thrombus formation. In nociceptive plain, the addition a low dose of opioids is the
next step, mostly buprenorphine and tramadol. This approach appears to provide some benefit
in osteoarthritis, but the associated adverse effects (nausea, dizziness, constipation) may limit
its utility, especially in the elderly. Long term use of these opioids is uncertain, as most of the
reported studies are based on outcomes at 12 weeks. Long-term opioid therapy is frequently
discontinued due to adverse effects or insufficient pain relief.

Neuropathic pain is characterized by having positive and negative sensory symptoms (Table
1). Neuropathic pain is a term used to cover a group of diseases or injuries to the peripheral or
central nervous system that exhibits a degree of similarity between pain descriptors. A proper
clinical and diagnostic assessment of a particular neuropathic pain condition is needed for a
targeted and successful treatment. Further, a careful explanation of the condition, together with



the management of its psychological impact, is essential to maximize the effectiveness of the
pharmacological therapy. Monotherapy accounts only for partial pain relief, and just in 40-60%
of patients, thus the norm is the combination therapy. More effective opioids (e.g. morphine)
are normally advised as second- or third-line treatment. Short-term benefits are reported by
several randomized controlled clinical trials. Efficacy on long-term use lacks evidence, and the
adverse effects of prolonged opioid use are substantial. (22)

- Benzodiazepines

Benzodiazepines can be useful in a variety of chronic pain settings, namely those with
associated comorbid and debilitating psychiatric conditions. These include mostly anxiety
disorders and panic disorder and panic attacks. Due to the long-term adverse effects of
benzodiazepines, the weigh risk vs benefit of any therapy should be considered, especially
when opioids are used in combination with other medications.(23)

Addressing indirectly the noxious stimulus

- Antidepressants, anticonvulsivants

Tricyclic antidepressants (TCAs, nortriptyline, amitriptyline, duloxetine) and the
anticonvulsionants gabapentin and pregabalin are first-line therapies in the management of
chronic pain associated to peripheral neuropathic pain. These drugs act on the central nervous
system, normalizing enhanced neural activity. The efficacy of these drugs in the management
of neuropathic pain emphasizes the relevance of the central component of this type of pain and,
thus, a key target for its control. (13)

The gabapentinoids (gabapentin, pregabalin) have a role in the neuromodulation of the pain
signal transmission and in central sensitization. These effects appear relevant and these drugs
may act as opioid-sparing medication. Pregabalin is normally favored over gabapentin due its
linear pharmacokinetics, allowing more predicable dosage schedules. Additionally, pregabalin
has anxiolytic effects, a useful effect in this clinical setting. Most frequent adverse include
somnolence, dizziness and some impact on cognition. (22) These drugs have a high safety
profile and effectiveness in the control of neuropathic pain, and are considered first-line therapy
by the International Association for the Study of Pain Neuropathic Pain Special Interest
Group.(20)

In a similar way, tricyclic antidepressants are useful in neuropathic pain. (1) The analgesic
effect occurs in small doses, lower than those used in the treatment of depression conditions
and with a faster onset. In addition, changes in depression or mood state appear not to influence
the analgesic effect. These drugs inhibit the reuptake of noradrenalin and serotonin, increasing
the activation of descending inhibitory pathways in the midbrain and spinal cord (by decreasing



the neuronal influx of Ca2* or Na"). TCAs appear also to interact with some receptors with a
role in pain mechanisms, namely histamine, cholinergic, and N-methyl-D-aspartate receptors.
More frequent adverse effects are anticholinergic effects (dry mouth), postural hypotension,
sedation (this side effect is minimized by taking the drug at bedtime) and alteration in cardiac
conduction. With TCAs, there is also the risk of serotonin syndrome with the concomitant use
of other serotonin reuptake inhibitors. Overdose of TCAs may be fatal. (20)

- Cannabinoids

Cannabinoids act in CB1 and CB2 receptors, which have distinct locations and functions.
Mostly, CB1 receptors are expressed in the brain, spinal cord and primary sensory nerve
terminals, and their activation decreases pain transmission at several levels at both central and
peripheral nervous system. CB2 receptors exist in microglia, monocytes, macrophages, and
B/T lymphocytes, and their stimulation appears to decrease the release of inflammatory cell
mediators, plasma extravasation and afferent terminal sensitization. Efficacy of cannabinoids
in neuropathic pain has been shown in several placebo-controlled randomized studies.
Integration of this information into medical practice is still not clear.(20)

- Botulinum toxin

Botulinum toxins, produced by the anaerobic bacterium Clostridium botulinum, act on
cholinergic nerve terminals, inhibiting the presynaptic release of acetylcholine . Botulinum
toxin presents few adverse effects. Nevertheless, unwanted spread of the toxin from its
application site to distant parts of the body may occur, resulting in botulism-like symptoms.
Most of these events occurred with the use of high-dose botulinum toxin in children with
cerebral palsy-associated spasticity, but similar cases have been described in adults. (20)

- Intrathecal drug therapy

Indications for intrathecal drug delivery include (1) cancer pain in patients with life expectancy
longer than 3 months and ineffective pain relief or intolerable adverse effects from systemic
therapy, and (2) noncancer pain with clear evidence of pathology, and inadequate pain relief or
unbearable adverse effects from systemic therapy . The most common complications result
from catheter malfunction, e.g. obstruction, as is happen with catheter tip granuloma formation,
or catheter fracture.(20)
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- Surgical and interventional management

Interventional strategies are useful in certain conditions. (1) Under image guidance, epidural
injections of corticosteroids are effective for radicular pain secondary to nerve injury in some
situations. Interventional therapy is also often used in trigeminal neuralgia in several
approaches, i.e. Gasserian gangliolysis via thermal (radiofrequency), osmotic (glycerol
injection) or mechanical compression (balloon catheter) therapy under fluoroscopy.
Craniotomy to achieve microvascular decompression may decrease pain in conditions of
arterial or venous compression of the trigeminal nerve. Radiotherapy has also been tested (in
the form of gamma knife therapy). Further, injection of local anaesthetics (under image
guidance) may be used by diagnostic means in some musculoskeletal pain situations, e.g.
facet joint syndrome. (20)

Non-pharmacologic treatments

Generality

A growing interest has been directed to mind-body oriented therapies (2). Meditation, yoga and
cognitive behavioral therapy is gaining an increased role in pain control.

Pain is a complex experience with interrelated sensory and emotional events and, as such,
presents a wide inter-individual variability and also varies within the same individual
depending on the context and meaning of objective and subjective settings. (2). Pain perception
is greatly affected by cognitive and emotional factors. Negative expectations have clear
deleterious effects in pain control. On the other hand, positive expectations greatly contribute
to pain relief through a placebo effect. (2)

A myriad of processes affect the activity of afferent pain pathways, which include the
attentional state, positive and negative emotions, empathy and placebo administration. Also,
psychological factors activate intrinsic modulatory systems in the brain, namely those involved
in the opioid pain control. To further complicate this scenario, chronic pain also affects these
pathways, reflected by anatomical and functional alterations, which may result in pain
worsening and an altered cognition. (2)

Physical therapy

A combination physical approach of physiotherapy, pilates, massage and appropriate exercise
programs are useful in managing nociceptive chronic musculoskeletal pain, particularly in the
context of setting goals. (1)

Meditation and Mindfulness
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There is evidence that approaches as meditation contribute to decrease pain and further have
powerful protective effects on brain grey matter and connectivity within pain modulatory
circuits (2,24-28)

Mindfulness meditation appears to have positive effects in cognitive control and emotion
regulation. Endogenous opioid pathways appear to mediate the analgesic effect and also the
growing resilience to external suggestion with increasing practice. It has been reported that
pain and unpleasantness scores were greatly reduced after natural mindfulness meditation and
after placebo, but this was not observed after naloxone administration. Additionally, the same
study showed a positive correlation between the pain scores following naloxone vs placebo and
participants’ mindfulness meditation experience. Thus, investing in a long-term practice of
meditation in chronic pain patients may have potential therapeutic effects. (29)

Mindfulness meditation is believed to readjust the mind in the present and increase awareness
of the external environment and internal sensations, allowing the individual to step back and
reshape the experiences. This is achieved by paying attention to the present moment with
openness, curiosity and acceptance.

Clinical benefits of mindfulness have been described in several settings including substance
abuse tobacco cessation, stress reduction, and chronic pain. Controlled trials in pain patients
suggest positive outcomes on pain symptoms, pain acceptance, mood disturbance, anxiety,
depression pain-related drug use, quality of life, and functional status. (5)

Acupuncture - Stimulatory analgesia
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The use of the neuromodulation in the control of chronic pain has its support in the gate theory
of pain signal transmission (Figure 5).3 This can take a simple form, like acupuncture. Trans-
cutaneous electrical nerve stimulation (TENS) may activate the gate in a similar manner. (1)

The gate mechanism of pain signal modulation

When stimulated, afferent first-order light touch A fibres
activate an inhibitory interneurone that acts to reduce
the slow burning pain afferent signal from the first-order
C fibres; it does this via spinal second-order afferent
neurones to the brain

Afferent sensory
neurone projecting
Ap fibre to the central
u! 4 hervous system

Inhibitory =
interneurone

-

C fibre

Figure 4 Stimulatory analgesia (1)

Low-Level Laser Therapy

There are many studies reporting the use of the low-level laser therapy (LLLT) as a therapeutic
option for the painful TMD treatment. When compared with a placebo laser treatment, the
active LLLT maintain analgesia longer than placebo (follow-up 30 days). LLLT placebo has
also been shown to be effective in pain management in patients with painful TMD, with
improvement results similar to active LLLT, although it is important to consider that in LLLT
the placebo is amplified compared to other therapies because it is technological equipment with
high publicity in the health area. (30,31)

Studies in animal models have demonstrated that laser light is able to reduce proinflammatory
substances in the TMJ of rats with persistent inflammation. The analgesic effects of LLLT are
associated with different endogenous mechanisms, such as the release of opioids; increase in
ATP production; reduction in the production of prostaglandins, mainly COX-2; a decrease in
lymphocyte metabolism and secretion of histamine, kinins, and cytokines. In addition to the
release of endorphins and enkephalins, these neurotransmitters are released with LLLT, leading
to the modulation of nociceptors and the modification of the conduction of nerve impulses and
membrane permeability of the neurons. (30,31)
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Materials and methods

The information was collected from the results obtained in a clinical study in patients with
chronic pain due to the temporomandibular dysfunction that is being performed at the Faculty
of Dentistry of Ribeirdo Preto, University of Sdo Paulo, and whose objective is to analyze
possible relationships between the performance of patients in cognitive tests and oral
stereognosis and pain variables, the presence of comorbidities and the use of medication. The
sample consisted of 33 volunteers diagnosed with chronic pain due to temporomandibular
disorders (Diagnostic Criteria for Temporomandibular Disorders) between 15 and 66 years of
age, regardless of gender. The evaluation of these individuals includes the following
parameters: questionnaires (sociodemographic, PCS - Pain Catastrophic Scale, PVAQ - Pain
Vigilance and Awareness Questionnaire and CSI - Central Sensitization Inventory), evaluation
of pain variables (intensity, duration of pain, presence of referred pain, presence of pain in
extratrigeminal regions, total number of orofacial sites with pain to palpation, catastrophic,
hypervigilance to pain and central sensitization), presence of comorbidities, use of medications,
evaluation of oral stereognosis and cognitive abilities (MoCA - Montreal Cognitive
Assessment). This study is approved by the Ethics Committee of the School of Dentistry of
Ribeirao Preto, University of Sao Paulo (attached document).
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Results

The group of 32 females with painful TMD, with ages ranging from 15 to 66 years, was
analyzed in the School of Dentistry of Ribeirdo Preto, University of Sdo Paulo, . The following
protocols were applied: MOCA, PVAQ, CSI and PCS to assess the cognitive capacities,
hypervigilance, central sensibilization and pain catastrophizing evaluation respectively.

Using the IBM SPSS Statistics 25, through descriptive analysis and analysis of boxsplots, no
straight connection was observed between the administration of drugs that act in the Central
Nervous System and the deficit of the cognitive capacities or some increase in the
hypervigilance, central sensibilization and pain catastrophizing (Boxsplots I, II, IIl and IV).

Boxsplot | - MoCA Boxsplot Il - PVAQ

a0

MOCA

i 80

MedicagsesGrupo
MedicagdesGrupo

Boxsplot Ill - CSI Boxsplot IV - PCS
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|

MedicagéesGrupo

MedicagoesGrupo

Figure 5. Central drug administration and MoCA (Montreal Cognitive Assessment), PVAQ

(Pain Vigilance and Awareness Questionnaire), CSI (Central Sensibilization Inventory) and
PCS (Pain Catastrophizing Scale). In the Boxsplots I, I, Il and IV: 1 represents the group of
patients that uses drugs with action in the Central Nervous System, and 0 those who use other
drug groups or are not treated with any drug medication.
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However, it was found a considerable tendency in the results of the protocols influenced by the
presence of headache and/or migraine. Patients with those painful comorbidities had worst
results in the MOCA scores, indicating a possibility of a mild deficit of the cognitive capacity,
and high scores in PVAQ, CSI and PCS, that point to a high level of hypervigilance, central
sensibilization and pain catastrophizing respectively. (Boxsplots V, VI, VII, VIII)

Boxsplot V - MOCA Boxsplot VI - PVAQ

20| ]
EY

EY

MOCA
PVAQ

Migrane
Migrane

Boxsplot VII - PCS Boxsplot VIII - CSI

&

PCS
CSl -Parte A

Migrane Migrane

Figure 6 - In the Boxsplot V, VI, VII and VIII: 1 represents the group of patients that report Migraine
and/or Headache as comorbidities, and 0 those who do not.

Further, in the Visual Analogue Scale (VAS, pain intensity), it was observed that patients who
had the decreased scores in MOCA (under 22 points) and patients who had headache and/or
migraine as comorbidities had the highest score in VAS (higher pain perceived pain intensity).
Also, there is a tendency to increase the score in PVAQ and PCS the higher the VAS score in
the studied sample. (Boxsplot IX, X, XI, XII)
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Boxsplot IX

Patient with migraine and/or headache
present a strong tendency to to have
higher scores in VAS. Group of patients
that report Migraine and/or Headache as
comorbidities (1), and those who do not
report (0).

Boxsplot X — Patients were classified by
the MOCA score, 26 or more (1), from 23
to 25 (2) and 22 or less (3).

Patient with lower MOCA score present a
strong tendency to to have higher scores in
VAS

Boxsplot XI - Patients were classified by
the PVAQ score, until 40 (0), from 41 to
55 (1) and 56 or more (2).

Patient with higher PVAQ score present a

strong tendency to to have higher scores in
ZN

Boxsplot XII- Patients were classified by the
PCS score, until 40 (0), from 41 or more (1).

Patient with higher PCS score present a
strong tendency to to have higher scores in
VAS
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Discussion

These results suggest a straight relation between the personal perception of pain, through the
VAS examination, and this tendency is related to higher scores in emotionally shocked patients.
The higher score in the VAS examination influence the cognitive capacities of the patients.

Pain catastrophic, hypervigilance and, even the personal perception of the pain, are related to
the emotional state of the patient.

Difficulties with emotion control have been shown to be associated with pain complaints. There
are diferent strategies to regulate the emotions. Those strategies can be classified as

e adaptive (e.g., nonjudgment of emotions, reappraisal, acceptance) and
e maladaptive (e.g., expressive suppression, experiential avoidance, rumination) emotion
regulation strategies.

Generaly, the maladaptive strategy of avoidance is related to substance abuse. Poor emotion
regulation may confer greater risk of opioid medication misuse among chronic pain patients.(3)

Acording to Lutz et al. 2018 “This increased risk would be consistent with more general
theories of substance abuse, such as the self-medication hypothesis, which posits that
individuals abuse substances as a way to cope with negative psychological states in the face of
impairment in regulating those negative emotions.” Response that can become dangerous if
applied to chronic pain and opioids use. (3)

Substance abuse is a form of avoidance and it allows individuals to fairly immediately change
their affective and physiological states without addressing the specific issues. (3)

Fear-avoidance models assume that pain catastrophising promotes fear of movement and/or
(re)injury, it leads to avoidance behaviour, disuse, disability and depression. (4)

The emotion dysregulation associated with chronic pain can contribute to the maladaptive
response of avoidance, which provides additional negative affect cues associated with negative
reinforcement, for example, any kind of discomfort or pain becomes a cue to use opioids. (3)

That maladaptive response can produce a physical dependence with opioid medication that can
occur after a small number of uses. The chronic use can result in hyperalgesia.(3)

A most revelant aspect is that some studies strongly suggest that emotion dysregulation might
be associated with a higher risk of opioid misuse, but the reverse also occurs, i.e. opioid misuse
would difficult emotion control. (3)

However, there is some evidence pointing that the body can adapt to stress or a stress
environment trying to keep the balance. Psychological stress and stress-produced hormones
affect the immune system and, conversely, a poor immune status influence CNS structure and
function via humoral and cellular pathways. Homeostasis is achieved by these bidirectional
neuroimmune pathways. Sustained or severe disruption of this equilibrium results in disease.
Scant attention has been paid to the role played by the adaptive component in responding to
and affecting mood states. It is known that chronic psychological stress affects lymphocyte
numbers and function via sympathetic and steroid hormone effector pathways. Studies in mice
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showed that psychological stress primes the adaptive immune system to confer stress resiliency
to naive mice when it receives blood from a mice exposed to psychological stress.(12) That
adaptation could explain the human immunological system adaptation to stress. However,
human emotions and how they influence the CNS, the immunological system and the neuronal
stimuli are not clearly understood.

For those reasons it is important to use non-invasive and non-pharmacological complementary
techniques and treatments, such as LLLT, acupuncture, physical therapy, meditation and
Mindfulness. These treatments have shown very positive results in the management of pain,
not only in the clinic, but also in the academic areas.

Thus, these treatments for the management of emotions should be more explored, studied and
practiced and, also, more studies should be carried out from a broader perspective analyzing
the individual as a bio-psychic organism and all the consequences of it.
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Conclusion

With those results, it is possible to conclude that the presence of a mild deficit of the
cognitive capacity observed in some clusters of painful TMD patients is probably more
associated with the chronic nociceptive stimulus and a sensibilization of the central neural
system, than the use of some specific kind of drug, as hypothesized initially in this study .
Also, patients exposed to higher levels of pain are more catastrophic and hypervigilant, or
they have higher levels of pain because they had a more catastrophic and hypervigilant
profile. So, a chronic nociceptive stimulus can generate a central sensitization, which could
cause a mild deficit of the cognitive capacity in some clusters of painful TMD patients.
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