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The International Classification of Diseases-11 (ICD-11) defines Received 18 March 2025
chronic pain conditions as those that lack identifiable underlying Accepted 11 June 2025
pathology at the site of pain. In parallel, the Diagnostic Criteria

for Temporomandibular Disorders (DC/TMD) system was 'T‘,\j]’,"T"h‘;gF’;mmc pain;
developed as a‘gompreher)swe frame\_/vork for diagnosing and chronic TMD; DC/TMD
managing conditions previously classified under the broader

category of temporomandibular disorders (TMD). While the DC/

TMD system provides a structured and clinically useful approach,

it does not fully distinguish between pain-related disorders and

mechanical dysfunction associated with TMD. Specifically,

mechanical temporomandibular joint (TMJ) conditions, as

described in the DC/TMD, are distinct from chronic pain present

in chronic TMD (cTMD). These mechanical issues may or may not

involve chronic pain, and despite often coexisting with chronic

facial pain, they represent separate diagnostic entities that

necessitate  individualised management  strategies.  This

differentiation is essential for accurate diagnosis and effective

treatment of chronic TMD patients. This review provides a

comprehensive analysis of cTMD, synthesising evidence from

genotyping studies, systemic inflammation, immune

dysregulation, endocrine disturbances, advanced imaging, and

the biopsychosocial model. By integrating these diverse

perspectives, it explores the complex interplay between genetic

predisposition, anatomical factors, systemic inflammation,

immune and endocrine imbalances, and biopsychosocial

influences in cTMD.

Introduction

Chronic temporomandibular disorder (cTMD) refers to a chronic pain syndrome, as
classified within the Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD). It represents the progression of temporomandibular disorders (TMD) into a per-
sistent pain condition (Polonowita et al. 2024a). cTMD is categorised under the Inter-
national Classification of Diseases-11 (ICD-11) as either chronic primary or chronic
secondary pain. Clinically, chronic pain is often non-specific usually without pathology
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or tissue damage. When pathology is present, the pain is often disproportionally severe
(Nijs et al. 2021b).

The DC/TMD is a well-established classification system that provided valuable gui-
dance at the time of its introduction. However, it combines mechanical disorders with
chronic pain conditions. With advances in the understanding of chronic pain, the
ICD-11 now distinguishes chronic pain as a separate entity from mechanical joint dis-
orders or pathology. To align with current pain literature, it has been suggested that
the chronic pain components be removed from the DC/TMD, leaving only the mechan-
ical conditions of the TM]J. This perspective is supported by a key report from
the National Academies of Sciences, Engineering, and Medicine, which criticised the
dental community for its siloed approach to TMD, particularly in contrast to the
broader chronic pain literature in medicine, ultimately to the detriment of patient out-
comes (Yost et al. 2020).

Literature search and selection methods

This narrative review was to explore the distinctions between chronic pain and mechan-
ical factors in TMD. Although the approach was not systematic, the selection process
aimed to achieve a balance between breadth and scholarly rigour. Relevant literature
was identified through searches of PubMed, Scopus, and Google Scholar, covering the
period from 1999 to 2024. Search terms included combinations of keywords and
Medical Subject Headings (MeSH), such as ‘temporomandibular disorders’, ‘chronic
pain’, ‘chronic TMD pain,” ‘cTMD’, ‘myofascial pain’, ‘internal derangement’, ‘mechan-
ical TMD factors’, joint dysfunction’, ‘pain mechanisms’, and ‘biomechanics’. In
addition, manual searches of reference lists from key articles were conducted to sup-
plement the database results.

Studies were included if they focused on clinical research, reviews, or consensus guide-
lines addressing subtypes of TMD pain (e.g. myofascial versus articular), with particular
emphasis on those differentiating between central sensitisation and local mechanical
aetiologies. Case reports and non-English publications were excluded due to limitations
in resources. The synthesis of the literature was organised thematically, focusing on (a)
pathophysiological distinctions such as neuroplasticity versus disc displacement, (b)
diagnostic challenges, and (c) implications for clinical management. Priority was given
to studies published in high-impact journals and those frequently cited in the field.

Pain is described by the International Association for the Study of Pain (IASP) as ‘an
unpleasant sensory and emotional experience associated with, or resembling that associated
with, actual or potential tissue damage’ (Raja et al. 2020). The conflicting messaging
between cTMD and mechanical TM] conditions is the fact that these are separate diag-
nostic entities. The former having established evidence for potential genetic suscepti-
bility, and influenced by such factors as childhood trauma, biopsychosocial factors,
chronic overlapping pain conditions, and development of central sensitisation, with
similar pathophysiology to other chronic pain conditions (Treede et al. 2019; Polonowita
et al. 2024a). In contrast, mechanical TM] conditions encompasses abnormalities where
there may be a direct physical source affecting function and may occur with or without
pain. This might involve locking or restriction from internal derangement, ankylosis,
post-traumatic deformity, condylar hyperplasia, or tumour obstruction (Olate et al.
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2023). Mechanical TMJ disorders may or may not always require further management
but some of these presentations may trigger chronic secondary pain as classified under
the ICD-11.

The most recent classification, ICD-11 in 2019, defines chronic pain as persistent or
recurrent pain of at least 3 months duration (Treede et al. 2019). The duration of
acute pain is less than 3 months and not part of the scope of this discussion. The classifi-
cation divides chronic pain into two subgroups: chronic primary pain and chronic sec-
ondary pain conditions. Chronic primary pain conditions arise from one or more regions
of the body, where there is no pathology at the site of pain (Treede et al. 2019). Under the
ICD-11, cTMD exists as a classification of orofacial pain, and the latter is a chronic
primary pain condition subtype (Treede et al. 2019; Polonowita et al. 2024a). Chronic
secondary pain conditions arise when there is a possible trigger from an underlying
disease, but once three months have passed, then the pain (which is now chronic), not
the trigger, becomes the entity to be focused on from a pain perspective. Residual pain
may continue after the initial disease process (trigger) has been successfully managed
(Treede et al. 2019). Many other secondary subtypes exist including post-cancer, post-
surgical, and chronic neuropathic pain. Once chronic pain has developed, central and
peripheral sensitisation of neural pathways has been established (Polonowita et al.
2024b). The authors use the term ‘nociplasia’ to indicate the pathophysiological
process creating nociplastic changes in these pathways. Much like dysplasia, where
there is variable severity of pathological changes, nociplasia more broadly reflects indi-
vidual variation in neuroplastic changes due to the multifactorial nature of inputs con-
tributing to nociplastic pain of chronic pain syndromes. The presence of nociplasia
differentiates cTMD from mechanical TM] disorders.

Chronic primary orofacial pain is split into primary and secondary pain conditions
(Benoliel et al. 2019; Nicholas et al. 2019). The ICD-11 classification defines chronic oro-
facial pain as orofacial pain that ‘occurs on at least 15 days per month for longer than 3
months. The duration of pain per day is at least 2 h (untreated), or several shorter
attacks per day may occur’ (Nicholas et al. 2019). Chronic secondary orofacial pain is
defined by ICD-11 as orofacial pain that

occurs on at least 50% of the days during at least 3 months and lasting at least 2 h per day
and is clearly associated with the effects of disease (regional or systemic), trauma (physical,
chemical, radiation), infection, or a host of other factors. (Benoliel et al. 2019)

Currently, DC/TMD categorises TMD conditions into myogenous and arthrogenous
origins under its axis I classification and focusses on pain-related disability and psycho-
logical status in its axis II classification (Schiffman et al. 2014). Local myalgia is charac-
terised by muscle tenderness that is confined to the site of pain. Pain on movement,
function, or parafunction replicated on muscle testing is defined as myalgia (Fernan-
dez-de-Las-Pefias et al. 2023). Myofascial pain, on the other hand, involves referred
pain that extends beyond the muscle into surrounding structures. The authors believe
that referencing anatomical boundaries or structures is unhelpful, particularly under
the ICD-11 framework, where there may be no pathology at the site of pain. Headaches
could be attributed to TMD when a headache in the temple area is replicated by provok-
ing TMD pain (Schiffman et al. 2014). It should be noted that these terms are historical
and refers to chronic pain whether primary or secondary.
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DC/TMD describes four arthogenous origins: arthralgia, internal derangement,
degenerative joint disease, and subluxation. Arthralgia is defined as joint origin pain
on testing (Beecroft et al. 2024). Internal derangement refers to disc displacement and
requires positive findings on MRI to satisfy the criteria for defining subtypes (Molinari
et al. 2007). Disc displacement associated with reduction requires an anteriorly posi-
tioned disc in the closed mouth position that reduces with a click/pop upon opening.
Reduction and intermittent locking occur when a patient has episodes without reduction.
Disc displacement without reduction could occur with limited opening (assisted opening
<40 cm) or normal opening (>40 cm assisted opening) (Schiffman et al. 2014). Degenera-
tive joint disease (DJD) criteria are satisfied with a history of grinding, crepitus on exam
and confirmatory changes on computed tomography imaging (Li et al. 2021). Subluxa-
tion refers to hypermobility of the jaw to the point of dislocation, where self-reduction
is possible (Schiffman et al. 2014; Beecroft et al. 2024).

Axis II assessment is the second arm of the DC/TMD classification, designed to assess
and screen for pain intensity, maladaptive pain behaviours (emotional functioning),
psychological comorbidities (e.g. anxiety or depression), and physical functioning,
both general and disease-specific (Schiffman et al. 2014; Beecroft et al. 2024). Prognosti-
cally, Axis II provides greater insight than the Axis I physical diagnosis, helping to
explain why certain treatments are effective for some patients but not for others
(Schiffman et al. 2014). Axis IT assessment is divided into two levels: screening and com-
prehensive assessment (Schiffman et al. 2014; Busse et al. 2023). Screening involves the
use of tools such as the graded chronic pain scale, jaw functional limitation scale
(short form), patient health questionnaire (PHQ-4), oral behaviours checklist and pain
drawing (Schiffman et al. 2014). Comprehensive assessment deviates from the screening
by using the long form jaw functional limitation scale, patient health questionnaires
PHQ-15 and PHQ-9, and generalised anxiety disorder (GAD-7) (Schiffman et al.
2014). Patients positive for screening should proceed to the comprehensive assessment
arm (Schiffman et al. 2014; Beecroft et al. 2024). Specifically validated questionnaires
can be utilised for pain syndromes such as the fibromyalgia survey questionnaire
(FSQ) (Varallo et al. 2021; Savin et al. 2023).

Most patients referred to secondary centres do not require surgical intervention and
often have experienced pain for over three months by the time they are seen (Rajapakse
et al. 2017; Sidebottom 2024). Consequently, clinicians need to recognise and manage the
pain as chronic. There are other important aspects of a patient’s history that could be
difficult to consider under the DC/TMD classification system. Current evidence high-
lights several factors that contribute to the complex nature of cTMD. These include
underlying genetic susceptibility to chronic pain, correlations between imaging
findings and reported symptoms, and the impact of mental health (Beecroft et al.
2024). Additionally, co-morbidities with other pain syndromes and the biopsychosocial
model of chronic pain are significant contributors. These elements underscore the multi-
faceted nature of cTMD, demonstrating that it cannot be fully understood or managed by
focusing solely on mechanical causes (Busse et al. 2023; Beecroft et al. 2024; Polonowita
et al. 2024a). This review focuses on cTMD, offering a summary of the current evidence
from genotyping studies, systemic inflammation, immune dysregulation, and endocrine
disturbances, advanced imaging techniques, and the application of the biopsychosocial
model (Table 1).
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Central sensitisation in cTMD

Although the mechanisms involved in developing chronic pain are not fully under-
stood, central sensitisation has significant involvement and is present in neuropathic
and nociceptive pain (Ashmawi and Freire 2016; Nijs et al. 2021a, 2021b). The
IASP uses three main phenotypes to describe painful conditions; nociceptive, neuro-
pathic, and nociplastic pain (Kosek et al. 2016; Nijs et al. 2021a). Nociceptive pain is
defined as the activation of receptors in terminals of primary afferent neurons in a
proportional response to mechanical/thermal stimuli or noxious chemicals (Fernan-
dez-de-Las-Pefias et al. 2023). The IASP regards neuropathic pain to be present
when there is direct disease of the peripheral or central nervous system causing
pain, in a neuroanatomically plausible distribution, supported by clinical findings
and investigations (i.e. imaging or laboratory tests) (Scholz et al. 2019). The pathophy-
siology of neuropathic pain and TMD is poorly understood (Minervini et al. 2023).
Pain symptoms within ¢cTMD patients are variable. cTMD can present with atypical
pain symptoms, such as sharp rapid fluctuations in pain levels, more resembling neu-
ropathic pain (Baggen et al. 2024). In a small qualitative study looking at this patient
group (chronic orofacial pain with neuropathic symptom characteristics), authors
found these patients had a delay in diagnosis of cTMD and had received invasive
or non-invasive treatments for neuropathic pain, that were mostly unsuccessful
(Baggen et al. 2024). cTMD is more commonly associated with nociceptive and/or
nociplastic pain phenotypes in both adult and paediatric populations (Minervini
et al. 2023; Baggen et al. 2024).

Central sensitisation is viewed as the primary driver of nociplastic pain. This
occurs when there is an exaggerated response and/or lower activation threshold of
peripheral afferents to nociceptive stimuli as well as a reduced downward inhibition
(Nijs et al. 2021b). Pain can be deemed nociplastic if it has been present for longer
than 3 months, has a diffuse regional distribution, is without neuropathic or nocicep-
tive origin, and pain hypersensitivity (Nijs et al. 2021b). A fourth pain category
‘mixed pain’, where nociceptive, neuropathic, and nociplastic pain may coexist in
different combinations and circumstances, may occasionally be present in ¢TMD
patients (Baggen et al. 2024). In central sensitisation, modulatory neuroplastic
changes occur in pain processing centres of the prefrontal cortex, anterior cingulate
cortex and somatosensory cortex, affecting perception and emotional responses to
chronic pain (Sessle 2021; Polonowita et al. 2024a). Repetitive and intense stimuli
cause sensitisation of the peripheral nervous system. These inputs cause excitability
and increased synaptic efficiency in the central network of nociceptive neurons
(Ashmawi and Freire 2016; Fernandez-de-Las-Penas et al. 2023). Sensitisation of
the peripheral afferent is mediated by neurotransmitters such as glutamate, bradyki-
nin, substance P and calcitonin gene-related peptide (CGRP). Increased intracellular
calcium is thought to be a major contributor to neuroplastic changes due to changes
in plasma membrane excitability predominantly mediated via capsaicin-sensitive C-
fibre nociceptors (Figure 1) (Ashmawi and Freire 2016; Treede et al. 2022; Polono-
wita et al. 2024a). Current literature supports the view that these mechanisms
likely underpin development of chronic secondary pain in orofacial pain conditions
(Fernandez-de-Las-Pefias et al. 2023).
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Figure 1. Brain remodelling and synaptic signal transmission. The figure illustrates key mechanisms
underlying brain remodelling, emphasising synaptic transmission and pain signal amplification. In the
presynaptic neuron, increased calcium influx through a-subunits of Ca[?] channels promotes the
release of excitatory neurotransmitters, including glutamate and substance P (SP). Glutamate activates
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), kainate (KA), and N-methyl-D-aspar-
tate (NMDA) receptors, facilitating calcium entry into the postsynaptic neuron. Simultaneously, SP
binds to neurokinin-1 (NK-1) receptors, triggering intracellular calcium elevation via signal transduc-
tion pathways. The combined action of glutamate and SP, along with AMPA and NK-1 receptor acti-
vation, leads to a substantial rise in postsynaptic calcium levels, driving heightened excitation and
long-term neuronal changes. This process enhances receptor expression on the postsynaptic mem-
brane, reinforcing synaptic transmission. Additionally, chemokines and cytokines — many released
by glial cells - modulate and amplify these pathways, contributing to neuroinflammation and the
escalation of pain signals to higher brain centres. Together, these mechanisms highlight the
dynamic interplay between synaptic activity, neuroimmune interactions, and brain remodelling.
Created in BioRender. Guan, S. (2025) https://BioRender.com/g8wurps

Genes and ¢cTMD

TMD is well known to be complex and multifactorial in nature, meaning its development
and progression are influenced by a combination of various factors rather than a single
cause. These factors include genetic predisposition, lifestyle choices, and environmental
influences (Fillingim et al. 2005; Diatchenko et al. 2006; Hastie et al. 2012; Furquim et al.
2016; Louca Jounger et al. 2016). Despite extensive research, no specific single gene has
been definitively identified as the sole contributor to TMD. This highlights the intricate
nature of the disorder and the challenges in pinpointing its exact genetic underpinnings.
However, emerging evidence suggests a significant association between catechol-O-
methyltransferase (COMT), a gene involved in the regulation of neurotransmitters,
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and ¢cTMD (Yin et al. 2020; Brancher et al. 2021). This connection is supported by prior
research that has established COMT’s role in the biological processes related to pain per-
ception. COMT is known to influence the breakdown of catecholamines, such as dopa-
mine and norepinephrine, which play a role in pain modulation. Variations in COMT
activity, therefore, could affect an individual’s sensitivity to pain and their susceptibility
to chronic pain conditions like TMD (Meloto et al. 2016). A recent meta-analysis has
further strengthened this association by demonstrating that individuals with specific
COMT polymorphisms (genetic variations) are at a significantly higher risk of develop-
ing painful TMD and myofascial pain. Myofascial pain, a common feature of TMD,
involves discomfort and tenderness in the muscles controlling jaw movement. A
growing body of evidence highlights the role of COMT polymorphisms in pain percep-
tion and modulation. A recent meta-analysis identified specific COMT variants that may
be associated with an increased risk of chronic pain conditions (Tammiméki and Mén-
nistd 2012; Vetterlein et al. 2023). Notably, the Val158Met polymorphism has been sig-
nificantly linked to fibromyalgia, greater pain intensity, depression, and sleep
disturbances (Gerra et al. 2024). Several studies have shown that individuals with the
Met/Met genotype of this polymorphism exhibit heightened pressure pain sensitivity
and elevated levels of depression (Ferndndez-de-Las-Pefias et al. 2019). In patients
with TMD, the Vall58Met variant has been associated with increased pain sensitivity
(Pinto Fiamengui et al. 2020). Supporting this, Lim et al. (2021) demonstrated that
chronic TMD patients carrying the methionine (Met) allele showed significantly
greater pain sensitivity and reduced p-opioid receptor availability in the parahippocam-
pal region during a sustained masseteric pain challenge compared to healthy controls. In
addition to Val158Met, other COMT polymorphisms have also been implicated in TMD-
related pain. For instance, the AA genotype of rs165774 may increase susceptibility to
TMD and related pain, while the AA genotype of rs6269 has been associated with
reduced postoperative chronic TMD pain and lower acute pain levels following dental
extraction (Mladenovic et al. 2016). These findings align with the broader understanding
of COMT’s role in pain pathways, suggesting that genetic variations in COMT may con-
tribute to the chronicity and severity of TMD-related pain (Brancher et al. 2021). Despite
this, there has been conflicting data and non-reproducible outcomes within this
literature.

A recent systematic review found sensitivity to thermal and mechanical pain stimuli
was associated with afferent and efferent neuronal signalling (Soares et al. 2020). They
specifically highlighted several genes, including COMT, which is involved in pain proces-
sing; opioid receptor mu 1, part of the opioid pathway; tumour necrosis factor a, associ-
ated with the inflammatory pathway; and dopamine receptor D2, linked to the
dopaminergic pathway. Notably, no association was found with serotoninergic pathways
involving the 5-hydroxytryptamine receptor 3A and 5-hydroxytryptamine receptor 3B in
TMD. Current genetic literature emphasises the significant role of polymorphisms in
these genes, contributing to the variability in pain perception and individual predisposi-
tion to chronic pain (Visscher and Lobbezoo 2015; Fillingim 2017). This highlights the
importance of considering genetic factors when evaluating and treating chronic pain
conditions like TMD.

However, genetic studies on TMD face several limitations. TMD is a multifactorial
condition influenced by genetic, environmental, and biopsychosocial factors, making it
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challenging to isolate the contribution of genetic variants. Many studies have limited
sample sizes, reducing statistical power and the ability to detect significant associations.
TMD include various subtypes, each with distinct symptoms and causes, making it chal-
lenging to identify consistent genetic markers across studies. Moreover, many genetic
findings lack replication in independent cohorts, raising questions about their validity
and broader applicability. Additionally, genetic associations with TMD often differ sig-
nificantly among ethnic and population groups, further limiting the generalisability of
these results to diverse populations. Many studies have overlooked the important roles
of epigenetic modifications and gene-environment interactions, both of which may sig-
nificantly contribute to TMD development. For instance, a genome-wide DNA methyl-
ation study involving identical twins and unrelated individuals identified differentially
methylated regions (DMRs) linked to pain sensitivity. Notably, stable epigenetic
signals, including one in the TRPAI gene, point to potential molecular mechanisms
underlying chronic pain that may also extend to other complex traits (Bell et al. 2014).
Supporting this, a systematic review and meta-analysis found a potential association
between TRPA1 hypermethylation and increased pain sensitivity, despite heterogeneity
across studies (Celsi et al. 2023). Moreover, chronic pain has been shown to induce
long-lasting epigenetic changes in key brain regions involved in pain and emotional pro-
cessing, such as the periaqueductal gray, lateral hypothalamus, and nucleus accumbens.
These changes, marked by reductions in activating histone modifications, suggest that
nerve injury leads to sustained chromatin-mediated suppression of gene transcription,
which may contribute to altered pain sensitivity and processing (Bryant et al. 2023).
Focusing primarily on common genetic variants may result in the omission of rare var-
iants that could have a substantial impact on TMD risk. Even when genetic associations
are identified, translating these findings into clinical applications, such as personalised
treatment or prevention strategies, remains a significant challenge.

Systemic inflammation, immune dysregulation, and endocrine
disturbances

Recent research has increasingly highlighted the role of systemic inflammation, immune
dysregulation, and endocrine disturbances in the development and persistence of TMD
(Warren and Fried 2001; Hysa et al. 2023; Thomas et al. 2023; Zielinski and Pajak-Zie-
linska 2024). These factors may contribute to the complex pathophysiology of cTMD,
particularly in cases where pain and dysfunction cannot be fully explained by local mech-
anical or structural abnormalities within the TMJ.

Systemic inflammation and immune dysregulation

cTMD has been associated with elevated levels of pro-inflammatory cytokines, such as
interleukin-1p (IL-1P), interleukin-6 (IL-6), and tumour necrosis factor-alpha (TNEF-
a), which are markers of systemic inflammation (Park and Chung 2016). These cytokines
are known to play a role in pain sensitisation and the maintenance of chronic pain states.
For example, studies have shown that individuals with cTMD often exhibit higher levels
of these inflammatory markers in their saliva, synovial fluid and blood compared to
healthy controls (Alstergren et al. 1999; Cé et al. 2018; Sorenson et al. 2023). This suggests



JOURNAL OF THE ROYAL SOCIETY OF NEW ZEALAND 1

that systemic inflammation may contribute to the persistence of pain and joint dysfunc-
tion in TMD patients. Additionally, immune dysregulation has been implicated in cTMD
(Kopp 2001). Autoimmune processes, such as the production of autoantibodies targeting
joint tissues, have been observed in some TMD patients, particularly those with comor-
bid autoimmune conditions like rheumatoid arthritis or systemic lupus erythematosus
(Son et al. 2021; X. Chen et al. 2024). These autoimmune responses may lead to
chronic inflammation and tissue damage within the TMJ, further exacerbating
symptoms.

Endocrine disturbances

Endocrine disturbances, particularly those involving the hypothalamic-pituitary-adrenal
(HPA) axis and stress-related hormones, have also been linked to TMD, and chronic pain
in general (Generaal et al. 2014; Staniszewski et al. 2018). Dysregulation of the HPA axis,
which controls the body’s response to stress, may lead to abnormal cortisol levels and
contribute to chronic pain conditions (Generaal et al. 2014). For instance, studies have
found that individuals with TMD often exhibit altered cortisol profiles, including
blunted diurnal cortisol rhythms, which are associated with heightened pain sensitivity
and poor stress adaptation (Jones et al. 1997; AlSahman et al. 2024). Sex hormones,
such as oestrogen, have also been implicated in the pathophysiology of TMD. Females
are disproportionately affected by TMD, and fluctuations in oestrogen levels during
the menstrual cycle, pregnancy, or menopause have been shown to influence pain per-
ception and TM]J function (Kiichler et al. 2020; Leucuta et al. 2024). Oestrogen may
modulate inflammatory processes and pain signalling pathways, potentially explaining
why women are more susceptible to TMD (Q. Chen et al. 2021).

Integration of evidence

The interplay between systemic inflammation, immune dysregulation, and endocrine
disturbances provides a broader framework for understanding chronic pain and
cTMD. These systemic factors may explain why some individuals develop chronic
pain despite minimal structural abnormalities on imaging. For example, systemic inflam-
mation and immune activation can sensitise the nervous system (Ji et al. 2018; Vergne-
Salle and Bertin 2021). Similarly, endocrine disturbances may alter pain thresholds and
contribute to the chronicity of symptoms (Tennant 2013). In summary, cTMD is increas-
ingly understood as a condition influenced by systemic inflammation, immune dysregu-
lation, and endocrine disturbances, which leads to changes including epigenetics that is
important in the construction of the cTMD patient (Polonowita et al. 2024a). This
broader perspective highlights the need for comprehensive, individualised treatment
approaches that address both the local and systemic contributors to cTMD.

Imaging modalities for cTMD

cTMD, whether classified under ICD-11 as chronic primary pain or chronic secondary
pain, is not primarily attributed to mechanical dysfunction within the TMJ (Polonowita
et al. 2024b). This distinction is important because it highlights that the pain experienced
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by individuals with cTMD is not solely or directly caused by structural issues within the
joint itself. Instead, cTMD is increasingly understood as a complex pain condition that
involves central and peripheral nervous system mechanisms, psychosocial factors, and
other non-mechanical contributors. One of the key observations in cTMD is the frequent
lack of correlation between the severity of imaging findings, such as disc displacement or
degenerative joint disease (DJD), and the intensity of pain symptoms. For example, some
individuals may exhibit significant structural abnormalities in the TM]J, such as disc dis-
placement or joint degeneration, yet report minimal or no pain. Conversely, others may
experience severe and debilitating pain despite having relatively normal or mild imaging
findings. This discrepancy mirrors the well-documented phenomenon seen in other
chronic pain conditions, such as chronic back pain, where the severity of pain often
does not align with the degree of structural damage observed on spinal MRI imaging
(Lamot et al. 2013; Delpachitra and Dimitroulis 2022). A randomised controlled trial
investigated the effectiveness of jaw exercises for individuals with anterior disc displace-
ment with reduction, comparing the outcomes to those of a control group. The study
found that 62% of participants in the jaw exercise group reported a ‘successful’ improve-
ment in their symptoms, suggesting that the exercises provided meaningful relief for a
majority of participants. However, when post-intervention MRI results were analysed,
only 23% of those who reported successful symptom improvement showed evidence of
disc recapture. This discrepancy highlights that while jaw exercises may alleviate symp-
toms for many individuals, the underlying structural changes in the TM], such as disc
repositioning, do not always align with the reported clinical improvements (Yoda
et al. 2003). Recent cross-sectional studies have identified specific MRI findings that
show a stronger correlation with TM]J pain. Notably, bone marrow oedema, joint
effusion, and increased signal intensity of the posterior disc attachment have been signifi-
cantly associated with the presence of pain. These findings suggest that certain inflamma-
tory and structural changes visible on MRI may play a role in the pain experience of
individuals with TM] disorders (Higuchi et al. 2020). However, the relationship
between imaging findings and pain is not always straightforward. For example, a pro-
spective study involving 91 patients analysed MRI findings related to disc position and
the articular surface of the condyle. Among symptomatic patients, 43.4% were found
to have disc displacement, but the study noted a weak correlation between these radio-
logical findings and the pain levels reported by patients (Wurm et al. 2018). While MRI
findings could provide important diagnostic information about the structural integrity of
the TM]J, they do not fully explain the pain experience or its chronicity. In addition, it
does not reflect the efferent and afferent neural pathway dysfunction, or genetic and
biopsychosocial aspects of chronic pain in ¢cTMD (Polonowita et al. 2024a). As a
result, clinicians must consider a broader, more holistic approach when diagnosing
and managing TM] pain, integrating imaging findings with clinical symptoms, patient
history, and other contributing factors to develop effective treatment strategies (Vilanova
et al. 2007; Wurm et al. 2018; Higuchi et al. 2020).

Clinically, most anterior disc displacements have a favourable expected natural
outcome, with minimal difference between invasive and non-invasive treatments (Raja-
pakse et al. 2017; Beecroft et al. 2024; Sidebottom 2024). There is an unclear relationship
between disc displacement on imaging and development of osteoarthritis. Significant
controversy remains due to limited evidence concerning the aetiology of TM]J
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osteoarthritis and lack of diagnostic standardisation in the spectrum of disease (Delpa-
chitra and Dimitroulis 2022). The dissociation between imaging findings and pain sever-
ity underscores the importance of recognising cTMD as a condition that extends beyond
purely mechanical or structural factors. It suggests that the pain experienced in cTMD is
likely influenced by a combination of neurobiological, psychological, and environmental
factors. For instance, central sensitisation may play a significant role in amplifying pain
perception in chronic TMD, even in the absence of significant joint pathology. Addition-
ally, psychosocial factors such as stress, anxiety, and depression can further modulate
pain experiences and contribute to the chronicity of symptoms.

Biopsychosocial framework, management and cTMD

There is strong evidence that, as part of the assessment and management of patients,
cTMD should be approached through a genetic and biopsychosocial framework (Driscoll
et al. 2021; Busse et al. 2023; Beecroft et al. 2024). This framework asserts that there are
numerous complex interactions between biological, psychological and social factors,
explaining variability in individual pain experiences (Fillingim 2017; Polonowita et al.
2024a). The literature increasingly highlights the interconnectedness of genetic suscepti-
bility, psychological factors and coping mechanisms, sleep, and social support systems in
cTMD patients (de Resende et al. 2021; Polonowita et al. 2024a). This comprehensive
model is further reinforced by high quality evidence of the effectiveness of cognitive
behavioural therapy (CBT) for cTMD (Al-Moraissi et al. 2020; Hidggman-Henrikson
et al. 2020; Galvez-Sanchez et al. 2021; Busse et al. 2023; Beecroft et al. 2024). Maladaptive
psychological behavioural responses, especially in pain catastrophising, affect patient
symptom severity and response to treatment in ¢cTMD (Haggman-Henrikson et al.
2020). In addition to CBT, emotional awareness and expression therapy (EAET) is a
recent psychotherapeutic intervention that emphasises addressing connections
between dysfunctional emotional behaviours and pain to reduce or eliminate centralised
pain (Driscoll et al. 2021). Early studies have shown that EAET is superior to CBT in cen-
tralised musculoskeletal pain and fibromyalgia in older adults (Yarns et al. 2022). More
research is needed to confirm its effect and possible role in cTMD. While a recent multi-
modal, internet-based pain programme led to improvements in symptoms and jaw func-
tion for cTMD patients, it proved no more effective than splint therapy alone (Lam et al.
2020). Currently, CBT with or without relaxation therapy, jaw-exercises, and manual
trigger-point therapy has been shown to have the greatest reduction in chronic pain
severity and is recommended in current UK clinical practice guidelines (Busse et al.
2023; Beecroft et al. 2024). Despite these advances in non-invasive treatments, concerns
remain regarding the safety of more invasive procedures. An expert panel has expressed
caution about the moderate risk of harm associated with treatments such as arthrocent-
esis, arthroscopy, and repeated intra-articular steroid injections for patients with cTMD
(Busse et al. 2023). Additionally, procedures like discectomy, the use of irreversible
splints, and the combination of long-term opioids with NSAIDs are considered to
carry uncertain benefits and high clinical risks, and are not recommended (Busse et al.
2023).

Early intervention with self-management in patients with TMD may lead to successful
outcomes in 75-90% of cases (Rajapakse et al. 2017; Tran et al. 2022; Beecroft et al. 2024;
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Sidebottom 2024). Despite the variation in supported self-management programmes and
the limited comparative evidence available, reported success rates remain consistently
high across different approaches (Palmer et al. 2023). Key components of supported
self-management include education, exercise therapy, thermal modalities, appropriate
pain management therapeutics, self-massage, and addressing parafunctional behaviour.
It is important to recognise that while some patients may experience a complete resol-
ution of symptoms, others may see a reduction in the frequency and intensity of symp-
toms to a more manageable level (Beecroft et al. 2024). Several systematic reviews and
practice guidelines have reinforced the growing consensus that supported self-manage-
ment, along with physiotherapy, including both manual and exercise therapy, plays a
crucial role in the effective management of cTMD (Rajapakse et al. 2017; Al-Moraissi
et al. 2020; Tran et al. 2022; Busse et al. 2023; Beecroft et al. 2024). These comprehensive
analyses have consistently demonstrated that these approaches not only alleviate symp-
toms but also empower patients to take an active role in their treatment. The emphasis on
supported self-management underscores the importance of patient education, self-
directed exercises, and behaviour modification as integral components of a successful
treatment plan. Physiotherapy, particularly when tailored to the individual’s specific
needs, has been shown to improve jaw function, reduce pain, and enhance overall
quality of life for those living with cTMD. The robust evidence supporting these interven-
tions highlights their effectiveness and the vital role they play in a multidisciplinary
approach to cTMD management (Tran et al. 2022; Busse et al. 2023; Beecroft et al.
2024). Conversely, these reviews found no compelling evidence of benefit for interven-
tions such as low-level laser therapy, acupuncture therapy, and routine use of oral
splints (Tran et al. 2022; Busse et al. 2023). It also emphasised that prosthodontic/occlusal
treatments and orthodontic interventions have no established role in TMD management.
The reviews supported intra-articular injection with hyaluronic acid in DJD and internal
derangement, while cautioning that intra-articular corticosteroids should be adminis-
tered on a case-by-case basis due to the potential risks and uncertain benefits (Tran
et al. 2022). Although the existing evidence is of low quality, a recent systematic
review of the efficacy for botulinum toxin in TMD found no benefit versus placebo
(Saini et al. 2024).

Recommendation

The differentiation between mechanical TM] problems and ¢ITMD is crucial due to
differences in their underlying pathophysiology, treatment response, and long-term
prognosis. A summary of key points by the authors based on current research is
found in Table 2 (Ohrbach and Dworkin 2016; Slade et al. 2016).

Mechanical TM] problems typically involve structural issues such as disc displace-
ment, osteoarthritis, or joint degeneration. Conservative treatments, including physical
therapy, occlusal splints, and anti-inflammatory medications, often provide significant
relief, particularly in cases of disc displacement without reduction or early osteoarthritis.
In severe cases, such as advanced osteoarthritis or persistent disc displacement, surgical
interventions like arthrocentesis, arthroscopy, or open joint surgery may be necessary,
often yielding good short — to medium-term outcomes. Patients with mechanical TM]
problems generally have a favourable prognosis if treated appropriately; however,
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Table 2. Key differences in management of mechanical TMJ issues and cTMD*.

Mechanical TMJ issues ¢TMD
Primary aetiology Structural issues (e.g. internal derangement, Central (major) + peripheral (minor)
degenerative joint disease, and subluxation) sensitisation, biopsychosocial factors
Response to Good (e.g. occlusal splints, physical therapy) Limited (requires multidisciplinary
Conservative approach)
Treatments
Response to Surgery Often beneficial in severe cases Not recommended, may worsen
symptoms
Long-Term Prognosis Favourable with appropriate treatment Guarded, often chronic and persistent
Risk of Recurrence Moderate (depends on biomechanical factors) High due to central (major) + peripheral

(minor) sensitisation

*Given the wide variability in presentations of cTMD, there are no universally ‘typical’ clinical patterns. Structural or mech-
anical conditions are often supported by imaging findings, such as those seen on CT or MRI (e.g. internal derangement).
Depending on individual clinical circumstances, these conditions may warrant surgical intervention.

degenerative conditions like osteoarthritis may progress over time, necessitating ongoing
management. Recurrence of symptoms is possible, especially if underlying biomechanical
factors, such as malocclusion or parafunctional habits, are not addressed.

cTMD involves persistent pain and dysfunction, often associated with psychosocial
factors, and systemic comorbidities such as fibromyalgia and chronic fatigue syndrome.
Conservative treatments like physical therapy and splints may provide some relief, but
their efficacy is often limited due to the involvement of the central nervous system. A
multidisciplinary approach, including CBT, stress management, and pharmacological
treatments such as antidepressants and anticonvulsants, is typically more effective in
managing cTMD. Surgical interventions are generally not recommended, as they do
not address neuroplastic changes to the central nervous system and may exacerbate
symptoms. The long-term prognosis for cTMD is more guarded due to its chronic
nature and the complexity of contributing factors. Patients often experience persistent
pain and functional limitations, with an increased risk of developing other chronic
pain conditions. Early intervention focusing on psychosocial and behavioural factors
can improve outcomes, but complete resolution of symptoms is less common compared
to mechanical TMJ problems.

Conclusion

Mechanical TMJ conditions do not necessarily involve chronic pain and should be dis-
tinguished from chronic facial pain syndromes. Although some mechanical TMJ con-
ditions may coexist with chronic facial pain, they remain separate entities that require
tailored management approaches. This distinction is essential for ensuring accurate diag-
noses and effective treatment plans for patients with cTMD.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data availability statement

All data have been presented in the article.



16 (&) B.MOOREETAL.

References

Al-Moraissi EA, Wolford LM, Ellis E III, Neff A. 2020. The hierarchy of different treatments for
arthrogenous temporomandibular disorders: a network meta-analysis of randomized clinical
trials. Journal of Cranio-Maxillofacial Surgery. 48(1):9-23. doi:10.1016/j.jcms.2019.10.004.

AlSahman L, AlBagieh H, AlSahman R. 2024. Is there a relationship between salivary cortisol and
temporomandibular disorder: a systematic review. Diagnostics. 14(13):Article 1435. doi:10.
3390/diagnostics14131435.

Alstergren P, Ernberg M, Kopp S, Lundeberg T, Theodorsson E. 1999. TM] pain in relation to cir-
culating neuropeptide Y, serotonin, and interleukin-1 beta in rheumatoid arthritis. Journal of
Orofacial Pain. 13(1):49-55.

Ashmawi H, Freire G. 2016. Peripheral and central sensitisation. Revista Dor. 17(Suppl. 1):31-34.
doi:10.5935/1806-0013.20160044.

Baggen JH, Koevoets AC, Koutris M, Steegers MA, Lobbezoo F. 2024. Chronic temporomandib-
ular disorder pain patients with a history of neuropathic pain treatment: a narrative research on
their diagnosis and treatment history. BMC Oral Health. 24(1):Article 22. doi:10.1186/s12903-
023-03796-0.

Beecroft E, Julia P, Penlington C, McKenna G, Durham J. 2024. Management of painful tempor-
omandibular disorder in adults. Belfast: NHS England Getting It Right First Time (GIRFT) and
Royal College of Surgeons’ Faculty of Dental Surgery.

Bell JT, Loomis AK, Butcher LM, Gao F, Zhang B, Hyde CL, Sun J, Wu H, Ward K, Harris J, et al.
2014. Differential methylation of the TRPAl promoter in pain sensitivity. Nature
Communications. 5:Article 2978. doi:10.1038/ncomms3978.

Benoliel R, Svensson P, Evers S, Wang S-], Barke A, Korwisi B, Rief W, Treede R-D. 2019. The
TASP classification of chronic pain for ICD-11: chronic secondary headache or orofacial pain.
Pain. 160(1):60-68. doi:10.1097/j.pain.0000000000001435.

Brancher JA, Bertoli FMDP, Michels B, Lopes-Faturri A, Pizzatto E, Losso EM, Orsi JS, Feltrin de
Souza J, Kiichler EC, Wambier LM. 2021. Is catechol-O-methyltransferase gene associated with
temporomandibular disorders? A systematic review and meta-analysis. International Journal of
Paediatric Dentistry. 31(1):152-163. doi:10.1111/ipd.12721.

Bryant S, Balouek JA, Geiger LT, Barker D], Pefia CJ. 2023. Neuropathic pain as a trigger for
histone modifications in limbic circuitry. Genes, Brain and Behavior. 22(1):Article e12830.
doi:10.1111/gbb.12830.

Busse JW, Casassus R, Carrasco-Labra A, Durham J, Mock D, Zakrzewska JM, Palmer C, Samer CF,
Coen M, Guevremont B. 2023. Management of chronic pain associated with temporomandibular
disorders: a clinical practice guideline. BMJ. 383:Article €076227. doi:10.1136/bmj-2023-076227.

Cé PS, Barreiro BB, Silva RB, Oliveira RB, Heitz C, Campos MM. 2018. Salivary levels of interleu-
kin-1p in temporomandibular disorders and fibromyalgia. Journal of Oral & Facial Pain and
Headache. 32(2):130-136. doi:10.11607/0fph.1899.

Celsi F, Peri F, Cavasin J, Zupin L, Cozzi G, Barbi E, Crovella S. 2023. Transient receptor potential
ankyrin 1 (TRPA1) methylation and chronic pain: a systematic review. Genes. 14(2):Article 411.
doi:10.3390/genes14020411.

Chen Q, Zhang W, Sadana N, Chen X. 2021. Estrogen receptors in pain modulation: cellular sig-
naling. Biology of Sex Differences. 12(1):Article 22. doi:10.1186/s13293-021-00364-5.

Chen X, Cheng Z, Xu ], Wang Q, Zhao Z, Jiang Q. 2024. Causal effects of autoimmune diseases on
temporomandibular disorders and the mediating pathways: a Mendelian randomization study.
Frontiers in Immunology. 15:Article 1390516. doi:10.3389/fimmu.2024.1390516.

Delpachitra S, Dimitroulis G. 2022. Osteoarthritis of the temporomandibular joint: a review of
aetiology and pathogenesis. British Journal of Oral and Maxillofacial Surgery. 60(4):387-396.
doi:10.1016/j.bjoms.2021.06.008.

de Resende CMBM, de Oliveira Medeiros FGL, de Figueiredo Rego CR, Bispo ADSL, Barbosa
GAS, de Almeida EO. 2021. Short-term effectiveness of conservative therapies in pain,
quality of life, and sleep in patients with temporomandibular disorders: a randomized clinical
trial. Cranio. 39(4):335-343. d0i:10.1080/08869634.2019.1627068.



JOURNAL OF THE ROYAL SOCIETY OF NEW ZEALAND . 17

Diatchenko L, Nackley AG, Slade GD, Bhalang K, Belfer I, Max MB, Goldman D, Maixner W.
2006. Catechol-O-methyltransferase gene polymorphisms are associated with multiple pain-
evoking stimuli. Pain. 125(3):216-224. doi:10.1016/j.pain.2006.05.024.

Driscoll MA, Edwards RR, Becker WC, Kaptchuk TJ, Kerns RD. 2021. Psychological interventions
for the treatment of chronic pain in adults. Psychological Science in the Public Interest.
22(2):52-95. doi:10.1177/15291006211008157.

Fernandez-de-Las-Pefias C, Ambite-Quesada S, Palacios-Cefia M, Guillem-Mesado A, Guerrero-
Peral A, Pareja JA, Arendt-Nielsen L. 2019. Catechol-O-methyltransferase (COMT) rs4680
Vall58Met polymorphism is associated with widespread pressure pain sensitivity and
depression in women with chronic, but not episodic, tension-type headache. Clinical Journal
of Pain. 35(4):345-352. doi:10.1097/AJP.0000000000000684.

Fernandez-de-Las-Pefias C, Nijs J, Cagnie B, Gerwin RD, Plaza-Manzano G, Valera-Calero JA,
Arendt-Nielsen L. 2023. Myofascial pain syndrome: a nociceptive condition comorbid with
neuropathic or nociplastic pain. Life. 13(3):Article 694. doi:10.3390/life13030694.

Fillingim RB. 2017. Individual differences in pain: understanding the mosaic that makes pain per-
sonal. Pain. 158(Suppl. 1):S11-S18. doi:10.1097/j.pain.0000000000000775.

Fillingim RB, Kaplan L, Staud R, Ness TJ, Glover TL, Campbell CM, Mogil JS, Wallace MR. 2005.
The A118G single nucleotide polymorphism of the mu-opioid receptor gene (OPRM1) is
associated with pressure pain sensitivity in humans. Journal of Pain. 6(3):159-167. doi:10.
1016/j.jpain.2004.11.008.

Furquim BD, Flamengui LM, Repeke CE, Cavalla F, Garlet GP, Conti PC. 2016. Influence of TNF-
a-308 G/A gene polymorphism on temporomandibular disorder. American Journal of
Orthodontics and Dentofacial Orthopedics. 149(5):692-698. doi:10.1016/j.ajod0.2015.10.026.

Galvez-Sanchez CM, Montoro CI, Moreno-Padilla M, del Paso R, A G, de la Coba P. 2021.
Effectiveness of acceptance and commitment therapy in central pain sensitisation syndromes:
a systematic review. Journal of Clinical Medicine. 10(12):Article 2706. doi:10.3390/
jecm10122706.

Generaal E, Vogelzangs N, Macfarlane GJ, Geenen R, Smit JH, Penninx BW, Dekker J. 2014.
Reduced hypothalamic-pituitary-adrenal axis activity in chronic multi-site musculoskeletal
pain: partly masked by depressive and anxiety disorders. BMC Musculoskeletal Disorders. 15:
Article 227. doi:10.1186/1471-2474-15-227.

Gerra MC, Dallabona C, Manfredini M, Giordano R, Capriotti C, Gonzélez-Villar A, Trifanes Y,
Arendt-Nielsen L, Carrillo-de-la-Pefia MT. 2024. The polymorphism Val158Met in the COMT
gene: disrupted dopamine system in fibromyalgia patients? Pain. 165(12):e184-¢189. doi:10.
1097/j.pain.0000000000003313.

Higgman-Henrikson B, Bechara C, Pishdari B, Visscher CM, Ekberg E. 2020. Impact of catastro-
phizing in patients with temporomandibular disorders—a systematic review. Journal of Oral &
Facial Pain and Headache. 34(4):379-397. doi:10.11607/0fph.2630.

Hastie BA, Riley JL, Kaplan III, Herrera L, Campbell DG, Virtusio CM, Mogil K, Wallace JS, &
Fillingim MR, B R. 2012. Ethnicity interacts with the OPRM1 gene in experimental pain sensi-
tivity. Pain. 153(8):1610-1619. doi:10.1016/j.pain.2012.03.022.

Higuchi K, Chiba M, Sai Y, Yamaguchi Y, Nogami S, Yamauchi K, Takahashi T. 2020. Relationship
between temporomandibular joint pain and magnetic resonance imaging findings in patients
with temporomandibular joint disorders. International Journal of Oral and Maxillofacial
Surgery. 49(2):230-236. doi:10.1016/j.ijom.2019.06.028.

Hysa E, Lercara A, Cere A, Gotelli E, Gerli V, Paolino S, Pizzorni C, Sulli A, Smith V, Cutolo M.
2023. Temporomandibular disorders in immune-mediated rheumatic diseases of the adult: a
systematic review. Seminars in Arthritis and Rheumatism. 61:Article 152215. doi:10.1016/j.
semarthrit.2023.152215.

Ji RR, Nackley A, Huh Y, Terrando N, Maixner W. 2018. Neuroinflammation and central sensit-
isation in chronic and widespread pain. Anesthesiology. 129(2):343-366. doi:10.1097/ALN.
0000000000002130.

Jones DA, Rollman GB, Brooke RI. 1997. The cortisol response to psychological stress in tempor-
omandibular dysfunction. Pain. 72(1-2):171-182. doi:10.1016/S0304-3959(97)00035-3.



18 (&) B.MOOREETAL.

Kopp S. 2001. Neuroendocrine, immune, and local responses related to temporomandibular dis-
orders. Journal of Orofacial Pain. 15(1):9-28.

Kosek E, Cohen M, Baron R, Gebhart GF, Mico J-A, Rice AS, Rief W, Sluka AK. 2016. Do we need
a third mechanistic descriptor for chronic pain states? Pain. 157(7):1382-1386. doi:10.1097/j.
pain.0000000000000507.

Kiichler EC, Meger MN, Ayumi Omori M, Gerber JT, Carneiro Martins Neto E, Silva Machado
NCD, Cavalcante RC, Teixeira LR, Stuani MB, Nelson Filho P, et al. 2020. Association
between oestrogen receptors and female temporomandibular disorders. Acta Odontologica
Scandinavica. 78(3):181-188. doi:10.1080/00016357.2019.1675904.

Lam ], Svensson P, Alstergren P. 2020. Internet-based multimodal pain program with
telephone support for adults with chronic temporomandibular disorder pain: randomized
controlled pilot trial. Journal of Medical Internet Research. 22(10):Article €22326. doi:10.
2196/22326.

Lamot U, Strojan P, Popovi¢ KS. 2013. Magnetic resonance imaging of temporomandibular joint
dysfunction—correlation with clinical symptoms, age, and gender. oral surgery, oral medicine.
Oral Pathology and Oral Radiology. 116(2):258-263. doi:10.1016/j.0000.2013.05.015.

Leucuta DC, Anton D, Almdsan O. 2024. Estrogen hormones’ implications on the physiopathol-
ogy of temporomandibular dysfunction. Journal of Clinical Medicine. 13(15):Article 4406.
doi:10.3390/jcm13154406.

Li B, Guan G, Mei L, Jiao K, Li H. 2021. Pathological mechanism of chondrocytes and the sur-
rounding environment during osteoarthritis of temporomandibular joint. Journal of Cellular
and Molecular Medicine. 25(11):4902-4911. doi:10.1111/jcmm.16514.

Lim M., Nascimento T. D., Kim D. J., Ellingrod V. L., Dasilva A. F. 2021. Aberrant brain signal
variability and COMT genotype in chronic TMD patients. ] Dent Res. 100(7):714-722.

Louca Jounger S, Christidis N, Hedenberg-Magnusson B, List T, Svensson P, Schalling M, Ernberg
M. 2016. Influence of polymorphisms in the HTR3A and HTR3B genes on experimental pain
and the effect of the 5-HT3 antagonist granisetron. PLoS One. 11(12):Article e0168703. doi:10.
1371/journal.pone.0168703.

Meloto CB, Bortsov AV, Bair E, Helgeson E, Ostrom C, Smith SB, Dubner R, Slade GD, Fillingim
RB, Greenspan JD, et al. 2016. Modification of COMT-dependent pain sensitivity by psycho-
logical stress and sex. Pain. 157(4):858-867. doi:10.1097/j.pain.0000000000000449.

Minervini G, Marrapodi MM, Fiorillo L, Franco R, Cicci M, Cervino G. 2023.
Temporomandibular disorders and orofacial neuropathic pain in children and adolescents: a
systematic review. Journal of Clinical Pediatric Dentistry. 47(3):1-12. doi:10.22514/jocpd.
2023.003.

Mladenovic I, Supic G, Kozomara R, Dodic S, Ivkovic N, Milicevic B, Simic I, Magic Z. 2016.
Genetic polymorphisms of catechol-O-methyltransferase: association with temporomandibular
disorders and postoperative pain. Journal of Oral & Facial Pain and Headache. 30(4):302-310.
doi:10.11607/0fph.1688.

Molinari F, Manicone PF, Raffaelli L, Raffaelli R, Pirronti T, Bonomo L. 2007.
Temporomandibular joint soft-tissue pathology, I: disc abnormalities. Seminars in
Ultrasound, CT and MRI. 28(3):192-204. doi:10.1053/j.sult.2007.02.004.

Nicholas M, Vlaeyen JW, Rief W, Barke A, Aziz Q, Benoliel R, Cohen M, Evers S, Giamberardino
MA, Goebel A. 2019. The IASP classification of chronic pain for ICD-11: chronic primary pain.
Pain. 160(1):28-37. doi:10.1097/j.pain.0000000000001390.

Nijs J, George SZ, Clauw DJ, Fernandez-de-Las-Penas C, Kosek E, Ickmans K, Fernandez-Carnero
J, Polli A, Kapreli E, Huysmans E. 2021a. Central sensitisation in chronic pain conditions: latest
discoveries and their potential for precision medicine. The Lancet Rheumatology. 3(5):e383-
€392. doi:10.1016/52665-9913(21)00032-1.

Nijs ], Lahousse A, Kapreli E, Bilika P, Saracoglu I, Malfliet A, Coppieters I, De Baets L, Leysen L,
Roose E. 2021b. Nociplastic pain criteria or recognition of central sensitisation? Pain phenotyp-
ing in the past, present and future. Journal of Clinical Medicine. 10(15):Article 3203. doi:10.
3390/jcm10153203.



JOURNAL OF THE ROYAL SOCIETY OF NEW ZEALAND . 19

Ohrbach R, Dworkin SF. 2016. The evolution of TMD diagnosis: past, present, future. Journal of
Dental Research. 95(10):1093-1101. doi:10.1177/0022034516653922.

Olate S, Ravelo V, Huentequeo C, Parra M, Unibazo A. 2023. An overview of clinical conditions
and a systematic review of personalized TM] replacement. Journal of Personalized Medicine.
13(3):Article 533. doi:10.3390/jpm13030533.

Palconet G., Ludlow J. B,, Tyndall D. A,, Lim P. F. 2012. Correlating cone beam CT results
with temporomandibular joint pain of osteoarthritic origin. Dentomaxillofac Radiol.
41(2):126-130.

Palmer J, Penlington C, Durham J. 2023. Supported self-management in temporomandibular dis-
orders: a systematic review of behavioural components. Oral Surgery. 16(2):228-236. doi:10.
1111/0rs.12788.

Park JW, Chung JW. 2016. Inflammatory cytokines and sleep disturbance in patients with tempor-
omandibular disorders. Journal of Oral & Facial Pain and Headache. 30(1):27-33. doi:10.11607/
ofph.1367.

Pinto Fiamengui LMS, Furquim BDA, De la Torre Canales G, Fonseca Carvalho Soares F, Poluha
RL, Palanch Repeke CE, Bonjardim LR, Garlet GP, Rodrigues Conti PC. 2020. Role of inflam-
matory and pain genes polymorphisms in temporomandibular disorder and pressure pain sen-
sitivity. Archives of Oral Biology. 118:Article 104854. doi:10.1016/j.archoralbio.2020.104854.

Polonowita AD, Mei L, Guan G. 2024b. The deconstruction of chronic orofacial pain and a
hiding inhibition pathway of orofacial pain: the trigeminal proprioceptive mesencephalic peri-
aqueductal gray pathway. New Zealand Medical Journal. 137(1588):67-79. doi:10.26635/6965.
6337.

Polonowita AD, Polonowita AK, Mei L, Guan G. 2024a. Construction of the chronic temporoman-
dibular disorder patients: the association between neural and psychological pathways. New
Zealand medical journal. 137(1595):80-93. doi:10.26635/6965.6513.

Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, Keefe FJ, Mogil JS, Ringkamp M,
Sluka KA, et al. 2020. The revised international association for the study of pain definition of
pain: concepts, challenges, and compromises. Pain. 161(9):1976-1982. doi:10.1097/j.pain.
0000000000001939.

Rajapakse S, Ahmed N, Sidebottom A. 2017. Current thinking about the management of dysfunc-
tion of the temporomandibular joint: a review. British Journal of Oral and Maxillofacial Surgery.
55(4):351-356. d0i:10.1016/j.bjoms.2016.06.027.

Saini RS, Ali Abdullah Almoyad M, Binduhayyim RIH, Quadri SA, Gurumurthy V, Bavabeedu SS,
Kuruniyan MS, Naseef PP, Mosaddad SA, Heboyan A. 2024. The effectiveness of botulinum
toxin for temporomandibular disorders: a systematic review and meta-analysis. PLoS One.
19(3):Article e0300157. doi:10.1371/journal.pone.0300157.

Savin E, Rosenn G, Tsur AM, Hen O, Ehrenberg S, Gendelman O, Buskila D, Halpert G, Amital D,
Amital H. 2023. The possible onset of fibromyalgia following acute COVID-19 infection. PLoS
One. 18(2):Article €0281593. doi:10.1371/journal.pone.0281593.

Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet J-P, List T, Svensson P, Gonzalez
Y, Lobbezoo F, et al. 2014. Diagnostic criteria for temporomandibular disorders (DC/TMD) for
clinical and research applications: recommendations of the international RDC/TMD consor-
tium network and orofacial pain special interest group. Journal of Oral & Facial Pain and
Headache. 28(1):6-27. doi:10.11607/jop.1151.

Scholz J, Finnerup NB, Attal N, Aziz Q, Baron R, Bennett MI, Benoliel R, Cohen M, Cruccu G,
Davis KD, et al. 2019. The IASP classification of chronic pain for ICD-11: chronic neuropathic
pain. Pain. 160(1):53-59. doi:10.1097/j.pain.0000000000001365.

Sessle BJ. 2021. Chronic orofacial pain: models, mechanisms, and genetic and related environ-
mental influences. International Journal of Molecular Sciences. 22(13):Article 7112. doi:10.
3390/ijms22137112.

Shahidi S, Salehi P, Abedi P, Dehbozorgi M, Hamedani S, Berahman N. 2018. Comparison of the
bony changes of TM] in patients with and without TMD complaints using CBCT. ] Dent
(Shiraz). 19(2):142-149.



20 (&) B.MOOREETAL.

Sidebottom AJ. 2024. Current thinking in open temporomandibular joint surgery. Is this still indi-
cated in the management of articular temporomandibular joint disorder? British Journal of Oral
and Maxillofacial Surgery. 62(3):324-328. doi:10.1016/j.bjoms.2024.01.014.

Slade GD, Ohrbach R, Greenspan JD, Fillingim RB, Bair E, Sanders AE, Dubner R, Diatchenko L,
Meloto CB, Smith S, Maixner W. 2016. Painful temporomandibular disorder: decade of discov-
ery from OPPERA studies. Journal of Dental Research. 95(10):1084-1092. doi:10.1177/
0022034516653743.

Soares FC, Poluha RL, De la Torre Canales G, Costa YM, Nascimento GG, Conti PCR, Bonjardim
LR. 2020. Effect of genetic polymorphisms on pain sensitivity in the orofacial region: a systema-
tic review. Journal of Oral & Facial Pain and Headache. 34(4):353-363. do0i:10.11607/0fph.2608.

Son C, Park YK, Park JW. 2021. Long-term evaluation of temporomandibular disorders in associ-
ation with cytokine and autoantibody status in young women. Cytokine. 144:Article 155551.
doi:10.1016/j.cyto.2021.155551.

Sorenson A, Hresko K, Butcher S, Pierce S, Tramontina V, Leonardi R, Loreto C, Bosio J, Almeida
LE. 2023. Expression of interleukin-1 and temporomandibular disorder: contemporary review
of the literature. Cranio. 41(6):513-520. doi:10.1080/08869634.2017.1342890.

Staniszewski K, Lygre H, Bifulco E, Kvinnsland S, Willassen JL, Helgeland E, Berge T, Rosén A.
2018. Temporomandibular disorders related to stress and HPA-axis regulation. Pain
Research and Management. 2018:Article 7020751. doi:10.1155/2018/7020751.

Tammimaki A, Minnisté PT. 2012. Catechol-O-methyltransferase gene polymorphism and
chronic human pain: a systematic review and meta-analysis. Pharmacogenetics and
Genomics. 22(9):673-691. doi:10.1097/FPC.0b013e3283560c46.

Tennant SE. 2013. The physiologic effects of pain on the endocrine system. Pain and Therapy.
2(2):75-86. doi:10.1007/s40122-013-0015-x.

Thomas DC, Eliav E, Fatahzadeh M. 2023. Systemic factors in temporomandibular disorder pain.
Dental Clinics of North America. 67(2):281-298. doi:10.1016/j.cden.2022.10.002.

Tran C, Ghahreman K, Huppa C, Gallagher JE. 2022. Management of temporomandibular dis-
orders: a rapid review of systematic reviews and guidelines. International Journal of Oral and
Maxillofacial Surgery. 51(9):1211-1225. doi:10.1016/j.jjom.2021.11.009.

Treede R-D, Hoheisel U, Wang D, Magerl W. 2022. Central sensitisation: clinical utility of a physio-
logical concept for the international statistical classification of diseases and related health problems
and for nociplastic pain. Pain. 163(Suppl. 1):599-S107. doi:10.1097/j.pain.0000000000002596.

Treede R-D, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, Cohen M, Evers S, Finnerup NB,
First MB, et al. 2019. Chronic pain as a symptom or a disease: the IASP classification of chronic
pain for the international classification of diseases (ICD-11). Pain. 160(1):19-27. doi:10.1097/j.
pain.0000000000001384.

Varallo G, Ghiggia A, Arreghini M, Capodaglio P, Manzoni GM, Giusti EM, Castelli L,
Castelnuovo G. 2021. The reliability and agreement of the fibromyalgia survey questionnaire
in an Italian sample of obese patients. Frontiers in Psychology. 12:Article 623183. doi:10.
3389/fpsyg.2021.623183.

Vergne-Salle P, Bertin P. 2021. Chronic pain and neuroinflammation. Joint Bone Spine. 88(6):
Article 105222. do0i:10.1016/j.jbspin.2021.105222.

Vetterlein A, Monzel M, Reuter M. 2023. Are catechol-O-methyltransferase gene polymorphisms
genetic markers for pain sensitivity after all? - A review and meta-analysis. Neuroscience &
Biobehavioral Reviews. 148:Article 105112. doi:10.1016/j.neubiorev.2023.105112.

Vilanova JC, Barcel6 J, Puig J, Remollo S, Nicolau C, Bru C. 2007. Diagnostic imaging: magnetic
resonance imaging, computed tomography, and ultrasound. seminars in ultrasound. CT and
MRI. 28(3):184-191. doi:10.1053/j.sult.2007.02.003.

Visscher CM, Lobbezoo F. 2015. TMD pain is partly heritable: a systematic review of family studies
and genetic association studies. Journal of Oral Rehabilitation. 42(5):386-399. doi:10.1111/joor.
12263.

Warren MP, Fried JL. 2001. Temporomandibular disorders and hormones in women. Cells
Tissues Organs. 169(3):187-192. doi:10.1159/000047881.



JOURNAL OF THE ROYAL SOCIETY OF NEW ZEALAND . 21

Wurm MC, Behrends TK, Wiist W, Wiesmiiller M, Wilkerling A, Neukam FW, Schlittenbauer T.
2018. Correlation between pain and MRI findings in TMD patients. Journal of Cranio-
Maxillofacial Surgery. 46(8):1167-1171. doi:10.1016/j.jcms.2017.12.029.

Yarns BC, Zhu TA, Jazi AN. 2022. Chronic pain in older adults: a neuroscience-based psychologi-
cal assessment and treatment approach. The American Journal of Geriatric Psychiatry.
30(12):1342-1350. doi:10.1016/j.jagp.2022.07.009.

YinY,He S, XuJ, You W, Li Q, Long J, Luo L, Kemp GJ, Sweeney JA, Li F. 2020. The neuro-patho-
physiology of temporomandibular disorders-related pain: a systematic review of structural and
functional MRI studies. The Journal of Headache and Pain. 21(1):Article 78. doi:10.1186/
$10194-020-01131-4.

Yoda T, Sakamoto I, Imai H, Honma Y, Shinjo Y, Takano A, Tsukahara H, Morita S, Miyamura J,
Yoda, et al. 2003. A randomized controlled trial of therapeutic exercise for clicking due to disk
anterior displacement with reduction in the temporomandibular joint. Cranio. 21(1):10-16.
doi:10.1080/08869634.2003.11746226.

Yost O, Liverman CT, English R, Mackey S, Bond EC. 2020. Temporomandibular disorders: pri-
orities for research and care. Washington, DC: National Academies Press. doi:10.17226/25652.

Zielinski G, Pajak-Zielinska B. 2024. Association between estrogen levels and temporomandibular
disorders: an updated systematic review. International Journal of Molecular Sciences, 25(18):
Article 9867. doi:10.3390/ijms25189867.



