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Preface

Temporomandibular joint disorders (TMDs) represent a heterogeneous group of
conditions that affect the temporomandibular joint, masticatory muscles, and
associated structures, often presenting with pain, functional limitation, and a wide
spectrum of overlapping symptoms. Despite their high prevalence and significant
impact on quality of life, TMDs remain challenging to diagnose and manage due to
their multifactorial etiology, variable clinical presentation, and frequent association
with otologic, neurologic, musculoskeletal, and psychosocial factors.

Over the past decades, advances in imaging, biomechanics, regenerative medicine,
pain science, and minimally invasive interventions have significantly expanded our
understanding of temporomandibular joint pathology. At the same time, clinical
practice has evolved toward a more conservative, patient-centered, and multidis-
ciplinary approach. This edited volume, Temporomandibular Joint Disorders — New
Perspectives in Diagnosis and Treatment, aims to reflect these developments by
presenting contemporary insights into both fundamental concepts and emerging
strategies in the field of TMDs.

The chapters included in this book explore a broad range of topics, beginning with
updated perspectives on anatomy, pathophysiology, and differential diagnosis of
temporomandibular disorders. Special attention is given to conditions that mimic or
coexist with TMDs, highlighting the importance of accurate diagnosis and interdis-
ciplinary collaboration. The volume further addresses conservative and minimally
invasive treatment modalities, including physiotherapy, pharmacological manage-
ment, intra-articular therapies, and neuromodulation techniques, emphasizing
evidence-based decision-making and individualized care.

In addition, the book discusses surgical management strategies for advanced or
refractory cases, outlining contemporary protocols, indications, and outcomes while
stressing the importance of careful patient selection. Emerging fields such as regen-
erative medicine, platelet-rich plasma therapies, and artificial intelligence-assisted
diagnostics are also examined, offering a glimpse into future directions in both
research and clinical practice.

This volume is intended for oral and maxillofacial surgeons, dentists, orthodontists,
otolaryngologists, physiotherapists, pain specialists, and researchers with an inter-
est in temporomandibular joint disorders. By bringing together contributions from
experts across disciplines, we hope this book will serve as a practical reference, an
educational resource, and a catalyst for further collaboration and innovation in the
diagnosis and treatment of TMDs.
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Chapter 1

Temporomandibular Joint
Dysfunction: Clinical Evaluation
and Physiotherapeutic Approaches

Pooja Chaudhuri

Abstract

Temporomandibular joint disorders (TMDs) refer to a range of conditions that impact
the temporomandibular joint, masticatory musculature, and related structures. They are
the significant cause of orofacial pain and functional limitations, impacting quality of
life and daily function. A thorough comprehension of temporomandibular joint anatomy
and biomechanics is crucial to achieve accurate diagnosis and effective physiotherapeutic
management. This paper provides a comprehensive overview of TMDs, including their
anatomical and biomechanical foundations, current diagnostic and evaluation tech-
niques, and emerging physiotherapy interventions. This narrative review was conducted
to explore recent developments for evaluation, diagnosis, and management of temporo-
mandibular joint disorders (TMDs), with a focus on conservative and physiotherapy-
based interventions. The TMJ is a complex synovial joint with unique biomechanical
features that allow for both hinging and gliding motions. Dysfunction in this joint often
results from musculoskeletal imbalances, trauma, or parafunctional habits. Evaluation
of TMD includes clinical assessment (e.g., range of motion, joint sounds, palpation),
validated outcome measures (e.g., JFELS, OHIP-TMD), and imaging. Physiotherapy
interventions—such as manual therapy, muscle energy techniques (MET), soft tissue
mobilization, neuromuscular re-education, and patient-specific exercise programs—
have shown significant improvements in pain reduction and functional outcomes. New
perspectives include tele-rehabilitation and integration of digital tools for objective assess-
ment and monitoring. Early and accurate diagnosis combined with a multidisciplinary
physiotherapy approach is crucial for effective TMD management. Continued research
and clinical innovation are essential to refine physiotherapeutic protocols and incorporate
technology-driven care tailored to individual patient needs.

Keywords: temporomandibular joint disorders, TMD, physiotherapy, biomechanics,
manual therapy, muscle energy technique, DC/TMD, soft tissue mobilization

1. Introduction

Temporomandibular joint (TM]) is a distinctive synovial joint that links the
mandible to the temporal bone of the skull. It is formed by the articulation of the
condylar process of the mandible with the mandibular fossa and articular eminence
of the temporal bone. Although it is typically classified as a synovial hinge joint, the
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TM] is considered anatomically unique. Unlike most synovial joints, which are lined
with hyaline cartilage, the TM] is covered by fibrocartilage, which contributes to

its specialized function and structure [1, 2]. This unique feature allows the joint to
withstand repeated stress and complex movements required for functions, such as
chewing, speaking, and yawning [3, 4].

2. Design and function

The temporomandibular joint (TM]) is a form of diarthrodial joint, specifically clas-
sified as a ginglymoarthrodial joint, which allows both hinging and gliding movements
[5]. It features a synovial cavity, an articular cartilage, and a fibrous capsule that encases
the joint. Within this cavity, synovial fluid provides lubrication, and several ligaments
offer structural support. Anatomically, the TM] is formed by the articulation between the
mandibular condyle and the mandibular fossa of the temporal bone [6].

3. Anatomy

The temporomandibular joint (TM]) (Figure 1) is a type of compound synovial
joint with a modified ovoid bicondylar structure. It is formed through the articulation
of the mandibular head, the articular disc located within the joint, and the articular
eminence of the temporal bone [1-3].

The upper part of the temporomandibular joint (TM]) is formed by the squamous
part of the temporal bone, specifically known as the glenoid fossa, which accommodates
the mandibular condyle [1]. Located behind this fossa is the posterior articular ridge, and
next to it lies a bony projection referred to as the postglenoid process. This postglenoid
region also helps form the superior boundary of the external auditory canal [7].

Zygomatic arch (cut)

U~ Pterygomaxillary
) fissure and pterygoid
Y plate

Mastoid process

Styloid process *Maxilla

Infratemporal fossa

Figure 1.
The temporomandibular joint.
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Anterior surface of glenoid fossa in temporal bone comprises the articular emi-
nence, which creates a medial bone projection toward the posterior border of the
zygomatic bone. The slightly inclined preglenoid plane leads into this eminence,
which lies anterior to the glenoid fossa and forms part of the cranial base. This
anatomical configuration supports and guides the dynamic movements of both the
mandibular condyle and the articular disc during jaw motion [3, 5]. On the lateral
aspect of the articular eminence, adjacent to the root of the zygomatic process, a bony
prominence known as the articular tubercle is present [1].

The mediolateral part of glenoid fossa is larger when compared to the anteropos-
terior part. The lower articular region of the glenoid fossa corresponds to the upper
portion of the mandible. It is formed by the mandibular condyle, which typically
measures around 15-20 mm in its transverse dimension and approximately 8-10 mm
in the anteroposterior direction [3, 4].

The articular disc that is situated between the mandibular condyle and the glenoid
fossa is typically biconcave or oval in configuration. This fibrocartilaginous structure
measures approximately 2 mm in thickness anteriorly and about 3 mm posteriorly,
while the central region is comparatively thinner [3, 5]. The anterior segment of the disc
is composed superiorly of fibroelastic fascia and inferiorly of fibrous connective tis-
sue. Superiorly, the disc articulates with the postglenoid process, serving to stabilize its
position and prevent forward displacement during mouth opening. Inferiorly, it restricts
excessive rotational movement of the disc in relation to the mandibular condyle [5, 7].

The anterior part of the articular disc connects with the joint capsule, articular
eminence, condyle, and the upper part of the lateral pterygoid muscle [1].

The posterior part of the articular disc connects to the bilateral retro-disc tissue,
glenoid fossa, temporal bone, and condyle [3].

Laterally and medially, the cartilaginous disc is anchored to the mandibular con-
dyle, while its margins show partial continuity with the fibrous capsule that encloses
the joint [3, 4].

Multiple ligaments regulate the mechanical forces acting on the temporomandibu-
lar joint (TM]J) and contribute to its proprioceptive feedback. Sensory input arises
not only from the joint capsule but also from the masticatory muscles, cutaneous
receptors, and receptors located within the periodontal ligament [1, 3]. The strain
detected by the articular ligaments is particularly significant for maintaining proper
TM]J function [5].

3.1 Sphenomandibular ligament (SML)

The sphenomandibular ligament is considered a remnant of Meckel’s cartilage.
It originates from the spine of the sphenoid bone, which also gives rise to the ptery-
gospinous ligament, and extends toward the mandible, where it blends with the
medial wall of the TM]J capsule [7]. Passing through the petrotympanic fissure, it
maintains connections with the malleus and contributes fibers to the anterior liga-
ment of the malleus. The ligament descends further to insert into the lingula of the
mandible, thereby linking the sphenoid, middle ear, and mandible. Along its course,
it is crossed by the mylohyoid nerve and associated vessels, and it also establishes
continuity with the pterygomandibular fascia. Anatomically, it lies superior and
lateral to the lateral pterygoid muscle, internal maxillary artery, auriculotemporal
nerve, inferior alveolar nerve, and middle meningeal artery. Functionally, the SML
helps limit excessive forward translation of the mandibular condyle, particularly once
the mouth has opened beyond approximately 10 degrees [1, 7].

5
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3.2 Stylomandibular ligament (STML)

The stylomandibular ligament extends from the styloid process of the temporal bone
to the posterior border of the mandible, typically near the angle. It is regarded as a con-
densation of the deep cervical fascia, particularly the parotid fascia [7, 8]. Functionally, it
restricts excessive mandibular protrusion. From an embryological perspective, it develops
from Reichert’ cartilage, which originates from the first and second branchial arches
and also contributes to the formation of the stapes in the middle ear. Along its course, the
ligament lies over the medial surface of the medial pterygoid muscle [5].

3.3 Pterygomandibular ligament (PTML)

The pterygomandibular ligament, also referred to as the pterygomandibular
raphe, represents a localized thickening of the buccopharyngeal fascia. It extends
from the hamulus of the medial pterygoid plate of the sphenoid bone to the posterior
region of the retromolar trigone of the mandible. The ligament serves as an ana-
tomical boundary between two muscles: anteriorly, it provides attachment for the
buccinator, while posteriorly, it connects with the superior pharyngeal constrictor.
Developmentally, it arises from mesenchymal tissue associated with the first and
second branchial arches. Functionally, the PTML contributes to controlling mandibu-
lar motion by restricting excessive movements [7, 8].

3.4 Pinto ligament (discomalleolar or malleolomandibular ligament)

Embryologically, this ligament originates from the tympanic portion of the
temporal region. It is composed of two distinct segments. The first lies within the
middle ear, where it connects to the malleus and is related to the anterior ligament of
the malleus. The second segment extends beyond the tympanic cavity, reaching the
posterosuperior portion of the TMJ capsule, where it associates with the retrodiscal
tissues by traversing the petrotympanic fissure. Functionally, the ligament serves dual
roles: within the TM], it provides protection to the synovial membrane by buffering
stresses from adjacent structures, while in the middle ear, it is thought to participate
in maintaining or modulating pressure equilibrium [3, 9].

Lateral preegoid musches

Temporalis muscle,

R

Figure 2.
Anatomy and Structure of TM]J joint.
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* The collateral ligament comprises two symmetrical fiber bundles that arise from
the intermediate zone of the articular disc and insert into the medial and lateral
poles of the mandibular condyle. Its primary role is to firmly secure the disc to
the condyle, ensuring coordinated movement between these structures [5, 7].

TM] is closely related to various muscles that function to move and protect the
joint itself. Muscles primarily responsible for jaw closure include the masseter,
temporalis, and the lateral (external) pterygoid. Conversely, jaw opening is facili-
tated by the medial (internal) pterygoid, digastric, mylohyoid, and geniohyoid
muscles (Figure 2).

4. Function

During mouth opening, the temporomandibular joint exhibits a coordinated
sequence of movements involving both the discomandibular and discotemporal com-
partments. Initially, a rotational movement occurs within the discomandibular space,
followed by translational motion in the discotemporal space [1, 3]. Lateral movement
of the condyle is achieved through a combination of rotation and anterior sliding on
one side, accompanied by anteromedial translation and rotation of the contralateral
condyle. Posterior displacement of one condyle may also occur simultaneously with
anterior gliding of the opposite condyle. Protrusive motion, whether bilateral or
unilateral, is produced through anterior sliding of the condyles [3, 4].

The versatility of TMJ kinematics allows for a wide range of essential functions,
including:

1. Mastication (chewing)

2.Sucking

3. Swallowing

4.Speech and phonation

5.Facial expressions

6. Respiration

7.Protrusion, retrusion, and lateral movements of the mandible
8. Mouth opening

9.Regulation of middle ear pressure [1, 4, 5].

5. Blood supply and lymphatics

The arterial supply of the temporomandibular joint (TM]J) is primarily provided
by the superficial temporal and maxillary arteries, along with contributions from
the masseteric artery. Additional vascular input arises from several branches of the
external carotid system, including the posterior auricular, ascending pharyngeal, and
ascending palatine arteries [7, 9].

7
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Venous drainage occurs predominantly via the pterygoid venous plexus located in
the retrodiscal region. This plexus communicates with multiple venous pathways,
including the internal maxillary, sphenopalatine, middle meningeal, deep temporal,
masseteric, and inferior alveolar veins [7].

The lymphatic drainage of the TM] is less clearly defined, as lymph node involve-
ment may vary in pathological conditions. In general, the lymphatics associated with
the joint are linked to the submandibular triangle, where regional lymph nodes play a
role in drainage [8, 9].

6. Nerves

The temporomandibular joint (TM]) contains a variety of proprioceptive recep-
tors, particularly within the articular disc. These include Golgi-Mazzoni and Ruffini
corpuscles, as well as both myelinated and unmyelinated nerve fibers that contribute
to sensory feedback [1, 4].

Regarding capsular innervation, the anterolateral portion of the joint capsule is sup-
plied by the masseteric nerve, a branch of the mandibular division (V3) of the trigeminal
nerve. The lateral capsule, in contrast, receives its innervation primarily from the auricu-
lotemporal nerve, another branch of the mandibular nerve (cranial nerve V) [1, 4].

7. Muscular relations of the TM]J

The temporomandibular joint (TM]) maintains direct contact with four key
masticatory muscles: the masseter, temporalis, lateral (external) pterygoid, and medial
(internal) pterygoid.

* Masseter muscle: This muscle, through its perimysium, attaches anteriorly to the
articular disc. It originates from the zygomatic arch, with multiple muscular lay-
ers, and inserts into the lateral surface of the mandibular ramus and the coronoid
process. Functionally, it elevates the mandible. Its innervation is provided by the
masseteric branch of the mandibular nerve (V3) [3, 5, 8, 10].

* Temporalis muscle: Arising from the temporal fossa and the medial aspect of
the zygomatic process, the temporalis inserts onto the coronoid process of the
mandible. Occasionally, its anterior fibers may connect with the articular disc.
Like the masseter, its main action is mandibular elevation, and it is supplied by
the deep temporal branches of the mandibular nerve (V3) [3, 5, 8].

* Lateral (external) pterygoid muscle: This muscle has two distinct heads.
o The superior head originates from the outer surface of the greater wing of the
sphenoid bone and inserts anteromedially into the TM]J capsule or the antero-

medial aspect of the condylar neck, contacting the disc anteriorly.

o The inferior head arises from the lateral plate of the pterygoid process of the
sphenoid and attaches to the pterygoid fovea on the condylar neck. Bilateral
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contraction produces mandibular protrusion, while unilateral contraction
causes contralateral deviation. The muscle advances the condyle during mouth
opening and assists in pulling the disc anteromedially during closure. Both
heads are active in the early phases of opening and closing [3, 5, 8].

» Medial (internal) pterygoid muscle: Originating from the pterygoid fossa, the
pyramidal process of the palatine bone, and the maxillary tuberosity, this muscle
inserts onto the medial surface of the mandibular angle and ramus. It elevates
and protrudes the mandible and, like the lateral pterygoid, is innervated by
branches of the mandibular nerve (V3) [3, 5, 8].

Classically, these four muscles are identified as the primary masticatory muscles.
However, the suprahyoid and infrahyoid muscles also contribute significantly to man-
dibular motion.

* Suprahyoid muscles: This group includes the digastric, mylohyoid, stylohyoid,
and geniohyoid, which assist in mouth opening by stabilizing or depressing the
mandible when the hyoid bone is fixed.

* Infrahyoid muscles: Comprising the sternohyoid, omohyoid, sternothyroid,
and thyrohyoid, these muscles stabilize or reposition the hyoid bone, enabling
efficient mandibular and tongue movements.

8. Mandibular kinematics and muscular coordination

Mandibular movements all along both functional and parafunctional activities
involve intricate neuromuscular coordination, influenced by both central and periph-
eral nervous system inputs [1, 3]. The temporomandibular joint (TM)J) facilitates
approximately 2000 movements each day [8].

8.1Jaw opening

The primary muscles involved in jaw opening are the digastric, mylohyoid, and
geniohyoid. During slow mouth opening and at maximum mandibular opening, the
temporalis muscle remains largely inactive, although slight activity may be observed
in the medial pterygoid [3, 5].

8.2Jaw closure

During mandibular closure without tooth contact, the temporalis muscle shows
minimal or no activity. In this case, elevation of the mandible is primarily achieved
through the action of the masseter and medial pterygoid muscles [3, 5, 11].
8.3 Retrusion

Controlled mandibular retrusion during closure is mainly achieved by the poste-

rior fibers of the temporalis, assisted by the synergistic activity of the suprahyoid and
infrahyoid muscle groups [1, 5, 12].
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8.4 Protrusion

Forward displacement of the mandible in the absence of occlusal contact occurs
through bilateral activation of the lateral and medial pterygoid muscles, with addi-
tional contribution from the masseter [3, 4, 11].

8.5 Lateral movements

When the mandible shifts laterally without tooth contact, the motion is driven
mainly by the medial and posterior fibers of the temporalis on the same side, in
combination with contralateral activation of the lateral and medial pterygoids,
along with the anterior temporalis fibers. The suprahyoid muscles remain active
during this action, maintaining the mandible in a slightly depressed and protruded
position [4, 8, 11].

9. Mandibular kinematics

Functionally, movements of mandible are mostly complicated, involving six
degrees of freedom that combine both rotational and translational components. These
movements are made possible through the interaction of four articular surfaces—two
lower and two upper joints [1, 3]. Although the temporomandibular joints (TMJs) do
not operate independently of each other, classifying mandibular movements in isola-
tion is essential for understanding their biomechanics [8].

10. Types of movements

Jaw movements have been widely studied, especially where the upper and lower
teeth meet. The first person to describe these movements in three dimensions was Ulf
Posselt [13].

Typically, condylar rotation and the translation of the condyle-disc complex occur
simultaneously. On average, for every 1 mm, the jaw moves forward or backward, and
the condyle rotates about 2 degrees during opening or closing [14].

11. Mandibular rotational movements

The mandible (lower jaw) exhibits rotational movements around fixed points
known as axes during opening and closing. These movements occur within the
temporomandibular joint (TMYJ), specifically within the inferior joint compartment,
situated between the condyle and the articular disc, and rotation occurs along three
principal planes—horizontal, vertical, and sagittal—each defined by a specific axis [5].

11.1 Horizontal axis (hinge axis)
The horizontal axis facilitates the opening and closing of the mouth, akin to a

door hinge. This movement is termed “hinge movement” and is considered the purest
form of rotational motion in the mandible. When the condyles occupy their highest
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position within the articular fossae and mouth opening occurs solely through rota-
tion without translation, the movement takes place around an axis referred to as the
terminal hinge axis [15].

11.2 Vertical (frontal) axis

The vertical axis runs perpendicular to horizontal axis and is involved in lateral
(side-to-side) movements of the mandible. This axis allows for movements, such as
chewing and grinding, where the mandible shifts from side to side [5].

11.3 Sagittal axis

The sagittal axis is oriented from front to back and is associated with forward
and backward movements of the mandible. This axis plays a role in actions, such as
protrusion and retrusion of the jaw [5, 16].

12. Translational motion

Translation describes the type of motion in which all points of an object move
simultaneously at the same speed and in the same direction. Within the masticatory
system, translation is observed during mandibular protrusion. In normal function,
mandibular movements involve both rotation and translation occurring together; as
the mandible rotates around one or more axes, those axes themselves continually shift
in spatial orientation [1, 5].

Mandibular kinematics, however, extend beyond simple rotation and transla-
tion. Lateral or eccentric bodily displacements, combined with these fundamental
movements, highlight the mandible’s behavior as a dynamic, free-floating structure.
Its motion is finely regulated by coordinated pairs of synergistic and antagonistic
muscles, which generate graded forces through multiple vectors. This intricate
muscular and articular interaction produces highly complex, three-dimensional man-
dibular movements—an adaptive mechanism made possible by the unique dual-joint
design of the TMJ, unmatched by any other joint system in the body [3-5].

Earlier studies examined mandibular movements based on geometric principles
using mechanical devices. Posselt, for example, created the gnatho-tensiometer,
an instrument capable of recording border movements across all three planes and
producing what is known as the Posselt diagram [13]. Advances in technology have
since enabled improved position tracking methods, allowing for the detailed analysis
of mandibular kinematics with high spatial and temporal resolution [17, 18].

13. Relationship of temporomandibular joint with occlusion

Mandibular movements are influenced not only by the morphology of bones, mus-
cles, and ligaments but also by the occlusal relationships of the teeth [3]. According
to the Glossary of Prosthodontic Terms, occlusion is described as the static contact
between the masticatory surfaces of maxillary and mandibular teeth [19]. However,
when analyzed functionally, occlusion is better understood as the biological and
dynamic interaction of the masticatory system that governs dental relationships [15].

11
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Occlusion encompasses a broad spectrum of concepts [20]. The biomechan-
ics of occlusal contact, particularly between teeth with varying cusp inclinations,
represents a highly complex system [21]. From a clinical perspective, alterations in
the TMJ—such as intracapsular exudate or changes within joint tissues—are often
associated with occlusal dynamics [4, 22].

14. Temporomandibular joint disorders

Temporomandibular disorders (TMD) are a group of conditions characterized
by craniofacial pain arising from the temporomandibular joint (TM]), mastica-
tory muscles, or the neural structures of the head and neck [3]. They represent the
most common source of nondental orofacial pain [22]. Epidemiological studies
indicate that TMD affects approximately 10-15% of adults, although only about
5% seek clinical intervention [23]. The incidence typically peaks between 20 and
40 years of age, with women being affected nearly twice as often as men, con-
tributing to significant economic costs through reduced productivity and work
absence. Symptom presentation varies from mild discomfort to severe pain, often
accompanied by restricted mandibular function. The broad spectrum of TMD is
reflected in its classification (Table 1), with common subtypes, including myofas-
cial pain disorder, disc displacement disorders, osteoarthritis, and autoimmune-
related TM]J involvement [22, 26, 27].

TMDs are increasingly recognized as a heterogeneous group of painful neuromus-
culoskeletal conditions involving the masticatory system and associated tissues [28].
Reported prevalence rates range from 5-31%, with onset spanning from childhood
through adulthood [29]. Beyond physical symptoms, TMD significantly compro-
mises quality of life by affecting daily activities, psychological well-being, and social
functioning [30].

Given this clinical burden, there is a pressing need for effective and accessible
management strategies. Although formal rehabilitation-based clinical practice
guidelines specific to TMD are currently lacking, valuable peer-reviewed resources
exist for orthopedic physical therapists and other conservative practitioners, guid-
ing evaluation and management [30]. However, as research in this field continues to
evolve, updated frameworks are required. Consequently, the purpose of this two-part
series is to present an evidence-informed, supplementary framework to aid clinicians
in the conservative assessment and treatment of TMD [31].

14.1Etiology

The causes of temporomandibular disorders (TMD) are multidimensional, arising
from the interaction of biological, psychological, and social influences rather than a
single factor [32, 33]. Conditions that are frequently linked to TMD include chronic
headache syndromes, fibromyalgia, autoimmune diseases, sleep-related breathing
disorders, and psychiatric disturbances [31]. Evidence from a large prospective cohort
involving more than 6000 individuals revealed that people with depression had over
twice the likelihood of developing TMD (rate ratio = 2.1; 95% CI, 1.5-3; P < .001),
while those with anxiety experienced a notable increase in the risk of myofascial pain
(rate ratio = 1.8; 95% CI, 1.2-2.6; P < .001) [34]. Behavioral risk factors also con-
tribute, as smoking has been shown to elevate the risk of TMD, particularly among
women below the age of 30 years [35, 36].
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Articular disorders (intra-articular)

Congenital or developmental disorders

Condylar hyperplasia

First and second branchial arch disorders

Idiopathic condylar resorption

Degenerative joint disorders

Inflammatory: capsulitis, synovitis, polyarthritides (rheumatoid arthritis, psoriatic arthritis, ankylosing
spondylitis, Reiter syndrome, gout)

Noninflammatory: osteoarthritis

Disk derangement disorders

Displacement with reduction

Displacement without reduction (closed lock)

Perforation

Infection

Neoplasia

Temporomandibular hypermobility

Dislocation

Joint laxity

Subluxation

Temporomandibular hypomobility

Ankylosis: true ankylosis (bony or fibrous) or pseudoankylosis

Postradiation fibrosis

Trismus

Trauma

Contusion

Fracture

Intracapsular hemorrhage

Masticatory muscle disorders (extra-articular)

Local myalgia

Myofascial pain disorder

Myofibrotic contracture

Myositis

Myospasm

Neoplasia

Information from References [24, 25].

Table 1.
Classification of temporomandibular joint disorders.

14.2 Classification

Temporomandibular disorders (TMD) are broadly classified as either intra-
articular, referring to conditions that occur within the joint, or extra-articular,
which involve the surrounding musculature [37]. Among these, musculoskeletal
disorders represent the most frequent etiology, accounting for more than half

13



Temporomandibular Joint Disorders — New Perspectives in Diagnosis and Treatment

of all TMD cases [38]. Within the intra-articular group, the most prevalent
pathology is articular disk displacement, characterized by an altered condyle-
disk relationship [22]. To provide greater clarity and diagnostic consistency, the
International Research Diagnostic Criteria for Temporomandibular Dysfunction
(RDC/TMD) Consortium Network introduced a revised classification system in
2013, which is summarized in Table 1 [39].

14.3 Differential diagnosis

Clinicians should maintain a high index of suspicion for temporomandibular
disorders (TMD) when evaluating patients who report pain localized to the tem-
poromandibular joint region. A wide range of conditions can present with symptoms
resembling TMD, making differential diagnosis essential. Examples include dental
pathology, such as caries or abscess, oral mucosal lesions (herpes simplex, herpes
zoster, aphthous ulcers, and lichen planus), muscle-related problems due to overuse
(clenching, bruxism, excessive chewing, or spasm), and trauma or dislocation of the
joint. Other disorders that may simulate TMD include maxillary sinusitis, salivary
gland disease, trigeminal or postherpetic neuralgia, glossopharyngeal neuralgia,
giant cell arteritis, primary headache syndromes, and malignancy-related pain [40,
41]. Additionally, TMD-like manifestations may be observed in patients with autoim-
mune conditions, particularly systemic lupus erythematosus, Sjogren syndrome, and

rheumatoid arthritis [42]. A detailed overview of these differential diagnoses with
their clinical presentations is summarized in Table 2 [2, 24].

Condition Location Pain Aggravating Typical findings
characteristics factors

Dental conditions

Caries Affected tooth Intermittent to Hot or cold Visible decay
continuous dull stimuli
pain

Cracked tooth Affected tooth Intermittent Biting, eating Often difficult to
dull or visualize crack
sharp pain

Dry socket Affected tooth Continuous, deep, ~ Hot or cold Loss of clot, exposed
sharp pain stimuli bone

Giant cell arteritis Temporal region Sudden onset of Visual Scalp tenderness,
continuous dull disturbance, loss absence of temporal
pain of vision artery pulse

Migraine headache Temporal region, Acute throbbing, Activity, nausea, Often normal,
behind the occasionally with phonophobia, aversion during
eye, cutaneous aura photophobia ophthalmoscopic
allodynia examination, normal
cranial nerve findings
Neuropathic
conditions
Glossopharyngeal Most often ear, Paroxysmal Coughing, Pain with light touch
neuralgia occasionallyneck  attacks of swallowing,
or tongue electrical or sharp ~ touching the ear

pain
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Condition Location Pain Aggravating Typical findings
characteristics factors
Postherpetic neuralgia  Site of Continuous, Eating, light Hyperalgesia
dermatomal burning, sharp touch
nerve and its pain
distribution
Trigeminal neuralgia Unilateral Paroxysmal Cold or hot Pain with light touch
trigeminal nerve attacks of sharp stimuli, eating,
pain light touch,
washing
Salivary stone Submandibularor  Intermittent dull Eating Tenderness at gland,
parotid region pain palpable

stone, no salivary flow

Sinusitis Maxillary sinus, Continuous dull Headache, nasal Tenderness over
intraoral upper ache discharge, recent ~ maxillary sinus or
quadrant upper respiratory  upper posterior teeth

infection

Information from references [13, 14].

Table 2.

Conditions that may mimic temporomandibular disovders.

15. Clinical examination of temperomandibular joint

Classical clinical features of temporomandibular joint (TM]) disorder include oro-
facial pains, joint noises (such as clicking or popping), and restricted jaw movement,
particularly limited mouth opening. This limitation may occur suddenly, presenting
as jaw locking, or it may develop gradually over time [43, 44].

15.1 Pain

In the temporomandibular joint (TMJ) region, pain is typically localized and
rarely radiates to distant areas. It is important to ask the patient whether activities

such as chewing, yawning, swallowing, or speaking influence the pain. If discomfort
is associated with any of these actions, a TMJ disorder is likely. However, in rare cases,
conditions affecting the parotid gland or the cervical spine might cause odynophagia.

A comprehensive assessment of pain characteristics is essential in patients with
suspected temporomandibular disorders (TMD). Sharp, localized, and intense pain
is more suggestive of an arthrogenic origin, whereas a dull, diffuse, and less intense
ache typically reflects a muscular source. The presence of a painful click is often
indicative of intra-articular meniscal subluxation, while progressively worsening
spontaneous pain over several weeks may signal arthritis. Conversely, persistent,
low-grade pain localized to the masticatory muscles—particularly when aggravated
toward the end of the day—is frequently associated with myalgia [24].

15.2 Pain referred from the temporomandibular joint

Pain arising from temporomandibular joint (TM]) structures can originate either
from the masticatory muscles or the joint itself. Within the joint, the most frequent
sources are the intracapsular tissues situated posterior to the condyle, including the
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posterior segment of the meniscus, its capsular attachments, the joint capsule, and
the retromeniscal fat pad. TMJ-related pain is commonly accompanied by headache,
otalgia, or postauricular discomfort, and in certain cases, may even be referred to the
maxillary region.

15.3 Pain referred to the temporomandibular joint area

At times, pain perceived in the temporomandibular joint (TM]) region may be
referred from the cervical spine. In such cases, it is important to conduct a prelimi-
nary cervical assessment to rule out neck-related contributions before attributing
symptoms solely to the TM]. Additionally, various other structures can contribute
to pain in the TMJ region, which may be categorized as either neurological or non-
neurological in origin.

15.4 Neurological disorders
15.4.1 Atypical facial neuralgia

This condition may present unilaterally or bilaterally and is frequently of uncer-
tain etiology. The clinical picture is often characterized by a burning sensation, pares-
thesia (a feeling of pins and needles), and persistent pain that fluctuates in intensity
over time. In some cases, it may develop following dental procedures [45, 46].

15.4.2 Trigeminal nerve neuritis

This condition is mostly seen in individuals aged from 45 to 60 years, with a
greater prevalence among females and a predilection for the right side. Affected
patients usually describe unilateral, sharp, shooting pain that radiates from the ear
toward the temporal region and maxilla, and occasionally extends to the forehead or
pharynx. Due to the obscure nature of the pain, it is sometimes misattributed, leading
to unnecessary dental extractions.

Although sensory loss is rare, distinct trigger points are often present. Even light
stimulation of these points can provoke referred pain. After each episode, there is
usually a brief refractory phase, lasting up to 30 seconds, during which no further
pain can be provoked despite additional stimuli. Episodes of pain are brief, typi-
cally lasting only a few seconds, and may occur sporadically—daily, weekly, or even
monthly—either as isolated incidents or in groups.

15.4.3 Herpes zoster oticus infection

This condition can produce dysesthesia preceding the development of typical
vesicular eruptions, and unlike other neuropathic pain disorders, true trigger points
are absent. Approximately 15% of facial palsies of peripheral origin are attributed to
herpes zoster infection.

15.4.4 Peripheral facial palsy of unknown origin (Bells palsy)

This can be due to cranial neuritis. It primarily affects individuals in 20- to 50-year
age group. Although typically not aching, some patients may experience pain around
the ear at onset. The condition results in facial muscle palsy, marked by drooping
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of the mouth on the affected side. Additional symptoms may include reduced pain
sensation, altered taste, decreased tear production, and increased salivation [47].

15.4.5 Peripheral neuropathy

This condition is commonly associated with diabetes, temporal arteritis, and or
Raynaud’s phenomenon. It typically presents with a burning sensation and reduced
sensation in areas, such as the eye or lips.

15.4.6 Non-neurological conditions

Otitis externa, parotitis, and otitis externa.

These conditions can produce pain radiating to the TM] region. In otitis, discom-
fort often worsens with pressure applied to the tragus, whereas in parotitis (particu-
larly epidemic parotitis), pain intensifies with palpation of the parotid gland. They are
more frequently observed in children and are typically accompanied by fever.

15.4.7 Pavanasal sinusitis

This condition often produces a persistent, pounding pain that is most noticeable
around the orbital region and may extend toward the cheek and teeth. In the case of
dental infections or abscesses, patients typically experience pain in the cheek that
is elicited by percussion and tends to worsen after consuming sweet foods. A dental
abscess is further characterized by localized gingival swelling.

15.4.8 Cluster headache (Horton’s neuralgia)

This condition occurs more frequently in men and typically presents on one side
of the face. It is mostly accompanied by excessive tearing, nasal congestion, and
redness of the face on the affected side. The hallmark feature is the sudden onset
of severe, unilateral headache centered in or around the eye. These attacks develop
within 5-10 minutes, persist for 45 minutes to a few hours, and tend to recur in cluster
patterns [48].

15.4.9 Temporal arteritis

Temporal arteritis, a manifestation of giant-cell arteritis and an autoimmune
disorder, typically occurs in men above the age of 50. It most often presents on one
side and is commonly linked with polymyalgia rheumatica. Clinically, it produces a
throbbing pain around the temporal arteries, with the overlying skin appearing red,
tender, and warm [49]. Laboratory findings usually reveal an elevated erythrocyte
sedimentation rate (ESR).

15.4.10 Leaking cerebral aneurysm

This condition presents abruptly with a sudden, severe headache, often accompa-
nied by nausea, vomiting, light sensitivity, and neck stiffness. When the aneurysm
is located at the posterior communicating artery, it may produce pain along the first
branch of the trigeminal nerve. It is regarded as the most frequent cause of what is
termed ophthalmoplegic migraine [50].
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16. History

During the assessment, the examiner should inquire about the onset, character,
location, intensity, and duration of pain, and identify factors that aggravate or
alleviate symptoms [51]. In addition to the pain history, several other relevant aspects
should be explored with the patient:

o Is there joint clicking? When the meniscus is anteriorly subluxated, the normal
alignment between the condyle and meniscus is disrupted, often producing a
clicking sound during mouth opening.

* Is jaw movement vestricted, either in range or due to locking? If the mouth-
opening range is reduced, it is important to determine whether the limitation
developed suddenly or gradually. Sudden locking requires assessment of
whether the patient can still open or close the mouth. Inability to open often
indicates meniscus displacement, typically unilateral, with at least 1 cm
of opening usually preserved. Inability to close suggests a luxation of the
mandibular condyle. Rapidly developing severe limitation may result from
hysteria or tetanus, in which case, mouth opening is entirely impossible.
Gradual onset of restricted movement is most commonly associated with TM]
arthrosis.

* Any crepitus? Crepitus occurs when joint surfaces move over an irregular area,
often due to advanced joint changes. It is commonly observed in osteoarthrosis.

* Does the patient experience clenching or teeth grinding? This habit is most often
observed at night, particularly in individuals under stress. Patients may be
unaware of it, so input from family members or close contacts may be necessary.

o Are there symptoms such as tinnitus, vertigo, or hearing difficulties? Vertigo can arise
from altered vestibular signals linked to TM]J dysfunction. Additional symptoms
may include mild hearing loss, a feeling of fullness in the ear, and tinnitus. Have
there been changes in sensibility? These can indicate peripheral neuropathy. It
frequently affects the lips, cornea, and conjunctiva. In atypical facial neuralgia,
severe diminished facial sensibility is often found. Trigeminal neuritis is seldom
accompanied by disturbed sensibility.

17. Observation
17.1 Observe
Look for local swelling, facial asymmetry, chin deviation, and tooth wear.
17.2 Causes of swelling
Bacterial or inflammatory arthritis (commonly rheumatoid, rarely psoriatic or

gout-related).
In children, swelling may be due to parotid gland inflammation.
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17.3 Bell’s palsy signs

Drooping of the mouth on the same (ipsilateral) side as the affected area
Smoothing out facial wrinkles on the same side.

17.4 Childhood TM]J inflammation

Can disrupt mandibular growth centers.
May lead to asymmetrical development of the lower face.

17.5 Advanced arthrosis

Can result in facial and cranial asymmetry.
May cause narrowing of the external auditory canal.

17.6 Synovitis effects

Jaw deviation toward the affected side (ipsilateral) on opening.
Deviation toward the opposite side (contralateral) on closing.

17.7 Tooth wear
Abnormal wear may indicate bruxism (teeth grinding).
17.8 Malocclusion and missing teeth

May contribute to TM] disorders.
There is a bilateral relationship between the dental structure and TMJ health:

* Changes in dental alignment can affect the TMJ.

* TMJ dysfunction can lead to altered dental occlusion.

18. Functional examination
18.1 Active movement

The effects of all five active jaw movements are assessed in relation to pain, range
of motion, deviation, joint sounds, and crepitus [52, 53].

18.1.1 Opening of the mouth

Since it is not feasible to quantify temporomandibular joint (TM]) mobility in
angular degrees, evaluation is usually performed by measuring the interincisal dis-
tance at maximum mouth opening. In adults, this value typically averages 36-38 mm,
although it may range between 30 and 67 mm depending on factors, such as age and
sex [13, 14]. A simple and rapid clinical screening method involves asking the patient
to insert their own knuckles vertically between the upper and lower incisors, which
provides a practical estimate of opening capacity (Figures 3 and 4).
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Figure 3.
Opening of the mouth (Active).

Figure 4.
Assessing the ROM.

18.1.2 Closing of the mouth
Patient is instructed to close their mouth (Figure5).
18.1.3 Deviation of the mandible to the left and right

When the mandible deviates to one side, it rotates around a vertical axis passing
through the ipsilateral mandibular ramus, while at the same time, the contralateral
mandibular condyle translates anteriorly (Figure 6) [54].

18.1.4 Forward protrusion of Chin

This movement is carried out primarily by the lateral and medial pterygoid,
masseter, geniohyoid, and digastric muscles. Any disturbance in this function
is generally attributed to an intra-articular dysfunction rather than muscular
impairment (Figure 7) [54].
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Figure 5.
Closing of the mouth (Active).

Figure 6.
Deviation of mandible (Active).

Figure7.
Forward protrusion of chin (Active).
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19. Resisted isometric movements
19.1 Resisted opening of the mouth

To assess the strength of the lateral pterygoid, the examiner supports the patient’s
chin with one hand while placing the other on the vertex of the head. With the mouth
slightly opened (about 1 cm), the patient is instructed to open further against firm
resistance applied by the examiner, thereby preventing mandibular movement
(Figure 8) [54].

19.2 Resisted closing of the mouth

To evaluate the strength of the mouth-closing muscles, a rubber pad approxi-
mately 1-cm thick is positioned between the teeth. The patient is instructed to bite
down with maximal effort, which engages the masseter, temporalis, and medial
pterygoid muscles (Figure 9) [54].

Figure 8.
Resisted opening of mouth.

Figure 9.
Resisted closing of mouth.
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Figure 10.
Resisted deviation of the mandible to the left.

19.3 Resisted deviation of mandible to right and left

To evaluate the function of the lateral pterygoid, the examiner steadies the
patient’s head by placing one hand on the temporal region and the other on the chin.
The patient is instructed to move the jaw sideways against the applied resistance.
When the chin is pushed to one side, the opposite lateral pterygoid muscle is primar-
ily engaged (Figure 10) [54].

20. Palpation

Palpation of the temporomandibular joint (TM]J) is carried out during active
opening, closing, and lateral deviations of the mandible. During mouth opening,
the joint is best examined by placing a finger just below the zygomatic arch, anterior
to the condyle, whereas during closing, the finger can be positioned either anterior

(b)

Figure 11.
Palpation of the TMJ (a) Anterior to tragus; (b) in the external auditory meatus.
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to the tragus or within the external auditory meatus to apply gentle anterior pres-
sure against the posterior joint surface. Normally, a concavity is felt as the condyle
translates forward, but in cases of significant effusion, a bulging sensation may be
detected. While palpating, the examiner should note abnormal joint noises, crepita-
tion, or restrictions in anteroposterior condylar movement. The coronoid process can
also be appreciated by placing the fingers beneath the zygomatic arch during man-
dibular opening and closing, where it is felt through the overlying masseter. Palpation
should also include assessment of tenderness over the joint capsule, peri-dental bone,
and masticatory muscles. The masseter can be examined both during mouth opening
and with teeth clenched, while the temporalis is best assessed by palpation during
clenching (Figure 11) [55].

21. Technical investigations

The erythrocyte sedimentation rate (ESR) is often elevated in systemic inflam-
matory conditions and infections, serving as a useful but nonspecific marker.
Conventional radiographs contribute little in the diagnosis of temporomandibular
disorders, aside from detecting degenerative changes, such as arthrosis [13].
Computed tomography (CT) offers a more detailed assessment of the bony
components of the joint and provides accurate information about the position and
integrity of the meniscus [14, 15]. In contrast, magnetic resonance imaging (MRI)
has become the preferred modality in recent years for evaluating soft-tissue
abnormalities, particularly in cases of suspected internal derangement.

22. Special tests
22.1 Chvostek’s sign

The purpose of this test is to check for irritability or hyperexcitability of the facial
nerve, which may occur due to compression or inflammation. To perform the test,
the examiner gently taps over the glandula parotis, situated just in front of the ear,
where the branches of the facial nerve emerge. A positive Chvostek’s sign is indicated
by involuntary twitching or contraction of facial muscles toward the same side of the
face, particularly around the mouth, eye, or nose. This response suggests facial nerve
irritation or heightened neuromuscular excitability, and while it is more commonly
associated with conditions such as hypocalcemia, it may also be relevant in TMJ
assessments when nerve involvement is suspected (Figure 12).

22.2 Cotton roll test or bite test

The cotton roll test helps distinguish between muscular and joint-related TM]J
pain. The patient bites on a piece of cotton roll placed unilaterally between the teeth.
If pain decreases on the same side, it suggests a muscle problem. If pain decreases on
the opposite side, it indicates a joint (intra-articular) issue, such as disc displacement

(Figure 13) [56, 57].
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Figure 12.
Chvostek’s sign.

Figure 13.
Cotton roll test.

22.3 Joint auscultation test or stethoscope test

This test detects abnormal joint sounds in the TM] during movement. For this, a
stethoscope is placed directly over the TM] region while the patient is instructed to
slowly open and close the mouth. Any abnormal acoustic phenomena during man-
dibular movements are carefully noted, as they may indicate internal derangements or
degenerative changes (Figure 14) [58-60].
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Figure 14.
Joint auscultation test or stethoscope test.

23. Outcome measures for TMDs

Self-report outcome measures (SROMs) are essential tools for evaluating the
impact of temporomandibular disorders [61]. Many reliable and valid questionnaires
are available, like:

23.1 Functional assessment

¢ Jaw Functional Limitation Scale (JFLS-8 & JFLS-20)—Measures functional
limitations of jaw

* Mandibular Functional Impairment Questionnaire (MFIQ )—Assesses mandibu-
lar dysfunction.

23.2 Oral health and quality of life (QoL)

Oral Health Impact Profile (OHIP):

e OHIP-TMD, OHIP-22, and OHIP-14—Region-specific QoL tools tailored for
TMD populations.

¢ OHIP-49—Broad oral health-related QoL measure.
23.2.1 Sleep quality

Pittsburgh Sleep Quality Index (PSQI)—Reliable for evaluating sleep disturbances
in TMD populations.

23.2.2 General health QoL

Short Form Health Survey (SF-36)—A general QoL measure, valid in modified
form for TMD assessment.

24. Physiotherapy management

Physiotherapy plays a crucial role in managing temporomandibular disorders (TMDs)
as it targets the musculoskeletal and neuromuscular imbalances responsible for the
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symptoms. The main objectives of physiotherapy are to reduce pain, enhance jaw mobil-
ity, and improve the patient’s overall quality of life. Interventions are tailored to each
individual, depending on their clinical findings and specific requirements.

24.1 Manual therapy techniques

Physiotherapists use various manual therapy techniques to target the TMJ and
surrounding structures:

* Joint Mobilization: Gentle movements of the TMJ to improve mobility and reduce
pain by addressing joint restrictions and misalignments.

* Joint Manipulation: In cases requiring more forceful intervention, manipulation
techniques may be applied to restore normal joint function.

* Soft tissue mobilization: Gentle direct pressure is applied to the masticatory
muscles surrounding the TMJ to help reduce muscle tension and promote relax-
ation and enhance relaxation.

a.Myofascial release (MFR): Gentle, sustained pressure applied to fascial restric-
tions around the jaw, neck, and face. It helps to improve tissue mobility and
reduce pain. Often applied to the masseter and temporalis muscles (Figure 15).

b.Cross-fiber friction massage: Breaks down adhesions and promotes healing.
Often used on chronic tight areas (Figure 16).

c. Intra-oval soft tissue mobilization: It involves accessing the medial and lateral
pterygoid and inner masseter through the oral cavity using gloves. It releases
deep muscle tension contributing to TMJ dysfunction (Figure 17).

Figure 15.
Myofascial release for TMJ disorders.
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Figure 16.
Cross-fiber friction massage.

Figure 17.
Intra-oral soft tissue mobilization.

d.Muscle energy technique (MET): Patient performs isometric contractions while
the therapist applies resistance. It helps lengthen shortened muscles and
improve joint mobility. MET can be given to masseter, temporalis, suprahyoid,
and pterygoid muscles.

1.Masseter muscle MET

Position: Patient supine, jaw slightly open.
Procedure:
¢ Therapist resists gentle jaw-closing movement (clenching)

e Hold 5-7 seconds
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* Relax and gently stretch open the mouth

* Repeat 3-5 times

2. Temporalis muscle MET
Position: Fingers at temporal fossa.
Procedure:
* Patient clenches teeth gently against resistance
* Hold 5 seconds
* Relax and stretch jaw open

3. Suprahyoid MET for opening restriction
Procedure:
* Patient opens mouth slightly
* Therapist applies downward and backward resistance
* Hold — relax — stretch into opening

Treatment Protocol:
Sessions: 2-3 times per week depending on severity
Repetitions: 3-5 per muscle per session

e. Trigger point therapy: Pressure is applied to areas of muscle hypersensitivity to
relieve referred pain and reduce muscle tightness.

24.2 Therapeutic exercises
Rehabilitative exercises are fundamental in restoring jaw function. These may include:
* Range of motion exercises: Improve jaw flexibility and mobility.

o Strengthening and isometric exercises: Enhance the strength and endurance of
masticatory muscles.

* Postural exercises: Correct postural imbalances that may contribute to TM]
dysfunction, especially involving the head, neck, and shoulders.

24.3 Physical modalities
Several modalities are used to complement manual therapy and exercise:

* Therapeutic ultrasound: Delivers deep heat to tissues using high-frequency sound
waves, promoting blood flow, tissue repair, and pain reduction.
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* Laser therapy: Low-Level Laser Therapy (LLLT), which is also known as cold
laser therapy, is a non-invasive modality that stimulates cellular activity to aid
healing and reduce inflammation.

* TENS: It blocks pain signals. TENS uses electrical impulses and stimulates
endorphin release by placing electrodes over the TMJ region.

24.4 Patient education and self-care

Patient education is essential for treatment success. Physiotherapists instruct
patients on home exercises, posture correction, and self-management strategies.
Consistent participation in self-care plays a vital role in long-term outcomes.

24.5 Collaborative approach

For patients with dentures, physiotherapists may work in collaboration with
dentists or prosthodontists. Poor denture fit can impact TM]J health, and physio-
therapy can help patients adjust to new dentures, reduce muscle tension, and restore
jaw mobility.

24.6 Limitations and considerations

Based on individual factors, which include the type of temporomandibular joint
disorder, its comorbidities, and response of patient to a particular treatment, the
effectiveness of physiotherapy interventions will vary. Some cases involve complex
interactions between joint, muscular, and psychosocial components, which may not
be fully resolved by physiotherapy alone. Moreover, treatment outcomes depend
heavily on patient compliance and realistic expectations.

While current evidence supports the benefits of certain physiotherapy techniques
in TMD management, more high-quality, long-term research is needed to solidify
their efficacy.

24.7 Future directions
Emerging trends in TMD physiotherapy show promising potential:

* Tele-rehabilitation and mobile apps: Improve access to care in rural or low-access
areas.

* VRT (Virtual Reality) and biofeedback: Enhance patient engagement and adher-
ence to therapy.

* Advanced diagnostics: High-resolution imaging and personalized diagnostics may
improve treatment precision.

* Mindfulness and cognitive behavioral strategies: Address psychological aspects of
TMD and promote holistic care.

* Genetic and biomarker research: May lead to personalized, targeted interventions
in the future.
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Appendix
Home exercise program

Chin tucks [62]
* Inastanding or seated position with your back and neck straight.
* Gently pull your chin backward, as if making a “double chin.”
* Keep your head facing forward without tilting up or down.
* Hold the position for up to 5 seconds.

* Repeat the movement 8-10 times (Figure A1)

Figure A1.

Relaxed jaw
* Gently rest your tongue on the roof of your mouth.

¢ Let your teeth separate slightly and allow your jaw muscles to relax (Figure A2).

Figure A2.

Goldfish exercise
* Rest your tongue gently on the roof of your mouth.
* Place one index finger over your TMJ area and the other on your chin.

* Slowly lower your jaw and then bring it back up with gentle guidancefrom your
finger:

a.open halfway.

b.open fully
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* Use a mirror to check that your jaw moves straight without deviation.

* Repeat the movement 6-8 times, about 4-6 times per day (Figure A3).

Figure A3.

Unsupported goldfish
* Place the tongue gently against the roof of the mouth.
* Position one index finger over each TMJ.
* Slowly open and close the mouth through:
a. partial opening.
b. full opening

* Perform the movement in front of a mirror to ensure the jaw tracksin a straight
line without deviation.

* Repeat 6-8 times, 4-6 times daily (Figures A4 and A5)

Figure A4.
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Figure As.

Stabilization exercises

* Position the jaw in a neutral posture, either with the mouth partiallyopen or at a
comfortable distance of one knuckle width apart.

* Apply gentle, steady pressure using your thumb while maintainingthe jaw’s
alignment.

* Perform the exercise slowly, avoiding any sudden or forceful movements
(Figures A6, A7 and A8).

Figure A6.

Figure A7.
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Figure A8.
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Chapter 2

MR Imaging in
Temporomandibular Joint
Disorders: From Diagnostic
Fundamentals to Advanced
Applications

Sonam Khurana, Pranav Parasher and Denise Trochesset

Abstract

Temporomandibular joint (TM]) disorders include a broad range of developmen-
tal, inflammatory, and neoplastic conditions that can interfere with joint function
and affect quality of life. Magnetic resonance imaging (MRI) is the reference standard
for TMJ evaluation because it provides detailed multiplanar visualization of osseous
and soft-tissue structures without ionizing radiation. This review summarizes MRI
assessment of TMJ anatomy, normal variations, and internal derangements, includ-
ing disc displacement, pseudodisc formation, adhesions, marrow changes, and joint
effusion. MRI features of inflammatory arthropathies, cystic and tumor-like lesions,
and primary or metastatic malignancies are described with attention to diagnostic
relevance. Imaging protocols and sequence selection are explained in relation to
accurate depiction of disc and condyle relationships and adjacent soft tissues. Recent
developments in MRI, including ultrashort echo time imaging, zero echo time imag-
ing, real-time cine evaluation, diffusion-based techniques, and quantitative T2 map-
ping, are reviewed for their ability to detect early biochemical changes and improve
diagnostic precision. The combined anatomic, pathologic, and technical information
provides a comprehensive overview of current and emerging applications of MRI in
TMJ disorders.

Keywords: temporomandibular joint, magnetic resonance imaging, internal
derangement, arthropathy, cystic lesions, tumor, advanced imaging

1. Introduction
Temporomandibular joint (TM]) disorders are a major cause of orofacial pain and

dysfunction, affecting up to one-third of the population [1-3]. Women are more fre-
quently affected, particularly between the second and fourth decades of life, although
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only a minority of patients seek clinical care [1-7]. Internal derangement, defined
by an abnormal positional relationship between the articular disc and condyle, is the
most common subtype of temporomandibular disorders (TMD). Additional etiolo-
gies include inflammatory arthritis, developmental abnormalities, cystic lesions, and
neoplasms [4].

Accurate diagnosis requires detailed visualization of osseous and soft-tissue joint
structures. Magnetic resonance imaging (MRI) is the reference standard because
it provides high-contrast, multiplanar evaluation of the disc, capsule, synovium,
and adjacent musculature without ionizing radiation [8]. MRI is highly sensitive
for detecting disc displacement, joint effusion, marrow alterations, and inflamma-
tory changes not evident on radiography or computed tomography [9]. Advances in
MRI hardware and pulse sequences have improved spatial resolution and efficiency,
enabling assessment of joint motion and tissue composition through dynamic and
quantitative techniques [10-14]. Emerging ultrashort and zero echo time (UTE and
ZTE) sequences further enhance depiction of osseous structures while maintaining a
radiation-free workflow [15].

This review summarizes MRI evaluation of TM]J anatomy, internal derangements,
arthropathies, cystic and tumor-like lesions, and malignancies, and outlines recent
technological developments relevant to clinical practice.

2. Anatomy
2.1 Normal anatomy

The TM] is a synovial articulation permitting both hinge and gliding movements
between the mandibular condyle and the temporal bone. The principal components
of TMJ include the articular disc, bony articular surfaces, fibrous capsule, and associ-
ated ligaments [1-3]. The disc is a fibrocartilaginous, biconcave structure dividing
the joint into inferior and superior compartments, which contribute to rotation and
translation, respectively [1-5]. Initial opening results from condylar rotation within
the lower compartment, producing an interincisal distance of approximately 25 mm,
followed by anterior translation within the upper compartment to achieve maximal
opening of about 50 mm [16-18]. The joint also allows lateral excursions of roughly
10 mm, protrusion of about 9 mm, and limited retrusion of approximately 1 mm [17].

The disc is composed of anterior, intermediate, and posterior regions, with thicker
peripheral bands [19]. In physiologic alignment, it remains interposed between the
condyle and temporal bone in both closed- and open-mouth positions. In the closed-
mouth position, the anterior band lies anterior to the condylar head, while the poste-
rior band and bilaminar zone rest superiorly, typically between the 11- and 12-oclock
positions. With opening, the intermediate zone moves between the condyle and
articular eminence (Figure1) [5, 20, 21]. The anterior portion attaches to the capsule,
the superior head of the lateral pterygoid muscle (LPM), and the condylar head,
whereas the posterior attachment comprises the bilaminar zone. This zone includes a
superior elastic layer attached to the postglenoid process and an inferior collagenous
layer attached to the posterior condylar neck, with intervening loose connective tissue
containing vessels, nerves, and elastic fibers that facilitate disc return during closure
(Figure 2) [1, 4, 9].

On coronal imaging, the disc appears crescent-shaped and is anchored medially
and laterally by collateral ligaments [1, 4]. Both articular surfaces are covered with
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Figure 1.

TI\%I] Anatomy. Sagittal PD-weighted images and schematic drawings demonstrating the anatomy of the TM] in
closed-mouth and open-mouth positions (A and B, Respectively). 1, Mandibular condyle; 2, Articular eminence
of the temporal bone; 3, Articular disc (anterior band); 4, articular disc (intermediate band); 5, articular disc
(posterior band); 6, bilaminar zone; 7, superior and inferior bellies of the lateral pterygoid muscle. Source: Ref.
[7] https://pmenchinlm.nih.gov/articles/PMC10165975/. License: https://creativecommons.org/licenses/.
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Figure 2.
Sagittal oblique illustration demonstrating the osseous structures of the TMJ.

fibrocartilage, providing greater durability under occlusal loading and enhanced
reparative capacity compared with hyaline cartilage (Figure 3) [22, 23]. Mandibular
motion is primarily driven by the masseter, temporalis, and medial and lateral
pterygoids. The lateral pterygoid is especially important; its superior head inserts on
the disc—condyle complex to stabilize the mandible during opening, while the inferior
head attaches to the condylar neck and facilitates anterior translation [1, 2, 4, 9, 22].
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Figure 3.
Coronal oblique illustration demonstrating the osseous structures of the TMJ.

These anatomic features form the basis for understanding their characteristic
appearances on conventional and advanced MRI sequences.

2.2 MRI anatomy

On MRI, marrow fat within the mandibular condyle shows high signal intensity on
T1-weighted sequences, whereas cortical bone and the articular disc appear uniformly
low in signal on both T1- and T2-weighted images because of low proton density and
short T2 relaxation times [24]. The disc typically has a biconcave shape with homoge-
neously low to intermediate signal on T1- and T2-weighted sequences [25, 26]. Under
normal conditions, the posterior band demonstrates central hyperintensity on all
sequences due to transversely oriented collagen fibers, while the anterior band and
the intermediate zone remain hypointense because of their compact, linearly orga-
nized collagen. Vertically oriented compact fibers create a distinct vertical low-signal
line at the junction of the posterior band and the bilaminar zone [27]. MRI sequences,
however, may not always provide a clear distinction between the posterior band and
the posterior attachment, since the posterior band contains loosely arranged collagen
fibers that extend into those of the posterior attachment [28, 29]. This overlap can
complicate evaluation of partial disc displacement.

Thin horizontal low-signal lines representing the superior and inferior sur-
faces of the posterior band may also mimic anterior extensions of the laminae of
the posterior attachment [26]. The posterior band and bilaminar zone are most
accurately assessed in the open-mouth position. During opening, distension of
the venous plexus within the bilaminar zone produces high T2 signal (Figure 4)
and the enhancement seen following gadolinium administration [4, 30]. TM]J bone
marrow signal changes with age as hematopoietic marrow is gradually replaced by
fatty marrow. In infancy, marrow shows T1 signal similar to muscle and appears
hyperintense relative to muscle on fluid-sensitive sequences. With maturation,
fatty marrow becomes predominant and produces signal characteristics that are
isointense to fat on all sequences [25].
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Figure 4.

N(;grmal anatomy of temporomandibular joint (open mouth). Sagittal oblique T>W-FS (A) and proton density
fat saturation (PD-FS) (B) images show normal anterior translation of condylar head (asterisk) below the
articular eminence (white arrow) with disc interposing between them (white arrowhead). Retrodiscal tissue
(yellow arrow) appears normal high signal and is better assessed on T2W images. Coronal oblique PD-FS (C)
shows normal disc signal and position (yellow arrowhead). The signal of the disc is better assessed on PD images.
Source: Ref. [26] https://pmenchinlm.nih.gov/articles/PMC7016362/. License: http://creativecommons.org/
licenses/by-nc-nd/4.0/.

3. MRI protocol

MRI is the most reliable technique for evaluating intra-articular TMJ pathol-
ogy, with reported diagnostic accuracy of approximately 95% for disc position and
morphology and 93% for osseous changes [31]. A comprehensive protocol typically
includes static and dynamic acquisitions using proton density (PD)-weighted,
T1-weighted, and T2-weighted sequences with section thicknesses of 3 mm or less
(Table1).

Axial T1-weighted images are generally acquired first and serve as reference
images for subsequent plane selection (Figure 5). Axial and coronal T1-weighted
images assess condylar contour, marrow signal, and the masticator space, with
coronal views particularly useful for detecting medial or lateral disc displacement.

43


https://pmc.ncbi.nlm.nih.gov/articles/PMC7016362/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Temporomandibular Joint Disorders — New Perspectives in Diagnosis and Treatment

Plane/Orientation Sequence Slice TR (ms) TE (ms) Mouth position
thickness
Axial (localizer) T1 2 mm, 0 skip 500 Minimal Closed
(5-30)

Coronal (bilateral) T1 3mm, 0.5 500 Minimal Closed

skip (5-30)
Sagittal oblique T1 3 mm, 0.5 500 Minimal Closed and open
(bilateral) skip (5-30)
Sagittal oblique PD 3 mm 3500 85 Closed and open
(bilateral)
Sagittal oblique T2 3 mm 3500 85 Closed and open
(bilateral)
Sagittal oblique Dynamic cine 3 mm 1180- 64 During opening/
(bilateral) (SSFSE PD) 2000 closing

Table 1.

MRI protocol for TM] evaluation.

Figure 5.

Plgnning technique. Axial computed tomography and magnetic resonance images are used to plan coronal oblique
images along the horizontal long axis of the head of the mandibular condyle (yellow lines). Sagittal oblique
images are obtained perpendicular to this plane (ved lines). Source: Ref. [26] https://pmc.ncbinlm.nih.gov/
articles/PMCy7016362/. License: http://creativecommons.org/licenses/by-nc-nd/4.0/.

Oblique sagittal (parasagittal) images, angled approximately 30° from the midsagit-
tal plane and perpendicular to the condylar long axis, are obtained bilaterally in
both closed- and open-mouth positions. PD, T1, and T2-weighted acquisitions are
performed in the oblique sagittal plane (closed and open mouth). Fat-suppressed,
fluid-sensitive sagittal oblique sequences improve sensitivity for inflammatory
arthropathies [32].

Contrast-enhanced imaging is not routinely required but may be used when
infection, tumor, or inflammatory arthropathy is suspected [2, 3]. When indicated,
fat-suppressed gadolinium-enhanced T1-weighted imaging in multiple planes aids
in evaluating synovitis and the posterior attachment [1]. For osseous assessment,
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three-dimensional T1-weighted fast spoiled gradient-echo sequences at 3.0 T depict
condylar erosions as focal interruptions of the cortical hypointense line [11, 33, 34].
High-resolution bilateral surface coils with a small field of view optimize signal-to-

noise ratio and enable simultaneous imaging of both joints.

Dynamic evaluation uses rapid sequential acquisitions, most commonly single-
shot fast spin echo (SSFSE) PD-weighted sequences obtained during gradual mouth
opening and closing. Cine reconstruction allows assessment of disc—condyle motion.
Mechanical opening devices, such as the Burnett device, may assist with incremen-
tal opening but do not reproduce physiologic movement because lateral pterygoid
contraction is not engaged. Alternative functional approaches, including balanced
steady-state free precession imaging at 3 T, have also been described [25].

4. MRI features of anatomical variants and TM]J pathology
4.1 Foramen tympanicum

Incomplete ossification of the tympanic plate can result in a persistent fora-
men tympanicum (foramen of Huschke). The tympanic plate begins as a U-shaped
cartilaginous structure at birth and normally ossifies by about 5 years of age, although
a small residual opening measuring 3-4 mm may occasionally remain. The foramen is
located along the anteroinferior wall of the external auditory canal, posteromedial to
the TMJ. Patients with a persistent foramen may present with salivary otorrhea during
mastication, a visible defect or polyp in the anterior canal wall, or even herniation of
TM]J soft tissues into the external auditory canal during movement. It may also lead
to intraoperative communication during TMJ arthroscopy or serve as a pathway for
spread of infection, inflammation, or tumor between the TMJ and auditory canal.
On MR, retrodiscal tissue may protrude through the defect (Figure 6). Evaluation
should include closed- and open-mouth imaging with thin sections (approximately
3 mm) to assess the degree of herniation [35].

Figure 6.

Pr%ton density weighted magnetic resonance images demonstrating tempovomandibular joint herniation through
the left foramen tympanicum. (a) Sagittal closed mouth and (b) Sagittal open mouth images demonstrate

a similar degree of temporomandibular joint herniation. Source: Ref. [35] https://pubmed.nchi.nlm.nih.
900/29988923/. License: http://creativecommons.org/licenses/by-nc-nd/4.0/.
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4.2 Internal derangement

Internal derangement is defined as an abnormal positional relationship
between the mandibular condyle and the articular disc [9]. Disc displacement
occurs in 16-31% of asymptomatic individuals and is more frequent in patients
with TM]J symptoms [36]. When the disc repositions during mouth opening,
an audible or palpable click may be present. In more advanced cases, the disc
remains displaced in both closed- and open-mouth positions, leading to restricted
opening and absence of clicking. The condition is more common in women, with
peak incidence between 20 and 40 years of age [37]. Proposed etiologies include
trauma, malocclusion, bruxism, psychological stress, and developmental skeletal
abnormalities [38].

Disc displacement may be anterior, anterolateral, anteromedial, lateral,
medial, or posterior. Anterior displacement is most common, accounting for
approximately half of cases, followed by anterolateral displacement in about one-
third. Posterior displacement is rare (<1%) and often presents as acute open-lock
with inability to close the mouth [1, 3, 4, 23, 31]. Sagittal imaging is optimal for
assessing anterior and posterior displacement, whereas coronal imaging is more
sensitive for medial and lateral patterns. Mediolateral abnormalities such as the
“floating disc” sign may be noted when the disc is present but the condyle is not
visualized on the same slice [20]. Anterior displacement is diagnosed when the
junction of the posterior band and bilaminar zone lies anterior to the 11-oclock
position relative to the condyle. Displacement is further classified as reducible or
non-reducible based on whether normal disc-condyle alignment is restored on
mouth opening [1, 3, 4].

4.2.1 Disc displacement with reduction

In anterior disc displacement with reduction (ADDwR), the disc is positioned
anterior to the condyle in the closed-mouth position but resumes a normal position
during mouth opening (Figures7 and 8) [2, 4, 9, 31]. MRI accordingly demonstrates
anterior displacement on closed-mouth views with normalization on open-mouth
views. Associated features may include a rounded or biconvex disc, abnormal disc ori-
entation [37], and early T2 hyperintensity within the bilaminar zone. With progres-
sive degeneration, signal intensity on both T1- and T2-weighted sequences decreases
[38]. Quantitatively, displacement is present when the posterior band lies anterior to
the normal 11-oclock position relative to the vertical condylar axis [19].

Figure7.
Diagrammatic representation of disc displacement with reduction.
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Figure 8.

Angtem'or disc displacement with reduction. Proton density sagittal image of the TM] in closed mouth (A) position
shows anterior displacement of the articular disc with otherwise normal bow-tie appearance (straight arrow).
The mandibular condyle is situated in an anatomic location within the mandibular fossa. On open mouth images
(B), normal condylar votation and anterior translation ave noted. Note the recapture of the articular disc, which
is now in the normal position (curved arrow). The bow-tie appearance of the articular disc is preserved. Source:
Ref. [3] https://pubmed.nchinlm.nih.gov/35454054/. License: https://creativecommons.org/licenses/by/4.0/.

4.2.2 Disc displacement without reduction

In anterior disc displacement without reduction (ADDwoR), the disc remains
displaced in both closed- and open-mouth positions, preventing normal condylar
translation (Figures 9 and 10). This fixed displacement corresponds clinically to
“closed lock.” MRI demonstrates persistent anterior disc displacement and loss of
coordinated disc—condyle motion [2, 4, 9]. Displacement may be complete, involving
the full mediolateral extent of the disc, or partial, affecting only a segment. Partial
displacement is more frequently encountered in ADDwR and may present as rota-
tional displacement, in which the lateral disc portion is displaced anteriorly while the
medial portion maintains normal alignment [31, 39].

4.2.3 Disc morphology and signal alterations

In early disease, the disc retains its normal biconcave shape. With progression,
structural alterations develop, including posterior band thickening (Figure 11A, B), ante-
rior band thinning, shortening of the anteroposterior dimension (Figure 11A, B), and

Figure 9.
Diagrammatic vepresentation of disc displacement without reduction.
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Figure 10.

Anterior disc displacement without reduction. Sagittal PD-weighted image in the closed-mouth position (A),
showing the disc anterior to the 11 o’clock position. In the open-mouth position (B), there is no disc recapture. The
disc position is indicated by the arrows. Source: Ref. [7] https://pme.nchinlm.mnih.gov/articles/PMC10165975/.
License: https://creativecommons.org/licenses/.

Figure 11.

(A-D) Patterns of altered disc morphology. In 4 different patients with internal derangement, sagittal oblique
proton density fat saturation magnetic vesonance images show thickening of posterior band (yellow arrowheads)
(A, B); shortening of antero-posterior dimension of disc with small intermediate zone (1Z) (A, B); and crumpled
disc (yellow arrows) (C, D). Also note the abnormal intermediate signal of disc (A, B). Source: Ref. [26] https://
pme.ncbinlm.nih.gov/articles/PMC7016362/. License: http://creativecommons.org/licenses/by-nc-nd/4.0/.
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transformation into any of the following configurations: tear-drop, biplanar, flattened,
sunglass, amorphous, rounded, or crumpled (Figures11C, D and 12). In ADDwR, the
disc often appears biplanar in the closed-mouth position and becomes biconcave on open-
ing. In contrast, ADDwoR is commonly associated with convex or folded (crumpled)
discs that do not change shape during opening. Disc length also fails to increase during
opening and remains shorter than in normally positioned discs [40, 41]. Signal charac-
teristics evolve with disease severity. The posterior band typically exhibits higher signal
intensity than the anterior band, with progressive increases correlating with advancing
derangement. Posterior band thickening is frequently observed, supporting the concept
that degeneration begins posteriorly and progresses anteriorly. Histopathologic studies
corroborate these findings, demonstrating fibroblast proliferation, neovascularity, and
fibrous replacement of normal connective tissue within the posterior attachment [42].

4.2.4 Pesudodisc

In some patients with anterior disc displacement, a pseudodisc may develop within
the posterior attachment as an adaptive response. This results from hyalinization and
fibrous replacement of the normally vascularized and innervated retrodiscal tissue,
producing a band-like structure with hypointense signal on MRI. In certain cases, the
pseudodisc can function similarly to the native disc (Figure 13D) [9, 20].

4.2.5 Stuck disc

The “stuck disc” or anchored disc phenomenon refers to an immobile disc in both
open- and closed-mouth positions, typically resulting from intra-articular adhesions

Figure 12.

Disc shapes depicted on sagittal oblique proton density images (dotted lines) (a) Biconcave; (b) Flattened; (c)
Folded; (d) Sunglass; (e) Amorphous. Source: Ref. [40] https://www.nature.com/articles/s41598-025-06045-2.
License: http://creativecommons.ovg/licenses/by-nc-nd/4.0/.
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Figure 13.

Posterior attachment vemodeling. Sagittal oblique T2W-FS (A) and proton density fat saturation (B) images
demonstrate normal posterior attachment (yellow arrow). In two different patients with long-standing internal
derangement (C, D), sagittal oblique T2-FS images show a hypointense signal in anterior part of posterior
attachment (PA) suggesting fibrosis (remodeling). In the second patient (D), this gives a pseudo-disc appearance.
Source: Ref. [26] https://pmc.nchinlm.nih.gov/articles/PMC7016362/. License: http://creativecommons.org/
licenses/by-nc-nd/4.0/.

(Figure 14). Adhesions occur in up to 20% of advanced internal derangement cases,
most commonly in the anterior recess of the superior joint compartment. They may
be pseudowall-like (vascularized fibrosynovial) or band-like (collagen-based).
Proposed mechanisms include fibrin deposition associated with synovitis, mechanical
overloading, or scar tissue formation after hematoma healing. Clinically, this condi-
tion presents with restricted condylar translation, pain, and dysfunction, and may be
missed without both open- and closed-mouth MRI evaluation. Sagittal oblique cine
sequences can demonstrate disc immobility, but MRI is limited in directly identify-
ing adhesions; arthroscopy remains the most definitive diagnostic and therapeutic
method [9, 43].

4.2.6 Double disc sign

The superior belly of the lateral pterygoid contributes to mouth closure and
retrusion, whereas the inferior belly facilitates mouth opening and protrusion [9].
In internal derangement, the inferior belly may become hyperactive to stabilize and
guide the condyle—disc complex, leading to thickening of its attachment. When this
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Figure 14.

Dl%t adhesion. PD-weighted sagittal images in the closed-mouth and open-mouth positions (A and B,
respectively), showing alteration of the signal in the posterior band and intermediate zone of the articular disc,
together with thickening of the retrodiscal tissue (yellow arrow). Note that the disc remains in the same location
in the closed-mouth and open-mouth positions, which is chavactevistic of disc adhesion (stuck disc). Note also the
thickening at the insertion of the lateral pterygoid muscle belly (ved arrow), forming the double-disc sign. Source:
Ref. [7] https://pme.nchinlmmnih.gov/articles/PMC10165975/. License: https://creativecommons.org/licenses/.

thickened tendon runs parallel to an anteriorly displaced disc, it creates the charac-
teristic “double disc” sign (Figure 14). Electromyographic studies have demonstrated
increased activity in the inferior lateral pterygoid attachment in such cases [2, 4, 5,
9]. Recognition of this sign on MRI is important to avoid misinterpreting a thickened
LPM attachment as the articular disc.

4.2.7 Hypermobility

TM]J hypermobility, or subluxation, is characterized by excessive forward transla-
tion of the condyle-disc complex during mouth opening, such that the condyle moves
beyond the articular eminence (Figure 15). Unlike dislocation, the condyle returns to
the glenoid fossa spontaneously or with minimal assistance. Clinically, it may present
as abrupt anterior condylar displacement during the later phase of opening, produc-
ing an excessively wide mouth opening. Anatomical variation, particularly a steep
articular eminence with a short posterior and elongated anterior slope, is thought to
predispose individuals by permitting early disc rotation relative to condylar transla-
tion. Systemic and local factors also contribute, including generalized connective
tissue disorders (e.g., Ehlers—Danlos and Marfan syndromes), generalized joint
hypermobility, iatrogenic trauma (such as after extractions, intubation, or endoscopic
procedures), and intrinsic triggers such as excessive yawning, wide mouth opening,
or seizure episodes [44].

4.2.8 Perforated disc

The articular disc lacks mesenchymal cell-mediated regenerative or adaptive
capacity, and progressive abrasive loss may predispose its thinner regions to perfora-
tion (Figure 16). Disc perforations occur most frequently in the bilaminar zone
and the lateral aspect of the disc [44]. Perforation disrupts the normal lubricating
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Figure 15.

Hypermobile temporomandibular joint. (A) In a 25-year-old patient who presented with multiple episodes of
open lock on left side, closed mouth sagittal oblique proton density fat saturation image reveals a normal disc
(yellow arrowhead). (B) Open mouth sagittal oblique proton density image shows increased range of motion
where the condyle (asterisk) is seen reaching antero-superiorly to the crest of articular eminence (yellow arrow).
Steep (vertical) posterior slope of AE (white arrow) is also noted. (C) Coronal oblique TAW image shows
flattening of condyle (white arrowhead). Source: Ref. [26] https://pme.nchinlm.nih.gov/articles/PMC7016362/.
License: http://creativecommons.org/licenses/by-nc-nd/4.0/.

function of synovial fluid, increasing friction and direct loading of the articular
surfaces, which may contribute to cartilage hypertrophy [45]. Normally, the disc
distributes synovial fluid uniformly across articular interfaces; perforation alters
this mechanism and increases frictional and shear stresses between the temporal and
condylar components [46]. Histopathologic studies describe osteophyte formation
during proliferative phases, followed by reduced activity associated with condylar
flattening [47].

Diagnosis is challenging because clinical signs are nonspecific and MRI sensitivity
is limited. Fat-suppressed T2-weighted sagittal and coronal images may occasionally
demonstrate perforations, particularly when effusion is present [9]. Arthroscopy
remains the most reliable diagnostic and therapeutic method. Conventional and
MR arthrography may assist by demonstrating contrast passage into both joint
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Figure 16.

Dz%c perforation. Sagittal PD-weighted image showing discontinuity of the articular disc, with separation of
the anterior band (yellow arrow) and posterior band (blue arrow). Note also the subcortical sclerosis with an
anterior marginal osteophyte in the mandibular condyle. Source: Ref. [7] https://pme.nchinlm.nih.gov/articles/
PMC10165975/. License: https://creativecommons.org/licenses/.

compartments after injection into the lower compartment. A lack of posterior temporal
disc attachment stretching during mouth opening is another supportive indicator [39].

4.2.9 Lateral pterygoid muscle changes

The role of the lateral pterygoid muscle in TMJ function remains debated. MRI
studies have demonstrated morphological and signal alterations in both the superior
and inferior bellies in patients with anterior disc displacement, with or without
reduction. These changes include hypertrophy, atrophy, and contracture, and may be
associated with symptoms such as pain and restricted mandibular opening. Anterior
disc displacement appears more closely related to attachment of the superior LPM to
the disc rather than to the condyle. Early changes, such as increased fluid content in
the superior head, manifest as T2 hyperintensity, whereas chronic or fatty atrophic
changes demonstrate T1 hyperintensity with relative T2 hypointensity. Muscle spasm
or edema can result in increased thickness, while atrophy leads to thinning. These
imaging features reflect structural and compositional changes within the LPM,
although their clinical significance remains uncertain [48, 49].

4.3 Bone marrow changes

MRI characterizes bone marrow changes in the mandibular condyle into two
primary patterns: edema and osteonecrosis, based on corresponding histological
findings.
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* Bone marrow edema appears as low signal on T1-weighted or proton-density
sequences and high signal on T2-weighted images (Figure 17). It has been associ-
ated with pain and may represent an early stage in the evolution toward osteo-
necrosis, particularly in younger patients [50, 51]. Bone marrow abnormalities
are generally absent in asymptomatic individuals. Fat-suppressed T2-weighted
and fluid-attenuated inversion recovery (FLAIR) sequences improve detection
and may show higher signal intensity in painful joints. Although marrow edema
correlates with joint effusion and pain [50-52], longitudinal studies indicate that
marrow signal does not necessarily parallel symptom severity, and its precise role
in TMJ pain remains uncertain [53].

* Osteonecrosis, encompassing osteochondritis dissecans (OCD) and avascular
necrosis (AVN), shows decreased signal on T1-weighted images with variable
T2 appearance depending on stage and associated reparative changes. Early
AVN may be hyperintense on T2-weighted imaging, whereas acute OCD typi-
cally demonstrates a hypointense central fragment with a hyperintense rim.
MRI yields moderate sensitivity (78%) and specificity (84%) for AVN, although
advanced condylar sclerosis may mimic necrosis and limit positive predictive
value (54%) [54].

4.4 Joint effusion

Joint effusion refers to excess intra-articular fluid and occurs more frequently
in symptomatic joints. T2-weighted sequences provide the greatest sensitivity
(Figure 18). Early effusions often localize anteriorly, while larger collections may
occupy both joint compartments. Prominent effusions can aid diagnosis by outlining

Figure 17.

Bo%le marrow oedema and enhancement (grade 1) of the mandibular condyle in a 9-year-old boy. (a—c)

When compared to the mandibular ramus (**) there is lower signal from the mandibular condyle (*) on the
T1-weighted gradient echo sagittal image without fat saturation (TR/TE 300/4.2 ms, flip angle 80°, (a), and
slightly increased signal on fat-saturated T2-weighted image (TR/TE 5400/77 ms, (b) and on postcontrast
fat-saturated T1-weighted sagittal image (TR/TE 670/10 ms, (c) images, Note mild joint enhancement with
high signal intensity (hyperintense to muscle) in the posterior superior joint vecess and lower joint compartment
on postcontrast fat-saturated T1-weighted image (c). Source: Ref. [52] https://pmc.nchinlm.nih.gov/articles/
PMCs823950/. License: http://creativecommons.ovg/licenses/by/4.0/.
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Figure 18.

Lu%ge joint effusion (grade 2) on sagittal oblique images. a-c Effusion exceeding 2-mm width (arrows) on fat-
saturated T2-weighted fast spin echo images (TR/TE 5400/77 ms) in the posterior recess in a 15-year-old girl (a),
in the anterior vecesses in a 13-year-old boy (b) and with bulging of the upper joint compartment in a 7-year-old
girl (c). Note thickened synovium with intermediate signal intensity (arrowheads) on these posteriorly in (b) and
(c). Source: Ref. [52] https://pme.ncbinlm.nih.gov/articles/PMC5823950/. License: http://creativecommons.org/
licenses/by/4.0/.

the disc, highlighting perforations, and delineating retrodiscal tissue, producing
an “arthrographic effect” On contrast-enhanced T1-weighted imaging, synovitis
enhances whereas joint fluid remains non-enhancing, aiding differentiation in
inflammatory arthropathies (Figure 19) [9, 20].

4.5 MRI features of arthropathies

TM]J can be affected by various inflammatory conditions, such as juvenile idio-
pathic arthritis, rheumatoid arthritis, septic arthritis, psoriatic arthritis, arthritis
secondary to calcium pyrophosphate crystal deposition, and pigmented villonodular
synovitis [25].

Figure 19.

Synovitis. Axial T2-weighted image with fat saturation (A) and contrast-enhanced T1-weighted image (B),
showing synovial thickening with enhancement consistent with synovitis, which should not be confused with joint
effusion. Source: Ref. [7] https://pmc.nchinlm.nih.gov/articles/PMC10165975/. License: https://creativecommons.
org/licenses/.
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4.5.1 Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) is a chronic inflammatory disorder presenting
before age 16 [55, 56]. Genetic susceptibility, environmental triggers, and distinct
autoinflammatory pathways contribute to disease onset and subtype variability
[56-58]. TM] involvement occurs in up to half of patients, either unilaterally or bilat-
erally. Clinical features include joint pain, swelling, tenderness, morning stiffness,
and limited mandibular mobility. Severe bilateral TM]J disease can impair mandibular
growth, resulting in retrognathia, posteroinferior mandibular rotation, decreased
posterior facial height, anterior open bite, and a convex profile. Unilateral disease
often produces facial asymmetry and mandibular deviation toward the affected side
[55]. Histopathologic changes originate in the synovium, which becomes hyperplastic
and vascularized with lymphoplasmacytic infiltration, leading to pannus formation
and subsequent osteochondral destruction [59, 60].

4.5.1.1 Imaging features

MRI is the preferred modality and is sensitive for early synovitis and bone marrow
edema. Gadolinium-enhanced imaging should be obtained within the first 4 min-
utes to distinguish synovitis from effusion (Figure 20) [55]. Acute findings include
effusion, marrow edema, and synovial enhancement (Figure 21). Chronic changes
include condylar flattening, erosions, hypertrophic bone formation, ramus shorten-
ing, disc abnormalities, and pannus [55]. The JAMRIS-TMJ scoring system standard-
izes evaluation of acute and chronic features (Table 2) [52]. While the JAMRIS-TM]
scoring system standardizes the evaluation of acute and chronic inflammatory
changes, additional features such as pannus formation and retrodiscal tissue altera-
tions, though not formally included in the scoring system, are increasingly recognized
as relevant imaging findings in JIA [61].

Figure 20.

Juvenile idiopathic arthritis. Post-contrast TIW fat-saturated sagittal (A) and coronal (B) images of the

TM]J demonstrate flattening and irregularity of the condyle with evosions (longtail arrows), resulting in an
irregular foreshortened appearance from chronic inflammation. Jointeffusion is noted with surrounding synovial
enhancement (short tail arrows), consistent with anacute JIA flair. Source: Ref. [3] https://pme.ncbi.nlm.nih.gov/
articles/PMC9031630/. License: http://creativecommons.org/licenses/by/4.0/.
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Figure 21.

Juvenile idiopathic arthritis. A: Sagittal proton density weighted magnetic resonance imaging (MRI) in the closed
mouth position demonstrates increased signal at the mandibular condyle (the letter, c), extensive thickening of

the synovium (the letter, s) in the vetrodiscal regions. It can be noted that the thickening and increased signal of
the synovium at other places (arrowheads); B: Sagittal fat suppressed post contrast T1 weighted MRI in the closed
mouth position demonstrates enhancement of signal at the mandibular condyle (the letter, c), enhancement and
extensive thickening of the synovium (the letter, s) in the retrodiscal regions. There is thickening and enhancement
of the synovium at other places (arrowheads). Source: Ref. [31] https://www.wjgnet.com/1949-8470/full /v6/i8/567.
htm?appgw_azwaf _jsc=Edpoad8rB8m1jwKpLIzkocTe6ng LK33hO7vnigéxHwe. License: hitp://creativecommons.
org/licenses/by/4.0/.

Item Definition GradeO Grade1l Grade2

(A) Inflammatory domain

Bone marrow Hyperintense marrow Absent Present —
edema signal in the condyle

compared with

mandibular ramus on

fluid-sensitive sequences,

and/or hypointense

signal on non—fat-

suppressed T1-weighted

images

Post-contrast Absent Present —
hyperintense marrow
signal in the condyle

relative to mandibular

Bone marrow
enhancement

ramus on fat-suppressed
T1-weighted images

Joint effusion Excess intra-articular <lmm Small: Large: >2 mm

fluid with signal similar
to cerebrospinal fluid on
fluid-sensitive sequences

(absent)

>1-<2 mm in
recess or full
compartment

in recess or full
compartment

Synovial
thickening

Thickened synovial
lining with intermediate
signal intensity on fluid-
sensitive images

None
(£1mm)

Mild: >1-<2 mm
at thickest point

Moderate/severe:
>2 mm at thickest
point
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Item Definition Grade 0 Grade1l Grade2

Joint Post-contrast synovial/ Normal: Mild: focal Diffuse: extensive

enhancement capsular signal greater confined to signal beyond involvement of one/
than muscle on fat- physiologic physiologic both compartments
suppressed T1-weighted fluid perimeter
images perimeter

(B) Damage domain

Condylar Alteration of the normal Absent Mild: partial Moderate/severe:
flattening rounded or slightly surface entire surface
angular condylar contour flattening flattened or
(sagittal oblique view) condylar height
reduced
Erosions Cortical irregularities or Absent Mild: Moderate/severe:
breaks of the articular irregularities deep subchondral
surface affecting part defects in two
of the articular planes or entire
surface surface irregular
Disc Any alteration of the Absent Present —
abnormalities articular disc (flattening,

displacement, or
destruction)

Table 2.
Juvenile idiopathic arthritis magnetic vesonance imaging scoring system for the temporomandibular joint
(JAMRIS-TMJ) [52].

Pannus formation: Pannus represents abnormal soft tissue within the joint com-
partment, typically showing iso- to hypointense signal on T1- and fat-suppressed
T2-weighted sequences. Unlike acute synovitis, pannus seldom enhances following
contrast administration. In the context of JAMRIS-TM]J, pannus may be reflected
indirectly by the coexistence of minimal or absent joint enhancement and moderate
to severe synovial thickening [55, 62].

Retrodiscal tissue changes: Retrodiscal tissue signal alterations may reflect hyper-
vascularity, edema, or fibrosis. Studies have shown that patients with TMJ-related
pain often demonstrate higher signal intensity in the retrodiscal tissue on dynamic
contrast-enhanced, T2-weighted, and FLAIR sequences. Hyperintensity generally
corresponds to hypervascularity and edema, while low signal may indicate fibrotic
changes. Standardized evaluation of retrodiscal signal alterations in JIA could provide
an additional marker of inflammatory activity once validated [55, 62].

New bone formation and secondary osteoarthritis may occur in long-standing dis-
ease, although the incidence has declined with biologic therapy. Heterotopic ossifica-
tion has been reported after intra-articular corticosteroids [55, 62].

4.5.2 Rheumatoid arthritis

Rheumatoid arthritis (RA) is a systemic inflammatory disease that commonly
affects periarticular tissues, with TMJ involvement in approximately 50-75% of
patients, typically after systemic diagnosis [31]. TM] involvement is often character-
ized by deep preauricular pain, exacerbated by mastication, together with the limited
range of motion and morning stiffness. Progressive disease may cause trismus, facial
deformity, and chronic loss of function [3].
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4.5.2.1 Imaging features

Common MRI findings include synovial thickening and enhancement, joint space
narrowing, articular erosions, reduced condylar height, restricted condylar motion,
disc deformation, and, in advanced cases, disc displacement. Unlike osteoarthritis,
disc displacement in RA tends to occur later and is usually secondary to bony resorp-
tion rather than intrinsic disc pathology. Although a standardized radiologic grading
system for RA in the TM]J has not been established, studies have shown that condylar
dimensions decrease with increasing disease activity [3, 51].

4.5.3 Septic arthritis

Septic arthritis of the TM]J is rare and most commonly caused by Staphylococcus
aureus, through hematogenous spread or local extension (e.g., otitis media) [3].

4.5.3.1 Imaging features

MRI demonstrates synovial enhancement, effusion, adjacent soft tissue swelling,
bone marrow edema, and osteomyelitis (Figure 22). Clinical differentiation from
other arthritis relies on the abrupt onset of severe pain and systemic symptoms such
as fever and malaise [63].

4.5.3.2 Psoriatic arthvitis

Psoriatic arthritis occurs in 5-8% of patients with psoriasis [2]. TM]J involvement
is uncommon but resembles RA, showing condylar flattening, erosions, restricted
motion, effusion, and disc abnormalities. CT may show condylar resorption with
new bone formation. Other seronegative arthropathies (e.g., ankylosing spondylitis,
systemic lupus erythematosus) may produce similar imaging features [25].

4.5.4 Calcium pyrophosphate crystal deposition

Calcium pyrophosphate deposition disease (CPPD), also referred to as tophaceous
pseudogout, is a noninfectious inflammatory arthropathy caused by the accumulation
of calcium pyrophosphate crystals within articular and periarticular tissues. Two
clinical forms have been identified, the common type and the tumoral or tophaceous
type, with the latter more frequently affecting the TM]J.

4.5.4.1 Imaging features

On radiographs and computed tomography (CT), CPPD may present with
chondrocalcinosis of the articular disc, narrowing of the joint space, osteophytosis,
subchondral cysts, and in some cases, erosive changes of the condyle and temporal
bone that may resemble tumor-like lesions. On MRI, CPPD is usually identified as
periarticular low signal intensity on T2-weighted sequences with heterogeneous
enhancement and post-contrast T1 hyperintensity, features that can mimic aggressive
conditions such as chondrosarcoma (Figure 23). The definitive diagnosis of CPPD is
established through joint aspiration and fluid analysis demonstrating calcium pyro-
phosphate crystals [64].
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Figure 22.

Septic arthritis. Proton density sagittal image of the TMJ (A) demonstrates a large joint effusion expanding the
space between the articular disc and articular tubercle (straight white arrow). Post-contrast TiWfat-saturated
sagittal (B) and coronal (C) images demonstrate extensive surrounding synovial enhancement (black arrows)
and soft tissue enhancement (star). Also noted is enhancement along the dura of the right temporal lobe (curved
arrow), indicating the intracranial extension of infection. Source: Ref. [3] https://pme.nchi.nlm.nih.gov/articles/
PMC9031630/. License: http://creativecommons.org/licenses/by/4.0/.

4.5.5 Pigmented villonodular synovitis

Pigmented villonodular synovitis (PVNS) is the preferred term for a spectrum of
benign proliferative and inflammatory disorders originating from the synovium of
joints, bursae, and tendon sheaths. PVNS has locally aggressive potential, character-
ized by abnormal synovial proliferation and recurrent intra-articular hemorrhage.
Primary involvement of the TM] is uncommon. Based on its extent, PVNS is classified
into nodular and diffuse forms [30].
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Figure 23.

Cflcium pyrophosphate deposition disease - Magnetic resonance imaging images 1. Axial T1-weighted image (A)
and T2-weighted image (B) showed a hypointense mass. The lesion was markedly enhanced after enhancement (C
and D) and in contact with the dura mater on the inferior surface (C, arrow). Source: Ref. [64] https://pmc.nchi.
nlm.nih.gov/articles/PMC8040178/. License: http://creativecommons.org/licenses/by/4.0/.

4.5.5.1 Imaging features

CT typically reveals a hyperattenuating intra-articular mass that may produce
erosive changes on both articular surfaces of the TMJ. In advanced cases, the expand-
ing lesion can breach the skull base and extend intracranially. MRI demonstrates
characteristic findings related to hemosiderin (low-intensity) (Figure 24) deposition
within the lesion. Signal intensity is generally intermediate to low on T1-weighted,
T2-weighted, and proton-density sequences. This effect is particularly pronounced
on gradient-echo (GRE) or T2* sequences, which are highly sensitive to magnetic field
inhomogeneities. These sequences exaggerate the susceptibility artifact, producing
a characteristic blooming effect that is considered highly suggestive of PVNS and
serves as a valuable diagnostic hallmark [65].

4.6 MRI features of cyst-like and tumor-like lesions
4.6.1 Ganglion and synovial cyst

Ganglion and synovial cysts are rare fluid-filled lesions of the TM]J that pres-
ent similarly, most often with preauricular swelling and pain, but they differ
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Figure 24.

Pi§mented villonodular synovitis (PVNS) - The axial T1-weighted image of magnetic resonance imaging
shows the intermediate signal intensity with peripheral low signal intensity rim (hemosiderin depsoits).
Source: Ref. [65] https://pmec.nchinlm.nih.gov/articles/PMC4095812/. License: http://creativecommons.org/
licenses/by-nc/3.0/.

histopathologically. Ganglion cysts arise from capsular degeneration and contain a
connective tissue lining without communication to the joint cavity, whereas synovial
cysts have a synovial cell lining that may or may not connect with the joint space.
Synovial cysts are more commonly associated with elevated intra-articular pressure
from trauma or inflammatory disease [66, 67].

4.6.1.1 Imaging features

Imaging assists in characterization but is not definitive. Panoramic radiographs are
usually unremarkable, and ultrasound may help evaluate the parotid gland in cases
of preauricular swelling. On multidetector computed tomography (MDCT), these
cysts appear as well-circumscribed, hypodense, spherical lesions along the lateral
joint surface and typically measure between 1.5 and 2.5 cm. Less frequently, they may
occur anteriorly or posteriorly and may cause mild cortical effacement. MRI demon-
strates well-defined, thin-walled lesions with T1 hypointensity and T2 hyperintensity
(Figures 25 and 26). Synovial cysts may show a thin stalk-like connection to the joint
on T2-weighted imaging (Figure 26). Histopathologic evaluation remains essential
for definitive diagnosis, and D2-40 immunostaining is useful in distinguishing
synovial from ganglion cysts [66, 67].

4.6.2 Subchondral pseudocyst

Subchondral pseudocysts, also called geodes, are degenerative lesions
most commonly associated with osteoarthritis. In the TM], they are usually
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Figure 25.

(A) Axial T2-weighted magnetic resonance image. (B) Coronal T1-weighted magnetic vesonance image shows a
ganglion cyst (white arrows) lateral to the left condyle. Source: Ref. [66] https://pmc.nchinlm.nih.gov/articles/
PMC4228227/. License: http://cveativecommons.org/licenses/by-nc/3.0/.

Figure 26.

(A) Coronal section T2-weighted MRI (B) Sagittal section T2-weighted MRI depicting synovial cyst marked by
white arrow. The cyst lumen is fluid-filled, making the cyst lumen bright on T2- weighted MRI. Source: Ref. [67]
https://pme.nchinlm.nih.gov/articles/PMC6498815/. License: http://creativecommons.org/licenses/by-nc/3.0/.

asymptomatic and do not cause visible swelling or pain, but their presence reflects
late-stage degenerative joint disease. Clinically, they may contribute indirectly

to joint dysfunction when accompanied by other degenerative changes such as
erosion, osteophyte formation, or generalized sclerosis. Their development has
been explained by two main mechanisms. (1) Synovial fluid intrusion theory: It
involves intrusion of synovial fluid into the subchondral bone through defects

in the articular cartilage, leading to the development of a cystic cavity. However,
histological correlation studies in the knee joint have shown that only a minority
of cysts occur beneath full-thickness cartilage defects. This suggests that cartilage
breach, while contributory, is not always essential for cyst formation. (2) Bone
contusion theory: The second mechanism attributes cyst formation to repetitive
mechanical loading that produces microfractures, localized bone necrosis, and
subsequent cystic degeneration [68].
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4.6.2.1 Imaging features

On CT and CBCT, pseudocysts appear as well-defined subcortical radiolu-
cent cavities bordered by a thin sclerotic rim. They usually measure 2 to 3 mm,
though some may exceed 1 cm. The cortical outline is generally preserved, but
small cortical discontinuities or narrow tracts connecting the pseudocyst to the
articular surface may be seen and are sometimes described as a tail-like extension.
Their presence is considered a hallmark of TM] osteoarthritis, particularly when
accompanied by osteophyte formation or cortical erosions. On MRI, subchondral
cysts are usually seen as well-circumscribed areas of hyperintense or intermedi-
ate signal on T2-weighted and short-TI inversion recovery (STIR) sequences
(Figure 27). In contrast, they demonstrate low to intermediate signal intensity on
proton density and T1-weighted images. Bone marrow edema-like changes, when
present, are most effectively detected on fat-suppressed T2-weighted or STIR
sequences. The concurrent presence of these edema patterns with cystic changes
further supports the role of mechanical stress in the development of subchondral
cysts [68, 69].

L ‘! .

; 7 years
First MR] =—————p SecondMRI

Figure 27.

Tu%o examples of temporal changes of the joints with subchondral cysts (SCs). A: On the sagittal plane, the

second MRI showed concavity on the surface of the condyle, where the SC was present on the fivst MRI as a hyper
intensity on T2 - weighted image. Osteophytes were observed in the anterior part of the condyle in the second MRI
scan. B: On the coronal plane, the second MRI showed concavity on the surface of the condyle, where the SC was
present on the first MRI as a intermediate intensity on T2 - weighted image. Source: Ref. [69] https://pubmed.ncbi.
nlm.nih.gov/36288977/. License: http://creativecommons.org/licenses/by/4.0/.

64


https://pubmed.ncbi.nlm.nih.gov/36288977/
https://pubmed.ncbi.nlm.nih.gov/36288977/
http://creativecommons.org/licenses/by/4.0/

MR Imaging in Temporomandibular Joint Disorders: From Diagnostic Fundamentals to Advanced...
DOI: http://dx.doi.org/10.5772/intechopen.1013684

4.6.3 Simple bone cyst

Simple bone cysts (SBCs), also known as traumatic bone cysts, are traditionally
described as empty intraosseous cavities, and more than half of reported cases in sys-
tematic reviews contain no detectable material. However, this interpretation has been
questioned. In one clinical series of nineteen patients, fluid was present in every case
on both imaging and intraoperative evaluation. The composition of this fluid remains
uncertain. Some reports have described blood or serous fluid, although no study has
demonstrated complete equivalence between cyst fluid and blood. Intraoperative
introduction of blood during surgical access has been suggested as a possible explana-
tion for hemorrhagic aspirates. Typically, fluid aspirated from SBCs appears clear
initially, with blood more often encountered toward the end of aspiration, likely
originating from the cyst wall. Cytological examinations have shown variable con-
centrations of blood-derived elements, with eosinophils and basophils consistently
detected. Previous studies of SBCs have also reported eosinophils, leading to specula-
tion that eosinophilic recruitment may be mediated by mast cell-derived factors and
may contribute to bone resorption. Despite occasional inflammatory cells, SBCs are
generally considered non-inflammatory lesions.

The etiology of SBCs remains uncertain. Proposed mechanisms include trauma-
induced intramedullary hemorrhage, vascular obstruction, and impaired bone repair.
Biochemical analyses of cyst fluid demonstrate electrolyte and protein similarities to
serum, although total protein concentrations are consistently lower, supporting the
interpretation of the fluid as a transudate. Passive fluid accumulation through plasma
diffusion across the cyst wall has been proposed, and studies of other jaw cysts sug-
gest that electrolyte gradients may contribute to this process [70].

4.6.3.1 Imaging features

Imaging features of SBCs differ from those of subcortical pseudocysts. SBCs are
typically larger, lack a sclerotic margin, and show smooth, uninterrupted borders
without cortical micro-communication. On panoramic radiographs and CT, they
appear as radiolucent defects. On MRI they usually demonstrate intermediate signal
intensity on T1-weighted sequences and high signal intensity on T2-weighted images
(Figure 28) [70].

4.6.4 Aneurysmal bone cyst

Aneurysmal bone cysts (ABCs) are benign, expansile lesions that are neither
true cysts nor aneurysms and do not behave as neoplasms despite their potential
for rapid growth. They occur predominantly in long bones, and jaw involvement
is rare, accounting for approximately 2% of cases. When present in the jaws, the
mandible is affected more often than the maxilla, and TM]J involvement is par-
ticularly uncommon. ABCs of the jaw typically present as painless swelling, facial
asymmetry, or, when affecting the TM]J, dental malocclusion or mandibular devia-
tion. They occur most frequently in children and young adults with no consistent
sex predilection, although reported cases range from early childhood through the
fourth decade of life.

The etiology of ABCs is not fully understood. Proposed mechanisms include
trauma-related changes, reactive vascular phenomena, and secondary develop-
ment within preexisting lesions such as fibrous dysplasia, ossifying fibroma, or
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Figure 28.

Simple Bone Cyst - MRI shows homaogeneous intermediate SI on the T1-weighted sagittal image (A) and
homogeneous high SI on the T2-weighted sagittal image (B). Source: Ref. [70] https://pme.nchinlm.nih.gov/
articles/PMC3604371/. License: http://creativecommons.org/licenses/by-nc/3.0/.

osteosarcoma. Histologically, ABCs exhibit sinusoidal blood-filled spaces without
endothelial lining, intermixed solid areas with osteoid formation, and multinucleated
giant cells. The absence of an epithelial lining distinguishes them from true cystic
lesions [71, 72].

4.6.4.1 Imaging featuves

Imaging features are variable. Radiographically, ABCs range from unilocular to
multilocular in appearance. Cross-sectional imaging typically shows a well-defined
expansile lesion with cortical thinning and outward ballooning. MRI demonstrates
heterogeneous T1 signal and fluid-fluid levels on T2-weighted imaging (Figure 29).
Because imaging findings may overlap with those of hemangioma, angiography can
help identify feeding vessels. Recurrence is possible and most often occurs within the
first postoperative year, warranting follow-up imaging [71, 72].

4.6.5 Synovial chondromatosis

Synovial chondromatosis (SC) is a benign proliferative disorder character-
ized by synovial metaplasia with formation of multiple cartilaginous nodules that
may undergo calcification or ossification. Although the etiology is uncertain, SC
is believed to arise from metaplastic transformation of synovial stromal cells. The
condition primarily affects large joints, and TM] involvement is rare. Bilateral
involvement is uncommon. SC most often affects the superior joint compartment,
with inferior compartment involvement occurring mainly after disc perforation.
Rarely, SC may cause condylar erosion, temporal bone involvement, or intracranial
extension. Patients typically present with preauricular discomfort, swelling, crepitus,
or limited mandibular motion, and symptoms frequently resemble myofascial pain
dysfunction. SC most commonly occurs after the third decade of life and shows a
modest female predominance [31].
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Figure 29.

Aneurysmal bone cyst - (A) T2- weighted MRI axial section depicting fluid-fluid level (B) T1- weighted MRI
axial section depicting heterogeneous signal. Source: Ref. [71] https://dtjournal.ovg/articles/252. License: http://
creativecommons.ovg/licenses/by/4.0/.

4.6.5.1 Imaging features

Imaging features include calcified loose bodies, joint space widening, condylar
and glenoid fossa irregularity, subchondral sclerosis, and soft tissue swelling. CT
typically shows multiple calcified nodules surrounding the condyle. MRI provides
superior assessment of both calcified and non-calcified nodules and allows visualiza-
tion of the disc without ionizing radiation. Calcified nodules appear hypointense on
T1- and T2-weighted images, whereas associated joint effusion is hyperintense on
T2-weighted sequences, and proliferative synovium enhances after contrast admin-
istration (Figure 30). MRI is therefore preferred for characterization and treatment
planning [31]. Detached osseous fragments from degenerative osteophytes may
mimic SC and represent secondary synovial chondromatosis. These fragments occur
in late-stage osteoarthritis and are accompanied by other degenerative changes such
as sclerosis, articular flattening, and joint space narrowing. Secondary SC differs in

Figure 30.

Synovial chondromatosis- MR images (a (covonal), b (sagittal)) T1-weighted image; (c) T2-weighted sagittal
image. T1-weighted images show deformity of the left mandibular condyle and anterior disc displacement
without reduction, and T2-weighted images show areas of small, nodular hypo intensity around the left
mandibular condyle. Source: Ref. [73] https://onlinelibrary.wiley.com/doi/10.1155/2021/5927215. License: https://
creativecommons.ovg/licenses/by/4.0/.
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pathogenesis from primary SC and reflects advanced degenerative joint disease rather
than primary synovial metaplasia [73].

4.7 Malignancy
4.7.1 Osteosarcoma

Multiple sarcoma subtypes may involve the TM]J, but all are exceedingly rare,
with osteosarcoma being the most frequent primary malignant tumor in this region.
Compared with long-bone osteosarcoma, maxillofacial involvement tends to occur
later in life and generally demonstrates slower progression and more favorable
prognosis. The chondroblastic subtype is reported as the most common in the maxil-
lofacial region [74].

4.7.1.1 Imaging features

On imaging, TM]J osteosarcoma typically appears as a mixed lytic—sclerotic lesion
with an expansile soft-tissue component that may distort or erode adjacent joint struc-
tures. Mineralization varies from fine punctate calcifications to dense sclerotic foci.
Periosteal reaction is characteristic and may appear as radiating spicules producing a
sunburst or hair-on-end pattern. More compact or lamellated periosteal new bone for-
mation can also be present. These features are best depicted with CT, which provides
detailed characterization of osseous architecture. MRI is more sensitive for evaluating
marrow infiltration and spread into adjacent soft tissues. Typical findings include het-
erogeneous signal intensity: areas of low signal on both T1- and T2-weighted images
corresponding to mineralized tumor matrix, and intermediate T1 and high T2 signal
within the soft tissue component. Following gadolinium administration, the non-
calcified portions of the tumor demonstrate variable enhancement (Figure 31) [75].

4.7.2 Chondrosarcoma

Chondrosarcoma is the second most common primary malignant bone tumor,
though TM]J involvement is extremely uncommon. It is a malignant neoplasm of
cartilage-producing cells, typically low-grade and more frequently reported in
females. Tumors may arise de novo or, rarely, evolve from preexisting conditions such
as synovial chondromatosis or osteochondroma [76].

4.7.2.1 Imaging features

On imaging, chondrosarcoma demonstrates heterogeneous appearance due to the
combination of bone destruction, chondroid matrix, and variable mineralization.
Reported TMJ cases consistently show expansile masses arising from the condyle
with cortical and marrow destruction. On MRI, non-calcified cartilage appears
markedly hyperintense on T2-weighted images and corresponds to regions with
minimal enhancement, whereas mineralized areas show lower signal (Figure 32).
Calcifications may display punctate or confluent patterns, with ring-and-arc mor-
phology considered characteristic for cartilaginous matrix mineralization. Periosteal
reaction, when present, may be solid, spiculated, or linear. Low-grade lesions can
mimic benign cartilage tumors, but focal solid enhancement or enhancing septa
should raise suspicion for malignancy [77, 78].
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Figure 31.

Co%tdylar chondroblastic osteosarcoma. Axial pre-contrast (A) and post-contrast TAW (B), sagittal pre-contrast
T1W (C), and axial T2W (D) images demonstrate a heterogeneously enhancing and T2-hyperintense right
condylar mass in a nine-year-old patient. Axial (E) and sagittal (F) CT images show a soft tissue mass with
mineralized matrix and aggressive periosteal reaction (small arrows) at the TMJ. Source: Ref. [3] https://pmc.
nchi.nlm.nih.gov/articles/PMC9031630/. License: http://creativecommons.org/licenses/by/4.0/.

4.7.3 Metastasis

Metastatic involvement of the jaws is uncommon and typically favors the pos-
terior mandible, particularly the molar region. Extension to the TM] is very rare.
Adenocarcinoma is the most common histologic type, with primary tumors most
often arising from the breast, lung, kidney, or prostate (Figure 33) [79, 80].
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(f)

Figure 32.

A f«?—ymr—old female patient with grade I1I chondrosarcoma. (a, b, ¢ [magnified image of the red box in b]) CT
images show a large mass surrounding the left mandibular condyle. Note the severely destroyed mandibular condyle
with prominent periosteal reaction, indicating that the direction of lesion growth is outward from the mandibular
condyle. At the anterior aspect of the left mandibular condyle, complete infiltration into the tendon of the lateral
pterygoid muscle in the pterygoid fovea by the mass is observed, whereas intact tendon of the lateral pterygoid muscle
(ved arrow) on the right side. (d, e) Axial fat-suppressed T2-weighted and contrast-enhanced T1-weighted MRI
images show markedly hyperintense T2 signal portion without enhancement (ved arrowheads). (f) PET/CT image
shows markedly increased FDG uptake; however, FDG uptake less than that of mediastinal blood pool is observed
in the medial and posterior aspect to the mandibular condyle (ved arrowheads), which corresponds to the portion of
markedly hyperintense T2 signal portion without enhancement in (d) and (e). Source: Ref. [77] https://pubmed.nchi.
nlm.nih.gov/32843140/. License: http://creativecommons.org/licenses/by/4.0/.

Figure 33.

Mfmsmtic Breast Cancer - (A) Computed tomography Image (coronal plane). A low-density destructive lesion
of the left condyle. The cortical bones thin and perforated. (B) The upper images ave T1-weighted MRI and the
lower images are T2-weighted MRI. The shape of the right condyle is normal. An isointense soft-tissue mass is
observed in the left condylar region. Despite the presence of this mass on left side, the articular disc maintains
its normal shape. Source: Ref. [79] https://pme.nchi.nlm.nih.gov/articles/PMC5688695/. License: http://
creativecommons.org/licenses/by/4.0/.
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4.7.3.1 Imaging features

Panoramic radiographs may show larger or multifocal lesions, but smaller or
purely articular metastases are often missed on two-dimensional imaging. Most
TM]J metastases are osteolytic and cause destruction of cortical and cancellous bone,
although osteoblastic metastases can produce sclerosis or periosteal reaction. CT and
MRI typically reveal bone destruction with associated soft-tissue masses and exten-
sion into adjacent structures such as masticatory muscles, parotid gland, ear canal, or
skull base. Although these findings are nonspecific, correlation with known malig-
nancy is crucial. PET/CT is particularly valuable for detecting occult primary tumors
and evaluating systemic metastatic burden [81].

4.8 Trauma

MRI is a central modality for evaluating TMJ trauma and must be interpreted
alongside a detailed clinical history and thorough examination. Several characteristic
findings help establish the diagnosis:

Joint effusion is best visualized on T2-weighted sequences, where fluid demon-
strates high signal intensity relative to surrounding fat. Effusion reflects a combina-
tion of acute hemarthrosis followed by sustained synovial inflammation marked by
hypertrophy, hyperemia, and increased vascular permeability. Persistence of effusion
for up to 2 weeks after injury highlights the role of ongoing inflammatory activity
rather than isolated acute bleeding. Effusion is encountered more frequently in high
condylar fractures and in fractures associated with dislocation, whereas subcondylar
fractures without dislocation show a lower incidence. Notably, effusion is seldom
observed in contralateral, unfractured joints, suggesting that transmitted mechanical
forces are insufficient to induce detectable intra-articular fluid accumulation. The
presence and extent of effusion therefore provide meaningful insight into the severity
of condylar injury [82, 83].

Traumatic disc displacement is most commonly anteromedial and often reflects
the pull of the lateral pterygoid muscle. Differentiation between acute and chronic
displacement relies on associated findings. Bone marrow edema, ligamentous edema,
and absence of degenerative features support a recent traumatic event. When pre-
existing degenerative alterations are present, pronounced retrodiscal signal changes
may indicate an additional acute component. Long-standing displacement may
demonstrate disc degeneration and loss of normal disc height.

Disc rupture, when observed without evidence of chronic degeneration, strongly
supports an acute traumatic mechanism. Injury to the bilaminar zone appears as
marked hyperintensity on fat-suppressed sequences due to the vascular nature of this
region. Loss of definition of the superior retrodiscal lamina, which anchors the disc to
the temporal bone, is an important indicator of injury. Loss of continuity within this
structure can be biomechanically equivalent to disc rupture. Capsular tears frequently
accompany retrodiscal injury because the disc, bilaminar zone, capsule, and associ-
ated ligaments function as an interconnected complex. These injuries may present
with altered appearance of capsule-ligament attachments at the condyle. On coronal
views, collateral ligaments may appear indistinct, while sagittal images may reveal
altered attachment patterns anterior to the articular tubercle.

Bone marrow edema of the condyle is not consistently observed in TMJ trauma
and occurs less frequently in isolated capsule-ligament injuries. However, its presence
warrants careful evaluation, as associated fibrocartilage deterioration and periosteal
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reaction, in the context of hemarthrosis, may predispose to heterotopic ossification
and subsequent ankylosis. On MRI, bone edema manifests as a hyperintense signal on
fat-suppressed sequences [82, 83].

5. Recent advancements of MRI techniques
5.1 Dynamic or real-time MRI

Dynamic or real-time MRI provides rapid, continuous acquisition with immediate
reconstruction, allowing direct visualization of disc—condyle motion during volun-
tary mandibular opening and closing [84]. This approach overcomes the limitations
of pseudo-dynamic imaging by capturing physiologic muscle activity. Gradient-echo
(GRE) sequences are commonly used because short repetition times (TR) and low flip
angles support high temporal resolution. Coherent steady-state free precession (SSFP)
sequences (e.g., fast imaging with steady-state precession [FISP], true FISP) generate
strong contrast between the disc and surrounding joint fluid, whereas spoiled GRE
techniques (e.g., fast low-angle shot [FLASH]) provide reliable anatomic detail and
functional assessment [85]. SSFP-based methods can demonstrate disc displacement,
reduction events, and morphologic changes before and after reduction. Radial k-space
sampling and tiny-golden-angle reconstruction improves temporal resolution and
minimize motion artifacts, although geometric distortion may occur when these
methods are combined with balanced SSFP [86, 87]. Multislice FLASH with advanced
reconstruction (e.g., nonlinear inverse algorithms) has enabled bilateral imaging
with frame rates as fast as 25.5 ms, preserving disc contrast while allowing functional
evaluation of both joints [88, 89]. Challenges include incomplete depiction of rapid
movements, susceptibility to motion-related artifacts, and a dependence on computa-
tionally intensive reconstruction that frequently requires multi-GPU systems. These
factors currently restrict broader clinical implementation [84].

5.2 Ultrashort echo time and zero echo time MRI

The TM]J disc, fibrocartilage, and subchondral bone exhibit short or ultrashort
T2 values, making them poorly visualized on conventional MRI sequences [90, 91].
UTE techniques address this limitation by using extremely short RF pulses followed
immediately by data acquisition along radial k-space trajectories, preserving signal
before rapid transverse decay. ZTE sequences apply gradients prior to RF excitation,
effectively minimizing the echo time (TE) to near zero and improving both SNR and
acquisition efficiency relative to UTE [15, 92, 93].

UTE and ZTE improve visualization of fibrocartilage, cortical bone, subchondral
structures, and the disc-condyle interface. Quantitative parameter mapping (T2, T2%,
T1p) derived from these techniques correlates with biochemical alterations associated
with early TMD, and elevated UTE-based T2* values have been reported in symptom-
atic patients. ZTE demonstrates strong agreement with CT and micro-CT for assess-
ing condylar morphology, including flattening, osteophytes, and subcortical sclerosis
[93]. When integrated with routine MRI, these ultrashort-TE approaches may allow
comprehensive hard- and soft-tissue characterization while avoiding ionizing radia-
tion [94-96]. Despite promising early results, broader clinical adoption remains
limited due to requirements for specialized hardware, longer acquisition times, and
insufficient data defining normal versus pathologic appearances in TMJ imaging [97].
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5.3 Diffusion-weighted imaging

Diffusion weighted imaging (DWI) measures the random motion of water
molecules and allows calculation of the apparent diffusion coefficient (ADC) to
characterize tissue microstructure [95]. Intravoxel incoherent motion (IVIM), which
uses a biexponential model to separate true molecular diffusion from perfusion
related pseudo-diffusion, extends this capability [96]. In organized tissues such as the
temporomandibular joint (TMJ) disc and the masticatory muscles, collagen alignment
produces anisotropic diffusion. This makes diffusion tensor imaging (DTI) valuable
for assessing directional diffusivity and fiber orientation [97]. Elevated ADC values
have been demonstrated in painful masticatory muscles, supporting an association
with edema [98]. IVIM parameters have distinguished perfusion related changes in
disc displacement and effusion from diffusion related alterations seen in TM] osteo-
arthritis [99]. DTI provides fiber orientation maps and quantitative measures such
as eigenvalues and fractional anisotropy, with abnormalities correlating with disease
state [100]. Functional DTI studies have shown changes in lateral pterygoid muscle
(LPM) eigenvalues during clenching and opening [101]. Treatment related diffusion
changes, including postoperative increases in fractional anisotropy and alterations
following splint therapy, highlight potential use in therapy monitoring [102]. Routine
clinical use remains limited by susceptibility related artifacts, geometric distortion,
long acquisition times, and lack of standardized b value protocols. Overlapping
pathological processes can further complicate interpretation [95].

5.4 T2 mapping

Conventional T2-weighted imaging (T2WI) may reveal signal intensity changes in
the TM]J disc, condyle, or masticatory muscles in patients with TMDs. These altera-
tions are thought to reflect disruption of the collagen framework, altered hydration,
or other biochemical changes. However, visual assessment of such findings is subjec-
tive and may not reliably capture subtle or early abnormalities. T2 mapping was intro-
duced as a quantitative method to overcome these limitations. The technique relies on
multi-echo spin-echo sequences, in which images are acquired at multiple echo times
within a single repetition time (TR). The signal intensities are fitted to an exponential
decay model, allowing T2 relaxation times to be calculated on a pixel-by-pixel basis.
The resulting parametric maps display spatial variation in relaxation constants, pro-
viding objective information about tissue microstructure. Initially developed for large
joints such as the knee, T2 mapping has been adapted for TM]J research and shows
promise in evaluating early and subtle disease-related changes [103-106].

6. Conclusion

MRI remains the primary modality for evaluating TM]J disorders, offering high-
resolution, multiplanar assessment of osseous and soft-tissue structures without
radiation. Conventional protocols continue to underpin diagnosis of internal derange-
ments, inflammatory arthropathies, neoplastic processes, trauma, and differentiation
between degenerative and inflammatory disease. Recent advances have broadened
diagnostic capability: dynamic cine MRI visualizes disc—condyle kinematics in real
time; UTE and ZTE improve delineation of fibrocartilage and cortical bone; and
quantitative methods such as T2 mapping, DWI, and DTI enable assessment of
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microstructural and biochemical alterations. These techniques support earlier detec-
tion of pathology, more objective characterization of disease, and reproducible moni-
toring of treatment response. Persistent challenges include motion artifacts, technical
constraints, and lack of standardized acquisition and interpretation protocols across
institutions. Continued progress in hardware, sequence design, quantitative analysis,
and multicenter protocol harmonization will strengthen MRI’s role as a comprehen-
sive platform for structural, functional, and biochemical evaluation of TM] disorders.
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Chapter 3

Bruxism: Innovative Perspectives in
Assessment and Therapy

Elvin Gunel and Huseyin Kurtulmus

Abstract

Bruxism is a prevalent parafunctional behavior marked by involuntary clenching,
grinding, bracing, or thrusting of the mandible during wakefulness or sleep, whose
cumulative mechanical load can surpass the adaptive capacity of dental and muscu-
loskeletal tissues and precipitate tooth wear, orofacial pain, and temporomandibular
disorders. Reported prevalence estimates range 3.5-96%, reflecting heterogeneity
in diagnostic definitions, assessment methods, and study populations, with adult
rates averaging approximately 7% and pediatric estimates spanning 3.5-40.6%.
Etiologically, bruxism emerges from the interplay of peripheral factors—such as
facial morphology and occlusal discrepancies—central neuromuscular dysregulation,
psychosocial stressors, pharmacological influences, and genetic predisposition. An
integrated diagnostic schema—categorizing cases as possible, probable, or definite
based on self-report, clinical examination, electromyography, and polysomnog-
raphy—enhances consistency across settings. Management prioritizes reversible
measures, such as patient education, behavioral modification, physical therapy,
pharmacotherapy, and occlusal splint therapy, to reduce parafunctional load, with
occlusal adjustment, botulinum toxin injections, or surgical intervention reserved for
refractory presentations.

Keywords: bruxism, sleep bruxism, temporomandibular disorders, occlusal splint
therapy, pathophysiology of bruxism

1. Introduction

Bruxism is a general term referring to involuntary clenching or grinding move-
ments of the teeth that result from non-functional activation of the masticatory
muscles, either during sleep or wakefulness [1]. “Clenching” describes tonic contrac-
tions resulting in sustained contact between the upper and lower teeth, whereas
“grinding” refers to rhythmic chewing-like movements occurring in the absence of
food. First described in the early twentieth century under the term la bruxomania, the
condition was later renamed “bruxism” and has since undergone evolving definitions,
highlighting its complexity and clinical relevance [2].

The concept of parafunction encompasses all movements of the masticatory
system that do not serve a physiological purpose, among which bruxism is the most
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common and clinically significant example [3-6]. Even brief episodes of excessive
force can result in damage to the periodontal ligament and alveolar bone, while some
patients may remain asymptomatic, underscoring the importance of careful evalua-
tion of dental surface wear, masticatory muscle tone, and temporomandibular joint
(TM]J) function during oral examinations [7-11].

The prevalence of bruxism varies widely due to differences in definitions,
diagnostic criteria, and populations studied. Overall, the prevalence tends to
increase from adolescence to young adulthood, with considerable interindividual
variability [12, 13].

The historical variability in the clinical definitions of bruxism also contributes to
its heterogeneity. While Zarb and Carlsson define bruxism strictly as tooth clenching
or grinding that occurs during sleep [14], Walsh reported that such behavior can also
be observed during wakefulness [15]. Attanasio distinguished between static and
dynamic relationships: clenching, representing a static relationship that involves sus-
tained contact between the maxilla and mandible in centric or eccentric positions; in
contrast, grinding reflects a dynamic relationship, characterized by forceful contact
during lateral or protrusive movements of the mandible [16].

The historical variability in bruxism definitions illustrates its heterogeneity.
Modern definitions emphasize its involuntary nature and the need for clinical man-
agement. For example, the American Academy of Prosthodontics defines bruxism as
an “involuntary habit of clenching or grinding the teeth” [17], while the American
Academy of Orofacial Pain stresses that these parafunctional activities can occur both
nocturnally and diurnally [18]. The most recent definition by Kato et al. describes
bruxism as “a condition characterized by excessive forceful and prolonged involun-
tary contact or friction between the upper and lower teeth, which must be monitored
and managed” [19]. This perspective not only clarifies the mechanism of bruxism
but also highlights the necessity for precise diagnostics and innovative management
approaches in contemporary clinical practice.

Understanding the neuroanatomical mechanisms underlying bruxism, includ-
ing central cortico-cerebellar arousals and dopaminergic dysfunction, along with
peripheral, genetic, and psychosocial factors, is essential for developing effective
management strategies. Although no definitive treatment currently exists to eliminate
bruxism permanently, clinical management aims to reduce the parafunctional load,
protect dental and jaw structures, prevent pain and TMJ dysfunction, and improve
patient quality of life [20].

2. Epidemiology and prevalence

Most adults, including children, exhibit nocturnal bruxism of varying intensity
at some point in their lives. Although the tissues of the masticatory system generally
adapt to this parafunctional activity, in some individuals, the cumulative forces may
exceed physiological limits, leading to pain and functional impairment [20].

To date, the use of subjective assessment criteria has hindered the establishment
of a globally standardized diagnostic protocol for bruxism. This issue also applies to
determine its prevalence.

Consistent findings regarding the prevalence and characteristics of bruxism episodes
remain elusive due to methodological variability among studies, including differences in
diagnostic criteria, age groups, and sample types. As a result, reported prevalence rates in
both adult and pediatric populations range widely from 7% to 88% [20].
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In adults, bruxism is estimated to affect approximately 7.4% of the general population
[21]. In studies focusing on sleep bruxism, particularly in children, prevalence rates have
been reported to range from 3.5% to 40.6%, with a general trend of decline observed with
advancing age [4]. In older populations, prevalence rates may drop as low as 3% [22].

There is also no clear consensus regarding sex-related differences. Some stud-
ies report that bruxism is three to nine times more prevalent in females compared
to males [19, 23], whereas others have found no statistically significant difference
between sexes [2, 4].

Polysomnographic studies reveal that the frequency and duration of bruxism
episodes throughout the night vary significantly among individuals. On average,
approximately five episodes occur during an 8-hour sleep period, with each episode
lasting around 8 seconds. Consequently, a duration of 8-9 seconds has become the
generally accepted range for a bruxism episode in the literature [20, 24]. However,
some studies have reported that longer episodes may also occur. Furthermore, in indi-
viduals with temporomandibular disorders (TMDs), the cumulative duration of tooth
contact during an 8-hour sleep period may reach up to 38.7 minutes, whereas in health
controls, this average remains limited to 5.4 minutes [25]. These findings demonstrate
that the duration and intensity of bruxism activity can vary widely depending on both
physiological and pathological conditions, and that the resulting load may exceed the
adaptive capacity of the musculoskeletal system.

3. Etiology

The origin of bruxism remains not fully understood, and current evidence sug-
gests that it has a multifactorial etiology [3, 7, 26]. These factors are generally catego-
rized into two groups: morphological (peripheral) and central [27]. Peripheral factors
include facial morphology, condylar asymmetry, variations in dental arch form,
malocclusion, discrepancies between centric relation and maximum intercuspation,
and general occlusal irregularities. Central factors encompass psychological, patho-
physiological, neurological, genetic, and systemic elements, as well as side effects
of medications. Recent review studies indicate that pathophysiological components
account for nearly 70% of bruxism cases, psychosocial factors account for approxi-
mately 20%, and morphological factors account for about 10%.

3.1 Morphological factors

Although skeletal deviations and occlusal discrepancies were initially considered
the primary causes of bruxism, they are now believed to play only a limited role. No
reliable association has been established between occlusal interferences and bruxism,
and the elimination of these interferences has not been shown to affect parafunctional
activity [28, 29] significantly. Nonetheless, achieving harmony between centric rela-
tion and maximum intercuspation is considered clinically beneficial [30].

3.2 Psychosocial factors

Although psychological factors have long been proposed as potential triggers for
bruxism, no consistent personality profile unique to “bruxists” has yet been defined
[31]. Questionnaire-based and self-reported studies suggest that individuals with
a history of clenching or grinding may be more prone to anxiety, hyperactivity, or
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aggression, although these findings lack consistency [32, 33]. The current theoreti-
cal framework posits that daily life stressors may increase both the frequency and
severity of bruxism episodes. This model suggests that the limbic system and hypo-
thalamus may trigger parafunctional activity by sending unnecessary stimuli to the
masticatory muscles via the gamma-efferent pathway [34]. Indeed, isolated EMG
recordings have shown a notable increase in masseter muscle activity during stressful
periods, such as exams, arguments, or high workloads; however, these observations
are mostly case-based, and their interpretation remains at a hypothetical level [35].
The lack of large-scale polysomnography-supported studies limits our understand-
ing of the actual impact of psychological stress on nocturnal bruxism. Therefore,
while stress, anxiety, and personality traits are accepted as potential contributors, their
precise role in the development of bruxism has yet to be quantified. Further objective,
longitudinal, and multi-center studies are needed to clarify these associations.

3.3 Pathophysiological factors

Sleep is divided into two primary phases: non-rapid eye movement (NREM) and
REM, which alternate cyclically throughout the night [32, 36-38]. Polysomnographic
data demonstrate that bruxism-related masticatory muscle activity can occur in all
stages of the sleep cycle. However, approximately 60-80% of bruxism episodes in
adults are concentrated in the first two stages of NREM sleep (N1-N2) [32, 36-38].
Although episodes occurring during the REM phase are less frequent, they are
considered the most destructive form due to the intensity of muscle contractions and
their prolonged duration [39].

It has been suggested that autonomic arousal and cortical reactivation dur-
ing micro-arousals may trigger nocturnal bruxism by stimulating the masticatory
muscles. Moreover, shortening of slow-wave sleep (N3) has been reported to facili-
tate this triggering [40, 41]. In individuals with snoring or obstructive sleep apnea
syndrome (OSAS), both of which cause sleep fragmentation, bruxism risk has been
shown to increase significantly [42, 43].

Recent studies highlight that centrally mediated autonomic nervous system
mechanisms, modulated by psychological stress, play a more substantial role in the
pathophysiology of bruxism than previously assumed [29, 30].

3.4 Drug-related side effects

Various studies have suggested that the side effects of substances, such as alcohol,
caffeine, tobacco, and prescription medications for systemic diseases may contribute
to the development of bruxism [44-46]. Lobbezoo et al. reported a reduction in brux-
ism activity in patients receiving low doses of levodopa. In contrast, long-term use of
levodopa, particularly in conditions such as Parkinson’s disease, was associated with
increased clenching and grinding [47]. The same research group also proposed that
selective serotonin reuptake inhibitors (SSRIs) may trigger bruxism when used long
term [48]. Although there is a widespread belief regarding the adverse effect of SSRIs
on bruxism, controlled clinical data confirming this association remain insufficient.

3.5 Genetic factors

Evidence concerning the genetic predisposition to bruxism appears to be conflict-
ing. An extensive survey involving over 4,000 twin pairs reported that 39-64% of the
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variance in bruxism could be attributed to genetic factors [49]. In contrast, another
study with 250 twin pairs found no evidence of heritability [50]. On a molecular level,
a specific polymorphism in the HTR2A gene has been associated with an increased
susceptibility to sleep bruxism [51]. Additionally, between 20% and 50% of individu-
als with nocturnal bruxism report a family history of teeth grinding [31]. A meta-
analysis reviewing 10 genetic studies supports the hypothesis that bruxism is partially
heritable [52].

4. Diagnosis

Bruxism can be challenging to diagnose due to the lack of awareness by the patient
or their surroundings, as well as the clinician’s limited attention to subtle signs and
symptoms.

The American Academy of Sleep Medicine (AASM) updated its diagnostic criteria
in 2014, summarized as follows (Table 1) [53]:

Due to the lack of a universally accepted diagnostic standard, an international
consensus meeting was held in 2013 to address this uncertainty. The expert panel
defined bruxism as “a repetitive jaw-muscle activity characterized by clenching or
grinding of the teeth and/or by bracing or thrusting of the mandible.” The consensus
also emphasized the circadian classification of bruxism into two distinct types: sleep
bruxism and awake bruxism. To facilitate use in both clinical and research settings, a
three-level diagnostic grading system was proposed (Table 2) [54].

Since no single test is considered sufficient to confirm the diagnosis of brux-
ism, multiple approaches are often used in combination. According to Koyano et al.
[55, 56], five main diagnostic strategies are commonly employed in clinical practice.

4.1 Questionnaires

Questionnaires are widely used in both clinical practice and field studies to screen
for bruxism. Their primary advantage is their ability to assess large populationsin a
short time. The most frequently used formats include yes/no responses to questions
such as:

* Do you feel pain or fatigue in your jaw muscles upon waking?

* Do you experience tooth pain in the morning?

* Has anyone ever noticed that you grind your teeth during sleep?

Criterion Description / Clinical sign

A—sleep sound Repetitive or regular grinding/clenching sounds during sleep, reported
by a bed partner or observer.

B—clinical findings (at least one 1. Pathological teeth consistent with sleep bruxism

must accompany A) 2.Morning jaw muscle pain or fatigue, or temporal headache

3.Sensation of jaw locking or tightness upon awakening

Table 1.
Diagnostic criteria for sleep bruxism (American Academy of Sleep Medicine, 2014).
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Level Basis of diagnosis

Possible Self-report only (questionnaire or interview)

Probable Self-report + clinical examination showing bruxism-specific findings

Definite Self-report + clinical signs + polysomnography (preferably with audio-video recording)
Table 2.

International consensus-based grading of bruxism.

* Have you ever noticed yourself grinding your teeth during the day?
* Do you catch yourself clenching your teeth during the day?
* Do you experience temporal headaches upon awakening?

According to Pintado et al., individuals clinically identified as bruxists answered
“yes” to at least two of the six questions above. However, it is important to note that
these diagnoses were not always confirmed using additional objective methods [57].

4.2 Clinical examination

The clinical diagnosis of bruxism is typically based on a combination of patient-
reported symptoms and morphological and functional findings observed during
examination. Key indicators that may support suspicion of parafunctional activity
include:

* Reported grinding or clenching sounds during sleep by others

* Masseter muscle hypertrophy

* Morning masticatory muscle pain, fatigue, or temporal headache

* Temporomandibular joint clicking or locking

* Thermal sensitivity and pathological tooth wear

* Mucosal indentations on the cheek or tongue (Figure 1)

* Wear patterns consistent with normal or eccentric mandibular movements.

Sleep bruxism is most often brought to clinical attention by the patient’s partner
or family member. During a clinical examination, the presence of pathological wear
on the incisal-labial and palatal surfaces of the anterior teeth, or the occlusal surfaces
of the posterior teeth, typically supports the diagnosis. The severity of tooth wear can
range from small, polished spots on the enamel to deep surface loss exposing second-
ary dentin (Figure 2). Experimental data have shown that intra-tissue fluid pressure
increases during bruxism episodes, leading to muscle edema, which is expected to
contribute to pain perception [58].

Another common objective sign is masseter muscle hypertrophy (Figure 3) [55].
While hypertrophy typically appears as a bilateral and symmetrical enlargement, unilat-
eral cases have also been reported. Therefore, to determine whether the observed hyper-
trophy is indeed related to bruxism, a comprehensive clinical examination is necessary,
and ambiguous cases should be referred to the appropriate medical specialty.
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Figure 1.
Scalloped tongue (indentation marks on the lateral side).

Figure 2.
Pathological wear patterns on incisal-labial and palatal surfaces of anterior teeth and occlusal surfaces of
posterior teeth.

Figure 3.
Masseter muscle hypertrophy.

4.3 Objective measurement with intraoral appliances

To strengthen the diagnosis of bruxism in research settings, objective data beyond
clinical observation are required. One such method involves analyzing wear marks on
occlusal splints, which can provide quantitative insights into the presence and sever-
ity of bruxism [59, 60]. In more advanced setups, pressure sensors embedded in the
splints dynamically record biting force, offering a detailed profile of parafunctional
activity [61, 62]. These approaches improve diagnostic accuracy by enabling both
wear pattern analysis and real-time force measurement.
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4.4 Polysomnographic assessment

Polysomnography (PSG) is regarded as the gold standard for diagnosing bruxism.
However, its use is limited by high equipment costs and the requirement for a sleep
laboratory setting, which may alter the patient’s natural parafunctional behavior due
to the unfamiliar environment [55, 63]. The primary diagnostic marker for noctur-
nal bruxism in PSG is the electromyographic (EMG) activity of the jaw muscles.
Additionally, PSG enables differentiation between bruxism and other orofacial
activities, such as snoring, swallowing, or coughing, and can detect co-existing sleep
disorders, such as obstructive sleep apnea (OSA) or insomnia. Furthermore, PSG
allows for the simultaneous monitoring of cardiovascular and respiratory changes
associated with sleep bruxism [38, 64, 65].

5. Treatment

The management of bruxism primarily targets three anatomical and functional
domains: the masticatory muscles, the TMJ, and the dentition. Disorders originating
from the TMJ or masticatory muscles are collectively classified under the umbrella
term temporomandibular disorder. The origins of this concept trace back to James
Costen’s description of otological symptoms associated with TM] dysfunction. Later,
Ramfjord and Ash proposed categorizing these conditions as functional joint disor-
ders [66]. Both the American Academy of Orofacial Pain (AAOP) and the American
Dental Association (ADA) have adopted the term TMD to encompass all dysfunctions
of the masticatory system.

According to the classification framework developed by J.P. Okeson, which is
widely used for diagnostic and therapeutic guidance, TMDs are grouped into four
major categories:

a.Masticatory muscle disorders
b.Temporomandibular joint disorders
c. Chronic mandibular hypomobility
d.Developmental anomalies.

The treatment of bruxism is tailored based on which of these groups is predominantly
involved. For instance, in cases of muscle hyperactivity, physical therapy, biofeedback, or
botulinum toxin injections may be utilized. When joint dysfunction is evident, occlusal
splints, manual therapy, or intra-articular injections may be indicated. In the presence of
tooth wear or malocclusion, occlusal adjustment or restorative approaches may be neces-
sary. Treatment protocols should be individualized based on symptom severity, distribu-
tion of etiological factors, and the patient’s general health status.

Given the multifactorial nature of TMD, no single therapy is sufficient for all
cases, and interdisciplinary collaboration is often essential. A comprehensive treat-
ment plan combining non-invasive and invasive strategies is typically required.

5.1 Reversible therapies

¢ Patient education and habit modification
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e Physical therapy interventions
* Pharmacotherapy
* Psychological support

* Occlusal splint therapy.

5.2 Irreversible (invasive) interventions
* Occlusal adjustment

e Surgical procedures.

5.3 Alternative techniques

¢ Botulinum toxin

Biofeedback therapy
* Hypnotherapy
* Anti-snoring devices.

This stepwise protocol advocates initiating treatment with low-risk conservative
methods, progressing to more extensive interventions only when necessary.

5.4 Reversible treatment approaches
5.4.1 Patient education and behavioral modification

Patients are educated to recognize their bruxism habits and taught self-monitoring
and behavioral control techniques. Exercises involving the tongue and palate, as well as
stress reduction strategies, such as yoga or psychotherapy, may be recommended [67, 68].

5.4.2 Physical therapy

Modalities such as transcutaneous electrical nerve stimulation (TENS), ultra-
sound, and massage may improve muscle relaxation and circulation [69].

5.4.3 Psychiatric support

Counseling or psychotherapy focused on anxiety and stress management can
enhance the patient’s awareness of parafunctional habits, thereby helping reduce the
frequency of clenching and grinding [68].
5.4.4 Pharmacotherapy

Medications such as muscle relaxants, benzodiazepines, and tricyclic antide-
pressants are commonly used for orofacial pain and sleep bruxism. In some cases,
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dopamine agonists, propranolol, or botulinum toxin A may be added. However, the
number of well-controlled studies supporting their efficacy remains limited [70].

5.4.5 Occlusal splint therapy

Among conservative treatments for the masticatory system, the use of interoc-
clusal appliances (occlusal splints or night guards) is the most common approach [9].
Initially developed by Karolyi in 1901, splint design has evolved, with rigid acrylic
appliances now preferred over soft materials due to superior stability, wear resistance,
and adjustability [71, 72]. Soft splints are prone to deformation, discoloration, and
lack of retention, leading to reduced clinical longevity [73-78].

The primary therapeutic goals of splints include [71-79]:

* Eliminating premature contacts

* Protecting teeth from wear

* Promoting muscle relaxation

* Reducing TM] stress

* Supporting proper condylar positioning

* Monitoring adaptation to occlusal or vertical changes.

Their effect stems from occlusal redistribution, reduced proprioceptive drive,
joint stabilization, and increased behavioral awareness. A minor vertical increase
promotes muscle relaxation by restoring optimal fiber length. The perception
of the splint as a “treatment device” may also elicit a placebo effect (Hawthorne
effect) [80].

According to Laskin’s classification, four main types are used clinically: stabiliza-
tion splints, anterior/posterior bite plates, anterior repositioning splints, and soft
splints [81].

5.4.5.1 Stabilization splints

Made of hard acrylic and covering the entire arch, these splints—referred to in
the literature as Michigan, Fox, Tanner, flat-plane, or Ramfjord appliances—promote
stable centric occlusion and provide anterior guidance during dynamic movements.
While typically applied to the arch with more missing teeth, selection depends on
skeletal and arch morphology [82]. It is one of the first options in temporomandibular
disorders accompanied by pain and functional limitations [83].

5.4.5.2 Anterior bite plates

These thin acrylic appliances cover the upper anterior teeth and contact only the
mandibular anterior teeth. By eliminating posterior contacts, they effectively reduce
muscle hyperactivity in a short period. They are typically used for 3-6 days during
initial therapy. Extended use may cause supraeruption of posterior teeth, leading to
anterior open bite [11].
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5.4.5.3 Anterior vepositioning splints

These full-arch appliances guide the mandible slightly forward and downward
from the intercuspal position, stabilizing the condyle-disc complex and allowing
time for retrodiscal tissue adaptation. Some authors recommend continuous wear
(including during meals) for 6-7 weeks, while others suggest nighttime-only use for
2-6 months [82].

5.4.5.4 Soft splints

Soft splints are appliances made of thermoplastic material. They have a specific
thickness and do not require balancing or adjustment with opposing teeth. They
maintain continuous contact with the opposing teeth. This splint is used for urgent
intervention in patients with pain and dysfunction. Wright reported that occlusal
changes occur in users of soft splints, and symptoms increase in patients using non-
adjusted appliances. Additionally, it is noted that soft splints may trigger parafunc-
tional activity [84, 85].

5.5 Alternative techniques
5.5.1 Botulinum toxin

Botulinum toxin (Botox) is an exotoxin produced by Clostridium botulinum. This
toxin causes temporary inactivation of muscles and glands by blocking the release
of acetylcholine at the neuromuscular junction, also known as the cholinergic motor
nerve terminals. In the treatment of bruxism, Botox injections are typically applied
to the masseter muscle. However, in studies considering the synergistic effect of the
masseter and temporal muscles, injections have been administered to both muscles.

Treatment option Indications Evidence Notes
level
Behavioral counseling Mild bruxism, awake Moderate First-line approach; includes patient
episodes education, stress management, and habit

reversal techniques

Physical therapy Muscle pain, Moderate Jaw exercises, relaxation techniques, and
hyperactivity posture correction, often combined with
behavioral therapy
Occlusal splints Sleep bruxism, tooth High Reversible, protective; reduces
(stabilization splints) wear, TM]J overload dental wear and may alleviate muscle
hyperactivity
Botulinum toxin Resistant muscular Low to Adjunctive therapy; effects are
injections hyperactivity, severe moderate temporary and require repeat
jaw pain administration
Pharmacological Severe cases with painor ~ Low Analgesics, muscle relaxants, or
therapy comorbidities anxiolytics; use with caution due to side
effects
Surgical intervention Rare, severe TMJ Very low Last resort; irreversible and high-risk;
dysfunction limited supporting evidence
Table 3.

Summary of bruxism treatment options, indications, and evidence levels.
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There is a lack of sufficient studies comparing these two approaches. In recent years,
the use of Botox in the treatment of both daytime and sleep bruxism has been a topic
of discussion. It has been proven that botulinum toxin reduces bruxism symptoms
[86]. The toxin inhibits the release of acetylcholine, a neurotransmitter respon-
sible for glandular secretion and muscle contraction. This results in a reduction in
muscle tone in the injected area. The substance effectively weakens the muscle for
3—4 months [87].

Table 3 summarizes the primary treatment modalities, their clinical indications,
and levels of supporting evidence to aid clinical decision-making.

6. Conclusion

Bruxism is a multifactorial, dynamic condition influenced by anatomical, neuro-
logical, psychological, and genetic components [3, 7, 26]. Recent diagnostic advances,
including classification systems and technological tools, have improved diagnostic
accuracy and therapeutic targeting [53-55].

Conservative approaches—such as behavioral therapy, physical rehabilita-
tion, and stabilization splints—remain the foundation of treatment [9, 66, 71]. In
cases resistant to conventional methods, botulinum toxin serves as a viable adjunct
[86]. Pharmacologic and surgical interventions are reserved for specific, severe
presentations.

A multidisciplinary, personalized treatment plan based on the patient’ clinical
and psychological profile is essential for long-term success.

Future research on bruxism should aim to clarify the neurophysiological pathways
involved in both sleep and awake forms, using longitudinal study designs that capture
variation over time. The integration of wearable diagnostic technologies, including
EMG sensors and bite force detectors, may offer real-time, ecologically valid data.
Additionally, advances in genetic analysis and neuroimaging can enhance precision
diagnostics and help define personalized treatment pathways. Standardization of
outcome measures and longer follow-up periods is essential to assess the durability
and safety of both conventional and emerging therapies.
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Abstract

Temporomandibular joint (TM)J) is a hinge joint that occur between the jaw and
temporal bone with an articular disc separating the two structures. The disorders
associated with TMJ are due to problems involving the muscles of mastication, the
temporomandibular joint itself, and associated structures such as the ear. The most
frequent otological manifestations in relation to temporomandibular disorder (TMD)
are, hearing loss, otalgia, tinnitus, ear fullness, and vertigo. The objective of this
review is to highlight the various otological manifestations of temporomandibular
joint disorders (TMD). Although the mechanisms that are responsible for these
manifestations are not fully known, the various theories reported by researchers are
as follows: the inflammatory process near the TM]J, the shared innervation pathways,
muscle spasms on the tympanic membrane, auditory perception as modulated
by central neural process, pressure changes and compression of nerves. Most of
these disrupt Eustachian tube function causes its blockage and results in various
hearing-related symptoms. Management of the condition is usually involved thor-
ough evaluation with contribution from pure tone audiometry, tympanometry, and
occasionally computerized tomography scan or magnetic resonance image examina-
tions. A multidisciplinary approach (ENT, Dentists, Physiotherapy and Oral and
Maxillofacial) is therefore recommended in the management. Usually, most of the
affected individuals normally respond to conservative treatment, physical therapy
and analgesics. Otological presentations of TMD are common and need a high index
of suspicion to arrive at a diagnosis and treatment. There is a need for more studies
to further reveal the association between temporomandibular disorders and neuro-
otologic manifestations.

Keywords: disorders, otological, temporomandibular, hearing loss, joint

1. Introduction

Temporomandibular joint (TM]) is a hinge joint that occurs between the jaw and
the temporal bone with an articular disc separating the two structures [1]. The TM]J is

103 IntechOpen



Temporomandibular Joint Disorders — New Perspectives in Diagnosis and Treatment

very important in performing the function of jaw movement, which may include pro-
pulsion, laterality, yawning, chewing, biting, and opening and closing of the mouth
[2-4]. The muscles of mastication are primarily responsible for the movement of this
joint. Temporomandibular joint disorders (TMJD) are a major cause of non-dental
pain in the orofacial region. TMJ also aids the Eustachian tube opening during its
various movements. The disorders associated with TM] are due to problems involving
the muscles of mastication, the temporomandibular joint itself, and associated struc-
tures such as the ear [5]. The causes of TMJD are multifactorial and include excessive
masticatory muscle activity, harmful habits, TMJ trauma, degenerative disorders,
and psychosocial factors [6, 7]. Others are a combination of genetics, clenching or
grinding of the teeth (bruxism), arthritis, autoimmune diseases, dental surgery, and
infections [8]. These disorders are said to be common among women and Caucasians
than in African Americans [9].

Barreto et al. and Pita et al., in their literature reviews on TMDs and the relation-
ship with auditory symptoms, concluded that there is a link between the stomato-
gnathic system and the auditory system [10, 11]. Studies have also postulated that the
pathophysiology of otological symptoms in TMD patients may be due to the anatomi-
cal proximity of the TMJ, muscles innervated by the trigeminal nerve, and the ear
structures [12].

Epidemiological findings generally have reported that the prevalence of ear
symptoms in the general population may be in the range of 10-31%; however, this
may increase to 85% in patients with TMD. It was also noted that 50% of those
patients referred due to otological complaints may not present with problems
in the ear [13, 14]. However, there are some problems that are associated with
this disorder, namely difficulty in chewing, dizziness, facial pain, headaches,
jaw pain, stiffness in the neck or shoulders and trismus. The most cited otologi-
cal symptoms in the literature that are related to TMJD in various studies were
tinnitus, otalgia, ear fullness, hearing loss and vertigo [15, 16]. Population-based
studies show that TMD affects 10-15% of adults, but only 5% usually seek treat-
ment [17, 18].

The incidence of TMD peaks from 20 to 40 years of age; it is twice as common in
women as in men and carries a significant financial burden from loss of work [19].
Symptoms can range from mild discomfort to debilitating pain, including limita-
tions of jaw movement. Multifactorial diversity that can lead to the onset of TMJDs
makes it difficult to identify a single cause for the presence of ear complaints in such a
population [20].

In a study of the relationship between otological symptoms and TMD conducted
by Pamela et at, it was shown that the number of female patients was higher than
male, with a ratio of 78.54% to 21.45%, respectively. Regarding the age groups, the
highest prevalence of otological symptoms occurred in the 41-50 years-old group
(37%) followed by the 51-60 years-old group (32%) [2]. The findings also indicated
that the prevalence of otological symptoms such as tinnitus, deafness, dizziness, ear
fullness, and imbalance was 87% regardless of sex and age, but when they studied the
presence of symptoms alone, it was observed that tinnitus had the highest prevalence
of 42%, followed by ear fullness 39% [2]. When relating the symptoms they pre-
sented with the participant’s gender, there were significant relationships (p < 0.05) in
symptoms of tinnitus and dizziness [2].

The association of TMD and the origin of otologic symptoms is not yet fully
understood, but there were some studies that show the relation between otological
symptoms and TMD [21, 22].
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Manfredini et al. noted that the frequency of TMD signs and symptoms in
general population ranged between 5% and 50%, however many epidemiological
studies evaluated the prevalence of TMD in different population, among them
are Caucasian (17-20%), Hongkong Chinese (21%), Native American (23-26%)
[23]. The prevalence of TMD in the study conducted by Mohammed was 20.5%, as
reported by him [24].

As noted above, patients with various type of temporomandibular disorder
(TMD) present with several symptoms in their temporomandibular joints, mastica-
tory muscles and associated structures, and also might have otological symptoms
such as tinnitus, ear fullness, ear pain, hearing loss, hyperacusis, and vertigo, which
are due to the anatomical proximity between the temporomandibular joint, muscles
innervated by the trigeminal nerve, and the ear structures as noted by Caria et al. [7].
We therefore review some of these symptoms as they occur in temporomandibular
disorders with emphasis on the pathophysiology and mechanism, evaluation and
treatment.

2. Hearing loss and temporomandibular joint disorder

Temporomandibular joint disorder is a relatively common condition and affects
people of all ages, with about one-third of adults experiencing the symptoms.
Hearing loss is one of the complaints associated with this disorder, and it is said to
be noticed in 1 out of 10 people with TMD [25]. There are some symptoms that are
related to hearing loss in this disorder. Some of the symptoms are muffled hearing,
ringing in the ears, otalgia, sensation of fullness in the ear, and popping or clicking
sounds during movement of the jaw [25]. The level of hearing loss may depend on the
severity of the TMJ disorder. A study conducted by Kitsoulis et al. reported that those
who had the most symptoms, including jaw stiffness, were more likely to experience
hearing problems [26].

2.1 Pathophysiology and mechanisms of hearing loss in TMD

Since the TM]J is situated very close to the middle ear, disorders of TM]J can affect
hearing, although the exact reason is not clear, but thought to be due to inflammation
and pressure from the joint, which can affect the nerves and muscles at the site and
subsequently lead to blockage of the Eustachian tubes [26].

Other researchers thought that it was due to altered middle-ear/inner-ear pressure
equilibrium [27]. Tinnitus and hearing loss may also be due to improper drainage
of fluid from the middle ear by the Eustachian tube [28]. Identifying TM]-related
hearing loss can be challenging, as the symptoms may overlap with other conditions.
Individuals experiencing TM]J-related hearing loss may report a combination of the
following symptoms: ear fullness or pressure, tinnitus (ringing or buzzing in the
ears), reduced hearing sensitivity, ear pain or discomfort, muffled or distorted hear-
ing, dizziness or imbalance. Another theory proposes that common innervation of the
tensor veli palatini, tensor tympani, masseter, temporalis and pterygoid muscles by
the motor nucleus of the trigeminal nerve is the underlying cause of the aural symp-
tomatology in TMD patients [29].

It is important to note that sensorineural hearing loss is uncommon; however,
there were transient or subjective hearing changes which was reported in a significant
number of TMD patients. The following mechanisms or theories were said to have
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been involved in hearing loss and TMD. However, further investigations are necessary
to fully comprehend the underlying mechanisms and establish a definitive causal
relationship.

2.1.1 Eustachian tube dysfunction

The two muscles, namely, the tensor veli palatini and tensor tympani, which are
innervated by the mandibular branch of the trigeminal nerve, also supply the TMJ.
The muscles play a major role in Eustachian tube function and middle ear pressure
regulation. Abnormal function of those nerves may affect hearing [30]. Eustachian
tube is responsible for equalizing pressure in the middle ear. Its inflammation can
affect and cause Eustachian tube dysfunction, which can lead to a sensation of full-
ness, pressure, and potentially conductive hearing loss [31].

It has been reported that TMD patients cannot open their mouths wide (trismus)
to yawn which was due to inflammation and subsequently led to poor Eustachian
tube function [29]. The end result may be otitis media with effusion and hearing
loss. Chronic muscle tension from TM] disorders can also affect the Eustachian tube,
causing it to become blocked, which can lead to middle ear effusion. Also, as a result
of muscle hyperactivity or dysfunction, there may be negative middle ear pressure,
conductive hearing loss and sensation of “ear fullness” [32].

2.1.2 Proximity, potential mechanisms and ossicular chain vibration disturbance

Another possible theory for the association between TMJ disorders and hearing
loss is the close proximity of the temporomandibular joint to the middle ear. The
middle ear contains the ossicles, which transmit sound vibrations from the eardrum
to the inner ear. The thin bony wall separating the temporomandibular joint and the
middle ear, known as the tympanic plate, leaves room for potential influences on
middle ear function and hearing [27].

2.1.3 Shared neural pathways, referred neural effects and muscle dysfunction

Another theory proposes that the muscles involved in TM]J disorders, including
those responsible for jaw movement and those connected to the middle ear, share
neural pathways or have interconnected reflexes. Abnormal functioning in these mus-
cles could impair the normal activity of the auditory system and subsequently lead to
hearing-related symptoms. In this mechanism, it was projected that shared innerva-
tion pathways (the trigeminal nerve) between the TMJ and auditory structures may
affect auditory perception through central neural modulation [33].

2.1.4 Inflammation, swelling and nerve compression

One theory focuses on the inflammation and swelling commonly associated with
TM]J disorders. Inflammation in the temporomandibular joint and surrounding
tissues can spread to nearby structures, including the middle ear. This inflamma-
tion may disrupt the delicate structures of the middle ear, such as the ossicles or the
eardrum, and interfere with their ability to transmit sound vibrations effectively, lead-
ing to a variety of symptoms such as ear fullness, pressure, and potential hearing loss.
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The inflammation-induced disruption can impede the movement of air and fluid in
the Eustachian tube—the tube that connects the middle ear to the back of the throat,
leading to changes in middle ear pressure and impaired sound transmission to the
inner ear [3, 34].

The misalignment or dysfunction of the jaw joint in TMJ disorders can result in
nerve compression. The nerves that supply the ear, including the trigeminal nerve and
its branches, pass through or near the temporomandibular joint. When the jaw joint
is misaligned, excessive pressure or tension can be exerted on these nerves, affecting
their normal function [33]. The compression of these nerves can disrupt the transmis-
sion of auditory signals from the ear to the brain, resulting in various hearing-related
symptoms. This compression can affect the auditory pathway, potentially leading to
sensorineural hearing loss, where the nerve itself is affected. Tinnitus, a ringing or
buzzing sensation in the ears, reduced hearing sensitivity, and a feeling of blocked
or muffled hearing are among the potential auditory symptoms that may arise from
nerve compression [35]. It is important to note that the relationship between TM]J-
related inflammation, nerve compression, and hearing loss is complex and multi-
faceted. Further research is needed to gain a more comprehensive understanding
of the underlying mechanisms and the extent of their impact on auditory function.
Additionally, individual variations in the presentation of TMJ disorders and associ-
ated hearing symptoms should be considered, as the severity and specific mechanisms
can vary from person to person.

2.1.5 Divect impact on middle ear structures and pressure changes

Direct effect on the ossicular bone in the middle ear can occur as those ossicles
are attached to the TM] via ligaments. Inflammation and muscle spasms can affect
the tension of the tympanic membrane, potentially disrupting sound transmission
[27]. Other contributing factors like tinnitus can also cause hearing loss in patients
with TM]J disorders. Muscle tension and pressure changes can cause tinnitus, which
can make it difficult to hear or concentrate. The TMJ’s movement can create pressure
changes that directly affect the cochlea (inner ear structure).

2.2 Prevalence and characteristics

Hearing loss associated with TM] disorders has been found to occur in 5-30% of
TMD patients, depending on the diagnostic criteria [36]. Also, the hearing loss was
said to be unilateral or bilateral in nature and may be fluctuating rather than progres-
sive. It was mostly conductive or mixed in nature and more often than not can be
associated with ear fullness, tinnitus and ear ache.

2.3 Evaluation of hearing loss associated with TMD

Evaluation of patients with hearing loss associated with TM]J disorders mainly
consists of getting detailed and comprehensive history from the patients followed by a
thorough general or physical and clinical examination of the Ear, Nose, Throat, Head
and Neck. Such examinations are to exclude primary ear pathology. Emphasis should
be more on otoscopy, palpation of the TMJ and related muscles and bones. Otoscopy
may be normal in TM]—related hearing loss.
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2.4 Investigations
The following investigations should be carried out
i. ENT evaluation
ii. Pure tone audiometry (PTA)—it may show mild conductive hearing loss
iii. Tympanometry—to rule out middle ear pathology

iv. Magnetic resonance imaging (MRI)—useful for identifying internal derange-
ment of TMJ (e.g., disc displacement)

2.5 Treatment of hearing loss from TMD

Treatment is usually directed to the cause or suspected cause of hearing loss.

Although ENT surgeons will not personally initiate surgical treatment once the
diagnosis of TMD has been made, they are integral in commencing conservative
management and involving a multidisciplinary care team [18].

By ordinarily treating the underlying TMD, most of the hearing symptoms would
resolve. However, the following modes of treatment are employed depending on the
findings:

i. Occlusal splints to reduce joint pressure.
ii. Physical therapy for muscle relaxation and posture.
iii. NSAIDs or muscle relaxants to reduce inflammation or spasm.
iv. Behavioral therapy for stress-related bruxism or clenching.

v. Myofunctional therapy to improve muscle coordination affecting the Eustachian
tube.

3. Tinnitus and temporomandibular disorders

Tinnitus otherwise known as ringing or buzzing in the ears is one of the extra-
articular symptoms often associated with TMD. This symptoms can significantly
affect quality of life and are frequently misdiagnosed, often leading to referrals to
ENT specialists before the TMJ origin is considered.

Epidemiologic studies have demonstrated tinnitus to be a common symptom in
the general population, but with a higher prevalence in patients with TMD symptoms
[37]. Israel et al. in their study reported the incidence of tinnitus to be 10-31% of the
general population and up to 85% in the population of patients with TMD symptoms
[38]. Another study done by Morais et al. reported a prospective and cross-sectional
study seeking to characterize tinnitus in individuals with normal hearing and its
relationship with TMD. They found that 70% of the individuals were women with an
average age between 20 and 55 years [39]. Tinnitus related to TMD is thought to be
produced by the lateral pterygoid muscles and the discomalleolar ligament [29].
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3.1 Mechanism and pathophysiology of tinnitus in TMD

The tinnitus in TMD is described as a subjective type and non-pulsatile, and it has
been reported to be due to the following mechanism

i. Muscle hyperactivity—when there is spasm or hypertonicity in the muscles of
mastication or cervical muscles, it will have an effect on the middle ear muscles,
for example, tensor tympani, leading to altered auditory perception.

ii. The neural pathways of the trigeminal nerve and auricuo temporal nerve seem to
overlap, which may cause referred auditory sensations.

iii. TMJ-middle ear connection: The close anatomical relationship between the TM]
and the ear canal (especially the anterior wall of the external auditory canal)
can transmit abnormal joint motion or inflammation, potentially impacting ear
structures.

iv. Somatosensory tinnitus: Stimulation of the somatosensory system (jaw move-
ments, pressure on masticatory muscles) can modulate auditory perception in
the brainstem.

v. Tinnitus related to TMD is thought to be produced by the lateral pterygoid
muscles and the discomalleolar ligament [29].

Tinnitus is reported in 30-60% of TMD patients. Many of these patients lack any
primary ear pathology, and ENT evaluations may be normal.

4. Otalgia and temporomandibular disorder

This type of ear pain is called referred or secondary earache. It has no identifi-
able otologic cause that comes from TMD. Usually, the pain is from the masticatory
muscles, TMJ and associated structures according to Miller and Wyrwa [40].

Salvetti et al. suggest that disposition of the joint disk during jaw movement
increases pressure in the Eustachian tube, the ear structures, the auriculotemporal
and masseteric nerve and some branches of the deep posterior temporal nerve. The
auriculotemporal nerve innervates the TM]J, the tympanic membrane, the anterosu-
perior part of the external ear and the tragus, and its stimulation gives the sense of
otalgia [41].

4.1 Mechanisms
This type of pain has a possible mechanism through one of the following ways [42, 43]:
i. Shared innervation: The auriculotemporal branch of the mandibular division of
the trigeminal nerve (V3) innervates both the TMJ and the external auditory

canal. Irritation or dysfunction in the TM]J can be perceived as ear pain.

ii. Myofascial pain referral: Trigger points in masticatory muscles (especially the
masseter and lateral pterygoid) may refer pain to the ear region.
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iii. Joint inflammation or internal devangement: These may exert pressure or inflam-
matory effects on adjacent tissues, contributing to otalgia.

4.2 Epidemiology

i. Otalgia is reported in 40-70% of TMD cases, especially in those with disc
displacement or joint inflammation [32].

ii. Many of these patients lack any primary ear pathology, and ENT evaluations
may be normal.

4.3 Clinical evaluation

In evaluating a patient for otalgia, whether primary or secondary the following
steps should be follow.

1. Detailed history must be obtained from the patient, as it relates to the location,
duration, jaw locking, and trauma.

2. A comprehensive general or physical and clinical examination of ear, nose and
throat is done. Emphasis should be laid on palpation of TM]J and surrounding
structures, muscles of mastication and bone. Jaw movement and deviations are
also noted. The diagnosis of pain-related TMD is made on history and physical
examination findings alone [32].

3.Investigation that should be done are audiological testing, which comprises pure
tone audiometry and tympanometry. Magnetic resonance imaging (MRI) should
be carried out under certain conditions. Usually, the hearing may be normal and
the absence of diseases in the middle or inner ear.

4. Treatment of otalgia associated with TMD should be based on:

a. Conservative management (first-line): by applying any of the following,
depending on findings

i. Occlusal splints (bite guards). This is to reduce joint loading and bruxism.
ii. Physical therapy, like TMJ exercises, postural correction.

iii. Pharmacologic: Non-steroidal anti-inflammatory drugs (NSAIDs), muscle
relaxants, low-dose tricyclic antidepressants.

iv. Cognitive behavioral therapy (CBT): Stress and pain management.
v. Dietary modifications like a Soft diet, avoiding chewing gum.
b.Advanced management:

i. Trigger point injections or botulinum toxin for myofascial pain.

ii. TMJ arthrocentesis or surgery (rarely needed).
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c. For tinnitus, the following measures should be applied
i. Somatosensory tinnitus modulation techniques: for example, jaw exercises.

ii. Sound therapy or tinnitus retraining therapy (TRT) if persistent.

5. Vertigo and temporomandibular disorder

Vertigo is a subjective sensation of imbalance where a patient feels like either he/
she or the environment is moving when it is not. It is a specific type of dizziness that
can significantly impact balance and make everyday tasks difficult.

5.1 The possible mechanisms through which a patient with TMD may have vertigo
are as follows

i. Anatomical proximity: The TM] is very close to the inner ear and vestibular
apparatus. With inflammation or malfunction in the TM]J, it can affect nearby
structures through mechanical or inflammatory means [27].

ii. Auriculotemporal nerve irritation: This nerve supplies the TMJ and parts of the
external ear and may affect balance perception if irritated.

iii. Tensor veli palatini and tensor tympani muscle dysfunction: These muscles, inner-
vated by the mandibular nerve (V3), are involved in auditory tube and middle
ear function. Also, muscle hyperactivity or spasm due to TMD can impair
Eustachian tube function, causing pressure changes and dizziness [31].

iv. Cervicogenic components: TMD is often associated with cervical spine abnormal-
ity (especially C1-C3), which may contribute to dizziness via proprioceptive
disturbances.

5.2 Clinical presentation

i. Prevalence: Studies suggest that up to 40.8% of TMD patients report dizziness
or vertigo [32].

ii. Symptoms overlap: TMD-related vertigo is often associated with ear fullness,
tinnitus, headache, and neck pain.

5.3 Diagnosis

This is based on the history, general or physical and clinical examination with
emphasis on TMJ palpation for pain, clicking, or crepitus. Also, evaluation of associ-
ated muscle tenderness (masseter, temporalis and sternocleidomastoid).

The following test should be carried out:

i. Otologic assessment: This will rule out vestibular pathologies (e.g., BPPV and
Meniere’s disease). In addition, the audiometry and vestibular function tests
should be carried out.
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ii. Imaging: TMJ MRI or cone beam computed tomography (CBCT) to assess joint
structure and disc displacement.
5.4 Treatment usually will consist of the following steps
a. Conservative TMD treatments:
i. Occlusal splints.
ii. Physical therapy for jaw and neck.
iii. Non-steroidal anti-inflammatory drugs (NSAIDs) and muscle relaxants.
iv. Stress management and cognitive behavioral therapy.
b. Vestibular thevapy:
i. For persistent vertigo symptoms, vestibular rehabilitation exercises may help.
c. Multidisciplinary approach:
i. Collaboration between dentists, ENT specialists, neurologists, and physical
therapists is often needed.
6. Ear fullness and temporomandibular disorders
Ear fullness — this is the sensation of pressure, blockage, or “stuffiness” in the
ear without actual hearing loss or any fluid collection. — It is a common Otological
symptom that may be linked not only to ear-related conditions (like Eustachian tube
dysfunction) but also to temporomandibular disorders (TMD).
6.1 Causes of ear fullness
Dalla-Bona et al. show that their data clearly suggest a link between aural fullness
and TMD. It is not clear how TMD causes aural fullness, although it has been proposed
that TMD patients with a clenching habit might have dysfunctional masticatory muscles
and tensor tympani muscles, leading to aural fullness [44]. Cox, in his study, reported
that ear fullness was experienced by 13.5% of TMD and 4.7% of non-TMD patients
[RR = 2.87] [45]. In the study done by Youngxin et al. [46], Aural fullness was completely
resolved or significantly improved in 67 and 34 patients, respectively, following treat-
ments aimed at improving TMD, with a combined effectiveness of 90.2% (101/112).
The temporomandibular joint is located very close to the ear canal and middle ear
structures. Dysfunction in this joint or surrounding muscles can lead to symptoms
perceived in the ear due to:

i. Anatomical proximity: The TM] lies just anterior to the external auditory canal.

ii. Shared nerve supply: The auriculotemporal nerve (branch of the mandibular
nerve, CN V3) innervates both the TMJ and parts of the external and middle ear.
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iii. Muscle tension/veferval: Spasm or tension in masticatory muscles (especially
the medial pterygoid and tensor veli palatini) may refer sensations to the ear

(Table1).
S/N  Symptoms Proposed mechanisms Clinical test Treatment
1 Hearingloss  1.Eustachian tube dysfunc- 1. Pure tone 1. Conservative
Eon—mtlhxs.ctle tension and audiometry 2.Occlusal splint
yperactivity
. . 2. Tympanometry 3.Physical therapy
2.Inflammation, swelling, and .
. 3. Computerized 4.NSAID
compression—may affect ¢ h g s
. o omography scan
middle ear due to proximity 5. Cognitive behavioral
3.Shared neural pathways therapy
(trigeminal nerve)—affect- 6.Myofunctional therapy
ing the TMJ and auditory
structures
4.Direct impact on the middle
ear structure—through liga-
ment and muscle attachment
to the ossicles
2 Otalgia 1. Shared neural pathways— 1. Pure tone 1. Conservative
M.andl’?ular division of audiometry 2.Occlusal splint
trigeminal nerve 2 Tympanometr
. . SLymp: y 3. Physical therapy
2.Inflammation, swelling and 3. Magnetic
compression e . 4.NSAID
resonance image
3. Myofascial pain referral (MRI) 5. Cognitive behavioral
therapy
6.Myofunctional therapy
7. Dietary modifications
3 Tinnitus 1. Muscle hyperactivity 1. Pure tone
2.TMJ-middle ear direct audiometry
contact 2. Tympanometry
3. Stimulation of the somato- 3. Magnetic reso-
sensory system nance image
4 Vertigo 1. Anatomical proximity and 1. Pure tone Conservative treatment
direct contact audiometry

2. Auriculotemporal nerve
irritation

3. Muscle dysfunction

4.Muscle hyperactive and
spam

5. Cervicogenic components

2. Tympanometry

3. Magnetic reso-
nance image

i. Occlusal splints

ii. Physical therapy for jaw
and neck.

iii. NSAIDs, muscle
relaxants.

iv. Stress management and
behavioral therapy.

Vestibular therapy:

i. For persistent vertigo
symptoms, vestibular
rehabilitation exercises
may help.

Multidisciplinary approach
(collaboration between
dentists, ENT specialists,
neurologists, and physical
therapists is often needed).
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S/N  Symptoms Proposed mechanisms Clinical test Treatment
5 Ear fullness i. Anatomical proximity: The 1. Pure tone

TMJ lies to the external audiometry

auditory canal.

. 2. Tympanometry
ii. Shared nerve supply: The

auriculotemporal nerve
(branch of the mandibular
nerve)

iii. Muscle tension/veferral:
Spasm or tension in
masticatory muscles

Table 1.
Summary table showing mechanisms of TMD presentation, tests and treatment.

7. Conclusion

Temporomandibular disorders refers to a group of conditions affecting the
temporomandibular joint (TM]), masticatory muscles, and associated structures. The
most frequent otological manifestations in relation to temporomandibular disor-
der (TMD) identified are: hearing loss, otalgia, tinnitus, ear fullness, and vertigo.
Proposed theories that led to each of the symptoms were highlighted. Adequate
history and proper clinical examination with appropriate investigations are very
useful in the diagnosis of this condition and will assist in early recognition of ENT
complaints. A multidisciplinary approach (ENT, Dentists, Physiotherapy and Oral
and Maxillofacial) is therefore recommended in the management. Usually, most of
the affected individuals normally respond to conservative treatment, physical therapy
and analgesics. There is a need for more studies to further reveal the association
between temporomandibular disorders and neuro-otologic manifestations.

Acknowledgements
I wish to thank my colleagues for the encouragement given during the preparation

of this work.

Funding

This work is self-sponsored.

Conflict of interest

The authors declare no conflict of interest.

114



Otological Presentation and Temporomandibular Joint Disorders
DOI: http://dx.doi.org/10.5772/intechopen.1012298

Author details

Toye Gabriel Olajide™, Oyebanji Anthony Olajuyin®, Atilade Waheed Adegbiji’
and Segun Mathew Agboola’

1 Department of Otorhinolaryngology, Afe Babalola University, Ado Ekiti, Nigeria

2 Department of Otorhinolaryngology, Ekiti State University Teaching Hospital,
Ado Ekiti, Nigeria

3 Department of Family Medicine, Federal Teaching Hospital, Ido Ekiti and Afe
Babalola University, Ado EKkiti, Nigeria

*Address all correspondence to: olajiddetg@abuad.edu.ng

IntechOpen

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited. ) NN
115


http://creativecommons.org/licenses/by/4.0
mailto:olajiddetg@abuad.edu.ng

Temporomandibular Joint Disorders — New Perspectives in Diagnosis and Treatment

References

[1] Shaffer SM, Brismee JM, Sizer PS,
Courtney CA. Temporomandibular
disorders. Part 1: Anatomy and
examination/diagnosis. The Journal
of Manual & Manipulative Therapy.
2014;22(1):22-12

[2] Kusdra PM, Stechman-Neto J,
Cavalcante-Leao BL, et al. Relationship
between otological symptoms and TMD.
The International Tinnitus Journal.
2018;22:30-34

(3] Skog C, Fjellner J, Ekberg E,
et al. Tinnitus as a comorbidity to
temporomandibular disorders—A

systematic review. Journal of Oral
Rehabilitation. 2019;46:87-99

[4] Farella MA, Michelotti A, Bocchino T,
et al. Effects of orthognathic surgery

for class III malocclusion on signs and
symptoms of temporomandibular
disorders and on pressure pain thresholds
of the jaw muscles. International Journal
of Oral and Maxillofacial Surgery.
2007;2:101-110

[5] Leeuw R. Orofacial Pain: Guideliness
for Assessment Diagnosis and
Management. USA: Quintessence
Publishing; 2008. p. 5

[6] Sharma S, Gupta DS, Pal US, et al.
Etiological factors of temporomandibular
joint disorders. National Journal of
Macxillofacial Surgery. 2011;2:116-119

[7] Caria PHF, Faria RJA, de Faria CRS,
et al. Efficiency of occlusal splints

on police officers with TMD.

Brazilian Journal of Oral Sciences.
2014;13:292-296

[8] Stepan L, Shaw CKL, Oue S.
Temporomandibular disorder in
otolaryngology: Systematic review.

116

The Journal of Laryngology and Otology.
2017;131:S50-S56

[9] Bagis B, Ayaz EA, Turgut S,

Durkan R, Ozcan M. Gender difference
in prevalence of signs and symptoms of
temporomandibular joint disorders: A
retrospective study on 243 consecutive
patients. International Journal of Medical
Sciences. 2012;9(7):539-544

[10] Barreto DC, Barbosa ARC,
Frizzo ACF. Relagdo entre disfungéo
temporomandibular e altera¢Ges
auditivas. Revista CEFAC.
2010;12(6):1067-1076

[11] Pita MS, Ribeiro AB, Zuim PR],
Garcia AR. Sintomas auditivose desordens
temporomandibulares. Revista

Odontoldgica de Aragatuba.
2010;31(1):38-45

[12] de Felicio CM, Faria TG,

da Silva MAMR, de Aquino AMCM,
Junqueira CA. Desordem
temporomandibular: Rela¢Ges entre
sintomas otoldgicos e orofaciais. Revista
Brasileira de Oto-Rino-Laringologia.
2004;70(6):786-793

[13] Ferndndez-de-las-Pefias C, Ge HY,
Cuadrado ML, Madeleine P, ParejaJA,
Arendt-Nielsen L. Bilateral pressure pain
sensitivity mapping of the temporalis
muscle in chronic tension-type headache.
Headache. 2008;48(7):1067-1075

[14] Ramirez LM, Ballesteros LE,
Sandoval GP. Sintomas 6ticos referidos
en desérdenes temporomandibulares.
Relacién con musculos masticatorios.
Revista Médica de Chile. 2007;135(12):
1582-1590

[15] Tuz HH, Onder EM, Kisnisci RS.
Prevalence of otogenic complaints



Otological Presentation and Temporomandibular Joint Disorders

DOI: http://dx.doi.org/10.5772/intechopen.1012298

in patients with temporomandibular
disorder. American Journal of
Orthodontics and Dentofacial
Orthopedics. 2003;123:620-623

[16] Keersmaekers K, De Boever JA,
Van Den Berghe L. Otalgia in patients
with temporomandibular disorders.
The Journal of Prosthetic Dentistry.
1996;75:72-76

[17] Gongalves DA, Camparis CM,
Speciali JG, et al. Temporomandibular
disorders are differentially associated
with headache diagnoses: A controlled
study. The Clinical Journal of Pain.
2011;27(7):611-615

(18] Lim PF, Smith S, Bhalang K, et al.
Development of temporomandibular
disorders is associated with greater
bodily pain experience. The Clinical
Journal of Pain. 2010;26(2):116-120

[19] Maixner W, Diatchenko L,
Dubner R, et al. Orofacial pain
prospective evaluation and risk
assessment study—The OPPERA
study. The Journal of Pain. 2011;12(11
suppl):T4-T11.e1-2

[20] Nichthauser B, Andrade F,

Buarque WA, Rodrigues MFR,

Buarque LL, Moura LG. Sintomas
otoldgicos em pacientes com disfuncido
temporomandibular tratados com
aparelhos oclusais lisos e planos. Revista
Portuguesa de Estomatologia, Medicina
Dentaria e Cirurgia Maxilofacial.
2012;53(4):213-220

[21] Parker WS, Chole RA. Tinnitus,
vertigo, and temporomandibular
disorders. American Journal of
Orthodontics and Dentofacial
Orthopedics. 1995;107:153-158

[22] Wright EF. Otological symptom
improvement through TMD
therapy. Quintessence International.
2007;38(9):e564-e571

117

[23] Manfredini D, Bucci MB,
Nardini LG. The diagnostic process
for temporomandibular disorders.
Stomatologija. 2007;9:35-39

[24] Mohammed RD. The otological
manifestation of temporomandibular
disorders. Mustansiriya Medical Journal.
2013;12(1):45-48

[25] Cebi AT. Presence of tinnitus

and tinnitus-related hearing loss in
temporomandibular disorders. Cranio:
the Journal of Craniomandibular
Practice. 2020;41(2):173-177

[26] Kitsoulis P, Marini A,

Illiou K, et al. Signs and symptoms of
temporomandibular joint disorders
related to the degree of mouth opening
and hearing loss. BMC Ear, Nose and
Throat Disorders. 2011;11:5

[27] Effat KG. Otological symptoms
and audiometric findings in patients
with temporomandibular disorders:
Costen's syndrome revisited. The
Journal of Laryngology and Otology.
2016;130(12):1137-1141

[28] Berke J. TMJ-Related Hearing
Loss. Available from: https://
wwwverywellhealth.com/
temporomandibular-joint-disorder-
1046500#toc-treatment-for-tmj-and-
hearing-loss [Accessed: June 26, 2025]

[29] Ash MM, Ash CM, Ash JL, Ash GM.
Current concepts of the relationship and
management of temporomandibular
disorders and auditory symproms.

The Journal of the Michigan Dental
Association. 1990;72(11-12):550-555

[30] Schames ], Schames M, King E,
Ulansey S, Boyd ], Schames E. Trigeminal
pharyngioplasty: Treatment of

the forgotten accessory muscles of
mastication which are associated with
orofacial pain and ear symptomatology.


https://www.verywellhealth.com/temporomandibular-joint-disorder-1046500#toc-treatment-for-tmj-and-hearing-loss
https://www.verywellhealth.com/temporomandibular-joint-disorder-1046500#toc-treatment-for-tmj-and-hearing-loss
https://www.verywellhealth.com/temporomandibular-joint-disorder-1046500#toc-treatment-for-tmj-and-hearing-loss
https://www.verywellhealth.com/temporomandibular-joint-disorder-1046500#toc-treatment-for-tmj-and-hearing-loss
https://www.verywellhealth.com/temporomandibular-joint-disorder-1046500#toc-treatment-for-tmj-and-hearing-loss

Temporomandibular Joint Disorders — New Perspectives in Diagnosis and Treatment

American Journal of Pain Management.
2002;12:102-112

[31] Malkin DP. The role of TMD
dysfunction in the etiology of middle
ear diseases. International Journal of
Orthodontics. 1987;25:20-21

[32] Porto De Toledo I, Stefani FM,
Porporatti AL, et al. Prevalence of
otologic signs and symptoms in adult
patientswith temporomandibular
disorders: A systematic review and meta-
analysis. Clinical Oral Investigations.
2017;21:597-605

[33] Vass Z, Shore SE, Nuttall AL,

Miller JM. Direct evidence of trigeminal
innervation of the cochlear

blood vessels. Neuroscience.

1998;84(2):559-567

[34] Temporomandibular Joint (TM])
Disorder and Hearing Loss. Available
from: https://www.miracle-ear.
com/blog-news/tmj-and-hearing-
lossloss#:~:text=How%20can%?20
TMJ%20disorder%?20affect%?20
your%?20hearing?,and%20make%20
it%20more%20difficult%20to%20hear
[Accessed: June 26, 2025]

[35] Tinnitus and TMD: The Link
between the Two Disorders. Available
from: https://www.midwestheadaches.
com/patient-education/tinnitus-and-
tmd-the-linkbetween-the-two-disorders/
[Accessed: June 26, 2025]

[36] Tuz HH, Onder EM, Kisnisci RS.
Prevalence of otologic complaints in
patients with temporomandibular disorder.
American Journal of Orthodontics

and Dentofacial Orthopedics.
2003;123(6):620-623

[37]1 Solano N, Gutierrez P, Peraza A,
Rodriguez D, Barrios O, Gutierrez V.
Otological symptoms and
temporomandibular disorders: Is it

118

possible? Acta Scientific Otolaryngology
Special Issue. 2021;1:13-16

[38] Israel HA, Davila L]. The essential
role of the otolaryngologist in the
diagnosis and management of
temporomandibular joint and chronic
oral, head, and facial pain disorders.
Otolaryngologic Clinics of North
America. 2014;47(2):301-331

[39] Morais AA, Gil D. Tinnitus in
individuals without hearing loss and its
relationship with temporomandibular
dysfunction. Brazilian Journal of
Otorhinolaryngology. 2012;78(2):59-65

[40] Miller DA, Wyrwa EB. Ear pain:
A dental dilemma. Compendium.
1992;13(8):676-684

[41] Salvetti G, Manfredini D,

Barsotti S, Bosco M. Otologic symptoms
in temporomandibular disorders
patients: Is there evidence of an
association-relationship? Minerva
Stomatologica. 2006;55:627-637

[42] Wright EF, North SL. Management
and treatment of temporomandibular
disorders: A clinical perspective. Journal
of Manual & Manipulative Therapy.
2009;17(4):247-254

[43] Klasser GD, Reyes MR. Orofacial
Pain: Guidelines for Assessment,
Diagnosis, and Management (AAOP The
American Academy of Orofacial Pain).
6th ed. [Accessed June 26, 2025]

[44] Dalla-Bona D, Shackleton T,

Clark G, Ram S. Unilateral ear fullness
and temporary hearing loss diagnosed
and successfully managed as a
temporomandibular disorder: A case
report. Journal of the American Dental
Association (1939). 2015;146(3):192-194

[45] Cox KW. Temporomandibular
disorder and new oral symptoms.


https://www.miracle-ear.com/blog-news/tmj-and-hearing-lossloss#:~:text=How%20can%20TMJ%20disorder%20affect%20your%20hearing?,and%20make%20it%20more%20difficult%20to%20hear
https://www.miracle-ear.com/blog-news/tmj-and-hearing-lossloss#:~:text=How%20can%20TMJ%20disorder%20affect%20your%20hearing?,and%20make%20it%20more%20difficult%20to%20hear
https://www.miracle-ear.com/blog-news/tmj-and-hearing-lossloss#:~:text=How%20can%20TMJ%20disorder%20affect%20your%20hearing?,and%20make%20it%20more%20difficult%20to%20hear
https://www.miracle-ear.com/blog-news/tmj-and-hearing-lossloss#:~:text=How%20can%20TMJ%20disorder%20affect%20your%20hearing?,and%20make%20it%20more%20difficult%20to%20hear
https://www.miracle-ear.com/blog-news/tmj-and-hearing-lossloss#:~:text=How%20can%20TMJ%20disorder%20affect%20your%20hearing?,and%20make%20it%20more%20difficult%20to%20hear
https://www.miracle-ear.com/blog-news/tmj-and-hearing-lossloss#:~:text=How%20can%20TMJ%20disorder%20affect%20your%20hearing?,and%20make%20it%20more%20difficult%20to%20hear
https://www.midwestheadaches.com/patient-education/tinnitus-and-tmd-the-linkbetween-the-two-disorders/
https://www.midwestheadaches.com/patient-education/tinnitus-and-tmd-the-linkbetween-the-two-disorders/
https://www.midwestheadaches.com/patient-education/tinnitus-and-tmd-the-linkbetween-the-two-disorders/

Otological Presentation and Temporomandibular Joint Disorders
DOI: http://dx.doi.org/10.5772/intechopen.1012298

Archives of Otolaryngology — Head &
Neck Surgery. 2008;134(4):389-393

[46] Youngxin P. Temporomandibular
joint disorders as a cause of

aural fullness. Clinical and
Experimental Otorhinolaryngology.
2017;10(3):236-240

119






Chapter 5

Temporomandibular Joint
Disorders in Otology: The
Anatomical Ear-TMJ Connection

Bilal Hasan

Abstract

The temporomandibular joint (TM]) and the ear exhibit a close anatomical and
functional relationship, often complicating the diagnosis of otalgia (ear pain). A
substantial number of patients reporting ear pain in clinical settings are found to have
temporomandibular (TM]J) disorders as the underlying cause. This chapter examines
the interplay between TM]J dysfunction and otalgia, focusing on shared embryological
development, neurovascular pathways, and biomechanical connections that facilitate
referred pain between these regions. Clinically, otalgia without primary otological
pathology necessitates a systematic evaluation of the TMJ. Key diagnostic steps include
assessing joint mobility, palpating trigger points, and excluding dental or musculoskel-
etal origins. The overlapping innervation by the trigeminal (CN V), facial (CN VII),
glossopharyngeal (CN IX), and greater auricular (C2-C3) nerves provides a physiolog-
ical basis for pain referral. Imaging studies further demonstrate the proximity of the
TM] to the external auditory canal and middle ear structures, reinforcing their clinical
association. Understanding these mechanisms is critical for accurate diagnosis and
management. Ear, nose, and throat (ENT) specialists must integrate TMJ assessment
into otalgia workups to avoid unnecessary interventions, while collaboration with den-
tal professionals can optimize treatment for TMJ-related ear symptoms. This synthesis
of anatomical, neurological, and clinical perspectives aims to enhance diagnostic
precision and therapeutic outcomes for patients with otalgia of non-otogenic origin.

Keywords: TM]J, otology, ear, temporal, otosurgery, otalgia

1. Introduction

The temporomandibular joint (TM]J) is a bilateral synovial joint located between
the temporal bone of the skull above and the mandible below. The joint derives from
these two bones. This joint is unique in being a bilateral joint functioning as a single
unit, with the right and left joints working together and not operating as a single
functional unit.

Diagnosing otalgia remains a frequent challenge in ENT clinics. One of the
major challenges facing ear, nose, and throat (ENT) doctors in clinics is diagnos-
ing the causes of pain, especially otalgia. To uncover these causes, the doctor relies
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on investigations, including otoscopy of the external auditory canal, tympanic
membrane, and middle ear, searching for trauma, abrasions, tumors, inflamma-
tion, redness, or foreign bodies in the apparent hearing tract, as well as perforations,
inflammation, otorrhea, redness, or congestion in the tympanic membrane. This is
termed primary otalgia, indicating that the source of the pain is otologic. However,
when no pathological indications are found during endoscopy, the ENT specialist is
then challenged to identify the source of secondary otalgia, where the pain originates
outside the ear.

Therefore, one of the essential tasks of the ENT doctor during the examination is to
conduct a thorough examination of the ear, nose, pharynx, and neck, as the pain in the
ear may be referred from another anatomical area. For instance, pharyngitis and tonsil-
litis can cause this type of pain, especially about a week after surgeries to remove the ton-
sils or to scrape oropharyngeal tumors, as well as inflammation and lesions of the sinuses
and their surgeries, and diseases and lesions of the neck and esophagus. However, the
most common causes of otalgia are maxillary and dental lesions, as most patients visiting
ENT clinics due to ear pain are those with TM]J disorders, constituting over 50% of
patients who complain of otalgia. This highlights the critical need for a detailed clinical
examination in the otology clinic to differentiate between primary ear pathology and
referred TMJ-related pain. We will discuss ear diseases and both benign and malignant
tumors that affect the function of the temporomandibular joint and cause pain in the
two organs, as well as discuss surgical procedures on the ear and their complications that
cause disturbances in the function of the temporomandibular joint [1].

2. TM] patient examination in the otology clinic

Most otalgia is referred pain from outside the ear. To contextualize, this ear pain
resulting from an internal source is more acute and pronounced, especially in cases of
external auditory canal problems such as inflammation, swelling, narrowing, foreign
bodies in the canal, wounds, or irritation caused by excessive stress on the nerves in
the external auditory canal.

A key diagnostic differentiator is pain severity. Middle ear injuries, such as a
ruptured eardrum due to trauma, and acute otitis media, especially in children, are
often intolerable, in addition to ear injuries resulting from falls, traffic accidents, or
penetrating injuries to the ear. Whereas, chronic conditions like purulent otitis media,
cholesteatoma, and benign or malignant tumors in their early and middle stages
present milder discomfort. In all simple and complex otosurgeries, otalgia caused
by otosurgery, from cosmetic surgery of the auricle to ossiculoplasty to mastoid
surgery to inner ear surgery such as cochlear implantation, requires pain relief that
can sometimes reach central pain relievers in larger surgeries. Studies indicate that
patients with temporomandibular joint disorder suffer from ear infirmary, with
85% complaining of ear symptoms, including otalgia (64%), dizziness (42%), and
muffling (30%) [2]. Most patients suffering from problems of malocclusion, issues
with molars, and even gum problems, as well as temporomandibular joint problems,
visit an otology clinic due to severe ear pain. Patients often describe the pain as sharp,
needle-like sensations within the ear, and they may hear popping or buzzing sounds.
Patients often do not realize that the complaint is related to the TMJ and not the ear, to
the extent that they often present with a hand over the ear due to perceived ear pain.
The first procedure that an ENT doctor must perform is to examine the ear with an
endoscope and check the integrity of the external auditory canal and the eardrum, as
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well as try to look for any density (Figure 1), whether liquid or solid, in the middle
ear through the transparency of the eardrum. The examiner also moves the auricle
with their hand to ensure that the patient does not experience any pain (Figure 2).
When the examining doctor does not find any pathological findings in the patient,
this indicates that the ear pain is not primary but rather secondary, reflecting from
anearby anatomical area. The examining doctor then proceeds to examine the nose
with an endoscope to look for any signs of sinusitis or issues in the nasopharynx,
and when there are no pathological signs, the examiner moves on to inspect the
oral pharynx, mouth, and tonsils, checking for any ulcers present in the mucous
membrane in the oral cavity. When there are no pathological signs, the doctor then
examines the neck through palpation to search for any palpable masses. When an ENT
doctor examines the ear, nose, sinuses, pharynx, oral cavity, and neck and finds no
indicators, he should look for dental issues and ask the patient about their previous
history of dental treatment at the dentist’s office. The doctor examines the jaw joint
by pressing on the anatomical point in front of and below the ear on both sides of the
face using his index finger symmetrically. He asks the patient to move the temporo-
mandibular joint by opening and closing their mouth forcefully several times. The
patient will experience ear pain upon joint movement, confirming TMJ dysfunction
as the source. Before ordering advanced tests such as computed tomography and
auditory tests like audiometry and tympanometry, the ENT doctor must first assess
TMJ’s health to avoid unnecessary radiation exposure, costs, and inefficiency. These
investigations can be requested when there is no issue with the temporomandibular
joint to search for the source of the unknown problem. An otologist should be profi-
cient in oral and jaw examination to distinguish TM]-related otalgia from primary ear
conditions, ensuring accurate diagnosis.

To better understand why TM]J disorders so often manifest with otologic symp-
toms, it is essential to explore the anatomical and physiological basis of the close
relationship between the TMJ and the ear, as discussed below.

Figure 1.
Normal otoscopic view of the tympanic membrane, indicating no primary pathology.
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Figure 2.
Examination of the temporomandibular joint in the ENT clinic.

3. Causes of otalgia from TM]J

An important question and curiosity that comes to the minds of otology and
dental doctors, as well as patients, is about the strange relationship between the jaw
joint and the ear, to the point that the patient feels pain in their ear more than any
other anatomical point. As a result of this recurring question, many researchers have
conducted studies on this relationship and found answers [3]. Their findings highlight
six key factors underpinning this relationship:

1. Embryonic development and morphological similarities of the ear and TM]J.

2. Positioning on a single bony surface very closely.

3.The common innervation between the ear and the temporomandibular joint.

4.The common blood supply between the ear and the temporomandibular joint.

5.The importance of the ligaments in the relationship between the temporal bone,
the ear, and the temporomandibular joint.

6. The muscles covering and common between the temporal bone, the ear, and the
temporomandibular joint.

To better understand how these mechanisms operate in clinical scenarios, it is
helpful to examine each contributing factor individually.
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3.1 Embryology

The first and most fundamental factor is embryonic development. During fetal
growth, Meckel’s cartilage forms in the mandibular process, with its tympanic and
mandibular portions becoming fully developed by the 16th week. This cartilage gives
rise to the auditory ossicles (malleus, incus, and stapes) and their supporting liga-
ments, playing a crucial role in facial structure organization during embryonic and
fetal development. The mandibular primary growth center emerges in the 12th week
within Meckel’s cartilage, initiating intramembranous ossification of the mandible.
After the 18th week, Meckel’s cartilage gradually regresses and is eventually replaced
by mandibular bone and secondary condylar cartilage during ossification. The tempo-
ral bone becomes visible by the 8-9th weeks, positioned superior to Meckel’s cartilage
distal end and the malleus-incus complex. Key developmental milestones include:
zygomatic process ossification (8th week), medial disk thickening with concave
contours (10th week), and articular fossa formation (11-12th weeks), which becomes
consistently concave by the 12th week. The articular eminence and post-glenoid
process develop after the 26th week [3]. As a remarkable hearing and balance organ,
the ear develops from all three germ layers into three distinct anatomical regions:
external, middle, and internal. Each section follows unique developmental pathways,
with functional hearing beginning around 26 weeks of gestation. Developmental
variations may lead to congenital anomalies [4]. This shared embryonic origin
between middle ear components and the temporal bone may explain referred otalgia
through the embryonic origin theory [3].

3.2 Anatomical proximity

While embryology explains their shared origins, the physical proximity of the TM]J
and ear structures further amplifies this link.

Anatomically, the TM]J is shown in the box. The temporomandibular joint (TMJ),
or jaw joint, is a synovial joint that allows the complex movements necessary for life.
It is the joint between the condylar head of the mandible and the mandibular fossa of
the temporal bone. This system is made up of the TM]J, teeth, and soft tissue, and it
plays a role in breathing, eating, and speech [4].

The mandibular fossa (or glenoid fossa of the temporal bone) is a smooth, deep
depression located on the inferolateral aspect of the temporal bone and consists of:

1. Anterior articular portion: Formed by the squamous temporal bone, articulating
with the TMJ disc.

2. Posterior nonarticular portion: Composed of the tympanic part of the temporal
bone.

The mandibular fossa contributes to the formation of the temporomandibular
joint, along with the condylar process of the mandible and an intervening articular
disc of the temporomandibular joint.

The jaw joint is placed on the surface of the hard temporal bone, and its proximity
to the tympanic bone, which contains components of the middle ear, may explain the
transfer of pain to the middle ear and the transmission of the sounds of joint move-
ment, popping, and chewing due to sound transmission through the bone and the walls
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of the bony ear. We observe this bony connection in tympanic plate fractures in tem-
poral bone trauma, where this injury often extends to the accompanying temporoman-
dibular joint and causes injury along with the ear due to anatomical proximity [5]. Even
any traumatic injury to the temporal bone or a concussion can negatively affect the
temporomandibular joint—or vice versa—due to the close connection of the jaw joint
with the temporal bone [6]. The individual may experience to have difficulty or limited
joint movement and pain when chewing and speaking (Figure 3). This close anatomical
relationship lays the groundwork for the complex neural interactions that follow.

3.3 Innervention

Beyond bony adjacency, the neurological overlap between the TMJ and ear plays
an equally critical role. The transmission of pain from the temporomandibular joint to
the ear involves multiple shared nerves.

From these nerves:

3.3.1 Trigeminal nerve (CN V)

The temporomandibular joint and trigeminal nerves are among the most vital
facial structures. The TMJ disorders can affect several other head and neck regions
when misaligned or otherwise impaired. Because the trigeminal nerve, which affects
the TMJ, also affects a large portion of the face, ear, and neck, any dysfunction in this
vital structure may result in head and face pain. The superior lateral surface of the
auricle and most of the external auditory meatus (auriculotemporal branch), 70% of
this 80% (cranial nerves), or more than half of the total input to our brain, is trans-
mitted by the trigeminal nerve. With such a large amount of brain input, it must reach
highly essential structures. The trigeminal nerve innervates: the teeth, the periodontal
ligament, the joint that connects the teeth to the jaws, the muscles that move the jaw,
and the muscle that tenses the eardrum. One of the branches of the trigeminal nerve

Figure 3.

3-dimensional computed tomography ‘3D CT” scan for the left side of the head. We see the large area of the
temporal bone, and the temporomandibular joint (ved circle) is located next to the external acoustic canal
(blue circle).
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is the third branch, which innervates the temporalis muscle and the digastric belly,
closely associated with the ear. The mandibular nerve (CN V3) is the largest branch
of the trigeminal nerve. The nerve exits the skull base through the foramen ovale. CN
V3 is the only branch of the trigeminal nerve that has both sensory and motor compo-
nents. The mandibular nerve receives sensory information from the lower third of the
face, the floor of the mouth, the jaw, and the tongue. The motor root of CN V3 (portio
minor) supplies the muscles of mastication (masseter, temporalis, pterygoids), the
anterior digastric belly, and the mylohyoid [7].

3.3.2 Facial nerve (CN VII)

Marginal mandibular branch of the facial nerve: The facial nerve, also known
as the seventh cranial nerve, plays a crucial role in controlling the muscles of the
face. This nerve extends from the brain to the face, running within the ear and the
temporal bone (Figure 4), reaching the jaw, and it provides motor commands to both
the expressive muscles and sensory ability. The functions of the facial nerve include
controlling a variety of functions, such as the movement of the muscles responsible
for smiling, frowning, and other activities. Additionally, this nerve contributes to the
sense of taste in the front part of the tongue.

3.3.2.1 Effects of facial nerve disorders on facial motor functions

When there is a disorder of the facial nerve, it can lead to weakness or paralysis
of the facial muscles, negatively affecting facial expression and communication.
Affected individuals may have difficulty smiling or performing other facial move-
ments and may experience joint movement disturbances during chewing or speaking,
impacting their daily lives. This means that any injury or disease affecting the nerve

Figure 4.
A microscope view from the left middle ear shows the following: F: Facial nerve, S: Stapes, P: Promontory, CF:
Cochleariform process, J: Jacobson nerve (Tympanic nerve).
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structure in the ear will negatively affect the sensation or movement in the temporo-
mandibular joint area [8]. The marginal mandibular branch of the facial nerve is
closely related and strongly associated with the submandibular gland and the parotid
gland. Therefore, any underlying For example, cholesteatoma tumors that penetrate
the sheath of the facial nerve or facial nerve tumors in the internal auditory canal or
the tympanic or temporal part, or chronic suppurative otitis media, transfer from the
ear to these anatomical components, or their surgical intervention, can lead to dam-
age in this branch and problems in the temporomandibular joint [9].

3.3.3 Glossopharyngeal nerve (CN IX)

Glossopharyngeal neuralgia (GPN) is a condition that causes pain in the throat,
ear, and neck. The International Association for the Study of Pain (IASP) defines it
as sudden, severe, short-lasting, and recurrent pain in the anatomical distribution
of the glossopharyngeal nerve. It is described as a sharp, transient stabbing pain
experienced in the ear, the base of the tongue, the tonsillar fossa, or under the angle
of the jaw. However, the location of the pain can vary significantly and may involve
overlap between the nerves that supply the face (trigeminal, vagus, facial) [10]. This
is attributed to the interconnection of nerves in these anatomical areas where the glos-
sopharyngeal nerve gives rise to the tympanic branch: Tympanic nerve (aka Jacobson’s
nerve)—carries parasympathetic fibers and eventually becomes the lesser petrosal
nerve, exiting the skull via the foramen ovale and synapsing in the otic ganglion [11].
Many conditions can affect CN IX, some of which can impact the quality of life. These
include—Glossopharyngeal Neuralgia (GPN)—sneezing, chewing, swallowing, and
other activities that can trigger episodes of intense pain in your throat, the back of your
tongue, or the middle ear. Concerns about future attacks can make eating difficult.

3.3.4 Greater auricular nerve (C2—C3)

The greater auricular nerve is a cutaneous branch of the cervical plexus that inner-
vates the skin of the auricle as well as the skin over the parotid gland and mastoid pro-
cess. The greater auricular nerve also supplies branches that innervate the deep layer of
the parotid fascia. The great auricular nerve (GAN) originates from the cervical plexus
at the levels of C2 and C3, supplying sensation to the skin overlying the lower aspect of
the pinna and angle of the mandible. The GAN can be injured during many procedures
in the head and neck, resulting in a significant negative impact on the patient’s quality
of life [12]. Some studies confirm the cases of communication between the greater
auricular nerve and the marginal mandibular branch of the facial nerve, which explains
the transmission of pain and sensation between the jaw and the ear as well [13].

Together, the intricate network of shared nerves between the TMJ and the ear
provides a clear explanation for the referral of pain and sensory overlap, highlighting
the complex neurological relationship underlying otalgia related to TMJ disorders.
Beyond the intricate neural connections, the rich vascular supply to both the tem-
poromandibular joint and the adjacent ear structures further emphasizes the close
anatomical and functional relationship between these regions.

3.4 Blood supply

The temporomandibular joint is located in an anatomical area rich in blood ves-
sels, and facial surgeons and otosurgeons need to have a good understanding of this
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anatomical region to avoid serious complications and excessive bleeding. The blood
supply to the temporomandibular joint comes from the superficial temporal artery, the
anterior tympanic artery, the deep temporal artery, the posterior auricular artery, the
facial artery, the middle meningeal artery, and the maxillary artery along with their
branches as the main sources of blood vessels for the lateral and medial temporoman-
dibular joint [14]. Many of these vessels also contribute to the blood supply of the ear
and the temporal region. The anterior tympanic artery, a branch of the maxillary artery,
plays a vital role in supplying blood to the tympanic membrane, ear canal, and middle
ear cavity. When this artery experiences compression, it can trigger a cascade of com-
plex physiological consequences affecting ear health and function. During human fetal
development, there is a wide connection across the tympanosquamosal fissure between
the middle ear and the temporomandibular joint region. The anterior tympanic artery
and its branches, as well as small venous vessels that are connected with the retrodiscal
venous plexus, extend along the most lateral part of the fissure [15]. Compression of
the maxillary artery can manifest through several distinctive symptoms:

* Ear pain (Otalgia): Reduced blood flow may cause discomfort ranging from mild
aching to intense pain.

* Hearing loss: Compromised blood supply can lead to conductive hearing
impairment.

* Tinnitus: Altered blood flow might produce phantom sounds like ringing
or buzzing, discomfort in the temporomandibular joint area, and difficulty
chewing.

The common conditions and disorders that affect the maxillary artery: Conditions
that may affect your maxillary artery include:

 Temporal arteritis (giant cell arteritis), inflammation of your arteries.
* Aneurysm, a stretched-out artery wall.
* Pseudoaneurysm, an injured artery wall.

Signs or symptoms of conditions that affect the maxillary artery include:

A swollen area in front of the ear, a pulsing lump in front of the ear, fever, head-
aches, double vision, pain in the TM]J or jaw, and pain while chewing. One of the
diseases of these arteries is called temporal arteritis. Common symptoms between
the jaw and the temporal area in temporal arteritis include: headache and tender-
ness in both temples, jaw pain when chewing or opening the mouth widely, and ear
pain and tenderness in the temporal area. In addition, other oral symptoms include:
jaw claudication, trismus, odontogenic pain, dysphagia, dysarthria, submandibular
mass, hypoesthesia of the chin (chin numbness), macroglossia, glossitis, lip necrosis,
tongue necrosis, and facial swelling [16]. These clinical manifestations highlight the
significant impact of TM]J-related vascular disorders, particularly when involving the
maxillary or anterior tympanic arteries. However, vascular compromise is not the sole
link between TM]J dysfunction to otologic symptoms. A deeper understanding of the
ligamental and structural pathways that traverse this region further elucidates these
complex interactions.
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3.5 Ligamental linkages

In addition to its rich vascular network, the TM] region is anatomically interlinked
with several neurovascular and ligamentous structures via specialized bony fissures,
which also serve as pathways for critical arteries and nerves. The temporomandibular
joint (TM]J) is anatomically formed between the mandibular condyle and the glenoid
fossa of the temporal bone. The mandibular fossa (also called the glenoid fossa of the
temporal bone) consists of two distinct anatomical regions: an anterior articular area
formed by the temporal squama and a posterior nonarticular area formed by the tym-
panic plate. The precise boundary between the medial aspect of the articular fossa and
the tympanic plate corresponds to the squamotympanic fissure, which serves as the
specific attachment site for the articular capsule of the TM]J. At the medial termination
of the squamotympanic fissure, the thin anterolateral edge of the tegmen tympani (a
specialized part of the petrous segment of the temporal bone that forms the precise
roof of the mastoid antrum) divides this fissure into two distinct anatomical subdivi-
sions: the petrotympanic fissure and the petrosquamous fissure. The petrosquamous
fissure itself has two anatomical components: a descending portion that courses
anteriorly in a nearly parallel orientation to the petrotympanic fissure, and an ascend-
ing portion that serves as the anatomical divider between the temporal and sphenoid
bones. These three fissures (squamotympanic, petrotympanic, and petrosquamous)
maintain an intimate anatomical relationship with the TM]J (Figure5).

Three clinically significant anatomical structures pass through these fissures:

1. The anterior malleolar ligament.
2.The anterior tympanic artery.
3. The chorda tympani nerve.

The anterior ligament of the malleus represents one of the three supporting
ligaments of the auditory ossicles (the other two being the lateral and superior
ligaments). This ligament originates from both the neck and the anterior process of
the malleus. Its main medial portion courses through the petrotympanic fissure to
terminate either at the spine of the sphenoid bone or as a continuation into the sphe-
nomandibular ligament. Some anatomical authorities classify the segment between
the sphenoid spine and malleus as the tympanic portion of the sphenomandibular
ligament. The ligament’s thinner lateral portion also traverses the same fissure but
undergoes a characteristic morphological transformation, gradually broadening into a
triangular configuration before its final insertion at both the internal superior margin
of the TM]J disc and the joint capsule. This complex anatomical structure has received
multiple designations in the medical literature:

* Initially identified by Rees as the “disco-malleolar band” in fetal specimens.
* Later characterized by Pinto as a “tiny ligament” in adult anatomy.
* Currently termed the disco-malleolar ligament.

* Also referred to as the tympanomandibular ligament or mandibular malleolar
ligament.
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Figure 5.

A microscope view of the left middle ear showing the following: AML: anterior malleolar ligament, SML: superior
malleolar ligament, SIL: superior incudal ligament, M: malleus, I: incus, TT: Tensor Tympani, ST: stapedius
muscle, P: promontory.

This structure must be carefully distinguished from the tympanic portion of
the sphenomandibular ligament. Research by Komori et al. has demonstrated that
movement of the TMJ capsule and disc can mechanically influence the ossicular chain
in the middle ear. Pathological changes in this ligament may contribute to various
otologic symptoms, and iatrogenic displacement during TM]J surgery can potentially
lead to serious otologic complications (though such occurrences are rare). The three
temporal bone fissures (squamotympanic, petrotympanic, and petrosquamous)
maintain close anatomical relationships with both the mandibular fossa and the TM]J.
The important anatomical structures traversing these fissures include:

1. The anterior malleolar (or disco-malleolar) ligament.
2.The anterior tympanic artery.
3.The chorda tympani nerve.

The precise anatomical relationships between these structures and the fissures (par-
ticularly the petrotympanic fissure), as well as their connections to the TMJ, can give
rise to various clinical symptoms affecting the ear, the tongue, and the adjacent ana-
tomical regions. These symptoms may include: pain, tinnitus, hearing loss, and vertigo.
When resulting from TMJ dysfunction, this symptom complex has been historically
termed temporomandibular joint syndrome or Costen Syndrome. Costen originally
attributed these symptoms specifically to dental malocclusion. Contemporary under-
standing recognizes a broader range of potential etiological factors:

* Degenerative changes related to aging.

 Traumatic injuries.
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* Jatrogenic factors from therapeutic interventions.
* Other pathophysiological mechanisms affecting TMJ function.

While the term Costen’s Syndrome has fallen out of clinical use due to the dis-
proven nature of Costen’s original anatomical explanations, it retains historical
significance in the medical literature [17]. The anatomical fissures and ligamentous
structures of the TM]J are closely interrelated with the muscular system that governs
mandibular motion, further amplifying the impact of TMJ dysfunction on adjacent
regions such as the ear and neck.

3.6 Temporal-ear-TMJ muscular interface

The muscles associated with the temporomandibular joint, also known as the mas-
ticatory muscles, are characterized by their connection to the jaw, the temporal bone,
and the ear. The muscles of mastication can be divided into the primary muscles and
secondary or accessory muscles.

* The primary muscles include: the masseter, temporalis, lateral pterygoid, and
medial pterygoid.

* The secondary or accessory muscles are: the buccinator; suprahyoid muscles (digas-
tric muscle, mylohyoid muscle, and geniohyoid muscle); and the infrahyoid muscles
(the sternohyoid, sternothyroid, thyrohyoid, and omohyoid muscle) (Figure 6).

These muscles have a common blood supply and shared innervation. The tempora-
lis muscle is a broad muscle that occupies most of the temporal fossa. Its origin point
spans the entire surface of the fossa below the temporal line and the ear. Additionally,
some fibers originate from the temporal fascia as well. The temporalis muscle is
divided into the anterior and posterior parts. The anterior fibers run inferiorly, in an
almost vertical direction, while its posterior fibers are directed almost horizontally.
Both anterior and posterior fibers converge onto a narrow tendon that runs medial
to the zygomatic arch. The tendon inserts onto the apex and medial surface of the
coronoid process of the mandible. It is supplied by the deep temporal nerve, which
is a branch from the anterior division of the mandibular nerve. The blood supply of
the temporalis muscle is from the deep temporal part of the maxillary artery and the
middle temporal branches of the superficial temporal artery.

 Masseter: It is a rectangular muscle that covers most of the lateral aspect of the
ramus. It consists of three layers that blend anteriorly: the superficial layer,
intermediate layer, and deep layer. The fibers of the muscle originate from the
inferior zygomatic arch and the anterior two-thirds of the zygomatic arch, with
a connection to the posterior aspect of the zygomatic bone. The fibers converge
inferiorly, forming a tendon that inserts at the outer surface of the mandibular
ramus and the coronoid process of the mandible. It is innervated by the man-
dibular division of the trigeminal nerve. Its blood supply is derived from the
masseteric artery, which emerges from the maxillary artery.

* The digastric muscle is implicated as the source of pain in bruxism, or the habit
of clenching teeth. Myofunctional physiotherapy or speech therapy can reduce

132



Temporomandibular Joint Disorders in Otology: The Anatomical Ear-TM] Connection
DOI: http://dx.doi.org/10.5772/intechopen.1011695

Figure 6.
Surgical incision created in the right ear pavilion: a section appears in the tempoval muscle (TM) and the
temporal fascia (TF), PI: Pinna.

the muscle’s electrical activity and reduce pain during jaw movement. The
digastric muscle’s posterior portion is occasionally the site of a Citelli’s abscess,
arare complication of otitis media. Management is surgical. Digastric muscle
trigger points may cause referred pain in the teeth [18]. The blood supply and
common innervation, as well as the proximity between these muscles and the
ear, can lead to the transmission of some diseases from the ear or the jaw joint to
the muscles, resulting in dysfunction, chewing disorders, pain, and limitations
in the movement of the temporomandibular joint, as Citelli’s abscess is an extra-
temporal complication of otitis media. It occurs when pus from the mastoid tip
trickles down along the posterior belly of the digastric muscle to the occipital
and cervical region. It is a very unusual presenting complication of chronic
otitis media. Citelli’s abscess is a complication of otitis media. Urgent radiology,
followed by drainage of pus, is performed to reduce pain and further progression
of the infective process. The primary ear pathology is managed surgically after
adequate treatment with intravenous antibiotics [19].

4. The relationship between TM] disorders and hearing loss and tinnitus

Given the intricate anatomical and functional connections between the tem-
poromandibular joint and the auditory system, particularly through shared muscles,
nerves, and vascular supply, it becomes clinically relevant to explore the relationship
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between TMJ disorders and auditory manifestations such as hearing loss and tinnitus.
Temporomandibular joint disorder signs and symptoms were more common and
severe in females than males. TM]J severity is correlated with the degree of mouth
opening and the number of aural symptoms. The absence or presence of mild TMJ

is associated with normal audiograms, while moderate and severe TM]J are related to
hearing loss in the median and low tones, respectively [20]. The reasons are attributed
to several theories, including:

1. The repositioning of the joint disc during jaw movement increases pressure in
the auditory tube and ear structures.

2. A tiny ligament called the disco-malleolar or Pinto’s ligament, which originates
from the anterior malleolar process, passes through the petrotympanic fissure,
and inserts in the medial and posterosuperior part of the articular capsule and
the disk. In the displacement of the temporomandibular joint disk, the disco-
malleolar ligament can lead to traction of the malleus, the ossicular chain, and
the tympanic membrane.

3.Common innervation of the tensor veli palatini, tensor tympani, masseter, tem-
poralis, and pterygoid muscles by the motor nucleus of the trigeminal nerve is
the underlying cause of the aural symptomatology in TMJ patients. If the tensor
tympani or stapedial muscle contracts inappropriately, then the perilymphatic
and endolymphatic pressures in the inner ear are changed via the oval window,
causing vestibular and cochlear symptoms. This mechanism explains the vertigo
and tinnitus in patients with temporomandibular joint disorder. Objective tin-
nitus is caused by the palatine and middle ear myoclonus, producing rhythmic
movement of the tympanic membrane due to the tension of the stapedial and
tensor tympani muscles. Tinnitus related to TMJ is thought to be produced by the
lateral pterygoid muscles and the disco-malleolar ligament.

4.1f the movement of the temporomandibular joint puts pressure on the carotid
sheath, it increases the internal pressure in the hair cells of the cochlea, causing
tinnitus and vertigo.

5.Peripheral sensitivity of the cranial nerves (facial nerve and trigeminal nerve) in
patients with TM] disorders leads to muscular tension in the middle ear muscles.
This results in hearing loss at low frequencies. Research has found that acute
temporomandibular joint disorders were associated with hearing loss at low fre-
quencies, while moderate disorders were linked to hearing loss at mid frequen-
cies [20].

Many studies have pointed to a relatively strong relationship between temporo-
mandibular disorders, tinnitus, and self-reported hearing loss. This relationship
was independent of the degree of hearing loss that was assessed objectively. The
prevalence of recurrent headache episodes and fatigue or even muscle tension in the
jaw is higher among tinnitus patients than would be expected even if these conditions
were not related. About one-third of individuals suffering from tinnitus reported that
jaw movements or pressure on the temporomandibular joint affected their tinnitus.
Daytime teeth grinding and jaw fatigue appeared to be associated with fluctuating
tinnitus, vertigo, and increased sensitivity to noise [21].

134



Temporomandibular Joint Disorders in Otology: The Anatomical Ear-TM]J Connection
DOI: http://dx.doi.org/10.5772/intechopen.1011695

5. Ear diseases and their adjacent conditions that transfer to the
temporomandibular joint

While numerous studies have highlighted how temporomandibular joint disorders
can manifest with auditory symptoms, the relationship is bidirectional; certain ear
pathologies may also extend their effects to the temporomandibular joint due to anatomi-
cal proximity and shared physiological pathways. In addition to the innervation, blood
supply, and proximity between the temporomandibular joint and the ear, other theories
attribute the transfer of certain diseases from the ear to the temporomandibular joint to
some fissures between the two organs, such as the petrotympanic fissure, which is a soft
tissue containing a connection between the middle ear and the temporomandibular joint
[22]. Several articles have appeared in the medical literature regarding the transmission of
chronic or acute suppurative otitis media or mastoiditis to the temporomandibular joint.
This transmission may occur through these fissures directly or via the Eustachian tube.
The disorder of the temporomandibular joint occurs due to the disturbance of the muscles
connecting the Eustachian tube and the joint. Joint disorders can manifest as effusion,
inflammation, or ankylosis. It is possible to reach a state of surgical treatment accompa-
nied by antibiotics when the temporomandibular joint is involved in more complicated
cases [23]. In children, the infection can spread from the ear or mastoid to the joint, where
a case of septic arthritis of the temporomandibular joint was documented as a complica-
tion of acute otitis media [24]. In addition, the infection can also transfer from the joint to
the middle ear. The current literature supports malocclusion with mandibular malposi-
tion and TMJ dysfunction as a predisposing factor to Eustachian tube dysfunction. This
persisting condition could lead to otitis media, conservative treatments with removable
oral appliances, Eustachian tube function, consenting middle ear ventilation, and
preventing relapsing or persistent forms of otitis media [25]. Among the diseases that can
affect the temporomandibular joint and the ear is the viral disease Ramsay Hunt. Herpes
zoster oticus is caused by reactivation of latent herpes zoster infection from the geniculate
ganglion (cranial nerve VII or facial nerve), but it can also involve cranial nervesV, IX,
and X. Symptoms include ear pain and facial paralysis while the patient has vesicles in the
external auditory canal, as well as pain resembling needle pricks in the cheek and jaw area,
joint pain, and pain during chewing. Sometimes it can even lead to second or third-degree
facial paralysis [26]. Frey syndrome is also one of the diseases that affect the temporo-
mandibular joint and can be caused by inflammation of the parotid gland, its surgery, or
injury or fracture of the mandible due to surgery or traumatic incidents. Frey syndrome
arises from an unusual reinnervation process following damage to the auriculotemporal
nerve. This nerve, a branch originating from the trigeminal nerve, consists of parasympa-
thetic fibers that regulate saliva production in the parotid gland. Infections and traumas
can lead to damage in the parasympathetic and sympathetic nerve fibers of the auriculo-
temporal nerve within the parotid region. Patients commonly exhibit indications such as
facial warmth, flushing, and perspiration, particularly occurring during meals, within the
region influenced by the auriculotemporal nerve. This encompassed area consists of the
skin, the ear, the temporal region, the scalp, and the temporomandibular joint [27].

6. The otosurgical operations that affect the temporomandibular joint

Beyond naturally occurring disease transmission between the ear and the tem-
poromandibular joint, surgical interventions in the otologic field can also exert
significant impacts on the joint’s function and integrity. Certain otologic procedures
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may influence TMJ function for the same reasons mentioned earlier regarding inner-
vation, blood supply, proximity, and shared ligaments. Among the most important
recommendations from the ear surgeon after ear surgeries is to cautiously limit jaw
movement postoperatively and adhere to a liquid diet for the first 48 hours to mini-
mize stress on middle ear structures, especially the middle ear and the ossicles. This
chewing or excessive opening can also lead to the displacement of microscopic pros-
thetics in place, such as the stapes replacement or other small ossicles. When perform-
ing a tympanoplasty and placing a fascia graft instead of the tympanic membrane,

it is very thin and not firmly attached, relying on its stability to not move. However,
forcefully opening the temporomandibular joint or chewing hard food can shift the
graft from its position, preventing it from healing and causing complications.

This caution is explained by the anatomical and functional aspects of the liga-
ments between the malleus and the temporomandibular joint [28]. On the other side,
surgical procedures on the components of the temporomandibular joint can also
cause damage to the middle ear and its components [29]. It was also observed about
6 months after otosurgeries, such as tympanoplasty or ossicular reconstruction, or
mastoidectomy or facial nerve surgeries that require grafting to cover the nerve after
exposing or connecting it, which necessitate a fascia graft from the temporal muscle
fascia, that patients complain of a feeling of discomfort and dysfunction in the
temporomandibular joint, especially during chewing. As mentioned, the temporalis
muscle is one of the important muscles in the group of muscles of the temporoman-
dibular joint. The otosurgeon may have to remove some tissue from this muscle while
obtaining the graft from the temporal fascia and may have to use electric cautery to
control bleeding in the area. This leads to changes in the composition, size, and fibers
of the temporalis muscle, which can reflect on disturbances in the movement of the
temporomandibular joint (Figure 7) [30].

A lot of tumor surgery in the temporal region, the tumor extension, or its surgery
results in an impairment of the ear and the temporomandibular joint. Such as diffuse-
type tenosynovial giant cell tumor invading the temporal bone, which is a destructive
benign tumor-like proliferative disease that occurs in synovial tissue characterized by
villous nodular hyperplasia of joints, tendon sheaths, and synovium. D-TSGCT invades

Figure7.
View of a surgical incision behind the vight ear and harvesting a graft from the temporal fascia.

136



Temporomandibular Joint Disorders in Otology: The Anatomical Ear-TM] Connection
DOI: http://dx.doi.org/10.5772/intechopen.1011695

the temporal bone originating from the temporomandibular joint (TMJ) [31]. Also,
malignant tumors such as squamous cell carcinoma of the temporal bone or parotid
gland squamous cell carcinoma invading the temporomandibular joint (Figure 8) [32].
In many cases of middle ear surgery, the chorda tympanic nerve, which supplies
the sense of taste to two-thirds of the anterior tongue, may be at risk of injury, forcing
the affected person to push food to the posterior third of the tongue, which leads to
difficulties in chewing and temporomandibular joint disorders over time. Among
the operations, ENT that can lead to disorders of the temporomandibular joint due
to their complications are surgeries on the submandibular gland. When surgically
removed in the case of a stone within or inflammation, it is closely located to the
joint and shares many anatomical structures with it, such as the facial artery, and it
is possible to injure Anastomoses of the marginal mandibular branch of the facial
nerve with the buccal branch of the facial nerve during its surgery, which leads to a
disorder in the joint [33]. Also, parotid gland surgery carries important complica-
tions, including facial nerve injury, which affects the function of its branches on the
jaw joint. Additionally, one of the complications of parotid surgery is Frey syndrome,
also known as Baillarger’s syndrome, auriculotemporal syndrome, Dupuy syndrome,
or gustatory hyperhidrosis. This syndrome represents aberrant reinnervation follow-
ing injury to the auriculotemporal nerve, which is a branch of the trigeminal nerve. It
consists of parasympathetic fibers that signal the parotid gland to produce saliva and
sympathetic fibers that innervate the sweat glands of the face and scalp. Patients with
Frey syndrome often present with facial warmth, flushing, and sweating in the ter-
ritory of the auriculotemporal nerve overlying the parotid gland, which may include
the preauricular skin, the temporal skin, the scalp, and the temporomandibular joint
region. Symptoms occur during meals, especially with spicy and sour foods [34].

Figure 8.
Squamous cell carcinoma spread to the components of the right ear, the parotid gland, and the
temporomandibular joint in a 65-year-old male patient.
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7. Conclusion

The connection between the temporomandibular joint (TM]) and the auditory
system is more than just anatomical proximity; it reflects a complex neurophysiologi-
cal relationship. This interdependence means that TMJ evaluation should not be over-
looked when assessing ear-related symptoms, just as masticatory dysfunction should
not be examined in isolation from potential otologic influences. A bidirectional link
exists: TMJ disorders can manifest as auditory issues like tinnitus or hearing loss,
while ear pathologies or surgeries may, in turn, affect TMJ function. This reciprocity
underscores the necessity for a unified diagnostic and treatment strategy.

Acknowledging the TMJ as both a potential source and a target of otologic compli-
cations emphasizes the value of interdisciplinary cooperation among otolaryngolo-
gists, audiologists, radiologists, and dental professionals. Such teamwork not only
improves diagnostic precision but may also mitigate long-term complications that
diminish patient well-being. Moving forward, integrating TM]J assessment into clini-
cal protocols for atypical ear symptoms or post-surgical auditory complaints could
lead to more comprehensive patient care.
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Chapter 6

The Endocrine Link: Estrogen’s
Influence on Temporomandibular
Disorders

Hima John and Jiss Mary George

Abstract

The disproportionate increase of temporomandibular disorders (TMD) in
women strongly suggest a hormonal influence primarily rooted in estrogen activity.
Inflammation mediated by estrogen may be through various mechanisms of action in
the immune system, expression of estrogen receptors, and upregulation of voltage-
gated sodium channels, or due to genetic variations called polymorphism. The tem-
poromandibular joint (TM]) contains estrogen receptors, which control how the joint
experiences pain together with its ability to maintain a stable state. Estrogen levels
decrease in post-menopause and menstrual periods and these states relate to higher
pain intensity and decreased joint health through both inflammatory mechanisms
and changes in sodium channel activity within trigeminal ganglia. The trigeminal
ganglion is a cluster of nerve cell bodies located near the trigeminal nerve, within the
skull that plays a crucial role in processing sensory information from the face. While
the ganglion itself is not the source of pain in all cases, direct trigger to the ganglion
produces unpleasant pain sensations. Women of reproductive age show susceptibility
to disc displacement together with arthralgia effects that correlate with genetic varia-
tions in the estrogen receptor genes ESR1 and ESR2. The incidence of TMD increases
among women who have polycystic ovary syndrome (PCOD) as it causes estrogen to
remodel the extracellular matrix. Hormonal abnormalities, such as increased andro-
gen levels and possibly decreased progesterone levels, are common in women with
PCOS and can have an impact on the temporomandibular joint (TMJ) and surround-
ing tissues. TMD can develop and worsen as a result of these hormonal changes as
well as possible inflammatory reactions. Therefore, hormonal status together with life
stages of reproduction function as essential factors for managing TMD.

Keywords: temporomandibular joint, temporomandibular disorders in women,
estrogen, hormonal fluctuations, orofacial pain, inflammation
1. Introduction

The term “temporomandibular disorders” (TMD) refers to a broad category

of clinical illnesses marked by masticatory system dysfunction and discomfort.
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Temporomandibular joint (TMJ) noises, jaw dysfunction, masticatory muscle pain,
TM]J pain, and associated soft and hard tissues are common symptoms [1, 2].

Chronic pain conditions affecting women and their hormonal connections
were identified by several previous researches. According to reports, the majority
of patients presenting with TMD and receiving treatment for TMD are women.
Based on several conflicting studies, there exists no significant variation sta-
tistically in the actual occurrence of modifications in joint structure by gender.
However, considerable research indicates that women represent 80% of patients
with TMD are predominantly women, who are 1.5-2 times more likely to suffer
from the condition than men [3-6].

2. Epidemiology

The intensity of the symptoms in patients varies based on their age. Discomfort
usually starts after puberty and rises over the years of adulthood and reproductive
age. The frequency is minimal in children, teenagers, older adults, and most preva-
lent among females aged 20-40. The allocation of TMD by age and gender indicate
a potential connection between the disease’s pathogenesis and female hormonal
pathway [7-10].

3. Hormones in temporomandibular disorders
3.1Estrogen

The age and gender distribution of TMD proposes a possible link with the
female hormonal system and the condition’s underlying mechanisms. The connec-
tion between TMD and hormones, particularly estrogen, is intricate. Hormonal
fluctuations, especially during the menstrual cycle, menopause, as well as when
utilizing hormone-based contraceptives, could influence the symptoms of tem-
poromandibular disorders (TMD) occur more frequently in women than in men.
The temporomandibular joint (TM]) and adjacent tissues have estrogen receptors
present. Estrogen may affect inflammation and the perception of pain, potentially
contributing to TMD [11, 12].

3.2 Progesterone

Progesterone influences Voltage-Gated Sodium Channel 1.7 in the trigeminal
ganglion, decreasing allodynia (which is a type of neuropathic pain in which pain is
experienced from stimuli that are not normally painful) of infected temporoman-
dibular joint. Progesterone may inhibit neuronal excitability by modifying voltage-
gated sodium currents (INa) in TG neurons. The presence of INa is essential for the
reception of input from peripheral pain stimuli, and inflammation of the TM]J could
increase the excitability of its afferents.

Increased threshold depolarization may occur due to this progesterone-driven
rightward shift in activation, potentially reducing activation speed and decreas-
ing neuronal excitability. As a result, progesterone might lower INa to produce its
pain-relieving effect. These results bolster the idea that progesterone directly blocks
voltage-gated sodium, calcium, and potassium channels to diminish excitotoxicity.
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Although this study indicated that the complete array of sodium channels plays a role
in progesterone-induced INa reduction, further investigation is needed to identify
which sodium channels are the most significant [12].

3.3 Relaxin

Relaxin H2, a 6-kDa polypeptide 13, is the main form of relaxin that is stored and
circulated in humans that appears to exert long-term effects on connective tissues
by altering the turnover of collagen and proteoglycans. Relaxin induces alterations
in the composition and organization of matrix in tissues such as the uterus, ovary,
cervix, breast, and deciduas by altering the synthesis of matrix macromolecules
and/or modifying the expression of matrix-degrading enymes [10-13]. It seems that
increased degradative processes, rather than alterations in matrix production, lead
to changes in matrix composition in the fibocartilaginous tissues of the TM]J and also
pubic symphysis. Relaxin seems to aid in tissue breakdown by primarily activating
various MMPs, including MMP-1, MMP-3, MMP-9, and MMP-13, in both reproduc-
tive and non-reproductive cells, such as skin and lung alveolar fibroblasts, as well as
TM]J fibrocartilage [12, 13].

4. Estrogen in temporomandibular disorders
4.1 Presence and distribution of estrogen receptors in TMJ components

Estrogen receptors (ERs) are found abundantly in the temporomandibular joint
tissue [6, 7]. This distribution illustrates how the joint reacts to hormone signals. The
receptors specifically are Era, Erp, and GPER. The receptor ERa is seen in articular
cartilage and subchondral bone and is also found in the synovial membrane, which
implies estrogen can directly affect cell function and gene expression in these criti-
cal load-bearing tissues. ERp follows a similar distribution in these tissues. GPER
(GPR30) is also expressed in chondrocytes, and its distribution in other human
tissues indicates it is involved in other components of the TM] as well. The diversity
of receptor types between TM]J tissues is central to the understanding of how estrogen
influences the joint [5, 7, 10, 12]. Table 1 provides a summary of the key estrogen
receptors found in TM]J tissues and their primary mechanisms of action.

4.2 The effect of estrogen on TM] tissue remodeling and metabolism

Estrogen has a significant influence on remodeling activities of the TM]J and on
the extracellular matrix (ECM) and bone volume. It is an intricate effect involving a
balance between tissue deconstruction and tissue construction [11, 13].

4.2.1 Articular cartilage

17B-estradiol (E2) has also shown to stimulate the expression of certain Matrix.
Metalloproteinases (MMPs) include MMP-9 and MMP-13, in fibrochondrocytes
of the TM]J. This is primarily through ERa activation, and the result is extracellular
matrix breakdown and loss, a feature found in degenerative joint diseases. Elevated
MMP levels have been identified as known causators of TM]J osteoarthritis (TMJ-OA)
[10, 13]. Animal models confirm this, demonstrating that mechanical tension and
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Receptor Primary location in TM]J Key signaling mechanisms ~ Known effects on TM]J
type tissues
ERa Articular cartilage, Genomic (gene transcription ~ MMP-9/MMP-13 induction
subchondral bone, synovial via EREs), non-genomic (e.g., leading to ECM degradation,
membrane (fibroblast-like MAPK activation) modulation of inflammation,
type B cells), TMJ disc bone remodeling, influence on
cellular physiology
ERB Articular cartilage, Genomic (gene transcription ~ Modulation of cartilage turnover,
subchondral bone, TMJ disc ~ via EREs), non-genomic (e.g., bone metabolism, influence on
kinase interactions) immune responses, often with
effects divergent from ER«
GPER Chondrocytes, likely other Rapid non-genomic (e.g., Potential role in jawbone
TM]J components (e.g., ERK1/2 transactivation, regeneration, involvement in pain
synovial membrane, disc) cAMP upregulation, cytosolic  processing (spinal nociception via
Ca* increase) Ca* and ROS)
Table 1.

Key estrogen receptors in TM] tissues and their primary mechanisms of action.

elevated estrogen levels can reduce TM]J cartilage thickness. Conversely, in TMJ-OA
models, 17p-estradiol supplementation has been found to restore thickness of carti-
lage and reduce osteoclast activity, indicating a protective role under some conditions.
This ambivalent role demonstrates that the action of estrogen on cartilage is a fine
balance, concentration, and particular medical context [10-13].

4.2.2 Subchondral bone

Estrogen is essential for healthy bone metabolism and bone density. Estrogen
deficiency, which often follows menopause, markedly increases the risk of osteoporo-
sis and has been implicated in TMJ-OA, a disorder which is characterized by abnormal
bone loss and growth. Studies indicate that reduced levels of dihydrotestosterone
(DHT) and 17p-estradiol cause systemic bone loss, reflected by reduced bone volume/
tissue volume (BV/TV) and decreased trabecular thickness, accompanied by greater
trabecular spacing [7, 8, 10]. In contrast, 17p-estradiol supplementation decreases
inflammatory markers (NFkB, Gremlin 1, RelA) and increases BMP7 expression,
both of which are beneficial for bone integrity and also protect against TMJ-OA.
Additionally, GPER1 has been noted as a critical gene that facilitates jawbone repair,
particularly in the case of estrogen deficiency. The gene GPER1, sometimes referred
to as GPR30, is essential for the healing of jawbones, especially in situations where
estrogen levels are insufficient, as in the case of an estrogen deficit. By promoting
osteogenesis and cell proliferation, it aids in the regeneration of jawbones [7, 9].

4.2.3 Articular disc

The organization and remodeling of the TMJ disc are also affected by estrogen.
This heightened enzymatic activity caused by estrogen can diminish key extracellular
matrix elements required for disc integrity. Biomechanical examinations of aging
human TM]J discs reveal that female discs are more stiff overall and more resistant
to relaxation after strain compared with male discs, providing evidence of a gender-
based effect on disc properties [7-9, 11].
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4.3 Estrogen’s function in synovial fluid composition and joint lubrication

The synovial membrane surrounding the TMJ secretes synovial fluid, which keeps
the inner surfaces of the joint well-nourished and lubricated. Studies indicate that
estrogen has a negative influence by reducing the expression and activity of the pro-
teoglycan 4 (PRG4) gene, also referred to as lubricin, in TMJ disc cells. PRG4 mainly
offers lubrication, minimizing wear on joint tissues. The inhibitory effect of estrogen
on PRG4 can result in reduced lubrication hence increased friction and subsequent
breakdown of joint components, accounting for the observed gender differences
among TMD patients. Also, the level of estrogen in synovial fluid is associated with
the severity of arthritis in postmenopausal women, thus demonstrating its local
effect on joint health. Estrogen also influences craniofacial anatomy, which results
in variation in mandibular size and angle, affecting bite forces and chewing mecha-
nisms [12-14]. When this anatomical predisposition is coupled with estrogen’s direct
influence on TMJ tissue—such as increasing disc stiffness and impacting lubrication
negatively by PRG4 regulation—a particularly important interplay is in effect. These
changes are not merely molecular; they have actual mechanical consequences. In
addition to its direct effects on cells, estrogen could render women susceptible to
TMD by modifying the TMJ’s mechanical conditions and strength in subtle ways.
Greater disc stiffness and reduced lubrication may predispose the joint to mechani-
cal strain and wear, significantly contributing to the rising frequency of internal
issues and degenerative change in females. This emphasizes the interrelationship of
hormonal, structural, and mechanical factors and implies that the treatment of TMD
must consider the impact of the hormonal effects on tissue properties [7, 13-17].

5. Estrogen and pain modulation in the temporomandibular joint
5.1 Gender differences in pain perception and TMJ pain sensitivity

Numerous researches show that the intensity and duration of the pain expe-
rience in women is more than men when it comes to orofacial pain, including
TMD pain. Studies also confirm that women tend to have higher sensitivity to
pain [15-17]. Estrogen receptors exist in primary sensory neurons, such as those
located in the dorsal root ganglion (DRG) and the trigeminal ganglion (TG),
which provides sensory nerve supply to the Jaw joint and masticatory muscles.
Estrogen can directly affect trigeminal ganglion neurons, increasing their
excitability and expanding their receptive fields. This effect helps explain the
increased pain sensitivity seen in women [11, 14, 16, 18].

5.2 Estrogen’s modulation of central pain pathways and descending modulatory
systems

Estrogen impacts the neuroendocrine and nervous systems, enabling it to influ-
ence pain regulation. It directly affects the transmission of central pain. Estrogen
boosts NMDA receptor-mediated communication and spinal long-term potentiation
(LTP) via quick signaling that begins with estrogen receptors on membranes. This
indicates how estrogen may amplify pain signals at the vertebral level [13, 14, 16,

19]. Estrogen also influences other important neural pathways that play a role in pain
modulation, including serotonin, norepinephrine, dopamine, and natural opioid
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pathways. Reduced estrogen levels are associated with decreased opioid activity,
which may result in increased pain sensations. Activation of GPER in the central ner-
vous system has been demonstrated to result in spinal pain, driven through elevations
in cytosolic calcium and accumulation of reactive oxygen species (ROS) [17-19].

5.3 Interaction of estrogen with inflammatory mediators

Estrogen significantly influences the control of inflammation in the TM]J. The
monocytes and macrophages that are immune like cells generate pro-inflammatory
cytokines like interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-a) under the regulatory effects of estrogen, which is notably high in the
synovial fluid of TMD patients and is known to worsen TMJ osteoarthritis. Estrogen
has been discovered to amplify pain reaction in TM] tissues by the secretion of
inflammatory substances, prostaglandins, and substance P [7, 9, 11, 16, 17].

Conversely, estrogen may also suppress the synthesis of specific cytokines (IL-1,
IL-6, TNF-«), diminish microglial toxicity, and lower acute inflammation in models
such as carrageenan-induced pleurisy. Prostaglandins and leukotrienes, originat-
ing from arachidonic acid, are crucial agents of acute inflammation. Non-steroidal
anti-inflammatory drugs (NSAIDs) act by inhibiting the production of prostaglan-
dins. This indicates that the role of estrogen in TM]J inflammation is intricate; it is

Estrogen effect (pro—/ Specific mechanism/mediator involved Context/condition
anti-nociceptive/inflammatory)
Pro-nociceptive/ Trigeminal ganglion sensitization (increased Mild localized TM]

pro-inflammatory

excitability, expanded receptive fields)

inflammation, elevated
estrogen

Lowering pain threshold, modulating
Nav1.7 in trigeminal ganglion

Inflamed TMJ

Upregulation of NMDAR1 in DRG

Chronic sciatic nerve injury
model

Amplification of TRPV-1 channel function

Estrogen-treated animals

Increased release of inflammatory mediators
(cytokines, prostaglandins, substance P)

TM]J tissues

Enhanced inflammatory nociception

Acute estrogen surge

Increased monocytic release of cytokines TMD patients with high
after inflammatory insult estrogen levels
Facilitation of NMDA receptor-mediated Spinal cord

synaptic transmission and spinal LTP

Anti-nociceptive/
anti-inflammatory

Suppression of cytokine induction (IL-1,
IL-6, TNF-o)

Various inflammatory models

Prevention of microglial toxicity

LPS-induced inflammation

Reduction of acute inflammation (e.g.,
carrageenan-induced pleurisy)

Animal models

Decreased pain in physiological pain

General physiological pain

Protective mechanism against nociception

Stable hormone levels

Table 2.

Estrogen’s dual role in TMJ inflammation and nociception.
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influenced by several factors, such as the type of inflammation, estrogen levels,
exposure time, and the particular cellular context. This intricacy is significant for
therapeutic approaches. It suggests that a blanket strategy for anti-inflammatory
treatment in TMD might not yield positive results. Interventions must consider the
patient’s hormonal condition and the inflammatory mediators and pathways involved,
favoring a more tailored treatment approach [11, 12, 16, 17, 19]. Table 2 illustrates
estrogen’s dual role in TMJ inflammation and nociception.

5.4 Dose-dependent and context-dependent effects of estrogen on pain

The impact of estrogen on pain is intricate and differs. It can both facilitate and
reduce pain depending on the situation. For normal pain, estrogen usually seems to
lower pain levels. However, its effects can change depending on the type and dura-
tion of inflammation. An acute rise in estrogen can increase pain associated with
inflammation, while in cases of chronic inflammatory pain (like those using complete
Freund’s adjuvant), estrogen shows a pain-facilitating effect [11, 16, 19-22]. Clinical
observations reveal that low or fluctuating estrogen levels, especially during the peri-
menstrual phase, connect to increased pain and severity. In contrast, stable hormone
levels may help protect against pain. The dose and method of estrogen delivery are
critical, where normal levels might provide protection, but higher doses could be
harmful [20, 22, 23].

6. Clinical implications of estrogen’s action on TMD
6.1 Impact of hormonal fluctuations on TMD prevalence and severity

The pattern of TMD prevalence indicates that it is most frequent during reproduc-
tive years (ages 20-40) and least frequent prior to puberty and post-menopause. This
pattern corresponds with fluctuations in estrogen levels, indicating that estrogen
significantly contributes to the development of TMD. The severity of TMD pain
often fluctuates during the menstrual cycle. It frequently reaches its highest point
during menstruation and the late luteal phase when estradiol levels are low or rapidly
decreasing. This steady pattern suggests a distinct link between hormonal fluctua-
tions and pain perceptions [20-24].

The relationship between the use of external hormones, such as oral contracep-
tives (OCs) and hormone replacement therapy (HRT), and TMD remains a topic of
debate. Certain studies indicate a higher risk, yet recent reviews fail to conclusively
demonstrate that estrogen replacement therapy elevates TMD risk. This discrepancy
highlights the necessity for additional studies to grasp the actual impacts of external
hormones. Pregnancy, characterized by elevated estrogen levels, presents varied
outcomes related to TMD. Certain research suggests reduced orofacial pain during
the third trimester, whereas other studies observe no meaningful connection between
pregnancy and TMD functions. Hormonal imbalance conditions, like polycystic
ovary syndrome (PCOS), are associated with a significantly increased prevalence of
TMD, frequently accompanied by heightened inflammatory factors. These clinical
findings emphasize that estrogen’s involvement in TMD is intricate and situation-
dependent, rather than just a straightforward issue of increased or decreased hor-
mone levels [22-25]. Table 3 summarizes the influence of various hormonal states on
TMD prevalence and pain severity.
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Hormonal state/intervention Observed effect on TMD prevalence/severity/pain
Pre-puberty Low prevalence, similar in boys and girls
Reproductive years (20-40 years) Highest prevalence, peak pain intensity

Pain peaks during low/rapidly falling estrogen (late luteal phase,

Menstrual cycle phases .
menstruation)

Inconsistent: some report reduced orofacial pain (3rd trimester); others

Pregnanc X N
& Y find no clear association

Perimenopause/menopause Lower prevalence than reproductive years

. Inconsistent: Some suggest increased risk; others find no significant
Oral contraceptive use

difference
Hormone replacement therapy Inconsistent: Some suggest increased risk; recent reviews find no
(HRT/ERT) conclusive evidence for increased risk

Polycystic ovary syndrome

(PCOS) Elevated inflammatory factors with significantly higher incidence of TMD.

Table 3.
Influence of hormonal states on TMD prevalence and pain severity.

6.2 Genetic predisposition: Estrogen receptor gene polymorphisms and estrogen
metabolism enzymes

Genetic influences play a significant role in identifying individuals who are at
greater risk for TMD. Particularly, variations in genes for estrogen receptors, such as
estrogen receptor alpha (ESR1, e.g., Xbal/Pvull single-nucleotide polymorphisms
(SNPs) and the estrogen receptor beta (ESR2)) are associated with an increased
likelihood of TMJ disorders in females. For instance, the [GC] haplotype at the Xbal
site in ERa is prominently present in females with TM]J disorders, indicating a genetic
predisposition. These genetic differences can significantly alter the way estrogen
functions in the TMJ and influence the emergence of TM] issues [11, 13, 23, 24].

In addition to receptors, enzymes that metabolize estrogen also affect susceptibil-
ity. For the production of estrogen and conversion of androgens into estrogens, the
role of the enzyme Aromatase (CYP19A1) is a crucial. Catechol-O-methyltransferase
(COMT) helps break down catecholamines, which are neurotransmitters influenced
by estrogen and involved in pain pathways. Variants of the COMT gene that lead to
lower enzyme activity correlate with increased pain sensitivity and a higher incidence
of TMD [7, 10, 11, 23, 25] . Certain polymorphisms in estrogen receptor genes and
variations in estrogen metabolism enzymes show that an individual’s risk for TMD
and their response to estrogen are strongly influenced by their genetics. This explains
why not all women with similar hormone levels experience TMD the same way or
with equal severity, highlighting the need for personalized approaches in TMD treat-
ment [22-24].

6.3 Biopsychosocial model and comorbidities in estrogen-related TMD

TMD’s multifactorial nature is well-known, with significant biopsychosocial
factors, including psychological issues like depression and anxiety, and behaviors
like pain catastrophizing and fear-avoidance. TMD often coexists with other chronic
overlapping pain conditions by IASP fact sheet 2024, such as migraines, fibromyalgia,
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and cervical spondylitis and cervical pain conditions, pointing to a shared underlying
mechanisms. The interplay between psychological distress and chronic pain can form
a “vicious circle,” where each aspect worsens the other [4, 7, 23, 25].

Estrogen directly affects mental health and mood, with significant changes in estrogen
levels raising the chances of occurrence of depression, anxiety, and post-traumatic stress
disorder. This shows a direct link between hormonal state and the psychological fac-
tors that can worsen TMD. Hormonal fluctuations not only affect TM] tissues and pain
perception directly but also indirectly worsen TMD by harming psychological well-being.
This psychological distress can exacerbate and possibly centralize the pain, making
TMD more severe and chronic. Therefore, managing estrogen-related TMD requires a
thorough approach that addresses both the biological influence of estrogen on the TMJ
and the psychological impacts of hormonal changes, reinforcing the important role of the
biopsychosocial model and integrated care [8, 10, 11, 23-30].

7. Diagnostic and management considerations for estrogen-related TMDs
7.1 Comprehensive patient history: Emphasizing hormonal status

Begin with a thorough history to explore estrogen’s role.
7.1.1 Menstrual history, contraceptives and HRT

¢ Ask about menstrual regularity, cycle-related jaw pain, and use of hormonal
contraceptives/HRT.

* Exogenous estrogen (via OCs or HRT) has been linked to a 20-30% increased
odds of TMD symptoms

7.1.2 Pregnancy history and menopausal status

* Pregnancy often brings high estrogen levels; TMD pain typically decreases in the
third trimester

* Low-estrogen states—postpartum and post-menopause—often exacerbate pain
7.2 Clinical examination: Identifying specific TMD subtypes

* Evaluate for myogenous vs. arthrogenous TMD, disc displacement, joint sounds,
range-of-motion, and palpate TM]J/masticatory muscles.

* Track symptom fluctuation relative to menstrual cycle or hormonal changes.
7.3 Adjunctive diagnostic tools

* Imaging: MRI with contrast optimized by menstrual phase can clarify joint
pathology

o Inflammatory biomarkers: Emerging research highlights systemic inflammation
via estrogen-mediated pathways (e.g., IL-6, MCP-1)
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7.4 Therapeutic strategies tailored to hormonal status
7.4.1 Pharmacological management

* NSAIDs, muscle relaxants, and neuromodulators are staples.

¢ In perimenopausal or hypoestrogenic women, consider low-dose HRT patches—
some case reports document TMJ symptom relief.

* Be cautious: HRT may have conflicting effects—postmenopausal women on HRT
sometimes show TMD worsened, other times no change

7.4.2 Non-pharmacological interventions

* Physical thevapy: Exercises, jaw relaxation, posture correction (especially around
low-estrogen phases). Some individuals often report relief via physical therapy.

o Splint therapy: Effective for muscle-related TMD and bruxism

* Behavioral management: Stress reduction can mitigate estrogen-amplified pain
responses.

7.4.3 Nutritional and lifestyle modifications

* Anti-inflammatory diets, omega-3 supplementation (under clinician
supervision).

* Regular exercise and good sleep hygiene to stabilize hormones and reduce
inflammatory tone.

7.4.4 Multidisciplinary approach

¢ Collaborate with gynecologists/endocrinologists to assess estrogen status (e.g.,
menopausal transition, HRT suitability).

* In hypoestrogenic cases, HRT might reduce TMD pain—but must carefully weigh
risks such as thromboembolism and breast cancer

* Integrating mental health and physiotherapy referrals ensures a biopsychosocial
approach.

7.5 Estrogen plays a dual role in TMD

* High/fluctuating levels trigger inflammation and heightened pain perception (via
ERa, TLRs, cytokines)

* Low levels (postpartum, menopause) may worsen chronic joint degeneration and
pain.

Tailored management—factoring in menstrual phase, pregnancy, HRT, and
lifestyle—leads to better outcomes. A team approach engages medical, physical,
psychological, and lifestyle expertise [7, 12, 14, 27-34].
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Recent systematic reviews on linking estrogen replacement therapy and tem-
peromandibular disorders indicate that there is no definitive proof backing a higher
likelihood of TMDs in women undergoing ERT.

8. Conclusion

The intricate relationship between hormones and the temporomandibular joint
(TM]J), particularly concerning temporomandibular disorders (TMD), is a significant
area of focus for our era. Of the numerous endocrine players, estrogen appears to be
a potent hormone in the pathogenesis and course of TMD. Widespread receptors in
the articular cartilage, synovium, and musculature of the TMJ indicate a direct effect
on tissue remodeling, inflammation, and sensory perception. The greater prevalence
of TMD in females, particularly during times of heightened hormonal changes such
as puberty, menstruation, pregnancy, and menopause, makes this association a
strong one. The diverse effects of estrogen, like its role in the metabolism of collagen,
inflammatory mechanisms, and nociception, offer a rational biological explanation
for its involvement in TMJ dysfunction and pain.

In addition, the effects of estrogen replacement therapy (ERT) in alleviating
menopausal symptoms also reach the TMJ. Although ERT has the potential to provide
systemic benefits, its effects on TMD symptoms are multifaceted and must be given
careful thought. For some women, ERT may relieve pain and discomfort by stabiliz-
ing endogenous hormonal levels, which may limit inflammatory reactions or enhance
joint tissue integrity. Yet, for others with pre-existing susceptibilities in TMJ or certain
hormonal sensitivities, ERT may provide no relief or even worsen symptoms. This
once again underscores the importance of individual evaluation and a sophisticated
awareness of every patient’s hormonal status and TMD presentation. As clinicians, we
need to keep in mind the larger endocrine scenario when assessing and treating TMD
patients, especially women, and consider the role of interventions such as ERT with
informed prudence and individualized care. It is critical to conduct further studies to
fully understand the complex molecular mechanisms involved and direct subsequent
therapeutic advances in this multifaceted and frequently incapacitating disease.
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Chapter 7

Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs) in Pain
Management Caused by
Temporomandibular Joint (TM]J)
Disorders

Elahe Aleebrahim-Dehkordi, Mahmoud Bahrami Dashtaki
and Sina Ahmadi

Abstract

In temporomandibular joint (TM]) disorders, inflammation is accompanied by
pain and cartilage degeneration. This pain may be caused by temporomandibular
disorders due to muscular or joint conditions, or both. However, it is not clear which
non-invasive treatments work best. In the treatment of this disorder, there are two
main options for pharmacological management of pain, one of which is the use of
nonsteroidal anti-inflammatory drugs (NSAIDs). These drugs stop the production of
prostaglandins, which is why NSAIDs, by inhibiting the enzyme, reduce the produc-
tion of prostaglandins and reduce inflammation. NSAIDs are now one of the first-line
treatments for mild-to-moderate inflammatory pain in patients with TM]J because of
their strong analgesic and anti-inflammatory properties, including the capacity to
inhibit cyclooxygenase and hence prevent prostaglandin formation. This chapter pro-
vides a comprehensive classification of TMJ and then goes on to discuss the NSAIDs’
mechanism of action, administration, side effects, contraindications, management,
and monitoring. It also covers crucial information for healthcare professionals. Since
topical NSAIDs have minimal gastrointestinal effects, they might be safe for treating
TMJ. Considering their risk-benefit ratio in relation to alternative anti-TM]J therapies,
topical NSAIDs should be considered for TM]J. Effective treatment for TMD requires
a multidisciplinary approach between dentists, pain specialists, physiotherapists,
psychologists and neurologists. NSAIDs these drugs are among the successful treat-
ment options in reducing pain and inflammation in TMJ disease. It is highly advised
to use NSAIDs at the lowest effective dose for the shortest amount of time, and to
reduce the gastrointestinal risk of associated with NSAIDs, should be supplementary
gastroprotective agent’s medications prescribed.

Keywords: temporomandibular disorders, NSAIDs, inflammation, orofacial pain,
cyclooxygenase inhibitors, topical therapy, gastrointestinal risks
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1. Introduction

Temporomandibular disorders (TMD) are usually associated with significant pain
and inflammation, which can be characterized as pain in the temporomandibular
joint (TMJ), masticatory muscles, or both. In fact, the main cause of pain in TMD
patients is joint inflammation, which causes stiffness and limitation of jaw move-
ment. The trigeminal ganglion (TG) or (Gasserian or semilunar ganglionis) a nerve
node located at the base of the skull and is part of the trigeminal nerve (the fifth
cranial nerve). This ganglion contains sensory neurons that transmit sensory infor-
mation from the face, including touch, pain, and temperature, to the brain. The TG
is the most important factor in the transmission of pain sensation in the TMJ, which
plays a very important role in the regulation of TM]J pain. Inflammation in the TMJ
increases the excitability of neurons in the TG and also affects the expression of some
genes that are related to pain in the TG [1]. Mechanical overload of the TMJ is a major
contributing factor to the development of TM]J OA, also known as temporomandibu-
lar joint osteoarthritis. This causes the TMJ’s intra-articular pressure to rise, which
in turn results in transient hypoxia (low oxygen levels). This hypoxia in the TM]
can trigger the expression of vascular endothelial growth factor (VEGF) by activat-
ing hypoxia-induced transcription factor 1 (TCF1) [2]. Pain, joint noises, locking,
reduced mouth opening, and difficulty eating are among the predominant symptoms
and, if left untreated, can be disabling for the individual and affect the quality of life.
Pain caused by the TM]J or related masticatory muscles is manifested by tenderness
to touch in the respective anatomical area. To measure the degree of mouth opening,
the distance between the tips of the upper and lower incisors at maximum opening
(interincisal distance) is considered and if it is less than (35 mm), it is considered
abnormal. Locking and joint noises, are caused by internal derangement of the joint
mechanism which includes the mandibular condyle, intra-articular disc, and the
glenoid fossa. Locking and joint noises can sometimes be caused by inflammatory
debris that is deposited as part of the disease process. All of this, along with pain and
restricted opening, can lead to eating problems [3]. TMJ dysfunction treatment neces-
sitates a multidisciplinary approach. This implies that the therapy of this illness may
require a number of professionals, such as dentists, physiotherapists, pain specialists,
etc. The three primary objectives of TM]J treatment are symptom reduction, which
includes pain management, disease inactivation, and the restoration of normal joint
function in order to lessen pain and the capacity to carry out everyday tasks. TMJ
treatment options fall into a number of categories, ranging from the least invasive
to the most intrusive. These include: 1-conservative care, which includes physical
therapy; 2-pharmaceutical and occlusal splinting therapy; 3-less invasive surgery,
which includes arthrocentesis and joint injections; and 4-invasive surgery, which
includes open joint surgery and arthroscopy, also known as arthroscopic or keyhole
surgery [4, 5]. Nonsteroidal anti-inflammatory drugs (NSAIDs) are a large group of
drugs that inhibit the formation of prostaglandins by inhibiting cyclooxygenases.
The cyclooxygenase (COX) enzyme is a key structural enzyme in the production of
the body’s inflammatory mediators, or prostanoids, including (prostaglandins F2a,
E2, D2, 12 and thromboxane A2). NSAIDs are among the most widely used medical
medication prescribed for pain in the orofacial region [6]. This chapter provides a
comprehensive classification of TMJ and then describes the mechanism of action,
administration, adverse effects, contraindications, management, and monitoring, as
well as important points for providers regarding NSAIDs.
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2. A review of temporomandibular joint (TM]J) disorders

Temporomandibular joint disorders (TMDs) are a heterogeneous group of
musculoskeletal and neuromuscular issues affecting the temporomandibular joint
(TMJ), masticatory muscles, and related structures [7]. TMDs are among the most
common causes of non-dental orofacial pain and has a global prevalence of 5-12%
[8]. TMDs are a leading cause of chronic pain due to long-term underdiagnosis or
misdiagnosis, resulting in chronic pain, distress, and poor quality of life [9]. TMDs
are multifactorial in origin, stemming from biological, psychological, environmen-
tal, and behavioral influences, such as parafunctional activities including bruxism,
emotional stress, trauma, inflammatory joint disease, and congenital/acquired
anatomical issues [10]. TMD is defined by the American Academy of Orofacial Pain as
a group of conditions involving the TMJ, masticatory muscles and related structures
[11]. The Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) divides
TMD into muscle-related and joint-related categories, with the latter encompassing
internal derangements (e.g., disc displacement, with and without reduction) as well
as arthralgia, degenerative joint disease (DJD), and osteoarthritic changes in hard
tissues of the joint [12, 13].

The clinical presentation of TMDs can differ widely and may include jaw pain or
tenderness, limited mandibular movement, jaw sounds (i.e., clicking or popping),
headaches, earaches, changes in occlusion, etc. [13]. With chronic cases, there can be
recurrent pain patterns which may manifest together with depression, anxiety, and
sleep problems [14, 15]. Symptoms often overlap with other comorbid orofacial con-
ditions, which lead to diagnostic and management challenges [14]. TMDs occur more
frequently in females undergoing hormonal fluctuations, and the peak prevalence
occurs in the 20 to 40 age range [16].

According to epidemiological data from a recent systematic review and meta-
analysis, the prevalence of TM] disorders is 11.3% in children and young adolescents
and about 31.1% in adults and geriatric age groups. Disc displacement with reduction
(DDwR) is the most common subtype and occurs in approximately 26% of adults
and 74% in younger populations [17, 18]. Degenerative joint conditions, such as
osteoarthritis (OA), is less common in children but prevalence rises significantly as
children reach adulthood or older age, reaching almost 17% in the older generation.
Information described from meta-analysis highlights the need for early identification
and modulation for appropriate management in individual age groups [17, 19].

The diagnosis of TMDs is based on clinical assessment and various imaging
approaches. Conventional imaging methods such as panoramic radiography are
typically the first line of imaging for TMDs [7]. However, magnetic resonance
imaging (MRI) is the modality of choice for the evaluation of soft tissue structures
(i.e., articular disc, synovium, and joint effusion), and should be considered the
gold standard method of imaging [20]. MRI provides high-resolution, multiplanar
imaging and is needed to assess subtle pathologies that occur intra-particularly, such
as disc displacement, synovitis, and osseous degeneration. Although MRI is the best
method of diagnostic imaging, it has a reduced diagnostic access due to cost, patient
availability, and other contraindications in certain patient populations [21].

Ultrasonography (US) has been recently considered as an adjunctive imaging
modality, and used to assess TMDs unique characteristics, because of its non-invasive
procedure, reduced costs and dynamic imaging capabilities [22]. The advantage of US
is that it can visualize TMJ movement and demonstrate where the disc is relative to the
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bony components of the TM]J during jaw functions, which is advantageous for screen-
ing purposes and also for point of care evaluation [23, 24]. Overall, meta-analytic data
suggested that MRI correlates highly with the definition of a true positive and false
negative (it has a pooled odds ratio (OR) of 0.64 and a relative risk (RR) of 0.80),
or an improved accuracy compared to ultrasound [25]. Nevertheless, US is still a
reasonable first imaging modality, in the case that MRI cannot be performed or is not
accessible to the patient. However, US diagnostic performance is heavily reliant on US
operator experience, US imaging protocol used, and patient-dependent factors [26].
TMD management should be individualized, and most patients are treated conser-
vatively and non-invasively at first. Conservation and non-invasive treatment include
patient education, behavior modification, pharmacologic agents (NSAIDs, muscle
relaxants), physical therapy and the use of occlusal splints or stabilization appliances
[27]. Most cases of TMD resolve using conservative treatment and only a few of the
cases progress to completing more invasive procedures. Consensus guidelines from
the appropriate international body recommend for refractory or significantly ana-
tomically impaired cases of TMD, procedures such as arthrocentesis and arthroscopy
can be considered and open joint surgical procedure reserved for conditions such
as ankylosis, joint fusion, or severe disc derangement that failed conservative treat-
ment [28, 29]. Evidence shows better surgical outcomes when surgical procedures are
preceded by thorough imaging conventions, MRI being preferred [25].

2.1 Classification of TM]J disorders

Over the past few decades, the classification of temporomandibular joint (TM])
disorders has progressed immensely, and continues to progress, which is a reflec-
tion of the increasing knowledge surrounding the anatomical, physiological, and
psychosocial complexities involved with these disorders [13]. TM] disorders, broadly
termed TMDs, are a heterogeneous group of musculoskeletal and neuromuscular
disorders that involve the TM]J, masticatory muscles, and related structures [13, 15,
16]. Classification is not simply an academic endeavor; it is necessary for accurate
diagnosis, treatment planning, and consistency among researchers and in clini-
cal practice [30]. However, we currently have no universally accepted system, and
various attempts at parallel classifications exist in research and clinical practice.

One of the most commonly used classifications is the AAOP (American Academy

of Orofacial Pain) classification, which categorizes TMDs primarily by anatomi-

cal and pathophysiological characteristics into two categories: (1) joint disorders,

and (2) masticatory muscle disorders [This disease affecting the muscles involved

in chewing (mastication)] [31]. Joint disorders contain arthralgias, disc displace-
ments, hypomobilities and hypermobilities, degenerative joint diseases (such as
osteoarthritis and osteoarthrosis), fractures, and congenital disorders. Masticatory
muscle disorders include varieties of myalgia (including localized myalgia, myofascial
pain, and myalgia with referral), tendonitis, myositis, and centrally mediated pain
disorders, such as fibromyalgia [32]. The AAOP classification is the most complex of
those available, with over 50 clinical entities noted in the 6th edition, making it the
most extensive, and most complicated for routine practice [31]. Another significant
parallel framework is the Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD), developed through the International Network for Orofacial Pain and Related
Disorders Methodology (INfORM) [12, 33]. The DC/TMD adapted the previous
Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) by fur-
ther splitting Axis I disorders into pain-related groups, e.g., myalgia, arthralgia, and
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headache attributed to TMD, and intra-articular TMDs, e.g., simple disc dislocation in
varying forms and degenerative diseases of the joint. In addition, the DC/TMD model
prepped Axis Il measures to cross-reference and assess psychosocial components
which include pain-related disability, depression, and anxiety, and thus offered a
biopsychosocial view [12]. One more classification model, Okeson’s classification, is
not used by a single association or organization as a framework, however, it is said

to have influenced contemporary thought. Okeson has categorized his disorders into
masticatory muscle disorders, TM] disorders, chronic mandibular hypomobility,

and disorders of growth [34]. The value of this classification is the clinician’s logic;
however, it does not account for many disease processes such as systemic arthritides
and movement disorders of the orofacial region [34].

As an additional refinement to classifying pain-related TMDs, the ICOP
(International Classification of Orofacial Pain) was developed through the partner-
ship of the International Headache Society and the IASP [35, 36]. It delineates pri-
mary from secondary temporomandibular pain by recognizing the acute and chronic
presentation of myofascial or TMJ-related pain [34]. This distinction is clinically
important, because the management strategies for chronic TMD pain would be quite
different from acute TMD pain, which may include central sensitization [37]. In
terms of epidemiology and health system classification, the WHO ICD-11 classifica-
tion provides yet another level of classification [38]. TMDs are classified in so many
chapters of the ICD-11 description, it’s evidence of the complexity of TMDs [39]. The
ICD-11 system can aid to track diseases globally, however, it does not have the clinical
detail that would allow for nuanced diagnoses and intervention [39]. In contrast, the
multifaceted ACTTION-American Pain Society Pain Taxonomy (AAPT) paradigm
encompasses not only diagnostic criteria but also comparable characteristics, shared
comorbidities, functional implications, and underlying biopsychosocial mechanisms
[40]. The AAPT was originally designed for chronic pain syndromes such as fibro-
myalgia, but it is amenable to TMD and endorses individual-based classification and
treatment [40]. Furthermore, the American Academy of Craniofacial Pain (AACP)
has offered a model similar to the earlier work of Pertes and Gross in separating TMD
as related to the joint, muscle, and congenital/developmental conditions [41]. The
AACP model is limited as it is an earlier model that has not been updated recently, and
is still using ICD-9 codes [41]. Classification is increasingly discussing genetics, neu-
robiology, and artificial intelligence (AI). Newer evidence also suggests that genetic
variants, including those that predispose individuals to potential chronic TMD pain
(e.g., genetic alterations associated with opioid receptors and the body’s response to
stress) [8]. Imaging studies have indicated a change in structural brain volumes in
chronic TMD individuals indicating a need for clinical classification systems that heed
central sensitization and pain chronification [23, 24]. Future classification systems
including biomarkers and Al-based diagnostic tools will offer a new foundation for
individualized diagnosis and treatment. It will enable data-driven and individualized
diagnosis and management in the future.

3. Pathophysiology of pain

Pain in temporomandibular joint (TM]) disorders has a complex nature, which
encompasses peripheral tissue damage but goes far beyond simple direct inflamma-
tion and mechanistic events, emphasizing intricate neurophysiological processes in
both the spinal and supraspinal nervous systems [13, 31]. The pathophysiology of
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TM]J pain cannot simply be explained in terms of nociceptive stimulation of local
inflammation or mechanical stress, and TM]J pain predicts a dynamic response,

with repeated interactions and influences of biomechanical events and insults,
neuroimmune responses, and central pain processing and modulation events [42].
Understanding the multifactorial nature of pain is important, especially when
considering the diagnosis and treatment of TM] disorders [42]. The TM] nociceptors
are primarily found in peripheral TM]J tissues such as the synovium, joint capsule,
ligaments, and articular cartilage where there is an extensive network of nocicep-
tors that are primarily activated by inflammatory mediators, mechanical strain, or
injury [13, 43]. The nociceptors include A-delta and C fibers which transduce noxious
stimuli to electrical signals relayed from the trigeminal nerve to the central nervous
system [44]. When the joint is overloaded beyond its adaptive capacity either from
the usual functional demands or when joints do not adapt due to various dynamics,
there is excess input in the mechanoreceptors and nociceptors, triggering biochemi-
cal and degenerative processes [45]. TM]J overload is classified as either absolute,
which occurs when normal tissues are overloaded with excessive forces (i.e., trauma
or bruxism), or relative, an acute normal loading of normal tissues, but against
tissues that have lost their physiologic resilience (e.g., aging, systemic inflammatory
disorders, and hormonal changes) [46]. The overloading unloads the homeostasis of
connective tissues, resulting in maladaptive remodeling, cartilage degeneration, and
inflammation of the synovial. Matrix metalloproteinases (MMPs-particularly MMP-1
and MMP-13) degrade components of the extracellular matrix which include collagen
and proteoglycans [46-49]. MMPs activity is typically increased by pro-inflammatory
cytokines or growth factors (such as IL-1p, TNF-a, and VEGF), which result in an
imbalance in synthesis or degradation of the matrix, which results in degenerative
joint disease [49]. Neurogenic inflammation is another contributor to TM]J pain.
Sensory neurons release neuropeptides (substance P and CGRP) that increase vas-
cular permeability, promote leukocyte migration, and potentiate the inflammatory
environment [50]. The neuropeptides sensitize peripheral nociceptors by lowering
the threshold for activation, which results in peripheral sensitization [51]. Thisisa
clearly defined characteristic of chronic inflammatory pain. As the disease progresses
to chronic, central sensitization can occur, through the process of repeated nocicep-
tive input that affect changes in the spinal trigeminal nucleus and higher brain cen-
ters, resulting in altered long-term functional properties [31]. Central sensitization
involves an increase in excitability and spontaneous activity within second-order neu-
rons, a decreased inhibitory modulation, and alterations to the somatosensory maps
[32]. Clinically, those changes have been shown to manifest through hyperalgesia, and
allodynia, and persistent pain that is not explained through the presence of peripheral
pathology [8, 10]. There have been recent functional neuroimaging evidence looking
exclusively at TMD chronic pain patients, demonstrating changes in brain activity
while chronic TMD patients are imaging their pain states, especially notable in the
anterior cingulate cortex, insula and, prefrontal cortex which suggest the contribu-
tions of a central component in regard to chronic TM]J pain [52]. Emerging evidence
is suggesting that glial cell activation and neuroinflammation within the central
nervous system is also an important contributor to TMJ pain persistence [53]. When
astrocytes and microglia activate, they produce cytokines and reactive oxygen species
while also modifying synaptic activity effects nociceptive signaling and modulating
that pain experience. This modified physiological mechanism may also explain the
transition from acute to chronic pain states for some predisposed individuals [53, 54].
The recognition of psychosocial factors as a contributor to chronic pain perception
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is growing. Psychological stress and behavioral-physiological changes can activate
hypothalamic-pituitary-adrenal and sympathetic nervous system mechanisms

that may lead to increased muscle tension, changes in autonomic change and fresh
modulator on inflammatory pathways [55, 56]. Finally, there are lots of comorbid
conditions with TMD patients and it is important as sleeping, anxiety, and depres-
sion can occur together with clinical conditions and contribute to TMD chronic pain
gracefully [55]. In addition to inflammatory and neuropathic processes, mechanical
derangements such as disc displacement and/or joint hypomobility may mechani-
cally irritate intra-articular structures and generate nociceptive responses [50, 51].
While these changes often represent painful states, they do not adequately explain the
severity or persistence of symptoms [53]. It has been reported that pain intensity is
more closely related to psychosocial impairment and alterations in central processing
than to joint changes on imaging [52]. At the end, TM]J-related pain reflects a conflu-
ence of peripheral nociception, neurogenic inflammation, central sensitization, and
psychosocial modulation. Such complexity and multifactorial influence means that

a strictly structural or anatomical approach to diagnosis is insufficient. Effective
management will need to consider local joint pathology and systemic and behavioral
factors contributing to chronicity. A biopsychosocial model incorporating elements of
molecular biology and neurophysiology and psychology appears to provide the most
comprehensive understanding of TM]J pain and most effective management.

3.1 Causes and signs of temporomandibular joint pain

Pain in the temporomandibular joint (TM]) is a common symptom of tem-
poromandibular disorders (TMDs) that are the result of an interplay of structural,
functional, neuro muscular and psychosocial factors [10, 34]. The cause of TM]J pain
is multifactorial and patient specific, comprising both peripheral pathologies and
central modulation of pain perception [13]. Furthermore, signs and symptoms that
may correlate with TM]J pain are often multi-dimensional and can make diagnosis
and treatment approach difficult for clinicians. A common cause of TM]J pain is
dysfunction or hyperactivity of the masticatory muscles, particularly the mas-
seter and temporalis [57, 58]. Electromyographic (EMG) studies have shown that
patients diagnosed with TMD have higher baseline and stimulus-induced activity
of the masticatory muscles compared to healthy controls [59, 60]. The pathological
activity may occur at baseline or as the result of psychological or environmental
stressors. A landmark electromyographical study demonstrated that patients with
TM]J dysfunction had substantially greater masseter activation both at rest and with
visual and/or auditory stress, supporting the hypothesis that hyperfunction of the
masticatory muscles are a key generator of TMJ pain [61]. Of interest, about 20%
of patients demonstrated simultaneous activation of non-masticatory musculature
including the trapezius—indicating a global increase in muscular tension in addi-
tion to area associated with the orofacial region [62]. In addition to muscle possible
sources, intra-articular pathologies can also generate nociceptive input from the joint
structures (displacement of disc, joint effusion, and degenerative joint disease) [10].
These intra-articular pathologies also alter the biomechanics, generate mechanical
stress and measurable inflammation [13]. The actual inflammation process is medi-
ated by cytokines like interleukin 1p and TNF-a, as well as various prostaglandins
that sensitize the joint nociceptors and lead to both acute and chronic pain states
[50]. Vascular endothelial growth factor (VEGF), matrix metalloproteinases (MMPs)
also contribute to joint degradation as well as inflammatory pain [47]. Maladaptive
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loadings of the joint through bruxism, physiologic and/or traumatic joint loading,
malocclusion are reasons for increased stress to the joint and influence microtrauma
to the joint leading toward pain and dysfunction [63]. The impact of psychosocial
stress on TMJ pain is also being studied [55]. Emotional stressors such as anxiety and
depression may lead to increased muscle contraction and alter the central processing
of pain, causing mechanical sensitivity to be increased among these patients [55].
Studies using surface EMG for patients with TMD and higher scores on an anxiety
scale demonstrated greater masseter muscle activity and also more subjective distress
during experimental stimulation [60, 61]. This increased exposure/stress it appears
can be minimized through psychosocial methods. In terms of chronic pain, it also

has its own mood issues contributing, which leads to a cycle of pain and dysfunction
that can be both painful to the patient and burdensome in clinical practice [55, 64].
Clinically, TM] pain may exhibit localized tenderness in the joint and surrounding
musculature, referred pain to the temple, ear, or neck, and pain with jaw movements
[15]. Plenty of patients with TM]J pain will report clicking or popping, difficulties in
mandibular movements such as deviations or a restricted range of motion, muscle
tension headaches, and consistent exacerbation of pain with chewing, speaking, or
yawning [15, 65]. Interestingly, the symptomology of TM]J pain does not always match
objective findings in structural abnormalities patients may report nearly unbearable
pain with minimal imaging findings, while others with clear evidence of intra-
articular pathology remain asymptomatic [13]. The issue of TMJ pain emphasizes the
need to incorporate individual pain tolerance, central sensitization, and psychological
overlay into clinical considerations [10]. A striking clinical observation is the lack

of consistency between the amount of structural joint pathology and the amount of
pain reported [13]. Many individuals who demonstrate radiographic evidence of both
disc displacement and/or osteoarthritis are symptomatic, while others who show only
minor changes may express severe pain with a lower degree of pain tolerance. Such
phenomena would seem to suggest an influence of central sensitization and psycho-
logical influence on the pain experience [55, 66]. There are gender differences evident
in TMJ pain occurrence as TM]J pain predominates in female populations, especially in
the ages of 20 to 40 years [16]. There are likely hormonal influences that account for
the chance of TM]J pain, especially the varying effects of estrogen on pain threshold
and the varying coping strategies for pain [16]. Findings from the OPPERA cohort
confirm that female patients with TMD had greater pain sensitivity and greater pain-
related disability than males before treatment [67]. Further complicating diagnosis is
the typical nature of TMJ pain to represent unilateral presentation even if the use of
EMG does not clearly demonstrate differences in muscular activity between symp-
tomatic and asymptomatic sides [60, 61]. These differences may reflect asymmetries
in sensory thresholds, affected coordination of regional muscle units, or variations in
attention rather than differences in motor output. Moreover, referred pain from TM]
involvement, including headache, earache, and cervical tightness patterns of nocicep-
tion, can obscure the true source of nociception and delay diagnosis [10, 14, 15].

3.2 Pain mechanisms in TM]J

TM]J disorders involve pain that is highly dynamic, multifactorial neurobiologi-
cal phenomenon involving peripheral and central mechanisms [42]. The traditional
assumption that pain intensity is proportional to the amount of local tissue damage is
inadequate to account for the clinical variability seen in TMJ pain [68]. For example,
some patients with disabling pain report little or no comprehension of tissue-level
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injury or peripheral pathology, whereas others with clear joint injury/disease appear
asymptomatic [42]. This mismatch alludes to the ongoing peripheral activation of
nociceptive inputs versus central nervous system modulation [51]. This discrepancy is
increasingly being represented and conceptualized as “centralized pain.” [68]. At the
peripheral level, nociceptive pain in TM]J originates primarily as a result of inflamma-
tion, tissue damage, or mechanical dysfunction of the joint and/or associated muscu-
lature [50, 51]. Nociceptors (pain sensing receptors) embedded in the synovium, joint
capsule, ligaments, and masticatory muscles respond to noxious stimuli and send
signals via the trigeminal nerve [44, 50, 69, 70]. In TMJ dysfunction, repetitive micro
trauma, or parafunctional habits (e.g., bruxism), or internal derangements are often
associated with persistent nociceptive activation and the development of peripheral
sensitization. In this condition, there is enhanced responsiveness to both noxious and
innocuous stimuli within the affected region [44, 70]. However, pain mechanisms in
TM]J disorders extend beyond peripheral nociception. In many patients with chronic
TMD, central sensitization, or abnormal pain amplification by the central nervous
system, is significant. Central sensitization includes increased excitability of spinal
and supraspinal neurons, decreased inhibition, and greater synaptic efficacy in pain
pathways [42, 68]. Functional neuroimaging studies indicated increased pain-evoked
activity in the anterior cingulate cortex, insula, and prefrontal cortex of individu-

als with TMD, indicating an altered central pain processing [70]. The central pain
component is further corroborated by OPPERA’s findings of differentiated clusters

of TMD patients that sorted according to levels of experimental pain sensitivity and
levels of psychological distress [67]. A significant percentage of the sample exhibited
widespread hyperalgesia, sensory amplification, and even comorbid conditions,
including fibromyalgia and irritable bowel syndrome; some of these are in TMDs
more considered to some common pathophysiologic mechanisms. For patients
exhibiting the preceding, the peripheral source and/or maintenance for the pain is
predominantly a function of central mechanisms than local pathology [28, 46, 67].
Quantitative sensory testing (QST) has shown that many TMD patients exhibit gen-
eralized pain hypersensitivity, including heightened pressure and thermal sensitivity
of different symptomatic and remote locations [71, 72]. Modest evidence of deficits in
conditioned pain modulation (i.e., endogenous pain inhibitory capacity) are common
occurrences in TMD due to some impairment in the central regulation of pain [72].
These findings are compounded by a cluster of psychological distress measures (anxi-
ety, depression, and somatic symptom burden). This cluster of variables suggests a
significant affective component to centralized pain [68, 72]. Genetic and neuroim-
mune factors are also involved in pain mechanisms in TM]J [73, 74]. Genes that encode
specific proteins for the metabolism of monoamines (e.g., COMT, DRD4), genes
regulating pro-inflammatory and anti-inflammatory cytokines (e.g., IL-10, IL-6),
and voltage-gated ion channels have been correlated to increased susceptibility to
pain and the likelihood of developing chronic pain. In the absence of TM]J pain, higher
systemic levels of pro-inflammatory cytokines (e.g., IL-8, TNF-a) demonstrate lower
pressure pain thresholds and greater time summation of pain [13, 68, 74]. These find-
ings fit a model of a “pain-prone” phenotype that is characterized by central neuro-
inflammation and compromised pain perception [75]. Both the genetic phenotype
and exposure to environmental stimuli such as adverse childhood events or trauma
appear to converge to result in the “pain-prone” phenotype [75]. Another primary
component of centralized pain includes the imbalance of neurotransmitters [51].
Specifically, greater excitability in pronociceptive systems (e.g., glutamatergic) and
greater inhibition of antinociceptive systems (e.g., serotonin, norepinephrine, GABA)
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are important contributors to dysregulated sensory processing, sleep disturbances,
fatigue, and cognitive dysfunction [51]. The overlap of neurotransmitters involved

in pain, mood, and sensory integration highlights the complexity of TMD pain [51].
The overlap allows justification for the use of centrally acting pharmacologic agents
(e.g., serotonin-norepinephrine reuptake inhibitors (SNRIs)). and anticonvulsants
(e.g., pregabalin) for clinical patients who demonstrate centralized features of pain
[51, 64, 66, 68]. In conclusion, the difference between peripheral and centralized pain
has important treatment implications. While patients with peripheral nociceptive
pain may show positive treatment effects from localized interventions (like occlusal
splints, NSAIDs, or physical therapy), those whose pain is primarily centralized

are more likely to benefit from a biopsychosocial approach [42]. This can include
pharmacologic modulation of central mechanisms, cognitive-behavioral therapy, and
treatment of comorbid mood and sleep disorders [42, 68]. Patient-centered treatment
via mechanistic profiling not solely from anatomical diagnosis will provide the best
outcomes in TMD and other similar pain conditions.

3.3 Management of pain caused by temporomandibular joint (TM]J) disorders

TMD is a term used generically to describe a variety of clinical problems involv-
ing the masticatory muscles and the temporomandibular joint (TM]) [76]. Pain
from this disorder may often radiate to various areas, including the dental arches,
temples, ears, occiput, forehead, cervical region of spine or shoulder girdle. However,
despite the fact that TMJ can cause severe and sometimes unbearable pain, relatively
few patients seek treatment [77]. Intra-articular diseases involve the TM]J and are
managed aggressively based on clinical, laboratory, and imaging evidence. In this
disorder, misdiagnosis can often lead to ineffective management, and ultimately the
consequences can be more serious and cause the patient to feel hopeless, anxious, and
depressed [76]. Based on the results of research Bae and Park, it has been shown that
performing active and relaxation exercises can improve the limited range of motion,
deviation, and pain in the masticatory muscles. They recommend that to relaxation
the muscle, the patient should putt the front one-third of the tongue on the anterior
palate and apply a light force to the tip of the tongue, so that it does not touch the
teeth and continue this position as long as he can tolerate. These exercises should be
performed three times over a 4-week period, each time for 10 minutes [78]. Other
recommendations for reducing pain in patients with TM]J include sulfur and iodine
baths. Cryotherapy is another type of temperature-related treatment, but in this
method, cold is used instead of heat. Among the analgesic agents used in this treat-
ment method are cold packs, cold spray or air, and ice compresses as analgesic agents.
Immediately before kinesiotherapy, cold is used, which combats hypertension in the
muscles and tendinopathies. Of course, in this method, it should be remembered
that the risk of frostbite (skin damage due to low temperatures) is high. As a result,
cold compresses should be applied for (10 to 15 minutes). Cryotherapy can lead to
pain, reduced stiffness of the TM]J, and increased mobility of the mandibular [79]. In
managing pain and also increasing the overall quality of life in patients with TM]J, also
medication options can play a very important role. According to published reports,
it has been found that 50% of patients with TMJ disorders who suffered from severe
pain used medication for management [80]. Also, several studies have examined the
effectiveness of various drug treatments in painful orofacial pain conditions, includ-
ing temporomandibular joint disorders the results have shown that drug therapy has
been able to effectively reduce severe pain in patients [81].
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4. Pharmacological therapy for temporomandibular joint disorders

The disorders caused by Temporomandibular Joint (TMJ) disease affect the
surrounding tissues, Therefore, the treatment for this disease varies depending on its
stage and severity. The treatment classification for this disease includes (1) non-inva-
sive methods; (2) minimally invasive; or (3) invasive methods. Non-invasive methods
are the first treatment option for patients with TMJ, which include medications such
as anti-inflammatory drugs and muscle relaxants, physical therapy, and acupuncture
[82]. The most important thing that can help the physician in recommending initial
therapy is to accurately diagnose the origin of pain, whether it is intra-articular or
muscular. Still unknown, though, is which non-invasive treatments are most effec-
tive. Damage or structural alterations in the TM] are linked to the development
and progression of TMD. Patients with TMD most frequently complain of pain,
malocclusion, irregular and restricted jaw action, and joint sounds. Also, the develop-
ment of concomitant headaches and disruption of the normal sleep pattern led to
a severe decrease in the quality of life of patients. Fortunately, in the past 25 years,
pharmaceutic therapies have been widely used to relieve TMD syndrome. NSAIDs,
corticosteroids, opioids, muscle relaxants, anxiolytics drugs, antidepressants, and
anticonvulsants are among the most effective pharmacological agents used to treat
TMD [6]. For pharmacological management of pain, there are two main options, non-
steroidal anti-inflammatory drugs (NSAIDs) and opiate/opioid analgesics. NSAIDs,
which are among the most widely used medications worldwide, are often preferred
for several reasons, including their low potential for abuse, robust efficacy, and long
history of clinical use [83]. Inflammation is frequently linked to discomfort and
cartilage degradation in TMD. Therefore, it is advised to treat TMD using medications
such NSAIDs that block the release of inflammatory cytokines. NSAIDs are the first-
choice medications for mild to moderate inflammatory pain in patients with TMD due
to their potent analgesic and anti-inflammatory properties, which stem from their
mechanism of inhibiting cyclooxygenase to block prostaglandin formation. However,
the majority of NSAIDs, such as ibuprofen and naproxen, which are taken orally to
treat TMJ pain, may have some adverse effects that need to be taken into account [84].

5. The mechanism of action of NSAIDs

Nonsteroidal anti-inflammatory medications (NSAIDs) are among the most
widely used analgesics for treating pain in the oral and orofacial region. Five subgroups
of NSAIDs can be distinguished based on their chemical structures. Derivatives of
aryl(heteroaryl)acetic acids or aryl(heteroaryl) methanes [naproxen and ibuprofen],
derivatives of indole and indene acetic acid [etodolac, indomethacin], anthranilates [mef-
enamic acid, diclofenac], derivatives of salicylic acid (SA) [acetylsalicylic acid (ASA),
sodium salicylate], and derivatives of enolic acid [meloxicam, piroxicam]. Because
NSAIDs have varying plasma half-lives, they are separated into two subgroups: short-
acting NSAIDs (like ibuprofen, aspirin, and diclofenac) with a plasma half-life of up to
6 hours and long-acting NSAIDs (like naproxen and celecoxib) with a plasma half-life of
more than 10 hours [6, 85, 86]. NSAIDs can inhibit the activity of “COXs” (cyclooxygen-
ases), enzymes located in the endoplasmic reticulum. Three isoforms of cyclooxygenases-
(COX-1), (COX-2), and (COX-3)-are primarily found in the central nervous system. A
structural constitutive isoenzyme that is continuously found in a variety of tissues, COX-1
takes part in a number of physiological functions. The kidneys, brain, and uterus are
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among the few organs that constitutively express COX-2, in contrast to COX-1. COX-2 is
mainly an inducible cyclooxygenase isoform. Although the shape of the active sites varies,
both isoforms play the same role in the same metabolic activities. It has been discovered
that the COX-1 active site is smaller than the COX-2 active site. Growth factors and proin-
flammatory cytokines are associated with COX-2 expression [87-89]. Since the majority
of NSAIDs are non-selective cyclooxygenase inhibitors, they can inhibit both COX-1

and COX-2 isoforms. This class of drugs comprises ibuprofen, ketoprofen, naproxen,

and aspirin [90]. Researchers who examined non-selective NSAID doses [which inhibit
50% of cyclooxygenase activity (ICsp)] discovered that the most inhibitory potencies for
COX-2 in blood were diclofenac, valeryl salicylate, dexamethasone, mefenamic acid, and
nimesulide, while the highest inhibitory potencies for COX-1 were flurbiprofen, ketopro-
fen, indomethacin, and diclofenac. According to these researchers’ findings, diclofenac
appears to be the most powerful and selective inhibitor of COX-2. Despite having a
20-fold higher selectivity for COX-2 than for COX-1, diclofenac is still a useful inhibitor of
COX-1 [90]. Consequently, diclofenac has a significantly decreased risk of gastrointestinal
events linked to NSAIDs, but it also significantly raises the risk of cardiovascular events
linked to NSAIDs [88]. A summary of TMJ disorder and the mechanism of action of
nonsteroidal anti-inflammatory drugs (NSAIDs) is shown in Figure 1.
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Figure 1.

Pathophysiology of disorders temporomandibular joint (TM])-related pain and its treatment with non-steroidal
anti-inflammatory drugs: The temporomandibular joint (TM]) is a small joint compared to other joints in the
body. Symptoms of TMJ usually, resolve without medication. However, sometimes the pain can be severe enough to
interfere with daily activities, which can be very uncomfortable if not treated promptly. In cases where pain and
inflammation are present, the most effective medications used to treat TMJ are NSAIDs. NSAIDs can inhibit the
activity of “cyclooxygenases,” enzymes located in the endoplasmic reticulum. Three isoforms of cyclooxygenases-
COX-1, COX-2, and COX-3-are primarily found in the central nervous system. As the text fully mentions this
disorder and the mechanism of action of NSAIDs.
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5.1 Adverse effects, and contraindications NSAIDs
5.1.1 Adverse effects

NSAIDs are used to relieve various pains. This class of drugs, in addition to
relieving pain and reducing fever, has another important property including reduc-
ing inflammation [85]. Among various drugs, NSAIDs are among the most common
and widely used classes of drugs prescribed for the treatment of craniofacial pain
and have proven effectiveness in relieving pain in Temporomandibular disorders
(TMD). As a painkiller, a small amount of any of the NSAIDs may be sufficient, but
for their anti-inflammatory effects to appear in some diseases, a larger amount of the
drug is required. Also, in diseases that require long-term treatment, the use of these
drugs lasts longer. However, the use of NSAIDs can lead to the development of several
side effects that may occur at any time during the course of treatment [37, 89, 90].
The most common adverse effects include cardiovascular, gastrointestinal (GI),
and hepatic complications, as well as impaired renal function, respiratory disorders
(aspirin-exacerbated respiratory disease (AERD) also called Samter’ triad), clotting
problems, and prolonged pregnancy or labor [6, 90-92]. Based on reported results, it
has been found that in up to 60% of patients taking NSAIDs for a long term, gastroin-
testinal complications may occur [88, 93, 94].

Both topical and systemic NSAIDs can harm the gastrointestinal tract. The
majority of NSAIDs have acidic qualities. Consequently, the topical mechanism is the
direct harm that NSAIDs induce to the stomach mucosa. NSAIDs’ systemic adverse
effects can be explained by the fact that non-selective NSAIDs can inhibit the struc-
tural forms of cyclooxygenase (COX) and reduce prostaglandin formation, which
can impact mucus secretion and hydrochloric acid [6, 91, 92, 95, 96]. There are four
types of NSAID side effects that impact the upper gastrointestinal system, per Sostres
etal. (1) gastroduodenal damage (associated with NSAIDs that have unclear clinical
significance); (2) the presence of ulcers with symptoms and other gastrointestinal
complications like perforation, obstruction, and gastrointestinal bleeding; (3)
mortality; and (4) symptoms such as dyspepsia, nausea, vomiting, abdominal pain,
and heartburn. NSAID users are at risk for gastrointestinal issues due to a number of
factors [92]. A history of complicated ulcers, concurrent use of anticoagulants, con-
current use of multiple nonsteroidal NSAIDs, including low-dose aspirin, a history of
uncomplicated ulcers, the use of high-dose NSAIDs (or ketorolac, marketed under the
brand name Toradol, or piroxicam, which belongs to the oxicam class), and individu-
als over 60 are some of these risk factors. Severe sickness, Helicobacter pylori infec-
tion, and concomitant corticosteroid use [88, 92, 97]. There is a correlation between
a higher risk of acute cardiovascular events with both selective and non-selective
COX inhibitors (apart from aspirin) [98, 99]. Two possible pathways have been
proposed to explain the development of coronary events: renal effects during long-
term renal disease and COX-1/COX-2 selectivity. Inhibition of COX-2 might result in
water retention and impaired salt excretion, which raise blood pressure [100]. Both
mechanisms rely on duration and dose. Although it has not been verified, the theory
that myocardial infarction risk and COX-2 selectivity are related is supported by two
NSAIDs: rofecoxib [ (MK 966, Vioxx®)], a selective COX-2 inhibitor, and diclofenac,
a non-selective COX inhibitor, which have been associated with an increased risk
of myocardial infarction (MI) when used long-term and at high doses [100]. The
partnership between Coxib and researchers in the field of CNT (conventional NSAID
trialists) demonstrated that diclofenac and Coxibs can significantly increase the risk
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of vascular complications. Furthermore, they found that while naproxen, the safest
NSAID, appeared to be unable to increase either vascular or coronary events, whereas
ibuprofen can significantly increase large coronary (not vascular) events [101].

5.1.2 Contraindications

Simultaneous use of NSAIDs and antihypertensives can lead to increased blood
pressure levels and in some patients can cause various problems, including inef-
fectiveness of antihypertensive treatments [102]. Therefore, if NSAIDs are used
for more than 5 days, the effects of antihypertensive drugs [such as diuretics] may
be increased. Since NSAIDs have an antiplatelet effect by inhibiting thromboxane
synthesis, these drugs should be used with caution in patients who are being
treated with anticoagulant therapy [such as, warfarin (Coumadin)] [103, 104].
Given that NSAIDs are available over the counter (OTC) and without medical
prescription, data on the prevalence of their use during pregnancy are not easy
estimable available. Limited records of NSAID use have led to an underestimation
of actual use. Since 1975, the United States Food and Drug Administration (FDA)
has established a pregnancy risk classification for various drugs used during the
first trimesters. According to this classification, NSAIDs are classified as category
B in the three trimesters of pregnancy. This means that there is no evidence of risk
to the fetal risk on animal reproduction studies or in women in the first trimester.
They are classified as category D in the second trimester, this means that there
is evidence of risk to the human fetal [105]. In all during trimester of pregnancy,
doses of aspirin >150 mg/day are classified as considered category D, while
aspirin (to low-dose) is classified to the category C. However, several studies have
reported that exposure to NSAIDs during pregnancy can cause fetal and neonatal
adverse effects. People exposed to NSAIDs in the first trimester have been linked
to an increased risk of miscarriage and malformation. In contrast, third-trimester
exposed to these drugs was associated with premature closure of the fetal ductus
arteriosus and oligohydramnios. There have also been reports of fetal and neo-
natal adverse effects (after exposure to NSAIDs during pregnancy) affecting the
kidney, lung, brain, skeleton, gastrointestinal tract, and cardiovascular system.

In the past, FDA has advised pregnant women to stop taking NSAIDs and aspirin
during the last 3 months of pregnancy, from 28th week until the end of preg-
nancy. The FDA also announced on 15 October 2020, that pregnant women should
avoid taking NSAIDs around 20 weeks of pregnancy because they may lead to the
onset of oligohydramnios and kidney problems in the newborns [105-107]. Since
many women are likely to be taken NSAIDs during the periconceptional period,

if NSAID use during pregnancy, particularly around the time of conception, is
linked to miscarriage, it may have wide-ranging therapeutic implications. Even
though more research is required to confirm the link between NSAID use and the
risk of miscarriage, doctors should exercise caution when prescribing this class

of medications, and pregnant women should be aware of this possible risk and
refrain from taking NSAIDs around the time of conception [108]. Although there
are different methods to reduce pain in TM]J patients, but the focus of this chapter
is on pharmacotherapy. The names of nonsteroidal anti-inflammatory drugs along
with their dosages as well as effective doses used in clinical studies related to TM]J
disorders are presented in Table 1. However, for the treatment of pain and inflam-
mation caused by TM], the type and dosage of the drug may vary depending on
the patient’s condition, age, underlying diseases, etc.

172



Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) in Pain Management Caused...
DOI: http://dx.doi.org/10.5772/intechopen.1012254

NSAID type Dosage Indications in TMD
Diclofenac 75 mg two times a day or 50 mg three times a day 75 mg once daily or 75 mg every
100 mg once/day sustained-release 12 hours (oral dosage only for
adults)/maximum daily dose:
150 mg/not recommended for
children.
Flurbiprofen 300-600 mg four times a day (oral dosage), No information
maximum recommended daily dose: 300 mg.
Ibuprofen 400-800 mg four times a day 400 mg every 6-8 hours (oral dosage
only for adults) [maximum daily
dose: 2400 mg]. 20 mg/kg/day 3—4
doses for children
Fenoprofen 300-600 mg four times a day (oral dosage) No information

Mefenamic acid

250 mg PO g6hr PRN usually not to exceed 7 days,
500 (mg)

No information

Diflunisal 500 mg oral tablets No information

Meloxicam 7.5 mg once/day (oral dosage). 7.5 mg once daily (oral dosage only
for adults)/maximum daily dose:

15 mg.
Indomethacin 25 mg three to four times a day 75 mg two times a No information
day sustained-release (oral dosage).
Etodolac 300-500 mg two times a day (oral dosage). No information
Nabumetone 1000-2000 mg/day in 1 dosage or in divided No information
dosages (500-1000 mg two times a day/oral
dosage).
Ketorolac 30 mg single dose or 30 mg every 6 hours (IVand 20 mg as a starting dosage plus
IM dosing for adults)/not exceeding 120 mg in 10-30 mg intramuscularly or
24 hours. intravenously over 4-6 hours; not
(20 mg) single-dose after [IV or IM therapy], advised for children less than 16
then 10 mg every 4-6 hours, not exceeding 40 mg
in 24 hours (for adults)/dosage of ketorolac in
children is 0.5 mg/kg (maximum duration of
treatment:48 hours), oral dosage is 0.25 mg/kg to
amaximum of 1.0 mg/kg/day, with a maximum
duration of 7 days.
Tolmetin 400 mg three times a day (oral dosage). No information
Ketoprofen 50-75 mg four times a day 200 mg once/day 100 mg every 12 hours (oral dosage
sustained-release (oral dosage). only for adults)/maximum daily dose:
200 mg,

Dexketoprofenthro 50 mg 8-12 hourly 50 mg intramuscularly or

metamol intravenously every 8-12 hours. It is
not advised for kids.

Oxaprozin 1200 mg once/day (oral dosage). Maximum dose No information

per day: 1200 or 1800 mg depending on body
weight
Nimesulide 100 mg twice daily (for adults) for no more than 100 mg every 12 hours (oral dosage
15 days only for adults)/maximum daily dose:
200 mg.

Naproxen 250-500 mg two times a day (oral dosage). 250-500 mg every 12 hours (oral
dosage only for adults)/maximum
daily dose: 1250 mg/dose of children:
10 mg/kg/day 2 doses

Sulindac 150-200 mg two times a day (oral dosage).
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NSAID type Dosage Indications in TMD

Acetylsalicylicacid 325 to 1000 mg every 4 to 6 hours (oral dosage), 500 mg/4—6 hours (oral dosage only

(Aspirin) maximum dose per day: 4000 mg for adults).

Piroxicam 20 mg once/day (oral dosage). Maximum dose per ~ Adults should take 40 mg daily on the
day: 20 mg first day and 20 mg daily the next day.

Dose of children: not recommended.

Celecoxib [COX-2 200 mg once/day or two times a day (oral dosage). 200 mg once daily or 100 mg

selective NSAIDs] every 12 hours (oral dosage only
(also known as for adults)/maximum daily dose:
coxibs) 400 mg. Not evaluated in children
Lornoxicam Doses > or = 8 mg to control pain, oral doses of No information

(member of the lornoxicam of 16-24 mg daily

oxicam group)

Tolfenamic acid Two capsules of 100 mg three times daily No information

Parecoxib 20 mg and 40 mg/the published information No information

on this compound is inadequate to draw any
conclusion about its tolerability.

*In 2004 and 2005, the drugs rofecoxib and valdecoxib were withdrawn from the market, respectively.

* NSAIDs are usually available as oval tablets. The dosage for the most common NSAIDs (some of which are also
available over-the-counter) is listed on the package insert.

* Use of NSAIDs in children should be based on the “Drug Facts” label, which includes instructions for the child’s
age or weight, the dose, and how often to take the medication. Although, based on the reported results, some of these
medications are not recommended for children, but a doctor should still be consulted.

* It is predicated on comparative dosages from clinical trials and approved ranges dosing ranges by the US Food and
Drug Administration.

* Although Nimesulide it is not available in the US, is frequently used to treat acute pain in other countries.

* In children, Nimesulide is deemed contraindicated. Nimesulide comes in both generic and trade formulations versions
(Sulide, Nimside, and others) and can be obtained with a prescription as 200 mg suppositories and 100 mg oral
suspension capsules or granules.

* The drug parecoxib was banned by the FDA in 2005, and a letter of non-approval was issued.

Table 1.
Clinical decision-making taking NSAIDs [88, 109-117].

6. Pharmacological treatment outcomes for temporomandibular joint
(TMJ) disorders

In a study conducted by Ta et al., on the effectiveness of celecoxib (100 mg twice
a day) and naproxen (500 mg twice a day) compared to placebo in patients with TM]J,
the results showed that the greatest effect in reducing temporomandibular joint pain
was related to naproxen. Celecoxib, however, performed marginally better than a
placebo. Within 3 weeks of starting treatment, naproxen was able to considerably
lessen the intensity of TMJ pain. According to these researchers’ findings, inhibiting
both COX isoforms-COX-1 and COX-2 is necessary to reduce TM]J pain to the greatest
extent possible [88]. A study by Di Rienzo Businco et al., showed that all patients
with TMJ who were treated with diclofenac sodium (50 mg/every 12 hours/orally)
for (14 days) as well as topical diclofenac (16 mg/mL/topical diclofenac solution, 10
drops 4 times a day) for (14 days) had a significant reduction in pain. The authors
showed that the topical approach is the only way to completely eliminate the pos-
sibility of systemic side effects that could arise from oral administration of diclofenac
sodium, and that there is no difference in the effectiveness of topical application and
oral administration of multiple doses of the medication. The findings demonstrated
that shorter durations of oral diclofenac sodium administration at lower dosages
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produced significant pain alleviation [109]. de Carli and colleagues also showed, in
arandomized, double-blinded trial, that the drug piroxicam, a cyclooxygenase-2
inhibitor, was able to show the least pain at 30-day follow-up compared to placebo
[110]. According to Cryer and Feldman’s analysis of non-selective NSAID concentra-
tions that inhibit (50%) of cyclooxygenase activity (ICso), the drugs ketoprofen,
indomethacin (indomethacin), diclofenac, ketorolac, and flurbiprofen (derived
from phenyl alkanoic acid derivatives) produced the highest inhibitory potency

for COX-1in blood. In contrast, diclofenac, valeryl salicylate, dexamethasone (a
fluorinated glucocorticoid drug), mefenamic acid, and nimesulide had the strongest
inhibitory potency in blood for COX-2. Thus, diclofenac appears to be the most
effective and specific inhibitor of COX-2 [111]. In a study involving patients with
TMD-J, the effect of NSAIDs was examined and the results showed that diclofenac
sodium can have a significant effect in reducing pain, but if this drug is combined
with bromelain (enzyme extract derived from the stems of pineapples), rutoside
(flavonoid glycoside), trihydrate, and trypsin, it can produce a better effect and

be more effective in reducing pain [112]. In another study, comparing the drug
ibuprofen with the endocannabinoid-like lipid mediator Palmitoylethanolamide
(PEA), the results showed that although ibuprofen could significantly reduce pain
and increased MMO (Maximum Mouth Opening), but PEA was more effective [113].
Two studies that compared each other the effects of ibuprofen and glucosamine
sulfate, the results showed that ibuprofen could lead to similar or less pain reduction
than glucosamine [114]. Kurita Varoli et al., in their study, they studied a group of
patients suffering from chronic masticatory muscles pain due to TMD with different
drug groups and occlusal splints or night guard. A placebo was administered twice
daily for 10 days, along with 50 mg of diclofenac sodium twice daily for 10 days, and
300 mg of acetaminophen, 50 mg of sodium diclofenac, 125 mg of carisoprodol, and
30 mg of caffeine twice daily for 10 days using panacea. Between the various medi-
cation treatments, there were 11-day washout periods. The patients did not utilize
any medicine or occlusal splints throughout the washout periods. According to the
researchers, occlusal splints with NSAIDs or panacea were able to reduce pain on the
third day of treatment, while compared to placebo, occlusal splints with placebo were
able to reduce pain on the eighth day of treatment. It was also found that there was
no difference between the groups in terms of analgesic effect after 10-day treatment
periods. Therefore, it can be concluded that the administration of diclofenac sodium
with occlusal splints can reduce pain earlier [115].

7. Recommendations for improving, management, evaluating, and
drug-drug interaction evidence

Because of the possibility of side effects, NSAID use is associated with 30% of
hospital admissions. Consequently, a thorough understanding of how sensitive some
major organs are to NSAIDs—which are frequently used in daily life—is vital and
required. This will lead to increased awareness about the prudent use of these drugs.
Nonetheless, more research is required to examine the different facets of organ
damage brought on by NSAID use, including other organs and bodily systems. The
use of these drugs should be evaluated from a mechanistic perspective, such as how
mitochondria and other organelles contribute to the pathophysiology of NSAIDs
and the examination of genetic variations that are likely linked to NSAID sensitivity.
Population-based research may prove useful in addressing the intricate gene-driven
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effects on xenobiotic metabolism in the context of NSAIDs. A particular NSAID use
plan should be created for older persons because they are more likely than others to
experience cardiovascular, renal, gastrointestinal (GI), and hepatic problems [85].
NSAID medication therapy for TMJ patients typically lasts 2 to 4 weeks [6]. NSAIDs
may occasionally be administered for a longer duration of time, contingent on the
patient’s condition and if required. The aforementioned adverse effects may become
more likely if these medications are used for an extended period of time. Therefore,
it is strongly recommended to use NSAIDs at the lowest effective dose for the shortest
period of time in order to reduce the risk of side effects [90, 91, 116]. To reduce the
gastrointestinal risk of associated with NSAIDs, should be supplementary gastro-
protective agent’s medications prescribed [90, 94]. Several medications, including
high-dose H,-receptor antagonists, PPIs (proton pump inhibitors), and misoprostol
(is a synthetic prostaglandin medication), which serve as gastroprotective agents

[92, 94]. Proton pump inhibitors, by inhibiting the H*/K* ATPase enzyme in the
gastric parietal cells, significantly reduce, and stop gastric acid secretion [117-119].
Therefore, they can lessen NSAID-related upper gastrointestinal complications,
particularly ulcers and mucosal damage. The lower gastrointestinal issues linked to
NSAID use cannot be prevented by PPIs. Additionally, it has been demonstrated that
PPIs cause SIBO (small intestinal bacterial overgrowth), or dysbiosis, in the bacte-
rial flora of the small intestine. As a result, it can be said that this side effect might
make the little intestine damage brought on by NSAIDs worse [117-120]. In addi-
tion, it should be noted that long-term use of PPIs may lead to some other potential
side effects, including micronutrient deficiencies (lack of essential vitamins and
minerals), bone fractures, infections, dementia and kidney disease or renal disease.
However, the evidence about PPI side effects is generally of low or extremely low
quality [117, 121]. Thus, it is stressed that communication between various specialists,
such as cardiologists, primary care physicians, and gastroenterologists, is crucial for
patients, particularly those who are at high risk of gastrointestinal and cardiovascular
issues [122].

Since NSAIDs may in some cases lead to kidney damage (ranging from a simple
reversible inflammation of the kidneys to serious permanent damage) and also impli-
cated in the rapid deterioration of kidney function, therefore, according to national
guidelines, it is recommended that these drugs be used with caution and in a specific
dosage, and it is also recommended that nephrotoxic drugs (including nonsteroidal
NSAIDs) be avoided in people with chronic renal impairment [123, 124]. Studies have
shown that in prescribing NSAIDs, increasing clinician knowledge, it has very mini-
mal or no effect. In one study, based on the evidence provided It was found that there
was no association between knowledge of NSAID therapy and suboptimal manage-
ment. In another study found that targeted educational intervention, had only a small
effect on prescriber’s actions in the use of NSAIDs. Other explanations may relate to
differences between physicians in their perceptions of the importance of the risks
of treatment or also in the expected benefits of drug therapy, especially given the
conflicting advertising around issues such as the cardiovascular risk associated with
NSAIDs use. Physicians may not be aware of contraindications to the use of NSAIDs
in individual patients for various reasons because patients may refer to a number of
general practitioners and specialists for their care. Therefore, it can be concluded that
patient attitude and knowledge, as well as willingness to ask questions of physicians,
and physicians’ knowledge of the patient’s condition, can affect the use of NSAIDs.
Some NSAID users, may be fully aware of the potential harms of these drugs, but use
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them to relieve pain that cannot be relieved by other means. However, many patients
are unaware of the toxicity of NSAIDs, as it is per the published data from the US

on the use of these drugs among patients, it is shown that they were unaware of the
toxicity of NSAIDs and did not have sufficient knowledge in this field [124].

The safest strategy to prevent the risk of excessive bleeding is to, avoid taking
NSAIDs with oral anticoagulants (OACs). However, if this is not possible, NSAIDs
should be prescribed in the lowest possible doses and for the shortest possible dura-
tion to reduce potential risks. It is important to note that the choice of agent and route
of can also be important. According to current guidelines for the use of NSAIDs, the
place strong emphasis is on topical rather than systemic administration [125].

One of the most accessible OTC (over-the-counter) medications is NSAIDs. Even
though these medications’ adverse effects have been researched for a while, further
investigation and more accurate findings are still required to ascertain whether
NSAIDs and high blood pressure (HTN-C) are related. It is necessary for physicians
to constantly warn their patients about the uncontrolled and unsupervised use of
NSAIDs, and therefore it is necessary for physicians to be aware of the risks, and to
be particularly careful when prescribing medications to patients who suffer from
or have risk factors for hypertensive, and to schedule regular follow-ups to monitor
drug use. In addition, in people taking aspirin, based on the higher risk of HTN-C,
it has been suggested that from aspirin should not only be avoided as a primary
atherosclerotic cardiovascular disease (ASCVD), rather, in people diagnosed with
hypertension and ASCVD, after initial treatment, to reduce the risk of HTN-C, if
medication is needed, monotherapy with clopidogrel (class of medications called
antiplatelet medications) or concomitant use of rivaroxaban (Xarelto) with aspirin
should be considered [126]. Effective treatment for TMD requires a multidisci-
plinary approach between dentists, pain specialists, physiotherapists, psychologists
and neurologists. However, we sometimes see fragmented treatment approaches
and conflicting management strategies this is because many healthcare systems lack
integrated care models [127]. The selective COX-2 inhibitors celecoxib and etoricoxib
preferentially block the COX-2 isoform. It is not advised to prescribe NSAIDs to
patients with active gastrointestinal issues because these medications have a lower
risk of gastrointestinal side effects when taken alone, but when taken in combina-
tion with aspirin (at low doses), the risk of upper gastrointestinal ulcer bleeding is
comparable to that of non-selective COX inhibitors [128]. NSAIDs can also interact
with other drugs, including lithium. For example, lithium clearance is reduced
after administration of NSAIDs. Therefore, this can lead to increased serum lithium
concentration and, consequently, increased toxicity [129].

To update the existing European Alliance of Associations for Rheumatology
(EULAR) points for use of NSAIDs: [130].

* There is no indication of a higher risk of miscarriage or teratogenicity associated
with early pregnancy exposure to NSAIDs.

¢ While there is little information available for COX-2 inhibitors, the most reassur-
ing data is provided for ibuprofen and diclofenac.

* The majority of the data available for NSAID usage in the second trimester

relates to ibuprofen, which suggests that short-term use (7-10 days) does not
appear to offer significant hazards for the fetus.

177



Temporomandibular Joint Disorders — New Perspectives in Diagnosis and Treatment

* The use of nonselective NSAIDs with a short half-life, such as ibuprofen, at the

lowest effective dose for a brief period of time (7-10 days), is preferred because
safety data on NSAIDs in the second trimester show that fetal adverse effects
depend on exposure time, treatment duration, dosage, and intensity of prosta-
glandin inhibition.

* Since the fetus becomes more susceptible to NSAID-related risks in late preg-

nancy, such as oligohydramnios or narrowing/occlusion of the foetal ductus
arteriosus, NSAIDs should be limited to the first and second trimesters and
stopped after gestational week (GW) 28 (the end of the second trimester).

* NSAIDs can interfere with ovulation, as this process depends on prostaglandins.

NSAID exposure during the periovulatory period might cause luteinized unruptured
follicle (LUF) syndrome, which lowers a woman’s fecundability. Women who are
having trouble getting pregnant are advised to think about stopping NSAIDs.

INfORM/IADR key points for good clinical practice based on standard of care: [131].

* The process of managing TMDs, which includes taking a patient’s history,

examining them, diagnosing them, and treating them, requires patient-centered
decision-making in addition to patient involvement and viewpoint. Expectations
should focus on learning to control and manage the symptoms and lessen their
influence on the person’s daily life.

* The diagnosis of temporomandibular joint disorders (TMD) should be based on

compliance with some established protocols. In fact, the diagnosis of this disease
should be based on taking a standard and valid history as well as a detailed clinical
assessment by a trained examiner, taking into account the patient’s perspective.

* While imaging has been shown to be useful in certain situations, it cannot take

the place of a thorough history and clinical examination. The current standard of
care for soft tissues is magnetic resonance imaging, and for bone, it is cone beam

computerized tomography. Imaging should only be done if it could influence the

diagnosis or course of treatment.

* The goal of TMD treatment should be to reduce the impact of pain and decrease

functional limitation. Also, outcomes should be evaluated to in relation with
the reduction of exacerbations, education in how to manage exacerbations, and
improvement in quality of life.

* The mainstays of TMD treatment should include conservative methods including

cognitive-behavioral therapy and physical therapy, as well as the promotion of sup-
ported self-management. Oral appliance use that is temporary, interim, and time-
limited is considered a second-line treatment to assist self-management. Surgical
interventions are recommended only very seldom and in very specific conditions.

o) ex clinical presentations with an unclear prognosis, such as comorbidities
e Complexcl 1 tations with ncl n h morbidit
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or concurrent widespread pain, central sensitization, chronic pain, or a history
of unsuccessful interventions, should raise suspicions of TMD or non-TMD pain
chronification. Therefore, it is advised to refer a patient to a suitable specialist;
the specialty will be geographic-specific as not all countries have a specialty of
orofacial pain.
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8. Conclusion

TMJ disorder has many signs and symptoms, and because many of these symp-
toms overlap with those of other conditions, TM]J disorders are often difficult to
diagnose. Effective treatment for TMD requires a multidisciplinary approach between
dentists, pain specialists, physiotherapists, psychologists and neurologists. NSAIDs
are a group of drugs with analgesic, anti-inflammatory, and antipyretic effects, whose
main mechanism of action is to inhibit the activity of the COX enzyme and thereby
reduce the level of prostaglandins. These drugs are among the successful treatment
options in reducing pain and inflammation in TM]J disease. Many NSAIDs are avail-
able OTC. However, stronger doses of these medications can only be obtained with a
doctor’s prescription. These medications are safe and effective when used as directed
doctors, but inappropriate use of NSAIDs can lead to a wide range of adverse effects,
including gastrotoxicity, nephrotoxicity, cardiotoxicity, hepatoxicity, and even in
some caused death. Although the available evidence, it supports the use NSAIDs in
patients with TM]J for pain relief, but further studies with more precise and consistent
diagnostic and therapeutic criteria are needed.
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Abstract

Temporomandibular joint osteoarthritis (TMJOA) is a progressive degenerative
disorder characterized by cartilage breakdown, subchondral bone remodeling, and
chronic inflammation. Conventional treatments are largely palliative, providing
symptomatic relief without reversing structural pathology. Advances in regenerative
medicine offer novel therapeutic opportunities, including mesenchyme stem cell
(MSC) therapy, nanotechnology-based drug delivery, exosome applications, and
biomimetic scaffold engineering. MSCs contribute to repair by differentiating into
chondrocytes and modulating the immune microenvironment, while nano-carriers
enable targeted delivery and sustained retention of bioactive agents. Exosome-based
therapies provide cell-free, immune-compatible alternatives with regenerative
potential. Concurrently, hydrogel and scaffold systems supply structural support,
enhance cellular proliferation, and improve integration with host tissue. Emerging
strategies that integrate these modalities often combined with platelet-rich plasma
(PRP) or advanced 3D bio-printing hold promise for restoring joint architecture and
function. Despite encouraging preclinical data, clinical translation remains limited
by variability in cell sources, delivery protocols, and outcome measures. Continued
multidisciplinary research is essential to standardize methods, ensure safety, and
advance patient-specific regenerative therapies for TMJOA.

Keywords: temporomandibular joint, osteoarthritis, mesenchymal stem cell (MSC)
therapy, nanotechnology-based drug delivery systems, exosome applications
1. Introduction

Temporomandibular joint osteoarthritis (TMJOA) is a chronic, progressive
disorder marked by degradation of the articular cartilage, abnormal remodeling of
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the subchondral bone, and synovial inflammation. These structural changes mani-
fest clinically as pain, restricted mandibular movement, joint sounds, and impaired
quality of life [1]. TMJOA is particularly prevalent among middle-aged individu-
als and women. Despite its frequency, conventional management remains largely
symptomatic. Non-steroidal anti-inflammatory drugs (NSAIDs), occlusal splints,
physiotherapy, and, in severe cases, surgical interventions primarily aim to relieve
discomfort, restore function, and correct mechanical imbalances; however, they do
not address or reverse the underlying joint degeneration [2].

This therapeutic limitation has fueled increasing interest in regenerative medi-
cine approaches that target the root causes of TMJOA. Regenerative strategies seek
not only to mitigate symptoms but also to repair damaged tissues and restore joint
integrity. Among the most promising modalities are mesenchymal stem cells (MSCs),
nanotechnology-based drug delivery, exosome-mediated therapies, and bioengi-
neered scaffolds. MSCs derived from bone marrow, adipose tissue, or synovial fluid
demonstrate chondrogenic and osteogenic potential, in addition to potent immuno-
modulatory and anti-inflammatory properties. Through the secretion of bioactive
factors, MSCs influence the joint microenvironment, accelerate tissue repair, and
regulate immune responses.

Nanotechnology complements these approaches by enabling targeted and sus-
tained delivery of therapeutic molecules, thereby enhancing local retention and
reducing systemic side effects. Nanomaterials can also be engineered into scaffolds
with extracellular matrix-like properties, further promoting cartilage and bone
regeneration. Tissue-engineered scaffolds fabricated from natural, synthetic, or
hybrid biomaterials provide a structural niche for cell attachment, proliferation, and
differentiation. Advances in 3D printing and biomaterials science have enabled the
design of patient-specific, biodegradable scaffolds that integrate seamlessly with host
tissue.

Together, these regenerative modalities represent a paradigm shift from symp-
tomatic management to biologically driven repair of TMJOA. As research advances,
the integration of MSCs, nanotechnology, and scaffold engineering holds promise for
durable, functional joint restoration.

2. Conservative treatment options for TMJOA that focus on oral
appliances

Conservative, non-invasive interventions are considered first-line management
for TMJOA, particularly in early or moderate stages. Among these, oral appliances
(occlusal splints) are widely used due to their accessibility, safety, and efficacy in
reducing symptoms without surgery [3]. Fabricated from acrylic, splints are designed
to fit over the maxillary or mandibular arch, with therapeutic goals including redistri-
bution of occlusal forces, reduction of parafunctional activities such as bruxism, and
alleviation of excessive joint loading [4].

Different splint types are prescribed according to clinical presentation: stabiliza-
tion splints (flat-plane), anterior repositioning splints, and soft splints. Stabilization
splints are most commonly used in TMJOA, as they promote even occlusal contact,
reduce mechanical stress on the joint, and serve as the protective night guards during
episodes of increased masticatory muscle activity [5]. Mechanistically, oral appliances
relieve symptoms by reducing micro-trauma associated with clenching and grinding,
relaxing hyperactive masticatory muscles, and realigning the mandibular position.
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Clinical evidence confirms their effectiveness in reducing joint pain, improving
mandibular mobility, and diminishing joint noises such as clicking and crepitus [5].

Despite these benefits, oral appliances do not promote cartilage regeneration or
halt disease progression. Their role is therefore best defined as palliative and preven-
tative, contributing to symptom control and slowing degenerative changes [6]. Splints
are most effective when used within a multimodal regimen that may include NSAIDs
for pain and inflammation, muscle relaxants, non-invasive physiotherapy tech-
niques such as TENS, low-level laser therapy [7, 8], and ultrasound [9]. Psychosocial
interventions including biofeedback and cognitive-behavioral therapy also play a
supportive role in reducing bruxism and stress-related muscle hyperactivity. Dietary
modifications such as adopting a soft or pureed diet and avoiding excessive mandibu-
lar loading further support joint protection. When applied judiciously, these conser-
vative approaches improve symptoms, enhance quality of life, and may delay or even
reduce the need for surgical intervention.

3. Stem cell-based regenerative therapies

Mesenchymal stem cells (MSCs) exhibit self-renewal capacity and multipotent
differentiation into chondrogenic, osteogenic, and adipogenic lineages, making them
a central focus in regenerative medicine for TMJOA [10, 11]. Sources include bone
marrow (BMSCs), adipose tissue (ADMSCs), dental pulp (DPSCs), synovium, and
umbilical cord blood [10].

Preclinical and clinical studies indicate that intra-articular injection of MSCs alle-
viates TMJOA pathology, with outcomes such as reduced joint tenderness, improved
mandibular function, and diminished local inflammation [12-14]. Proposed mecha-
nisms include paracrine signaling, modulation of the inflammatory milieu, and
differentiation into chondrocyte-like cells [11].

To enhance the MSC survival and functionality in the hostile joint microen-
vironment, scaffolds and hydrogels have been developed as delivery vehicles.
Genipin-crosslinked 3D-printed gelatin scaffolds, for example, support MSC
adhesion, viability, and chondrogenic differentiation, underscoring their utility in
cartilage repair [15]. Injectable, ROS-responsive hydrogels such as RD-Gel replicate
the extracellular matrix, provide bioactive cues, and shield cells from apoptosis.
Studies delivering DPSCs via RD-Gel demonstrated enhanced stem cell viability, M2
macrophage polarization, and improved condylar cartilage regeneration in TMJOA
models [13, 15].

These findings emphasize that scaffold-assisted MSC therapy maximizes regen-
erative potential. By anchoring cells, mimicking the native tissue microarchitecture,
and modulating the joint microenvironment, scaffold integration significantly aug-
ments stem cell-based repair.

4. Exosome-based therapies

Exosome-based interventions are emerging as safer, cell-free alternatives to
traditional MSC transplantation. Exosome lipid bilayer-bound extracellular vesicles
released by MSCs and other cell types carry bioactive cargo including microRNAs,
mRNAs, proteins, and lipids. These vesicles modulate inflammation, remodel the
extracellular matrix, and stimulate chondrogenesis [13, 16].
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Compared to whole-cell therapies, exosome have advantages of reduced tumori-
genicity, lower immunogenicity, and greater clinical safety [17]. Preclinical evidence
supports their regenerative efficacy: Exosome derived from urine stem cells enhanced
chondrogenesis and inhibited pro-inflammatory signaling in TMJOA models, improv-
ing both cartilage architecture and synovial health [18]. Similarly, MSC-derived
exosome demonstrated potent immunomodulatory activity, suppressing synovitis
and promoting tissue repair [19].

Combination approaches using biomaterial scaffolds or nano-carriers can fur-
ther improve exosome retention, targeting, and controlled release within the joint
environment [20]. Collectively, exosome-based therapies replicate the beneficial
paracrine effects of MSCs while avoiding the limitations of cell-based treatments,
representing a significant step toward clinically translatable regenerative interven-
tions for TMJOA.

5. Nano-carriers and targeted delivery

Nanotechnology offers precise, site-specific delivery of bioactive molecules to
TMJOA lesions, enhancing therapeutic efficacy while minimizing systemic toxicity.
Nano-carriers such as silica nanoparticles, lipid-based vesicles, and polymeric-nano-
spheres have been engineered to deliver growth factors, anti-inflammatory agents,
and gene therapies in a sustained and localized manner [21].

Innovative self-assembling nanospheres function both as drug carriers and bioac-
tive lubricants, reducing oxidative stress, preserving subchondral bone integrity, and
slowing cartilage degradation in murine TMJOA models [22]. Similarly, mesoporous
silica nanoparticles delivering hyaluronan-synthase-2 to synovicytes increased the
production of high-molecular-weight hyaluronic acid, improving joint lubrication
and prolonging anti-inflammatory effects [23].

Dual-targeted lipid nanoparticles (LNPs) encapsulating both anti-inflammatory
microRNAs and chondrogenic agents such as kartogenin have shown synergistic
effects, enhancing cartilage regeneration and reducing synovial inflammation in
preclinical models [24].

These findings highlight the transformative potential of nanotechnology in
TMJOA, offering controlled, multimodal, and site-specific therapeutic delivery
systems that may redefine standard care.

6. Hydrogels and scaffolds

Hydrogels and scaffolds are indispensable in regenerative TMJOA therapy, as
they mimic the native extracellular matrix (ECM) and create three-dimensional
microenvironments conducive to cell survival and differentiation. Hydrogels possess
physicochemical properties such as porosity, hydration, stiffness, and degradability
that support the MSC viability and sustained release of bioactive agents [25, 26].

Emerging designs such as hydrogel-biosilica composites have demonstrated
enhanced cartilage repair, promoting cell adhesion, matrix deposition, and tissue
regeneration in animal models [27]. Stimuli-responsive hydrogels, particularly ROS-
sensitive variants, dynamically interact with the inflammatory microenvironment,
polarizing macrophages toward regenerative phenotypes and facilitating cartilage
healing [28].
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Scaffolds, fabricated from natural polymers (e.g., collagen, chitosan), synthetic
polymers (e.g., PLGA, PEG), or hybrid composites, provide structural frameworks
that guide tissue organization. Surface functionalization with growth factors such
as IGF-1 and TGF-p1 enhances chondrogenic differentiation and ECM production
[29]. Advances in 3D bio-printing enable patient-specific scaffold fabrication with
tailored geometry, controlled cell distribution, and optimized integration with host
tissue [30].

Together, hydrogels and scaffolds form synergistic platforms that support cellular
and molecular regeneration, providing a versatile basis for clinical translation.

7. Combination and advanced strategies

Increasing evidence suggests that multimodal therapies outperform single-modal-
ity approaches in TMJOA regeneration. Combinations of MSCs with platelet-rich
plasma (PRP), exosome, nanomaterial, or biophysical stimulation create synergistic
environments that accelerate the cartilage repair and restore joint function [31-33].
PRP enhances MSC proliferation, immunomodulation, and trophic effects by supply-
ing autologous growth factors [34]. Exosomes serve as paracrine mediators, further
amplifying MSC-driven regeneration [35, 36].

Innovative nucleic acid-based systems such as tetrahedral framework nucleic acids
(tFNAs) have been designed to deliver microRNAs with high efficiency. For instance,
miR-124-loaded tFNAs promoted anti-inflammatory signaling and up-regulated
chondrogenic gene expression in preclinical TMJOA models [37]. Concurrently,
bio-functionalized scaffolds allow programmed release of bioactive molecules and
mechanical stimuli, closely mimicking natural healing cascades [38].

These multimodal approaches underscore the need for individualized therapies
that address the complex pathology of TMJOA. By integrating cellular, molecular, and
material-based interventions, future therapies may achieve more durable and com-
prehensive joint regeneration.

8. Clinical translation and future directions

Preclinical studies consistently demonstrate that MSC-based therapy attenuates
inflammation, promotes cartilage repair, and modifies the TMJOA microenvironment
[14, 39]. However, translation into clinical practice remains challenging. Variability
in MSC sourcing from bone marrow, adipose tissue, or synovium results in hetero-
geneity in differentiation potential, immunomodulatory capacity, and regenerative
outcomes [40]. Delivery protocols also differ widely in terms of dosage, frequency,
and use of adjuvants such as scaffolds or growth factors [41].

Clinical outcome measures the lack of standardization, with studies variously rely-
ing on subjective pain scales, imaging modalities, or biochemical markers, complicat-
ing cross-study comparisons [42]. Furthermore, long-term safety and efficacy data
are limited. While short-term trials report the minimal adverse effects, the long-term
fate of transplanted cells under chronic joint stress remains uncertain.

Progress will depend on harmonizing protocols, conducting well-designed ran-
domized clinical trials and identifying reliable biomarkers predictive of therapeutic
response. Establishing the standardized guidelines and interdisciplinary collaboration
will be crucial for advancing MSC-based and adjunctive regenerative therapies are
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increasingly advancing from experimental concepts toward potential integration into
established clinical practice [43].
9. Conclusion

Regenerative medicine is redefining the therapeutic landscape of TMJOA. By
leveraging the reparative capacity of stem cells, the paracrine activity of exosome, the
precision of nanotechnology, and the structural support of bioengineered scaffolds,
these strategies aim not only to alleviate symptoms but also to restore joint architec-
ture and long-term function. Multimodal approaches that integrate MSCs with PRP,
exosome, or advanced scaffold systems demonstrate particular promise in preclinical
models. Nevertheless, successful clinical translation will depend on the develop-
ment of standardized protocols, rigorous randomized trials, and reliable biomarkers
of treatment response. As evidence accumulates, regenerative therapies have the
potential to progress from experimental interventions to mainstream clinical practice,
offering durable and patient-specific solutions for TMJOA.
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Chapter 9

Evaluating the Efficacy of
Platelet-Rich Plasma, Hyaluronic
Acid, and Botulinum Toxin in the

Treatment of Temporomandibular
Joint (TM]J) Disorders

Madiha Khan, Sufyan Ahmed and Aisha Favaz

Abstract

Temporomandibular joint (TM]) disorders are a complex group of conditions
that can cause significant pain, dysfunction, and impaired quality of life. As these
disorders often involve both musculoskeletal and joint-related pathologies, treatment
options must address the diverse factors contributing to the symptoms. Over the
years, non-surgical interventions such as platelet-rich plasma (PRP), hyaluronic acid
(HA), and botulinum toxin (BoNT) have emerged as effective therapeutic modalities.
PRP harnesses the regenerative potential of platelets to promote tissue healing and
reduce inflammation, particularly useful in managing cartilage degeneration and
joint-related symptoms. HA, primarily known for its role in joint lubrication, allevi-
ates pain and improves joint function, particularly in patients with osteoarthritis or
early-stage TM]J dysfunction. BoNT, known for its muscle-relaxing properties, offers
relief for muscle-induced pain, bruxism, and myofascial pain. This chapter explores
the clinical applications, mechanisms, and efficacy of PRP, HA, and BoNT in the
treatment of TMJ disorders. A comparative analysis of these therapies demonstrates
their distinct roles in addressing the multifaceted nature of TMJ dysfunction. While
each therapy offers specific benefits, emerging trends in combination therapies that
integrate these modalities hold the potential for more comprehensive treatment plans.
Additionally, the chapter discusses the role of personalized treatment approaches,
incorporating biomarkers and advanced imaging, to better tailor interventions based
on patient-specific characteristics. With an emphasis on clinical recommendations,
this chapter provides a comprehensive guide to these innovative treatments, focusing
on their application, limitations, and future directions in the management of TMJ
disorders.

Keywords: TMJ, PRP, hyaluronic acid, interventions, botulinum toxin (BoNT)),
inflammation, dysfunction, degeneration
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1. Introduction

Temporomandibular joint (TMJ) disorders (TMDs) represent a complex group of
musculoskeletal conditions that affect the temporomandibular joint, the masticatory
muscles, and associated craniofacial structures. Temporomandibular joint (TM]J) is
one of the most complicated joints in the body [1]. Temporomandibular disorders
(TMD) are known to be one of the most problematic disorders to patients since they
are capable of instigating pain, altering oral functions and annoying dentists at the
level of diagnosis and treatment. These disorders are the most frequent pathogenic
reason of orofacial pain and functional limitation and are only surpassed by dental
pain in frequency. Joint sounds, headache pain, mandibular movement limita-
tion, and referred otologic symptoms, are common in patients with TMDs. Due to
the complex form of the TMJ being a synovial joint having both hinge and gliding
movements, there are numerous pathological conditions which are susceptible to
the joint and most are multifactorial in origin [2]. The fact that it has become more
prevalent in women, particularly in the reproductive age, has led to curiosity on the
roles of hormones and psychological influences in pathogenesis. Even after decades
of research, there are no standardized and universally successful treatment patterns
toward TMDs. Although a majority of patients are responsive to conservative treat-
ment, that is, non-steroidal anti-inflammatory drugs (NSAIDs), physical therapy,
and occlusal splints, some are non-responsive (Figure 1) [3]. Such patients can have
less invasive yet specific solutions like intra-articular interventions first hand before
they think about going through surgical correction. The history of regenerative medi-
cine has contributed to the availability of biologic therapy which includes platelet-rich
plasma (PRP), hyaluronic acid (HA), and botulinum toxin A (BoNT-A) which exhibit
specific mechanisms that can be used to rehab steward pain, cartilage erosion, and
the presence of hyperactive muscles. This chapter intends to extensively analyze the
reasoning, processes, and clinical-efficacy of these agents as a form of therapeutic
modalities in treating TM] illnesses (Figure 2) [4].

1.1 Overview of temporomandibular joint disorders

Temporomandibular joint disorders constitute a heterogeneous collection of
conditions involving dysfunction or pathology of the temporomandibular joint and

TREATMENTS FOR
TMJ DISORDERS

Figure 1.
Treatment for TMJ disorders.
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Structure of TMJ.

its associated musculature. The TM] is a special one in the sense that it is a bilateral
articulation and a rotational and translational articulation [5]. Various disorders of
such system may be caused by muscular hyperactivity, internal derangement of the
disc-condyle complex, or degenerative changes of the joint. Based on the diagnosis of
TMD as per the Research Diagnostic Criteria for TMD (RDC/TMD) and its revised
form (DC/TMD), there are mainly three major categories of TMD that include muscle
disorders, disc displacements, and arthralgia/arthritis/arthrosis. The prevalence

of TMDs is widespread in the literature, but it is estimated to affect up to 25% of

the entire population sometime during their lifetime. Other associated factors are:
psychological stress, bruxism trauma, dental malocclusion, and postural imbalances
[6]. Chronic pain, eating problems, sleep, and emotional distress are common factors
among patients with TMD, which lead to a decrease in the quality of their lives. In
young adults as well as teenagers, TMD may disrupt the process of normal develop-
ment of the jaws and may cause chronic pain syndromes in old age [7]. The economic
and social costs of health care systems are immense, both directly because of treat-
ment expenses, as well as indirectly due to the lack of productivity and psychosocial
effects. Usually, the diagnosis includes a multidisciplinary approach, such as dentists,
oral surgeons, physical therapists, and pain specialists due to the variability of the
condition in etiology and presentation. Modern imaging applications like MRI and
CBCT are used critically in helping distinguish the subtypes and is critical in directing
the choice of modalities of treatment. Biologics and injectables have led to alternative
ways of management, particularly in the resistant cases of conventional therapy [8].

1.2 Pathophysiology and classification of TM] disorders

The pathophysiology of TMJ disorders is complex and varies depending on the
subtype of the disorder. On cellular levels, inflammation, oxidative stress, and biome-
chanical overloading are frequent topics of both myogenous and arthrogenous types
of TMD. As an example, with internal derangement, the articular disc gets dislodged
as a result of ligamentous laxity or injuries causing malfunctioning of joint mechan-
ics, pain, and degeneration [9]. The secondary degenerative changes that can be seen
in osteoarthritis, including thinning of the cartilage, inflammation of the synovium,
and sclerosis of the subchondral bone can be obtained by chronic disc displacement.
The most prevalent subtype of the TMD is the myofascial pain that is linked with the
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hyperactive masticatory muscles, trigger points, and referred pain patterns. Incentive
sensitization and changes in nociceptive processing in the central nervous system
may as well lead to chronicity in such cases [10]. Inflammatory arthropathies, such
as synovitis and capsulitis, on the other hand, occur due either to immune-mediated
or infection-induced processes. Joint Damage and symptomatology are given by the
presence of inflammatory mediators including IL-10, TNF-a and prostaglandins.
Osteoarthritic transitions in the TM]J can be similar to that in weight-bearing joints,
but, due to the peculiar anatomical structure and functioning of the TMJ, its degen-
eration is more complicated. The categorization of TMDs plays a critical role in the
proper choice of the treatment strategy [11]. TMDs in their turn are classified in a
broad way into myogenous (muscle-related), arthrogenous (joint related), and mixed
types. In arthrogenous disorders, we have further subtypes of disc displacements
including with reduction and without reduction of the discs as well as inflammatory
diseases and degenerative joint diseases. In determining such categories, imaging
and functional assessments are very instrumental [12]. The realization of the patho-
physiology is not only helpful in diagnosis but also in determination of responses to
treatment. The goal of HA supplementation is to replace the viscosity and friction-
reducing qualities of synovial fluid and the resulting benefit that PRP offers is the
healing of the tissues, that is achieved through the release of growth factors. BONT-A
blocks the release of acetylcholine, a major symptom of the neuromuscular junction,
which limits overactivity in muscles and pain transmission (Figure 3) [13].

Intra-articular injection of TMJ disorders is justified on the distribution principle
of therapeutic agents directly to the per disease centre which increases its efficacy and
at the same time reduces the systemic aspect of the side effect. This focal treatment
has great advantage in a patient who does not respond to non-invasive management
strategies or wants to prefer less invasive surgery. PRP, HA and BoNT-A have been
increasingly being promoted as non-surgical tools due to their efficacy to create
change on the joint milieu and overall clinical results [14]. Platelet-rich plasma
(PRP) is a platelet suspension in plasma, comprising autologous concentration of
platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-
beta), and vascular-endothelial growth factor (VEGF) growth factors. This activates
cell multiplication, angiogenesis, and matrix production in the extracellular space,
which repair the damaged tissue. Cumulative clinical research has proved the poten-
tial of PRP to alleviate pain, increase or improve the movement of the joints, and
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tissue regeneration in both TMJ internal derangement and osteoarthritis [15]. Shock
absorption. The glycosaminoglycan, hyaluronic acid, is a natural part of synovial
fluid that lubricates joints and acts as a shock absorber. In TMDs, the goal of intra-
articular HA injections is the recovery of joint viscoelastic qualities, suppression of an
inflammatory process, and enhancement of joint performance [16]. Several clinical
studies have demonstrated that HA can be helpful when it comes to relieving TMJ
pain, and also help increase the mandibular range of motion especially in patients
with degenerative joint diseases. Although botulinum toxin A is traditionally applied
to the myofascial pain syndrome, these emerging functions have been seen to have
resulted in the intra-articular and pericapsular injections of TMJ pain [17]. Blocking
in the release of acetylcholine, BONT-A results in relaxation of muscles, the reduction
of excess loading on joints, and the disruption of the signaling pathways of pain. It
has the particular usefulness in muscular hyperactive patients; patients with brux-
ism; mixed TMD patients. In this chapter, there is an endeavor to review the existing
literature and give a review of the role of PRP, HA, and BoNT-A in contemporary care
delivered to patients with TM] disorders [18].

2. Platelet-rich plasma (PRP) in TM]J disorders

Platelet-rich plasma (PRP) therapy has gained significant attention as a potential
treatment for temporomandibular joint (TM]) disorders. These disorders, which
affect the joint responsible for jaw movement, are often associated with chronic pain,
limited mouth opening, and a decreased quality of life. The traditional approach to
managing TM] disorders typically includes conservative methods such as physical
therapy, splints, and non-steroidal anti-inflammatory drugs (NSAIDs). However,
these treatments often fail to provide long-term relief, especially in cases of more
severe dysfunction. Consequently, the regenerative potential of PRP has made ita
subject of interest in treating these disorders, offering a minimally invasive, effective
solution to patients suffering from chronic pain and joint degeneration [19].

2.1 Biological mechanism of PRP

The basic biological procedure of PRP in TM] disease is founded on PRP capabil-
ity of speeding up tissue recovery, diminishing irritation, and improving the recu-
perating cycle. PRP comes out of the blood of the patient which is rich with growth
factors which are in the form of platelets which it concentrates. Platelets are very
instrumental in the repair of tissues and this occurs through the release of proteins
by the platelets that activate healing mechanisms within the body. Such growth
factors are platelet-derived growth factor (PDGF), transforming growth factor-beta
(TGF-beta), vascular endothelial growth factor (VEGF), and fibroblast growth
factor (FGF) which also act to stimulate cell proliferation, collagen formation, and
angiogenesis [20]. Such aspects promote the regeneration of injured tissues, such
as cartilage, ligaments, as well as muscles, which are all essential elements of TM]J.
As it has growth factors and cytokine stimulation, the PRP stimulates the healing
of the soft tissues and cartilage once it is injected to the affected region of the TMJ,
where it causes regeneration of the surrounding tissues. The outcome is increased
tissue performance and anti-inflammation. The capacity of PRP to speed up tissue
healing is especially notable when TM] disorder is considered, in which case dam-
age of the cartilage and ligaments of the joint can compose a critical factor in its
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Biological mechanism of PRP.

dysfunction. Inflammatory response that accompanies such damage is also reduced
as the result of the work of PRP that helps reduce pain and swelling and promote
cellular healing (Figure 4) [21].

2.2 Preparation techniques

The preparation of PRP involves a simple yet critical process that ensures the final
product is concentrated with platelets and growth factors essential for tissue regener-
ation. The initial stage in the PRP process is taking at least 10 milliliters to 60 millili-
ters of the patient’s blood sample, and this relies on the amount of blood needed based
on the injection process. The blood collected will then be put in a centrifuge, which is
amachine that causes the blood to spin at high velocities, separating the components
of the blood on the basis of their density [20]. In centrifugation, the cells are placed in
a centrifuge; this separates the red blood cells, the white blood cells, and the plasma,
as well as concentrating the platelets in the plasma. The centrifugation process usually
separates three layers of blood, that is, red blood cells, a buffy coat, which contains
the white blood cells and platelets, and at the top will be the platelet-rich plasma [21].
The platelet-rich plasma is withdrawn, after which it is injected into the area of the
TM]J that requires treatment. In other, but rare, cases, leukocytes (white blood cells)
can be removed or kept in PRP preparation to prevent the excessive inflammatory
response or to take advantage of the possible anti-inflammatory effects of white blood
cells [22]. The number of platelets can vary between twofold to fivefold that repre-
sented in whole blood, depending on the PRP system. Platelets concentration in PRP
is an important aspect that may affect its therapeutic efficacy. An improved outcome
is found when the platelet concentration is higher as this results in a higher release
of growth factors that are required to regenerate tissue. Moreover, various systems
used to prepare PRP might differ in the concentration of platelets, and protocol
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standardization on the preparation of various systems is deem vital in providing the
standardization in clinical effect (Figure 5) [23].

2.3 Clinical evidence and outcomes

The merits have been demonstrated clinically that the PRP can be used to treat
TMJ disorder with promising results with variable outcomes attributed to variable
selection of patients, severity of the disease, and PRP preparation method. Various
studies have proved that PRP may lead to a considerable reduction of pain, the
increase of the mobility of joints, and the overall improvement of the TMJ function-
ality [24]. As an example, a randomized controlled trial by Lee et al. [25] revealed
that patients receiving PRP injections experienced a considerable decrease in pain
and an augmentation in mouth opening in contrast to individuals who had inspired
a placebo injection. In such a way, the study by Schmitter et al. [26] pointed out the
results of treating TM]J dysfunction by means of PRP injections that resulted in the
improvements of TM]J function and the reduction of the number of clicking and
popping sounds that are frequently observed in TM]J dysfunction patients. These data
indicate that the regenerative effect can be used within the context of PRP to treat
both structural and functional defects of TM] disorders [27]. There have however
not been equally strong results in all studies, and some have suggested the variability
in response among the patients. The use of PRP as a therapy could be affected by
various factors that include the way the PRP is prepared, timing of injections as
well as the pathology of the TM]J. Although there are cases of great improvement in
some patients, others will just demonstrate small improvements, and research is still
required to determine the best regimen [28].

3. Hyaluronic acid (HA) in TM]J disorders

Hyaluronic acid (HA) is a natural substance found in the body, particularly in
the synovial fluid of joints, where it plays a vital role in maintaining joint health. In
the context of Temporomandibular Joint (TMJ) disorders, HA is gaining recognition
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as a promising treatment for its ability to restore joint lubrication, reduce pain, and
improve joint function. TMJ disorders, which include conditions such as osteoar-
thritis and internal derangement of the joint, often lead to pain, inflammation, and
impaired mobility of the jaw. The use of HA injections aims to replenish the natural
synovial fluid in the TMJ, providing better lubrication and reducing friction between
the articular surfaces, thus helping to alleviate symptoms and restore normal joint
function (Figure 6) [29].

3.1Role of synovial fluid and HA in joint health

Health and the well-being of synovial joints, such as the TM]J, is dependent on
the synovial fluid whose role is to lubricate, absorb shock, and feed the articular
cartilage. The fluid mostly has water, electrolytic substances and hyaluronic acid,
with HA considered one of the most significant ones. HA helps in providing vis-
cosity and elasticity of the synovial fluid so that it can serve as a lubricant thereby
minimizing any friction along the joint surfaces during locomotion. Moreover, HA
has a protective property on the cartilage since it assists in restraining its degrada-
tion and aids in the regeneration of the joint tissues. In TM] disorders, there is
a possible reduction in concentration of HA in the synovial fluid causing undue
friction, thereby causing increased irritation within the joint that may compound
the pain and restrict motion. The viscosity of the synovial fluid is regained when
HA is injected into TM], and it can help in alleviating the pain, inflammation, and
further breakdown of the joint in addition to enhancing movement and function-
ing of the jaw [30].

Hyaluronic Acid (HA) in TMJ Disorders

Hyaluronic Acid
Injection

Articular Synovial
Cartilage Membrane

Synovial
Fluid

Hyaluronic Acid

Figure 6.
HA in TM] disorder.
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3.2 Types and properties of HA preparations

The preparations of hyaluronic acid applied in clinical practice differ in molecular
weight that influences their characteristics and clinical effect. Molecules of low-
molecular-weight (LMW) HA are smaller, making them more fluid in nature, and
they are absorbed faster in the body. This form of HA is usually preferred due to its
tissue-penetrating capabilities, thus rendering it appropriate to be applied in the
treatment of joint inflammation and involvement of deep tissues. On the contrary,
the high-molar weight HA (HMW HA) is thicker, containing larger molecules that
offer long-term lubrication and anti-destructive effect on the joint. HMW HA is more
likely to stay longer in the joint and hence effective in offering long-lasting relief to
symptoms of TMJ disorders. Besides the molecular weight, HA preparations can be
grafted to improve their duration and stability [31].

3.3 Clinical studies and comparative efficacy

Various clinical trials have anticipated the efficacy and efficacy of HA injections in
the treatment of TMJ disorders in TMJ disorders patients with osteoarthritis or degen-
erative illnesses of the joint. Clinical data indicate that HA may make substantial
changes in the manifestations of pain, limited range of motion, and joint pain. Results
obtained in a randomized controlled trial by Bouloux et al. [32] show that patients
treated by HA injection demonstrated a notable decrease of pain and improved mouth
opening that was not shown in patients in whom a placebo was used. A different
research conducted by Schmitter et al. [26] revealed that HA is more effective than
conservative interventions, such as splints or physical therapy, to handle TM]J symp-
toms. However, a study conducted by Conti et al. [33] revealed that HA injections
were as efficient as corticosteroid injections or even more in pain improvement and
improvement of joint functioning. Nonetheless, research shows that the effectiveness
of HA is already well-established in most patients, yet in some cases, it may vary due
to a variety of factors, including the severity of the disorder, patient response, and a
possibly used form of HA (Figure 7) [34].

3.4 Therapeutic benefits and constraints

Hyaluronic acid injections offer several therapeutic benefits for patients suffering
from TMJ disorders. Among the major benefits of HA treatment, it is important to
mention the possibility of pain relief. HA helps ease the pain that is evident when the
jaw is moving because it lubricates the joint, a feature that lowers the friction. Further
on, HA injection may enhance the joint activity which ensures the range of move-
ments and relieves such symptoms as clicking or locking that typically accompanies
TM]J disorders. The effects are usually long-term, and in some cases, the patients are
relieved several months on getting a single injection. The other advantage of the HA
therapy is that it is less invasive. The injection procedure can be done on outpatient
basis, and the patient does not need much downtime or recovery other than mak-
ing it convenient to many patients [35]. There are, nevertheless, certain limitations
to HA therapy. Although it may give temporary relief, they do not give long-lasting
relief, and more injections may be required in order to keep symptoms at bay. Also,
HA injections may be of high amount, and they may not be reimbursed by insurance
scheme, which may be a liability to access by some group of people. Moreover, in
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Mechanism of action of HA and PRP.

exceptional cases, there is a chance of an allergic reaction or local inflammation after
the injection. When considering HA as possible treatment option for TMJ disorders,
the variability in the responses of the patients and the fact that periodic injections
are a necessity, is one of the main aspects. Nevertheless, given these drawbacks, HA
is a fruitful form of treatment of TM] disorders presenting a surgical-free, efficient
method in the management of numerous patients [36].

4. Botulinum toxin (BoNT) in TM]J disorders

Botulinum toxin (BoNT), commonly known for its cosmetic applications,
has proven to be a valuable treatment option for temporomandibular joint (TM])
disorders, particularly in managing muscular pain, spasms, and dysfunction. TM]J
disorders often involve pain, stiffness, and difficulty in jaw movement, primar-
ily resulting from muscular overactivity, bruxism, or myofascial pain. Botulinum
toxin helps alleviate these symptoms by reducing muscle activity. Initially used in
cosmetic procedures, BoNT has found its place in medical applications for its ability
to block neurotransmission and relax the muscles, thus offering significant relief to
individuals suffering from TM] disorders. This section delves into the mechanisms,
indications, clinical evidence, and potential risks associated with using BoNT in the
treatment of TMJ dysfunction (Figure 8) [37].

4.1 Mechanism of action

Botulinum toxin works by inhibiting the release of acetylcholine, a neurotrans-
mitter responsible for transmitting nerve signals to muscles, at the neuromuscular
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Mechanism of action of BONT in TM]J disorder.

junction. This prevents the muscle from contracting and reduces muscle hyperactiv-
ity, which is a common cause of pain and dysfunction in TMJ disorders. Specifically,
in TM]J disorders, the toxin is injected into muscles such as the masseter and tempora-
lis, which are often involved in clenching, grinding, and other abnormal jaw move-
ments. By reducing excessive muscle activity, BONT alleviates pain, decreases muscle
spasms, and improves jaw mobility. The effects of BoNT are temporary, typically
lasting between 3 and 6 months, depending on the patient and the dosage. During
this period, patients often experience significant improvements in pain relief and jaw
function [38].

4.2 Indications and injection protocols

Botulinum toxin is indicated for patients with TM]J disorders primarily involving
muscle dysfunction, including myofascial pain syndrome, bruxism, and temporo-
mandibular joint hyperactivity. It is especially beneficial for patients who do not
respond to more conventional treatments like splints, anti-inflammatory medica-
tions, or physical therapy. In terms of injection protocols, BONT is administered
into the affected muscles, with the masseter muscle being the most commonly
targeted. The typical injection involves 20-30 units per side, though this can vary
depending on the severity of symptoms and individual patient needs. If necessary,
additional muscles like the temporalis and pterygoid muscles may be targeted.
Although there may be some discomfort during the procedure, it is relatively quick
and does not require general anesthesia. Most injections are given outpatient.
Injections are done with precision, and proper training is essential to ensure the
correct muscles are injected, as incorrect administration can lead to side effects
such as difficulty swallowing or facial asymmetry. The procedure generally requires
minimal recovery time, and patients can resume normal activities immediately
after the injection [39].
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4.3 Evidence-based use in TMJ dysfunction and myofascial pain

Several studies have demonstrated the efficacy of botulinum toxin for treat-
ing TM]J disorders, particularly those with muscular involvement. The study
conducted by Manfredini et al. [40] established the effect of BoNT injection in
patients with myofascial pain and TM]J disorders. This research concluded that
injection of BoNT attained meaningful outcomes measuring pain alleviation and
jaw mobility among patients who previously failed to improve on other normal
remedial procedures. The researchers came up with a conclusion that BoNT might
be one of the optimal choices when it comes to the chronic myofascial pain treat-
ment in TMJ disorders, as far as patients who have significant muscle-related
findings are concerned. In a similar way, previous research has addressed the
interaction of botulinum toxin (BoNT) injection effects on pain intensity caused
by bruxism in temporomandibular joint (TM]) disorders. The findings indicated
that pain intensity decreased, with the noticeable improvement in jaw function-
ing following BoNT injections into the masseter muscle. Patients also reported a
substantial decrease in the frequency of teeth grinding, which contributed to an
overall reduction in symptoms. Additional studies analyzing BoNT use in patients
with TM] osteoarthritis demonstrated reductions in pain levels alongside the posi-
tive functional outcomes. Comparative analyses have further shown that BoNT
therapy is more effective than corticosteroid injections or occlusal splints, par-
ticularly due to its superior pain-relieving effect and ability to induce mild muscle
relaxation. Furthermore, BoONT administration has been associated with decreased
frequency of bruxism episodes and improved mouth opening, making it a valuable
treatment option for many patients.

4.4 Risks, side effects, and limitations

While botulinum toxin is generally safe when administered by a trained
professional, it is not without risks. The mild effects happen in most cases and are
local and involve swelling, bruising around the injection area, or mild discomfort
and are often resolved after a few days. Mild headache or nausea can also be expe-
rienced by patients but these are not common and are very short-lived. The lesser
but more severe risk of BoNT injections is the unintended movement of the toxin
to other places outside the intended muscle, resulting in the unintended outcome
like the inability to swallow, talk, or drool. Such complications tend to arise when
the toxin is not injected properly or given in large doses, and it is therefore vital
that the practitioners observe the proper etiquettes and dose. Another limita-
tion is transience of the effects of BoNT. Although symptom reduction is mainly
effective on many people, its effects diminish after a few months necessitating
the infusion treatment to continue which poses a challenge to patients. Having
several treatments might act against the patient, when one thinks about the cost
of the procedure, as not all cases are covered by insurance. Moreover, although
BoNT is useful in treating muscle-related TM]J conditions, it will not be of greater
help to patients with joint problems and structural problems and those with
large cartilage degradation. Given that treatment should be comprehensive and
BoNT can be added to the treatment regimen, it is often accompanied by physical
therapy along with splinting and other interventions to treat all aspects of TMJ
dysfunction.
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5. Comparative analysis of PRP, HA, and BoNT

The use of platelet-rich plasma (PRP), hyaluronic acid (HA), and botulinum toxin
(BoNT) has gained considerable attention in the management of temporomandibular
joint (TM]J) disorders. These three treatment modalities offer minimally invasive,
non-surgical options for patients suffering from TMJ dysfunction, particularly those
with muscle-related pain, cartilage degeneration, and inflammation. While each
therapy has shown promising results, understanding the comparative efficacy, patient
outcomes, and methodological differences between them is essential for optimizing
clinical decision-making. This section provides a comparative analysis of PRP, HA,
and BoNT, focusing on clinical trial methodologies, key outcome measures, and head-
to-head efficacy.

5.1 Methodological review of clinical trials

Clinical trials comparing PRP, HA, and BoNT in TM]J disorders generally involve
randomized controlled trials (RCTs), cohort studies, and case series. These studies
vary in design, patient selection criteria, treatment protocols, and outcome measure-
ments. PRP studies typically focus on its regenerative properties, aiming to evaluate
the healing of cartilage and the reduction of inflammation. HA trials usually empha-
size its role in improving joint lubrication and reducing pain, particularly in cases of
TM]J osteoarthritis. On the other hand, BoNT studies are often centered around its
muscle-relaxing effects, targeting myofascial pain and bruxism-induced dysfunction.
One key methodological challenge is the inconsistency in dosage and injection pro-
tocols. For instance, while PRP preparation protocols vary widely in terms of platelet
concentration and the inclusion of leukocytes, HA preparations differ in molecular
weight, cross-linking, and concentration. Similarly, BONT dosing and injection
sites may differ across studies, making direct comparisons difficult. Some trials use
standardized dosages (e.g., 20-30 units for masseter injections), while others adjust
the dose based on patient-specific factors such as muscle mass or the severity of TMJ
dysfunction. Another issue in the methodological review is the lack of long-term
follow-up in many studies. While short-term results are promising, long-term efficacy
and safety data for these treatments are still limited. Furthermore, patient charac-
teristics, such as the presence of osteoarthritis, muscle hyperactivity, or structural
joint issues, can influence treatment outcomes, complicating the interpretation of
comparative results.

5.2 Outcome measures: Pain, function, and quality of life

The primary outcome measures in clinical trials evaluating PRP, HA, and BoNT in
TMJ disorders include pain reduction, functional improvement, and quality of life.
Pain is typically assessed using visual analog scales (VAS) or numerical rating scales
(NRS), with a focus on jaw pain intensity, discomfort during chewing, and nocturnal
bruxism. Functional improvement is often measured by the range of motion (ROM)
of the jaw, including the maximum mouth opening and the reduction in symptoms
like clicking or locking. In addition to pain and function, many studies also assess
improvements in the overall quality of life (QoL) using validated questionnaires. The
most commonly used QoL instruments include the Oral Health Impact Profile (OHIP)
and the Short Form-36 (SF-36), which measure aspects like emotional well-being,
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physical function, and social limitations due to TMJ symptoms. These tools help
capture the broader impact of TM]J disorders on daily living, not just in terms of pain
but also in terms of how patients perceive their ability to perform routine activities
such as eating, speaking, and socializing. A systematic review of studies on PRP

in TMJ disorders found significant improvements in pain scores and jaw mobility
after treatment, with many patients reporting reduced use of pain medications and
enhanced functional capacity [25]. Similarly, HA injections have been shown to
improve pain relief and joint function, particularly in TMJ osteoarthritis cases, with
patients experiencing enhanced lubrication and reduced joint stiffness [26]. BoNT,
on the other hand, is highly effective in reducing muscle-induced pain and improving
jaw function, especially in patients with bruxism or myofascial pain syndrome [40].

5.3 Head-to-head comparative efficacy

Head-to-head comparisons of PRP, HA, and BoNT in TMJ disorders are relatively
scarce, but several studies have attempted to evaluate the relative effectiveness of these
treatments. There is a comparative trial of Conti et al. [33], which proposed PRP in
relation to HA and corticosteroid injections in patients with TM] osteoarthritis. It was
revealed in the study that PRP and HA gave similar results in pain relief and range of
multifunction of the joints, however PRP was more effective in long-term results with
its efficacy lasting till 12 months. On the contrary, corticosteroids injected proved effi-
cient only in the short run, giving the patients only short time relief of their symptoms
which resurfaced a few months later. Bordoni et al. [41] undertook a study based on
comparison between the use of BONT and HA among patients with TM]J disorders with
both muscular and joint involvement. These findings showed that BoNT injections
were better in relief of muscle-related pain and bruxism and HA injections had better
effects on lubrication of joints and pain alleviation in a patient with osteoarthritis.
These data indicate that, in the context of management of musculoskeletal dysfunc-
tion, the two methods used can be additive, as the lack of muscular function is treated
with BoNT, and the joint one can be treated with HA. On the whole, the relative effec-
tiveness of PRP, HA, and BoNT in treating the TM]J disorders is predetermined, most
likely, by the character of the disease being treated. PRP only seems to work best in
cartilage repair and long-lasting pain reduction especially when dealing with osteoar-
thritis and degenerative joint disease. The strongest point of HA is joint lubrication and
pain relief in patients with minor and moderate joint degradation. In the meantime,
BoNT has been used most effectively in terms of dealing with muscle problems, such as
bruxism or myofascial pain, eliminating hyperactivity in muscles [42].

6. Emerging trends and future directions

The management of temporomandibular joint (TM]) disorders is evolving as new
treatment modalities, such as platelet-rich plasma (PRP), hyaluronic acid (HA), and
botulinum toxin (BoNT), gain prominence for their effectiveness in treating muscle-
related pain, joint degeneration, and inflammation. However, despite these advance-
ments, there remains a need for more personalized and comprehensive approaches
to improve patient outcomes. Emerging trends in TM] disorder treatment involve
combination therapies and the integration of biomarkers to guide personalized treat-
ment approaches. These innovations have the potential to further optimize care and
expand therapeutic options, improving the long-term management of TM] disorders.
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6.1 Combination therapies

One of the most promising emerging trends in TMJ disorder treatment is the use
of combination therapies, where different treatment modalities are used synergisti-
cally to address multiple aspects of the disorder. For example, combining PRP or
HA injections with BoNT therapy could help address both muscle-related pain and
cartilage degeneration simultaneously, offering a more comprehensive solution than
single treatments alone. In patients with significant muscular dysfunction and joint
inflammation, the synergistic effects of BONT and HA could reduce muscle spasms,
improve joint lubrication, and decrease pain, leading to more effective long-term
relief. Combining conservative therapies such as physical therapy with injectables like
PRP or HA is also an emerging strategy. While PRP or HA injections can target the
underlying tissue degeneration and joint inflammation, physical therapy can assist in
enhancing muscle strength and mobility in the jaw. This combination can optimize
treatment outcomes by addressing both the structural and functional components of
TM]J disorders. Furthermore, incorporating non-invasive modalities such as occlusal
splints alongside injectable therapies can help provide relief for patients with bruxism
and nocturnal teeth grinding, which often exacerbate TMJ symptoms. Splints can
prevent further damage to the TMJ while BoNT injections alleviate muscle-related
pain, creating a multi-faceted approach to treatment. Although some studies have
shown promising results, more clinical research is required to identify the most effec-
tive treatment combinations, dosages, and frequency of interventions. Combination
therapies are still in their infancy. The development of protocols that guide the use of
multiple therapies in a coordinated manner could pave the way for more personalized
and effective treatments for TMJ disorders (Figure 9) [43].
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6.2 Biomarkers and personalized treatment approaches

As our understanding of the pathophysiology of TM]J disorders continues to
expand, biomarkers are emerging as key tools in personalized treatment approaches.
Biomarkers are measurable signs of a disease’s presence or severity that can help under-
stand the underlying mechanisms that cause TMJ dysfunction. By identifying specific
biomarkers associated with joint inflammation, cartilage degradation, or muscle
dysfunction, clinicians may be able to tailor treatment plans to individual patients,
improving outcomes and minimizing unnecessary treatments. To determine the degree
of inflammation in the TM]J, for instance, inflammatory markers like C-reactive protein
(CRP) and interleukins could be utilized. Elevated levels of these biomarkers might
indicate that a patient would benefit more from treatments like PRP or HA, which
target inflammation and tissue repair. Similarly, markers of cartilage degradation, such
as matrix metalloproteinases (MMPs), could help identify patients who are more likely
to respond to HA therapy, which aims to restore joint lubrication and protect cartilage
from further damage. The role of genetic and molecular profiling in TM]J disorders
is being investigated, in addition to markers of inflammation and cartilage degrada-
tion. Studies are beginning to investigate genetic predispositions to conditions such as
osteoarthritis, which is a common cause of TM]J degeneration [44]. Identifying genetic
markers that predispose individuals to TMJ disorders could allow for earlier diagnosis
and intervention, as well as more precise treatment options tailored to the individual’s
genetic profile. Another area of personalized treatment involves the use of functional
imaging techniques, such as magnetic resonance imaging (MRI) and ultrasound, to
better understand the structural and functional aspects of the TMJ. These imaging
tools can be used to assess joint health, identify areas of degeneration or inflammation,
and guide the selection of the most appropriate treatment. For example, patients with
significant cartilage degeneration may benefit more from PRP injections, while those
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How PRE, HA, and BoNT affect muscles.
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with muscle-related pain may see greater relief from BoNT injections. As personalized
medicine continues to evolve, the integration of biomarkers, genetic profiling, and
advanced imaging into clinical practice holds great promise for improving the preci-
sion and effectiveness of TM]J disorder treatments. These advances will allow clinicians
to move beyond a one-size-fits-all approach and provide more individualized, evi-
dence-based care that is better suited to the unique needs of each patient (Figure 10).

7. Conclusion

Temporomandibular joint (TM]) disorders represent a significant clinical chal-
lenge, affecting a large portion of the population with symptoms ranging from
chronic pain and jaw dysfunction to impaired quality of life. Advances in the treat-
ment of TMJ disorders have led to the development of several minimally invasive
therapies, such as platelet-rich plasma (PRP), hyaluronic acid (HA), and botulinum
toxin (BoNT), each offering unique benefits depending on the nature and severity of
the disorder. While individual therapies have shown promise, emerging trends sug-
gest that combination treatments and personalized approaches hold great potential
for optimizing patient outcomes [45].

7.1 Clinical recommendations

Based on the current body of evidence, several clinical recommendations can be
made for the management of TM]J disorders using PRP, HA, and BoNT:

1. PRP injections: PRP is particularly beneficial for patients with degenerative TM]J
disorders, such as osteoarthritis or cartilage degeneration. It is recommended for
patients who have failed conservative treatments and are seeking regenerative
therapy to restore joint function and promote tissue healing. PRP’s regenerative
properties make it an ideal treatment option for patients with long-term joint dam-
age, especially when combined with physical therapy for improved rehabilitation.

2.HA injections: HA is most effective in patients who have mild to moderate TMJ
osteoarthritis or joint inflammation. It is particularly beneficial for improving
joint lubrication, reducing inflammation, and alleviating pain associated with
joint degeneration. HA injections should be considered as a first-line treatment
for patients with early to moderate-stage TM] osteoarthritis or those experienc-
ing limited pain relief from conservative measures. Repeated injections may be
necessary for sustained symptom control.

3. Botulinum toxin (BoNT) Injections: BONT is recommended for patients with myo-
fascial pain, bruxism, and muscle-related TMJ dysfunction. It is most effective in
reducing muscle spasms, pain from clenching, and teeth grinding. BoNT should
be considered for patients with significant muscular involvement, especially
when there is a history of nocturnal bruxism or muscle hyperactivity. It may be
used in conjunction with HA or PRP to address both muscular and joint compo-
nents of TMJ disorders.

4. Combination therapies: For patients who present with both muscle-related pain
and joint degeneration, combination therapies should be explored. PRP or HA
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injections can target joint lubrication and tissue repair, while BONT can be used
to alleviate muscular tension and bruxism. The combination of these treatments
may provide more comprehensive and long-lasting relief, improving overall joint
function and reducing pain.

5. Personalized treatment approaches: As research continues to evolve, personalized
treatment plans based on biomarkers, genetic profiling, and advanced imaging
techniques should be integrated into clinical practice. These approaches allow for
more tailored therapies that address the specific pathophysiology of the patient’s
TM] disorder, improving both short- and long-term outcomes.

7.2 Final reflections

The treatment of TMJ disorders is continuously advancing, with newer therapies
like PRP, HA, and BoNT providing promising non-surgical alternatives to traditional
methods. While each treatment has its strengths and limitations, the key to improving
patient outcomes lies in a holistic, individualized approach. Clinicians must carefully
assess the nature of the disorder, whether it is primarily musculoskeletal, degenera-
tive, or inflammatory, before deciding on the appropriate treatment or combination
of therapies. Emerging trends, such as the integration of combination therapies and
the use of biomarkers to guide personalized care, represent exciting future direc-
tions in TMJ disorder management. These innovations hold the potential to refine
treatment protocols, ensuring that patients receive the most effective and tailored
therapies available. Furthermore, the use of advanced imaging and functional assess-
ments to monitor treatment progress and adjust interventions will become integral
in providing comprehensive care. Despite the progress made in the field, challenges
remain, particularly in determining the optimal dosing and frequency of injections,
as well as understanding the long-term effects of these therapies. More robust, long-
term clinical trials and research into the underlying mechanisms of TMJ disorders will
be crucial in shaping the future of treatment. Ultimately, the goal is to offer patients
not only relief from pain and dysfunction but also a sustainable approach to manag-
ing their TMJ disorders, improving their quality of life, and restoring normal jaw
function.
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Chapter 10

Physiotherapeutic Approaches
in the Management of
Temporomandibular Disorders

Sarah Allal

Abstract

Temporomandibular disorders (TMD) comprise a multifactorial group of
musculoskeletal and neuromuscular dysfunctions affecting the masticatory system.
This chapter provides a comprehensive overview of physiotherapeutic strategies
used in TMD management, covering both manual and instrumental techniques.
Clinical applications, mechanisms of action, and evidence-based insights are pre-
sented for therapies such as manual manipulation, shock wave therapy, vibration,
radiofrequency, Transcutaneous electrical nerve stimulation (TENS), propriocep-
tive rehabilitation, and topical phytotherapy. The importance of individualized
treatment plans, interdisciplinary care, and patient empowerment through thera-
peutic education is emphasized. Drawing from clinical experience and a review of
recent literature, the chapter offers a structured, integrative model for optimizing
functional recovery and long-term quality of life in TMD patients.

Keywords: temporomandibular disorders, physiotherapy, manual therapy, non-
invasive treatment, self-care, orofacial pain, rehabilitation, photobiomodulation

1. Introduction

Physiotherapy, which encompasses all non-pharmacological and non-surgical
external treatments, includes a wide range of tools and protocols: physical therapy,
electrotherapy, thermotherapy, radiofrequency, shock waves, vibration therapy,
phytotherapy, and even light or aroma therapy. It involves cross-disciplinary com-
petencies shared among physiotherapists, dentists, pain specialists, and physical
medicine practitioners.

Over the past 30 years, physiotherapy has seen a significant rise in fields such as
orthopedics, neurology, pulmonology, and neurosurgery. It has become a reference
treatment for certain conditions—such as lateral epicondylitis or community-
acquired low back pain [1, 2]. However, its use remains limited in maxillofacial
surgery, dentistry, or pain medicine. Its role in the treatment of temporomandibular
disorders (TMD) is still being defined.

Despite an increasing number of referrals for maxillofacial physical therapy,
its application is often misunderstood or poorly documented by practitioners.
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Frequently relegated behind pharmacological approaches (anti-inflammatories, anal-
gesics, and muscle relaxants), intraoral devices, or injections (e.g., botulinum toxin),
physiotherapy struggles to find its place in care protocols due to a lack of visibility and
structural support. This is mainly due to the scarcity of robust scientific data, uneven
access to trained therapists, and the complexity of initial clinical assessment.

However, these so-called “next-generation” techniques—far from being second-
ary—deserve a central place in the care of TMD patients. Non-invasive and adaptable,
they offer a diverse range of actions (muscle relaxation, neuromodulation of pain,
functional improvement) and encourage the development of self-care strategies by
patients. They target underlying pathophysiological mechanisms—such as inflamma-
tion, hypernociception, stiffness, discal alterations, edema, or fibrous retractions—
by aiming to restore disrupted physiological functions.

The physiotherapeutic approach thus requires a nuanced understanding of
mechanical and neurofunctional imbalances and necessitates careful adaptation to
the patient’s profile. It involves thinking in terms of physiology, pathophysiology,
and treatment individualization. Far from a standardized model, this approach seeks
to reconcile clinical precision with therapeutic alliance in a care dynamic rooted in
practical realities and the concrete—yet often limited—capacities of the patient.
Nevertheless, the vast diversity of applications, while beneficial, can also disorient or
intimidate both practitioners and patients. Hence, it is essential to provide a struc-
tured, accessible, and comprehensive framework to better navigate this therapeutic
domain and integrate it into a coherent treatment plan.

2. External manipulations
2.1 Description

Manual therapies are the most frequently used physiotherapeutic approach in
the management of TMD. Performed by specialized physiotherapists, osteopaths,
chiropractors, or trained physicians, these techniques aim to restore joint mobility,
reduce muscle hypertonicity, and relieve pain.

Among the most commonly used techniques are passive or oscillatory mobiliza-
tions of the temporomandibular joint. These help restore fluid joint movement,
enhance synovial fluid diffusion, and stimulate deep joint receptors to promote reflex
neuromuscular regulation. When applied as prolonged capsular stretching, they can
soften pericapsular structures and stimulate synovial fluid production via capsular
mechanoreceptors.

Anteroposterior glides, applied through gentle traction or controlled translation,
are indicated to address range-of-motion limitations, particularly in cases of disc
displacements, mechanical blockages, or recurrent subluxations. They contribute to
realigning joint surfaces and restoring functional congruency.

Deep massage of masticatory muscles is used to release tension, reduce trigger
points, and improve local microcirculation. These massages are often combined
with targeted pressure on myofascial trigger points, especially in the masseter,
temporalis, and cervical muscles. Their deactivation leads to rapid pain relief and
improved muscle function. However, attention must be paid to pressure inten-
sity—too light is ineffective, while too strong may provoke muscular resistance or
aggravate the pain.
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Passive stretching of the masticatory, neck, and infrahyoid muscles helps restore
optimal muscle length, improve tissue flexibility, and release myofascial restrictions.
Complementary myolymphatic drainage techniques may also be used to reduce post-
traumatic or inflammatory edema and promote local detoxification. Mouth opening
stretches should always be performed alongside progressive cervical hyperextension
to maintain proper disc positioning. Patients must be taught to coordinate these two
movements and remain attuned to their pain threshold, ensuring the stretch does
not exceed tolerable limits in amplitude or duration. Patients should accept some
discomfort associated with these exercises while the therapeutic support emphasizes
relaxation and trust.

These techniques address a broad spectrum of clinical presentations: muscular
or articular pain, functional lockjaw, mandibular trajectory deviations, limited
mouth opening, and associated postural alterations. They may be combined or
integrated into broader protocols, depending on the disease stage and specific
patient needs.

2.2 Literature data

Several clinical trials, although limited in sample size, have demonstrated the
significant effectiveness of manual therapy in managing TMD, with excellent
tolerability. Recent studies support these techniques not only for symptomatic
relief but also for promoting neuroplastic reorganization of mandibular motor
control. Kalamir et al. [3] reported that approximately 70% of patients treated with
manual mobilizations experienced significant pain reduction and lasting functional
improvement [4]. These findings are reinforced by multiple randomized controlled
trials. For example, Tuncer et al. showed the superior efficacy of a manual therapy
program combined with home exercises over conventional care, with significant
improvements in pain scores and mouth opening [5]. In their meta-analysis, Calixtre
etal. [6] emphasized that manual therapy techniques not only reduce pain imme-
diately but also improve mandibular range of motion and quality of life for several
weeks after treatment.

More recent studies have evaluated the specific effects of deep massage and passive
stretching applied to masticatory muscles, confirming their muscle-relaxing effects and
reduction of abnormal electromyographic activity, particularly in the masseter muscle.

2.3 Perspectives and challenges

Manual therapy offers a personalized, reversible, non-invasive, and low-cost
approach. Its excellent tolerance makes it particularly suitable even in cases of refrac-
tory chronic pain. However, inter-practitioner variability and the lack of consensus on
technical parameters (intensity, duration, frequency) limit its standardization.

A better categorization of responsive patient profiles, clearer evaluation of dose-
response effects, and delineation of the specific roles of each technique (mobilization,
stretching, massage, etc.) remain necessary. Combining manual therapy with other
approaches—such as therapeutic education, muscle strengthening, and postural
control—seems promising for effective multimodal care. Ultimately, integrating
manual techniques into official therapeutic guidelines for TMD will require large-
scale, multicenter comparative studies with standardized assessments of mandibular
function, pain, and disability.
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3. Extracorporeal shock wave therapy (ESWT)
3.1 Description

Extracorporeal shock wave therapy (ESWT) is based on the emission of high-
intensity acoustic waves delivered either in a focused or radial pattern to deep tissues.
Initially developed for lithotripsy, it has since gained popularity in the treatment
of chronic tendinopathies and musculoskeletal pain and is now finding its place in
temporomandibular disorders (TMD).

For facial indications, the ESWT device is typically a pneumatic radial shockwave
system, such as the Storz Medical Masterpuls MP100® or an equivalent. It allows
controlled delivery of mechanical impulses via an ergonomic handpiece equipped
with a 15-20 mm diameter applicator, with adjustable frequency (1-20 Hz) and
intensity (1-4 bars). Parameters are individualized based on patient tolerance and the
characteristics of the targeted tissues.

The mechanical stimulation induced by the impulses creates controlled micro-
trauma that triggers a cascade of biological responses favorable to tissue repair. The
most commonly targeted zones are the masseter muscles, lateral pterygoid muscles
(via extraoral access), and painful ligamentous or tendinous insertions associated
with functional restrictions.

Shock waves induce peripheral desensitization by decreasing substance P release
and reducing nociceptor sensitivity. They also enhance microcirculation through
angiogenesis and facilitate collagen fiber reorganization. Additionally, central modu-
lation of pain transmission may occur, likely via activation of Ap fibers and inhibition
of ascending pain pathways.

ESWT is particularly indicated in chronic myofascial TMD, especially in cases
of trigger points resistant to manual therapy, diffuse masseteric pain, or muscular-
related limited mouth opening. It may also be useful as an adjunct to proprioceptive
or postural rehabilitation.

Treatment is typically administered in one session per week for 3-5 weeks. Impulse
intensity is adjusted to patient tolerance to avoid post-treatment pain exacerbation.
Cryotherapy can be applied afterward to support healing.

3.2 Literature data

The efficacy of ESWT in managing myofascial pain has been investigated in
several clinical studies, primarily in locomotor regions (shoulder, plantar fascia, and
low back), with findings applicable to the maxillofacial field. In a prospective study
of 28 patients with myogenous TMD, a 60-80% improvement in pain was observed,
along with functional gains in mouth opening [7], without significant adverse effects
and following a reproducible protocol.

Similar results have been found in a randomized controlled trial using radial
shockwave protocols for pelvic floor disorders [8], showing significant reductions in
chronic muscle pain after three to five sessions. In tendinopathies, plantar fasciitis,
and low back pain, several trials [7, 9-11] demonstrate long-lasting pain reduction,
improved tissue flexibility, activation of reparative mechanisms (via induction of
microlesions), and stimulation of local vascularization.

The most frequently cited mechanisms of action include nociceptive terminal
desensitization, fibroblast activation, TRPV1 receptor modulation, and stimulation of
pro-regenerative substances like VEGF.
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The most common protocols use 1500-3000 impulses per session at frequencies
ranging from 8 to 15 Hz. Most devices are pneumatic radial systems, although some
studies utilize deeper-acting electromagnetic focused devices. These allow for tailored
intensity adjustment, and newer-generation portable devices increase accessibility in
private practice settings.

3.3 Perspectives and challenges

Shockwave therapy presents a promising option for chronic muscle pain, including
in the orofacial region, due to its anti-inflammatory, anti-fibrotic, and regenerative
effects. However, data specific to TMD remain scarce, and technical parameters vary
widely between studies. The diversity of devices, frequencies, and energy densities
makes direct comparison of results challenging.

Robust multicenter trials including active control groups, objective outcome
measures (e.g., kinematics, MRI, and functional scales), and medium- to long-
term follow-up are needed to refine the specific indications for orofacial use.
Concurrently, practitioner training and the validation of standardized proto-
cols will be critical for safely integrating this technique into TMD treatment
pathways.

4. Vibratory therapies
4.1 Description

As with extracorporeal shock waves (ESWT), vibratory therapies may raise
concerns—especially when applied to the face—but these fears are often based on
misconceptions rather than scientific evidence. In sports medicine, localized vibra-
tion—via massage guns or oscillating platforms—is widely used to relieve muscle
soreness, improve recovery, and prepare tissues for exertion. Multiple studies demon-
strate significant reductions in delayed-onset muscle soreness (DOMS) and increased
neuromuscular flexibility, even among elite athletes [12].

These therapies involve the application of mechanical oscillations at variable fre-
quencies, typically between 20 and 150 Hz. Once confined to post-exercise recovery,
vibratory techniques are increasingly used for chronic musculoskeletal pain, includ-
ing in the maxillofacial region.

Devices used include handheld massage guns, manual vibratory therapy instru-
ments (e.g., Novafon), or oscillating platforms. These tools stimulate soft tissues,
activate deep mechanoreceptors, and provide analgesic, muscle-relaxing, and pro-
prioceptive effects.

Muscle relaxation is thought to result from inhibition of myotatic reflexes and
reduced neuromuscular excitability. Fibrous and periarticular tissues benefit from
a defibrosing effect due to vibratory shear, improving suppleness and gliding. Deep
mechanoreceptors, such as Piezol and Piezo2 channels, are activated and may trigger
repair responses, inflammatory modulation, or even osteogenesis.

Vibration also contributes to peripheral desensitization and central modulation
of pain through the Gate Control mechanism, as well as enhancing capillary flow and
lymphatic drainage.

In practice, these techniques are indicated for myofascial pain in the masseter and
temporalis muscles, postoperative stiffness, residual post-inflammatory tension, and
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proprioceptive dysfunctions in the orofacial region. Frequency, duration, and appli-
cation mode should be tailored to patient tolerance.

Contraindications include local infection, unhealed fractures, open wounds,
unstable atheromatous plaques, dislodged or unstable calculi, atlantoaxial insta-
bility, and known malignancies. In situations like pregnancy, pacemaker use, or
known arteriovenous malformations or aneurysms, a precautionary principle
should be applied despite a lack of confirmed harm.

Local vibration is typically applied at 50-100 Hz using a soft-tipped device over
less padded bony areas (canine pillars, zygomatic arch, parasymphyseal region).
Sessions last from 5 to 20 minutes, several times a week. A self-administered version is
possible after a brief instructional phase.

4.2 Literature data

Numerous studies in sports medicine have confirmed the efficacy of vibration in
reducing DOMS, improving neuromuscular flexibility, and accelerating post-exercise
recovery [12-14].

In orthopedics, vibration has been shown to enhance vascularization, reduce
inflammation, and improve proprioception and postural stability, as highlighted by
systematic reviews on whole-body vibration in chronic low back pain and other pain-
ful musculoskeletal conditions [15-18].

In the facial region, controlled clinical trials have shown that high-frequency
vibration (100 Hz) significantly reduces pain in TMD patients (vibratory analgesia),
with stronger effects than those seen at 20 Hz—suggesting central modulation of pain
perception. A pilot study using a local device (Novafon Pro SK2 at 50-100 Hz) in 28
patients also reported significant reductions in muscle, joint, and headache pain after
1 week of treatment [19].

4.3 Perspectives and challenges

Vibratory therapies appear to be safe, cost-effective, and easily reproducible,
particularly for patient self-management. Their potential for home use, along with
excellent tolerance, makes them ideal for therapeutic education and functional
maintenance. However, more numerous and better-controlled studies are needed
to determine optimal parameters (frequency, duration, application site) and
clarify potential contraindications. The mechanical defibrosing effect, in particu-
lar, deserves further exploration to assess its contribution to tissue restoration in
chronic TMD.

5. Radiofrequency therapy
5.1 Description

Radiofrequency (RF) therapy is a physical modality that uses high-frequency
electromagnetic waves—typically between 0.3 and 1 MHz—to produce controlled
endogenous heating of soft tissues. Unlike conventional thermotherapy, which
transfers heat externally by conduction, RF generates heat within deep tissues via
capacitive or resistive mechanisms, targeting specific areas such as the masticatory
muscles, fascia, joint capsules, or periarticular ligaments.
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The RF devices used in rehabilitation are usually equipped with mobile elec-
trodes—capacitive for water-rich tissues and resistive for fibrous structures—and
allow precise adjustments of power, frequency, and treatment duration. Sessions last
between 20 and 30 minutes, applied one to three times per week, depending on the
chosen protocol and patient tolerance. The objective is to raise local tissue tempera-
ture to 42-45°C, a threshold at which significant biological effects occur without
causing burns or cellular damage.

RF acts at multiple physiological levels. In chronically contracted muscles, it
promotes effective relaxation by breaking residual actin-myosin bridges, increasing
fiber extensibility, and enhancing muscular compliance. It is particularly beneficial in
hypertonic masseter or temporalis muscles, common in myogenous TMD. In connec-
tive tissues—such as fascia, capsular ligaments, or cervico-mandibular fascia—gener-
ated heat leads to collagen reorganization, softening of fibrous zones, and improved
local viscoelasticity.

RF also exerts anti-inflammatory effects by downregulating pro-inflammatory
cytokines (IL-6 and TNF-a) and modulating peripheral nociceptor activity.
Additionally, it enhances microcirculation through reflex vasodilation, aiding in lym-
phatic and venous drainage, especially in chronic post-inflammatory edema. The local
chemical environment becomes less favorable to pain, which explains the significant
clinical improvement often reported in patients with persistent facial pain.

5.2 Literature data

Numerous studies confirm the effectiveness of RF therapy in treating chronic
musculoskeletal pain, with significant outcomes reported in various anatomical
regions: moderate to marked pain reduction in shoulder, sacroiliac joint, and spinal
disorders; over 50% pain relief in knee osteoarthritis, with effects lasting up to 2 years;
substantial improvements in cervical pain (especially facet-related), with response
rates between 70 and 88%. In TMD, several controlled trials have demonstrated clear
pain reduction and improved mouth opening, both in the masticatory muscles and the
temporomandibular joint itself, particularly using pulsed RF techniques [10, 20-22].

5.3 Perspectives and challenges

Radiofrequency therapy offers a promising modality in managing chronic mus-
culoskeletal pain, especially in complex myofascial syndromes and post-surgical
sequelae. Its combined action on pain, inflammation, fibrosis, and circulation makes
it a versatile and potentially central tool in TMD treatment. However, despite its
proven efficacy in numerous studies, its use remains limited in orofacial care due to
several barriers.

Firstly, the technology is not widely available in standard rehabilitation clinics, as
it requires dedicated RF equipment that can cost several thousand euros. The most
advanced devices offer stable, safe, and adjustable energy delivery, along with precise
settings (frequency, intensity, duration) and interchangeable electrodes for different
anatomical areas. This type of investment is usually found in multidisciplinary or
specialized rehabilitation centers.

Secondly, the lack of standardized, large-scale validated protocols limits its
integration into official guidelines. Treatment parameters vary widely between stud-
ies (duration, frequency, electrode type, number of sessions), making it difficult to
compare results and optimize clinical indications.
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Moreover, although its analgesic and muscle-relaxing effects are well documented,
the precise cellular mechanisms—especially regarding neuro-immunological interac-
tions—remain poorly understood in maxillofacial tissues.

Large-scale, multicenter clinical trials with active comparators, standardized
functional assessments, and long-term follow-up are needed to better define its
indications by patient profiles, pain types, and anatomical targets. Clear technical
guidelines and dedicated practitioner training would also be key to scaling up its use
in TMD care.

6. Transcutaneous electrical nerve stimulation (TENS)
6.1 Description

Transcutaneous electrical nerve stimulation (TENS) is a widely used electro-
therapy technique for treating musculoskeletal and neuropathic pain. It involves
applying low-intensity electrical currents through the skin using surface electrodes
placed over strategic areas—such as dermatomes, muscular trigger points, or nerve
pathways.

The analgesic effects of TENS are explained by several complementary neuro-
physiological mechanisms, depending on the type of stimulation applied.

In its conventional high-frequency form (80-120 Hz), TENS selectively activates
large-diameter sensory nerve fibers (Ap fibers). Their stimulation inhibits nocicep-
tive transmission at the spinal dorsal horn level, a process known as the “gate control”
theory [23], wherein non-nociceptive signals “close the gate” to painful stimuli.

Low-frequency forms (1-10 Hz), with more intense stimulation, act through
the activation of endogenous opioid pathways. They induce the release of beta-
endorphins, met-enkephalins, and other analgesic neuromodulators at the spinal and
supraspinal levels, producing a longer-lasting, though sometimes delayed, analgesic
effect.

Other modalities, such as burst TENS (pulsed frequencies), or modulated ampli-
tude/frequency modes, aim to optimize physiological adaptation and delay the onset
of nerve accommodation in prolonged treatments.

TENS is thus primarily indicated for peripheral neurogenic pain, myofascial
syndromes, postoperative pain, and chronic musculoskeletal pain—especially when
pharmacological treatments are ineffective or poorly tolerated.

TENS is valued for its simplicity, safety, and excellent tolerance. It is commonly
used for cervical, lumbar, or trigeminal pain; tension-type headaches and certain
migraines; postoperative pain (including maxillofacial and dental surgeries); facial
pain, masseteric discomfort, and post-traumatic TMJ pain; peripheral neuralgias
(sciatica, cruralgia, cervicobrachial neuralgia); and pain associated with scar fibrosis
or myofascial retractions.

Its use is also common in immediate postoperative settings, as part of multimodal
analgesia strategies, helping to limit opioid consumption.

While generally safe, TENS has some relative or absolute contraindications,
including the presence of a pacemaker or implanted neurostimulator (risk of electro-
magnetic interference); pregnancy, especially early stages (as a precaution); uncon-
trolled epilepsy (for cranial applications); and dermatological lesions or infections at
the electrode sites. It should also be used cautiously in sensitive areas without supervi-
sion (e.g., anterior neck, carotid region, and precordium).
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6.2 Literature data

Several meta-analyses [20] indicate pain relief in 50-60% of TMD patients,
especially in myofascial forms. TENS is also recognized for its excellent safety profile,
making it a suitable option for self-treatment, particularly in therapeutic education
programs.

6.3 Perspectives and challenges

Its low cost, ease of use, and portability make TENS an ideal choice for home
care programs. However, the wide variability of protocols (frequencies, durations,
electrode placements) still limits standardization. Further research targeting optimal
parameters according to TMD subtypes would be beneficial in formalizing TENS use
in multimodal care protocols.

7. Proprioceptive rehabilitation
71 Description

Proprioceptive rehabilitation aims to restore or improve the fine perception of
joint position, movement, and internal tissue tension within the musculoskeletal
system. It relies on targeted stimulation of mechanoreceptors (muscle spindles, Golgi
tendon organs, cutaneous, and articular receptors) to optimize neuromotor coordina-
tion, postural stability, and movement fluidity.

Once considered a secondary component of functional rehabilitation, propriocep-
tion is now central in the management of chronic muscular imbalances, recurrent
pain, and postural disorders. In the context of temporomandibular disorders (TMD),
it helps re-establish fine motor control of the masticatory apparatus, often impaired
by pain, muscle compensation, or joint dysfunctions.

Proprioceptive work is based on sensorimotor feedback loops. It engages the
central nervous system’s ability to integrate afferent signals from peripheral receptors
and adapt motor responses in real-time.

In chronic pain patients, these loops are often disrupted: reflex muscle inhibition,
loss of segmental differentiation, and maladaptive motor responses. Proprioceptive
rehabilitation thus “re-educates the brain for movement” by restoring bodily mapping
and neuromuscular synergies specific to each task.

Progression generally follows increasing instability (asymmetric postures, inclined
planes, and dynamic supports) and motor complexity (adding voluntary movement,
dual-tasking, altered visual or auditory cues), with or without technological aids
(balance platforms, pressure sensors, and virtual reality systems).

In maxillofacial care, proprioceptive rehabilitation is indicated in multiple situ-
ations: pre- and postoperative phases of orthognathic surgery or TMJ interventions
(e.g., prostheses and TM]J anchors), orofacial dyspraxia or tongue malposition, and in
general TMD.

Exercises may include mandibular work on unstable surfaces (balls and proprio-
ceptive cushions), with or without visual feedback; maintaining neutral jaw posi-
tion (MIH or CR) with eyes closed; coordinating mandibular-cervical movements;
dissociating jaw motion from head motion; and retraining bilateral mastication and
swallowing.
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7.2 Literature data

A double-blind, randomized controlled study published in 2024 [24] assessed the
effects of proprioceptive neuromuscular facilitation (PNF) stretching in patients with
TMD and forward head posture. The protocol targeted both cervical and mandibu-
lar muscles to restore coherent sensorimotor synergy. Results showed significant
improvement in mouth opening, marked pain reduction, and measurable correction
of cervical posture after 6 weeks of intervention. This provides strong support for
integrating PNF-based exercises in proprioceptive rehabilitation strategies for TMD,
especially when part of a broader craniocervical dysfunction context.

7.3 Perspectives and challenges

Proprioceptive rehabilitation is a key approach for TMD, particularly in patients with
subtle but disabling motor control disorders. It has the notable advantage of excellent
tolerance, but requires good patient cooperation and cognitive engagement. It promotes
fine and durable neuromotor reprogramming when individualized and integrated into
comprehensive care. Further randomized controlled trials are needed to standardize
protocols and validate the effectiveness of each modality, individually or in combination.

8. Muscle strengthening
8.1 Description

Long confined to the domains of sports and orthopedics, muscle strengthening
is now recognized as an essential component in the rehabilitation of chronic mus-
culoskeletal disorders, including maxillofacial conditions. Far from simply “toning”
muscles, this approach aims to restore functional symmetry, rebalance muscle chains,
and re-establish the body’s capacity for precise, efficient, and sustained movement.
In the context of temporomandibular disorders (TMD), muscle strengthening helps
correct imbalances caused by pain or parafunctional habits, stabilize the temporo-
mandibular joint, and restore coordinated motor control of the orofacial region.

The goal is to achieve both morphological and functional recovery: reintegrating
the masticatory muscles into more efficient neuromotor patterns, strengthening
deep neck and floor-of-mouth stabilizers, and improving muscle endurance for daily
functions such as chewing, swallowing, and speaking. This requires work on strength,
coordination, endurance, and precision, in a progressive and comprehensive rehabili-
tation program.

Target muscles often include the masseters, pterygoids, and temporalis, as well as
deep cervical flexors, suprahyoid and infrahyoid muscles, and broader muscle groups
involved in cervicocephalic posture. These areas are often imbalanced due to chronic
pain and compensatory patterns—some overactive and tight, others inhibited or
weakened. Muscle strengthening seeks to re-harmonize these imbalances.

Exercise modalities vary depending on therapeutic goals: gentle isometric con-
tractions to restore conscious muscle activation, controlled dynamic movements to
increase range and precision, or functional exercises mimicking everyday activi-
ties. Emphasis is placed on movement quality rather than intensity. Strengthening
may also involve unstable postures or combined tasks to foster better sensorimotor
integration in real-life conditions.
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In TMD, exercises may include guided mouth opening, lateral excursions against
resistance (manual or elastic), or bilateral mastication using resistant materials.
When cervical pain is present, retraining deep cervical stabilizers is often beneficial,
as hypotonia in these muscles is commonly associated with mandibular and postural
dysfunctions.

8.2 Literature data

Clinical studies show that targeted muscle strengthening improves joint stabil-
ity by 60-75% in patients with recurrent dislocations or mandibular instability. For
example, Seyhan and Atalay demonstrated in a randomized controlled trial thata
program combining cervicothoracic strengthening and mandibular exercises signifi-
cantly reduced pain and improved posture and masticatory function [25]. Similarly,
Craciun et al. reported marked functional improvements in TMD after a cervical-jaw
stabilization program [23]. The combined effect with proprioceptive rehabilitation
appears particularly beneficial, reducing painful episodes and promoting smoother
mastication.

8.3 Perspectives and challenges

Often overlooked in traditional TMD management, the strengthening phase is
crucial for achieving lasting functional recovery. It should not involve hypertrophy-
ing or fibrosing the masticatory muscles. Protocol standardization remains limited,
and further studies are needed to define optimal loads, frequencies, and modalities
tailored to specific clinical profiles.

9. Topical phytotherapy
9.1 Description

Although historically marginalized in modern functional rehabilitation practices,
phytotherapy is regaining relevance in an integrative and individualized approach to
chronic pain management. It offers valuable support in complement to mechanical or
neurophysiological treatments, particularly when targeting low-grade inflammatory
states, persistent pain modulation, or restoration of altered psycho-neuro-immuno-
logical balance.

In the context of temporomandibular disorders (TMD), the rational use of
specific plant extracts can help alleviate muscular and articular pain, reduce
emotional tension, and support tissue recovery processes. The aim is not to replace
conventional pharmacology with herbal medicine, but rather to propose targeted
support based on well-known properties of certain plants, in synergy with other
therapeutic modalities.

Commonly used plants include those with direct anti-inflammatory effects such as
devil’s claw (harpagophytum), rich in harpagosides, and turmeric, whose curcumin
acts on pro-inflammatory cytokine cascades. These extracts, well-tolerated in oral
use, may be proposed in standardized capsule form, especially for chronic articular or
myofascial pain.

Other plants are sought for their muscle-relaxing properties, such as pas-
sionflower, valerian, or California poppy, which act centrally to promote global
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neuromuscular relaxation. These are suitable for patients with persistent hypertonia,
nocturnal parafunctions, or anxiety-related sleep disturbances.

Essential oils provide an interesting topical or olfactory route. Wintergreen (rich
in methyl salicylate) has notable analgesic and anti-inflammatory effects, especially
when massaged locally over the masseters or neck. True lavender and ylang-ylang,
used in diffusion or diluted topical application, may enhance the calming effect of
relaxation or gentle mobilization sessions [26].

Additionally, plants that support microcirculation and lymphatic drainage—such
as blackcurrant, red vine, or ginkgo—may be used in cases of facial edema following
trauma or surgery.

Caution is warranted, as interactions with conventional medications are possible,
and phytotherapy should always be individualized based on patient history and the
coherence of the overall treatment plan.

9.2 Literature data

One study [27] demonstrated that regular application of a herbal-based balm on
masticatory muscles could reduce pain by up to 30%, when used alongside conven-
tional physiotherapy. Preliminary research also suggests that topical CBD may offer
additional benefits in inflammatory muscle pain [28], although evidence remains
limited.

Regarding individual active compounds, several systematic reviews have high-
lighted the relevance of topical capsaicin (derived from chili peppers) [27-31] in
managing chronic musculoskeletal pain, with a number needed to treat (NNT) of
about 8 and a significant pain reduction without systemic effects.

Similarly, formulations combining camphor, menthol, eucalyptol, eugenol, and
vanillin have shown over 80% pain reduction in some inflammatory musculoskeletal
disorders, with a favorable safety profile [32, 33].

Recent studies on eucalyptus globulus essential oil indicate analgesic and anti-
inflammatory activity via p-opioid receptor modulation, supporting its use in facial
myofascial pain [34].

9.3 Perspectives and challenges

Topical phytotherapy offers a gentle, well-tolerated, and accessible approach—
ideal for enhancing treatment adherence and empowering patients in their daily self-
management. Its local action without major systemic side effects makes it a valuable
adjunct in the long-term care of chronic TMD.

Nevertheless, the wide heterogeneity of available products, lack of standardiza-
tion in active compound concentrations, and interindividual variability in response
continue to limit its integration into clinical recommendations. Well-controlled
randomized clinical trials comparing natural formulations and standard treatments
are needed to validate the efficacy of each plant extract or combination in precise
indications.

Better pharmacological characterization and composition standardization would
help make phytotherapy a more reliable and clinically integrated therapeutic option
in multimodal facial pain management.

It also represents a highly relevant axis for therapeutic education and self-care
programs. Educating patients on safe and consistent use of natural topicals could
enhance long-term care strategies for TMD.
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10. Postural re-education
10.1 Description

Posture is far more than the mechanical alignment of body segments—it reflects
a complex balance between muscular, skeletal, neurological, and sensory systems.
When posture becomes dysregulated, often subtly and progressively, it leads to
redistributed mechanical loads, overuse of certain stabilizing muscles, and, in some
cases, chronic pain. In the context of temporomandibular disorders (TMD), postural
issues are both a consequence and a perpetuating factor of dysfunction.

It is now well established that cervical spine alignment directly influences man-
dibular kinematics, masticatory muscle tone, and even resting tongue position. Head
protraction, cervical kyphosis, or upper spine instability can disturb TM]J function,
alter chewing force vectors, and induce secondary muscle hypertonicity—particularly
in the masseters, pterygoids, and infrahyoid muscles.

Postural re-education in this context goes beyond correcting a “bad” position. It
aims to retrain body awareness, restore efficient muscular synergies, and support
dynamic stability compatible with daily life demands. It fosters a new, energetically
efficient tone organization that respects deep musculoskeletal balance.

Treatment usually begins with physical and proprioceptive recentration. This
involves bringing the cranial axis back over the pelvis, releasing restrictions in
overactive muscular chains, and encouraging patients to rediscover neglected support
zones—such as the sternum, pelvic floor, or cranial base. Through simple yet precise
exercises, the therapist guides patients to develop spatial awareness, regulate postural
tone, and reactivate stabilizing reflex loops.

In TMD patients with postural involvement, multiple compensations are com-
mon: shoulder elevation on one side, occlusal plane tilting, asymmetric foot support,
or oculomotor disturbances. Postural re-education therefore integrates TM] within
a global body system—Ilinked to vision, breathing, and plantar support. Work can
be done sitting, standing, or lying down, using gentle techniques: muscle chain
approaches (GDS, Méziéres), Busquet method, postural stretching, therapeutic yoga,
or sensory-based methods such as Feldenkrais or Alexander Technique.

When implemented rigorously and progressively, this process reduces symptoms
and prevents relapse by restoring the body’s adaptive capabilities. Many studies have
confirmed the value of postural re-education in managing low back pain, cervical
pain, and chronic musculoskeletal disorders. Emerging data suggest similar benefits
in TMD—particularly when accompanied by global postural instability.

What makes this approach powerful is its individualization. Every patient has a
unique postural organization shaped by bodily history, past trauma, professional hab-
its, and emotional patterns. Posture is never neutral—it compensates, protects, and
expresses. The therapist’s role is to decode this language and offer, through attentive
support, a more functional, liberated, and balanced organization.

10.2 Literature data

Several studies have demonstrated the link between forward head posture and
TMD symptom severity. A systematic review concluded that combined postural
and TMD interventions improved pain and function more effectively than isolated
approaches. Oleksy et al. [35] showed that cervical rehabilitation alone significantly
improved TM]J function in patients with idiopathic neck pain [36]. Furthermore,
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a clinical trial demonstrated that adding global postural training to physiotherapy
improved mouth opening and reduced pain thresholds in TMD patients. Finally, Yu
etal. [37] showed that combining cervicoscapular and mandibular exercises led to
better muscular and joint outcomes than segmental approaches alone [35, 38].

10.3 Perspectives and challenges

Postural re-education is a foundational, yet often overlooked, element in chronic
TMD—particularly in patients with altered posture or generalized motor control
issues. It promotes sustainable recovery by addressing distant contributors to dys-
function. However, standardization remains difficult due to the wide variability in
postural profiles [39].

It is crucial to strengthen protocol development based on clinical data, integrating
objective measures (e.g., kinematic analysis and cervical proprioception tests).

Educational work with patients about the links between posture, jaw function,
and pain could also improve treatment adherence. In this regard, postural re-
education would benefit from inclusion in therapeutic education programs, with a
dedicated self-care component aimed at maintaining clinical gains between sessions.

11. Conclusion

Physiotherapy offers a multifaceted, human-centered approach to the manage-
ment of temporomandibular disorders (TMD). More than a collection of techniques,
it represents a care philosophy rooted in observation, patient collaboration, and
therapeutic adaptability.

Through manual therapies, instrumental technologies, proprioceptive re-educa-
tion, and complementary modalities, the physiotherapist does not merely treat symp-
toms, but accompanies the patient in reclaiming function, dignity, and confidence.

This approach is most powerful when embedded in an interdisciplinary frame-
work involving surgeons, dentists, physiotherapists, psychologists, pain special-
ists, and educators. TMD often go beyond mechanical dysfunctions—they reflect
postural, emotional, and behavioral patterns that demand a holistic and coordinated
response.

In this context, physiotherapy becomes a new way of understanding the suffering
body—an invitation to reconnect with oneself not as a collection of dysfunctions, but
as a reservoir of healing potential.

Despite promising clinical outcomes, physiotherapy still lacks high-level scientific
evidence to secure its place in official TMD guidelines. Rigorous, large-scale studies
with long-term follow-up and precise evaluation tools are essential. The diversity of
interventions makes it difficult to isolate specific effects.

Moreover, patient variability makes rigid standardization both unrealistic and
counterproductive. A given technique may be transformative for one person and inef-
fective—or even detrimental—for another. This calls for clinical finesse and flexible,
guided protocols. In addition, access to qualified practitioners varies greatly across
regions.

Thus, physiotherapy choices must consider not only the benefit-risk balance,
but also beliefs and habits, local availability of treatments, patient preferences, and
financial constraints. Future efforts should focus on clearer guidelines and better
recognition and reimbursement of physiotherapy. Ideally, this would include the
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creation of dedicated therapeutic education programs for TMD, similar to diabetes
education models.

Today’s patients no longer wish to remain passive recipients—they want to under-
stand, anticipate, and participate. They seek to learn the anatomy of their jaw, recog-
nize warning signs, safely use self-care tools (massage devices and topical balms), and
break the cycle of chronic pain.

Empowering the patient improves adherence and outcomes—but more impor-
tantly, it transforms the therapeutic relationship itself.

Among emerging physiotherapeutic approaches, mechanical vibration therapy
stands out for its potential to support self-care through therapeutic education. It is
timely to define and evaluate a dedicated protocol for TMD management.

As traditional siloed models reach their limits, we must build bridges—between
surgery and rehabilitation, science and intuition, clinic and home. Physiotherapy for
TMD is not just a treatment—it is a care philosophy, a partnership with the body, and
a commitment to holistic healing.
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Abstract

Temporomandibular joint (TM]) disorder diagnosis involves evaluating jaw pain,
clicking or grinding sounds, and limited mouth opening. Disk displacement, where
the joint disk slips out of place, is a common issue. A thorough examination, including
imaging tests such as MRI or CT scans, helps diagnose the condition. Your doctor will
assess your symptoms, medical history, and jaw function to determine the best course
of treatment. Early diagnosis is a key to relieving pain, improving jaw function, and
preventing further damage. If you're experiencing persistent jaw pain or discomfort,
consult a healthcare professional for a proper evaluation and personalized treatment
plan.

Keywords: TMJ, TMD, orofacial pain, arthrocentesis, TMJ clicking

1. Introduction

Temporomandibular disorders (TMD) represent a complex group of
musculoskeletal conditions affecting the temporomandibular joint (TM]),
masticatory muscles, and associated structures. As the most common cause of non-
dental orofacial pain, TMD significantly impacts the quality of life through pain,
functional limitations, and frequent comorbidities such as headaches and psychologi-
cal distress [1, 2]. Despite their prevalence—affecting 5-15% of adults, with rising
incidence—diagnosis and management remain challenging due to the disorders’
multifactorial etiology and heterogeneous presentations [1, 3].

Recent advances have shifted understanding toward a biopsychosocial
model, where physical factors (e.g., disc displacement, trauma) intersect with
psychosocial stressors (e.g., anxiety, depression) and systemic conditions (e.g.,
fibromyalgia) [1, 2]. The evolution of evidence-based tools like the *Diagnostic
Criteria for TMD (DC/TMD)* has standardized classification, emphasizing both
physical diagnoses (Axis I) and psychosocial contributors (Axis II) [2, 3]. This
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chapter explores contemporary perspectives on TMD etiology, classification, and
emerging diagnostic paradigms, challenging outdated theories while highlighting
integrative approaches to patient care.

2. Etiology and classification of temporomandibular joint disorders
2.1Etiology

TMD arise from a multifactorial interplay of physical and psychosocial fac-
tors. As noted by Li and Leung, structural anomalies (e.g., disc displacement)
do not always correlate with symptoms, highlighting the role of biopsychosocial
mechanisms:

“While structural anomalies of the TM] may predispose patients to symptoms of
TMD, it should be noted that not all those with structural abnormalities suffer from
the same level of clinical symptoms. Apart from physical causes, the association
between biopsychosocial factors and TMD has been described by many” [1].

Kapos et al. (2020) emphasize that TMD pain is not localized to the jaw alone but
linked to systemic and psychological comorbidities:

“Similar to other chronic pain conditions, recent research reinforces the biopsy-
chosocial nature of common painful TMD (myalgia and/or arthralgia) and their
interconnections with general health” [2].

Key etiological factors include:

1. Physical triggers: Trauma, joint overloading, or degenerative changes (e.g., os-
teoarthritis) [1].

2. Psychosocial stressors: Stress, depression, and anxiety amplify pain perception.
The COVID-19 pandemic exacerbated TMD symptoms due to lockdown-related

stress [1].

3. Systemic associations: Comorbid conditions such as fibromyalgia and sleep dis-
turbances are common [2].

2.2 Classification
The DC/TMD system (cited in both papers) categorizes TMD into:
* AxisI (Physical Diagnoses):

* Painful conditions: Myalgia (local, myofascial, or with referral), arthralgia, and
headache attributed to TMD.

* Non-painful conditions: Disc displacement (with/without reduction), degenera-
tive joint disease (DJD), and subluxation [1, 2].

* AxisII (Psychosocial Impact):

* Assesses pain-related disability (e.g., Graded Chronic Pain Scale) and psycho-
logical distress (e.g., PHQ-4) [2].
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Kapos et al. (2020) note:

“The DC/TMD offers a standardized and operationalized method to examine the
masticatory structures physically (Axis I) and to screen for psychosocial and comor-
bid factors (Axis IT)” [2].

Key controversy.

Both papers reject occlusal theories as outdated. Li and Leung (2021) state:

“In the past, a causative relationship between occlusion and TMD had been
suggested, but it is now considered an outdated theory not supported by robust
evidence” [1].

3. Innovations in diagnosis of temporomandibular joint (TMJ) disorders

Recent advancements in diagnosing temporomandibular dysfunction (TMD)
emphasize the integration of imaging technologies and novel analytical methods to
improve accuracy. Below are key innovations highlighted in the recent literature:

3.1 Advanced imaging modalities
3.1.1 Magnetic resonance imaging (MRI)

Considered the gold standard for soft tissue evaluation, MRI excels in assessing
disc position, joint effusion, and bone marrow edema. It is particularly valuable for
diagnosing disc displacement with/without reduction and inflammatory conditions
like synovitis [3, 4].

* Clinical utility: High sensitivity for detecting degenerative changes (e.g., osteo-
phytes, subchondral cysts) and dynamic joint dysfunction [4].

3.1.2 Cone-beam computed tomography (CBCT)

CBCT provides high-resolution 3D imaging of bony structures with lower radia-
tion doses than conventional CT. It is ideal for detecting fractures, osteoarthritic
changes, and condylar hyperplasia/hypoplasia [4].

* Advantage: Superior for preoperative planning and evaluating subtle osseous
abnormalities (e.g., erosions, ankylosis) [4].

3.1.3 Ultrasonography (US)

Emerging as a non-invasive alternative for disc displacement diagnosis, US is
useful for real-time guidance during arthrocentesis and viscosupplementation. While
less accurate than MR, it is cost-effective and avoids ionizing radiation [3, 4].

3.2 Artificial intelligence (AI) and signal analysis
3.2.1 Al neural networks

Moxley et al. (2023) demonstrated that an Al-based diagnostic tool achieved
96.9% sensitivity and 95.5% specificity in differentiating TMD from other orofacial
pain conditions (e.g., migraines, referred cardiac pain) [4].
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* Advantage: Reduces diagnostic errors by analyzing complex symptom patterns
and imaging data [3].

¢ Electronic signal analysis:

A novel method using electronic stethoscopes and wavelet transforms distin-
guished TMJ hypermobility from TMD with 98.8% sensitivity, addressing a common
misdiagnosis pitfall [4].

3.3 Functional and biochemical markers
3.3.1 Salivary endocannabinoid profiling

Preliminary studies suggest unique endocannabinoid (eCB) patterns in TMD
patients, though further validation is needed to establish diagnostic biomarkers [4].

3.3.2 Electromyography (EMG)-based indices

EMG analysis of masticatory muscle activity (e.g., temporalis, masseter) revealed
significant differences in TMD patients during clenching and rest, offering potential
adjunctive diagnostic criteria [4].

3.4 Standardized MRI scoring systems

A validated MRI scoring system (Wurm et al.) assesses disc position, osseous
changes, and joint morphology with high inter-rater reliability (ICC: 0.85-0.99),
enhancing diagnostic consistency [4].

3.5 Nuclear medicine techniques
3.5.1 SPECT/CT and bone scintigraphy

This is useful for detecting metabolic bone activity (e.g., osteomyelitis, neo-
plasms) but limited in differentiating inflammatory from degenerative changes [3].

3.5.2 Imaging selection criteria

Clinical Implications: The selection of imaging modality should always be guided
by clinical presentation, patient needs, and cost-benefit considerations to ensure
accurate diagnosis and optimal management of TMD.

Ferreira et al. (2016) emphasize tailoring imaging choices to clinical needs:

* MRI for soft tissue and disc pathology.
» CBCT for trauma or bony degeneration.

* US for dynamic assessments or contraindications to MRI [3].

* Cost vs. benefit: Low-cost radiographs (e.g., panoramic, transcranial) remain
valuable for initial screening of gross bony abnormalities [3].
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4. Emerging treatment paradigms of TM] disorders

The CADTH report highlights several emerging treatment approaches for tem-
poromandibular joint disorders (TMD), focusing on psychological, physiotherapeu-
tic, pharmacological, and surgical interventions. Key findings include:

4.1 Psychological interventions

* Long-term cognitive behavioral therapy (CBT), alone or combined with biofeed-
back, showed statistically significant improvements in pain compared to usual
care. However, short-term CBT with biofeedback was associated with unfavor-
able results [5, 6].

4.2 Physiotherapy

* Low-level laser therapy (LLLT): LLLT demonstrated favorable results for pain
reduction and improved mouth opening compared to placebo [7].

* Acupuncture: Needle acupuncture was more effective than sham acupuncture
for pain relief, though evidence for mouth opening and TMJ clicking was incon-
clusive [8, 9].

* Manual therapy: Targeted manual therapy for the orofacial region and jaw
exercises showed significant pain reduction and improved mouth opening [10].

4.3 Pharmacological interventions

* Injections: Cyclobenzaprine hydrochloride, botulinum toxin, and inferior/
double space injections of hyaluronate or prednisolone were effective for pain
relief [11, 12].

* Oral/topical agents: Melatonin and topical NSAIDs had favorable but inconclu-
sive results [13, 14].

4.4 Surgical interventions

* Open surgery was more effective than arthroscopic surgery for pain relief and
mouth opening [15, 16].

4.5 Splint therapy
* Stabilization splints were more effective than non-occluding appliances for pain
relief [17, 18].
5. Current controversies in TM] diagnosis and treatment
The diagnosis and treatment of temporomandibular dysfunction (TMD) remain
areas of significant debate. One major controversy lies in the reliability of current

diagnostic tools. While magnetic resonance imaging (MRI) is considered the “gold
standard,” its effectiveness is limited in cases where patients exhibit symptoms
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without obvious pathological or mechanical disruptions. This has led to challenges in
accurately classifying TMD into its subgroups (muscle disorders, disc displacement,
and arthralgia/arthritis/arthrosis), which complicates treatment planning [3].

Another contentious issue is the application of artificial intelligence (AI) in TMD
diagnosis. Although the artificial neural network (ANN) developed by Kreiner et al.
demonstrated high sensitivity (96.9%) and specificity (95.5%) in diagnosing TMD,
its widespread adoption is hindered by the need for further validation and concerns
about replacing clinical judgment. Similarly, the use of salivary endocannabinoid
profiles as diagnostic markers shows promise, but the lack of distinct patterns in TMD
patients compared to other orofacial pain disorders limits its current applicability [3].

In therapeutics, conservative management (e.g., occlusal splints, physiotherapy) is
often prioritized over surgical interventions, but the efficacy of novel therapies such
as aromatherapy massage and manual muscle relaxation techniques remains debated
due to limited sample sizes and short-term follow-ups in studies. For instance, while
radial extracorporeal shock wave therapy (rESWT) and light/LASER therapies
showed pain reduction in TMD patients, conflicting evidence in other musculoskel-
etal applications raises questions about their reliability [3].

6. Future research directions

Future research should focus on refining diagnostic tools to improve accuracy and
accessibility. The novel MRI scoring system by Wurm et al., validated for inter- and
intra-rater reliability, offers a standardized approach but requires broader clinical
adoption and training. Similarly, signal analysis for TMJ hypermobility diagnosis,
with its high sensitivity (98.8%) and specificity (100%), could reduce misdiagnoses if
further validated [3].

Advancements in Al, such as expanding ANN algorithms to incorporate more
diverse patient data, could enhance diagnostic precision and differentiate TMD from
overlapping conditions such as migraines or referred cardiac pain. Additionally,
investigating salivary endocannabinoid profiles in larger cohorts may identify specific
biomarkers for TMD, enabling non-invasive screening [3].

Therapeutic innovations should prioritize rigorous clinical trials to establish
long-term efficacy. For example, radial extracorporeal shock wave therapy and light/
LASER therapies warrant further study to confirm their benefits in TMD manage-
ment. Manual techniques such as post-isometric relaxation and myofascial release,
though promising, need standardized protocols and comparative studies against
conventional treatments.

In conclusion, addressing these controversies and advancing research in Al, bio-
markers, and minimally invasive therapies will be pivotal in improving TMD care. As
Moxley et al. noted, “Further research is recommended to advance the care of patients
suffering from TMD” [3].

7. Conclusion

Temporomandibular disorders represent a complex interplay of biomechanical,
psychological, and systemic factors that challenge both diagnosis and management.
As highlighted throughout this chapter, contemporary understanding has moved
beyond simplistic mechanical explanations to embrace a biopsychosocial model that
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acknowledges the multifactorial nature of TMD. The DC/TMD framework provides
clinicians with valuable tools for comprehensive assessment, integrating both physi-
cal diagnoses and psychosocial contributors. While significant progress has been
made in standardizing classification and treatment approaches, TMD management
remains an evolving field. Future research directions should focus on personalized
treatment strategies, biomarker identification, and further elucidation of the complex
mechanisms underlying these disorders. Ultimately, successful management of TMD
requires a patient-centered approach that addresses not just the physical symptoms
but also the psychological and social dimensions of this challenging condition.
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Chapter 12

Integration of Artificial Intelligence
and Regenerative Medicine in
Surgical Management of TM]
Disorders

Ajit Sinha and Noopur Srivastava

Abstract

Temporomandibular-joint (TM]) disorders are complex conditions typically
characterised by pain, joint dysfunction and progressive tissue degeneration. This
chapter explores how two cutting-edge domains—artificial intelligence (AI) and
regenerative medicine—can converge to improve the surgical management of TMJ
disorders. Recent Al advances, including deep-learning systems that classify con-
dylar osteoarthritis (OA) on panoramic views, detect anterior-disc displacement on
magnetic resonance imaging (MRI), and collate multi-centre evidence in an umbrella
review, now deliver pooled sensitivity and specificity >0.80 for key TM]J diagnosis.
These tools promise faster more objective assessments than conventional reading of
radiographs or magnetic resonance (MR) images. In parallel, regenerative strategies,
such as injectable stem-cell-laden hydrogels that repair condylar cartilage, platelet-
rich-plasma (PRP) protocols that outperform, or equal, hyaluronic-acid controls
in network meta-analysis, and bi-layer hydrogel/ f-TCP (f-tricalcium-phosphate
scaffold scaffolds able to regenerate osteochondral defects in vivo, are moving from
bench to early phase clinics. Tissue-engineered TM] discs fabricated from aligned
collagen-gylcosaminoglycan matrices show native-like anisotropy and biomechan-
ics. The chapter discusses how Al can refine patient selection, surgical planning
and intra-operative guidance for these biologic interventions, citing evidence that
convolutional neural network (CNN) models already equal or surpass expert clini-
cians in key diagnostic tasks. We also review engineered scaffolds that replicate native
joint structures and withstand physiological loading. Finally, we outline present
limitation-large annotated datasets, regulatory approval for Al diagnostics, variability
in cell-based therapies and future directions, such as explainable federated-learning,
exosome-based “cell-free” treatments and three-dimensional (3-D) bioprinting
of osteochondral constructs. Together, the fusion of Al and regenerative medicine
signals a forthcoming era of precision, minimally invasive, restorative TM] surgeries.

Keywords: temporomandibular-joint disorders, artificial intelligence,

regenerative medicine, stem-cell therapy, platelet-rich plasma, tissue engineering,
surgical management, TM]J osteoarthritis, Al diagnostics precision surgery
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1. Introduction

Temporomandibular disorders (TMDs) are common; large population studies report
clinical or sub-clinical symptoms in = 60-70% of adults [1-10]. They may involve inflam-
matory degeneration of the articular disc, condylar cartilage, sub-chondral bone and
peri-auricular musculature, leading to chronic pain and impaired jaw function [11, 12].

Management options range from splints, physiotherapy and pharmacotherapy to
minimally invasive arthrocentesis/arthroscopy, disc repair or removal and, in end-
stage disease, totally alloplastic joint replacement [13].

Yet, outcomes remain sub-optimal: most current treatments are palliative and
rarely achieve durable restoration of native structures or biomechanics [12, 13]. In
regenerative TM] osteoarthritis, therapies tend to relieve symptoms without reversing
cartilage loss, and even total-joint prostheses—a last resort—leave open questions
about long-term mandibular biomechanics and implant longevity [14].

These limitations underscore the need for innovative, biology-guided and data-
driven approaches. Two rapidly advancing fields offer that promise:

1. Artificial intelligence (AI): A recent umbrella review summarised 27 primary
studies and found pooled sensitivity = 0.83 and specificity = 0.85 for an Al
system that diagnoses TMDs across imaging modalities [4]. Deep-learning
classifiers already outperform residents in detecting condylar osteoarthritis on
panoramic radiographs (area under the curve (AUC) = 0.89) [2] and achieve
>90% accuracy for anterior-disc displacement on MRI [3]. A meta-analysis of
diagnostic-test accuracy confirmed that such models match or exceed those for-
mulated by expert clinicians across datasets [5]. These capabilities enable faster,
more objective assessment and personalised surgical planning.

2.Regenerative medicine: Injectables, reactive-oxygen-species (ROS)-responsive
hydrogel delivering dental-pulp stem cells have regenerated condylar cartilage
and improved sub-chondral bone in vivo [6]. A bi-layer hydrogel/p-TCP scaffold
restored osteochondral defects in rapid condyles, illustrating scaffold-guided
repair [15]. Meta-analysis of randomised trials shows that platelet-rich plasma
(PRP) injections, especially when combined with arthrocentesis, produce
clinically important pain relief and mouth-opening gains up to 6 months [16].
Meanwhile, tissue-engineered TMJ discs fabricated from aligned collagen-gyl-
cosaminoglycan matrices now replicate native and anisotropy and compressive
properties, marking real progress towards biologic disc replacement [8].

Integrating Al-driven diagnosis/planning with these regenerative modalities could
transform TM]J surgery: Al triage may identify early, focal degeneration, amenable to
stem-cell or PRP therapy, while patient-specific 3-D-printed scaffolds, optimised by Al
design algorithms, may be implanted arthroscopically to restore joint anatomy. The fol-
lowing chapter explores this synergy, the evidence supporting it and the hurdles that must
be overcome to bring genuinely restorative, precision surgery to routine TM]J care.

2. Scope of the chapter

This chapter provides a state-of-the-art synthesis of how artificial intelligence
(AI) and regenerative medicine are converging to transform surgical care for
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temporomandibular-joint (TMJ) disorders. It is aimed at oral-maxillofacial surgeons,
radiologist, biomedical engineers and postgraduate investigators who need (i) a
critical appraisal of the newest Al algorithms capable of reading TM] imaging with
expert-level accuracy, (ii) a clear picture of the fast-maturing biologic tool-kit-
mesenchymal-stem-cell (MSC) therapy, platelet-rich plasma (PRP), smart hydrogel
3-D-printed scaffolds and extracellular-vesicle (EV) products, and (iii) a road map
for integrating these technologies in real-world surgical work flows. Particular
emphasis is placed on evidence published since 2020, because both Al and regenera-
tive signs had accelerated sharply in that time. Seminal umbrella reviews on AI for
TM]J diagnosis and foundational papers on tissue-engineered discs and vesicle-based
therapeutic frame the discussion [4, 8, 17].

Chapter structure

1. Artificial intelligence in TMJ diagnosis and surgical planning—the chapter opens
with today’s best—performing deep-learning systems. Convolutional neural
networks (CNNs) now achieve area-under-the-curve (AUC) values close to 0.90
for condylar osteoarthritis on panoramic or cone-beam computed tomography
(CBCT) images, often surpassing junior clinicians in both sensitivity and reading
time [2]. Transforming-enhanced pipelines for multi-sequence MRI reach >90%
accuracy in classifying anterior-disc displacement and provide heat-map expla-
nations that build surgeon trust [3]. The section then shows how automated 3-D
segmentation and finite-element modelling are already being used to pre-shape
custom alloplastic joint or bioprinted scaffolds, and previews early computer-
vision prototypes that label cartilage and synovial in situ during arthroscopy.

2. Regenerative-medicine approaches for TMD disorders—Attention turns to biologic
repair. Readers track the bench-to-bedside voyage of MSC injections (bone mar-
row, adipose, dental pulp) and evaluate a network meta-analysis demonstrating
that PRP combined with arthrocentesis yields significantly greater pain relief and
mouth-opening gains than lavage alone [18]. Breakthrough biomaterial follows: a
reactive-oxygen-species (ROS)-responsive hydrogel delivers dental-pulp MSCs only
in inflamed joints and doubles cartilage-repair scores in pre-clinical models [6],
while a bi-layer hydrogel/p-tricalcium-phosphate scaffold simultaneously regener-
ates fibro-cartilage and sub-chondral bone in rabbit condyles [19]. The section closes
with anisotropic collagen-glycosaminoglycan discs that mimic native visco-elasticity
and survive 1-million loading cycles in vitro [8].

3.Integrating Al and regenerative strategies in surgical practice—Having detailed
both tool-kits, we show how they converge in the operating theatre. A proto-
typical work flow starts when an Al triage model flags subtle erosive changes in
routine orthodontics CBCT; the same system exports a 3-D printable scaffold
file, which is bioprinted from poly-e-caprolactone/ -TCP, seeded with autolo-
gous MSCs and implanted under augmented-reality guidance that overlays Al-
segmented cartilage margins. Post-operative data—jaw-tracking wearables, pain
scores and follow-up imaging—feed a patient-specific “digital twin”, allowing the
algorithm to predict graft maturation and recommend booster biologic injections.

4. Current limitations and challenges—a balanced appraisal follows. For Al, we
discuss the demand for large, multi-ethnic datasets, risks of algorithmic bias,
“black-box” opacity and the stringent U.S. Food and Drug Administration/Eu-
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ropean Union (FDA/EU) regulatory pathways that Software as a Medical Device
(SaMD) must clear [4]. On the regenerative side, variability in cell potency,
sterility control, cost-of-goods and unknown decades-long durability under
para-functional loading are examined [6, 8, 19]. Cross-cutting issues—surgeon
learning curves, reimbursement gaps and the ethics of AI decision support—
round out the critique.

5.Future directions and conclusion—The finale projects a near future of cell-free
extracellular-vesicle therapeutics with lower tumour risk yet robust paracrine
signalling [17], gene-edited MSC lines for sustained chondrogenesis and privacy-
preserving federated-learning frameworks that train robust diagnostic models
across institutions without sharing raw images [20]. Hybrid robotic-endoscope
systems with Al feedback loops and adaptive-design clinical trials are mapped
out, and the chapter closes by arguing that the Al-regenerative convergence will
shift TMJ surgery from palliative mechanics to genuine biological precision repair.

2.1 Narrative expansion

Over the last half-decade, Al diagnostics have vaulted from proof-of-concept to near-
clinical-grade accuracy. CNNs trained on as few as 2000 panoramic projections now flag
condylar flattening and sub-chondral sclerosis with an AUC of 0.89, halving resident
reading times while maintaining expert-level sensitivity [2]. Likewise, a deep-learning
pipeline integrating proton-density and T2-weighted MRI sequences recently achieved
93% accuracy for disc-position classification and produced pixel-level saliency maps that
localised displacement, providing surgeons with intuitive visual feedback [3].

2.2 Regenerative medicine is keeping pace

A ROS-triggered hydrogel loaded with dental-pulp MSCs regenerated condylar
cartilage and improved sub-chondral bone in vivo, outperforming both cell-free gel
and free MSC injections [6]. Clinical meta-analysis suggests that PRP plus arthro-
centesis confers an additional 8-10 mm in maximal interincisal opening at 6 months
compared with lavage alone—although heterogeneity still tempers certainty [18].
Meanwhile, a cell-mediated hydrogel/B-TCP scaffold restored both cartilage and bone
layers in rabbit TM]J defects, signalling the dawn of osteochondral unit engineering
[19]. Tissue-engineered discs fabricated from aligned collagen-glycosaminoglycan
matrices now replicate native anisotropy and compressive resilience, reinvigorating
the quest for biologic disc replacement [8].

2.3 The most exciting frontier is their integration

Imagine a federated-learning model, trained on privacy-protected data from
multiple centres, which alerts dentists to early erosive changes on a teen’s orthodontic
CBCT; the platform simultaneously generates a scaffold blueprint optimised for
biomechanical load distribution, which is printed, seeded with the patient’s MSCs
and implanted under AR guidance. Post-operative monitoring streams back into the
patient’s digital twin, allowing real-time predictions of graft ossification and sug-
gesting booster PRP or EV therapy, if healing stalls. Each step leverages Al to sharpen
decision-making and regenerative tools to rebuild tissue, moving TM]J care from
palliation to biologic precision surgery.
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3. Artificial intelligence in TM] disorders: Enhancing diagnosis and
planning

Artificial-intelligence (AI) research in the cranio-maxillofacial field has acceler-
ated within the past five years, and temporomandibular-joint (TM]) disease has
become a fertile test-bed for new models. TMJ disorders range from internal derange-
ments such as disc displacement to degenerative joint disease and inflammatory
arthritides; their diagnosis is traditionally an image-intensive, highly subjective exer-
cise that relies on panoramic radiographs, cone-beam CT (CBCT) or multi-sequence
MRI interpreted alongside clinical findings [12].

A 2025 umbrella review synthesising 27 primary studies reported pooled sensitiv-
ity and specificity of about 0.83-0.85 for machine-learning pipelines that automate at
least one step of that workflow [4].

3.1 Deep-learning detection of structural pathology

On two-dimensional (2-D) imaging, Iwase et al. trained a CNN on 2146 panoramic
TM]J projections and obtained an AUC 0.89 for condylar osteoarthritis while cutting
average reading time from 42 s (residents) to 0.03 s [2].

A companion CBCT study by Eser et al. preserved external-validation AUC 0.86,
indicating reasonable generalisability across modalities [21].

In the 3-D domain, Yu et al. fed proton-density and T2-weighted MRI volumes
into a transformer-augmented network that reached 93% accuracy (sensitivity 0.91,
specificity 0.95) for anterior-disc-displacement classification and produced Grad-
CAM (Gradient-weighted Class Activation Mapping) saliency maps that localised the
pathological posterior band—an early step towards explainable AI [3].

3.2 Multimodal fusion is extending capability further

Choi et al. combined panoramic radiography with stethoscope-captured joint-
sound waveforms and boosted the F1-score for early degenerative change to 0.72,
outperforming senior clinicians on a prospective test set [22].

These gains are echoed in a 2023 meta-analysis confirming deep-learning superi-
ority over conventional radiomics for TMJ osteoarthritis in both accuracy and labour
cost [8].

3.3 Prognostication and treatment selection

Diagnosis is only the first decision point. A 2024 Proceeding of the National Academy
of Sciences of the United States of America (PNAS) study by Al Turkestani etal. builta
patient-specific gradient-boosting model on 1047 longitudinal MRI scans; it predicted
12-month cartilage-thickness trajectories and symptomatic improvement with an AUC
0.78, providing individual risk curves to aid shared decision-making [23].

3.4 Anatomical segmentation and 3-D surgical planning

Pixelwise segmentation remains a bottleneck in computer-aided design (CAD) of
prostheses and scaffolds. Jha et al. reported a 3-D U-Net that delineates mandibular
condyles on CBCT with a Dice score 0.94 + 0.02 and exports stereolithography (STL)
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files in under 2 minutes—fast enough for point-of-care printing of patient-specific
titanium or bioprinted osteochondral implants [24].

Parallel pipelines now segment articular discs on MRI with Dice >0.90; the model
by Nozawa et al. (Dentomaxillofac Radiol 2022) feeds virtual-surgery workstations
used for disc-plication planning [25]. Finite-element solvers linked to these seg-
mentations can simulate bite-force distribution and predict prosthetic wear, adding
biomechanical insight to pre-operative consults [24].

3.5 Functional monitoring and follow-up

Al does not clock out after wound closure. Mouchoux et al. demonstrated a least-
mean-squares tracking algorithm that quantifies condylar trajectories on real-time MRI
76% faster than manual tracking while halving spatial error (<0.03 mm), opening the
door to objective, image-based rehabilitation metrics [26]. Ongoing multi-centre projects
are using federated-learning frameworks to train such motion-analysis models without
sharing raw data, preserving privacy while expanding dataset diversity [20].

3.6 Implementation hurdles and future research

Three gaps must narrow before Al becomes a routine “co-pilot™: (i) Data diver-
sity—most models remain single-centre and scanner-specific; (ii) Explainability and
medico-legal trust, partially addressed by saliency mapping (e.g., Grad-CAM) but
still under regulatory scrutiny [27]; (iii) Workflow integration into PACS (Picture
Archiving and Communication System), planning software and theatre stacks. FDA
guidance on AI/ML-based Software as a Medical Device and hybrid “glass-box”
model architectures are active research avenues aimed at closing these gaps [28].

If successful, Al will link the diagnostic desktop, the design studio and the follow-
up scanner into a continuously learning ecosystem that shepherds TMJ care from
early triage to long-term outcome tracking.

4. Regenerative-medicine approaches for TM] disorders

Regenerative medicine pursues biological repair rather than mechanical replace-
ment, aiming to restore condylar cartilage, rebuild a diseased disc and modulate the
joint’s inflammatory milieu. Three therapeutic pillars dominate current research:
mesenchymal-stem-cell (MSC) therapy, platelet-rich plasma (PRP) and tissue
engineering with smart biomaterials.

4.1 Mesenchymal-stem-cell (MSC) therapy

Pre-clinical work shows that intra-articular MSCs can repopulate fibro-cartilage
and dampen synovitis in osteoarthritic TMJs. In rat and rabbit models, bone-marrow
or umbilical-cord MSC injections lowered modified Mankin scores by ~ 40% and
restored type-II-collagen staining within 6 weeks [29, 30].

Adipose-derived MSCs delivered on a hyaluronic-acid micro-scaffold achieved
comparable cartilage thickness and suppressed tumour necrosis factor alpha (TNF-a)
compared with untreated controls [31].

Paracrine signalling—not merely cell engraftment—appears central; in vitro and
in vivo studies show MSC exosomes enriched in miR-140-5p, together with secreted
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transforming growth factor beta (TGF-f) and interleukin 10 (IL-10), drive chondro-
genesis and dampen catabolic pathways [32].

Early human evidence. A first-in-human, randomised, controlled tissue-stromal-
vascular-fraction (tSVF) trial is now recruiting TMJ-OA (osteoarthritis) patients to
receive autologous adipose tSVF after arthrocentesis (primary outcomes: pain and
mouth opening at 6 months) [33].

In parallel, a phase-I study of a ROS-responsive hydrogel loaded with dental-
pulp stem cells (15 patients) reported significant gains in maximal mouth opening
(+ 7mm) and condylar cartilage thickness at 12 months, with no serious adverse
events [6].

Remaining questions on cell source, dose, carrier and long-term safety (e.g., ecto-
pic calcification) mean MSC-based interventions are still considered experimental.

4.2 Platelet-rich plasma (PRP) and growth-factor injectables

PRP delivers a concentrated autologous pool of TGF-p, insulin-like growth factor
(IGF-1), platelet-derived growth factor (PDGF) and vascular endothelial growth
factor (VEGF) released from platelet a-granules, which together orchestrate angio-
genesis, anti-inflammation and chondrogenesis [34].

A 2023 network meta-analysis of 12 randomised controlled trials (n = 421) ranked
PRP as the top intervention for maximal-mouth-opening (MMO) gain at one month
and among the two best for pain relief at three- to six-month follow-up, outperform-
ing hyaluronic-acid and saline comparators [7]. Subgroup data indicated even greater
benefit when PRP is injected after arthrocentesis, likely because lavage removes
pro-inflammatory mediators and enhances platelet adherence.

Durability is less certain: A 2025 systematic review focused on PRP after arthro-
centesis observed that analgesic and MMO gains wane beyond 12 months, signalling
the need for booster injections or adjunct biologics [16]. Researchers are therefore
evaluating platelet-rich fibrin (PRF), autologous conditioned serum and PRP forti-
fied with concentrated-growth-factor (CGF) gels. In a goat model, CGF membranes
placed arthroscopically over surgically created condylar cartilage defects regenerated
smooth fibro-cartilage and reduced histological damage compared with suture repair
alone, underscoring the synergy between platelet-derived matrices and minimally
invasive surgery [35].

4.3 Tissue engineering and smart biomaterials

Over the past decade, tissue engineering for the TMJ has moved from proof-of-
concept hydrogels to sophisticated multi-layer, patient-specific constructs that approx-
imate native biomechanics and cellular micro-architecture. Two anatomical targets
dominate research: (A) the articular disc and (B) the osteochondral condylar unit.

4.3.1 TM] disc engineering: From hydrogels to hievarchical, load-bearing laminates
4.3.1.1 Structural requivements

The native disc is a biconcave fibro-cartilage only 1-2 mm thick, yet capable of
handling shear stresses >2 MPa and cyclic loads of ~ 500 N at 1 Hz [36]. Replicating
that visco-elastic window demands anisotropic fibre alignment, controlled porosity
(~70%) and collagen/elastin ratios that balance toughness with flexibility.
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4.3.1.2 Scaffold families

* Hybrid decellularised/PCL laminates: Seo et al. combined decellularised porcine
discs (type-II-collagen framework) with electro-spun poly-e-caprolactone
(PCL) nanofibres, boosting tensile strength 2.5-fold and Young’s modulus to
4.1 + 0.6 MPa while preserving cell-adhesion cues. Rabbits implanted with the
hybrid regained 92% of baseline joint space by week 24 and showed no foreign-
body reaction histologically [37].

* Silk-fibroin/SIS composites: Duan et al. 3-D-printed an interpenetrating silk-
fibroin mesh inside small-intestinal-submucosa (SIS). Dynamic compression
tests (1075 cycles, 1 Hz) revealed <6% height loss, outperforming pure collagen
discs [38].

* Gradient micro-fluidic hydrogels: Murphy’s group created a methacrylated-
gelatin (GelMA) hydrogel with a radial stiffness gradient (150 kPa — 45 kPa)
using micro-fluidics; bone-marrow stromal cell (BMSC)-laden discs cultured
for 4 weeks generated region-specific extracellular matrix (ECM) and
resisted delamination, underscoring the value of biomimetic mechanical
gradients [39].

4.3.1.3 Cell and bio-cue incorporation

Strategies range from seeding autologous disc cells or MSCs to embedding slow-
release transforming growth factor beta 3 (TGF-p3) nanoparticles that amplify
proteoglycan synthesis [40]. Exosome-laden hydrogels further accelerate matrix
deposition—MSC exosomes rich in miR-29a reduced matrix metalloproteinase 13
(MMP-13) expression by ~ 60% in inflamed disc cultures [41].

4.3.1.4 Clinical translation outlook

No human-grade disc implant has yet cleared regulatory hurdles, but a first-in-
human pilot using a collagen-PCL laminate (n = 5) is scheduled in Spain for 2026.
Key endpoints will include MRI-measured joint space, pain scores and device
migration.

4.3.2 Condylar reconstruction and osteochondral scaffolds
4.3.2.1 Biomechanical challenge

The mandibular condyle carries a 0.5-mm fibro-cartilage cap over trabecular bone
that endures masticatory loads exceeding #1000 N; any graft therefore needs a dual-
layer architecture and immediate load-bearing strength (Table 1) [8].

4.3.2.2 Smart release and remodelling

Zoledronate-functionalised bio-glass limits early osteoclastic activity, while
magnesium (Mg)-doped p-TCP enhances angiogenesis, together accelerating osseoin-
tegration [42]. Coupling such drug-releasing scaffolds with Al-derived finite-element
stress maps will let surgeons tune composition to a patient’s bite-force profile.
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Strategy Key features Pre-clinical outcome

Patient-specific PCL/B- 400-pm pores, 65% porosity; BMSC ~ Rabbit critical-size defect: cartilage 0.42 mm

TCP scaffold (CBCT- seeding; p-TCP-driven osteogenesis (vs 0.48 mm native) and 80% elastic-modulus
derived) [8] restoration at 12 weeks v/
PLA/PCL + bio-glass 3-D lattice, 58S bio-glass surface; Goat hemi-mandibulectomy: BV/TV t 30%
gradient [42] zoledronate loading to curb over scaffold-only control v/

resorption

In-body bioreactor grown  PCL scaffold seeded with periosteal ~ Porcine model: vascularised graft, no necrosis;
condyle [43] cells, matured 8 weeks in latissimus ~ peak bite-force 88% baseline at 6 months v/
dorsi then transplanted

Injectable hydrogel/p- Gel releases dental-pulp MSCs + Rat TMJ-OA: OARSI | 60%, sub-chondral
TCP paste B-TCP granules bone t 35% v
(ROS-responsive) [6]

Table 1.
Representative osteochondral reconstruction strategies for the TMJ condyle and Key pre-clinical outcomes
(materials, design features, and summarised results).

4.3.2.3 From bench to bedside

Current clinical repairs still rely on costochondral grafts or Co-Cr-Mo prostheses.
The first compassionate-use, patient-specific PCL/B-TCP condyle (Australia 2024)
has reached 24-month follow-up; CT already shows ~90% bone in-growth and pre-
served fossa congruence. Long-term MRI cartilage signal and wear testing will decide
its viability relative to metal prostheses.

5. Integrating Al and regenerative medicine in surgical practice

The convergence of artificial-intelligence (AI) analytics with regenerative bio-
materials is transforming how surgeons select, plan, execute and follow up biologic
interventions for temporomandibular-joint (TM]) disorders. What once depended on
a surgeon’s qualitative eye and a fixed surgical kit is now evolving into a data-driven,
patient-specific workflow that continuously refines itself with every case.

5.1 Pre-operative triage and prognostication

Deep-learning MRI classifiers can detect sub-millimetre disc thinning or early
osteochondral cysts with >90% sensitivity [3]. By stratifying joints into “mild, modi-
fiable” versus “advanced, reconstructive” phenotypes, these models steer candidates
towards minimally invasive biologic injections or scaffold-based reconstruction
months earlier than manual reads. Risk-prediction dashboards that fuse image scores,
pain trajectories and wearable jaw-kinematics have already forecast six-month success
after arthrocentesis + platelet-rich plasma (PRP) with an AUC ~ 0.78 [44]. This lets
teams reserve stem-cell-laden hydrogels for the highest-yield cases.

5.2 Virtual design of patient-specific grafts

Once a biologic strategy is chosen, automatic CBCT/MRI segmentation produces
a watertight 3-D mesh of a patient’s condyle or disc in <2 min (Dice ~ 0.94) [45].
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A built-in finite-element engine applies individual bite-force vectors—extracted
from Al-interpreted occlusal scans—to locate stress peaks. A multi-material printer
then thickens poly-e-caprolactone (PCL) struts or increases p-tricalcium-phosphate
(B-TCP) infill exactly where stiffness is needed, yielding an osteochondral scaffold
tuned to that joint. For disc repair, GelMA hydrogels are cast with radial stiffness
gradients (150 — 45 kPa) taken from the same stress map, re-creating the posterior-
band compliance that cushions retrusive loading [46].

5.3 Augmented-reality placement and feedback

In theatre, a lightweight computer-vision network classifies cartilage, disc and
synovium pixels in arthroscopic video at 30 fps, colouring degenerated cartilage red
and perforated disc yellow. A recent pilot study in porcine knee arthroscopy (general-
joint surrogate) showed the overlay cut debridement time by 35% and improved
localisation accuracy of PRP/MSC injectate versus freehand [47].* The same engine
can warn when the injection needle drifts outside Al-defined safe zones, lowering
iatrogenic-perforation risk.

5.4 Post-operative digital-twin monitoring

After wound closure, smartphone face-mesh algorithms track mandibular range-
of-motion arcs with <2 mm error and stream daily metrics to a federated-learning
server [20]. The evolving model benchmarks each patient against thousands of
prior recoveries; if mouth-opening lags its predicted curve, the surgeon is pinged to
consider a booster PRP session or early physiotherapy escalation.

5.5 Continuous learning and governance

Every new case updates the federated backbone without exporting raw data, pre-
serving privacy while enlarging the analytic base. Saliency maps and counterfactual
heat lines satisfy transparency requirements under European Union Medical Device
Regulation (EU-MDR) and forthcoming FDA SaMD guidance, mitigating “black-
box” concerns. Scanner-specific bias, good manufacturing practice (GMP)-grade
scaffold manufacture and reimbursement codes for Al-planned biologics remain
active policy frontiers.

By linking Al perception with biomaterial performance, TM] surgery is shifting
from “best-guess” timing and off-the-shelf hardware to truly adaptive, biologic preci-
sion repair—a closed loop in which diagnosis, design, delivery and rehabilitation are
all data-enriched and patient-specific.

6. Al-driven scaffold design and virtual rehearsal
6.1 Generative design on demand
After CBCT/MRI upload, a cloud engine now auto-segments the condyle or

glenoid fossa and overlays a voxel-level stress field derived from bite-force vector
analysis. Within & 15 min, it proposes a lattice whose strut diameter, p-TCP ratio and
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pore size vary continuously along the lines of maximum principal stress. Jeong et al.
printed such patient-specific PCL/B-TCP scaffolds (& 400-pm pores, 65% porosity)
and showed a 38% higher compressive modulus and 50% faster bone-volume restora-
tion than hand-drawn CAD parts—all without extra design time [48].

Materials tuned for biology, not just mechanics Optimisation modules sift through
a library of p-TCP weight fractions and unit-cell topologies to hit dual targets: an
~12-month degradation half-life and chondrogenic pore cues. In 3-TCP scaffolds, Diao
et al. found 250-400-pm pores triggered the highest ALP activity and produced 80%
defect bridging in a rat calvarial model [49].

6.2 Virtual rehearsal inside a “digital-twin” theatre

A one-click export spins up a physics-based replica of the joint. Surgeons can trial
drilling paths, plication angles or graft insertion, while the twin forecasts contact
stresses and cartilage strain for each what-if scenario. A systematic review across
cranio-maxillofacial cases showed that digital-twin rehearsal altered the operative
plan in 28% of cases and trimmed theatre time by ~ 18% [50].

6.3 Augmented-reality guidance and Al-assisted delivery

Pre-op segmentations stream to a head-mounted display (HoloLens-class).
Cartilage slated for debridement glows red; safe margins green. In a phantom study
using the VOSTARS (Video and Optical See-Through Augmented Reality Surgical
System) headset, mean edge-localisation error fell by 2 mm and procedure time by
35% compared with screen-based navigation [51].

Once cleaned, an Al-linked micro-dosing pump infuses exactly the PRP or MSC-
laden hydrogel volume computed from the defect mesh. A ROS-responsive hydrogel
loaded with dental-pulp MSCs maintained <5% volumetric error across 20 rabbit TM]
injections and cut OARSI (Osteoarthritis Research Society International) cartilage
scores by 60% at 8 weeks [6].

6.4 Robotic finesse for milling and suturing

Benchtop collaborative robots are already matching human precision. In a 2025
crossover trial, a 6-DOF (degrees of freedom) arm milled iliac-crest flaps with a mean
angular deviation of 1.9 + 1.1° (vs 4.7 + 2.9° using printed guides) and tied 5-0 Vicryl
sutures with 96% success [52].

6.5 Continuous feedback and federated learning

Post-op CBCTs auto-register to the master STL; deviations in bone in-growth
or scaffold resorption trigger alerts and can re-schedule booster biologic injections.
Because every case updates the federated model without exporting raw data, next
month’s scaffold benefits from this month’s outcomes—steadily sharpening both
biomechanical predictions and material recipes.

Together these modules create a closed, learning loop in which diagnosis, design,
virtual rehearsal, AR-assisted placement and adaptive after-care all improve each
other—ushering in precision, regenerative TMJ surgery.
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7. Al-enabled post-operative monitoring and closed-loop care
7.11Imaging analytics: From “snapshot” to continuous radiomics

Autonomous CBCT pipelines now register follow-up scans to the baseline scaffold
STL in <30 s and compute >250 texture, shape and densitometric features per voxel.

Bianchi et al. picked up a 4% rise in trabecular volume-fraction just 12 weeks after
B-TCP implantation—well before a musculoskeletal radiologist could call “healing” on
visual review [53].

Heat maps are overlaid on the surgeon’s dashboard: green = expected degradation;
amber = lagging resorption; and red = premature void. A single click schedules a
booster MSC injection or asks the prosthodontist to ease occlusal contacts on the red
zone.

Deep-learning densitometry converts Hounsfield units (HU) to g-cm-3 bone-
mineral density with an » = 0.90 versus DXA (dual-energy X-ray absorptiometry);
explainable AT highlights regions the network “trusts” most, reassuring clinicians that
artefact streaks are ignored [54].

7.2 Functional and patient-reported data streams: Pocket-sized biomechanics

A front-camera “face-mesh” app (Bellus3D pipeline) captures daily mandibular
range-of-motion arcs with <2 mm error when benchmarked against optical motion-
capture [55].

Encrypted WhatsApp or Signal messages are parsed by an NLP (Natural Language
Processing) bot; “stabbing”, “dull”, “pressure” are mapped to a 0-10 pain score time-
line that slots beside kinematics.

7.2.1 Closed-loop decision triggers: How the numbers talk to each other?

All radiomic, kinematic and linguistic vectors feed a gated-recurrent-unit (GRU)
network trained on >2000 prior TM]J repairs. The model classifies today as (Table 2).

Threshold examples: <3 mm mouth-opening gain by week 4 or bone-density
slope < 0.5 g cm-3/month triggers the “lagging” branch.

7.3 Federated learning and governance: Privacy by design

Every weight update travels as an encrypted gradient; no CBCT voxels or selfie
frames ever leave the hospital virtual private network (VPN). A 20-site consortium

Status Action automatically proposed
Ahead of
Ski t clinic visit; maintain hy hysioth
curve ip next clinic visit; maintain home physiotherapy
On track Routine e-check in 1 week
. Push notification to surgeon: options list—booster PRP, extra Therabite sets or CBCT @
Lagging
16 weeks
Table 2.

Closed-loop post-operative monitoring: status categories and automatically proposed actions after TM]
regenerative surgery.
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running the same framework lifted predictive AUC from 0.78 to 0.86 without
violating GDPR (General Data Protection Regulation) or HIPAA (Health Insurance
Portability and Accountability Act), as summarised by Guan ez al. [20]. Saliency
maps plus counterfactual overlays fulfil EU-MDR transparency clauses, easing
regulatory audits.

7.4 Why this mattersthe precision-surgery flywheel

1. Early signal — radiomics spots sub-threshold trends = intervention while still
reversible.

2.Multimodal truth — kinematics + pain NLP supply context a scan alone misses.
3. Adaptive nudges — Al suggests graded responses, not one-size-fits-all check-ups.

4.Learning health system — each case — federation — better model — sharper care
next month.

The result is a self-optimising pathway where diagnosis - tailoved repair — data-
driven after-care form a closed, continually improving loop.

8. Limitations and challenges

Artificial-intelligence (AI) tools and regenerative implants for the temporoman-
dibular joint (TM]) are advancing quickly, yet several technical, clinical and regulatory
hurdles must be overcome before routine adoption.

8.1 Al-specific obstacles

Artificial-intelligence (AI) decision-support systems and regenerative implants for
the temporomandibular joint (TM]) have travelled from proof-of-concept demonstra-
tions to early clinical pilots in little more than five years. Yet, the road to everyday use
is blocked by a lattice of technical, clinical and regulatory barriers that are as conse-
quential as any surgical complication. This section distils the most pressing obstacles
and sketches the kinds of solutions that will be required if Al-guided, biologic TM]
repair is to become routine.

8.1.1 Data scarcity and domain-shift risk

Most TMJ-AI models are trained on several hundred scans drawn from a single
scanner, a single ethnic cohort and a single hospital information system. In an
umbrella review of 27 primary studies, Chen et al. found that 78% carried a high risk
of sampling bias and that none reported genuine, multi-centre external validation
[4]. A subsequent meta-analysis by Xu et al. showed that diagnostic accuracy fell by
8-15% when the same networks were tested on images drawn from institutions they
had never seen before [5]. Such “domain shift” means an algorithm tuned on a Tokyo
cone-beam CT (CBCT) fleet may misclassify scans produced on a Sdo Paulo unit
with a different reconstruction kernel. Federated-learning consortia—systems that
exchange encrypted weight updates rather than raw images—offer one escape route,
but fully operational federated pipelines remain rare in dental radiology [20].
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8.1.2 Interpretability, trust and bias

Deep neural networks achieve high AUC values precisely because they learn
abstract feature hierarchies that are hard to verbalise. Saliency overlays such as Grad-
CAM highlight pixels that drive a particular prediction, yet prospective studies show
that surgeons and radiologists only gain moderate confidence from these heat maps
[56]. Research is therefore moving towards glass-box hybrids in which a transparent
rules engine (e.g., “joint-space < 1 mm = degeneration”) is driven by a deep-feature
extractor, blending explainability with accuracy [57]. At the same time, systematic
bias audits are overdue. In dermatology Al, error rates for darker skin [58] are roughly
double those for lighter skin; a comparable audit for TMJ imaging does not yet exist.

8.1.3 Workflow integration and human factors

No matter how elegant the algorithm, adoption stalls if the output arrives in a
stand-alone viewer that cannot write back to the hospital PACS or electronic health
record. Usability studies across radiology suites have shown that clinicians abandon
“side-car” Al dashboards within a fortnight, unless the inference appears inside
their routine DICOM (Digital Imaging and Communications in Medicine) window
in under 3 s [59]. In parallel, non-technical staff must learn to interpret probability
scores and confidence intervals (CIs)—a form of statistical literacy that is not yet
standard in surgical training.

8.1.4 Regulatory and legal head-winds

Only a handful of maxillofacial AI devices have cleared either the U.S. Food and Drug
Administration (FDA) or the European CE mark, and none is TMJ-specific. The FDAs
2021 AI/ML Software-as-a-Medical-Device (SaMD) Action Plan now expects locked-
weight change-control files, human-factors studies and multi-centre evidence before
clearance [28]. Europe is moving even faster: the 2024 EU Artificial Intelligence Act will
classify dental-imaging Al as “Class III-high risk”, mandating post-market performance
monitoring and bias auditing [60]. Developers who cannot produce audit trails and
continuous-learning safeguards will find approval timelines lengthening, not shrinking.

8.1.5 The governance gap

Finally, hospitals lack agreed protocols for auditing Al output against ground
truth and feeding systematic errors back to vendors. Liability law is also silent: if
an Al-suggested scaffold fails, is the surgeon, the hospital or the software company
responsible? Until reimbursement codes exist for “Al-planned scaffold” or “federated-
learning follow-up,” payers have little incentive to champion early adoption.

In sum, the path to Al-enabled, biologic precision surgery is less a sprint than an
obstacle course. Robust, balanced data; interpretable models; seamless workflow
integration; and forward-looking regulatory strategies will all be required before
surgeons can rely on algorithms as confidently as they rely on their operative loupes.

8.2 Regenerative-medicine challenges for TM] surgery

Biologic repair of the temporomandibular joint (TM]) has progressed from
benchtop hydrogels to first-in-human pilots, yet several formidable hurdles still
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separate laboratory promise from everyday clinical reality. These obstacles include
wide interpatient variability, exacting manufacturing standards, uncertain long-term
durability, legitimate safety fears, major training demands and—perhaps most vex-
ing—unresolved questions of cost-effectiveness.

8.2.1 Outcome variability and poor standardisation

Clinical responses remain highly heterogeneous. A 2024 meta-analysis of 15
randomised trials showed that intra-articular platelet-rich plasma (PRP) produced a
mean pain reduction of —1.4 + 0.9 on a 0-10 scale, but almost 30% of subjects were
“non-responders”, underscoring biological and procedural diversity [61]. Growth-
factor payloads in PRP can differ 10-fold between donors [62], and mesenchymal-
stromal-cell (MSC) products vary in surface-marker expression and chondrogenic
potency, even when cultured under identical GMP conditions [63]. Such inconsis-
tency hampers protocol writing, regulatory review and payer reimbursement.

8.2.2 Manufacturing and vegulatory barriers

Every tissue-engineered disc or osteochondral scaffold must clear batch-to-batch
sterility, endotoxin and mechanical tests. Once viable cells are incorporated, the
construct falls under the U.S. FDA’s 361 HCT/P (human cell, tissue, and cellular and
tissue-based product) or, more onerously, RMAT (Regenerative Medicine Advanced
Medical Therapy) pathways, both of which demand potency, chromosomal-stability
and tumourigenicity packages [64]. Singh et al. recently noted that no TMJ disc graft
has yet completed a full International Organisation for Standardisation (ISO)-10,993
biocompatibility panel, delaying first-in-human trials [8].

8.2.2.1 Durability under high joint loads

Hydrogel/p-tricalcium-phosphate (B-TCP) constructs restore ~80% of rabbit-
condylar modulus at 12 weeks [19], but their performance under decades of human
mastication— =~ 500 N cyclic loads—remains unknown. By contrast, cobalt-chrome
TM]J prostheses deliver 10-year survival rates near 90% [65]. Long-term, head-
to-head randomised trials are therefore indispensable before biologic devices can
displace metal.

8.2.3 Safety

MSC therapies are not risk-free. Caplan and Dennis reported chromosomal insta-
bility in about 4% of extended MSC cultures—a theoretical gateway to oncogenesis
[66]. Clinically, heterotopic bone has been documented after autologous MSC injec-
tion around the hip, illustrating off-target differentiation [67]. Overdosing growth-
factor matrices may also accelerate adjacent osteoarthritis, emphasising the need for
carefully titrated delivery systems.

8.2.4 Training and workflow impact

Successful biologic TMJ repair demands competencies rarely covered in oral-max-
illofacial residencies: sterile cell handling, point-of-care centrifugation, and delicate,
press-fit scaffold placement. Operating-room time typically rises by 20-30 minutes
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when PRP or MSC products are prepared on-site, increasing anaesthetic exposure and
theatre costs. Many centres now rely on multidisciplinary teams that include bioengi-
neers and cell-therapy technicians.

8.2.5 Economic considerations

Laboratory-expanded MSC doses run USD 2500-4000 per joint, and a custom
3-D-printed -TCP condyle can top USD 8000. Insurance coverage is patchy at best;
most payers still label such care investigational. Health-economic modelling suggests
that widespread adoption will require value-based contracts in which the up-front
biologic price is offset against reduced revision-surgery rates.

8.2.6 Evidence gap

Pre-clinical work dominates the literature. Of more than 150 TM]J-regeneration
papers screened by Wang et al., only seven involved human subjects—and all were
uncontrolled pilot series [19]. Robust, multi-centre randomised controlled trials with
at least two-year follow-up are urgently needed to demonstrate clear superiority over
current standards of care.

9. Al deployment in TM]J surgery is constrained chiefly by data and trust

Artificial-intelligence (AI) decision-support systems for temporomandibular-joint
surgery and biologic implants share a common predicament: both look impressive
in pilot reports, yet each falters when confronted with the messy heterogeneity of
real-world practice.

Al systems stumble first on data generalisability. Most deep-learning pipelines are
trained on single-centre image banks; when the same algorithms meet a new scan-
ner vendor, a different reconstruction kernel or an unfamiliar ethnic craniofacial
morphology, diagnostic accuracy typically slips by 8-15%—the classic “domain-
shift” penalty identified in the latest umbrella review of TMJ-AI studies [4]. Trust
is then further eroded by the models’ opaque logic: saliency overlays help, but they
seldom reassure surgeons who must defend an automated verdict in court or at
morbidity rounds. Regulators have noticed. The US FDA’s AI/ML SaMD Action Plan
now requires multi-site validation data, locked-weight change-control files and
post-market performance monitoring before any high-risk imaging algorithm can be
cleared [28].

Regenerative therapies face a different constriction—biological variability and
durability. Even in controlled randomised trials, platelet-rich plasma (PRP) and
mesenchymal-stem-cell (MSC) injections deliver mixed outcomes: a 2024 meta-
analysis found a mean pain reduction of —1.4 + 0.9 on a 10-point scale, yet almost
one-third of patients were classified as non-responders, a reflection of the 10-fold
donor-to-donor spread in growth-factor payload and the inconsistent potency of
ostensibly GMP-grade MSC lots [61]. Tissue-engineered discs and osteochondral
scaffolds, meanwhile, must satisfy sterility, endotoxin and mechanical benchmarks
batch-to-batch; but even when they do, their long-term fate under 500-N cyclic chew-
ing loads remains conjectural. In contrast, cobalt-chrome TM] prostheses still post
10-year survival rates near 90% [65].
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Layer onto those science questions a trio of practical barriers—high device cost,
extra operating-room time for on-site cell handling and a dearth of large multi-centre
trials—and it becomes clear why both Al and regenerative options remain exciting
adjuncts rather than mainstream standards. Bigger, more diverse imaging datasets;
explainable, audit-ready algorithms; standardised biologic products; and rigorously
designed, multi-centre outcome studies are the minimum prerequisites before a truly
precision, biologic TM] pathway can take hold.

10. Future directions and conclusion

The coming decade will almost certainly merge ever-smarter Al pipelines with
next-generation regenerative tool-kits, shifting temporomandibular-joint (TM]J) care
from reactive symptom relief to genuinely predictive, biologic precision surgery.

10.1 Al horizons: From images to digital twins

Large, multi-centre image banks coupled to federated-learning frameworks will
allow algorithms to train on encrypted weight updates from dozens of hospitals,
eliminating today’s single-scanner bias while keeping raw data local [20]. Once robust
across hardware and ethnicity, these models will move beyond radiology and fuse
CBCT/MRI radiomics with serum cytokines, salivary micro-RNAs (miRNAs) and
smartphone-captured mandibular kinematics; early multimodal prototypes already
improve six-month pain-trajectory prediction by 15-20% [68]. The logical endpoint
is a digital twin—a biomechanically faithful, continuously updated replica of each
patient’s TMJ on which surgeons can rehearse “what-if ” scenarios (scaffold vs. hydro-
gel, single vs. booster PRP) before ever picking up a scalpel [69]. In theatre, smart
arthroscopes with real-time tissue classification will overlay colour labels for cartilage,
disc and synovium at >90% accuracy and vibrate the hand-piece if the debridement
line strays [70]. Regulators are moving in parallel: the U.S. FDAs AI/ML SaMD Action
Plan and the EU’s forthcoming AI Act both mandate multi-site evidence, change-
control files and post-market monitoring for high-risk imaging Al [28].

10.2 Regenerative-medicine frontiers—Cell-free vesicles and bioprinted
composites

On the biologic side, the field is pivoting from whole-cell injections towards
exosome-based, cell-free therapeutics that deliver miR-140- and TGF-p-rich cargo
without the tumour or ectopic-bone risks of proliferating cells. Dental-pulp-stem-cell
exosomes embedded in hyaluronic-acid hydrogel have already regenerated condylar
cartilage in rats with an excellent safety profile [5]. Gene-edited “universal” MSC
lines—CRISPR (Clustered Regularly Interspersed Short Palindromic Repeats) knock-
in of SOX9 with p-2-microglobulin knock-out—promise off-the-shelf chondrogenic
potency while evading immune rejection [23]. Concurrently, multi-material 3-D
bioprinting is reaching the point where a stiff f-TCP sub-chondral base and a softer
collagen-GelMA cartilage cap can be laid down in a single pass; large-animal trials are
forecast within two years [71]. Smart scaffolds doped with magnesium or zoledronate
will release osteo-anabolic cues only when loaded, closing the biochemical loop with
real-world jaw function [20].
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10.3 Towards an adaptive, closed-loop pathway

Combine these advances and a closed cycle emerges: Al flags early, still-revers-
ible degeneration — a digital-twin simulation selects the optimum biologic recipe
— a bioprinter fabricates a patient-specific implant whose drug-release kinetics
mirror occlusal forces — Al-augmented arthroscopy guides placement in real time
— federated post-operative monitoring feeds the next model update. Multi-centre
registries, GMP-grade manufacturing pipelines, explainable AI dashboards and
value-based reimbursement schemes will all be critical, yet the trajectory is unmis-
takable. With sustained interdisciplinary collaboration, TM] surgeons are likely
to wield both the diagnostic acuity of AI and the curative promise of regenerative
bioengineering, delivering durable, personalised restoration, instead of palliative
mechanics.

11. Emerging directions in regenerative medicine for TM] repair

Regenerative strategies for the temporomandibular joint (TM]) are moving rapidly
beyond first-generation stem-cell suspensions. Three broad vectors now define the
research frontier: cell-free vesicles, gene-edited “universal” cells and 3-D-printed
smart scaffolds that respond to jaw loading.

11.1 Exosome therapeutics: Paracrine action without the baggage

Mesenchymal-stem-cell (MSC) exosomes are 30-150 nm vesicles that carry
micro-RNAs (miR-140, miR-29a), cytokines and lipid mediators capable of silenc-
ing catabolic genes while boosting chondrogenic ones. A systematic review of >50
pre-clinical studies showed that these vesicles suppress inflammatory cytokines and
up-regulate SOX9 more consistently—and far more safely—than live MSCs, because
they cannot divide or mutate [17]. Translational momentum is strong: in a rat TMJ-
osteoarthritis model, dental-pulp-stem-cell exosomes embedded in a hyaluronic-acid
hydrogel cut pain behaviour by 45% and improved histological OARSI scores within
4 weeks, outperforming cell-free saline controls [72]. Regulatory hurdles remain
(batch analytics, potency assays), but the absence of living cells simplifies both steril-
ity testing and tumourigenicity assessments.

11.2 Gene editing and gene therapy: Rewriting chondrogenic fate

CRISPR/Cas9 (CRISPR-associated protein 9) is now being used to programme
autologous or allogeneic cells before implantation. Proof-of-concept work has
inserted a SOX9 enhancer into adipose-derived MSCs, tripling type-II-collagen
output and closing rabbit condylar defects without off-target edits or immune
flare-ups [73]. Parallel viral-vector strategies deliver anabolic proteins in situ: adeno-
associated-virus (AAV) vectors driving bone morphogenetic protein 7 (BMP-7)
expression thickened condylar cartilage by 30% in large-animal studies, suggesting
that gene-augmented grafts may one day obviate repeat injections of recombinant
growth factors [74]. The next regulatory milestone will be first-in-human trials that
combine CRISPR-edited, hypo-immunogenic MSCs with scaffold carriers manufac-
tured under GMP.
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11.3 Advanced 3-D bioprinting: Gradient, vascular and patient-specific

Multi-material printheads can now deposit a p-tricalcium-phosphate (-TCP)
sub-chondral base and a collagen / GelMA cartilage cap in a single pass, creating
stiffness gradients that mimic the native osteochondral unit. Such constructs matched
the compressive modulus of the sheep condyle to within 10% and supported early
vascular in-growth [75]. On the clinical side, cone-beam-CT data have been converted
into patient-specific PCL / f-TCP condylar scaffolds in <40 min; these implants press-
fit securely in porcine mandibles with no intra-operative trimming, pointing towards
just-in-time manufacture for human surgery [48].

11.4 Smart, mechanosensitive biomaterials: Chemistry that listens to load

Chemical “programming” now lets scaffolds release bioactive cues in response
to mechanical stress. A magnesium-doped p-TCP composite was engineered so that
VEGEF is liberated only when local compressive stress exceeds 0.2 MPa—the very
threshold reached during mastication—thereby synchronising angiogenic signalling
with functional loading and doubling micro-vessel density in rabbit TMJ defects [76].
In parallel, piezo-electric polyvinylidene-fluoride (PVDF) meshes are being explored
to transduce mandibular motion into micro-currents that stimulate chondrocyte
proliferation; in vitro studies already confirm up-regulation of aggrecan and COL2A1
under cyclic deformation [77].

11.5 Off-the-shelf cell sources: Towards universal cartilage inserts

Induced-pluripotent-stem-cell (iPSC) technology offers consistent, bankable
chondrocyte progenitors. Six-month minipig studies demonstrate that iPSC-derived
chondrocytes seeded into PCL / GelMA plugs integrate with native cartilage and
remain immunologically silent, addressing donor-variability and supply-chain issues
that bedevil primary MSCs [78]. When combined with the hypo-immunogenic edits
noted above, such lines could become true “universal donors” for craniofacial carti-
lage repair.

11.6 Outlook: Converging towards clinical translation

Taken together, these technologies portend a new template for TM]J
reconstruction:

1. Cell-free vesicles deliver potent paracrine signals without oncogenic risk.

2. CRISPR-edited cells add programmable, durable matrix production.

3. Gradient bioprints supply anatomically precise, load-matched substrates.

4. Mechanosensitive chemistries couple local drug release to real-time jaw function.

5.Universal iPSC chondrocytes close the supply gap for allogeneic implants.

Each component still faces hurdles—scalable GMP production, long-term safety
data and cost-effective reimbursement schemes—but the direction of travel is clear.
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With continued interdisciplinary effort, the TMJ surgeon of the 2030s may choose
from an off-the-shelf catalogue of smart, patient-specific implants that not only fill
defects but actively remodel under physiological load, restoring true joint biomechan-
ics rather than merely alleviating pain.

12. Convergence and personalised care—A glimpse of the near future

Within the next decade, temporomandibular-joint (TM]) surgery is likely to
evolve into a seamless, data-driven continuum that marries high-fidelity artificial
intelligence (AI) with bespoke regenerative implants. At the patients first visit, a
federated-learning model will process cone-beam CT and MRI scans alongside jaw-
kinematic traces, serum cytokines and salivary micro-RNAs. The system will not only
classify the current disorder but also forecast its progression and estimate the prob-
ability that conservative care will fail [59].

Armed with those predictions, clinicians will open a digital-twin workstation—
already prototyped for orthognathic rehearsal [69]—to run “what-if” simulations:
no scaffold versus hydrogel injection or a tissue-engineered disc seeded with autolo-
gous stem cells. If the twin indicates that disc replacement offers the best long-term
mechanics, an Al generative-design engine will convert the MRI segmentation into a
biconcave scaffold whose posterior band is softer and more elastic than the interme-
diate zone; pore size and p-tricalcium-phosphate content will be tuned to match that
individual’s bite-force map [79]. The construct will then be bioprinted and cultured
with the patient’s cells under GMP conditions.

During surgery, Al-augmented arthroscopy will overlay real-time colour maps that
label cartilage, disc and synovium, guiding precise debridement [70]. A light robotic
arm, proven capable of sub-millimetre milling and microsuturing [80], will help seat
and secure the implant. Post-operatively, a smartphone app will track mandibular
range-of-motion arcs; any deviation from the predicted recovery curve will trigger
an automatic tele-consult and, if needed, a booster injection of exosome-enriched
hydrogel [81]. Each case will feed anonymised outcome data back into the federated
network, continuously refining future predictions.

This closed loop extends the principle long championed by Makris et al.—that
cartilage repair succeeds when mechanical, cellular and biochemical cues are co-
optimised [9]—into an era where Al supplies the real-time analytics needed to make
such optimisation routine. By fusing continuous data capture, predictive modelling
and bespoke biofabrication, TMJ surgery can progress from palliative mechanics to
genuinely regenerative, precision medicine.

13. Conclusion

The fusion of data-centric artificial intelligence and next-generation regenerative
bioengineering is raising the therapeutic ceiling in temporomandibular-joint (TM])
surgery. Deep-learning models trained across multiple hospitals via federated learn-
ing can now flag sub-millimetre degeneration and forecast disease trajectories with
clinically meaningful precision [3, 20]. Coupled to digital-twin simulators, these
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algorithms let surgeons rehearse competing “what-if ” strategies—scaffold, hydrogel
or biologic disc—well before the first incision [69].

On the biologic front, the armamentarium has progressed from crude cell suspen-
sions to cell-free exosomes, CRISPR-edited mesenchymal-stem-cell lines and multi-
material 3-D-printed scaffolds that rebuild both fibro-cartilage and sub-chondral
bone in large-animal studies, with early human data suggesting favourable safety
[76]. When such implants are linked end-to-end with Al triage, generative scaffold
design, augmented-reality placement and smartphone-based recovery monitoring,
they create a learning loop capable of delivering durable tissue regeneration rather
than palliative mechanics.

Still, widespread adoption is not automatic. Al systems need larger, ethnically
diverse datasets and transparent decision logic; regenerative products must meet
GMP, long-term durability and cost-effectiveness benchmarks; and clinicians
will require new competencies in biofabrication and data interpretation [4, 8, 28].
Meeting these challenges will demand multi-centre registries, explainable-Al dash-
boards, standardised potency assays for biologics and value-based reimbursement
models.

If such infrastructure is built, TM]J surgeons could soon fulfil the vision articulated
a decade ago—that cartilage and bone can be re-engineered in situ when mechani-
cal, cellular and biochemical cues are co-optimised [9]. In that future, every patient
would receive a predictive, personalised and truly regenerative intervention—con-
tinuously refined by the collective experience of a global learning network.
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