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Treatment with Shockwave Therapy in a Patient with Joint
Hypermobility and Temporomandibular Dysfunction

Claudio Lopes Simplicio’, Angélle Aragonez Essado Jicomo', Guilherme Antonio
Moreira de Barros'

The text addresses the relationship between joint hypermobility (JH), Ehlers-Danlos Syndrome (EDS), and temporomandibular dysfunction
(TMD) in patients, discussing the complexity, and comorbidities associated with these conditions. A clinical case is presented, along with the
treatment, including focused shockwave therapy as a non-invasive therapeutic approach. The effectiveness of shockwave therapy is discussed in
relation to painreliefand musculoskeletal system regeneration, based on studies and scientific evidence.

However, despite the potential benefits, further research is still needed to fully understand the effects of these therapies in patients with specific
conditions, such as JH and EDS. The safety and efficacy of shockwave therapy are also discussed, emphasizing the importance of following
rigorous protocols to avoid complications.

This summary highlights the relevance of shockwave therapy in the treatment of TMD and other musculoskeletal conditions, providing a
comprehensive view of therapeutic approaches and clinical considerations involved.
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Introduction

Joint hypermobility (JH) is often present in
hereditary connective tissue disorders and is
characterized by joints that exceed the
physiological range of motion (ROM) [1].
Temporomandibular dysfunction (TMD) is
a condition that commonly causes pain and
dysfunction, which can be disabling for
patients. Many TMD patients present with
psychological comorbidities [2]. The
condition results from dysfunction of the
masticatory muscles and/or the
temporomandibular joint (TM]), leading to
symptoms such as pain, joint noises, and
impairment of mandibular function.
Diagnostic and treatment methods for TMD
do not have a definitive success rate and vary
depending on the underlying cause, with
conservative approaches recommended

before considering surgical interventions.
Constantly, new diagnostic and treatment
techniques for TMD are being proposed in
search of better outcomes for patients [3].

The temporomandibular joint (TM]J) is a
complex bilateral synovial joint, located on
both sides of the craniofacial complex,
playing an essential role in facial expression,
chewing, swallowing, speech, and other
automatic movements, such as yawning,
grinding, or clenching. However, the
complete rest of this joint under normal
physiological conditions, except for
pinching, can be a challenge [4]. Conditions
affecting the temporomandibular joint
(TM]J) can result in pain and dysfunction in
the muscles and joints involved in jaw
movement. Recurrent dislocations and
subluxations of the TMJ are common and
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can cause damage to the temporomandibular
system, such as injuries to the capsular
ligaments and the articular disk, leading to
the development of Temporomandibular
Dysfunction (TMD) [$]. Bruxism and other
parafunctional habits have been identified as
factors associated with TMD in the general
population. Diagnosis of TMD is based on
the diagnostic criteria for
temporomandibular disorders, which define
criteria for the most common TM]J disorders.
The pathophysiology of the TM]J has a
significant impact on individuals’ ability to
perform essential daily activities and vital
functions, influenced by a variety of
biological, behavioral, emotional, cognitive,
environmental, and social factors [6].
Between 2000 and 2500 jaw movements
occur daily, highlighting the importance of
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the Ehlers-Danlos Society (ehlers-danlos.com).
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Figure 1: Nine-point Beighton Scale for joint hypermobility syndrome [8]. Used with permission from

TM]J health. TMJ dysfunctions are often
associated with other health conditions, such
as chronic fatigue syndrome, fibromyalgia,
and sleep disorders, increasing the physical
and emotional suffering of patients [7]. The
diagnosis of these dysfunctions is performed
by evaluating signs and symptoms, using
classification systems such as the diagnostic
criteria for temporomandibular disorders
and the classification of the American
Academy of Orofacial Pain. The treatment of
temporomandibular disorders should
address the patient holistically, considering
the biopsychosocial model of health and
involving a specialized multidisciplinary
team. Conservative therapeutic approaches,
such as physiotherapy, acupuncture, manual
therapy, mobilizations, shockwaves, and
other techniques, aim to relieve discomfort,
improve neuromuscular strength and
coordination, and increase joint ROM range
of motion [8,9].

Extracorporeal shockwave therapy (ESWT)
is a non-invasive intervention technique that
has been used for over three decades, initially
in urology and has evolved to treat various
musculoskeletal pathologies [10]. Plantar
fasciitis was the first orthopedic condition to
receive United States Food and Drug
Administration approval for shockwave
management. Subsequently, many other
indications were added, and in the last
decade, there has been a significant
expansion of studies on central nervous
system application, particularly in
degenerative diseases. ESWT is considered a
safe therapy, well-tolerated by patients, and

its appropriate use is essential to avoid
complications. There are two types of
technical principals included under the term
shockwaves: Radial pressure waves and
focused shock waves [11]. Each technology
hasits specific target depths and surface areas.
Focused shockwaves allow for the application
of high-energy density waves, penetrating
deeper (6 cm~-15 cm), while radial pressure
waves allow for the application of medium or
low-energy density waves with less
penetration (2-3cm) [12].

Focused shockwave generators are widely
used in clinical practice, with different
generation methods such as electrohydraulic,
electromagnetic, and piezoelectric being
utilized, each with specific characteristics
[13]. Consisting of converging high-energy
pressure pulses to a focal point, while radial
pressure waves have a more superficial effect,
being generated by pneumatic or
electromagnetic mechanisms that transmit
mechanical energy to tissues in divergent
medium to low-energy pressure pulses to a
specific point [14]. In fact, radial pressure

waves are not shockwaves.

With the two energy propagation
mechanisms: direct, which is
mechanotransduction, and indirect, the latter
caused by the formation of cavitation
bubbles, focused shockwaves reach greater
depths in body tissues, while radial pressure
waves have amore superficial effect [15]. The
energy released in the tissues transforms a
mechanical effect into a biological effect.
There are different phases of tissue reactions,
highlighting physical, physicochemical,
chemical, and biological aspects [16]. In the
physical and physicochemical phases, there is
an interaction of shockwaves with tissues,
triggering biochemical reactions and release
of biomolecules. In the chemical phase,
shockwaves modify ionic channels and
mobilize calcium in cell membranes. In the
biological phase, ESWT modulates processes
such as angiogenesis, inflammation, and
healing. A study also highlights the ability of
ESWT to transform M1 macrophages into
M2, influencing the inflamed cellular
environment. In addition, the therapy has
demonstrated benefits for musculoskeletal
conditions, including pain relief and tissue
regeneration [17].

Definitions

Joint hypermobility : This is a term used to
define a joint that exceeds its physiological
ROM, passively and/or actively, taking into
consideration age, sex, and race [2]. It is
important to understand that JH is a
descriptor and not a diagnosis. Although the
term JH encompasses some types of
hypermobility, for didactic purposes, we will
attribute the term JH to those patients with
generalized JH (GJH), meaning when JH is
observed in multiple joints (five or more),
usually involving all four limbs and the axial
skeleton [3]. The Beighton score is the most
commonly used tool to define GJH (Table 1

Figure 2: Focused shockwaves, piezoelectric device.
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Table 1: Beighton’s nine-point scale for HAG
Capacity of: Right Left
1. Passive dorsoflexion of the
. 1 1
fifth metacarpophalangeal >90 °
2. Oppose the thumb to the
volar aspect of the ipsilateral 1 1
forearm
3. Hyperextend the elbow >10° 1 1
4. Hyperextend the knee >10° 1 1
5. Place your hands flat on the
. . 1 1
floor without bending your knees
Scoring: 1 point can be assigned to each side of maneuvers #4, so
the score for hypermobility will have a maximum of 9 points if all are
positive

and Fig. 1). GJH can be asymptomatic or
presentwith clinical symptoms [3].
Hypermobility spectrum disorder
(HSD): This term refers to patients with
symptomatic JH who do not meet diagnostic
criteria for a specific genetic syndrome,
bridging the gap between asymptomatic JH
anda genetic diagnosis [3].
Ehlers-Danlos syndrome (EDS),
hypermobile subtype (hEDS):

There are 13 subtypes of EDS, with the
hypermobile subtype being the most
prevalent (other well-known subtypes are
classical and vascular). It is inherited in an
autosomal dominant manner with variable
expressivity [S]. The expression is strongly
influenced by gender, with women being
more affected than men. In some studies, the
ratio between women and men can be as high
as 9:1. [7] While collagen and connective
tissue are involved, it is challenging to
attribute all findings to the collagen alteration
itself, and further studies are needed to clarify
this fact. While 12 subtypes have a genetic
biomarker, the one forhEDS has not yet been
identified [2].

Relationship between JHand TMD

EDS leads to significant gingival and
periodontal changes with excessive
inflammation compared to the amount of
present bacterial plaque, extensive gingival
recessions, and early loss of dentition in 98%
of cases. In the other EDS subtypes,
periodontal changes are less frequent [18,
19]. Associations exist between some EDS

subtypes and dental irregularities, such as
variations in the number, shape, and size of
teeth, defects in enamel, and crown
constitution [20]. However, due to the rarity
of some EDS subtypes where these
irregularities are observed, and the
predominance of research based on isolated
clinical cases, generalizing the results is
complicated. Recently, the strongest
association between EDS and dental
irregularities is linked to vascular EDS;
showing pulpal changes such as decreased
pulp volume, deformed pulp chambers, and
root anomalies, especially in mandibular
molars. Pulp calcifications and root
hypoplasia are common in the classic subtype
of EDS[21,22].

EDS affects connective tissues, including
ligaments and cartilage that support the TMJ.
Scientific studies have consistently pointed
out that individuals with EDS are more likely
to develop TMJ dysfunctions [20,23,24].

Casereport

A 40-year-old woman, a secretary, diagnosed
with hypermobile EDS, started experiencing
pain in the TMJ at the age of 30. She
underwent orthognathic surgery, which
worsened the pain. Since then, she has been
using an oral muscle relaxant splint. She
developed cervical pain, a mild burning
sensation of 3/10 intensity, worsening in the
morning and by the end of the day. She has
been under medical follow-up with us since
August 2022, bringing previous imaging

€xams.

Imaging exams

The magnetic resonance imaging (MRI) of
the TMJ (2020) presented degenerative
process in the mandibular condyles probably
caused by subchondral sclerosis, while the
MRI of the cervical spine (2021) showed left
facet osteoarthritis at C2-C3, bilateral at C3-
C4, and right at C5-C6; mild disc
degeneration at C4-CS, and CS-C6, small
broad-based posterior disc protrusion at CS-
C6. The MRI of the skull (2020) result was
normal.

Pastmedical history

The previous drug-induced hepatitis, prior
drug-induced erythema, endometriosis,
Hashimoto’s thyroiditis, and lactose
intolerance.

Continuous use of the following
medications: CBD-THC Full Spectrum,
Amitriptyline, Pregabalin, and Botulinum
Toxin Type A every 6 months. Frequent
chiropractic care was performed.

Electroneuromyography Studies:

Facial and upper limb
electroneuromyography was performed in
August, 2022.

The electroneuromyography showed pre-
ganglionic motor, axonal, and chronic
impairment in the C6-C7 myotomes to the
right, without signs of active denervation. No
changes suggestive of a disorder at the
postsynapticjunction were observed.
Conduct:

It was proposed to the patient four sessions of
focused shockwave therapy with a weekly
interval and dry needling (DN) with
electrostimulation.

Protocol:

Focused shockwave therapy, piezoelectric
device, manufacturer BTL, at the following
myofascial points:

« Bilateral trapezius — 1,500 shots per side

« Bilateral masseter — 800 shots per side

« Bilateral cervical region — 700 shots per
side.

*Intensity 0.08 mj/mm?2, frequency of 8Hz,
and 6,000 shots.

InMay 23,2024 the patient attended a follow-
up appointment reporting an improvement
in pain by around 80%, although she still
mentioned pain at the base of the occipitals.
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Discussion

TMD has a diverse characteristic, associated
with atypical habits, pressure, and teeth
grinding, local or systemic conditions, and
psychosocial factors such as distress [25, 26].
The TMJ and the knee joint have similarities;
they are diarthrodial joints essential for many
daily movements. The knee, composed of the
tibiofemoral and patellofemoral joints, is
crucial for walking and running, supporting
greater forces than the TMJ, which facilitate
chewing, speaking, and breathing.
Biomechanically, the knee deals with higher
compression and shear forces, while the TMJ
withstands traction loads. Biochemically, the
knee meniscus has variations of collagen
Type I and II, and the TMJ disc consists
mostly of collagen Type 1. Both joints can
develop pathologies, resulting in pain and
dysfunction. Although the knee joint and the
TM]J have a similar incidence of cartilage
diseases, treatment options for the knee are
more effective. Both are among the most
utilized joints in the body [27].
Musculoskeletal disorder known as
myofascial pain is complex and manifests
through trigger points. These points, located
in areas of muscle tension, are sensitive to
touch and often cause pain when pressed.
These trigger points or nodules can cause
various changes in individuals, from muscle
shortening, hypersensitivity, and weakness,
vascular changes, dizziness, and
hyperirritability. Trigger points involved in
myofascial dysfunction have high
concentrations of various substances, such as
acetylcholine production or release at muscle
nerve endings, resulting in prolonged
depolarization of the cell membrane and
release of intracellular calcium. This leads to
muscle ischemia and the release of sensitizing
substances such as Substance P, CGRP,
bradykinin, prostaglandins, serotonin, tumor
necrosis factor a (TNFa), and interleukins
(IL-1B,IL-6,IL-8) [26].

Shockwave therapy is a non-invasive
treatment modality that uses acoustic waves
to produce physical effects and transforms
them into biological actions in tissues,
stimulating angiogenesis, vasculogenesis,
lymphangiogenesis, and neoangiogenesis,
improving perfusion, and altering tissue
ischemic pain sensitization. Studies have
indicated that the masseter and temporal
muscles are often affected by active trigger
points in patients with TMD [27]. A recent

study showed that both DN and shockwave
therapy can be effective in treating myofascial
trigger point (MTtrP) symptoms in the upper
trapezius muscle in patients with chronic
non-specific neck pain. The results indicated
no significant difference between the
interventions in trigger point pain intensity
and cervical mobility [28].

The use of low-intensity therapeutic
ultrasound once daily for 2 weeks has been
shown to be effective in relieving bilateral
myofascial pain associated with TMD [29].
This approach also resulted in improvements
in the mandibular functions of the studied
patients [29]. A study demonstrated that
treatment with DN in MTrPs of the trapezius
muscle reduced pain and increased pressure
pain threshold in three sessions. The research
indicated that DN can stretch local
sarcomeres and activate neurons that reduce
pain. In addition, the treatment can affect
microcirculation and the chemical properties
of MTrPs. In other studies, the focal
shockwave therapy significantly improved
pain, quality of life, and anxiety in patients
with MTPsin the trapezius [30].
Application of radial pressure waves has been
shown to be more efficient than ultrashort
wave (uw) in the treatment of TMD, resulting
inimprovements in pain scores Visual Analog
Scale, jaw movement range (MMO), and
TMD function [31].

The TMD process occurs through a
proinflammatory process, with the release of
cytokinessuchasIL-1,IL-6,and TNF-a, M-1
macrophages involved in synovial
inflammation, leading to joint cartilage
degradation and excessive apoptosis of
chondrocytes in the soft tissue of bone and
joints, as a result of increased nitric oxide
content, substance P, calcitonin gene-related
peptide, and local metabolism imbalance in
the joint. Shockwaves can reduce the nitric
oxide content in joint fluid, decrease
chondrocyte apoptosis, stimulate articular
cartilage proliferation, repair cartilage
defects, inhibit the secretion of inflammatory
cytokines, regulate M-1 macrophage
polarization to M-2, leading to tissue
regeneration.[32] Tissues with low
vascularization, when subjected to
shockwaves, can promote revascularization
through local release of growth factors,
mobilize stem cells, and stimulate exosome
production, resulting in increased blood flow
to the tissue [32].

The previous studies indicated that these
mechanisms could also contribute to
reducing muscle tone in spasticity cases and
have a stimulating effect on lubricin
expression in fasciae and tendon sheaths [28-
30]. It has been demonstrated that lubricin
induces improved tendon sliding in vivo
[33]. Furthermore, shockwaves can have an
analgesic effect during therapy, blocking the
activation and transmission of pain signals
through non-invasive stimulation of cell
membranes and nerve endings, especially C
fibers [34].

The study investigated the effects of ESWT
on in vitro cells, examining the relationship
between shockwave intensity and biological
outcomes. The results showed that low-
energy ESWT improved angiogenic factor
expression and reduced apoptotic cytokines,
while high energy had the opposite effects.
An energy flux density of 0.10-0.13
m]/mm2 with 200-300 pulses was
considered ideal for stimulating cell
proliferation and suppressing inflammation
and apoptosis. Shockwave therapy exhibited
varied effects on different cytokines,
including increased expression of eNOS,
Ang-1, and Ang-2, and suppression of
inflammatory mediators. The results
highlight ESWT potential in regulating
biological processes, suggesting the need for
future investigations to fully understand the
in vivo effects [35]. In a meta-analysis, the
multimodal therapy outcome consisting of
occlusal splints and counseling therapy may
offer improvement for patients with TMD
[36]. Radial pressure waves are generally
applied to superficial injuries and large
treatment areas, while focal shockwaves are
often used to treat deeper injuries, bone
edema, and calcifications. Studies have
shown that multimodal treatment and
repeated shockwave applications result in
better therapeutic outcomes in TMD [37,
38].

Laser therapy and ESWT have immediate
analgesic effects, acting to decrease ATP
production in dorsal root ganglion neurons.
Laser acts by stimulation of endogenous
opioid release, an increasing pain threshold
with changes in bradykinin and histamine
release [39]. The reapplication of
shockwaves triggers repeated chemical
reactions, stimulating normal molecular and
cellular functions, promoting biological
regeneration, and restoring tissue
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physiological homeostasis without causing
damage. This effect is achieved through
mechanotransduction and cavitation. It is
important to note that focal shockwaves offer
greater penetration in musculoskeletal
disorder treatment and present fewer
restrictions in indications for various
pathologies [40]. Increasing evidence
indicates that ESWT is safe and effective in
treating various musculoskeletal disorders.
The most common complications after
ESWT include local pain, skin erythema,
soft-tissue swelling, hematoma formation,
and syncope [41].

The occurrence of these complications is
usually related to energy flow density, with
high-energy ESWT more likely to cause local

complications compared to low-energy
ESWT. Isolated cases of more severe side
effects have also been documented, including
two reported cases of osteonecrosis [41].
However, there is still controversy about the
ideal treatment frequency, requiring further
research. While fewer complications have
been reported, it is essential to follow strict
protocols to avoid potential complications in
clinical applications [42].

Furthermore, ESWT can stimulate
neovascularization and growth factor
secretion, which has great potential to
enhance chondrocyte viability and cartilage
repair mechanisms. Animal studies have
shown that ESWT offers benefits such as
cartilage protection, anti-inflammatory

effects, neovascularization, prevention of cell
apoptosis, and tissue regeneration, which
may be relevant forjoint treatment [43].

Conclusion

The use of shockwaves as part of TMD
treatment, along with other therapies, is seen
as a promising alternative approach. These
methods can play a significant role in pain
relief and musculoskeletal system
regeneration. However, there is a significant
gap in the scientific literature regarding the
impact of these therapies on patients with JH,
EDS, and TMD. Future research is essential
to further investigate the effects of these
treatments on such specific clinical
conditions.
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