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Abstract 

While joint hypermobility can result from various medical conditions, it is most commonly associated 

with a group of related genetic conditions that affect connective tissue known as Ehlers–Danlos 

syndromes (EDSs). As there is currently no specific genetic testing for the diagnosis of Ehlers–Danlos 

hypermobility syndrome (hEDS), diagnosis is strictly made based on clinical criteria, which include 

physical features such as pain and family history, in addition to a scoring system known as the 

Beighton Score—a 9-point scale used to measure joint hypermobility—with a score of >4 considered 

significant. While hEDS often causes chronic muscle and joint pain, the underlying mechanisms 

remains poorly understood. Dysautonomia, characterized by common symptoms such as anxiety, 

vertigo, and increased heart rate when standing (orthostatic intolerance), in addition to multiple 

gastrointestinal symptoms, is highly prevalent among hEDS patients. We hypothesize that 

hypermobility due to ligamentous instability of the upper cervical spine, C1 and C2, results in 

impingement of the carotid sheath, the carotid artery and, more significantly, the vagus nerve, thus 

explaining the myriad symptoms that accompany hEDS. We also propose the novel use of 

extracorporeal shock wave therapy (ESWT) to treat this instability. 

Keywords: Ehlers Danlos Syndrome; dysautonomia; extracorporeal shock wave therapy; cervical 

instability; vagus 

 

1. Introduction 

It is widely recognized that the most common cause of joint hypermobility is one of the thirteen 

types of Ehlers–Danlos syndrome (EDS) [1]. Ehlers–Danlos syndromes (EDSs) are a group of related 

genetic conditions that affect connective tissue and are typically characterized by skin 

hyperextensibility, joint laxity, and tissue fragility [2]. Due to the lack of specific genetic testing for 

the diagnosis of EDS hypermobility syndrome (hEDS), diagnosis is strictly based on clinical criteria, 

such as physical features, pain, and family history, in addition to a scoring system known as the 

Beighton Score, a test that measures joint hypermobility. A 9-point scale is used to measure joint 

hypermobility, with a score of >4 considered significant [3]. 

In earlier studies, (hEDS) has traditionally been viewed as a musculoskeletal condition [4]; 

however, the mechanism by which the condition exerts influence at a systemic level—often involving 

the cardiovascular, neurological, and other autonomic domains—remains unclear [5]. Clinical 

observations and the findings of smaller studies link upper cervical instability to vagus nerve 

compression in hEDS, with symptoms improving after neck stability is addressed [6]. This cervical 

instability has been most commonly linked to ligament laxity, particularly at C1-C2 or the 

craniocervical junction. The vagus nerve exits the skull and travels directly parallel to these vertebrae 

in the carotid sheath (together with the glossopharyngeal nerve). Excessive movement can pinch, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 April 2026 doi:10.20944/preprints202604.1962.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.1962.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 10 

 

irritate, or distort the nerve at the nodose ganglion, impairing its signals. This process leads to 

autonomic dysfunction that can significantly impair the individual’s quality of life and result in 

complications in the management of the disease [7]. Due to this apparent vagus nerve connection, 

non-invasive vagus nerve stimulation (VNS), such as auricular (ear) or acoustic methods, is being 

investigated in multiple clinical studies and trials to improve autonomic function to reduce GI 

symptoms and ease pain in hEDS [8,9]. A considerable body of research is now concentrated on the 

role of the vagus nerve in the etiology of the myriad of symptoms suffered by patients with the 

diagnosis of EDS and the effects of ligamentous instability initiating this vagus nerve involvement. 

2. History of the Disease 

Very early writings by Hippocrates from 400 BCE describe a condition that may have been hEDS 

when he noted that Scythians and nomadic populations had lax joints as well as numerous scars, 

which he believed may have been caused by cauterization in an attempt to tighten the joints. It was 

not until the late 1800s that Ehlers–Danlos syndrome (EDS) was be described in the literature by 

Danish dermatologist Edvard Ehlers and the French dermatologist Henri Alexandre Danlos in 1899 

and 1908, respectively. In 1936, an English physician, Frederick Parkes-Weber, suggested that the 

disorder be named ‘Ehlers–Danlos syndrome [10]. 

In 1956, Victor McKusick provided the first synthesis of the clinical literature on the 

multisystemic and variable nature of EDS in his work on heritable connective tissue disorders. 

McKusick found EDS to be a  generalized disorder of connective tissue, noting that the underlying 

biochemical defects in collagen necessarily impacted every organ system in which collagen serves as 

a structural scaffold rather than a mil or seemingly trivial mechanical disorder of lax joints in 

otherwise healthy subjects [11]. In 2017, the International Consortium on Ehlers–Danlos Syndromes 

established a new classification defining 13 EDS subtypes based on clinical, molecular, and genetic 

criteria. These criteria emphasized that EDS was not merely a joint or musculoskeletal disorder but a 

complex syndrome that included autonomic dysfunction [12]; however, the authors did not examine 

specific mechanisms in detail, such as craniocervical instability or vagus nerve compression. Research 

into possible mechanical effects on the vagus nerve increased from 2017 to 2021 and eventually 

resulted in the term cervicovagopathy (vagus nerve dysfunction secondary to ligamentous cervical 

instability) appearing more frequently in the clinical literature and elevating the hypothesis linking 

hEDS-related ligament laxity to stretch/compression of the vagus nerve in the carotid sheath [13–16]. 

3. Significance of Upper Cervical Spine Anatomy 

An emerging body of evidence suggests that structural abnormalities of the upper cervical spine, 

particularly craniocervical instability (CCI) and atlantoaxial instability (AAI), may contribute to or 

directly cause dysautonomic symptoms [17,18]. The cervical spine is comprised of seven vertebrae 

which, based on their anatomical characteristic are divided into two groups. The superior cervical 

group which is comprised of the posterior inferior aspect of the skull at CO (occiput), Cl (atlas), and 

C2 (axis), is essential for maintaining craniocervical stability, and is referred to as the craniocervical 

junction (CCJ), while the inferior cervical group is made up of C3 to C7 [19]. 

The CCJ comprises two distinct joints: the atlanto-occipital (AO) joint, which consists of the skull 

(occiput) which rests on the first cervical vertebra (atlas), and the atlantoaxial (AA) joint, where the 

atlas connects with the axis. This region contains several ligaments, muscles, small joints called facet 

joints, and occiput condyles (OC) which support the head and enable it to move in multiple 

directions, as well as providing stability. 

Unlike vertebrae C3-C7 which are relatively uniform in shape and appearance [20], the atlas and 

axis possess unique anatomical features. The atlas (C1) lacks a vertebral body and spinous process 

and is considered atypical. To compensate for this absence of a vertebral body there are anterior and 

posterior arches that are joined on each side by a lateral mass. Each lateral mass comprises a kidney-

shaped articular facet that enables it to articulate with the occiput above, forming the AO joint. Each 
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facet has a transverse process that contain a foramen for the passage of nerves and blood vessels, 

while the anterior and posterior arches and the two lateral masses form a central ring-like anatomical 

space called the vertebral canal, which provides a passage for the spinal cord [21].  

The stability of this segment of the vertebral column relies on the integrity of the cervical 

ligaments, and any decrease in ligament strength can directly impact spinal stability [22,23]. This 

stability primarily relies on the Posterior Ligamentous Complex (PLC), also referred to as the 

posterior tension band, which consists of the supraspinous ligament (SSL), interspinous ligament 

(ISL), ligamentum flavum (LF), and facet joint capsules (FJCs) [24,25]. It is thus postulated that the 

inherent laxity in hEDS leads to cervical spine ligament instability and the loss of cervical lordosis, 

forward translation of C1, and encroachment on the carotid sheath, thus compressing the vagus nerve 

and internal jugular vein [26,27]. 

Anatomically, a set of 12 nerves known as the cranial nerves emerge directly from the brainstem 

and comprises of both motor and sensory nerves which are responsible for several physiological 

processes, including vision, olfaction, audition, and complex facial movements. Any compromise of 

any of these nerves such as compression can manifest in various symptoms depending on the nerve 

affected and the extent of compression, particularly relevant in the case of CN X, known as the vagus 

nerve [28,29]. Derived from the Latin word for “wandering, straying”, the vagus nerve originates in 

the brainstem and terminates in the splenic flexure of the colon [30]. Along its anatomical course, the 

vagus nerve makes a 90° turn at the level of the C1 (atlas) vertebra; thus, any changes in cervical spine 

positioning, i.e., such as loss of normal lordosis due to cervical ligamentous laxity which can lead to 

instability, are recognized as increasing the vagus nerve’s susceptibility to kinking and compression, 

potentially and thus contributing to symptoms of dysautonomia [31]. The authors of other studies 

have recognized that the anatomical proximity of the upper cervical spine to critical neurovascular 

structures—including the brainstem, vagus nerve, and carotid arteries which creates potential for 

mechanical compression when ligamentous laxity secondary to EDS permits excessive vertebral 

motion [32,33]; thus, in theory, a treatment method specifically for ligament laxity in the upper 

cervical spine could facilitate a reduction in or complete elimination of ligamentous laxity and as a 

consequence the elimination of cervical instability and its effect on the vagus nerve, culminating in 

the reduction in or elimination of dysautonomia symptoms associated with its compression. 

4. Current Treatment Options 

There is a lack of published literature on the various methods used for the treatment of hEDS 

patients, particularly those suffering from upper cervical spine instability with current treatment 

modalities limited to surgical interventions that carry significant risks and conservative therapies 

demonstrating variable efficacy [34]. 

Among the treatments currently available to patients suffering from upper cervical instability is 

surgery. While Henderson, et al. in their study examining post-operative outcomes, concluded that 

patients who underwent occipitocervical fusion with intraoperative reduction exhibited significant 

improvements, with the most significant improvements being pain reduction (63%),reduction in 

cardiac palpitations (55%), improved orthostatic tolerance (52%), and a reduction in chronic fatigue 

(48%), they noted that the procedure carries significant risks due to the proximity of the brainstem, 

spinal cord, and vertebral arteries, with a complication rate of 35.7% [35]. Postsurgical complications 

are also likely to arise due to abnormal connective tissue healing, in addition to muscle 

deconditioning [36,37]. 

Alternatives to surgical intervention include chiropractic care [38–40], dietary supplements, 

massage therapy, acupuncture, and mindfulness/meditation [41]. More recently regenerative 

therapies for EDS have emerged, with the aim of stimulating the body’s own repair mechanisms to 

strengthen lax connective tissues, such as prolotherapy, which involves injecting an irritant solution 

(most commonly a dextrose solution combined with a local anesthetic) into injured or lax ligaments, 

tendons, or joint capsules. The mild irritation triggers a localized inflammatory response, which in 

turn recruits fibroblasts and growth factors to the area, promoting newly synthesized collagen and 
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tissue strengthening. In essence, prolotherapy induces a controlled “micro-injury” to initiate the 

body’s repair of chronically damaged or overstretched connective tissue [42]. 

Another emerging therapy for hEDS is Platelet-Rich Plasma (PRP) Therapy, which involves the 

utilization of the patient’s own blood plasma enriched with a high concentration of platelets. A 

sample of blood is drawn and processed (centrifuged) to isolate platelets and growth factors, which 

are then injected into the target tissue (e.g., around loose ligaments or into a damaged joint). Platelets 

naturally release numerous growth factors and cytokines that are delivered directly to sites of tissue 

weakness or injury, amplifying the regenerative signal and orchestrate tissue repair. PRP essentially 

provides a stronger healing stimulus than prolotherapy alone, as platelets actively secrete proteins 

that stimulate cell proliferation, blood vessel growth, and collagen synthesis. Similar to prolotherapy, 

PRP injections are usually administered under ultrasound guidance [43,44]. 

A more recent development in the treatment of Ehlers–Danlos patients is stem cell therapy 

(Mesenchymal Stem Cells.) While the safety of stem cell therapy in patients has been documented 

[45], and early reports and case examples illustrating the potential benefits of mesenchymal stem cells 

for certain EDS complications have been published [46] large-scale clinical trials in EDS remain 

lacking. The clinical use involves autologous MSCs. These are harvested from the patient (generally 

from bone marrow or adipose tissue) and delivered either to specific sites of injury or systemically. 

MSCs can differentiate into connective tissue cells (such as fibroblasts, cartilage, or bone cells) and 

also secrete anti-inflammatory and growth factors that aid tissue regeneration. While all three 

therapies have exhibited varied success, it should be noted that they all involve injections, which 

carry certain inherent risks. Injection site infection is a rare but serious risk in any treatment involving 

needles [47]. Additionally, immunocompromised EDS patients or those with vascular EDS require 

specific caution [48]. Bleeding or bruising can occur, particularly in vascular EDS, in which vessels 

are fragile, whereby even a minor injection could potentially cause a vascular injury or hematoma; 

any procedure must therefore be weighed against the potential risk [49]. Nerve damage while an 

uncommon complication of injection indirect damage can occur during procedures such as 

prolotherapy due to the use of an inflammatory agent, which can cause a flare-up of pain and swelling 

post-injection. This situation is generally temporary (days) and is part of the expected inflammatory 

reaction; in some cases, however, it can be more intense or prolonged. Rare cases of more severe 

reactions to prolotherapy have also been reported, such as ligament rupture or spinal headaches, in 

cases involving injections in anatomically sensitive areas or those not involving imaging guidance 

[50]. Because PRP, is autologous, it carries a very low risk of allergic reaction. Stem cell therapy risks 

depend on the source and method of delivery; autologous MSC injections share similar risks to PRP 

(in addition to the minor risk from the harvesting procedure, e.g., pain at the bone marrow puncture 

site); in comparison, allogeneic stem cells could, in theory, pose risks of immune reaction or disease 

transmission if not appropriately processed and administered [51]. 

In light of the above findings, we thus propose a novel use of a non-interventional therapeutic 

utilizing extracorporeal shock wave therapy (ESWT) to strengthen cervical ligamentous structures, 

thereby reducing upper cervical instability and vagus nerve compression and thus alleviating 

dysautonomia symptoms. 

5. A Novel Therapeutic Approach to EDS: Extracorporeal Shock Wave Therapy 

Extracorporeal shockwave therapy (ESWT) is a non-invasive intervention technique that has 

been used for over three decades. It was initially applied in urology and has evolved to treat various 

musculoskeletal pathologies [52,53]. In 2000, plantar fasciitis was the first orthopedic condition to 

receive United States Food and Drug Administration approval for shockwave management [54], 

followed by approval for lateral epicondylitis in 2002 [55] and diabetic foot ulcers in 2017 [56]. 

Subsequently, the list of conditions considered to benefit from ESWT was expanded to include 

additional indications; however, the vast majority of its clinical use remains off-label. Over the past 

decade, there has been a significant expansion of studies on central and peripheral nervous system 

application [57,58], in addition to degenerative diseases [59–61]. Extracorporeal shock wave therapy 
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(ESWT) has emerged as a regenerative medicine modality with proven efficacy in musculoskeletal 

disorders, including tendinopathies, ligament injuries, and bone healing [62,63]. ESWT has been 

demonstrated to increase the expression of growth factors such as vascular endothelial growth factor 

(VEGF) and transforming growth factor-beta (TGF-β), which play crucial roles in angiogenesis and 

tissue healing. Enhanced blood flow and nutrient delivery to the affected area can accelerate the 

healing process and reduce inflammation [64]. This shift in the inflammatory milieu can contribute 

to pain relief and improved tissue health [65]. 

From a technical standpoint, two types of ESWT exist: focused ESWT (f-ESWT) and radial shock 

wave therapy (r-ESWT). While the two differ in their clinical applications, they share several clinical 

indications. The main differences between r-ESWT and f-ESWT lie in the pressure levels, depth of 

penetration, the pulse duration and the distribution field. r-ESWT enables the treatment of not only 

localized lesions but also more extensive tissue changes, as the wave energy disperses radially within 

the tissues [66]. In f-ESWT the entire energy of the shock wave is concentrated at a specific focal point 

and depth within the tissues, precisely targeting areas with pathological changes [67]. Both methods 

of shock wave application have become widely used in the treatment of various musculoskeletal 

disorders [68]. In one study, in which the authors compared the two types of ESWT in the treatment 

of coccydynia, the findings indicated both wave types (radial and focused) to be effective in terms of 

pain and function. However, due to the presence of pain and inflammation in the surrounding 

ligaments and muscles in coccydynia, it was determined that r-ESWT, rather than deep-impact 

focused f-ESWT, would be a more suitable choice when treating this condition [69]. The authors of 

other studies found that both types of ESWT effectively alleviate pain in myofascial pain syndromes, 

with no long-term differences between them [70]. The primary clinical decision on which equipment 

to use, f-ESWT or r-ESWT, is essentially the depth and location of the target pathology. (Figure 1). 

 

Figure 1. caption. 

An effective measure is to choose f-ESWT when the pathology is deep (typically >4–5 cm, up to 

~12 cm effective penetration) and opt for r-ESWT when the pathology is superficial (effective up to 

~3–4 cm) [71]. The mechanistic basis of ESWT involves mechanical stimulation, termed 

mechanotransduction, by which the mechanical energy from shock waves is converted into 

biochemical signals that stimulate tissue repair and structural reinforcement of the cellular processes, 

which include the proliferation of fibroblasts, collagen synthesis, growth factor release, and 

neovascularization [72,73]. 

To date, no studies in humans have directly measured biomechanical strength in cervical 

ligaments after ESWT; however, certain indicators, such as ultrasound evidence of decreased 

ossification of the nuchal ligament, indicating demineralization and potential remodeling, have been 
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demonstrated [74]. This finding is significant as calcification stiffens ligaments, reducing tensile 

strength [75]. The results of a study by Li et.al. demonstratedincreased range of motion and 

improved scores on the Neck Disability Index (NDI) following use of ESWT [76]. Together, these lines 

of evidence make ligamentous strengthening, with its decrease in cervical instability, particularly in 

patients with hEDS, via ESWT a credible hypothesis. 
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