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Introduction
Public health burden and diagnostic blind spots of 
sleep disorders

The prevalence of insomnia and related sleep 
disturbances ranges from 10% to 30% in the general 
population, consistently ranking among the top three 
complaints in neurology, psychiatry, and primary 
care settings [1]. Although diagnostic criteria for 
insomnia have been standardized by the International 
Classification of Sleep Disorders, Third Edition (ICSD-
3) and the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5), clinical practice still 
relies heavily on subjective scoring systems such as the 
Pittsburgh Sleep Quality Index (PSQI) and the Insomnia 
Severity Index (ISI), as well as routine polysomnography. 
These tools focus primarily on 'sleep itself,' often 
neglecting systematic screening for somatic triggers [2].

In many cases, insomnia is not a primary disorder but 
a symptomatic expression of Somatic Symptom Disorder 
(SSD). When accompanied by chronic pain, gastrointestinal 
discomfort, or cardiovascular sympathetic overactivation, 
insomnia may reflect broader systemic dysfunction. 
Misclassifying such cases as primary insomnia may result 
in missed opportunities for early intervention and lead to 
suboptimal treatment outcomes [2].

Bidirectional amplification between somatic 
symptom disorder and sleep disturbance

Recent longitudinal cohort studies and systematic 
reviews have demonstrated a bidirectional 
causal relationship between chronic spinal pain, 
musculoskeletal dysfunction, and insomnia. Sleep 
disturbances may lower pain thresholds and enhance 
pain memory, while persistent pain can disrupt sleep 
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a higher risk of pain in multiple anatomical regions, 
indicating its potential role as a predictor of chronic pain 
onset [3].

Chronic neck pain and sleep disturbances may 
share genetic and environmental predispositions. In 
monozygotic twins, if one reported neck pain, the 
likelihood of the co-twin experiencing sleep disorders 
was significantly higher than expected by chance [11]. 
This supports the hypothesis that cervicogenic sleep 
disturbance may have reproducible and cross-individual 
biomarker traits.

Cervical dystonia and its association with sleep 
quality: In a prospective study of 54 patients with 
Cervical Dystonia (CD) and 55 healthy controls, 
Eichenseer, et al. found that individuals with CD 
reported significantly poorer sleep quality, even after 
controlling for depression, anxiety, and benzodiazepine 
use (F = 5.62, P = 0.020) [12].

These patients exhibited specific alterations in sleep 
architecture and responded positively to targeted 
interventions [13-15], highlighting the potential for 
sleep-directed therapies in CD populations.

Neural axons, hemodynamics, and sleep regulation: 
Cervical compression may chronically activate 
sympathetic tone via a neuroanatomical cascade 
involving the vagus nerve–locus coeruleus-hypothalamus 
pathway [16]. Analysis of a clinical outcomes database 
including 4,245 patients demonstrated that individuals 
with cervical spondylosis exhibited significantly elevated 
preoperative Respiratory Disturbance Index (RDI) and 
Epworth Sleepiness Scale (ESS) scores compared to 
matched controls (P < 0.001), with a 42% symptomatic 
remission rate within 3 months post-decompression [5].

Positron emission tomography-cerebral blood flow 
(PET-CBF) studies in patients with chronic whiplash 
injury and internal jugular vein (IJV) stenosis suggest 
that spinal gliosis and central hypoperfusion may 
collectively induce energy crises within sleep–wake 
regulatory centers [17,18], reinforcing the hypothesized 
pathophysiological cascade: cervical degeneration → 
impaired central arousal regulation → fragmented 
sleep.

Further evidence from patients with IJV and cerebral 
venous sinus stenosis reveals that venous stenting 
leads to significant improvements in symptoms such as 
headache, tinnitus, visual impairment, papilledema, and 
insomnia. During an average follow-up of 30.5 months, 
95.5% of patients maintained adequate venous patency 
without serious complications [19].

The 'cervical-brain-autonomic-sleep' cross-system 
mechanism chain: The pathological process by which 
cervical dysfunction affects sleep can be conceptualized 
as a six-tiered cascading mechanism involving 

continuity via sympathetic–thalamic-cortical circuits 
[3,4]. Heightened limbic sensitivity to pain-arousal 
inputs is central to the delayed sleep onset and 
frequent awakening phenotype. From the perspective 
of neuroregulation, sustained somatic sensory input can 
maintain the sleep-regulatory network in a hypervigilant 
state [1,2].

Independent role of cervical dysfunction in sleep 
disturbance

A growing body of evidence indicates that, for a 
subset of patients, insomnia is not primarily driven by 
emotional, environmental, or neurological disorders, 
but rather is closely associated with structural or 
functional cervical abnormalities [4,5]. These cases may 
represent an independent subtype of insomnia with a 
cervicogenic origin, whose pathophysiological features 
differ significantly from traditional primary insomnia or 
psychiatric comorbid insomnia [5].

Association between cervical degeneration and 
sleep disturbances: The majority of patients with 
cervical spondylosis present with sleep disturbances 
[5-7]. Surgical correction of cervical abnormalities often 
leads to notable improvements in sleep symptoms, with 
nearly half of patients reporting complete remission. 
Baseline risk factors for unsuccessful sleep recovery 
postoperatively include smoking, osteoarthritis, 
radicular symptoms, and chronic neck pain [6,7]. 
Biomechanical factors also contribute to the association 
between cervical degeneration and disordered sleep 
[6]. Data from the Taiwan National Health Insurance 
Research Database further indicate a strong correlation 
between cervical spondylosis and obstructive sleep 
apnea (OSA) [8].

Over 60% of hospitalized patients with cervical 
spondylosis report sleep issues upon admission, 
typically presenting with a triad of difficulty initiating 
sleep, frequent awakenings, and non-restorative sleep. 
Significant improvements in sleep parameters following 
structural cervical correction support the hypothesis 
that cervical anomalies may constitute an independent 
and modifiable etiological factor [6,7,9].

Neck pain as an independent predictor of poor sleep 
quality: Neck and shoulder pain in middle-aged women 
has been shown to be significantly associated with 
poor sleep quality, even after adjusting for confounding 
factors such as anxiety, depression, and lifestyle habits 
[10]. This suggests that cervical myofascial tension may 
independently disrupt sleep architecture.

Based on data from the longitudinal Norwegian 
HUNT study, Uhlig et al. reported that individuals with 
insomnia had a 1.34-fold increased risk of developing 
chronic musculoskeletal neck pain (95% confidence 
interval [CI]: 1.10-1.63). Insomnia was also linked to 
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further suppressed, melatonin secretion is delayed, 
and circadian rhythm sleep-wake disorders (CRSWD) 
may emerge. Clinical signs include elevated low-
frequency/high-frequency (LF/HF) ratios and prolonged 
sleep latency [31,32]. Inflammation and metabolic 
dysregulation contribute to a vicious cycle of disturbed 
sleep, pain, and mood alterations [33-35].

Fanielle emphasized the link between somatic 
symptom disorder (SSD) and sleep disturbance 
[33], underlining the need for a biopsychosocial 
approach. Chronic cervical pain, inflammation, and 
sleep disruption may dysregulate the hypothalamic-
pituitary-target gland axes (hypothalamic-pituitary-
adrenal (HPA), hypothalamic-pituitary-thyroid (HPT), 
and hypothalamic-pituitary-ovarian (HPO) ) and the 
autonomic nervous system (ANS), accompanied by 
systemic inflammation, thereby disturbing hormonal, 
sleep, and immune homeostasis across multiple systems 
[36-40].

This six-tiered pathophysiological model-spanning 
cervical dysfunction, brainstem-autonomic imbalance, 
neuroendocrine–immune amplification, and circadian 
breakdown-offers a comprehensive framework 
for stratified diagnosis and targeted interventions. 
Cervical pathology is not merely a local disorder but 
can profoundly affect sleep through multisystem 
interactions. Thus, conventional sleep phase or 
architecture-based classifications may be insufficient, 
necessitating integrative diagnostic and treatment 
strategies.

Limitations of current diagnostic systems and the 
need for a new paradigm

Sateia, et al. noted that the third edition of the 
International Classification of Sleep Disorders (ICSD-3) 
significantly revised the classification of insomnia by 
merging 'primary' and 'secondary' insomnia into a unified 
diagnosis of chronic insomnia disorder, emphasizing its 
status as an independent disease entity [41]. However, 
this approach lacks specificity for medically-induced 
insomnia, such as cases secondary to cervical spine 
pathology, posing challenges for identification and 
management in practice.

In clinical settings, the evaluation of cervical-related 
sleep disorders varies by specialty, often leading 
to fragmented data and uncoordinated care. For 
example, orthopedic surgeons emphasize radiographic 
anomalies, neurologists focus on polysomnographic 
indices, and rehabilitation specialists rely on joint range 
of motion and pain scales. This siloed approach limits 
interdisciplinary collaboration and results in disjointed 
patient care [42].

Furthermore, imaging findings of spinal degeneration 
are prevalent in asymptomatic individuals, making it 

cervical structures, brainstem networks, autonomic 
regulation, and sleep circuits. These levels can operate 
independently or interactively, ultimately producing 
clinical phenotypes such as sleep fragmentation and 
circadian rhythm disruption.

(1)	 The peripheral structural–biomechanical level 
is the initiating tier of this cascade. Cervical spondylosis, 
deep muscle and fascial tension anomalies, myodural 
bridge traction, and instability at the C0-C2 segments 
may produce persistent nociceptive and proprioceptive 
input at the dorsal horn of the spinal cord [3,20].

(2)	 Neural-Fascial-Hemodynamic-Glymphatic 
Coupling

Persistent traction of the myodural bridge, impaired 
venous and lymphatic drainage, and abnormal vertebral 
arterial perfusion may disrupt cerebrospinal fluid (CSF) 
flow and contribute to regional hypoperfusion [21,22]. 
Impaired cranial venous outflow can elevate intracranial 
pressure and obstruct CSF circulation, subsequently 
reducing the clearance efficiency of the glymphatic 
system and facilitating the accumulation of neurotoxic 
waste [23].

In patients with idiopathic intracranial hypertension 
(IIH), the severity of transverse sinus stenosis is highly 
correlated with glymphatic dysfunction. This suggests 
that venous reflux disturbances may impair CSF–
interstitial fluid (ISF) exchange and lead to intracerebral 
toxin accumulation [24].

(3)	 Medullary Integration and Reticular 
Dysregulation

In this tier, disinhibition of the medullary reticular 
formation, including disrupted coupling between the 
pre-Bötzinger complex and locus coeruleus, has been 
observed, along with reactive gliosis. These ascending 
neural discharges lower arousal thresholds and 
destabilize respiratory rhythms [25,26].

(4)	 Thalamocortical Disintegration

Excessive thalamic firing impairs theta–gamma 
coupling, amplifies nociceptive–arousal circuits, and 
suppresses deep slow-wave activity (N3), resulting in 
sleep fragmentation [27,28].

(5)	 Neuroendocrine-Immune Interface

With continued ascending activation, the 
hypothalamic–pituitary–adrenal (HPA) axis becomes 
hyperactivated. Autonomic balance, as reflected in 
heart rate variability (HRV), shifts toward low vagal and 
high sympathetic dominance. Inflammatory mediators 
are also upregulated, leading to reductions in both the 
quality and quantity of deep sleep [29,30].

(6)	 Circadian Disruption and Systemic Crosstalk

At the systemic level, parasympathetic tone is 
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difficult to determine clinical significance based on 
radiological evidence alone [43]. This underscores 
the importance of correlating imaging with clinical 
symptoms in diagnosis.

Limitations of current artificial intelligence in 
diagnosis and the need for a new framework

Despite increasing applications of artificial 
intelligence (AI) in medicine, its development is 
constrained by inconsistencies in labeling. For example, 
disorders like cervical spondylosis and insomnia are 
typically coded independently, without contextual 
linkage, thereby limiting AI’s ability to detect or predict 
cervicogenic sleep disorders [44].

Moreover, current diagnostic frameworks lack 
integration of complex pathophysiological mechanisms, 
restricting AI performance in multifactorial conditions 
[45].

Thus, there is an urgent need to construct a 
mechanism-based diagnostic paradigm that harmonizes 
interdisciplinary standards and supports precision 
subtyping and personalized treatment strategies. This 
would improve patient outcomes and establish a robust 
data foundation for future AI and big-data integration in 
sleep medicine.

Necessity and potential value of defining cervical-
related sleep disorders

Academic originality: The proposed concept 
of 'cervical-related sleep disorders' addresses a 
longstanding gap in the International Classification of 
Sleep Disorders, Third Edition (ICSD-3) regarding organic 
dysfunctions at the neck-insomnia interface [46]. This 
innovative definition not only extends the research 
frontier between cervical spine disorders and sleep 
medicine but also provides a theoretical foundation for 
disease stratification and targeted intervention.

Clinical applicability: By integrating structural 
assessments (e.g., MRI, musculoskeletal ultrasound, 
functional MRI) with physiological evaluations (e.g., 
polysomnography, heart rate variability [HRV] analysis, 
circadian rhythm monitoring) [47,48], a dual-level, 
multilayer diagnostic framework enables precise 
screening, classification, and tiered management of 
these patients-addressing fragmentation in current 
clinical pathways.

Research scalability: This concept naturally 
integrates multiple disciplines, including neuroscience, 
musculoskeletal rehabilitation, hemodynamics, and 
immunometabolism [49]. Future research may utilize 
multimodal data-including imaging, physiological 
signals, and blood biomarkers-combined with machine 
learning to develop individualized models for risk 
prediction and therapeutic intervention [50].

Therapeutic innovation: Regarding the mechanisms 
linking cervical spine disorders and autonomic nervous 
system imbalance, the integration of minimally invasive 
decompression techniques (e.g., neuroendoscopic 
procedures) [51], fascial release therapies [52], 
sympathetic nerve blocks [53], neuromodulation 
devices such as spinal cord stimulators [54], and 
digital therapeutics [55] offers a promising avenue 
to transcend the conventional binary framework for 
insomnia treatment, which predominantly relies on 
pharmacological agents and cognitive behavioral 
therapy for insomnia (CBT-I) [56].

Public health significance: For high-risk occupational 
groups-such as office workers engaged in prolonged desk 
work-integrated screening for cervical abnormalities 
and sleep dysfunction could enable early identification 
and intervention [57]. This has significant public health 
implications, potentially disrupting the chronic pain-
insomnia-cardiovascular disease cycle and reducing 
long-term healthcare burden.

Definition of Cervicogenic Sleep Disorder 
Syndrome
Definition

Growing evidence from epidemiological, imaging, 
and interventional studies indicates that cervical-related 
factors have evolved from incidental observations into 
traceable, quantifiable, and modifiable contributors 
to sleep disorders. The proposed concept of cervical-
related sleep disturbance aligns with the broader trend 
toward precision medicine and cross-system integration, 
offering a shared framework for mechanistic research, 
diagnostic standardization, AI-driven decision support, 
and multidisciplinary care.

We define Cervicogenic Sleep Disorder Syndrome 
(CSDS) as a multisystem dysregulation syndrome 
initiated by cervical pathology, subsequently affecting 
the autonomic nervous system (ANS), the thalamo-
brainstem sleep regulatory network, and the 
neuroendocrine-immune axis.

CSDS may involve the following structural and 
functional abnormalities:

(1)	 Abnormal tension in the upper cervical 
myofascial complex-such as the suboccipital muscles 
and sternocleidomastoid-may impair the myodural 
bridge (MDB), disrupting cerebrospinal fluid (CSF) 
dynamics and brainstem regulation [58].

(2)	 Cervical degeneration or deep fascial dysfunction 
may induce biomechanical imbalance, chronic pain, and 
sympathetic ganglion compression [59].

(3)	 Persistent cervicogenic pain may amplify 
nighttime awakenings and suppress N3 sleep via 
thalamo-cortical arousal chains [60].
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(4)	 Neurocompression and brainstem dysfunction 
(e.g., C0-C2 instability causing medullary compression) 
may reduce arousal thresholds and disrupt respiratory 
rhythms [61].

(5)	 Vertebral arterial insufficiency, impaired 
venous/lymphatic outflow [62,63], and glymphatic 
dysfunction [24] may impair metabolic waste clearance, 
reduce delta wave activity, and cause HRV imbalance.

(6)	 MDB disconnection may abruptly reduce CSF 
flow and compress the brainstem's anteroposterior 
axis, even at rest [64].

(7)	 Abnormal fascial tension in the cervical region 
and disruption of myofascial anatomical continuity 
with the temporomandibular muscles may contribute 
to temporomandibular disorders (TMD) and nocturnal 
bruxism, resulting in sleep fragmentation [65]. Cervical 
muscle tone dysfunction-such as dystonic torticollis 
or hypertonicity of suboccipital muscles-can impair 
proprioceptive feedback and trigger hyperactivation of 
the central arousal system [66].

(8)	 ANS dysregulation, especially sympathetic–
parasympathetic imbalance, is reflected by elevated LF/
HF ratios or reduced HRV [67].

(9)	 Thalamo-medullary desynchronization impairs 
corticothalamic-brainstem rhythmic coherence and 
weakens arousal threshold regulation [68].

(10)	 Hyperactivation of the hypothalamic-pituitary-
adrenal (HPA) axis and GABAergic imbalance may lead 
to sleep fragmentation, nocturnal awakenings, and 
blunted circadian inflammation patterns [69].

(11)	 Circadian misalignment and systemic reactivity 
may present as delayed melatonin release, sleep-wake 
cycle disruption, comorbid affective symptoms, and 
cognitive decline [70].

CSDS, as a novel interdisciplinary pathophysiological 
construct, elucidates how cervical spine and associated 
soft tissue abnormalities may systematically disrupt 
sleep architecture and function. It adds an anatomically 
grounded subtype to the classification of insomnia and 
supports future work in mechanism-based research, 
AI-assisted diagnosis, and multimodal therapeutic 
strategies.

Clinical Subtypes of CSDS
CSDS can be divided into the following ten 

mechanistic subtypes:

CSDS-A
Sympathetic Overactivation Subtype (Figure 1)

The core mechanism of CSDS-A involves excessive 
activation of the sympathetic nervous system (SNS), 
leading to difficulty falling asleep, heightened pre-sleep 

arousal, and poor sleep maintenance. Patients with 
objectively short sleep duration often exhibit reduced 
high-frequency heart rate variability (HF-HRV) and 
elevated low-frequency/high-frequency (LF/HF) ratios on 
polysomnography, indicating diminished parasympathetic 
and enhanced sympathetic activity [71].

Such patients demonstrate lower arousal thresholds, 
reduced slow-wave sleep (SWS), and increased 
micro-arousals-hallmarks of sustained sympathetic 
hyperarousal and autonomic imbalance. This aligns 
with the 'hyperarousal model' of insomnia [72]. 
Stimulation of cervical sympathetic ganglia, such as 
through degenerative cervical spondylosis, may lead to 
persistent SNS excitation, interfering with both sleep 
initiation and continuity [73]. Targeted management for 
CSDS-A should address sympathetic regulation through 
structural interventions and autonomic assessment to 
enable personalized treatment.

CSDS-B

Vagal Suppression and Circadian Dysregulation 
Subtype (Figure 2)

This subtype is characterized by parasympathetic 
insufficiency and circadian rhythm misalignment, 
commonly presenting as delayed or irregular sleep–wake 
cycles. Clinical features include prolonged sleep onset 
latency, delayed melatonin secretion, and coexistence 
of nighttime insomnia with daytime hypersomnolence-
resembling delayed sleep phase syndrome (DSPS) [74].

The core issue lies in insufficient vagal tone, impairing 
endogenous circadian synchronization. These patients 
are often misdiagnosed as having simple sleep initiation 
difficulties, despite the underlying phase shift pathology 
[74,75].

In CSDS-B patients, cervical lesions may disrupt 
hypothalamic–pituitary axis function, altering melatonin 
release and further destabilizing circadian regulation 
[76]. Management strategies should incorporate light 
therapy, exogenous melatonin supplementation, and 
behavioral approaches to restore biological timing and 
improve both nocturnal sleep and daytime alertness.

CSDS-C
Pain-Induced Arousal Subtype (Figure 3)

CSDS-C is marked by sleep maintenance insomnia 
triggered by cervical pain. Patients typically fall asleep 
without difficulty but experience repeated nocturnal 
awakenings due to pain, resulting in sleep fragmentation 
and reduced deep sleep. Common triggers include 
chronic cervical disorders such as degenerative changes 
and cervicogenic headaches [77].

Persistent pain signals elevate cortical arousal and 
interfere with sleep continuity. Twin studies have 
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Figure 1: Schematic diagram of CSDS-A type (Sympathetic Overactivation Type).
This diagram illustrates the pathophysiological mechanisms, clinical features, and interventional strategies of CSDS-A. 
Excessive cervical sympathetic stimulation leads to sympathetic hyperarousal, disrupting sleep initiation and maintenance. 
Key interventions target autonomic dysregulation.
Abbreviations and Explanations:
CSDS-A: Cervicogenic Sleep Disorder Syndrome - Type A; Sympathetic Overactivation: A subtype characterized by 
cervical-driven sympathetic hyperarousal; Cervical Sympathetic Stimulation: Functional or structural excitation of the 
cervical sympathetic trunk or ganglia; Sympathetic Blockade: Pharmacologic or interventional suppression of sympathetic 
output (e.g., stellate ganglion block); Autonomic Modulation: Interventions aimed at rebalancing the autonomic nervous 
system (e.g., HRV biofeedback, vagus nerve stimulation); Cervical Intervention: Manual or procedural therapies targeting 
the cervical spine or musculature

Figure 2: Schematic diagram of CSDS-B type (Circadian Rhythm Imbalance Type).
This diagram illustrates the pathophysiology, clinical features, and treatment strategies of CSDS-B. Vagal inhibition 
and hypothalamic dysregulation disrupt the circadian rhythm, leading to delayed sleep onset and daytime somnolence. 
Interventions focus on circadian entrainment via light therapy and neurohormonal modulation.
Abbreviations and Explanations:
CSDS-B: Cervicogenic Sleep Disorder Syndrome - Type B; Circadian Rhythm Imbalance Type: A subtype characterized by 
disturbed biological clock alignment; Vagal Inhibition: Suppression or hypoactivity of the vagus nerve, impairing autonomic 
balance and circadian signalling; Hypothalamic Dysregulation: Impairment in the suprachiasmatic nucleus and hypothalamic 
centers that regulate sleep-wake cycles; Light Therapy: Exposure to artificial light (typically 2,500-10,000 lux) to realign 
circadian rhythm; Melatonin: Endogenous hormone used therapeutically to phase-shift circadian cycles; Behavioral Therapy: 
Includes cognitive-behavioral therapy for insomnia (CBT-I) and sleep hygiene practices
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Figure 3: Schematic diagram of CSDS-C type (Pain-Arousal Type).
This diagram illustrates the clinical and pathophysiological features of CSDS-C. Chronic or recurrent neck pain activates 
ascending arousal systems, leading to sleep fragmentation, frequent awakenings, and reduced deep sleep. Interventions 
focus on pain relief, neuromodulation, and behavioral stabilization.
Abbreviations and Explanations:
CSDS-C: Cervicogenic Sleep Disorder Syndrome - Type C; Pain-Arousal Type: A subtype characterized by nociceptive 
input from the cervical spine triggering central arousal; Arousal Activation: Stimulation of ascending reticular activating 
systems (ARAS), often measured via EEG microarousals or wake index; Analgesics: Pharmacological agents used for 
pain control (e.g., NSAIDs, muscle relaxants, acetaminophen); Physical Therapy: Manual therapy, postural correction, 
cervical mobilization targeting cervical musculoskeletal dysfunction; Antidepressants: Agents with dual analgesic and 
sedative properties (e.g., amitriptyline, duloxetine) used for comorbid insomnia and pain modulation

shown a strong association between chronic neck pain 
and poor sleep quality, independent of genetic factors-
suggesting an environmental and symptomatic basis for 
the link [78].

Furthermore, chronic pain may exacerbate insomnia 
indirectly through depressive pathways, highlighting 
the dual direct and affective contributions of pain to 
sleep disturbance [79,80].

CSDS-D
Cervical Dystonia-Related Sleep Dysregulation 

(Figure 4).

CSDS-D, or sleep disorder related to cervical dystonia 
(SDCeD), is a central sleep regulation syndrome driven by 
persistent, asymmetric, or hyperactive cervical muscle 
tone. Key symptoms include insomnia, non-restorative 
sleep, and circadian rhythm disruption [81,82].

Mechanistically, abnormal proprioceptive input 
from the neck disturbs the brainstem-thalamic-cortical 
arousal network, leading to locus coeruleus-sympathetic 
activation, increased arousal, and suppression of SWS 
[83-85]. These physiological disruptions manifest as 
prolonged sleep latency, fragmented sleep, and reduced 
N3 sleep.

Preliminary clinical evidence supports this model: 
CSDS-D patients exhibit distinct sleep architecture 
features (e.g., SWS suppression, increased 
awakenings), demonstrable physiological abnormalities, 
and responsiveness to targeted interventions such as 
botulinum toxin injection and sensory retraining [83-85].

CSDS-E type
Myodural Tensile Dysregulation Subtype (Figure 5)

The CSDS-E subtype (Myodural Tensile Dysregulation 
Subtype) describes a form of sleep disorder associated 
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Figure 4: Schematic diagram of CSDS-D type (Sleep Disturbances in Cervical Dystonia Type).
This figure illustrates the neurophysiological mechanisms and clinical characteristics of CSDS-D. Abnormal proprioceptive 
feedback from cervical dystonia disrupts the ascending arousal system from brainstem to cortex, resulting in non-restorative 
sleep and circadian rhythm instability. Treatment involves neurotoxin injection and proprioceptive retraining.
Abbreviations and Explanations:
CSDS-D: Cervicogenic Sleep Disorder Syndrome - Type D; N3: Non-Rapid Eye Movement Sleep Stage 3 (also referred to 
as slow-wave sleep), representing the deepest stage of sleep critical for restoration; Botulinum Toxin: Neurotoxin commonly 
used for neuromuscular blockade in cervical dystonia; Proprioception Feedback: Sensory input from muscle spindles and 
joint receptors informing central nervous system about position and movement;
Brainstem-thalamus-cortex Arousal Axis: A hierarchical neural system governing vigilance, sleep-wake transition, and 
sensory integration; Sleep Fragmentation: The interruption of sleep continuity by microarousals or awakenings, often 
reducing sleep efficiency; Circadian Rhythm: The endogenous 24-hour biological clock regulating sleep-wake cycles, often 
disrupted in dystonic conditions

with persistent tensile stress exerted on the myodural 
bridge (MDB) by the craniocervical myofascial chains 
(e.g., suboccipital muscles, sternocleidomastoid, 
atlantoaxial muscles) at the C0-C2 junction [86-88]. This 
mechanical load may disrupt cerebrospinal fluid (CSF) 
dynamics and arousal-related autonomic pathways, 
resulting in sleep architecture disruption and increased 
awakening frequency.

Key mechanisms of CSDS-E include:

MDB tension and CSF flow disruption: The MDB 
is a key anatomical linkage between cranial muscles 
and the dura mater [86], implicated in modulating 
CSF circulation. Hypertrophy of suboccipital muscles 
may raise intracranial pressure (ICP), while surgical 
disconnection of the MDB can lower ICP [87], suggesting 
a regulatory role of MDB in CSF hydrodynamics. Head 
nodding movement significantly affects CSF flow at the 

craniovertebral junction, with MDB traction acting on 
the dural sac during such movement [88], emphasizing 
its role in CSF propulsion.

Glymphatic impairment and morning brain fog: 
Slow-wave sleep (SWS, N3 stage) is critical for efficient 
clearance of brain metabolites [89]. During this phase, 
CSF enters the parenchyma via perivascular spaces and 
exchanges with interstitial fluid (ISF) to remove waste 
products like β-amyloid [90]. Reduced slow-wave activity 
impairs glymphatic clearance, potentially contributing 
to subjective symptoms such as "morning brain fog" 
[91,92]. Studies confirm that MDB influences CSF 
production and reabsorption rates [88,93], indicating 
that C0-C2 myofascial tension could impair glymphatic 
flow and metabolite elimination.

Fascial tension and autonomic-arousal reflex: The 
fascial system interacts with the autonomic nervous 
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system (ANS). Mechanical tension in fascia may modulate 
neural function [94]. Altered heart rate variability (HRV), 
such as elevated LF/HF ratio, in patients with myofascial 
pain suggests autonomic dysfunction involvement [95].

Therapeutic evidence: Craniosacral therapy (CST) 
has demonstrated potential for alleviating chronic 
pain, improving function and quality of life [96]. A 12-
week intervention in fibromyalgia syndrome (FMS) 
patients, receiving weekly 45-minute CST sessions, led 
to significant improvements in Pittsburgh Sleep Quality 
Index (PSQI) scores, with a mean reduction of 5.44 
points (p = 0.001) [97].

The presence of myofascial trigger points (MTrPs) 
correlates with pain intensity, dysfunction, and poor 
sleep quality in mechanical neck pain patients. Higher 
MTrP counts and worse PSQI scores have been observed 
in patients compared to healthy controls [98].

These findings support the utility of CST and 
myofascial interventions (MI) in sleep enhancement 
among individuals with cervical disorders. CST improves 
rhythmic regulation of the craniosacral system [97], 
whereas MI alleviates fascial restrictions and muscular 
dysfunction [98].

For patients exhibiting the triad of "morning head 
pressure, SWS loss, and abnormal HRV," dynamic CSF 
flow evaluation at the C0-C2 region is recommended. 
Complementary assessments via polysomnography 
(PSG) and HRV analysis help evaluate sleep structure 
and ANS integrity. Additionally, the impact of 
respiratory patterns on CSF flow should be considered 
[99]. Personalized treatment should integrate breath 
retraining, craniosacral modulation, fascial release, and 
myofascial bridging techniques to optimize sleep and 
autonomic outcomes.

Figure 5: Schematic diagram of CSDS-E type (Myodural Tensile Dysregulation Subtype).
This diagram illustrates the hypothesized role of myodural bridge (MDB) tension and cerebrospinal fluid (CSF) circulation 
disruption in sleep disturbance. The fascial system’s biomechanical influence on the autonomic nervous system, particularly 
via arousal reflexes and heart rate variability (HRV), is highlighted. Reversible therapeutic evidence includes craniosacral 
therapy (CST) and myofascial induction (MI).
Abbreviations and Explanations:
CSDS-E: Cervicogenic Sleep Disorder Syndrome - Type E; MDB: Myodural Bridge: Connective tissue linking suboccipital 
muscles to spinal dura mater; CSF: Cerebrospinal Fluid: A clear fluid surrounding the brain and spinal cord involved in 
mechanical cushioning and metabolic regulation; CST: Craniosacral Therapy - a gentle manual therapy aiming to relieve 
tension in the membranes and fluids surrounding the central nervous system; MI: Myofascial Induction - a manual therapy 
focusing on the release of fascial restrictions; HRV: Heart Rate Variability - a measure of autonomic nervous system 
function reflecting balance between sympathetic and parasympathetic tone; Autonomic Nervous System (ANS): The part 
of the nervous system regulating involuntary physiological processes including heart rate, blood pressure, and digestion
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CSDS-F subtype
Temporomandibular Disorder-Driven CSDS (Figure 6)

The CSDS-F subtype represents a crossover 
mechanism in which cervical fascial imbalances 
impact the functionality of the temporomandibular 
region. Anatomical continuity exists between the 
deep cervical fascia and the myofascial structures of 
the temporomandibular complex, particularly at the 
intersection of the sternocleidomastoid, pterygoid, and 
temporalis fasciae. Abnormal tension in these regions 
may propagate through fascial pathways to influence 
masticatory muscle function, thereby initiating or 
exacerbating temporomandibular disorder (TMD) 
[100]. Clinical observations suggest that TMD patients 
frequently present with restricted neck mobility 
and abnormal posture, both of which may amplify 
TMD symptom expression and further disrupt sleep 
architecture [101].

Key Pathophysiological Mechanisms:

Cervical fascial tension and sleep bruxism: Sleep 
bruxism is a commonly observed comorbidity in TMD 
and is closely associated with heightened sympathetic 

activity, reduced vagal tone, and abnormal muscle 
electrical activity [102]. Instability or abnormal tone 
in deep cervical stabilizers is considered a potential 
trigger. Prospective trials have demonstrated that 
cervical function training improves sleep quality and 
reduces morning muscle tightness and fatigue in TMD 
patients with cervical instability [103].

Autonomic dysregulation and sympathetic 
overactivity: TMD may be accompanied by 
dysregulation of the autonomic nervous system 
(ANS), often manifesting as increased sympathetic and 
decreased parasympathetic activity [102,103]. Although 
the low-frequency/high-frequency (LF/HF) ratio is 
frequently used as a marker of sympathovagal balance, 
its interpretability remains debated. Central inhibition 
deficits under chronic pain conditions may elevate 
sympathetic-driven arousals, further deteriorating 
sleep quality [104,105].

Trigeminal-brainstem-arousal system axis: Chronic 
nociceptive input originating from TMD can activate 
the ascending reticular activating system (ARAS) via the 
trigeminal nerve, particularly impacting locus coeruleus 
(LC) discharge patterns. This modulation affects 

Figure 6: Schematic diagram of CSDS-F type (Temporomandibular Disorder-Driven Cervicogenic Sleep Disorder Syndrome).
This subtype is characterized by fascial-dural tension dysregulation secondary to temporomandibular joint (TMJ) dysfunction, 
bruxism, and neck muscle strain. The cascade of HRV-related dysautonomia and trigeminobrainstem activation may lower 
the arousal threshold and lead to sleep disruption. Multimodal intervention includes cervical stabilization, fascial release, 
and TMJ therapy.
Abbreviations and Explanations:
CSDS-F：Cervicogenic Sleep Disorder Syndrome - Type F; TMJ: Temporomandibular Joint; HRV: Heart Rate Variability 
- a marker of autonomic nervous system flexibility; Dysautonomia: Autonomic nervous system imbalance or dysfunction; 
Trigemino-brainstem arousal: Activation of brainstem circuits via trigeminal input; Cervical Stabilization: Manual or 
rehabilitative techniques for stabilizing the cervical spine; Fascial Release: Manual therapy to reduce abnormal fascial 
tension
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norepinephrine dynamics, leading to lowered arousal 
thresholds and increased micro-arousal frequency, 
thereby fragmenting sleep architecture [106,107].

Bidirectional amplification of pain and sleep 
disturbance: Some evidence suggests that subjective 
deterioration in sleep quality and increased nocturnal 
arousals may precede overt TMD pain symptoms, 
supporting the notion that sleep disturbance may act as 
a prodromal feature in the TMD pain phenotype. This 
points to a self-reinforcing pathological loop involving 
masticatory musculature, trigeminal afferents, and 
brainstem arousal circuits [108,109].

Myodural bridge (MDB) tension disrupting 
cerebrospinal fluid (CSF) dynamics: Deep cervical 
muscles, including the rectus capitis posterior minor, 
major, and obliquus capitis inferior, form anatomical 
connections with the intracranial dura via the MDB 
[58,86-88,93]. Structural studies indicate that this 
linkage contributes to both proprioception and CSF flow 
regulation. Alterations in the morphology or tension of 
the MDB may disturb subarachnoid pressure dynamics 
and disrupt CSF tidal movement, thereby impairing 
glymphatic clearance during deep sleep phases 
[110,111].

In summary, CSDS-F embodies a fascial-
neuromuscular–cerebral crossover pathway, in which 
cervical fascial tension contributes to TMD, which in 
turn promotes nocturnal arousals and non-restorative 
sleep. These findings underscore the necessity of 
addressing the bidirectional interaction between 
cervical myofascial balance and temporomandibular 
function in sleep disorder interventions.

CSDS-G type
Occipito-Atlanto-Axial Instability (OAAI) (Figure 7)

The Cervicogenic Sleep Disorder Syndrome-G 
subtype (CSDS-G), known as Occipito-Atlanto-
Axial Instability (OAAI), refers to sleep disturbances 
associated with brainstem compression resulting from 
structural instability in the occiput–atlas–axis complex 
(C0-C2). It emphasizes how upper cervical anatomical 
abnormalities disrupt the central arousal system. The 
hallmark of this subtype is instability of the upper 
cervical spine, particularly atlantoaxial joint (C1-C2) 
hypermobility, subluxation, or rotational malalignment 
[112-118]., leading to anterior medullary compression 
and subsequent dysregulation of autonomic function, 
cerebrospinal fluid (CSF) dynamics, and sleep rhythm.

Core Pathophysiological Mechanisms

Brainstem compression and sleep dysregulation: 
Patients with upper cervical instability often present 
with central sleep apnea (CSA) and nocturnal 
hypersomnolence. These symptoms may result 

from a decreased arousal threshold and heightened 
sympathetic tone [112-114]. Structural deformation can 
directly compress the medulla oblongata-especially its 
ventrolateral region-disrupting the function of the Pre-
Bötzinger complex and ascending reticular activating 
system (ARAS), thereby impairing arousal control and 
sleep-breathing regulation [115,116].

Imaging findings typically reveal an increased 
atlantodental interval (ADI) ≥ 3 mm or reduced posterior 
atlantodental interval (PADI) < 13 mm, indicative of 
atlantoaxial instability [117]. These spinal abnormalities 
often correlate with polysomnography (PSG) findings of 
reduced slow-wave sleep (SWS) and increased nocturnal 

Figure 7: Schematic diagram of CSDS-G type (Occipito-
Atlanto-Axial Instability subtype of Cervicogenic Sleep 
Disorder Syndrome).
Instability of the occipito-atlanto-axial complex may 
result in mechanical brainstem compression, increasing 
sympathetic tone and venous congestion. These factors 
contribute to sleep fragmentation and cognitive symptoms 
like “morning fog.” Clinical interventions include cervical 
stabilization via collar, surgical fixation, and autonomic 
modulation strategies such as heart rate variability (HRV)-
based therapies.
Abbreviations and Explanations:
CSDS-G：Cervicogenic Sleep Disorder Syndrome - Type 
G; OAAI: Occipito-Atlanto-Axial Instability; HRV: Heart 
Rate Variability; HRV Modulation: Autonomic regulation 
through interventions targeting heart rate variability; 
Cervical Collar: Orthotic device for cervical immobilization
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awakenings, supporting the “structural lesion–arousal 
dysfunction–sleep fragmentation” cascade.

Venous outflow obstruction and csf circulatory 
imbalance: Rotational deformities at C1-C2 or cranial 
base anomalies (e.g., basilar invagination) may 
compress venous outflow tracts, including the sigmoid 
sinus and jugular bulb, leading to elevated transverse 
sinus pressure gradients and impaired CSF drainage 
[118]. This disruption may impair glymphatic clearance, 
inhibit N3 sleep generation, exacerbate metabolite 
accumulation, and manifest as morning brain fog.

CSDS-G illustrates a closed-loop mechanism linking 
“structural compression–brainstem arousal chain–
sympathetic activation–circadian rhythm disturbance.” 
Clinical evaluation should integrate imaging modalities 
(e.g., MRI and CT measuring ADI/PADI), autonomic 
function testing (e.g., heart rate variability [HRV] 
analysis), and PSG for early identification and subtype 
classification. Interventions may include neural 
decompression surgery, positional therapy, cervical 
bracing, and HRV modulation, establishing physiological 
phenotypes for AI-assisted individualized modeling.

CSDS-H type
Cerebro-venolymphatic Outflow Disorder (Figure 8)

The CSDS-H subtype (cranial venous outflow-related 
sleep disorder) reflects a pathological cascade of “venous 
congestion → cerebrospinal fluid (CSF) dysregulation → 
slow-wave suppression and sympathetic activation.” 
Intracranial hypertension due to dural venous sinus 
stenosis can trigger dural stretch reflexes, heightening 
sympathetic tone and subsequently disrupting 
autonomic nervous system (ANS) regulation.

Key mechanisms of CSDS-H include:

Elevated venous sinus pressure gradient: Congenital 
stenosis of the transverse or sigmoid sinus, or structural 
compressions from atlantoaxial rotation or elongated 
styloid processes, may elevate intracranial venous 
pressure and inhibit CSF resorption by arachnoid 
granulations [119]. Such venous blockage interferes 
with glymphatic clearance, especially during N3-stage 
slow-wave sleep, contributing to sleep fragmentation 
and sympathetic arousal [120,121].

CSF dynamics demonstrate strong synchronization 
with low-frequency EEG waves during sleep, indicating 
neuro-fluid coupling [120]. MRI reveals rhythmic 
intracranial pressure fluctuations during the night, with 
abnormal waveforms associated with reduced slow-
wave activity [122].

Venous sinus stenting (VSS) can relieve symptoms 
linked to elevated intracranial pressure by lowering 
pressure gradients across the transverse or sigmoid 
sinus. Studies have shown a strong correlation between 

lumbar opening pressure (LOP) and venous sinus 
gradients, supporting the mechanistic basis for VSS in 
intracranial pressure modulation [123,124]. Though 
its effect on N3% or apnea–hypopnea index (AHI) 
remains inconclusive, VSS has been reported to improve 
symptoms like headache and tinnitus, thereby indirectly 
enhancing sleep quality [125].

Suppression of slow-wave activity and impaired 
glymphatic clearance: Impaired venous return (e.g., 
transverse sinus stenosis) may disrupt CSF flow and 
elevate intracranial pressure, weakening the glymphatic 
system’s ability to remove neurotoxins. This system, 
driven by arterial pulsatility, relies on CSF inflow through 
periarterial spaces to mix with interstitial fluid (ISF), 
facilitating waste clearance. Its efficiency peaks during 
non-rapid eye movement (NREM) sleep, particularly 
during N3-stage slow-wave sleep [126,127].

Ringstad and Eide [128] demonstrated, via MRI 
contrast tracing, that CSF outflow primarily occurs 
through the dura near the superior sagittal sinus 
and is limited by venous resistance. In idiopathic 
intracranial hypertension (IIH), the degree of transverse 
sinus stenosis is strongly associated with glymphatic 
dysfunction, implicating venous impairment in CSF-ISF 
exchange failure, toxic metabolite accumulation, and 
“morning brain fog” [129].

Animal studies further link enhanced delta power 
with increased CSF perfusion, offering a physiological 
rationale for the inverse relationship between sleep 
depth and neurotoxic burden [130].

Autonomic dysregulation: Elevated intracranial 
pressure can stretch the dura and activate trigeminal 
sensory afferents, enhancing sympathetic output 
and disturbing ANS homeostasis [131]. Increased 
sympathetic tone is considered a primary driver of 
reduced heart rate variability (HRV), particularly during 
nocturnal sleep [132]. Low HRV not only reflects 
parasympathetic suppression but also correlates with 
elevated inflammatory markers such as IL-6 and higher 
arousal rates, suggesting a role for ANS dysfunction as 
a central bridge between disrupted sleep architecture 
and systemic inflammation [133].

Therefore, CSDS-H highlights the importance of 
multidimensional assessment strategies, integrating 
imaging-based venous/lymphatic flow evaluation with 
polysomnography (PSG) and HRV analysis, to enable 
individualized diagnosis and AI-assisted modeling of 
cervicogenic sleep disorders.

CSDS-I type
Neurovascular Compression-Related Type (Figure 9)

The Cervicogenic Sleep Disorder Syndrome-I (CSDS-I) 
subtype is based on Thoracic Outlet Syndrome (TOS), 
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Figure 8: Schematic diagram of CSDS-H type (Cerebro-
venolymphatic Outflow Disorder subtype of Cervicogenic 
Sleep Disorder Syndrome).
In this subtype, disruption of cerebrospinal and 
venolymphatic outflow leads to intracranial hypertension, 
which is often exacerbated by sympathetic overactivation 
and sleep fragmentation. Clinical symptoms frequently 
include cognitive clouding and “morning fog.” Therapeutic 
approaches may involve venous stenting, cerebrospinal 
fluid (CSF) drainage procedures, and modulation of the 
autonomic nervous system (ANS) to restore physiological 
outflow and relieve pressure-related symptoms.
Abbreviations and Explanations:
CSDS-H stands for Cervicogenic Sleep Disorder Syndrome - 
Type H; CSF: Cerebrospinal Fluid, the clear fluid surrounding 
the brain and spinal cord, essential for cushioning and 
waste removal; ANS: Autonomic Nervous System, which 
regulates involuntary physiological functions including 
vascular tone and lymphatic drainage. Venous Stenting 
involves the placement of a stent in cerebral venous sinuses 
to improve drainage and reduce intracranial pressure; CSF 
Drainage: Therapeutic removal of excess cerebrospinal 
fluid to alleviate elevated intracranial pressure; ANS 
Modulation: Interventions aimed at balancing sympathetic 
and parasympathetic nervous activity, often through 
neurostimulation, breathing techniques, or pharmacologic 
agents

Figure 9: Schematic diagram of CSDS-I type (Neurovascular 
Compression-Related Subtype of Cervicogenic Sleep 
Disorder Syndrome).
This subtype is characterized by compression of the brachial 
plexus and subclavian vasculature, typically due to thoracic 
outlet dysfunction. Mechanistically, neural compression 
leads to sympathetic overactivity, altered autonomic 
balance (HRV changes), and impaired venous return, 
potentially contributing to increased intracranial pressure. 
Clinical manifestations include sleep fragmentation, sleep-
onset insomnia, and upper limb paresthesia. Management 
strategies may involve physical therapy and postural 
realignment.
Abbreviations and Explanations:
CSDS-I: Cervicogenic Sleep Disorder Syndrome - Type I 
(Neurovascular Compression-Related); HRV: Heart Rate 
Variability, an index reflecting autonomic nervous system 
balance; LF / HF ratio: Low Frequency to High Frequency 
Ratio in HRV analysis; often elevated in sympathetic 
overactivation; Brachial plexus: A complex network of nerves 
originating from the cervical spinal cord and innervating 
the upper limb; Subclavian vein: A major vein involved in 
venous return from the upper limb and brain obstruction can 
increase cerebral venous pressure; Intracranial pressure: 
The pressure within the skull, which may rise secondary to 
impaired venous outflow.

which involves anatomical narrowing in the subclavian 
region-such as the scalene triangle, costoclavicular space, 
or sub-pectoral minor space-leading to intermittent 
compression of the brachial plexus, subclavian vein, and 
sympathetic trunk [134-138]. This compression may 
trigger sympathetic activation and impair venous return, 
resulting in autonomic dysregulation and disruption 
of sleep architecture. The underlying pathophysiology 
can be summarized as: "neurovascular compression 
→ HRV disruption + CSF dynamic imbalance → sleep 
fragmentation."

Key mechanisms in CSDS-I include:

Neural compression and sympathetic activation: 
Supine positioning or arm abduction during sleep may 
stretch the brachial plexus, triggering sympathetic 
reflexes. This results in increased low-frequency to high-
frequency (LF/HF) ratio in heart rate variability (HRV) 
[134], prolonged sleep latency, and frequent alpha 
wave-related arousals [135].

Subclavian venous obstruction and CSF tidal 
imbalance: Compression of the subclavian vein can 
hinder intracranial venous drainage, subsequently 
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affecting cerebrospinal fluid (CSF) reabsorption. This 
pathomechanism is recognized clinically as Venous 
Thoracic Outlet Syndrome (VTOS), where venous 
obstruction between the clavicle and first rib causes 
impaired blood flow, thrombosis, and increased 
intracranial pressure, thereby inhibiting arachnoid 
granule-mediated CSF reabsorption [136]. Additionally, 
body positioning significantly influences intracranial 
fluid dynamics; the supine posture may elevate 
intracranial venous pressure [137], further disrupting 
CSF circulation and clearance.

Brachial plexus nociception and arousal chain 
activation: Chronic pain stimuli from brachial plexus 
compression may be amplified by the arousal system 
during N2-N3 non-rapid eye movement sleep, leading 
to micro-arousals and fragmented sleep. Patients 
frequently report awakening due to hand numbness 
or traction pain during turning movements, along with 
morning brain fog and non-restorative sleep. Studies 
indicate that approximately 69.5% of TOS patients 
present with Pittsburgh Sleep Quality Index (PSQI) ≥ 5, and 
the severity of upper limb dysfunction (measured by DASH 
score) correlates with sleep quality (ρ = 0.58) [138].

The neurovascular imbalance associated with TOS 
is incorporated into CSDS-I, reinforcing the integrative 
“cervical-shoulder-thoracic outlet-brain” vertical 
pathway model. Evaluation of CSDS-I emphasizes 
parallel quantification using dynamic imaging 
modalities (e.g., MRI and ultrasound) and functional 
sleep tools (e.g., PSQI and DASH). Treatment follows 
a stepwise approach of “conservative → blockade → 
outlet decompression,” beginning with physical therapy 
and postural correction, progressing to nerve blocks 
when necessary, and ultimately considering surgical 
decompression.

CSDS-J subtype
System-Reactive CSDS (Figure 10)

The CSDS-J subtype, or System-Reactive 
Cervicogenic Sleep Disorder Syndrome (CSDS), refers 
to a dysregulation of the hypothalamic-pituitary-target 
gland axes—including the HPA, HPT and HPO axes-and 
the ANS, triggered by the coexistence of chronic neck 
pain and persistent sleep deprivation. This subtype is 
often accompanied by systemic inflammatory activation 
and multi-axis disruption across sleep, endocrine, and 
immune regulation.

Core mechanisms of CSDS-J include:

HPA axis dysregulation: Patients with chronic 
cervical pain frequently exhibit enhanced cardiovascular 
reactivity and a diminished cortisol awakening response 
(CAR) under acute psychological stress, suggesting 
HPA dysfunction that is tightly linked with sympathetic 
activation within the ANS [139,140]. Similarly, patients 

with cervicogenic headache show aberrant cortisol 
response patterns to mild cognitive stimulation, 
highlighting the vulnerability of the HPA axis in chronic 
pain and arousal regulation [141]. Chronic activation of 
the HPA axis may inhibit the release of gonadotropin-
releasing hormone (GnRH) and thyroid-stimulating 
hormone (TSH), disrupting circadian patterns in the 
reproductive and thyroid axes and impeding normal 
nocturnal hormone surges during deep sleep (N3) 
[142,143]. These neuroendocrine imbalances are 
strongly implicated in non-restorative sleep, morning 
fatigue, and disordered sleep architecture in CSDS.

HPT axis misalignment: Thyroid hormone 
irregularities can significantly impact sleep regulation. 
In primary hypothyroidism, the incidence of obstructive 
sleep apnea syndrome (OSAS) is elevated, possibly 
due to mucopolysaccharide accumulation causing 
airway collapse and respiratory muscle weakness. 
Following levothyroxine treatment, patients with 
hypothyroidism showed marked reductions in apnea-
hypopnea index (AHI), suggesting a therapeutic role in 
sleep-related breathing disorders [144]. Conversely, 
hyperthyroidism is associated with insomnia symptoms 
including difficulty initiating sleep, frequent nocturnal 
awakenings, and reduced sleep efficiency. These are 
primarily driven by heightened sympathetic tone 
and metabolic overactivation, both of which impair 
the normal functioning of the sleep-wake system. 
Antithyroid treatment has been reported to improve 
sleep onset latency and REM sleep architecture in most 
cases [145].

HPO axis compression and menopause-associated 
CSDS-J: In perimenopausal women, hormonal fluctuations 
in estrogen and progesterone are commonly associated 
with disturbed sleep architecture, characterized by 
sleep onset difficulties, frequent awakenings, and early 
morning arousals [146]. Vasomotor symptoms (VMS), 
such as hot flashes and nocturnal sweating, lower 
the arousal threshold, suggesting that menopausal 
insomnia may involve bi-directional coupling between 
the HPO axis and central sympathetic networks. Chronic 
cervical tension and heightened sympathetic activity 
may further exacerbate HPA axis activation, thereby 
disturbing HPO rhythmicity [147]. Studies have shown 
that patients with chronic neck pain demonstrate 
enhanced cardiovascular reactivity and altered CAR 
under psychological stress-markers of sympathetic-HPA 
dysregulation. Additional findings reveal that chronic 
stress and elevated cortisol suppress GnRH secretion, 
leading to reduced luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels, resulting in HPO axis 
compression and reproductive hormonal imbalance 
[148]. Taken together, menopause-associated CSDS-J 
may reflect a neuroendocrine imbalance involving 
cervical-origin sympathetic overactivation, heightened 
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HPA activity, and HPO suppression, forming a "cervical-
stress-hormone-sleep" interference loop.

ANS as a hub for inflammation-hormone feedback: 
Enhanced nocturnal sympathetic activity, reflected 
by an increased low-frequency/high-frequency (LF/
HF) ratio in heart rate variability (HRV), may inhibit 
parasympathetic anti-inflammatory pathways and 
elevate circulating pro-inflammatory cytokines such 
as interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α) [149]. These cytokines can in turn activate the 
HPA axis, forming a positive feedback loop between 
inflammation and hormone dysregulation [150].

In summary, the CSDS-J subtype illustrates how 
cervical nociceptive input acts as a chronic stressor that 
disrupts neuroendocrine and immune homeostasis. 
Therapeutic strategies should integrate sedative-
hypnotic agents, stress management protocols, and 
interventions targeting cervical spine disorders (Table 
1).

Conclusion and Future Perspectives
Innovative proposal and foundational framework

Cervicogenic Sleep Disorder Syndrome (CSDS), as a 
newly proposed disease spectrum, highlights the pivotal 
role of both structural and functional cervical abnormalities 
in the pathogenesis of sleep disorders. Through a 
systematic mechanistic analysis, this study establishes a 
CSDS subtype classification system based on structural, 
functional, and circadian disruptions. This provides a 
foundational framework for future clinical diagnosis, 
mechanistic exploration, and precision intervention.

Four core characteristics
Pathogenicity, Systemicity, Identifiability, and 

Intervenability

Pathogenicity: CSDS emphasizes cervical dysfunction 
as a direct etiological trigger. Its identification can be 
quantified through imaging modalities, ultrasound, and 
three-dimensional biomechanical analysis [151].

Figure 10: Schematic diagram of CSDS-J type (System-Reactive Subtype of Cervicogenic Sleep Disorder Syndrome).
This subtype represents a complex interaction between multiple neuroendocrine axes and autonomic-inflammatory 
feedback loops, resulting in persistent sleep disturbances. Dysregulations across the HPA (hypothalamic-pituitary-adrenal), 
HPO (hypothalamic-pituitary-ovarian), and HPT (hypothalamic-pituitary-thyroid) axes interact with autonomic dysfunction and 
inflammatory mediators. Clinically, patients may present with insomnia, vasomotor instability, and hormonal imbalance. Intervention 
targets include sedative-hypnotic therapy, stress response modulation, and cervical-related peripheral interventions.
Abbreviations and Explanations:
CSDS-J: Cervicogenic Sleep Disorder Syndrome - Type J (System-Reactive Subtype); HPA: Hypothalamic-Pituitary-
Adrenal Axis, responsible for stress and cortisol regulation; CAR: Cortisol Awakening Response, a key biomarker of HPA 
axis function; GnRH: Gonadotropin-Releasing Hormone, whose suppression reflects hypothalamic-pituitary dysfunction; 
HPT: Hypothalamic-Pituitary-Thyroid Axis, involved in metabolic and sleep regulation; OSA: Obstructive Sleep Apnea, 
contributing to disrupted sleep architecture; HPO: Hypothalamic-Pituitary-Ovarian Axis, relevant in reproductive and 
vasomotor regulation; VMS: Vasomotor Symptoms, such as hot flashes and night sweats, linked to hormonal shifts; 
ANS: Autonomic Nervous System, particularly when imbalanced toward sympathetic dominance; IL-6: Interleukin-6, a 
pro-inflammatory cytokine elevated in stress and systemic inflammation; TNF-α: Tumor Necrosis Factor-alpha, another 
inflammatory mediator associated with sleep disruption; LF/HF Ratio: Low Frequency to High Frequency ratio, a heart rate 
variability (HRV) index reflecting sympathetic-parasympathetic balance; Cervical-Interv.: Cervical intervention, referring to 
physical therapies targeting cervical somatic dysfunctions.
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Systemicity: CSDS spans across multiple systems, 
including the nervous, vascular, immune, and endocrine 
axes, challenging the conventional brain-centric model 
of insomnia. It emphasizes how cervical anomalies 
interfere with the sleep-wake regulation loop via the 
spinal cord-brainstem-thalamus-cortex-rhythm network 
coupling. The integration of artificial intelligence 
and radiomics [152] is accelerating a comprehensive 
understanding of the cervical-sleep system coupling.

Identifiability: The pathological pathways of CSDS are 
verifiable. Future research should focus on: establishing 
a CSDS-specific biomarker recognition system, centered 
on multimodal imaging, physiological parameters, and 
biochemical markers [153]; building deep learning-
driven automated CSDS subtype classification 
models [154]; clarifying causal links between cervical 
dysfunction and distinct sleep disorder phenotypes, 
thus facilitating mechanistic standardization and 
international consensus [155].

Intervenability: From a therapeutic standpoint, 
CSDS has clearly defined intervention targets. Subtype-
based individualized strategies, including minimally 
invasive decompression, myofascial modulation, 
neuromodulation, and digital therapeutics, may 
overcome conventional pharmacological dependence 
in insomnia management [156]. Additionally, early 
screening and postural correction among high-risk 
populations (e.g., sedentary workers) may interrupt 
the pathological cycle of 'cervical degeneration-pain-
insomnia-sympathetic hyperactivity-chronic disease 
risk' [157].

Summary and future directions
CSDS is not a narrowly defined secondary insomnia 

nor a single anatomical disorder. Instead, it represents a 
complex multisystem dysregulation syndrome driven by 
coupled dysfunction. This framework redefines the role 

Subtype 
(A-J) Core Pathophysiology Clinical Features (Physical 

& Auxiliary Exams)
Diagnostic Clues (Etiology, 
History, Epidemiology)

Differential Diagnosis 
(Intra-CSDS & Others)

CSDS-A Sympathetic overactivation 
(↑LF/HF, ↓HF-HRV) [71-73]

Elevated arousal, short 
sleep duration, poor SWS, 
HRV metrics [71]

Chronic neck pain, cervical 
spondylosis history, PSG & 
HRV changes [5,6,73]

Primary insomnia, 
anxiety-related 
insomnia, vs. CSDS-C 
(pain) [72]

CSDS-B Vagal suppression with 
circadian misalignment [74-76]

Delayed sleep phase, 
daytime hypersomnolence, 
melatonin shift [74]

History of circadian rhythm 
disorder, HRV vagal deficit, 
actigraphy [75]

DSPS, idiopathic 
insomnia vs. 
CSDS-A (autonomic 
hyperarousal) [76]

CSDS-C Pain-induced cortical arousal 
via nociceptive pathway [77-80]

Frequent nocturnal 
awakening, reduced N3, 
pain complaints [78]

Cervical pain > 3 months, 
MRI spondylosis, twin 
studies [79]

Depression-related 
insomnia, fibromyalgia, 
vs. CSDS-A [80]

CSDS-D
Cervical dystonia-induced 
thalamocortical disturbance 
[81-85]

Muscle tone asymmetry, 
prolonged sleep latency, 
PSG N3↓ [83]

Known dystonia, 
botox response, EMG 
abnormalities [82,84]

Parkinsonism, primary 
dystonia vs. CSDS-G 
(brainstem) [85]

CSDS-E
Myodural bridge tension 
disrupting CSF dynamics [86-
88]

Morning brain fog, abnormal 
HRV, reduced SWS, cranial 
pressure [89-92]

Head posture anomalies, 
neck stiffness, C0-C2 
imaging [88,93]

Idiopathic intracranial 
hypertension, tension-
type headache [24]

CSDS-F
TMD linked via fascial 
continuity & sympathetic loop 
[100-105]

Sleep bruxism, jaw pain, 
cervical restriction, HRV 
shift [102-103]

TMJ dysfunction, neck-
TMD co-existence, dental 
evaluation [101]

Primary TMD, dental-
origin bruxism vs. 
CSDS-A (autonomic) 
[104]

CSDS-G
Occipito-atlanto-axial instability 
compressing brainstem [112-
118]

Central sleep apnea, SWS 
loss, high ADI/PADI [113-
114]

C1-C2 instability, os 
odontoideum, CT/MRI 
correlation [117]

Chiari malformation, 
congenital instability vs. 
CSDS-D [115]

CSDS-H Cerebro-venolymphatic outflow 
disorder → ICP ↑ [119-129]

Venous congestion, N3↓, 
low HRV, VSS response 
[123-125]

Sinus stenosis, jugular reflux, 
contrast MRI [124,128]

IIH, migraine, vs. 
CSDS-G (mechanical 
compression) [129-130]

CSDS-I Thoracic outlet neurovascular 
compression [134-138]

Arm numbness, sleep-
position arousals, HRV 
alteration [134]

Positive DASH score, 
positional imaging, TOS 
testing [135-136]

Peripheral neuropathy, 
obstructive apnea vs. 
CSDS-J [137-138]

CSDS-J HPA/HPT/HPO axis + ANS 
dysregulation [139-150]

Systemic inflammation, 
hormone shifts, fatigue, 
poor sleep [141-143]

Chronic stress, menopause, 
hormone labs, IL-6↑ [146-
148]

Endocrine disorders, 
chronic fatigue vs. 
CSDS-B/H [149-150]

Table 1: Summary of the 10 CSDS subtypes (A-J).

This table summarizes the 10 mechanistic subtypes of Cervicogenic Sleep Disorder Syndrome (CSDS) based on core 
pathophysiology, clinical features, diagnostic indicators, and differential diagnosis.
Abbreviations: LF/HF: Low-frequency to high-frequency ratio (HRV index); HF-HRV: High-frequency heart rate variability; 
SWS: Slow-wave sleep (N3 stage); PSG: Polysomnography; TMD: Temporomandibular disorder; CSF: Cerebrospinal fluid; ICP: 
Intracranial pressure; ADI/PADI: Atlanto-dental interval / Posterior ADI; VSS: Venous sinus stenting; DASH: Disabilities of the Arm, 
Shoulder, and Hand index; IL-6: Interleukin 6, inflammatory biomarker
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of cervical pathology in sleep medicine and establishes 
a theoretical anchor for precise diagnosis, mechanistic 
subtyping, and interdisciplinary intervention.

Future developments should include: Defining 
diagnostic criteria and evaluation metrics for each 
subtype; promoting multicenter mechanistic validation; 
constructing AI-assisted decision-making systems; and 
developing targeted therapeutic strategies.

The introduction of CSDS represents a paradigm 
shift toward systems-level precision medicine, offering 
substantial academic value and clinical potential.
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