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Objective: Cervicogenic headache (CEH) is a complex secondary headache arising from functional or structural abnormalities within
the cervical spine. This systematic review summarizes and evaluates the clinical effectiveness and anatomical mechanisms of
minimally invasive techniques targeting sites such as the C2 dorsal root ganglion (DRG) and C1-2 joint in CEH management..
Methods: PubMed, Embase, Cochrane Library, and Web of Science were systematically searched from January 2004 to May 2025.
Studies involving minimally invasive interventions for CEH were included. Data extraction and quality appraisal were independently
performed by two reviewers using the Cochrane Risk of Bias (ROB) tool and Newcastle—Ottawa Scale (NOS). Owing to heterogeneity
across studies, results were narratively synthesized.

Results: Twenty-three studies were included, comprising 4 randomized controlled trials (RCTs), 13 cohort studies, 1 case-control study,
and 5 anatomical studies. Interventions targeting the C2 DRG, C1-2 joint, cervical discs, deep cervical plexus, and greater occipital nerve
showed consistent short-term pain relief and improved quality of life. However, substantial heterogeneity in treatment protocols and limited
long-term data restrict definitive conclusions. Most studies demonstrated moderate-to-high methodological quality.

Conclusion: This review integrates clinical and anatomical evidence to clarify how target-specific interventions influence CEH
outcomes. The findings highlight the importance of anatomical precision in guiding individualized interventional strategies and
provide a theoretical framework for optimizing future treatment paradigms.

Keywords: cervicogenic headache, dorsal root ganglion, radiofrequency, minimally-invasive treatments, anatomical targets,

ultrasound guidance

Introduction
Cervicogenic headache (CEH) is a secondary headache arising from pathological changes or dysfunctions in the cervical
spine structures. Its etiology involves lesions of the cervical nerves, joints, intervertebral discs, and surrounding soft
tissues." Because of its multifactorial origins and overlapping clinical features, distinguishing CEH from occipital
neuralgia, migraine, and tension-type headache remains challenging.” According to the latest diagnostic criteria of the
International Headache Society (IHS), CEH is characterized by a cervical source of pain, accompanied by neck move-
ment limitation, cervical tenderness, and supportive imaging findings.” These criteria provide a more standardized basis
for diagnosis and facilitate early clinical recognition. Clinicallyy, CEH commonly presents as unilateral neck pain
radiating to the occipital or temporal region.* Epidemiological data indicate that CEH affects approximately 4.1% of
the general population® and up to 17.5% of patients with severe headache,® underscoring its substantial clinical burden.
The pathophysiology of CEH primarily involves degenerative or inflammatory changes in the upper cervical segments
(C1-3) and their related neural structures.” Irritation of cervical nerve roots or joints, including the atlanto-axial joint and
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associated occipital nerves, can produce referred pain to the occipital region.®? Disc degeneration and soft-tissue dysfunction
such as muscular spasm or myofascial inflammation may further contribute to symptom persistence.'®'*

Based on these anatomical insights, several minimally invasive interventions have been developed for CEH manage-
ment, including selective nerve block, pulsed radiofrequency (PRF), radiofrequency ablation (RFA), and coblation
radiofrequency.'>'® These procedures aim to relieve pain by reducing local inflammation, modulating nociceptive
transmission, or interrupting pathological neural activity. They have been increasingly adopted as promising alternatives
to conservative therapy, offering rapid pain relief with minimal complications and high patient acceptability.

Despite increasing evidence supporting the efficacy of minimally invasive interventions for CEH.">"'7 Previous
reviews have mainly compared interventional techniques but often neglected the crucial role of anatomical target
selection. We hypothesize that variations in anatomical targets may substantially influence treatment outcomes, as
different neural or musculoskeletal structures may respond differently to the same intervention.

To date, no systematic review has comprehensively summarized clinical and anatomical evidence on minimally
invasive interventions for CEH. Therefore, this systematic review integrates evidence from both clinical and anatomical
studies to comprehensively evaluate the efficacy and mechanisms of minimally invasive treatments for CEH from an
anatomical perspective. By comparing therapeutic outcomes associated with different anatomical targets, this review
aims to provide a reference for optimizing individualized interventional strategies and improving clinical efficacy. It is
expected that such an anatomy-based analytical framework will enhance understanding of CEH mechanisms and inform
the refinement of future clinical treatment paradigms.

Materials and Methods
Reporting Guideline and Registration

This review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement.'® The protocol was prospectively registered in the PROSPERO database (Registration No.
CRDA420251183639).

Database Selection and Search Strategy
A comprehensive search was performed in PubMed, Embase, Cochrane Library, and Web of Science from January 2004
to May 30, 2025. Only English-language publications were included. The PubMed search strategy used a combination of
the following terms: “cervicogenic headache”, “nerve block”, “radiofrequency”, “pulsed radiofrequency”, “coblation”,
“anatomical”, and “minimally invasive”.

Equivalent search strategies were adapted for the other databases. The detailed search strings for each database are

provided in Supplementary Table S1.

To enhance completeness, we additionally queried ClinicalTrials.gov and the WHO International Clinical Trials
Registry Platform (ICTRP) to identify ongoing or completed but unpublished trials relevant to CEH interventions;
records lacking peer-reviewed outcome data were excluded from the evidence synthesis. Reference lists of included

studies and related reviews were manually screened.

Eligibility Criteria
Eligibility criteria were defined a priori based on the PICOS framework. Studies were included if they met the following criteria:
(1) Population: Patients clinically diagnosed with CEH, regardless of specific diagnostic criteria;
(2) Intervention: Minimally invasive interventional procedures targeting cervical anatomical structures, such as nerve
block, RFA, PRF, coblation, or steroid injection;
(3) Outcomes: Studies were required to report pain-related outcomes.
The primary outcome was pain improvement, expressed as either the change in pain intensity (eg, VAS, NRS, Izbicki
score, NPS, or headache intensity scales) or the proportion of patients achieving >50% pain reduction (“responders”).
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Secondary outcomes included functional disability (eg, Neck Disability Index [NDI]), quality of life (eg, SF-36,
EORTC QLQ-C30), sleep or headache impact (eg, PSQI, HIT-6), adverse events, guidance modality—related differences,
and durability of treatment effect across follow-up periods.

(4) Study design: Both randomized controlled trials (RCTs) and observational studies (retrospective or prospective
cohort, case-control, or single-arm) with or without control groups were eligible.

Additionally, anatomical studies were included if they explicitly described or demonstrated the anatomical mechan-
isms or neural pathways related to the pathogenesis of CEH, such as nerve compression, joint innervation, or muscle—
nerve interactions.

Exclusion Criteria Were
1. Non-human or animal studies;
2. Case reports or case series with fewer than 10 subjects;
3. Studies that did not describe the anatomical mechanisms of CEH (for anatomical studies);
4. Conference abstracts, reviews, or non-English publications.

Study Selection and Data Extraction

Two reviewers (X. Jin and Q. Zhang) independently screened the titles, abstracts, and full texts of all retrieved articles according

to the eligibility criteria. Disagreements were resolved through discussion or consultation with a third reviewer (Y. Sun).
Data were extracted into a standardized form, including: author, year, country, study design, sample size, diagnostic

reference, anatomical target, intervention type, imaging guidance modality, outcome measures (pain intensity, pain relief

rate, functional or quality-of-life indicators), follow-up duration, and adverse events.

Quality Assessment
Two reviewers (X. Jin and Q. Zhang) independently performed study-level risk-of-bias assessments. RCTs were
appraised with the Cochrane Risk of Bias (ROB) tool (random sequence generation, allocation concealment, blinding
of participants/personnel and outcome assessors, incomplete outcome data, selective reporting, and other bias).
Observational studies were appraised with the Newcastle-Ottawa Scale (NOS) (Selection, Comparability, Outcome).
Disagreements were resolved by discussion or adjudication by a third reviewer (Y. Sun).

The detailed risk-of-bias evaluations for all included studies are presented in Supplementary Figure 1.

Data Synthesis

Given the substantial heterogeneity among included studies in terms of study designs, populations, anatomical targets,
techniques, and outcome measures, a narrative synthesis was undertaken, organized by anatomical target. Primary
outcome findings are presented as reported changes in pain intensity; secondary outcomes include responder rates (eg,
>50% pain reduction), functional and quality-of-life metrics, adverse events, and durability of effect during follow-up.
For anatomical studies, results are narratively summarized in relation to the structural or neurophysiological mechanisms

implicated in CEH pathogenesis.

Results

Study Selection

A total of 1883 records were retrieved from four databases (PubMed, Embase, Cochrane Library, and Web of Science).

After removing duplicates and performing title, abstract, and full-text screening, 23 studies met the inclusion criteria and

were included in the final qualitative synthesis. Among them, 18 were clinical studies and 5 were anatomical studies.
The detailed screening and selection process is illustrated in Figure 1 (PRISMA flow diagram). The PRISMA 2020

checklist is provided in Supplementary Table S2.
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Figure | PRISMA 2020 flow diagram of literature selection process.

Study Characteristics
A total of 23 articles were included in this review, comprising 4 RCTs, 1 case-control study, 13 retrospective cohort
studies, and 5 anatomical studies (Tables 1 and 2).

Most clinical studies investigated minimally invasive interventional techniques, including RFA, PRF, coblation, or
nerve block, targeting specific cervical anatomical structures.

The anatomical studies, on the other hand, primarily explored neural innervation, compression points, and biome-
chanical alterations implicated in the pathogenesis of CEH.

The distribution of anatomical targets investigated across clinical studies is visually summarized in Figure 2.

Quality Assessment
The methodological quality of the included studies varied across study designs.

Among the four RCTs, which were evaluated using the Cochrane ROB tool, two were rated as low risk of bias, one as
unclear, and one as high risk, mainly due to incomplete blinding and selective outcome reporting (Figure 3).

For the observational studies, the overall quality assessed using the NOS ranged from 5 to 7 points, indicating
moderate to high methodological quality (Table 3).

Overall, the methodological quality of the included studies was acceptable, though the limited number of RCTs and
variability in study design warrant cautious interpretation. The detailed results for each anatomical target are presented below.
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Table | Summary of Clinical Studies on Anatomical Target-Based Minimally Invasive Techniques for Cervicogenic Headache

Author Study Target Diagnostic | Technique | Guidance Sample | Outcome Short- Long- Adverse Conclusion
Design Criteria Modality Size Measures Term Term Events
Efficacy Efficacy
Hamer JF Retrospective | C2 CHISG RFA Fluoroscopy 40 Pain relief N/A 90% (6 Hypersensitivity | C2 DRG RFA is effective
etal' cohort DRG, (250%) months) (12-13%) but has a high complication
TON rate; use with caution.
Ho-Jin Lee Retrospective | C2 DRG | ICHD-3 PRF Fluoroscopy 45 NRS score 28.9% (I 40.0% (6 None C2 DRG PRF may be an
et al® cohort month) months) effective treatment for
CEH; further validation is
needed.
Shao-jun Li | Retrospective | C2 DRG | CHISG PRF + ESI Ultrasound 87 vs 52 | Izbicki score, N/A 11.25£2.1 Hyperglycemia PRF+ESI is safe and effective
et al?! cohort NDI vs 40.00 (16.55%) for CEH; further research is
+5.3% needed.
Lu Hua Retrospective C2 ICHD-3 PRF + SGB | Ultrasound 30 vs 30 VAS, McGill, 6.53+1.17 6.53+1.17 None C2 PRF combined with SGB
et al*? cohort DRG, vs 30 PSQI — .10 — 0.97 significantly improves pain,
SGB +0.88* (I +0.76* (6 sleep, and mood; further
month) months) studies are needed.
Xing Jin Retrospective | C2 DRG | CHISG/ PRF Ultrasound 29 Pain relief 72.41% 68.97% None PRF targeting the C2 dorsal
etal” cohort ICHD-3 (250%), NDI (4 weeks) (24weeks) root ganglion at the Cl-2
level could be a safe and
effective approach for
alleviating cervicogenic
headache and improving
cervical spine function.
Baishan Wu | Retrospective | C2 CHISG/ Plasma Ultrasound 26 VAS score 100% (1-3 88.46% Transient C2 nerve root plasma
et al** cohort Nerve ICHD-3 Ablation days) (24 weeks) | numbness ablation is effective and
Root (100%) radiation-free, suitable for
clinical promotion.
Willy Halim | Retrospective | Cl-2 Not PRF Fluoroscopy 86 Pain relief 50% (2 44.2% | case of CI-2 joint PRF is safe and
etal® cohort Joint specified (250%) months) (I year) headache effective for CEH, but long-
aggravation term efficacy requires

further validation.

(Continued)
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Table | (Continued).

Author Study Target Diagnostic | Technique | Guidance Sample | Outcome Short- Long- Adverse Conclusion
Design Criteria Modality Size Measures Term Term Events
Efficacy Efficacy
Chua NH Retrospective | Cl-2 CHISG PRF Fluoroscopy 44 NRS, HIT-6, 8.68+0.78 8.68+0.78 | None C1-2 PRF provides effective
et al?® case-control Joint NDI — 1.64 — 1.45 and long-lasting
+1.53*% (2 +1.41% (12 improvement in CEH
months) months) patients, significantly
enhancing quality of life.
Narouze Retrospective | Cl-2 Not LA + Fluoroscopy 32 VAS score 6.8+0.5 — 6.8+0.5 — | Transient ataxia Intra-articular
SN et al”” | study Joint specified Steroid 1.920.5% (1 | 3.7x1.1 (6 | (4 cases) corticosteroid injection
month) months) provides short-term pain
relief for C1-2 joint pain.
Zhou Retrospective | Cl-2, CHISG LA + Fluoroscopy 31 Pain relief (%), | N/A 90.3% None CI-2 and C2-3 joint
L et al®® study C2-3 Steroid NPS (NPS: 7.5 injections are effective and
Joints +|.3 — well-tolerated; further
2.7+1.9%) evaluation is needed.
Haspeslagh | RCT C3-6 CHISG RFA vs Fluoroscopy I5vs I5 | VAS, GPE 80% 53.5% None RFA and GON block show
SR et al?’ Facet GON score success success similar efficacy; GON block
Joints Block (8 weeks) (48 weeks) is not superior.
Park MS Retrospective | C3-5 ICHD-3 PRF Fluoroscopy 57 VAS score 621 — 621 — Transient neck Medial branch PRF provides
et al®® cohort Medial |.54% 1.25% (12 numbness durable relief for refractory
Branch (immediate) | months) CEH without serious
complications.
Stovner LJ RCT C2-6 CHISG RFA vs Fluoroscopy 6 vs 6 Headache —32 (-57- 0 (—39- Short-term neck | RFA is not beneficial for
etal® Medial Sham intensity 0)f vs —I8 41) vs pain most CEH patients and is
Branch (-76-16)t —35 (—88- not recommended as
(I month) 20)" (24 routine treatment.
months)
Hu JQ Retrospective | Cervical | ICHD-3 RFA CcT 41 NRS score 78% 68% (6 Neck pain, CT-guided cervical disc RFA
et al*? cohort Disc (I week) months) bruising is a promising treatment for

discogenic CEH.
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Kong Retrospective | Cervical | CHISG PPDD vs Fluoroscopy 90 vs 95 | Improvement | 78.8% vs 75.8% vs PPDD: 4 cases; PPDD demonstrates
S etal® cohort Disc vs PRF rate (250%) 43.5% (I 26.1% (6 PRF: 5 cases superior long-term efficacy
Nerve month) months) and safety compared to PRF
Root for radicular CEH.
Goldberg Prospective C2 Deep | Not LA + Fluoroscopy 39 NPS score 9.54+1.53 9.54%1.53 None Deep cervical plexus block
ME et al** cohort Plexus specified Steroid — 6.75 — 8.83 provides pain relief in CEH
+3.23* +2.78*% (6 patients, but efficacy
(immediate) | months) diminishes after 6 months.
Qing Wan RCT C2,3 CHISG LA + Ultrasound 28 vs 26 | NPS score 7.61%1.12 7.61%1.12 None Ultrasound-guided and
etal® Deep Steroid and — 345 — 2.36 fluoroscopy-guided
Plexus Fluoroscopy +0.54* +0.56* approaches show similar
(comparative) (2 weeks) (24 weeks) efficacy; ultrasound is
preferred due to lack of
radiation exposure.
Kissoon RCT GON ICHD-3 LA + Ultrasound vs | 16 vs 16 | NRS score 6.0 3-8)' | 6.0 (3-8)' | Headache Ultrasound-guided GONB
NR et al*® Steroid Landmark- — 1515 — 3.0 aggravation may provide better pain
guided (0-3.75)t* (2-5)t* relief than traditional
(comparative) (30 min) (4 weeks) GONB at 4 weeks

Notes: Data Presentation: Data are presented as mean # standard deviation or median [IQR] unless otherwise specified. ¥p<0.05. TData presented as median [IQR]. Follow-up Time: Short-term: <3 months; Long-term: >3 months.

Symbols: — indicates change from baseline to follow-up.

Abbreviations: C2 DRG, C2 Dorsal Root Ganglion; TON, Third Occipital Nerve; CHISG, Cervicogenic Headache International Study Group; ICHD-3, International Classification of Headache Disorders, 3rd edition; RFA,
Radiofrequency Ablation; N/A, Not Available; CEH, Cervicogenic Headache; PRF, Pulsed Radiofrequency; NRS, Numerical Rating Scale; ESI, Epidural Steroid Injection; NDI, Neck Disability Index; EORTC QLQ-C30, European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; SGB, Stellate Ganglion Block; VAS, Visual Analogue Scale; PSQI, Pittsburgh Sleep Quality Index; HIT-6, Headache Impact Test-6; MOS-SS,
Medical Outcomes Study Sleep Scale; SF-36, Short Form-36 Health Survey; NPS, Numerical Pain Scale; RCT, Randomized Controlled Trial; GON, Greater Occipital Nerve; GPE, Global Perceived Effect; RF, Radiofrequency; CT,

Computed Tomography; PPDD, Percutaneous Plasma Disc Decompression; GONB, Greater Occipital Nerve Block.
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Table 2 Summary of Studies on Anatomical - Related Mechanisms of Cervicogenic Headache

Author Research Subjects Research Methods Anatomical Structures Insights and Significance
Involved Regarding Cervicogenic
Headache
Janis JE 25 fresh cadaver heads Dissected the posterior neck | The GON and its Identified six compression
et al®’ and scalp, traced the greater relationships with the fascia, points of the GON. The
occipital nerve (GON), muscles and blood vessels finding that nerve
located the compression around the trapezius muscle, compression at these sites can
points along its course and oblique capitis inferior (OCI) | cause headache offers
measured relevant data of the head, and semispinalis anatomical guidance for
capitis muscle migraine surgery, potentially
enhancing surgical efficacy by
targeting decompression of
these points.
Paluzzi 10 C2 spinal nerves and nerve | Dissected under a microscope | The dorsal root, spinal nerve, | Clarified that C2 nerve
Aetal®® roots from 5 embalmed to observe the innervation of | ventral ramus of the C2 spinal | elements can transmit pain
cadavers the C2 nerve elements to the | nerve, the lateral Cl-2 joint from lateral CI-2 joint lesions
lateral CI-2 joint and and its surrounding fascia, and | to cause occipital headache.
determine the target points the vertebral artery This knowledge of the
for anesthesia block extensive innervation by C2
articular branches provides
more precise anesthesia -
block targets for treating
occipital pain.
Kalmanson 13 fresh - frozen cadaver Constructed specimen - Occipital bone - ClI, Cl - C2, | Although FHP did not directly
OA et al® | cervical spine specimens specific 3D computer models | occipital bone - C2 segments, | compress C2 nerve root and
(occipital bone - T1) through CT scans, induced rectus capitis posterior major, | GON, muscle - contraction
forward head posture (FHP) rectus capitis posterior minor, | changes indicated FHP -
on the experimental device, obliquus capitis superior, OCI, | related headache may be
synchronized the models with | and the protective spaces tension - type. The
motion data, and measured around the C2 nerve root and | biomechanical model study
relevant indicators the GON offers new insights into the
pathogenesis of FHP - related
headache, aiding in better
understanding and potential
treatment strategies.
Rennie Embalmed cadaver cervical Micro - dissected the Atlantooccipital joint, Cl-2 Described in detail the origin,
Cetal® spine specimens from 10 specimens, exposed the joint, foramen magnum, course and distribution of
adults, 12 fetuses (crown - cervical spinal canal using two | transverse ligament, alar SVN at the atlantoaxial joint.
rump length = 155-250mm) methods, and observed the ligament, accessory ligament, The understanding that SVN
and 3 stillborn neonates (50 origin, course and distribution | dura mater, spinal cord, may mediate pain in the upper
sides in total) of the medial branch of the vertebral artery, etc. cervical spine and posterior
posterior ramus of the spinal cranial fossa, and its
nerve (SVN) convergence with trigeminal
afferent fibers, provides
anatomical evidence for
understanding the neural
mechanism of cervicogenic
headache, facilitating better
diagnostic and therapeutic
approaches.

(Continued)
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Table 2 (Continued).

point where it emerged from
the OCI of the head to the
process of bypassing this
muscle, and measured
relevant data

Author Research Subjects Research Methods Anatomical Structures Insights and Significance
Involved Regarding Cervicogenic
Headache
Scherer SS | 20 fresh cadaver heads Dissected the cadaver heads, | The intersection of the GON | Revealed the anatomical
etal* traced the GON from the and the OCI of the head, the | relationship between the

length and thickness of the
OCI of the head, and the
connection mode between the
GON and the OCI of the
head

GON and the OCI of the
head. The finding that the
fixed OCI during trauma can
strain the nerve, causing
occipital pain syndrome,
provides important basis for
diagnosing and planning
surgeries related to such pain

syndromes.

Clinical Studies
Primary outcomes (pain intensity or proportion achieving >50% pain reduction) and secondary outcomes (functional

improvement, quality of life, and adverse events) were narratively summarized according to anatomical target.

C2 Dorsal Root Ganglion (DRG)/C2 Nerve Root

(6 Studies; All Retrospective Cohorts)
Six studies'”**
DRG, with four applying the PRF technique

employed the coblation radiofrequency technique.”

20-23

4

targeted the C2 DRG or C2 nerve root for treatment. Among them, five studies'®>* focused on the C2
and one using RFA."® Another study targeted the C2 nerve root and

Regarding the guiding methods, four studies used X-ray fluoroscopy, and two adopted ultrasound guidance. In terms

119

of treatment effects, Hamer et al ~ reported that 90% of patients achieved >50% pain relief at six months, though the

complication rate reached 12—13%. Ho-Jin Lee et al*° found that 28.9% of patients achieved >50% relief at one month

Figure 2 Anatomical targets for minimally invasive treatment of cervicogenic headache (anterior and posterior views). The illustration summarizes anatomical targets
reported in the included clinical and anatomical studies. (a) C1-2 joint; (b) cervical intervertebral disc; (c) greater occipital nerve; (d) medial branch of cervical nerve; (e) C2
dorsal root ganglion; (f) deep cervical plexus; (g) C2-3 facet joint.
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Figure 3 Risk of bias assessment of included randomized controlled trials. This figure presents the risk of bias assessment for the included randomized controlled trials using
the Cochrane Risk of Bias tool. Each domain represents a potential source of bias: random sequence generation (selection bias), allocation concealment (selection bias),
blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting
(reporting bias), and other bias. Green (+): low risk of bias; Yellow (?): unclear risk of bias; Red (—): high risk of bias.

and 40.0% at six months, with no complications. Shao-jun Li et al*' demonstrated that PRF of the C2 DRG combined
with epidural steroid injection was superior to steroid injection alone in improving pain and quality of life, with the

median Izbicki pain score decreasing from 78.5 to 11.25 after two years. Lu Hua et al*? showed that ultrasound-guided

Table 3 Quality Assessment of Included Observational Studies Using the Newcastle-Ottawa Scale (NOS)

Author Selection (Max = 4) | Comparability (Max = 2) | Outcome (Max = 3) | Total (Max =9) | Quality
Hamer JF et al'’ 2 I 2 5 Moderate
Ho-Jin Lee et al* 3 | 2 6 Moderate
Shao-jun Li et al*' 3 2 2 7 High
Lu Hua et al?? 3 2 2 7 High
Xing Jin et al® 3 | 2 6 Moderate
Baishan Wu et al** 3 | 2 6 Moderate
Willy Halim et al*® 3 | 2 6 Moderate
Chua NH et al*® 3 I 2 6 Moderate
Narouze SN et al*’ 3 I 2 6 Moderate
Zhou L et al®® 3 I 2 6 Moderate
Park MS et al*° 4 2 I 7 High
Hu JQ et al*? 4 2 | 7 High
Kong S et al* 4 2 I 7 High
Goldberg ME et al** 2 I 2 5 Moderate

Notes: Scoring criteria were based on the Newcastle-Ottawa Scale (NOS): Selection = maximum 4 points, Comparability = maximum 2 points, Outcome =
maximum 3 points. Total score interpretation: 7-9 = High quality; 4-6 = Moderate quality; 0-3 = Low quality.
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PRF of the C2 DRG combined with stellate ganglion block was more effective than either method alone; the Visual
Analogue Scale (VAS) score decreased from 6.53 £ 1.17 to 1.10 + 0.88 at one month, and to 0.97 £ 0.76 at six months.
X Jin et al* reported that ultrasound-guided PRF at the C2 DRG produced >50% pain relief in 72.41% of patients at
4 weeks and 68.97% at 24 weeks, with no serious adverse events observed. Collectively, these findings support the C2
DRG as a key anatomical target for neuromodulatory intervention in CEH.

In addition, Wu et al**

experienced >50% pain relief within 1-3 days, and 88.46% maintained this level at 24 weeks, with only mild, transient

targeted the C2 nerve root using ultrasound-guided coblation radiofrequency. All patients

numbness reported. Although the C2 nerve root and C2 DRG are anatomically adjacent, their responses to intervention
may differ, warranting further comparative investigation.
In summary, the current evidence supports the C2 DRG as the most reliable and effective anatomical target for
neuromodulatory intervention in CEH, while the efficacy of C2 nerve root-based treatments requires further validation.
Quality profile: Five studies rated moderate to high quality (NOS 5-7); overall moderate-certainty evidence supports
C2 DRG-targeted interventions.

Cl1-2 Joint

(3 Studies; 2 Retrospective Cohorts, | Case-Control)

2527 targeted the C1-2 joint as the anatomical site for treating CEH. Willy Halim et al*® and Chua et al*®
applied the PRF technique, while Narouze et al*’ utilized intra-articular steroid injection. All three employed X-ray

Three studies

fluoroscopic guidance.

In terms of clinical outcomes, Willy Halim et al*® reported that 50% of patients achieved >50% pain relief two
months post-treatment, and 44.2% maintained this level at one year, with only one mild complication. In a case-control
study by Chua et al*® involving 45 patients, 25 (55.6%) were classified as responders. In this group, the Numeric Rating
Scale (NRS) score decreased from 8.68 = 0.78 to 1.64 & 1.53 at two months, and further to 1.45 + 1.41 at twelve months.

127 observed a reduction in VAS score from 6.8 + 0.5 to 1.9 + 0.5 one month after treatment; however, at six

Narouze et a
months, the score rose to 3.7 = 1.1, and the improvement was not statistically significant. Some patients experienced
transient headache exacerbation during injection, but most demonstrated a positive response overall.

In summary, interventions targeting the C1-2 joint have shown moderate efficacy and favorable safety profiles,
though small sample sizes and technique variability limit the strength of current evidence.

Quality profile: All three studies rated moderate quality (NOS 6); overall moderate-certainty evidence.

Cervical Facet Joints/Medial Branches of Cervical Nerves
(4 Studies: 2 RCTs + 2 Retrospective Cohorts)

Four studies®* !

investigated interventions for CEH targeting the cervical facet joints or the medial branches of cervical nerves.

Zhou et al*® performed zygapophyseal joint injections combined with posterior ramus block of spinal nerves under
X-ray fluoroscopic guidance in 31 refractory patients, targeting the C1-2 and C2-3 zygapophyseal joints and the
posterior ramus of the C2-3 spinal nerve. A total of 90.3% (28 patients) achieved >50% headache relief, and the
Numeric Pain Scale (NPS) score decreased from 7.5 + 1.3 to 2.7 + 1.9 after treatment, with an average pain-free duration
of 21.7 days. Relapsed patients also responded favorably to repeat treatment, and no complications were reported.

Haspeslagh et al*’

applied RFA to the medial branches of the C3—6 zygapophyseal joints under X-ray fluoroscopy.
Thirty patients were randomly divided into groups, and compared with the greater occipital nerve (GON) block, there
were no significant differences in pain intensity, headache days, or quality-of-life scores across multiple follow-up points.
The treatment success rate was also not significantly different between groups.

Park et al’® employed PRF targeting the bilateral medial branches of the C3—5 cervical nerves under X-ray
fluoroscopy in 57 refractory patients. The VAS score decreased from 6.21 at baseline to 1.54 immediately post-
treatment and further to 1.25 at 12 months. Most patients maintained good long-term relief and were able to discontinue
analgesics. Adverse effects were mild and transient.

Stovner et al*' conducted RFA on the medial branches of the C2—6 zygapophyseal joints under fluoroscopic guidance.

Twelve patients were randomized equally to RFA or sham groups. One month after treatment, the RFA group showed
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a median change in headache intensity of —32 [interquartile range (IQR) —57 to 0] compared to —18 [IQR =76 to 16] in
the sham group. However, at 24 months, no significant difference was observed (0 [IQR —39 to 41] vs —35 [IQR —88 to
20]), and some patients reported transient neck pain. Owing to methodological variability and limited efficacy, this
technique was recommended for research use only.

In summary, evidence regarding cervical facet joint and medial branch interventions remains inconsistent, particularly
for targets below the C3 level, suggesting that their therapeutic value for CEH is still uncertain.

Quality profile: Two RCTs showed unclear/high risk of bias; cohorts rated NOS 6-7. Overall low-certainty evidence
due to methodological inconsistency.

Cervical Intervertebral Discs

(2 Studies; Both Retrospective Cohorts)

32,33 132

Two included studies targeted the cervical intervertebral discs as anatomical sites for treating CEH. Hu et al™* used
the RFA technique. Under Computed Tomography (CT) guidance, they treated 41 refractory patients by targeting the
cervical intervertebral discs. One week after the treatment, 78% of the patients experienced a pain relief of >50%, among
which 46% had a complete relief. Six months after the treatment, 68% of the patients had a pain relief of >50%, with
41% having a complete relief. Moreover, compared with RFA of a single-level cervical intervertebral disc, RFA of
multiple-level cervical intervertebral discs showed better results. Although there were mild complications, there were no
serious problems. Kong et al*®> employed percutaneous coblation disc decompression and the PRF technique. Under
X-ray fluoroscopy guidance, they conducted a study on relevant patients. The results showed that the percutaneous
coblation disc decompression group had a better CEH remission rate, neck disability index score, etc. at multiple time
points after the operation compared with the PRF group, and there was no difference in the incidence of postoperative
complications. This indicates that percutaneous coblation disc decompression via the lower cervical approach has
a significant effect on relieving CEH pain in patients with combined nerve root type cervical spondylosis and has
a better long-term curative effect.

In summary, cervical disc—related interventions appear to provide meaningful symptom relief in selected patients with
lower cervical involvement, but further studies are needed to confirm their anatomical relevance to CEH.

Quality profile: Both high-quality observational studies (NOS 7); overall moderate-certainty evidence.

Deep Cervical Plexus
(2 Studies: | Prospective Cohort + | RCT)

Two included studies®**’

targeted the deep cervical plexus nerves as the anatomical sites for treating CEH. Goldberg
et al** used a modified method of injecting local anesthetics and glucocorticoids at the deep cervical plexus (at the
transverse process of C2 on the affected side). Under fluoroscopy guidance, they treated 39 patients. The average
treatment cycle for the patients was 59+61 days, and they received an average of 3+1.7 injections. There was a significant
change in the NPS score before and after the injection, which decreased from 9.54+1.53 before the treatment to 6.75
+3.23. However, the pain returned to the baseline level six months later, with an NPS of 8.83+2.78, suggesting that this

133 used both ultrasound

technique is effective in the initial stage but its long-term effect needs to be improved. Wan et a
guidance and fluoroscopy guidance to inject local anesthetics and glucocorticoids at the deep cervical plexus (at the
transverse processes of C2 and C3 on the affected side). They randomly divided 54 patients into an ultrasound group and
a fluoroscopy group. Two weeks after the treatment, the NPS score of the ultrasound group decreased from 7.61£1.12
before the treatment to 3.45+0.54, and the NPS score of the fluoroscopy group decreased from 7.50+1.06 before the
treatment to 3.40+£0.58. At 24 weeks after the treatment, the NPS of the ultrasound group was 2.36+0.56, and the NPS
score of the fluoroscopy group was 2.43+0.59. There was no significant difference in the degree of pain relief between
the two groups at each follow-up time point, indicating that the two guiding methods have comparable effects. Moreover,
the patients in both groups tolerated the procedures well, with only a few experiencing mild discomfort and no serious
complications. In addition, ultrasound guidance has an obvious advantage of no radiation exposure and can be used as an

effective alternative method for deep cervical plexus block in the treatment of CEH.
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In summary, deep cervical plexus block appears effective in reducing pain and improving short- to mid-term
outcomes in CEH, though its long-term efficacy and durability remain uncertain.

Quality profile: One moderate-quality cohort (NOS 5) and one RCT with mainly unclear risk of bias; overall low-to-
moderate-certainty evidence.

GON

(I Study; | RCT)

One included study*® investigated the treatment of CEH and occipital neuralgia with the GON as the anatomical target
under different imaging guidance. Kissoon et al*® randomly divided 32 patients into two groups. The two groups received
injections of local anesthetics and steroid hormones at the GON on the affected side, guided by ultrasound and
anatomical landmarks, respectively. The results showed that for all patients, the NRS score decreased from 6.0 [IQR 3
to 8] before the treatment to 1.5 [IQR 0 to 3.75] 30 minutes after the treatment, and further decreased to 3.0 [IQR to—5]
four weeks after the treatment. There was no significant difference in adverse events between the two groups, and only
a few patients presented with mild and transient symptoms.

In summary, although GON-targeted injections demonstrated short-term pain relief with good tolerability, the
evidence remains limited because the only available study included a mixed cohort of CEH and occipital neuralgia
patients with short follow-up duration.

Quality profile: Single small RCT with unclear risk of bias; low-certainty evidence.

Across-Target Summary

Across anatomical targets, the most consistent and durable improvements were observed for C2 DRG and cervical disc—
related interventions (moderate-certainty observational evidence). Evidence for facet joint/medial branch, deep cervical
plexus, and GON interventions remains limited or inconsistent (low to low-moderate certainty).

Anatomical Studies
Anatomical studies were narratively summarized to elucidate the structural mechanisms underlying the clinical targets
identified above.

Anatomical Characteristics of the Compression Points of the GON

According to the study by Janis et al,’” there are six main compression points along the pathway of the GON. These
points are mainly related to the compression sites of the fascia, muscles, and blood vessels. These compression points
include the entrance and exit points where the GON passes through the semispinalis and trapezius muscles, as well as the
location where it crosses the occipital artery. The study proposed that the anatomical data of these compression points
provide crucial references for surgical or non-invasive decompression treatments. By surgically releasing these compres-
sion points, some patients can achieve significant relief of headache symptoms.

The Role of the Articular Branches of the C2 Nerve in Occipital Pain

The anatomical study by Paluzzi et al*® has shown that the branches of the C2 nerve extensively innervate the C1-2 joint.
These articular branches may be important neural pathways that trigger occipital pain. The study also pointed out that by
precisely locating the articular branches of the C2 nerve and injecting anesthetic drugs, it is possible to effectively relieve
headaches caused by degenerative diseases or neck trauma. This study further provides the target points for anesthetic
injection treatment based on anatomical landmarks.

Biomechanical Changes in the Suboccipital Triangle Area

In the biomechanical study by Kalmanson et al,*® the Forward Head Posture (FHP) leads to a significant reduction
(approximately 18.7%) in the area of the suboccipital triangle region. Meanwhile, it increases the tension of the rectus
capitis posterior major and minor muscles. However, the study found that the bony structures of the cervical spine protect
the GON and the C2 nerve root, and there is no obvious nerve compression. This suggests that headaches associated with
FHP are more likely to be related to the cause of muscle tension rather than direct nerve compression.
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The Contribution of the Sinus Vertebral Nerves
The study by Rennie et al*’
dura mater, ligaments, and other structures in the cranio-cervical junction area, may serve as a crucial anatomical basis

revealed the role of the C1-C3 sinuvertebral nerves in CEH. These nerves, by innervating the

for headache symptoms. This finding provides the feasibility of using the sinuvertebral nerves as an intervention target
and offers a more in-depth perspective for understanding the complex mechanisms of neck pain.

The Interaction Between the Oblique Capitis Inferior (OCI) and the GON
1*! focused on the interaction between the GON and the OCI of the head. The results showed
that there was a close connection between the two in more than 80% of the specimens. Some nerves passed through the

The study by Scherer et a

muscle, and the connection patterns were classified into three types: loose type, tight type, and intramuscular type. This
anatomical study indicated that the OCI of the head may play a key role as a mechanical pivot point when the GON
passes through the soft tissues of the neck. During traumatic movements such as head flexion and extension, this fixed
point is likely to be the main cause of occipital headache.

In summary, anatomical studies collectively highlight the convergence of cervical and occipital neural pathways, the
potential compression points of the GON, and the mechanical interactions among suboccipital muscles, joints, and
sinuvertebral nerves. These findings provide crucial structural evidence supporting the anatomical targets identified in
clinical interventions for CEH.

Discussion

CEH is a complex type of headache, and its pathogenesis involves multiple anatomical structures and pathophysiological
processes. Through the systematic induction and summary of the included clinical studies on minimally invasive
treatment of CEH and the anatomical studies related to CEH, this study found that the C2 DRG, C2 nerve root, C1-2
joint, cervical intervertebral disc, deep cervical plexus nerve, and GON are all effective anatomical targets for the
minimally invasive treatment of CEH.

In the pathogenesis of CEH, the C2 DRG plays an extremely crucial role at the anatomical level. Existing studies have
shown that some branches of the GON and the Lesser Occipital Nerve (LON) originate from the C2 nerve, which makes
most of the occipital pain closely related to the C2 DRG or the C2 nerve.”** Janjua et al confirmed through an anatomical
study that the OCI of the head in the suboccipital triangle area is innervated by a branch of the dorsal ramus originating from
the C2 nerve.* Therefore, when the OCI of the head causes pain, the pain signals are conducted through the C2 nerve. The
studies by Lu Hua et al,*> Xing Jin et al** and Baishan Wu et al,>* with the help of ultrasound-guided images, found that the
C2 DRG or the C2 nerve root is located deep in the OCI of the head and is closely adjacent to this muscle.*' ** Given that
the OCI of the head is an important muscle involved in head rotation,** once it is strained or inflamed, it is highly likely to
directly stimulate the C2 DRG or the C2 nerve root, thereby inducing occipital pain symptoms.

The clinical studies'®2*

included in this research, which targeted the C2 DRG for treatment, showed that regardless
of whether RFA, PRF, or coblation radiofrequency was used, these techniques could effectively relieve patients’
headache symptoms and significantly improve their cervical spine function. However, it should be noted that these
studies generally lack long-term follow-up records for more than six months. As a result, the long-term curative effect of
using the C2 DRG as a treatment target still needs to be further evaluated in future research. Nevertheless, these research
findings further convincingly confirm the crucial role of the C2 DRG in the pathogenesis of CEH. In recent years, with
the development of ultrasound-guided techniques, there have been an increasing number of studies on using ultrasound to
guide the puncture of the C2 DRG. Traditional fluoroscopy is gradually being replaced, which further improves the
precision, safety, and effectiveness of the treatment.*>*® Mechanistically, modulation of the C2 DRG and adjacent C2
root may suppress aberrant afferent discharges from upper cervical segments, leading to relief of occipital referred pain.
This process mainly involves reduction of peripheral sensitization within the C2 distribution, while central convergence
pathways might also contribute to symptom modulation.

The C1-2 joint, as a joint structure connecting the skull and the neck, plays a crucial role in the rotational, flexion, and
extension movements of the neck. However, due to its unique anatomical structure and high mobility, it is extremely prone
to problems such as degeneration, strain, and inflammation under the influence of factors such as long-term overloading,
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trauma, or poor posture.*” According to the anatomical study by Paluzzi et al, the nerves of the C1-2 joint originate from the
C1-2 articular branches of the C2 nerve.® Therefore, when the C1-2 joint is diseased, such as in the case of arthritis or
degenerative changes, pain signals can be conducted through the C2 nerve, triggering radiating headaches in the occipital
region or the neck. Evidently, the pathological changes of the C1-2 joint are closely related to CEH.

In this study, among the three studies that targeted the C1-2 joint as the anatomical site, two studies using PRF
showed good therapeutic effects both in the short term and the long term. In the one study that employed the block
treatment (local anesthetic + steroid), the short-term pain treatment effect was quite remarkable, but the therapeutic effect
in the long term (> 6 months) was not satisfactory. The possible reason is that, compared with the block treatment, PRF
not only treats the degeneration and strain of the C1-2 joint but also regulates the sensory nerves on the C1-2 joint. It
effectively inhibits the conduction of pain signals to the C2 nerve root, thus achieving long-term and effective treatment
of CEH.**?°

The study by Zhou et al*® demonstrated that injecting into the C1-2 and C2-3 zygapophyseal joints, combined with
blocking the posterior rami of the C2 and C3 spinal nerves, could provide most patients with good pain relief, and this
effect could be sustained for a certain period. However, because this study involved multiple treatment combinations, it
was impossible to determine which specific treatment target played a crucial role.

Most of the studies®® "

below the C3 level have yielded inconsistent results. Therefore, it remains uncertain whether the medial branches of the

on radiofrequency treatment of the medial branches of the posterior rami of spinal nerves

posterior rami of spinal nerves below the C3 level are effective anatomical targets for the treatment of CEH. This
indicates that the treatment effect of this target is influenced by various factors, such as treatment techniques and
individual patient differences. More in-depth research is needed to clarify the optimal treatment strategy.

In this study, the anatomical research by Rennie et al revealed the important role of the C1-3 sinuvertebral nerves in
the occurrence of CEH.*° Existing studies have shown that sinuvertebral nerves are present in the intervertebral discs and
will abnormally grow into them during disc degeneration. They are extremely vulnerable to stimulation, which can then
trigger pain.**** However, in the clinical study by Hu et al included in this research, most of the patients received RFA

treatment of the cervical intervertebral discs below the C4 level;32

in the clinical study by Kong et al, all the included
patients had nerve root type cervical spondylosis, and the treatment site was the coblation radiofrequency of the cervical
intervertebral discs below the C5 level.> It is worth noting that these two clinical studies on CEH patients both achieved
good therapeutic effects, but during the treatment process, the handling of the sinuvertebral nerves of the upper cervical
spine (C1-3) was rarely involved. In addition, in some anterior cervical discectomy and fusion surgeries, most cases
mainly dealt with the cervical intervertebral discs below C4, and successfully treated CEH.''"° Although the main
pathogenesis of CEH is usually closely related to the lesions of the upper cervical spine (C1-3), the specific mechanism
of why treating the lower cervical intervertebral discs can effectively treat CEH remains unclear at present. This
phenomenon provides an important research direction and a point for reflection for further in-depth exploration of the
treatment mechanism of CEH in the future, and more research is needed to reveal the mysteries behind it.

In the two clinical studies included in this research, which targeted the deep cervical plexus for the treatment of CEH,
the deep cervical plexus block was performed at the location of the transverse process of C2 or C3 on the affected
side.*** In essence, this is a paravertebral nerve block of C2 and C3. The GON, the LON, and the Third Occipital Nerve
(TON) that innervate the head all originate from C2 and C3.%'*? In the past, cervical plexus block was used to provide
sufficient anesthesia and analgesia for head and neck surgical procedures.>® The therapeutic effect of deep cervical plexus
block may be attributed to the interruption of nociceptive transmission from the GON, LON, and TON, which arise from
the C2—C3 plexus and radiate toward the occipital region. In addition, corticosteroids contained in the injectate can
alleviate sterile inflammation around these nerves, reducing perineural irritation and thereby relieving headache symp-
toms in patients with CEH.

In the two anatomical studies®”**!

included in this research, it is clearly pointed out that the compression of the GON
by the surrounding muscles, fascia, and blood vessels is a key pathogenic factor leading to headache. The mechanism by
which the GON mediates headache serves as the pathological basis for two types of headache diseases, namely CEH and
occipital neuralgia.>* Moreover, both of these diseases belong to secondary headaches, and their clinical manifestations

are extremely similar. Precise differentiation between CEH and occipital neuralgia has always been a difficult point in
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clinical practice.’>>® The study conducted by Kissoon et al*® included both patients with CEH and those with occipital
neuralgia as the research subjects. It is undeniable that there is a certain flaw in the rigor of this method of selecting
research subjects. However, the conclusion of this study indicates that, regardless of the disease type, the GON block
therapy guided by ultrasound can achieve relatively remarkable therapeutic effects.*®

Across these anatomical targets, the converging evidence suggests that minimally invasive interventions primarily act
by reducing abnormal nociceptive input from the upper cervical segments (C1-C3), relieving nerve entrapment, and
alleviating local aseptic inflammation around affected structures. These mechanisms together may attenuate peripheral
sensitization and referred occipital pain, which explains the clinical effectiveness observed in many studies. Nevertheless,
the exact neurophysiological processes remain incompletely understood, and the anatomical mechanisms of CEH require
further research.

This study has several limitations that need to be addressed. Firstly, the literature search was limited to English-language
publications, which may have resulted in the omission of important non-English studies and led to geographical bias. Secondly,
there was significant heterogeneity in the intervention protocols (such as radiofrequency parameters and steroid dosages) and
outcome assessment tools of the included studies, which hindered the feasibility of direct comparison and meta-analysis. It is
worth noting that only 23.53% (4/17) of the clinical studies were RCTs. Most of the studies relied on small-sample retrospective
designs, which may have weakened the robustness of the conclusions. Meanwhile, the anatomical studies on the pathogenesis of
CEH are very limited, and more high-quality studies are needed in the future to further explore its mechanisms. In addition, there
is a contradiction between the therapeutic effect of interventions on the lower cervical intervertebral discs (such as the C4-6
segments) for CEH and the current anatomical evidence (which mainly focuses on the upper cervical structures C1-3). Advanced
neuroimaging techniques (such as diffusion tensor imaging, DTI) or electrophysiological techniques are required to elucidate the
potential compensatory pathways. There is a lack of long-term safety data for nerve ablation techniques (such as RFA; PRF; and
coblation radiofrequency), and the follow-up period of most studies did not exceed 12 months. Finally, inconsistency existed in
the diagnostic criteria applied for CEH among the included studies—while most adopted either the Cervicogenic Headache
International Study Group (CHISG) criteria or the International Classification of Headache Disorders, 3rd edition (ICHD-3)
definitions, several did not specify their diagnostic approach. Moreover, one study included a mixed cohort comprising CEH and
occipital neuralgia, which may have contributed to diagnostic heterogeneity and potential bias in the evaluation of treatment
efficacy. In the future, multi-center RCT should be carried out, using standardized protocols and extending the follow-up period,
to verify these findings and improve the reliability of the evidence.

Conclusion

The pathogenesis of CEH involves multiple interacting structures in the upper cervical spine, including nerves, joints,
muscles, and intervertebral discs. This complexity contributes to the diversity of anatomical targets explored in
minimally invasive treatments.

Current evidence suggests that interventions targeting structures such as the C2 DRG or C2 nerve root, C1-2 joint,
cervical intervertebral disc, deep cervical plexus, and GON may provide pain relief and functional improvement in
selected patients. However, these findings should be interpreted with caution given the heterogeneity of study designs,
small sample sizes, and limited methodological quality across the available literature.

The overall body of evidence remains preliminary. Further high-quality, prospective, and multicenter randomized
controlled trials are needed to validate these outcomes and clarify the underlying mechanisms of CEH. Future studies
should also explore whether individualized treatment strategies based on anatomical evaluation and diagnostic confirma-
tion can improve clinical outcomes.
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