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Objective: To evaluate the efficacy and safety of ultrasound-guided myofascial hydrodissection between the obliquus capitis inferior
and semispinalis capitis muscles combined with C2 transverse process injection in patients with cervicogenic headache (CGH).
Methods: This retrospective study analyzed 80 patients with CGH who received four sessions of ultrasound-guided treatment from
January to December 2024. Each session consisted of hydrodissection of the obliquus capitis inferior and semispinalis capitis muscles
along with C2 transverse process injections of lidocaine and corticosteroids. Pain intensity, disability, and headache impact were
assessed using the numeric rating scale (NRS), neck disability index (NDI), and headache impact test-6 (HIT-6) at baseline, 1 week, 1
month, 3 months, and 6 months.

Results: All patients completed the treatment without serious complications. Notable and consistent reductions in NRS, NDI, and
HIT-6 scores were observed at all follow-up points (P < 0.05). Minor transient adverse events, including dizziness and mild
discomfort, resolved spontaneously.

Conclusion: This retrospective study suggests that ultrasound-guided myofascial hydrodissection combined with C2 transverse
process injection may provide potentially meaningful pain relief and functional improvement in patients with CGH. However,
given the uncontrolled retrospective design, the findings should be interpreted with caution and require confirmation in prospective
controlled trials.

Keywords: cervicogenic headache, ultrasound-guided injection, myofascial hydrodissection, C2 transverse process, retrospective
study, pain management

Introduction

Cervicogenic headache (CGH) is a secondary headache arising from disorders of the upper cervical spine (C1-C3),
typically presenting as unilateral, dull, or radiating pain extending from the occiput to the vertex and frontal region.' The
underlying pathophysiology involves cervical facet joint dysfunction, myofascial adhesion, nerve entrapment, and central
sensitization, with irritation or compression of the C2 spinal nerve and its dorsal branch—the greater occipital nerve
(GON)—recognized as a key contributor.>* Although prevalence estimates vary widely from 0.4% to 42% depending on
study design and diagnostic criteria, CGH may account for up to 15-20% of headaches and imposes a substantial burden
by impairing daily functioning and quality of life.

Fluoroscopy-guided interventions, such as high cervical epidural injections and C2/C3 facet joint blocks, are standard
CGH treatments.®” However, they are limited by soft tissue visualization, ionizing radiation exposure, and potential risks
related to vertebral artery injury or dural puncture due to needle trajectories.8 Non-pharmacological approaches such as
physiotherapy and manual therapy have also been explored, and recent studies highlight their potential to improve
symptoms and quality of life.”'® Nevertheless, given the mechanical and neurogenic mechanisms underlying CGH,
interventional techniques remain indispensable.
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Ultrasound-guided interventions provide a real-time, radiation-free, and anatomically precise alternative, enabling dynamic
visualization of cervical musculature, neurovascular structures, and the GON. Fascial entrapment of the GON between the
obliquus capitis inferior and semispinalis capitis has been increasingly recognized as a major contributor to CGH.'"'* To address
both mechanical compression and neurogenic inflammation, we developed a dual-target approach: ultrasound-guided myofascial
hydrodissection between these muscles, combined with C2 transverse process injection of local anesthetics and corticosteroids,
the latter being anatomically equivalent to a C2 nerve block."? Unlike conventional protocols that typically employ single nerve
blocks or facet joint injections, this method incorporates the myofascial component to address fascial adhesion, offering a novel
strategy for simultaneous decompression and neuromodulation. Moreover, ultrasound guidance not only reduces procedural risk
but also enhances therapeutic precision through real-time visualization of fascial planes and neural structures, underscoring its
advantages beyond safety.

To date, no clinical study has systematically evaluated the safety and efficacy of this combined approach. Therefore,
this retrospective study aims to assess the therapeutic outcomes of ultrasound-guided C2 transverse process injection with
myofascial release in patients with CGH, and to provide preliminary evidence for its clinical applicability.

Materials and Methods
Study Design and Participants

This retrospective observational study included patients diagnosed with CGH who were treated at our pain clinic from
January to December 2024. A total of 110 patients were initially identified based on a clinical diagnosis of CGH and
treatment with ultrasound-guided C2 transverse process injection combined with myofascial hydrodissection between the
obliquus capitis inferior and semispinalis capitis muscles.

To ensure homogeneity and data completeness, all cases were further screened according to predefined inclusion and
exclusion criteria.

Concomitant medications such as NSAIDs or simple analgesics were permitted if kept stable during the study period,
but no additional interventional procedures or structured physiotherapy programs were allowed during follow-up.

The inclusion criteria were as follows:

1) age between 18 and 65 years;

2) duration of symptoms > 3 months;

3) diagnosis of CGH confirmed by clinical assessment and imaging;

4) no prior history of invasive headache treatment; and

5) at least one documented follow-up evaluation within 6 months after treatment.

The exclusion criteria were as follows:

1) presence of other primary or secondary headache disorders (for example, migraine, cluster headache);
2) history of cervical spine surgery;
3) incomplete clinical or follow-up data.

The diagnosis of CGH was based on established clinical criteria,'* including: (1) Headache provoked by neck movement
or poor posture; (2) restricted cervical range of motion; (3) unilateral headache without side-shifting; (4) significant
symptom relief following diagnostic nerve block. These diagnostic features were consistent with the criteria of the
Cervicogenic Headache International Study Group (CHISG).

After applying these criteria, 30 patients were excluded; 12 for not meeting the inclusion criteria, 10 for incomplete
clinical records, and 8 for missing imaging or procedural documentation. Ultimately, 80 patients met the eligibility

criteria and were included in the final analysis (Figure 1).

6038 e Journal of Pain Research 2025:18



Hao et al

110 patients initially identified

Excluded:
12 did not meet inclusion critetria
10 had incomplete records
8 had missing imaging or procedural data

80 patients included in final retrospective analysis

Figure | Flowchart of patient enrollment and follow-up in this retrospective study.

Treatment Protocol
All procedures were performed by a senior pain physician with more than 10 years of experience in ultrasound-guided
interventional techniques.

All 80 patients underwent four ultrasound-guided treatment sessions, administered twice weekly. Each session
included myofascial hydrodissection between the obliquus capitis inferior and semispinalis capitis muscles, combined
with C2 transverse process injection. The specific procedures were as follows:

Myofascial Hydrodissection of Obliquus Capitis Inferior and Semispinalis Capitis

Patients were positioned laterally with the affected side up and a pillow under the head for slight cervical flexion. A low-
frequency convex ultrasound probe (6—15 MHz) was placed between C1 transverse process and C2 spinous process to
visualize the obliquus capitis inferior (boat-shaped, deep to the semispinalis capitis muscle). Using an in-plane technique,
a needle was advanced laterally to medially, and 20 mL of 0.5% lidocaine with 6 mg of prednisolone was injected for
hydrodissection between the two muscles (Figure 2).

C2 Transverse Process Injection

With the same patient position, the probe was aligned sagittally to locate the C2 spinous process and moved laterally to
identify the C2 transverse process as a hyperechoic hump. Under ultrasound guidance, 8 mL of 0.5% lidocaine with 2 mg
of prednisolone was injected into the target area (Figure 3).

Outcome Measures
Numeric rating scale (NRS) for pain intensity: 0 = no pain; 10 = worst pain imaginable.
Neck disability index (NDI): 0-50; higher scores indicate greater disability.
Headache Impact Test-6 (HIT-6): 36—78; higher scores reflect greater impact on quality of life.
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Figure 2 Ultrasound image at the level of the obliquus capitis inferior muscle (OCIM) in the long-axis view.
Abbreviations: SSCM, semispinalis capitis muscle; OCIM, obliquus capitis inferior muscle; GON, greater occipital nerve; C2SP, C2 spinous process; SC, spinal canal; VA,
vertebral artery; C2DR, C2 dorsal root.

Figure 3 Ultrasound image at the level of the C2 transverse process in the short-axis view.
Abbreviations: SCM, sternocleidomastoid muscle; SpCM, splenius capitis muscle; SpCvM, splenius cervicis muscle; SM, scalenus medius muscle; C2TP, C2 transverse process.

All outcome assessments were performed by an independent physician who was not involved in the intervention;
however, formal blinding was not feasible in this retrospective study.
Assessments were conducted at baseline, and at 1 week, 1 month, 3 months, and 6 months post-treatment.

Statistical Analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences software (version 22.0; IBM
Corp., Armonk, NY, USA). Continuous variables are presented as mean + standard deviation. Normality was assessed
using the Shapiro—Wilk test. Repeated measures analysis of variance was used to compare outcome scores across time
points, with Bonferroni correction for post hoc pairwise comparisons. A P < 0.05 was considered statistically significant.
Missing data imputation was not required. As this was a retrospective study, no a priori sample size calculation was
performed, which may limit statistical power.
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Table | Baseline Characteristics of Patients
with Cervicogenic Headache (n = 80)

Characteristics Value
Age (years), mean + SD 429 +74
Gender (male/female) 35745
Duration of symptoms (months) 92+ 36
Side of pain (right/left) 51/29
Number of injections, per patient 4

Abbreviation: SD, standard deviation.

Table 2 Change in VAS, NDI, and HIT-6 Scores After
Intervention (Mean * SD)

VAS Score | NDI Score | HIT-6 Score

Baseline 75+ 1.2 184 + 6.3 583+ 75
| week after 5114 14.] £ 5.6 48.7 + 8.2°
| month after | 38 1.6*® | 113£52*® | 403 71>

3 months after | 3.1 + 1.5*® | 9.8+ 49*® | 345 + 6.6*°
6 months after 29+ 1.3* 84 + 44*° 30.1 + 5.9*°

Notes: *Significantly different from baseline at P < 0.05. "Significantly different
from | week after treatment at P < 0.05.

Abbreviations: VAS, visual analog scale; NDI, neck disability index; HIT-6,
Headache Impact Test-6; SD, standard deviation.

Results

Baseline Characteristics

Baseline demographic and clinical characteristics of the 80 patients are summarized in Table 1. The mean age was 42.9 +
7.4 years, with 35 males and 45 females. The average symptom duration was 9.2 + 3.6 months. Pain was right-sided in 51
patients and left-sided in 29. All patients underwent four sessions of ultrasound-guided myofascial hydrodissection
combined with C2 transverse process injection (Table 1).

Clinical Outcomes
All patients tolerated the procedures well. Nine experienced transient dizziness immediately post-injection, resolving
within minutes of rest. Six reported mild neck or shoulder discomfort post-treatment, requiring no medical intervention.
No serious complications such as infection, hematoma, or nerve injury were observed.

Reductions in pain intensity, functional disability, and headache impact were noted. The NRS score showed
a statistically decrease at 1 week post-treatment, with continued improvement at 1, 3, and 6 months. Similarly, NDI
and HIT-6 scores demonstrated a trend of improvement at each follow-up, reflecting better neck function and reduced
headache impact (Table 2).

These findings indicate the potential effectiveness and safety of the dual-target ultrasound-guided treatment for CGH

in a real-world clinical setting.

Discussion

This study demonstrated that ultrasound-guided myofascial separation of the obliquus capitis inferior and semispinalis

capitis, combined with C2 transverse process injection, may provide sustained clinical benefits for CGH. It is hypothe-

sized that this dual-target intervention may improve cervical mobility and quality of life through mechanical decom-

pression and modulation of neuroinflammation; however, these mechanisms require confirmation in further studies.
CGH pathogenesis primarily stems from dysfunction in the upper cervical spine (C1-C3) segments.'> GON, a dorsal

branch of the C2 spinal nerve, passes between the obliquus capitis inferior and semispinalis capitis muscles.'® Chronic
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muscle tension, fascial adhesions, or local inflammation in this region can cause nerve compression or irritation, leading
to characteristic unilateral, radiating headache."’

In this study, ultrasound-guided hydrodissection appeared to separate the two muscles by injecting fluid into the
interfascial space, thereby possibly alleviating nerve compression. This mechanism is plausible but should be interpreted
cautiously, as no objective imaging confirmation was performed. The intervention may also improve local circulation and
lymphatic drainage, which might contribute to reducing inflammation and pain.'®

We hypothesize that injectate delivered at the C2 transverse process may diffuse to nearby structures, including C1-
C3 dorsal rami and the C2-3 facet joints; however, this remains speculative in the absence of direct anatomical or
imaging evidence. Anatomical studies suggest that the C2 transverse process lies near these structures,'>*° but further
radiographic or cadaveric validation is warranted. The pharmacological action of lidocaine and corticosteroids may
contribute to both nociceptive blockade and suppression of neuroinflammation, consistent with prior reports of benefit
from C2/C3 injections lasting up to 6 months.?'

Importantly, this is the first study to preliminarily evaluate a combined protocol of ultrasound-guided hydrodissection and
C2 transverse process injection. While previous research has demonstrated the efficacy of fascial release®” and C2 injections
individually,?' our results provide preliminary clinical evidence for their integration. Nonetheless, as a retrospective study
without a control group, these findings should be interpreted as hypothesis-generating rather than conclusive.

Additionally, ultrasound guidance offers distinct advantages over fluoroscopy: real-time dynamic imaging, absence of
ionizing radiation, portability, and enhanced safety. Notably, the injection path in this study is relatively superficial and
visualized, avoiding critical structures such as the dura mater and spinal canal. Using the Doppler mode ensures accurate
localization of the vertebral artery, reducing the risks of vascular injury or epidural mis-injection often associated with
fluoroscopic guidance. Compared to dorsal root ganglion (DRG) block at the C2, injection at the C2 transverse process is
considered significantly safer. The C2 DRG lies near critical structures such as the vertebral artery, spinal cord, and spinal
canal, increasing the risk of complications such as vascular puncture, intrathecal injection, or nerve injury.”> By contrast,
the C2 transverse process target is more superficial and accessible, making it a practical option for outpatient use, though
prospective comparative studies are required to confirm its relative safety profile.

Finally, while interventional techniques remain indispensable for patients with refractory CGH, recent evidence also

highlights physiotherapy and manual therapy as complementary strategies in headache management,’'°

integrating such
approaches into future studies could provide a more comprehensive perspective on multimodal management of CGH.

This study has limitations. First, the diagnosis of cervicogenic headache was based on the criteria proposed by the
Cervicogenic Headache International Study Group (CHISQG), rather than the International Classification of Headache
Disorders (ICHD). The use of CHISG criteria is common in interventional pain research but does not fully align with the
ICHD system, which is more widely applied in clinical and research settings. Cervicogenic headache is a particularly
complex condition, and ongoing debate persists between the two diagnostic frameworks.>* Consequently, some included
participants may also meet the diagnostic criteria for other ICHD categories, such as migraine, which may affect the
generalizability of our findings. Second, as a single-arm retrospective study without a control group, the interpretation of
efficacy should be cautious. Finally, outcome evaluation relied mainly on patient-reported measures without blinding or
objective assessments, raising the possibility of placebo effects or overestimation. Future prospective controlled studies
are warranted to validate these findings.

Conclusion

This retrospective study suggests that ultrasound-guided myofascial hydrodissection combined with C2 transverse
process injection may provide pain relief and functional improvement in patients with CGH. Importantly, this dual-
target protocol has the potential to serve as a radiation-free alternative to fluoroscopic methods, indicating possible
clinical relevance. However, given the absence of a control group, reliance on subjective outcomes, and potential
selection bias, these findings should be interpreted with caution. Future randomized controlled trials with objective
endpoints are needed to confirm efficacy, clarify mechanisms, and define the role of this approach within broader
multimodal headache management strategies, including physiotherapy and manual therapy.
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The data supporting the results reported in this manuscript are available from the corresponding author upon reasonable
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ality agreements, some data may not be available for public sharing.
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