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Purpose: To explore the therapeutic effect of C2 dorsal root ganglion pulsed radiofrequency (PRF) combined with stellate ganglion 
block (SGB) in patients with cervicogenic headache (CEH).
Patients and Methods: We retrospectively reviewed 90 patients diagnosed with CEH who were admitted to our hospital between 
May 2019 and May 2022. All patients were divided into three groups (n = 30 each) according to the actual treatment method used: 
ultrasound-guided SGB, ultrasound-guided C2 dorsal root ganglion PRF treatment, and ultrasound-guided C2 dorsal root ganglion 
PRF combined with SGB treatment. Patients’ pain intensity, sleep, and mood changes were assessed by statistically analyzing their 
pain visual analog scale (VAS), Pittsburgh Sleep Quality Inventory (PSQI), and short-form McGill Pain Questionnaire affective item 
scores before and after treatment.
Results: The post-treatment VAS, PSQI, and McGill scores were significantly decreased in all patients (P < 0.05), and all three scores 
in ultrasound-guided C2 dorsal root ganglion PRF combined with SGB were lower than those in ultrasound-guided SGB alone and 
ultrasound-guided C2 dorsal root ganglion PRF alone (P < 0.05).
Conclusion: The use of ultrasound-guided C2 dorsal root ganglion PRF combined with SGB in patients with CHE is effective in 
alleviating pain and improving sleep, and deserves to be replicated in the clinic.
Keywords: cervicogenic headache, C2 dorsal root ganglion, pulsed radiofrequency, stellate ganglion block

Introduction
Cervicogenic headache (CEH) refers to head pain that arises from organic or functional lesions in the neck; the pain is 
often predominant in the unilateral cervical-occipital region and may be accompanied by pain in the frontal and temporal 
regions.1 With changes in people’s lifestyles, the number of patients with CEH is increasing.2 The International Headache 
Society stated that the prevalence of CEH is 2.2% in the healthy population and 15–20% in headache sufferers.3 

Although the pathogenesis of CEH is unclear, it is considered to be due to pathological changes in the synovial joints 
of the upper cervical spine with disorders of the superior cervical nerve (C1-C3).4 Currently, CEH has many treatment 
options, including pharmacological treatment, scalpel treatment, acupuncture treatment, nerve block treatment, pulsed 
radiofrequency (PRF) treatment, and cervical surgery.4,5 Surgical treatment is generally not recommended unless CEH is 
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refractory and conservative treatment is ineffective. Therefore, patients with CEH who are not well treated with 
medication alone can be treated with nerve blocks and PRF. PRF acts as a modulator of the nerve by delivering high- 
intensity pulses. Studies have shown that ultrasound-guided PRF of the C2 dorsal root nerve combined with nerve block 
therapy has good efficacy for CEH.6,7 Stellate ganglion block (SGB) can improve head and facial pain, potentially via the 
improvement of blood flow due to direct blockade of afferent nociceptive impulses through sympathetic pathways.8 SGB 
is also widely recognized in the prevention and treatment of CEH.9 However, whether the two have synergistic effects for 
better treatment of CEH remains unknown. Therefore, we explored the effectiveness of ultrasound-guided C2 dorsal root 
ganglion PRF combined with SGB in the treatment of CEH.

Materials and Methods
The study was clinically ethically registered in the University Medical Research Archive Registry and approved by the 
Clinical Trials Ethics Committee of the Affiliated Hospital of Southwestern Medical University (Grant No. KY2023011). 
Because this study is retrospective, the Clinical Trials Ethics Committee specifically waived the requirement for informed 
consent. All methods in the study were carried out in accordance with the Helsinki guidelines and declaration. This is 
a retrospective cohort study comprising 90 patients diagnosed with CEH in the pain department of the Affiliated Hospital 
of Southwest Medical University from May 2020 to May 2022. We collected basic information, including gender, age, 
weight, and duration of disease, of the patients through the electronic medical file.

Study Design and Participants
The inclusion criteria were: (1) all patients were diagnosed in accordance with the diagnostic criteria for CEH established 
in ICHD-3;10 (2) pharmacological treatment alone is ineffective in accordance with the expert consensus of the Chinese 
Medical Association’s pain division;4 (3) patients had completed the treatment protocol set in this study and co-operated 
with follow-up. The exclusion criteria were: (1) patients whose actual treatment regimen did not meet or did not fully 
comply with the setting of this study; (2) patients who were lost to follow-up; (3) patients with cognitive impairment and 
unclear language expression. After screening according to the inclusion and exclusion criteria, the patients were divided 
into three groups according to their actual treatment modality: ultrasound-guided SGB treatment group (group A), 
ultrasound-guided C2 dorsal root PRF treatment group (group B), and ultrasound-guided C2 dorsal root PRF + SGB 
treatment group (group C).

Procedures
Ultrasound-Guided Stellate Ganglion Block (Group A)
Patients were placed in a supine position with a thin pillow behind the neck and face turned to the opposite side to fully 
expose the neck. A high-frequency probe was selected for scanning to the level of the (C6/C7) transverse process, and the 
common carotid artery, internal jugular vein, and longus colli muscle were identified as the stellate ganglion with 
a slightly thickened moderate to strong echo in the inferior lateral aspect of the common carotid artery and anterior 
medial aspect of the longissimus dorsi (as shown in Figure 1). After routine disinfection and spreading of the towel, the 
in-plane approach was chosen, and care was taken to avoid the adjacent vessels. After breaking through the prevertebral 
fascia, the blood was retracted, 5 mL of 1% lidocaine was slowly injected, and the drug was spread between the long 
carotid muscle and the carotid artery. The patient was then observed for Horner syndrome manifestations such as 
ipsilateral pupil narrowing and eyelid ptosis, and complications such as hoarseness and numbness of the upper limbs. The 
treatment cycle was once a day for 10 consecutive days.

Ultrasound-Guided C2 Dorsal Root Ganglion Pulsed Radiofrequency (Group B)
Patients were positioned in lateral recumbency, the neck and posterior occipital region were fully exposed (the occipital area 
needed to be prepared with skin), and the towel was routinely disinfected. A low-frequency probe was selected for longitudinal 
scanning, and bony structures such as occipital bone, C2 spinous process, and C3 spinous process were observed. The probe was 
rotated, and the two ends of the probe were placed at the position of the C2 spinous process and the C1 transverse process, 
respectively. The inferior oblique muscle of the head, vertebral artery, and spinal cord were fully exposed, and 1% lidocaine 

https://doi.org/10.2147/JPR.S409226                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2023:16 2656

Hua et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


local anesthesia was administered slowly through an in-plane puncture into the needle (radiofrequency set needle cervical 
segment length was 10 cm and the bare end was 5 mm). The needle tip was accurately positioned at the target site (as shown in 
Figure 2) after conducting a radiofrequency sensory test at 50 Hz and 0.4 V or less and testing for induction of the original pain 
area hyperesthesia. After determining the target location, the PRF was conducted at 2 Hz and 1 V or less (which did not induce 
local muscle twitching) as follows: 2 cycles at 40 °C for 180 s, and 2 cycles at 42 °C for 180 s. After the PRF procedure, 3 mL of 
a compound solution (2 mL of 2% lidocaine + 0.5 mg methylcobalamin + 5 mg dexamethasone + saline added to make the total 
volume 10 mL) was injected into the target area. The treatment cycle was once every three days, twice for a course of treatment.

Ultrasound-Guided C2 Dorsal Root Nerve Pulsed Radiofrequency Combined with Stellate Ganglion Block 
(Group C)
The treatment mode was as described above. The treatment cycle comprised SGB treatment once a day for 10 days and 
C2 dorsal root ganglion PRF performed once every three days, two times for a course of treatment.

Figure 1 Anatomical structure of the stellate ganglion and the picture of ultrasound-guided stellate ganglion block. (A) Virtual anatomical structure of stellate ganglion. (B) 
Coronal view of the stellate ganglion with ultrasound scanning. 
Abbreviations: CA, cephalic artery; IJV, internal jugular vein; Yellow circle, longus colli muscle (LCM); Yellow arrow, the target area of SGB.

Figure 2 Anatomical structure of the oblique capitis inferior (OCI) and the picture of ultrasound-guided C2 dorsal root ganglion. (A) Coronal view of the OCI and ventral 
ramus of the C2 cervical nerve. Green rectangle in subfigure A inferior oblique cephalic muscle. Red arrow in subfigure A C2 dorsal root ganglion. (B) Virtual anatomical 
structure of C2 dorsal root ganglion PRF target. C2= C2 spinous process. C1= C1 transverse process. Arrow head: vertebral artery. Yellow dotted circle and green 
rectangle: oblique capitis inferior. Yellow and red arrow: the target area of C2 dorsal root ganglion with PRF. White arrow in subfigure B vertebral artery. Yellow arrow in 
subfigure B C2 dorsal root ganglion. Yellow dotted circle: inferior oblique cephalic muscle. C2 in subfigure B C2 spinous process. C1 in subfigure B C1 transverse process.

Journal of Pain Research 2023:16                                                                                                     https://doi.org/10.2147/JPR.S409226                                                                                                                                                                                                                       

DovePress                                                                                                                       
2657

Dovepress                                                                                                                                                              Hua et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Clinical Assessment
The relevant scores before and after treatment were obtained from the patient’s respective supervising physician’s 
medical records and follow-up records. The scores assessed included the visual analog scale (VAS) of pain before and 
at 1 week, 1 month, 3 months, and 6 months after treatment, Pittsburgh sleep quality index (PSQI) score, and McGill 
Pain Questionnaire affective item scores.

Statistical Analysis
Statistical software R system for statistical computing (R Core Team 2022, version 4.1.1) was used for data analysis and 
description. Data are expressed as the mean ± standard deviation. As PSQI, VAS, and McGill scores were repeatedly 
measured before treatment and post-treatment, a linear mixed model was used to detect the interaction and within-group 
effect. One-way analysis of variance (ANOVA) and post-hoc Tukey’s test were used to compare the average PSQI, VAS, 
and McGill scores between groups A, B, and C within each time point. P-values < 0.05 were interpreted as statistically 
significant differences.

Results
Characteristics of the Included Patients
A total of 90 patients were included in the final analysis with an average age of 44.02 ± 8.77 years. Among the patients, 
55 (61.1%) were male and 45 (38.9%) were female. There was no significant difference in the basic characteristics 
between the groups (Table 1).

Pain Assessment
The interaction effect between time and group was significant (t = −3.976, P < 0.001). The post-treatment VAS scores 
significantly descended at week 1, month 1, month 3, and month 6 in all patients (P < 0.05). The post-treatment VAS 
scores at each time point were lower in group C compared to those in groups A and B (P < 0.05) (Table 2 and Figure 3).

Table 1 Comparison of Basic Characteristics Between Groups

Variables Group A (N = 30) Group B (N = 30) Group C (N = 30) F/x2 P value

Male 20 (66.7) 17 (56.7) 18 (60.0) 0.654 0.721

Female 10 (33.3) 13 (43.3) 12 (40.0)

Age (years) 44.53 ± 9.34 44.27 ± 8.65 43.27 ± 8.56 0.170 0.843
Weight (kg) 55.70 ± 5.98 55.73 ± 6.65 54.97 ± 5.48 0.153 0.858

Course of disease (years) 2.67 ± 1.12 2.65 ± 1.18 2.58 ± 1.16 0.043 0.957

Table 2 Comparison of Visual Analog Scale Scores Between Groups at Each Time Point

Time Group A (N = 30) Group B (N = 30) Group C (N = 30) F P value

Before Treatment 6.33 ± 1.09 6.37 ± 1.00 6.53 ± 1.17 0.290 0.748

1 Week Post-treatment 1.67 ± 0.71* 1.80 ± 0.92* 1.43 ± 0.77* 1.581 0.211
1 Month Post-treatment 1.90 ± 0.80* 1.67 ± 0.96* 1.10 ± 0.88a,b,* 6.490 0.002

3 Months Post-treatment 2.37 ± 0.85*,† 2.00 ± 0.79* 1.13 ± 0.82a,b,* 17.916 <0.001
6 Months Post-treatment 3.00 ± 0.95*,†,‡,§ 2.37 ± 0.96a,*,†,‡ 0.97 ± 0.76a,b,* 40.403 <0.001

F −5.975 −8.042 −11.750
P value < 0.001 < 0.001 < 0.001

Notes: For between-group comparisons, aIndicates a significant difference when compared with group A; bIndicates a significant difference when 
compared with group B. For within-group comparisons, *, †, ‡, §Indicate significant differences when compared with Before Treatment, 1 Week Post- 
treatment, 1 Month Post-treatment, and 3 Months Post-treatment, respectively.
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PSQI Scores
Results from the linear mixed model demonstrated that the interaction effect between time and group was significant (t = 2.070, 
P = 0.039 for the time and group B interaction, and t = −1.986, P = 0.048 for the time and group C interaction). Furthermore, the 
time-dependent trend for the PSQI scores is different between groups A, B, and C. Group A had lower PSQI scores than groups 
B and C at 3 months and 6 months post-treatment. In groups A and B, except for the comparison between 1 month post-treatment 
and 1 week post-treatment, all the remaining comparisons between time points showed significant differences. In group C, The 
PSQI score at each time point after treatment was lower than the PSQI score at the corresponding time point before treatment. 
(Table 3 and Figure 4).

McGill Scores
The interaction effect between time and group was significant (t = −3.414, P = 0.001 for the time and group C). Furthermore, 
significant differences in McGill scores were detected between groups at 1 month, 3 months, and 6 months post-treatment. In 
within-group comparison, except for the comparison between 1 month post-treatment vs 1 week post-treatment, all the 

Figure 3 The comparison of visual analog scale (VAS) scores between groups at each time point.

Table 3 The Comparison of Pittsburgh sleep quality index Between Groups at Each Time Point

Time Group A (N = 30) Group B (N = 30) Group C (N = 30) F P value

Before Treatment 15.20 ± 2.37 14.57 ± 2.54 14.87 ± 2.22 0.530 0.590

1 Week Post-treatment 3.97 ± 1.27* 4.13 ± 1.25* 3.77 ± 1.57* 0.537 0.586
1 Month Post-treatment 4.00 ± 1.20* 4.30 ± 1.21* 3.40 ± 1.90* 2.892 0.061

3 Months Post-treatment 5.07 ± 1.36*,†,‡ 6.93 ± 1.57a,*†,‡ 3.17 ± 2.12a,b,* 36.177 <0.001

6 Months Post-treatment 5.97 ± 1.35*,†,‡,§ 7.70 ± 1.66a,*,†,‡ 3.40 ± 1.94a,b,* 50.381 <0.001

F −7.879 −4.884 −10.980

P value < 0.00 < 0.001 < 0.001

Notes: For between-group comparisons, aIndicates a significant difference when compared with group A; bIndicates a significant difference when compared 
with group B. For within-group comparisons, *, †, ‡, §Indicate significant differences when compared with Before Treatment, 1 Week Post-treatment, 1 
Month Post-treatment, and 3 Months Post-treatment, respectively.
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remaining comparisons between time points showed significant differences in groups A and B. In group C, the post-treatment 
McGill scores at each time point were lower than that at the previous time point (Table 4 and Figure 5).

No major complications occurred in all patients in this retrospective study.

Discussion
The World Health Organization ranks headaches as one of the top 10 disabling diseases in the world, having serious 
adverse physical, psychological, and social effects on patients.11 Among the more common secondary headaches, CEH is 
a chronic headache caused by mechanical compression of the cervical spine and related soft tissues and other 
pathological factors. In CEH, neck and occipital pain are more common, while some patients may also show forehead 
and temporal pain.10 The prevalence of CEH in the general population is uncertain and varies according to the diagnostic 
criteria used. CEH accounts for 17.8% of all severe headaches.12 It is considered that CEH may be caused by 
pathological changes in the articular process of the upper cervical vertebra, leading to the disorder of the superior 
cervical nerve (C1-C3). The pathophysiological mechanism leading to subsequent pain is complex and may be closely 

Figure 4 The comparison of Pittsburgh Sleep Quality Index (PSQI) scores between groups at each time point.

Table 4 The Comparison of McGill Scores Between Groups at Each Time Point

Time Group A (N = 30) Group B (N = 30) Group C (N = 30) F P value

Before Treatment 16.50 ± 2.33 16.47 ± 2.03 17.07 ± 1.98 0.759 0.471

1 Week Post-treatment 3.77 ± 1.87* 4.03 ± 1.96* 4.13 ± 1.31* 0.358 0.700
1 Month Post-treatment 3.60 ± 1.77* 3.70 ± 1.70* 3.17 ± 1.66*,† 0.820 0.444

3 Months Post-treatment 4.87 ± 1.72*,†,‡ 4.97 ± 1.69*,‡ 3.07 ± 1.44a,b,*,† 13.071 <0.001

6 Months Post-treatment 7.10 ± 1.54*,†,‡,§ 7.13 ± 1.50*,†,‡,§ 2.73 ± 1.44a,b,*,† 86.153 <0.001

F −6.737 −6.923 −13.040

P value <0.001 <0.001 <0.001

Notes: For between-group comparisons, aIndicates a significant difference when compared with group A; bIndicates a significant difference when 
compared with group B. For within-group comparisons, *, †, ‡, §Indicate significant differences when compared with Before Treatment, 1 Week Post- 
treatment, 1 Month Post-treatment, and 3 Months Post-treatment, respectively.
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related to inflammatory edema, nerve convergence, mechanical stimulation, central sensitization, sympathetic nerve, and 
other mechanisms. Thus, CEH is caused by the interaction of various mechanisms. Long-term chronic persistent pain can 
seriously affect the quality of life of patients, and even lead to emotional changes such as anxiety and depression. Pain 
and emotions interact with each other, resulting in a vicious circle.13 The treatment of CHE mainly includes drug therapy, 
nerve block, minimally invasive intervention, and cervical surgery. With the development of technology, minimally 
invasive treatment such as PRF has gradually become the mainstream.6

It is considered that CEH may be caused by pathological changes in the articular process of the upper cervical 
vertebra, leading to the disorder of the superior cervical nerve (C1-C3). The pathophysiological mechanism leading to 
subsequent pain is complex and may be closely related to inflammatory edema, nerve convergence, mechanical 
stimulation, central sensitization, sympathetic nerve, and other mechanisms. Studies have shown that the C2 dorsal 
root ganglion is the most easily stimulated nerve, from which it can be inferred that the C2 dorsal root ganglion is closely 
related to the occurrence of CEH.10 The DRG is the site of aggregation of primary pseudomonopolar neuronal cells 
associated with somatic and visceral nociceptive transmission, and it plays an important role in the transmission and 
processing of sensory signals.14 Furthermore, the DRG is relatively easy to be approached anatomically and is a more 
commonly used therapeutic target for CEH.14 Studies have shown that nerve block therapy of the C2 dorsal heel ganglion 
can treat a variety of headaches15 and is also effective for CEH.16 However, nerve block therapy is only effective in the 
short term and is not durable. In contrast, PRF therapy can have a long-term effect on patients with CEH. PRF uses high- 
frequency current to generate a magnetic field, which can activate the brainstem downstream inhibitory system, inhibit 
the injurious sensory afferents of class C nerve fibers, regulate the activity of inflammatory factors, and activate 
substances such as neurotrophic factors to produce long-lasting pain relief. Concurrently, C2 dorsal root ganglion PRF 
can relieve the muscle spasm of the posterior cervical region, improve blood circulation, and reduce the symptoms 
caused by nerve entrapment. Moreover, PRF does not cause radiofrequency destruction as its needle tip temperature 
generally does not exceed 42 °C; thus, PRF mainly plays a regulatory role on nerves without causing any permanent 
damage and thermal injury to neurons.17

SGB is a sympathetic ganglion located in the neck and is closely related to the regulation of immune, endocrine, and 
vegetative functions of the body. SGB mainly refers to cervicothoracic sympathetic ganglion block, thus achieving the 

Figure 5 The comparison of McGill scores between groups at each time point.
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effect of blocking preganglionic and postganglionic nerve fibers and cervical sympathetic trunk and its innervated head 
and neck blood vessels, sweat glands, and many other organs.18 Long-term poor lifestyle habits predispose an individual 
to muscle spasms in the neck, poor local blood circulation, and aseptic inflammation. The accumulation of inflammatory 
factors leads to the production and release of painful substances, which cause stiffness and pain in the head and neck, 
forming a vicious cycle of “headache-muscle ischemia-inflammatory substance accumulation-headache”. SGB improves 
cervicogenic pain by improving blood circulation in the head and neck, relieving muscle tension, and increasing the 
efficiency of sterile inflammation and other mediators without affecting cerebral perfusion and cerebral regulation.19,20

Our study demonstrates that the use of ultrasound-guided C2 dorsal root ganglion PRF combined with SGB was more 
effective in improving pain, sleep, and mood in patients with CHE, with effects lasting longer than with C2 dorsal root 
ganglion PRF alone or SGB alone. The strengths of our study are that it carried out a structured evaluation and follow-up 
of patients by the same physician and there were no losses to follow-up. To the best of our knowledge, this study will be 
the first to investigate the efficacy of ultrasound-guided C2 dorsal root ganglion PRF combined with SGB in patients with 
CHE. However, our study also has some limitations. First, it comprised a small sample size, and future studies with 
a larger cohort should be carried out. Second, our study only followed patients for 6 months. A longer follow-up can 
provide insights into the long-term outcomes and effects of the combined treatment in patients with CHE. Addressing 
these limitations can better guide clinical practice.

Conclusion
Patients’ pain intensity, sleep, and mood changes were assessed by statistically analyzing their VAS, PSQI, and McGill 
scores before and after treatment. Our results suggest that the use of ultrasound-guided cervical 2 dorsal root ganglion 
PRF combined with SGB in patients with CHE is more effective in improving pain, sleep, and mood and deserves to be 
replicated in the clinic.
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