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Background: Occipital neuralgia is an uncommon disorder characterized by severe pain involving the posterior scalp in the
distribution of the greater and lesser occipital nerves. In cases refractory to pharmacotherapy, invasive treatment options
may be warranted. The aim of the present study was to examine the effects of thermal radiofrequency ablation (TRF) on
occipital neuralgia. We hypothesized that this procedure would result in long-term pain relief.
Methods: All patients who underwent TRF of the greater and lesser occipital nerves between January 1, 2013 and March 23,
2016 were identified. Medical records were reviewed for preprocedure pain score, 1-month postprocedure pain score,
patient-defined percent pain relief according to the visual analog scale (on which zero equals no pain and 10 represents the
worst pain imaginable), and length of pain relief. The primary outcomes were the differences between preprocedure and 1month postprocedure pain scores (mean change from baseline), percent pain relief, and patient-reported length of relief.
Results: A total of 50 patients were identified; 4 patients were excluded because of insufficient data as a result of loss to followup. A significant difference was found between preprocedure and postprocedure patient-reported pain scores (6.7 vs 2.7,
respectively; P < 0.001), equating to a mean reduction in pain scores 1-month postprocedure of 4.0 ± 3.3. The mean patientdefined percent pain relief was 76.3% ± 25.0%. The mean patient-reported length of relief was 6.5 ± 5.1 months.
Conclusion: This study suggests that TRF may reduce pain scores for approximately 6 months.
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INTRODUCTION
Occipital neuralgia is an uncommon disorder characterized by paroxysmal, shooting, or stabbing pain involving
the posterior scalp in the distribution of the greater and lesser occipital nerves. The greater and lesser occipital nerves
arise from the medial branch of the dorsal ramus of the C2
spinal nerve. Emerging from below the suboccipital triangle
between the obliquus capitis inferior and semispinalis capitis
muscles, the greater occipital nerve often pierces the trapezius muscle close to its occipital attachments. At several
points along the nerve pathway—from neural foramen to
scalp, terminating at the vertex and over the ear—compression, irritation, and friction can contribute to pain. This pain is
sometimes associated with dysesthesia or hyperesthesia in
the affected area. These symptoms are associated with tenderness to palpation of the affected nerve(s). Responsiveness to local anesthetic blockade of the greater and/or
lesser occipital nerves is diagnostic.1 Occipital neuralgia is
often associated with traumatic head and whiplash-type
injuries.2 While the incidence is not clearly known because
of presumed underreporting and misdiagnosis, Koopman
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et al estimated that 3.2/100,000 people may suffer from occipital neuralgia.3
The diagnosis of occipital neuralgia can be difficult to
make, in large part because of the rarity of this disease.
The treatment of occipital neuralgia may also pose a challenge for providers because of refractoriness to conservative management. Common first-line treatments often
considered for treatment include nonsteroidal antiinflammatory drugs, anticonvulsants, muscle relaxants, massage,
and physical therapy.2 In cases refractory to pharmacotherapy, invasive treatment options may be indicated.
While onabotulinumtoxinA (BOTOX) is commonly used
for treatment of chronic migraine and cervical dystonia, insufficient data support its use for the treatment of occipital
neuralgia. In such cases, therapeutic occipital nerve blocks
with corticosteroids may be warranted. Such nerve blocks
provide symptomatic relief and help diagnose a potential
target for further treatment. According to recent evidence
(2002-2014), however, this type of procedure typically results in temporary relief with a duration of less than 1
month.4-6
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Given the impracticality and deleterious nature of multiple,
recurrent steroid injections, treatment strategies with prolonged durations of pain relief have been a point of interest
for many pain physicians. Although many interventional and
surgical procedures have been described in the literature,
few studies have evaluated the efficacy or duration of action
of these treatment options.7-9 Specifically, published data
regarding the utility and efficacy of thermal radiofrequency
ablation (TRF) for the treatment of occipital neuralgia are
limited.10
Given the paucity of published data regarding the utility of
TRF for the treatment of occipital neuralgia, this study aimed
to delineate the effectiveness of this treatment modality. The
overall hypothesis of this study was that TRF would reduce
pain for prolonged durations of time.

METHODS
This retrospective study was approved by the Institutional
Review Board of the University of Cincinnati Medical Center
(Study ID 2014-1291). Because the study was limited to
the review of recorded data, the necessity for obtaining
informed consent was waived. All patients who were diagnosed with occipital neuralgia following diagnostic occipital
nerve blocks and who subsequently underwent TRF of the
greater and lesser occipital nerves at the University of Cincinnati in the Department of Pain Medicine between January
1, 2013 and March 23, 2016 were identified and included in
the database.
Of the patients identified, the majority underwent both
greater and lesser occipital nerve TRF. To maintain consistency within the sample group, only patients who underwent
both greater and lesser occipital nerve TRF were included in
this study. Many of the patients identified in this study underwent more than one round of TRF, but only the data from
each patient’s first TRF procedure were collected. Patients
with inadequate data collection because of lack of documentation or loss to follow-up were excluded. All patients
who underwent the TRF received nerve blocks for the greater and lesser occipital nerves with or without steroids with
the use of 0.25% bupivacaine. Nerve blocks were performed
using anatomic landmarks for both the greater and lesser
occipital nerves. Patients who achieved 50% or more improvement in their pain after the nerve blocks were eligible
for TRF.
The TRF procedure was performed in a similar fashion in
all patients. Twenty-gauge radiofrequency lesioning 50-mm
insulated needles (5-mm active tip) were placed in proximity
to the greater and lesser occipital nerves via the landmarkbased technique. Specifically, the greater occipital nerve
was located by palpating the occipital artery, placing the
needle just medial to the artery, advancing it perpendicular
to the occipital bone until the needle approached the periosteum of the underlying occiput, and redirecting it superiorly
as needed until the point of maximum tenderness was identified. The lesser occipital nerve was identified by palpating
the mastoid process, placing the second needle immediately medial to the mastoid process, and advancing it superiorly until the maximum point of tenderness was identified.
Following placement of the needles, sensory stimulation at
50 Hz was used to confirm proximity to the underlying greater and lesser occipital nerves by reproducing pain or paresthesia in the area of interest. TRF was carried out in lesion
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mode after injecting 1-2 mL of 2% lidocaine. The settings
were 80°C and 180 seconds.
We reviewed medical records for patient demographic
data such as age and sex, disease laterality, preprocedure
and postprocedure pain scores, patient-defined percent
pain relief, and patient-defined length of relief. The preprocedure pain score was defined as the visual analog scale
(VAS) score the patient reported for the pain originating in
the occipital head during the office visit prior to undergoing
the procedure. The VAS is scored from 0 (no pain) to 10
(worst pain imaginable). The postprocedure pain score
was defined as the VAS score the patient reported at the
1-month postprocedure office visit when the patient was
asked specifically about posterior headache and pain radiating from the posterior head. The primary outcomes were the
difference between the preprocedure and 1-month postprocedure VAS scores (mean change from baseline), percent
pain relief (as defined by the patient’s subjective impression), and patient-reported length of relief of occipital head
pain. Continuous variables were compared using paired
t tests assuming equal or unequal variance when appropriate. For clarity, unequal variance was only used when comparing males and females. Regression analysis was used to
interpret any correlation between patient-reported duration
of pain relief and patient-perceived pain relief at the 1month postprocedure visit. Two-tailed P values ≤0.05 were
considered to be statistically significant.

RESULTS
We identified 50 patients who had been diagnosed with
occipital neuralgia following diagnostic occipital nerve
blocks and who subsequently underwent TRF of the greater
and lesser occipital nerves between January 1, 2013 and
March 23, 2016. Four patients were excluded because of insufficient data, so 46 patients were included in the analysis.
The average patient age was 46.5 ± 13.6 years, and the majority of patients were female (82.6% female vs 17.4% male).
In this patient population, 54.3% were diagnosed with bilateral occipital neuralgia, and 45.7% had unilateral occipital
neuralgia. These patients underwent bilateral TRF and unilateral TRF, respectively.
We found a significant difference between preprocedure
and 1-month postprocedure patient-reported VAS scores
(6.7 vs 2.7, P < 0.001), a mean reduction of 4.0 ± 3.3 (Figure
1). As depicted in Figure 2, the patient-reported length of relief following TRF varied among patients, but the mean was
6.5 ± 5.1 months. This mean was calculated from the data
for 39 patients. Results from the remaining 7 patients were
excluded because the clinical documentation failed to specifically define the length of relief. In the majority of these
cases, the clinical notation did not clearly define the length
of relief because of the lack of ongoing follow-up beyond
1 month.
Based on data from 44 patients, the mean percent of pain
relief reported by patients at the 1-month follow-up visit was
76.3% ± 25.0% (Figure 3). Clinical documentation for the
other 2 patients defined their pain relief as “significant,”
which could not be represented in a numerical fashion.
Regression analysis to identify any correlating trend
between patient-reported duration of relief and patientperceived percent relief at the 1-month postprocedure office
visit showed a statistically significant trend (Figure 4) despite
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Figure 1. Mean patient-reported pain scores preprocedure and 1 month after
thermal radiofrequency ablation treatment (n = 46) as measured with the visual analog scale (VAS) in which zero corresponds to no pain and 10 corresponds
to the worst pain imaginable.
high variability within the data set (R2 = 0.148; adjusted
R2 = 0.125; P = 0.016). No statistically significant differences
were identified between males and females when comparing patient-reported pain scores, percent relief, or length of
relief (P = 0.122, P = 0.475, and P = 0.490, respectively).

DISCUSSION
Investigators have studied the use of pulsed radiofrequency (PRF), a nondestructive form of radiofrequency therapy for the treatment of occipital neuralgia. Several studies
on occipital nerve PRF have shown statistically significant
improvements in pain scores and quality of life and reductions in pain medication use.8,9,11 Cohen et al compared
the effects of PRF to occipital nerve blocks with steroids in
a randomized, double-blind study and found PRF to be superior in terms of average pain score reductions at 6 weeks
through 6 months.9 Given these findings, Cohen et al sug-

gest that PRF should be considered as a treatment modality
for prolonged benefit beyond occipital nerve blocks utilizing
steroids.
Depending on how radiofrequency energy is applied to
neural tissues, radiofrequency therapy can be defined as
thermal or pulsed. TRF produces more heat that results in
neural disruption via the creation of a destructive lesion.
PRF, in comparison, delivers short bursts of high-amplitude
current between comparatively long pauses that allow for
the dissipation of heat.12 Neural tissue is preserved by allowing this heat to dissipate as proven in histologic studies.13-16
The prevailing theory regarding the mechanism of action of
PRF is related to the microscopic damage incurred on axonal microtubules and microfilaments. These microscopic
changes are thought to result in alterations in synaptic
transmission.12-17 Of particular interest, the effects of PRF
appear to be most pronounced in C-fibers compared to A-

Figure 2. Patient-defined duration of pain relief in months following thermal
radiofrequency ablation (n = 39).
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Figure 3. Patient-defined percent improvement in pain relief from baseline following thermal radiofrequency ablation (n = 44).
delta and A-beta fibers.16 Despite the theoretical benefits of
having an improved margin of safety with PRF, inadequate
clinical evidence supports the use of PRF as a comparable
alternative to TRF for the treatment of chronic pain conditions.12,18
Although no studies have specifically compared the outcomes of TRF vs PRF for the treatment of occipital neuralgia,
studies have compared these two radiofrequency modalities
for trigeminal neuralgia, a similar neuropathic type–mediated headache disorder. In a prospective, randomized,
double-blind study by Erdine et al, TRF of the Gasserian
ganglion exhibited superior efficacy compared to PRF for
the treatment of idiopathic trigeminal neuralgia.19 A total of
40 patients were allocated to either the TRF group or the
PRF group. While the TRF group had a statistically significant reduction in pain scores and improvement in patient
satisfaction, only 10% (2 of 20) of patients in the PRF
group reported decreased pain scores. Patients in the PRF
group subsequently underwent TRF after 3 months because

of continued, intractable pain. Following TRF, the PRF group
also showed statistically significant reductions in pain in addition to improvement in satisfaction, suggesting the superiority of TRF compared to PRF.19
Our study results are in agreement with another study in
which TRF applied to pericranial nerves improved pain in
patients with headache conditions.20 These findings indicate
that TRF may be an effective treatment option for occipital
neuralgia and should be considered for patients with occipital neuralgia who do not respond to pharmacologic therapy
or cannot tolerate it. In our experience, TRF is a relatively
low-risk option for headache management; it has no medication side effects and a low incidence of complications.
Other minimally invasive procedures may be useful in the
treatment of occipital headache, such as block or ablation
of upper cervical medial branches for facet-mediated pain
causing cervicogenic headache. However, as occipital nerve
blocks are arguably lower risk than C2 medial branch blocks
and can be performed reliably without image guidance, they

Figure 4. Regression analysis indicated a correlation between patient-reported
pain relief duration and the patient-reported percent pain relief at the 1month postprocedure office visit (n = 39).
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often serve as part of the initial diagnostic algorithm for determining the most efficacious therapeutic target. Given the
low observed prevalence of occipital neuralgia, a low-risk
method for diagnosing and treating this debilitating condition could eliminate unnecessary treatments with increased
side effects and complications.
As stated earlier, a retrospective review of the general
population in the Netherlands reported an incidence of occipital neuralgia of 3.2 per 100,000 people, but this study
likely underestimated the frequency of this disorder because
of underreporting.3 Among the most likely reasons for underreporting is a lack of awareness regarding occipital neuralgia among primary care physicians who participated in the
data collection. Additionally, the primary care physicians
who created this database were not seeking to diagnose
and treat specific facial pain conditions. The study, as a result, only reported cases of occipital neuralgia in which the
complaint was precisely addressed. As a result, the epidemiologic data of this disorder have yet to be elucidated.
Limitations of our study include those commonly associated with retrospective studies, most notably, researcher bias
and confounding variables. Expectations for a particular outcome can influence the interpretation of a procedure result.
A more extensive questionnaire including functional change
may be used in future prospective studies to create a more
reliable measure of outcome. In addition, no concurrent
therapies were accounted for before, during, or following
treatment with TRF. Conceivably, such therapies could affect
the results attributed to the procedure.
Another potential limitation of this study is the use of a
landmark-based technique for identification of the greater
and lesser occipital nerves. Although superiority has yet to
be established regarding the use of an ultrasound-guided
technique over the landmark-based technique for this procedure, recent literature has typically favored the use of imageguided techniques.21 Because the general consensus
among most interventionists is that ultrasound guidance
provides improved accuracy in needle placement and safety
(with regard to avoidance of vascular structures), the results
in this study may be negatively impacted by the method
used for needle placement because of an inherent lack of
accuracy.

CONCLUSION
This study demonstrated a statistically significant reduction in patient-reported pain scores following TRF with an average patient-reported length of relief greater than 6 months.
These results add to the evidence supporting the use of TRF
as a treatment modality for patients diagnosed with occipital
neuralgia who have failed conservative therapies. However,
given the inherent limitations of retrospectives studies, a prospective, randomized controlled trial should be undertaken
to elucidate the effectiveness of TRF for the treatment of occipital neuralgia. Additionally, given the high variability in duration of pain relief reported by patients in this study, further
studies may also help delineate patient factors that play a
role in the efficacy of this procedure.
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