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Abstract

Introduction: Traditionally, non-invasive and invasive techniques were used for the treatment of cervicogenic
headache (CH). Greater occipital nerve block is the most frequent peripheral nerve block invasive technique used
for the management of cervicogenic headache. The purpose of this prospective, double-blinded study was to
compare the efficacy of two different techniques: multifidus cervicis plane block and greater occipital nerve block in
the treatment of refractory cervicogenic headache by using ultrasound.

Methods: Sixty patients with cervicogenic headache were recruited and diagnosed according to the ICHD-III beta
version. The patients were divided into two groups, one group was for greater occipital nerve block and the other
group was for multifidus cervicis plane block with ultrasound-guided.

Results: Visual analog scale (VAS) was 2.09% in the multifidus cervicis plane block (MCPB) group and was 2.22% in
the greater occipital nerve block (GONB) group with a median reduction of − 4.33 and − 3.048, respectively, at 2-
week visits with a statistically significant difference better in the MCPB group (P < 0.001). At 4 weeks visits, VAS scale
was better in the MCPB group than in the GONB group (3.79 and 4.44, respectively) with a median reduction in
VAS scale (− 3.27 and − 3.095, respectively) and statistically significant differences between both groups (P = 0.020).

Conclusion: Both the ultrasound-guided multifidus cervicis plane block and greater occipital nerve block are
effective as intervention techniques in the treatment of refractory cervicogenic headache. These techniques are
simple, safe, more reliable with less side effects, and often reduce the requirements of analgesic drugs.
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Introduction
Headache is one of the most prevalent causes of chronic
pain with its incidence of about 30% in adults [1].
In 2004, the International Headache Society classified

headache into primary and secondary types in which
cervicogenic headache (CH) was considered a secondary
type [2], while the International Classification of Head-
ache Disorders, 3rd edition (beta version), reported the

diagnostic criteria of CH as follows: lesion or disorder in
the soft tissue of the neck or cervical spine, pain was
temporally related to the onset of the cervical disorder
and improved after the treatment of the cervical prob-
lem, reduction in cervical range movement, worsening
by provocation, and pain relief following diagnostic
blocks [3].
Cervicogenic headache (CH) is described as a chronic

hemi-cranial pain resulted from a disorder of the cer-
vical spine and its anatomic structures innervated by the
C1, C2, and C3 cervical spinal nerves [4].
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Many causative factors that may contribute to CH are
degenerative, post-traumatic cervical spine pathology, cer-
vical spine or muscle dysfunction, or pro-inflammatory
cytokine release [5, 6]. The prevalence of CH has been es-
timated at 0.7–13.8% according to different reports [7].
Traditionally, non-invasive therapeutic strategies (e.g.,

medication, physical activity, and manual manipulation)
[8, 9] and invasive therapeutic strategies (e.g., radiofre-
quency [10, 11], acupuncture, and anesthetic block) [12]
were the most preferred treatments by physicians. Re-
gional anesthetic techniques, pulsed radiofrequency, or
subcutaneous occipital nerve stimulation are considered
minimally invasive procedures used for the treatment of
refractory cervicogenic headache [13].
The greater occipital nerve (GON) is the sensory

branch of the primary dorsal ramus of C2 with a pos-
sible contribution from the C3 dorsal ramus. It passes
between C1 and C2 just below the posterior arch of the
atlas and the lamina of the axis.
The ultrasound-guided technique was first described

in a cadaveric study in 2010, and it was used selectively
to block the GON at the C2 level [14]. GON block can
be performed unilaterally or bilaterally, and it is indicated
for the treatment of occipital neuralgia and different types
of headache like cervicogenic headache, post-dural punc-
ture headache, cluster type headache, or migraine [15].
GON is considered as the most frequent peripheral nerve
block technique used for the management of cervicogenic
headache [16].
Ohgoshi and his colleagues used a novel multifidus

cervicis plane (MCP) block as perioperative analgesia for
cervical laminoplasty. They achieved a good analgesic
effect and concluded that MCP block may provide
effective perioperative analgesia after cervical spine
surgery [17].

Objectives
This prospective, double-blinded study was done to
compare the efficacy of two different techniques: multifidus
cervicis plane block and greater occipital nerve block in the
treatment of cervicogenic headache using ultrasound.

Methods
This prospective study was approved by the Institutional
Review Board (IRB), Faculty of Medicine (code number:
R/19.04.483), and (the ClinicalTrials.gov identifier:
NCT04454541) all patients had a written informed
consent.
The study was performed in the period between May

2019 and December 2019 at out-patient clinics of the
Neurology Department, University Hospital.
Sixty patients were included in this study. All 60 pa-

tients had cervicogenic headache disorders which were
diagnosed according to the criteria of the International

Classification of Headache Disorder version III (ICHD-
III beta version) [3].
This study included patients from both sexes, and pa-

tients’ ages were more than or equal to 18 years old.
Younger age patients, patients not fulfilling the criteria

of cervicogenic headache ICHD-III beta version, patients
with a history of occipital nerve stimulation, patients with
a history of occipital nerve injection, patients with a his-
tory of any occipital region surgical intervention, patients
with a history of allergic reaction to any of materials used
in the procedures, pregnant or lactating patients, patients
with uncontrolled hypertension, patients with uncompen-
sated congestive heart failure, patients with uncontrolled
diabetes mellitus, patients with chronic liver disease, pa-
tients with chronic renal failure, patients with infectious
and/or inflammatory diseases, patients with neoplasm
and/or vascular disease, and patients with antiplatelet or
anticoagulant therapy that may interfere with the proced-
ure were excluded from this study.
Before the procedure, a full clinical neurological exam-

ination was performed on all patients. Routine laboratory
investigations were done for all patients like renal function
tests, liver function tests, complete blood count, and
measurement of prothrombin time (PT) and activated
partial thromboplastin time (APTT). Electrocardiography
(ECG) was done for all patients. Measurement of satur-
ation of pulse oxygen (SpO2) was done for all patients.
Pain intensity was evaluated for all patients according

to the visual analog scale (VAS) (0–10) (the pain VAS is
a uni-dimensional, widely used scale in the measurement
of the intensity of the pain comprising a horizontal
(HVAS) or vertical (VVAS) line, usually 10 cm (100mm)
in length) [18, 19].
Pain intensity evaluation was performed at the time of

the initial diagnosis and performed later at the 2nd and
4th weeks after the procedures. The evaluation was per-
formed by using the VAS for the side that affected by
cervicogenic headache in a blinded manner.
Primary outcome headache-free interval 30 min after

the procedure is described as a decrease of pain intensity
about 30% from the basal procedure level.
All procedures were performed using an ultrasound

machine (Logiq. P5 pro model, GE brand, GE health
care, France manufacture) with a high-frequency linear
array transducer (7–15MHz); the US machine provided
adequate penetration with a high-resolution image. The
scanning was done in both transverse and longitudinal
planes. Real-time ultrasound imaging was done by using
both gray-scale and color Doppler techniques for accur-
ate occipital artery localization.

Interventional procedures
Before the procedure, upper extremity venous access
was established in all patients of both groups. Blood
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pressure (BP) and heart rate (HR) were measured for all
patients. Electrocardiogram (ECG) was done for all pa-
tients, and pulse oxygen saturation (SpO2) was also mea-
sured for all patients.
Before the procedure, all patients were infused with

intravenous Ringer’s solution 2mL/kg/h and continuing
low-flow of non-humidified oxygen (2 L/min) with a
nasal cannula. During the procedure, respiratory signs
were monitored closely.

Greater occipital nerve block
The patient was lying in a prone position. For accurate
localization of the occipital nerve, ultrasound-guided
GONB was done by using a linear transducer that was
sheathed in a sterile plastic package. To locate the oc-
cipital nerve, we searched first for the occipital artery in
the medial one-third of the superior nuchal line in the
area between the occipital tubercle and mastoid process
by using both gray-scale and color Doppler ultrasound
techniques (Fig. 1).
Before the injection, the scalp was cleaned with iodine,

and the skin was sterilized.
In all patients, the occipital nerve was seen just medial

to the occipital artery. Greater occipital nerve block was
done by applying the injection just medial to the occipi-
tal artery by using a 22-gauge needle that was advanced
beneath the lateral border of the ultrasound linear trans-
ducer with real-time ultrasound guidance and an in-
plane technique.
We detected the injected side according to the clinical

symptoms of the patients and the painful side reported
in the patients’ headache complaint. During the proced-
ure, we injected 10ml of 0.5% isobaric bupivacaine.

After injection, the patients were asked to lie down for
30 min to avoid dizziness.

Multifidus cervicis plane block (MCPB) group
The patient was asked to lie in a lateral position with the
affected side directed upwards. Multiple gel cushions
were placed under the patient’s head, neck, and arm in
order to make the patient’s neck in a stable and mildly
anterior flexion position. We determined the spinal level
by the identification of the transverse process of the sev-
enth and sixth cervical vertebrae (C7 and C6). The sev-
enth cervical transverse process (C7) differs from the
cervical vertebrae above by the presence of a rudimen-
tary anterior tubercle and a prominent posterior tuber-
cle. The transverse process of the sixth cervical spine
with its characteristic sharp anterior tubercle could be
visualized by moving the ultrasound transducer cranially;
this allows for the easy identification of the consecutive
cervical segments.
Before the procedure, all aseptic preparations of the

injection area were done, and we used lidocaine 1% to
anesthetize the skin.
The needle (22-G, 0.7 mm × 60mm, Plexufx, B-

BRAUN, Tokyo, Japan) was introduced in-plane through
the skin under continuous ultrasound guidance. The
needle was advanced into the fascial plane between the
semispinalis cervicis and multifidus cervicis muscles for
the MCP block by injection of 20 ml of 0.5% isobaric
bupivacaine (Fig. 2).
After the procedure, all patients were continuously

monitored by non-invasive monitoring 1 h before dis-
charge to home.

Informed consent
All patients had a written consent before they were in-
cluded in this study, and these consents were done after
a complete explanation of the procedure steps, side ef-
fects, complications, and hoping benefits for all patients.

Statistical analysis
We used the clinical outcome variables for the
intention-to-treat analysis. The data were presented as
means and standard deviations (SD). The comparison
between the studded groups was carried out using the t
test, analysis of variance (ANOVA) with the Tukey test,
Honestly Significantly Different (HSD) test, Cochran-
Armitage trend test, and Kruskal-Wallis test. Hommel’s
adjustments were carried out to correct the significance
levels for multiple and post hoc testing. Hodges-
Lehmann estimate of the median difference with a 95%
confidence interval (95% CI) was used to determine the
differences in the clinical variable outcome. The normal-
ity of variables was evaluated using the Shapiro-Wilk
statistic.

Fig. 1 Ultrasound imaging of the dorsal neck with color Doppler
shows greater occipital nerve and occipital artery (white arrows),
semispinalis capitis muscle (SSCM), and obliquus capitis inferior
muscle (OCIM)
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The predictors of cervicogenic headache were deter-
mined by VAS through the conduction of a correlation
analysis. Descriptive statistics, including frequency distri-
butions for categorical variables, medians, and quartiles
one and three (Q1, Q3) for continuous variables, were
used for the characterization of the study sample at
baseline assessment. Score changes between baseline
and follow-up visits were assessed by comparing the fre-
quency and median distributions at each time point, in
the overall samples, and stratified by whether or not par-
ticipants were deemed responders. For all analyses, P
values are two-sided, and the significance level was set at
0.05. The α level was set at 0.05 for all tests.
A prior G-power analysis was done using the results

obtained from previous studies and assuming alpha error
of 0.05 and beta error of 0.2 (power of the study 80%). A
sample size of 30 patients per each group was calculated.

Results
This study included 60 patients with cervicogenic head-
ache (30 patients received MCP injection, and 30 re-
ceived GONB). Baseline characteristics, duration, and
the side of headache did not differ significantly between
the groups (Table 1).
The number of headache-free patients after 30 min of

injection was larger in the MCPB group than in the
GONB group without statistically significant differences
between both groups (P = 0.248). The baseline VAS pain
intensity was similar in both groups without statistically
significant differences (P = 0.703). The VAS pain inten-
sity after 2 and 4 weeks was lower in both groups with
statistically significant differences (P = 0.001 and 0.020,
respectively) (Table 2).
Headache frequency after 2 and 4 weeks was similar in

both groups without statistically significant differences
(Table 3).

Discussion
Cervicogenic headache is considered one of the most
common types of headache worldwide. There are many
lines of treatment for cervicogenic headache either non-
invasive methods (pharmacotherapy, physiotherapy, etc.)
or invasive therapeutic strategies (e.g., radiofrequency
acupuncture, anesthetic block) [9, 12].
According to the underlying etiology of pain, there are

many methods of local or regional anesthesia injections
including nerve root injections, trigger point blocks, per-
ipheral nerve blocks, or facet blocks [9, 12].
In our study, 60 patients with refractory cervicogenic

headache were divided into two groups, each group con-
sisted of 30 patients (GONB and MCPB groups).
We compared both groups regarding age, gender,

BMI, duration of headache/weeks, and the side of head-
ache (right/left), and there were no statistically signifi-
cant differences between both groups.
Bovin and his colleagues and Inan and his colleagues

studied the value of GONB and blocking of C2–C5 facet
joint in the management of cervicogenic headache and
found that simple GON blockade may be sufficient in
many patients with cervicogenic headache, but little

Fig. 2 a, b Ultrasound imaging of the dorsal neck muscles of two different patients show the (1) multifidus cervicis muscle, (2) semispinalis
cervicis muscle, (3) semispinalis capitis muscle, (4) splenius muscle, and (5) trapezius muscle

Table 1 Demographic and clinical characteristics of patients

Variable Group GONB Group MCPB P value

Age (years), mean ± SD 41.1 (10.0) 41.9 (11.3) 0.402

Height (cm) 160.7 (6.3) 167.4 (8.2) 0.708

Weight 68.2 (25) 71.2 (15) 0.990

Gender, M/F 3/27 5/25 0.442

Body mass index (kg/h) 25.8 (3.5) 24.6 (3.9) 0.074

Duration of headache (weeks) 19.9 (12.8) 17.9 (12.2) 0.094

Side of the headache left/right 14/16 15/15 0.0876

All data are presented as number (N), %, or mean ± SD
P ≤ 0.05 is significant
GONB Greater occipital nerve block, MCP Multifidus cervicis plane block
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response occurred in the case of C3, C4, and C5 isolated
nerve blockade. Effective relief of pain was obtained by a
combination of both C2 and C3 blockade, and partial ef-
fective relief of pain was obtained in the case of isolated
C2 or C3 facet joint blockade [20, 21].
In our study, according to the baseline VAS, there are

no statistically significant differences between both
groups while at second and fourth week visits, there
were statistically significant differences. This prolonged
effect was matched with Sjaastad and his colleagues that
revealed a prolonged effect lasts not only for days, but
for weeks with a recommendation for utilizing it thera-
peutically [22].
Gabrhelik and his colleagues [13] concluded that pain

and analgesic consumption significantly decreased in re-
fractory cervicogenic headache with pulsed radiofre-
quency therapy technique to the greater occipital nerve
using a mixture of local anesthetic and steroids after 3
months.
As regards headache frequency in both groups, there

was a decrease in headache days per week but with no
statistically significant differences in both groups (P =
0.843 and 0.193, respectively).
Many literatures described uncommon destructive

treatment techniques like radiofrequency cervical zyga-
pophyseal joint neurotomy, and C2 and or C3 ganglio-
nectomies. These techniques may be complicated by
neuroma formation and may cause subsequent hyper-
pathia and allodynia and all invariably cause sensory loss
[11]. Our study concluded that the use of ultrasound-

guided GONB and MCPB in the treatment of refractory
cervicogenic headache is considered as an alternative to
these procedures with less side effects, more reliable,
and simple technique.

Conclusion
Both ultrasound-guided MCPB and GONB techniques
are effective intervention techniques used in the treat-
ment of refractory CH. Ultrasound-guided GONB and
MCPB are simple, safe, have less side effects, more reli-
able and often reduce the requirements of analgesic
drugs.
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