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Abstract Introduction: The knowledge of the anatomy of greater occipital nerve and its relation
to occipital artery is important for the surgeon. Blockage or surgical release of greater occipital
nerve is clinically effective in reducing or eliminating chronic migraine symptoms.
Aim: The aim of this research was to study the anatomy of greater occipital nerve (GON) and its relation to occipital artery. Also the use of these anatomical measures in local injection of the greater occipital nerve for treatment of migraine.
Materials and methods: The study was carried out at the Faculty of Medicine, Alexandria University.
The posterior neck and scalp of 25 cadaveric heads were dissected. GON was identiﬁed and measured
relative to bony landmarks. Delineation of GON and occipital artery relationship was done.
Twenty patients suffering from migraine diagnosed according to International Headache Society (IHS)
criteria (HIS 2004) were treated using GON blockade. The landmark for GON injection was based on
the anatomical study. Treatment was assessed using the visual analogue scale for migraine pain.
Results: In the anatomical study, the GON was found in all specimens. The diameter of GON was measured at the lower border of inferior oblique, where it pierced SSC, and after its exit from trapezius muscle. The distance between the point where the GON pierced SSC inferior to the external occipital
protuberance (EOP) and lateral to the midline was also measured. The GON was parallel to the occipital artery. The distance between GON and occipital artery was measured.
In the clinical study, 20 patients suffering from migraine were treated with 1.5 ml of 0.5% bupivacaine
using GON blockade. The landmark for GON injection was based on the anatomical study. For the
right GON: the vertical location inferior to EOP ranged from 19.85 mm to 26.9 mm with a mean of
23.1 mm. The lateral location from EOP ranged from 11.03 mm to 14.65 mm with a mean of 13.4 mm.
For the left GON: the vertical location inferior to EOP ranged from 16.89 mm to 29.5 mm with a mean
of 22.1 mm. The lateral location from EOP ranged from 10.89 mm to 15.31 mm with a mean of
14.1 mm.
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Pain was improved in 70% of patients within the ﬁrst hour after the ﬁrst injection. After 1 month, 60%
of patients still showed improvement.
Conclusion: The knowledge of the anatomy of greater occipital nerve and its relation to occipital artery
is important for the surgeon. Blockage or surgical release of greater occipital nerve is clinically effective
in eliminating chronic migraine headache.
ª 2014 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights
reserved.

1. Introduction
The greater occipital nerve represents the posterior primary
ramus of the second cervical spinal nerve. It comes from the
larger medial branch of the dorsal ramus of the second cervical
nerve. It ascends between inferior oblique and semispinalis
capitis, pierces the latter and trapezius near their occipital
and is joined by a ﬁlament from the medial branch of the third
dorsal ramus.1 It supplies sensory innervations to the posterior
regions of the scalp.2
The occipital artery arises from the back of the external
carotid on a level with the facial artery. The occipital artery
emerges from the apex of the posterior triangle and runs
with the GON to supply the back of the scalp up to the
vertex.3
The greater occipital nerve becomes superﬁcial just inferior
to the superior nuchal line and lateral to the occipital protuberance of the skull; at this point, the nerve is positioned medial to the pulse of the occipital artery, approximately one third
of the distance from occipital protuberance to the mastoid.4
There is wide variability of headache syndromes treated by
(GON) blockade using local injections of steroids, local anaesthetics or a mixture of both.5
Migraine (with its complex cerebral and brainstem mechanisms), cluster headache, occipital neuralgia, cervicogenic
headache, whiplash syndrome, and various tension type

headaches have shown variable degree of improvement
following (GON) blockade.6,7
So the aim of this research was to study the anatomy of
greater occipital nerve and its relation to occipital artery.
These anatomical measures will be useful in local injection of
the greater occipital nerve for treatment of migraine.
2. Materials and methods
2.1. Anatomical study
Twenty ﬁve specimens of head and neck were obtained from
anatomy department, faculty of medicine, Alexandria University. All specimens were dissected to show the GON and occipital artery.
Measurements were done for GON diameter below the
inferior oblique muscle, and where it pierces semispinalis capitis and trapezius muscles. Also the distances between the point
where the GON pierces the semispinalis capitis and the external occipital protuberance and between the GON and occipital
artery were measured.
The relationships between the GON, semispinalis capitis,
aponeurosis of trapezius and the occipital artery were
determined.
The points where the GON pierces the semispinalis capitis
and trapezius were determined, measured and photographed

Figure 1 A photograph of right half of head and neck specimen (posterior view) showing the greater occipital nerve (GON) emerging on
the lower border of inferior oblique(IO) muscle in suboccipital triangle before piercing semispinalis capitis(SSC). (RC: rectus capitis minor
and major –TR: trapezius).
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on the cadavers. All measurements were done on both sides of
the specimens using Vernier Swiss caliper. Statistical analyses
were performed.
2.2. Clinical study: patients and methods
In this prospective study, 20 patients suffering from migraine
diagnosed according to International Headache Society
(IHS) criteria (HIS 2004) were treated using GON blockade.
3. Results
3.1. Anatomical results
In all specimens, the GON was found (Figs. 1, 3–7). The GON
appeared at suboccipital region at the lower border of inferior
oblique muscle (Fig. 1). The diameter of GON at the lower
border of inferior oblique was measured (Table 1, Fig. 2).
After traversing the inferior oblique muscle, GON runs
between inferior oblique and the deep surface of semispinalis
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3.1

Lt

2.9
2.55

2.5

2.63

2.71

Mean

2.5
2
1.5
1
0.5
0
GON at the lower
border of the inferior
oblique muscle

when it pierces
semispinalis capis
muscle

GON when it pierces
trapezius aponeurosis

Figure 2 showing the mean diameter of GON at the lower
border of inferior oblique muscle and when it pierces semispinalis
capitis and trapezius aponeurosis.

capitis (SSC) (Fig. 1). Then the GON pierces SSC muscle
(Fig. 3). The diameter of GON where it pierces SSC was shown
in Table 1, Fig. 2.
The distance between the point where the GON pierced
SSC inferior to the external occipital protuberance (EOP)
and lateral to the midline was measured (Table 2, Fig. 8). After
the GON pierced SSC, it pierces the trapezius aponeurosis to
reach the scalp (Figs. 4 and 5). The diameter of GON after
its exit from trapezius muscle was shown in Table 1, Fig. 2.
Then it travels to supply the integument of the scalp through
multiple branches (Fig. 6).
During the course of GON through the SSC to reach the
scalp, the GON travels parallel to the occipital artery
(Fig. 7). The distance between GON and occipital artery was
measured and recorded in Table 2, Fig. 8.
3.2. Clinical results
In this prospective study, 20 patients (15 females and 5 males)
suffering from migraine diagnosed according to International
Headache Society (IHS) criteria (HIS 2004) were treated using
GON blockade.
The landmark for GON injection was based on the anatomical study which revealed the followings;
For the right GON: the vertical location inferior to EOP
ranged from 19.85 mm to 26.9 mm with a mean of 23.1 mm.
The lateral location from EOP ranged from 11.03 mm to
14.65 mm with a mean of 13.4 mm.
For the left GON: the vertical location inferior to EOP ranged from 16.89 mm to 29.5 mm with a mean of 22.1 mm. The
lateral location from EOP ranged from 10.89 mm to 15.31 mm
with a mean of 14.1 mm.
The blocks were performed with 1.5 ml of 0.5% bupivacaine from 13.4 mm lateral and 23.1 mm inferior to the external occipital protuberance for the right GON and 14.1 mm
lateral and 22.1 mm inferior to the external occipital protuberance for the left GON.
Patients were given GON blocks with 0.5% bupivacaine
and repeated depending on the clinical response. Patients were

Figure 3 A photograph of right half of head and neck specimen showing the greater occipital nerve (GON) piercing semispinalis capitis
(SSC). (TR: trapezius reﬂected).
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Figure 4 Lateral view of right half of head and neck specimen showing the greater occipital nerve (GON) piercing semispinalis capitis
(SSC) then piercing trapezius aponeurosis (TR). (IOP: internal occipital protuberance-EOP: external occipital protuberance).

Figure 5 Lateral view of right half of head and neck specimen showing greater occipital nerve (GON) piercing semispinalis capitis (SSC)
then trapezius aponeurosis (TR). This view shows the relation of GON to external occipital protuberance (EOP). (IOP: internal occipital
protuberance).

evaluated immediately after injection and were followed after
1 month. During the treatment and entire follow-up period,
the patients avoided prophylactic therapy.
Treatment was assessed using the visual analogue scale for
migraine pain.
Pain was improved in 70% of patients within the ﬁrst hour
after the ﬁrst injection. After 1 month, 60% of patients still
showed improvement.

No undesirable effect related to GON block was observed
in the present study.
4. Discussion
Anatomical variants of GON may be the cause of individual
treatment failures of blind nerve blocks. The blind nerve
blocks are used for the treatment of occipital headaches.
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Figure 6 Posterior view of right half of head and neck specimen showing the greater occipital nerve (GON) traversing the semispinalis
capitis (SSC) and trapezius aponeurosis (TR) then dividing into 3 branches (arrow) to supply the scalp.

The greater occipital nerve GON appeared at the lower
border of inferior oblique muscle. After traversing the inferior
oblique muscle, GON run between it and the deep surface of
semispinalis capitis SSC. Then the GON pierces SSC muscle.
After the GON pierced SSC, it pierces the trapezius aponeurosis to reach the scalp to supply the integument of the scalp
through multiple branches.
Anatomy textbooks8,9 describe the course of the greater
occipital nerve as curving medially around the semispinalis
muscle and only piercing a fascial plane in the region of the
superior nuchal line. This does not agree with the ﬁndings of
the present study.
Ducic et al.10 reported that the GON proceeds between the
inferior oblique and the semispinalis capitis muscle and then
pierces medially to the semispinalis capitis muscle. It courses
obliquely, in a superolateral fashion and is considerably more
lateral at the level of the occipital prominence. It then penetrates through the trapezius muscle to join the occipital artery.

Mosser et al.11 found the greater occipital nerve piercing the
semispinalis capitis on both sides of 20 cadavers. This agrees
with the ﬁndings in the present study.
In the present work, it was found that the mean diameter of
GON at the lower border of inferior oblique muscle was
3.1 ± 0.2 mm on the right side and 2.9 ± 0.4 mm on the left
side. The mean diameter of GON when it pierces semispinalis
capitis muscle was 2.55 ± 0.214 mm on the right side and
2.50 ± 0.195 mm on the left side. Mosser et al.11 found the
average diameter of GON 2.7 mm to 2.4 mm on the right
and 3.0 mm to 2.9 mm on the left as the GON passes through
the SSC muscle. Shim12 found the average diameter of the
GON between EOP and mastoid process measured by ultrasound, was 2.9 ± 0.4 mm on the right and 3.1 ± 0.3 mm on
the left.
The mean diameter of GON when it pierces trapezius
muscle was 2.63 ± 0.073 mm on the right side and
2.71 ± 0.065 mm on the left side in the present study. Mosser
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Figure 7 Posterior view of right half of head and neck specimen showing the greater occipital nerve (GON) parallel to the occipital
artery (OA). (SSC: semispinalis capitis – TR: trapezius).

Table 1

showing the anatomical measurements of GON in mm. (RT: right-LT: left-GON: greater occipital nerve).

Anatomical measurements

Min.

Max.

Mean

S.D.

Median

P

Diameter
Diameter
Diameter
Diameter
Diameter
Diameter

of
of
of
of
of
of

2.61
2.05
2
2
2.5
2.3

3.99
3.68
3
3
2.9
3

3.1
2.9
2.55
2.50
2.63
2.71

0.2
0.4
0.214
0.195
0.073
0.065

3.0
2.88
2.61
2.50
2.60
2.7

0.105

Table 2
mm.

showing the distance of GON inferior to external occipital protuberance, lateral to the midline and from occipital artery in

Rt. GON at the lower border of the inferior oblique muscle
Lt. GON at the lower border of the inferior oblique muscle
Rt. GON when it pierces semispinalis capitis muscle
Lt. GON when it pierces semispinalis capitis muscle
Rt. GON when it pierces trapezius aponeurosis
Lt. GON when it pierces trapezius aponeurosis

0.116
0.119

Anatomical measurements

Min.

Max.

Mean

S.D.

Median

P

Distance
Distance
Distance
Distance
Distance
Distance

19.85
16.89
11.03
10.98
0.98
1.13

26.9
29.5
14.65
15.31
1.98
2.11

23.1
22.1
13.4
14.1
1.3
1.5

3.4
5.0
1.65
2.07
0. 4
0.3

24.0
22.5
13.5
14.6
1.35
1.50

0.226

of
of
of
of
of
of

Rt. GON inferior to external occipital protuberance
Lt. GON inferior to external occipital protuberance
Rt. GON lateral to the midline
Rt. GON lateral to the midline.
Rt. GON from occipital artery
Lt. GON from occipital artery

et al.11 found the average diameter of GON distal to the site of
emergence from semispinalis muscle was 2.4 mm on the right
side and 2.9 mm on the left side.
The mean distance of GON inferior to external occipital
protuberance on the right side was 23.1 ± 3.4 mm and
22.1 ± 5.0 mm on the left side in the present study. While
the mean distance of GON lateral to midline on the right side
was 13.4 ± 1.65 mm and 14.1 ± 2.07 mm on the left side. Greher et al.13 reported that the distance from the EOP to the
GON was 17.4 mm (11.1–22.8 mm) in their cadaveric study.
Shim12 found the distance to be 23.1 ± 3.4 mm on the right
and 20.5 ± 2.8 mm on the left from the EOP to the GON.

0.331
0.098

In the present work, the GON travels parallel to the occipital artery in all specimens, while Janis et al.14 found the
greater occipital nerve and occipital artery crossing each other
in 54% of specimens. The relationship between these structures
when they crossed varied from a single intersection to a helical
intertwining. Becser et al.15 stated that the GON surrounded
the occipital artery while Guvencer et al.16 found the GON’s
route is nearly parallel to the OA and the GON’s branches surround the OA.
In the present work, it was found that the mean distance
between the GON and the occipital artery was 1.3 ± 0.4 mm
on the right and 1.5 ± 0.3 mm on the left.
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Variation of anatomical sites for greater occipital nerve.17

Study

Vertical location of GON (cm)

Lateral location of GON (cm)

1. Mosser et al.
2. Loukas et al.
3. Natsis et al.
4. Bovim et al.
5. Becser et al.
6. Tubbs et al.
EOP = external occipital protuberance

3 cm below EOP
2 cm below EOP
The site where the semispinalis capitis is pierced by the GON
No anatomical landmark given for injection
Along intermastoid line
2 cm above intermastoid line

1.5 cm from midline
2 cm from EOP

25

23.1

Right

Left

13.4

14.1

0.5–2.8 cm from midline
4 cm lateral to EOP

22.1

Mean

20
15
10
5
1.3

1.5

0
GON inferiot to external occipital

Figure 8
artery.

GON Lateral to the miline

GON from occipital artery

representing the mean distance of GON inferior to external occipital protuberance, lateral to the midline and from occipital

Jae12 found the distance between the GON and the occipital
artery was 1.5 ± 0.6 mm on the right and 1.2 ± 0.6 mm on the
left, representing no signiﬁcant difference. These values were
similar to the values of the present study.
Greater occipital nerve block has been part of headache
medicine for more than half a century, with injection techniques and solutions varying greatly. The rationale of performing a GONB for the treatment of chronic headache states is on
the anatomical connections between trigeminal and upper cervical sensory ﬁbres at the level of the trigeminal nucleus caudalis. However, the reason for the improvement after GONB in
primary headache is unknown.7
There are considerable differences in the proposed landmarks for the GON blockade in the literature (Table 3).7
In the present study, the proposed landmark for GON blockade was 13.4 mm lateral and 23.1 mm inferior to the external
occipital protuberance for the right GON and 14.1 mm lateral
and 22.1 mm inferior to the external occipital protuberance for
the left GON. These measurements were based on an anatomical
study in which twenty ﬁve specimens of head and neck were dissected to show the location of greater occipital nerve.
Pain was improved in 70% of patients after 5 min of ﬁrst
injection. After 1 month, 60% of patients still had improvement. This was in agreement with Young et al.18 who performed greater occipital nerve blocks on 24 migraineurs and
revealed 64%, reduction in pain after 5 min.
Similarly Takmaz et al.19 in their series of 10 patients treated for migraine using GON injection had shown a good
response in the majority of the patients.
5. Conclusion
GON block with 0.5% bupivacaine 13.4 mm lateral and
23.1 mm inferior to the EOP for the right GON and

14.1 mm lateral and 22.1 mm inferior to the EOP for the left
GON is effective in reducing pain severity in migraine patients
and with no adverse effect.
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19. Takmaz SA, Inan N, Uçler S, Yazar MA, Inan L, Basßar H.
Greater occipital nerve block in migraine headache: preliminary
results of 10 patients. Agriculture 2008;20(1):47–50.

