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Background: Localisation of the greater occipital nerve (GON) is essential for the
achievement of several procedures performed in the occipital region especially the
treatment of occipital neuralgia. This study proposed to investigate the location of
GON subcutaneous (Sc) and semispinalis capitis (SSC) piercing points related to the
intermastoid and external occipital protuberance (EOP) to mastoid process (MP) lines.
Materials and methods: The Sc piercing point, relation to SSC and obliquus capitis
inferior (OCl) muscles of 100 GONs from 50 cadaveric heads (23 males, 27 females)
were dissected. Distances from EOP to MP (EM line) on both sides and between MPs
(MM line) were measured. Perpendicular lines from Sc and SSC piercing points to EM
and MM lines were created and measured. Distances from EOP to the perpendicular
lines of SSC piercing point and from MP to the perpendlicular lines of Sc piercing point
were measured and calculated into percentage of EM and MM length, respectively.
Results: Three types of Sc piercing points (I, Il and Ill) were obtained. The percent-
age of GON piercing trapezius muscle (TP) (type 1), aponeurosis of TP (type 1) and
aponeurosis between TP and sternocleidomastoid muscle (SCM) (type Ill) were 2, 67
and 31, respectively. In addition, 95% of GON pierced SSC, 2% pierced its tendinous
band and 3% travelled between its medial fibres and the nuchal ligament. 94% of
the GON turned around the lower edge of the OCl, while 6% pierced the lower edge
of this muscle. Sc piercing point was always located above the MM line, but it could
be above, below or on the EM line. In contrast, all of the SSC piercing points were
located below the EM line except in one specimen, but it could be above, below
or on the MM line. Therefore, the MM and EM lines were used as reference lines
for locating the Sc and SSC piercing points, respectively. The mean EM line length
was 81.26 = 5.26 mm with statistically significant differences between genders and
sides in female. The mean MM line length was 121.77 = 8.54 mm with a statistically
significant difference between genders. Sc piercing point could be located at 44%
of MM line length from ipsilateral MP with a mean vertical distance of 18 mm. No
statistically significant difference was found between genders and sides in these
parameters, but a statistically significant difference was found in the percentage
of MB to MM line between type Il and type | (o = 0.02). SSC piercing point of
all types could be located at the point of 25% of EM line length from EOP with
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a vertical distance of 18 mm below EM line. No statistically significant difference
was found between genders, sides and types of both piercing points.

Conclusions: MM and EM lines are potential reference lines for locating the Sc and
SSC piercing points of GON, respectively. (Folia Morphol 2021; 80, 3: 533-541)

Key words: external occipital protuberance, greater occipital nerve,
localisation, mastoid process, piercing point, semispinalis capitis muscle,

trapezius muscle

INTRODUCTION

According to the definition of the International
Headache Society (IHS) in 2004, occipital neuralgia
(ON) is described as a paroxysmal shooting or stab-
bing pain of the occipital area innervated by the
greater occipital nerve (GON), lesser occipital nerve
(LON) and third occipital nerve [9]. Several aetiol-
ogies of ON including trauma, tumours, infection,
degenerative changes and anatomical features were
reported [4]. Anatomic consideration of ON especially
the localization of GON, LON and third occipital nerve
were reviewed and further investigated [4, 6, 14-19,
21-24]. Entrapment of GON was reported to correlate
with ON in a majority of cases [8, 10]. GON derives
from the medial branch of posterior ramus of the
second cervical spinal nerve and emerges between
axis and obliquus capitis inferior (OCl) then ascends
through the semispinalis capitis (SSC) and pierces
the trapezius (TP) to the subcutaneous tissue of the
occipital region. Possible sites of the GON irritation
and entrapment are also reported including the point
at which the nerve emerged between the atlas and
the axis [20] and the point where the GON pierces the
OCl, SSCand TP muscles [2, 23]. Moreover, Janis et al.
(2010) [11], reported six major compression points
along its course in 25 fresh cadaveric heads which
were: between the SSC and OCl, at the entrance and
the exit from the SSC, at the entrance and exit from
the TP and at the crossing point with the occipital
artery. Treatment options of ON include posture cor-
rection, pharmacological treatment, local anaesthetic
injection, botulinum toxin infiltrations, pulse radiof-
requency therapy and surgery [1, 5]. Occipital nerve
block using a local anaesthetic with corticosteroids
was injected at 2 cm lateral and 2 cm inferior to the
external occipital protuberance (EOP) for blocking
the GON [13]. Jose et al. (2018) [12] evaluated the
effectiveness of surgical decompression of GON at
the level of SSCand TP tunnel in 11 patients suffering
from ON. Complete elimination and significant relief
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of pain was reported in three and six patients respec-
tively. Therefore, the anatomic variation of the course
of the GON is essential for the treatment of ON. The
subcutaneous (Sc) piercing point of GON is classified
into two or three types based on whether it pierced
TP muscle fibre (type 1), TP aponeurosis (type Il) or
the aponeurosis between TP and sternocleidomastoid
(SCM) muscles (type 1) [3, 22, 24]. Furthermore, the
localization of the Sc and SSC piercing points using
bony landmarks and reference lines including EOP,
MP, EOP-MP line, intermastoid (MM) line and superior
nuchal line have been evaluated extensively by several
methods of measurement [3, 7, 14, 16-18, 21, 23].
Major obstacles to locate the exact location of GON
are the variations of its Sc and SSC piercing points.
This study aimed to evaluate the location of Sc and
SSC piercing points by using the appropriate surface
landmarks and testing its significant differences be-
tween genders and sides. Moreover, statistical differ-
ences of the location between types and patterns of
Sc and SSC piercing points were also analysed.

MATERIALS AND METHODS

This study was performed in 50 formalin-fixed
Thai cadavers (23 male and 27 female) supported
by the Department of Anatomy, Faculty of Medicine,
Chulalongkorn University. The average age of the
cadavers was 77 years (range 41-99). All cadavers
did not have any damages or history of operation in
the occipital region. A horizontal skin incision was
made along the line joining the upper border of the
auricles and a midline vertical incision was made
downward. The skin was removed from medial to
lateral. The piercing point of GON to subcutaneous
tissue was identified. Then the TP was detached lat-
erally to observe the pattern of the GON in relation
to the SSC. Next, the SSC was detached laterally to
follow the GON until the suboccipital triangle was
identified. The type of the GON in relation to OCI
was identified.
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Figure 1. Schematic diagram illustrating the lines joining the three
bony landmarks: external occipital protuberance and mastoid pro-
cess (EM line), line between mastoid processes (intermastoid or
MM line), the perpendicular lines from the subcutaneous piercing
point to MM line (TP-B), semispinalis capitis piercing point to EM
line (SSC-C) and surface localisation of GON; EOP — external oc-
cipital protuberance; GON — greater occipital nerve; M — mastoid
process; SCM — sternocleidomastoid muscle; SSC — semispina-
lis capitis piercing point; TP — subcutaneous piercing point.

To determine the location of Sc and SSC piercing
points, the most prominent point of EOP and lowest
points of MP on both sides were identified and marked.
Then, the lines joining these bony landmarks were creat-
ed as EM and MM lines (Fig. 1). The locations of all pierc-
ing points were determined in relation to the EM and
MM lines. The perpendicular lines from the Sc and SSC
piercing points to the EM and to MM lines were created
(Fig. 1). The length of EM line, MM line and the perpen-
dicular line was measured using a standardised digital
Vernier calliper (GuangLu® 0-100 mm; range 100 mm,
resolution 0.01 mm). Each measurement was done twice
and the average was used. The same digital Vernier
calliper was used to assure measurement consistency.
All measurements were done by the same investigator.

Statistical analysis

Statistical analysis was performed using Stata ver-
sion 15.1 (Stata Corp. 2017 Stata Statistical Software:
Release 15. College Station, TX: Stata Corp LLC). Mean
and standard deviation (SD) of each parameter were
obtained. Paired Student’s t-test was used to examine
the difference between right and left side, and un-
paired Student'’s t-test was used to compare results
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between male and female. The statistical difference
between types was analysed using One-Way ANOVA
followed by Tukey test. For all analyses, an alpha level
of 0.05 was adopted for statistical significance.

Ethical consideration

This cadaveric study has been approved by the
Institutional Review Board (IRB) of the Faculty of
Medicine, Chulalongkorn University (IRB NO. 594/59).

RESULTS

Sc and SSC piercing points of GON and its relation
to OCI muscle

Three types of Sc piercing points of 100 GON were
observed (Fig. 2). The prevalence of each type is shown
in Table 1. The most frequent was type Il, in which the
GON pierced the aponeurosis of the TP (67%). Type |,
in which the GON pierced the muscular part of TP
was found in only 2%. GON pierced the aponeurosis
between TP and SCM (type IIl) in 31%. Symmetrical
type was observed in 54% of cases of type Il and 18%
of type lll. The course of GON in the SSC as shown
in Figure 2 was found in three patterns: piercing
the muscle (95%), piercing its tendinous band (2%)
and coursing between its most medial fibres and
the nuchal ligament (3%). Symmetry was found in
94% of cases whose GON pierced the SSC muscle.
GON turned around the lower edge of OCl in 94%
and pierced the lower edge of OCl in 6% (Table 1).
Symmetry was found in 90% and 2% of cases in both
courses, respectively. In one cadaveric head, the right
GON was split into 2 branches by SSC muscle fibre,
then piercing the aponeurosis of TP. The left GON of
that case split into 2 branches before piercing the TP.

Localisation of Sc and SSC piercing points

The results of Sc and SSC piercing points in rela-
tion to EM and MM lines are illustrated in Table 2.
Observation data revealed that the Sc piercing point
was always located above the MM line, but it could
be above, below and on the EM line. Although, the
SSC piercing points of all cases were located below
the EM line except one male right GON, it could be
above, below and on the MM line (Table 2). Therefore,
the MM line was used as a reference line for locating
the Sc piercing point and the EM line was suitable
for locating the SSC piercing point. Aforementioned,
the GON of both sides in one cadaver split into two
branches. This cadaver was not included in the meas-
urement. Therefore, all parameters were measured in
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Figure 2. Posterior view of the occipital regions showing types of subcutaneous piercing points (A, B), patterns of semispinalis capitis
piercing point (C, D). A. Right GON pierced the trapezius muscle (type ), left GON pierced the aponeurosis of trapezius muscle (type Il);

B. GONs of both sides pierced the aponeurosis between trapezius and sternocleidomastoid muscle (type lll); C. GON of both sides pierced the
semispinalis capitis muscle; D. Right GON coursed between the medial fibre of semispinalis capitis and nuchal ligament, left GON pierced the
tendinous band of semispinalis capitis muscle; GON — greater occipital nerve; SCM — sternocleidomastoid muscle; SpC — splenius capitis;
SSC — semispinalis capitis; T SSC — tendinous band of semispinalis capitis.

Table 1. Prevalence of subcutaneous piercing point type, patterns of semispinalis capitis (SSC) piecing point and the relation of

greater occipital nerve to obliquus capitis inferior (OCI)

Type Male (n = 23) Female (n = 27) Total
Left, n (%) Right, n (%) Left, n (%) Right, n (%) N (%)

Subcutaneous piercing point

Typel 0(0%) 1(1%) 1(1%) 0(0%) 2 (2%)

Typell 13 (13%) 14 (14%) 18 (18%) 22 (22%) 67 (67%)

Typell 10 (10%) 8 (8%) 8 (8%) 5 (5%) 31(31%)

Semispinalis capitis piercing point

Muscle 21(21%) 21(21%) 27 (27%) 26 (26%) 95 (95%)

Tendinous band 1(1%) 1(1%) 0(0%) 0(0%) 2 (2%)

Between SSC and Nuchal ligament 1(1%) 1(1%) 0(0%) 1(1%) 3(3%)

Relation to OCI lower edge

Turn around 23 (23%) 23 (23%) 24 (24%) 24 (24%) 94 (94%)

Piercing muscle 0(0%) 0(0%) 3(3%) 3(3%) 6 (6%)

49 cadavers. The results and analysis of the length of
EM, MM, perpendicular line from Sc piercing point to
MM line (TP-B), from MP to TP-B on MM line (M-B),
perpendicular line from SSC piercing point to EM line
(SSC-C) and from EOP to SSC-C on EM line (E-C) are
illustrated in terms of mean = SD in Table 3. The mean
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EM line length was 81.26 + 5.26 mm with statistically
significant differences between genders and sides.
The mean MM line length was 121.77 = 8.54 mm
with a statistically significant difference between gen-
ders. The mean length of TP-B was 17.97 = 5.8 mm
and had no statistically significant difference between
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Table 2. Prevalence of subcutaneous and semispinalis capitis piercing points in relation to the distance from external occipital
protuberance to mastoid process (EM line) and distance between mastoid processes (MM line)

Gender Subcutaneous piercing point Semispinalis capitis piercing point
EM line MM line EM line MM line

Above  Below On Above  Below On Above  Below On Above  Below On
Male
Left 1" 8 3 22 0 0 0 22 0 15 7 0
Right 10 11 1 22 0 0 1 21 0 13 8 1
Total 2 19 4 44 0 0 1 43 0 28 15 1
Female
Left 12 13 2 27 0 0 0 27 0 22 5 0
Right 12 14 1 27 0 0 0 27 0 23 4 0
Total 24 27 3 54 0 0 0 54 0 45 9 0

genders and sides. Moreover, there was no statistically
significant difference of TP-B length between types of
Sc piercing point. The mean M-B length was 53.96 +
+ 6.53 mm without a statistically significant differ-
ence between sides but with a statistically significant
difference between genders (p =0.02). The mean
percentage of M-B to MM was 44.36 + 4.52 without
a statistically significant difference between genders
and sides. However, there was a statistically signif-
icant difference of this parameter between type Il
and type | of Sc the piercing point (p = 0.02).

The mean length of SSC-C was 18.10 £ 5.13 mm
perpendicular to EM line and had no statistically sig-
nificant difference between genders and sides. More-
over, there was no statistically significant difference of
this parameter between types of SC and SSC piercing
points. The mean E-C length and percentage of E-C to
EM was 20.49 = 4.29 mm and 25.25 *+ 4.83% respec-
tively. There was no statistically significant difference
of the percentage of E-C to EM between genders,
sides and types of both piercing points.

DISCUSSION

The most common location of Sc piercing pointin
the aponeurosis of TP (type Il) was reported in several
previous studies [3, 22, 24]. A comparison of the prev-
alence of types of Sc piercing point, characteristic of
SSC piercing point and its relation to OCl in the previ-
ous and current studies is illustrated in Table 4. Results
of this study confirmed those of two previous reports
[3, 24] that type Il was the most common and type |
was found in a lesser number. However, the finding
of type lll in 31% of cases was different from Won et
al. (2018) (62.5%) [24]. The number of specimens and
ethnicity may have an influence on the prevalence of
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each type. In addition, the GON was shown to pierce
the SSC muscle in 95% of our cases. The rest pierced
the tendinous band of SSC in 2% and travelled be-
tween SSC and nuchal ligament in 3%. This result was
similar to those of the previous studies (Table 4). In
addition, the prevalence of GON turning around the
lower edge of OCl was the most common. Only one
pervious study reported an atypical course of GON
passing through the suboccipital triangle [18]. Tubbs
etal. (2014) [22] reported 10 atypical courses of GON
from 30 specimens; two cases of type Il in which the
GON pierced the lower edge of OCl, 5 cases of GON
piercing the tendinous band of SSC which were type |
(1 case) and type Il (4 cases), and 3 cases of GON
travelling between its most medial fibres and the
nuchal ligament which were type | (1 case) and type lI
(2 cases). This study revealed 11 atypical courses of
GON from 100 specimens. The prevalence was lower
and included six cases of type Il piercing the lower
edge of OCl, one cases of type | and one case of typell
piercing the tendinous band of SSC, and 3 cases of
GON travelling between its most medial fibres and
the nuchal ligament which were type Il (2 cases) and
type Il (1 case). This issue is clinically important be-
cause atypical courses of GON might be associated
with a higher incidence of nerve entrapment and ON
[2, 23]. In general, the GON divided into 2 branches
after exiting to the subcutaneous tissue but it could
be split by the muscle fibre of SSC and often recon-
nected [6]. The splitting of GON before exiting to the
subcutaneous tissue occurred on both sides of one
male cadaveric head, where the right GON was split
by SSC muscle fibre and pierced the aponeurosis of
the TP without reconnection. The left GON split be-
fore piercing the aponeurosis of the TP. This variation
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Table 3. The mean = standard deviation length of EM, MM, TP-B, MB, SSC-C, E-C, percentage of EC/EM and MB/MM

Gender Side Total P
Left Right

EM [mm] Male (n = 22) 84.43 +4.35 85.16 + 5.56 84.30 = 5.01 0.09
Female (n = 27) 77.61 +3.99 79.95 +3.79 78.78 + 4.03 0.02*
Total (n = 49) 80.22 = 5.05 82.26 = 5.31 81.26 = 5.26 0.00*
P 0.00* 0.00%

MM [mm] Male (n = 22) - - 127.18 = 8.85
Female (n = 27) - - 117.36 £5.12
Total (n = 49) - - 121.77 £ 8.54
P 0.00*

TP-B [mm] Male (n = 22) 18.35 + 3.93 17.92 = 6.70 18.14 + 5.43 0.77
Female (n = 27) 17.77 £ 5.75 17.88 + 6.59 17.82 + 6.12 0.91
Total (n = 49) 18.03 + 4.97 17.90 + 6.57 1797 +538 0.87
P 0.69 0.98

MB [mm] Male (n = 22) 55.72 + 153 56.77 + 6.65 56.25 + 7.04 0.51
Female (n = 27) 50.93 + 6.72 53.28 + 3.63 5211 +=5.48 0.05
Total (n = 49) 53.08 + 7.42 54.85 + 5.44 53.96 + 6.53 0.07
P 0.02* 0.02*

SSC-C [mm] Male (n = 22 L, 21 R) 18.34 + 5.28 19.09 + 6.71 18.71 + 5.96 0.51
Female (n = 27) 18.23 = 4.43 16.98 + 4.28 17.61 + 4.36 0.07
Total (n =491, 48 R) 18.28 = 4.77 17.9 = 551 18.10 £5.13 0.59
P 0.94 0.19

E-C [mm] Male (n = 22) 2023 +48 22.08 + 4.68 215477 0.13
Female (n = 27) 19.46 + 3.61 20.45 + 4.03 19.95 + 3.82 0.15
Total (n = 49) 19.80 + 4.16 2118 = 4.36 2049 + 4.29 0.04*
P 0.52 0.20

EC/EM [%] Male (n = 22) 2421 £5.39 25.87 = 4.88 25.04 = 4.34 0.17
Female (n = 27) 25.07 £ 4.39 25.56 = 4.91 2531 £4.23 0.52
Total (n = 49) 2468 + 4.83 2570 + 4.85 2525 + 4.83 0.13
P 0.54 0.83

MB/MM [%] Male (n = 22) 43.82 £5.09 44.69 = 4.78 44.25 = 397 0.50
Female (n = 27) 4337 £5.10 45.42 + 2.76 4439 + 322 0.047*
Total (n = 49) 4357 +5.05 45.09 = 3.78 44.36 = 4.52 0.06
P 0.76 0.51

*Statistical significance; EM — distance from external occipital protuberance to mastoid process; MM — distance between mastoid processes; TP-B — perpendicular distance from
subcutaneous piercing point to MM line; MB — distance from mastoid process of the ipsilateral side to the point of TP-B on MM line; SSC-C — perpendicular distance from subcutaneous
piercing point to EM line; E-C — distance from external occipital protuberance to the point of SSC-C on EM line; EC/EM — percentage of EC to EM length; MB/MM — percentage of MB

to MM length

should be made aware of when performing the GON
block since anaesthetic could affect only one branch
of the GON. Nevertheless, it was found in only 2% of
specimens. Furthermore, symmetrical patterns of Sc
and SSC piercing points were found in a high percent-
age, thus reducing the concern of asymmetry.

A comparison of locations of the GON in relation
to EOP, midline, intermastoid (MM) and EM lines in
the previous and current studies is demonstrated in
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Table5[3, 7, 14, 16-18, 21, 23]. The Sc piercing point
was above MM line at a mean distance of 17.79 +
+ 5.80 mm and is similar to that of Gilvencer et al.
2011 (17.1 = 2.58 mm) [7]. However, dissimilarity
might be due to the number of samples, method of
measurement and ethnicities. Moreover, comparisons
of GON location in each type of Sc and SSC piercing
points were not taken into account in the previous
studies. Our data revealed that the Sc piercing point
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Table 4. Comparisons of the prevalence of subcutaneous piecing point type, patterns of semispinalis capitis (SSC) piercing point and
relation of greater occipital nerve (GON) to obliquus capitis inferior (OCI) in this and previous studies

Authors, year Bovim et al. Mosser et al. Natsis et al. Tubbs et al. Won et al. This study,
1991 [3] 2004 [17] 2006 [18] 2014 [22] 2018 [24] 2020
Race Norwegian American German American Korean Thai
Number (sides) 20 (40) 20 (40) 40(80) 15(30) 28 (56) 50(100)
Pierce trapezius muscle (type l) 18 (45%) - - 5(16.7%) 14 (50%) 2(2%)
Pierce trapezius aponeurosis 22 (55%) - - 25(83.3%) 7(12.5%) 67 (67%)
Pierce between trapezius and 0(0%) - - 0(0%) 35 (62.5%) 31(31%)
sternocleidomastoid
Pierce SSC muscle 36 (90%) 40 (100%) - 22 (73.3%) - 95 (95%)
Pierce tendinous band of SSC 0(0%) 0(0%) - 5(16.7%) - 2 (2%)
Between SSC and nuchal ligament 4(10%) 0(0%) - 3(10%) - 3(3%)
Turn around lower edge of OCI 37 (92.5%) - 76 (95%) 28 (93.3%) - 94 (94%)
Pierce muscle of lower edge of OCI 3(7.5%) - 3(3.75%) 2(6.7%) - 6 (6%)
Passes through suboccipital triangle 0(0%) - 1(1.25%) 0(0%) - 0 (0%)

Data are shown as number (%).

was always located above the MM line, therefore,
the intermastoid or MM line was used to locate the
Sc piercing point which was similar to the result of
Loukas et al, (2006) [16]. The Sc piercing point could
be located approximately 44% (44.36 + 4.52%) of the
distance along MM line from the ipsilateral MP with
a mean vertical distance of about 18 mm (17.97 =
+ 5.80 mm) (Fig. 1). No statistically significant dif-
ference was found between genders and sides. How-
ever, a statistically significant difference was found
between type lll and type | (p = 0.02). Nevertheless,
type | was found only in 2% of cases. As previously
mentioned in the results, Sc piercing points could
be located either above, below and on the EM line
similar to the result of Won et al. (2018) [24]. They
located the Sc piercing point of GON by drawing
a circle with a radius of 2 cm and divided into four
equal sectors at the medial transaction point of EM
line. The GON pierced the fascia within the circle in
85.7% of specimens and most frequently (42.9%)
in the inferomedial sector of the circle [24]. Shin et
al. (2018) [19] used a three-dimensional digitizer to
locate the GON on the superior nuchal and EM line.
The GON was on the medial third of EM line and
33.5 mm from the EOP on the superior nuchal line.
They recommended the safe injection points on the
EM line at about 3 cm from EOP, 1 cm inferior and
parallel to the EM line and 3 cm from MP [19].
Tubbs et al. (2007) [21], reported that the GON
pierced the SSC on an average of 2 cm superior to the
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intermastoid line, similar to Loukas et al. (2006) [16]. In
contrast, our data revealed that GON might pierce the
SSC above, below or on the MM line. Moreover, almost
all of the SSC piercing points were located below the
EM line (except one male right GON). Therefore, we
decided to use the EM line to locate the SSC piercing
point. The SSC piercing point of all types could be
located at approximately 25% (25.25 + 4.83%) of the
distance along EM line from the EOP with a mean verti-
cal distance of about 18 mm (18.10 = 5.13 mm) below
EM line (Fig. 1). No statistically significant difference
was found between genders, sides and types of the
piercing points. These morphometric data are useful for
performing GON block or avoiding GON injury during
procedures in the occipital region in Asian population.

CONCLUSIONS

Type and location of Sc piercing points, patterns
and location of SSC piercing point and the relation of
GON to OCl were examined in 50 embalmed cadaveric
heads. Three types of Sc piercing points were found.
The most prevalent was type Il followed by type lll and I,
respectively. Sc and SSC piercing points were located
with reference to the intermastoid (MM) and EOP to MP
(EM) lines, respectively. Most parameters demonstrated
no statistically significant differences between genders,
sides and type of Sc and SSC piercing points. Knowl-
edge of the anatomical variations of the GON piercing
points and its location may optimize the efficacy and
safety of relevant procedures in the occipital area.
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