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SUMMARY

Among the measures instituted for the treatment
of migraine, the greater occipital nerve (GON) block
is described as being an effective, safe, easy to per-
form and useful technique for the treatment of this
condition. However, the measures used to block the
GON vary, and there is a lack of information data
about the Brazilian population. Therefore, a mor-
phometric study was carried out on 22 identified
cadavers, in which the distances were measured
on both sides of the following anatomical points:
EOP, MP, and GON with anatomical references of
the nuchal ligament, Trapezius muscle aponeu-
rosis and MSEC perforation. ANOVA was used for
statistical analysis, with Tukey post-hoc and Eta
Square (n2) for effect size. Significance was adopt-
ed when p < 0.05. The ANOVA found a significant
effect of ethnicity regarding the distances in the
GON measurements of the EOP on the line between
the EOP and MP — Left antimere; subsequent uni-
variate analysis showed differences between white
and oriental ethnicity (pTukey= 0.02); horizontal

distance of the GON about the nuchal line — Right
antimere; Subsequent univariate analysis showed
differences between white and brown ethnicities
(pTukey= 0.02); horizontal distance of the GON
about the nuchal line — Left antimere. Subsequent
univariate analyses showed differences between
white and brown ethnicities (pTukey= 0.02). There
are morphometric differences in some anatomical
points used to block the GON when comparing the
two antimeres, as well as in white, brown, and ori-
ental ethnicities.
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INTRODUCTION

The International Classification of Headache
Disorders, third edition (ICHD-3; beta version) in
2013 described migraine as a common and dis-
abling type of primary headache. Among the mea-
sures instituted for the treatment of migraine,
the block of the greater occipital nerve (GON) is
described as being an effective, safe, easy to per-
form, and useful technique for the treatment of
this condition (Castillo-Alvarez et al., 2023; Chow-
dhuryetal.,2021). The GON originates from fibers
of the dorsal primary branch of the second cervi-
cal nerve and, to a lesser extent, from fibers of the
third cervical nerve. The GON provides cutaneous
innervation to most of the posterior scalp (Shin et
al., 2018). Along its path, it is closely related to the
rectus capitis posterior major and semispinatus
capitis muscles. It becomes superficial at the level
of the superior nuchal line medially to the occipi-
tal artery and follows together (Kwon et al., 2018),
piercing the aponeurosis of the trapezius muscle
to then emerge on the scalp (Choi and Jeon, 2016).
According to Santos et al. (2017) and Stern et al.
(2022), the location of the GON is based on draw-
ing an imaginary line between the occipital protu-
berance and the mastoid process, locating the exit

of the nerve at the point that joins the medial third
of this line with the two most lateral thirds (Fig. 1).

Uyar Tiirkyilmaz et al. (2018) described in their
study that the treatment of occipital neuralgia
with GON block appears to be a minimally inva-
sive, easy, and effective method. In their research,
bilateral blockade of the GON was performed us-
ing a method based on anatomical landmarks,
in which the GON is located approximately two-
thirds of the way along a line drawn from the cen-
ter of the mastoid process to the external occipital
protuberance.

However, this method is challenging to obtain
significant results due to the variations in distanc-
es and perforations that the GON may have during
its anatomical course (Tubbs et al., 2014).

The external occipital protuberance (EOP), mas-
toid process (MP), and midline (ML) corresponding
to the nuchal ligament are important topographic
references for analgesia (Choi and Jeon, 2016; Si-
mon et al., 2023). Natsis et al. (2006) emphasized
in their work that simple palpation of the occipital
region as a method to anesthetize the GON is an in-
adequate way, as in their results important varia-
tions of the peripheral path of the GON were identi-

Fig. 1.- Representation of the EOP and MP anatomical points as well as the usual location of GON emergence in the subcutaneous

tissue, according to Santos et al. (2017) and Stern et el. (2022).



fied, including significant changes on the right and
left sides of the neck of the same cadaver.

Therefore, the use of accurate anatomical param-
eters proves to be essential in the treatment of mi-
graines, as well as in scalp anesthesia. In this sense,
in a scenario in which we have a lack of studies that
analyzed identified Brazilian cadavers, this work
seeks to analyze the path of the GON in different
sexes and ethnicities to find possible correlations
as well as anatomical variations and morphological
disparities in the two antimeres, thus promoting a
standard to be followed by clinicians working in
the areas of anesthesiology and neurology.

MATERIALS AND METHODS

A morphometric study was carried out on 22
identified corpses, 13 of which were female, 9
were male, 17 were white, 3 were mixed-race,
one was black and one was Asian, with no histo-
ry of trauma in the region studied. All cadavers
were donated for study and scientific research to
the descriptive and topographic human anatomy
laboratory at the Federal University of Sdo Pau-
lo (Brazil), the ages ranging between 39 and 88
years with an average of 69 years. The study was
submitted to the ethics and research committee
of the Federal University of Sdo Paulo, Brazil, and
had its opinion approved under no. 6,062,607.
The distances on both sides of the neck of the fol-
lowing anatomical points were measured using

a Mitutoyo® 150 mm Digital Caliper — 150 mm
capacity, 0.01 mm resolution, accuracy +/- 0.03
mm: EOP, MP and GON with ML anatomical ref-
erences, point of perforation of the GON in the
aponeurosis of the Trapezius muscle and point
of perforation of the GON in the semispinalis ca-
pitis muscle (MSEC) (Fig. 2). Two main groups of
measurements were carried out on both sides,
right and left. In the first, the horizontal distance
between the GON, at the point where it pierces
the MSEC, and the LM was measured, taking the
nuchal ligament as a reference. The vertical dis-
tance, parallel to the nuchal ligament, between
the GON, at the point where it pierces the MSEC,
and the EOP was also measured. In the second
group, a line was drawn between the EOP and the
MP, and the distance from the GON at the point
where it pierces the trapezius aponeurosis in
relation to the EOP was obtained. Data were tab-
ulated for descriptive and statistical analyses
using Jamovi software (version 2.3). The descrip-
tive data for the categorical variables, age group,
race, and gender, were described with frequency
(%). Data on continuous variables of measured
distances were described with mean + standard
deviation. The age variable was categorized into
‘elderly and non- elderly’, according to the IBGE
age classification — the Brazilian Institute of Ge-
ography and Statistics (2023), with < 59 years old
being considered ‘non-elderly’ and > 60 years
old ‘elderly’. A one-way ANOVA was used to ver-

Fig. 2.- Suboccipital region in dissected planes demonstrating the anatomical reference points for analyzing the appearance of the great-
er occipital nerve. A: in skull posterior view, external occipital protuberance in the upper marking and bilateral mastoid process in the
lower markings. B: dissection at the superficial muscular level demonstrating the identification and measurement of the appearance of
the greater occipital nerve. C-D: bilateral measurement between the appearances of the greater occipital nerves with standardization to

the midline and external occipital.
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ify the effect of gender, ethnicity and age groups
on the distance measurements taken as a basis
in relation to the position of the GON. The Shap-
iro-Wilk and Levene tests were applied to test the
requirements for normality and homogeneity
respectively. The data presented normality and
homogeneity, so no correction was necessary.
Univariate 2 to 2 comparisons were made using
Tukey’s post-hoc; and to report the magnitude
of differences, the Cohen’s d effect size measure
was used for post hoc and Eta Square (n2) for
ANOVA. Significance levels were accepted when
p <0.05.

RESULTS

Table 1 presents the descriptive data of the cate-
gorical variables: gender, age group and ethnicity.
The values of the distances measured in relation
to the anatomical points are described in Table
2, with mean * standard deviation and minimum
and maximum values.

Table 1. Sample description.

Table 2. Distances from anatomical points.

Table 3. ANOVA distance and ethnicity.

The main results of the analysis of variance (ANO-
VA) are described in Table 3. ANOVA found a sig-
nificant difference in the categories of the ethnicity
variable depending on the distances in the GON
measurements from the EOP and the line between
the EOP and MP - Left antimere F= ( 3.18) 4.92,
p= 0.01, n?p= 0.45, subsequent univariate analy-
sis showed differences between white and brown
ethnicities (pTukey =0.02); Horizontal Distance of
the GON in relation to the ML — Right antimere F=
(3.18) 4.16, p=0.02, n?>p= 0.40, subsequent univari-
ate analysis showed differences between white and
oriental ethnicity (pTukey = 0.02); Horizontal Dis-
tance of the GON in relation to the ML — Left antim-
ere F= (3.18) 3.01, p=0.05, n?p= 0.33, subsequent
univariate samples showed differences between
white and brown ethnicities (pTukey =0.02). Two
anatomical variations were found during the study:
in one of the cases, the GON passed medially to the
MSEC, without perforating it, and in the other case
there was a double perforation of the MSEC (Fig. 4).

Figure 3 presents the confidence intervals of
the univariate analysis showing the statistically
significant differences between the groups. There
are morphometric differences in some anatomi-
cal points used to block the GON when comparing
the two antimeres, as well as in white, brown and
oriental ethnicities.



Fig. 3.- Confidence intervals of univariate analysis — Ethnicity.

Fig. 4.- Suboccipital regions in dissected planes demonstrating the anatomical variations of the appearance of the greater occipital
nerve. A: anatomical variation in which the nerve passes medial to the MSEC without piercing. B: anatomical variation with double
perforation of the m. semispinalis capitis (plane of the MSEC). C: anatomical variation with double perforation of the MSEC (plane of
the suboccipital triangle — point where the nerve passes below the inferior oblique capital muscle).

DISCUSSION

This study aimed to analyze the morphological
distribution of GON in the most superficial plane
in the necks of identified Brazilian cadavers. In ad-
dition to this, statistical analysis was carried out to
verify possible associations between the ethnicities,
sex, and antimeres studied to generate a descrip-
tive, pattern-safe anatomical approach to GON.

According to Stern et al. (2022) and Pingree et
al. (2017), there are several techniques for block-
ing the GON, generally with the patient sitting and
facing away from the doctor. The block can occur
based on distances of 1.5 to 2 cm lateral and 2
to 3 cm inferior to the occipital protuberance, At
a deeper level, the block can be performed at the
C2 level, by ultrasonographic localization of the
GON nerve over the inferior oblique muscle of
the head. In both cases, it must be remembered
that the occipital artery runs laterally to the GON.
Therefore, it is advisable to perform aspiration
before infusing the medication to avoid perfusing
the anesthetic into the bloodstream.

Regarding the distances between GON and EOP,
Guvencer et al. (2011) found a distance between
the GON at the point where it pierces the semispi-
nalis capitis in relation to the EOP of 53.6 + 5.0
mm on the right and 53.3 + 6.1 mm on the left,
without differentiation between sexes. Mosser et
al. (2002), in turn, described a distance of 29.1 +
7.8 mm on the right and 28.7 + 6.6 mm on the left,
without also differentiating genders. In our find-
ings, on the other hand, we found, on the right, a
distance of 40.7 £ 8.37 in femalesand 47.6 + 13.26
in males and, on the left, 39.6 + 9.91 in females
and 43.1 + 5.45 in males. Therefore, there are sig-
nificant differences in the distances of our sam-
ple, derived from Brazilian cadavers, in relation to
those measured in cadavers of other nationalities
in the aforementioned studies. It is worth men-
tioning that the point at which the nerve is mea-
sured finds its importance in the fact that the GON
trunk anesthesia is performed in this location.

Huanmanop et al. (2021) reported that the num-
ber of specimens and ethnicity can influence the
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prevalence of different routes of the GON through-
out its course. These data are in line with ours, as
we noticed significant differences in the emer-
gence pattern, and distances from pre-defined
anatomical points for measurements, especially
between white, brown, and Asian ethnicities, as
there was a significant effect of ethnicity in terms
of distances in measurements of the GON of the
EOP and the line between the EOP and MP in the
left antimere.

When we took the inter mastoid line as a refer-
ence, our data revealed that in none of the cases
did the GON perforate the most superficial plane
of the neck, below it, this finding is in line with
the work of Loukas et al. (2006). The perforation
point in the subcutaneous region, taking the apo-
neurosis of the trapezius muscle as a reference,
was 44% (44.36 + 4.52%) of the distance along the
MD of the ipsilateral MP with an average vertical
distance of about 18 mm (17.97 + + 5.80 mm) (Fig.
2B). No statistically significant difference was
found between sexes and sides.

Furthermore, it was demonstrated that the GON
perforated the MSEC in 98%, a result similar to
that of Huanmanop et al. (2021), where it was re-
ported that this perforation occurred in 95% of
cases.

Finally, it should be mentioned that, in relation
to the anatomical variations found in our work
(Fig. 4), the non-perforation of the MSEC by the
GON was also described by Bovin et al. (1990), in
a case in which the GON evaded the muscle bilat-
erally and in two others where penetration was
present on one side and absent on the other. In the
work of Huanmanop et al. (2020), in 33% of cas-
es, the GON ran between the most medial fibers
of the MSEC and the nuchal ligament, and, finally,
in the work of Ducic et al. (2009), in 1.5% of cases,
the GON ran medially to the MSEC.

The present study has some limitations. The
first is that the measurements were carried out
by a single researcher. We suggest that research-
ers who may want to repeat our method use two
researchers to carry out the measurements. Sec-
ondly, 22 samples could be included in the study,
because it was carried out with donated and iden-
tified cadavers. In this sense, we did not have ho-

mogeneity between the samples, especially in the
ethnicities that were compared. We encourage
that, in another opportunity, anatomists can re-
peat our method with equality between sexes and
compared ethnicities.

Finally, we know that cadaveric tissues are es-
sential for the evolution of research into human
tissues, as well as for human anatomy teachers
around the world. We agree in all aspects with the
manuscript by Iwanaga et al. (2020): “The results
of this research can potentially increase human-
ity’s overall knowledge, which can then improve
patient care. Therefore, these donors and their
families deserve our utmost gratitude”.

Knowledge of the distribution of the GON and its
trajectory, as well as its anatomical variations, is
of great clinical importance, since the definition
of accurate anatomical parameters for carrying
out procedures involving the GON is essential. We
observed that there is homogeneity in the distri-
bution of GON, with no significant differences in
sex and laterality. Differences in the perforation
patterns and path of the GON were observed in
studies carried out in Asia, Central America, and
Europe. In this sense, we need more studies in the
Latin American continent to define whether the
anatomical points commonly used in other conti-
nents can be reproduced with security in the Bra-
zilian population.
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