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BACKGROUND AND OBJECTIVES: The greater occipital nerve (GON) and lesser occipital nerve (LON) have gained
importance because of conditions such as occipital neuralgia and cervicogenic headaches. To a great depth, their
anatomy is essential for performing viable diagnostic and therapeutic procedures such as nerve blocks and decom-
pression procedures. This research involves identifying key anatomic landmarks and the potential compression points of
the GON and LON using cadaveric dissections for possible surgical approaches.

METHODS: Five fresh, untreated cadavers, 3 male and 2 female, were dissected bilaterally to trace the pathways of the
GON and LON. Anatomic measurements were made using Image) software, and coordinates were analyzed with
K-means clustering for optimal intervention points. These dissections focused on determining in detail the relation of
these nerves to surrounding muscular and fascial structures.

RESULTS: The study shows that for GON, there were many points possible for compression, such as where it pierced through
the semispinalis and trapezius muscles along the course of the occipital artery. For the LON, however, the potential
compression sites were contact points along the course of the occipital artery. After applying K-means clustering, 4 centroids
(M1, M2, M3, and M4) were identified. M1 and M3 correspond to the LON, while M2 and M4 correspond to the GON. These
centroid locations lie near the nerves’ most common compression sites, suggesting they could serve as strategic landmarks for
surgical approaches. Cluster quality measures (inertia and silhouette coefficients) showed well-defined clusters.
CONCLUSION: This study yields anatomic information about the GON and LON anatomy and illustrates key com-
pression points and optimal sites for therapeutic interventions. Within the constraints of sample size, these findings
provide preliminary anatomic insights that can guide more precise nerve block and decompression techniques for
occipital neuralgia and related headaches.

KEY WORDS: Occipital nerve, Occipital neuralgia, Microsurgical anatomy, Neuroanatomic dissection

he greater occipital nerve (GON) and lesser occipital nerve  the medial branch of the posterior division of C2, although it may
(LON) traverse the posterior part of the scalp and neck as also receive some fibers from the dorsal ramus of spinal nerve C3.”
dorsal branches of the spinal cervical plexus.! The GONis It subsequently pierces the trapezius muscle to join the occipital

ABBREVIATIONS GON, greater occipital nerve; LON, lesser occipital nerve.
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FIGURE 1. Muscles: 1, occipital belly of the occipitofrontal muscle, 2,
epicranial aponeurosis, 3, sternocleidomastoid, 4, splenius, 5, trapezius.
Nerves: 6, greater occipital, 7, lesser occipital nerve, 8, greater auricular, 9,
spinal portion of the accessory nerve. Vessels: 10, occipital artery, 11,
posterior auricular vein, 12, external jugular vein.

artery’s course, branching to innervate the posterior scalp (Figure
1). The LON, arising from the posterior divisions of C2 and C3,
lies lateral to the GON. It crosses the sternocleidomastoid muscle
and courses superolaterally toward the posterior auricle, as shown
in Figure 2, where it crosses inferiorly near the mandibular angle.

Understanding the course of these nerves is essential. Accurate
descriptions of their topographic anatomy and anatomic varia-
tions are crucial for diagnosing and planning therapeutic proce-
dures for occipital neuralgia, Arnold headache, cervicogenic
headaches, and cluster headaches.!? This includes diagnostic or
therapeutic nerve blocks and neurolysis of the GON. Procedures
such as percutaneous radiofrequency denaturation, rhizotomy, C2
spinal nerve ganglionectomy, cryotherapy, or decompression for
entrapment rely on understanding possible entrapment points
along their course through the neck muscles.*® More than an-
atomic references are needed for this task. Not only is palpation of
reference through the skin not precise enough but several ana-
tomic variations have also been described along the course of
the GON.!

Clinically, the diagnosis of GON or LON compression is often
established through focused history, physical examination, and di-
agnostic nerve blocks. Patients typically present with occipital-region
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FIGURE 2. Posterolateral region of the head and neck. 1, Greater occipital
nerve, 2, lesser occipital nerve, 3, greater auricular nerve, 4, occipital artery,
5, posterior auricular vein, 6, trapezius muscle, 7, occipital belly of the
occipitofrontal muscle, 8, sternocleidomastoid muscle.

pain reproduced by palpation along the nerve’s trajectory, temporary
symptom relief after a nerve block supports the diagnosis. Imaging
modalities such as ultrasound or MRI can visualize nerve thickening
or entrapment at specific anatomic locations.”””

Therefore, the aim of this article was to determine the
anatomic-topographic points of the GON and LON through
cadaveric dissections and elucidate their relationships with the
neck, semispinalis, and trapezius muscles. By examining the size,
location, trajectory, distribution, and anatomic variations of these
nerves, we aim to establish precise reference points for surgical
interventions, providing practical applications for the treatment of
headache-associated pathologies.

METHODS

Dissections were conducted in a specialized neuroanatomy laboratory
in a university’s anatomy department. The study received ethical approval
from the Clinical and Research Bioethics Committee of the University of
Buenos Aires (Approval Number: 27345/7, Resolution No. 3145).

Permission for the use and publication of cadaveric materials and
images was obtained as part of the ethical approval process. Informed
consent was not applicable because the study involved cadaveric speci-
mens and nonliving patients.

We used 5 fresh cadavers (3 male and 2 female), dissected bilaterally,
and also included specimens prepared with latex injection for better
vascular visualization. These latex-injected specimens were perfused and
fixed with a 10% formaldehyde solution (Sigma-Aldrich) administered by
an infusion pump (Portiboy Mark IV; The Dodge Company). White latex
(Poliformas Pldsticas) was mixed with acrylic paint (Politec)—carmine 319
for arteries and ultramarine blue 315 for veins—in a 1:1 ratio. For more
technical details on the latex injection procedure, see Supplemental

Digital Content 1 [http://links.Iww.com/ONS/B190].
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All microsurgical procedures were performed using microdissection
instruments and an operating microscope. The occipital and suboccipital
regions were carefully reviewed to identify the GON and LON, along
with potential compression points.

Dissection Protocol

The fresh cadavers were positioned prone. After a suboccipital tri-
chotomy, a linear incision was made from the inion to the second cervical
vertebra, exposing the superior nuchal line as well as the fascia of the
sternocleidomastoid and trapezius muscles. The GON and LON were
identified along their trajectories, and the process was documented with
photographs (Figure 3). The suboccipital triangle was accessed by blunt
dissection, and the muscles forming this region were individually exposed,
removing adipose tissue and venous plexuses for clear visualization of the
nerves and their vascular relationships. An exhaustive list of instruments
used is provided in Supplemental Digital Content 1 [http://links.Iww.
com/ONS/B190].

All dissections and measurements were performed by a single evalu-
ator, a fellowship-trained neuroanatomist with over 6 years of experience,
under the supervision of a vascular neurosurgeon. This approach ensures
consistency in measurements and reduces the risk of inter-rater
discrepancy.

Identification of Potential Compression Sites

After exposing the GON and LON, potential compression sites were
determined. We primarily looked for areas where the nerve diameter
visibly decreased as the nerve traversed dense fascial planes or passed
between muscle and fascial boundaries, specifically, (1) through the fascia
of the oblique and semispinalis muscles, where the nerve is surrounded by
a layer of dense connective tissue; (2), (3) at the entrance and exit to the
semispinalis muscle, where the nerve is compressed by the junction of the
muscle and the surrounding fascia; (4), (5) at the entrance and exit to the
trapezius muscle, where the nerve is compressed by the junction of the
muscle and the surrounding fascia; and (6) in the region of the occipital
artery, where the nerve is compressed by the artery and the surrounding
fascia.

OCCIPITAL NERVES: LOCALIZATION AND THERAPY

These observations match descriptions in anatomic and clinical
studies, which also report up to 6 compression points associated with
occipital neuralgia. In our cadaveric analysis, we found that both the
GON and LON can be compressed where they perforate dense fascial
layers and at sites where the occipital artery intersects or closely abuts the
nerve 21011

Measurements

The landmarks are shown in Figure 4, and their classification, in-
cluding anatomic measurements (A-K), is presented in Supplemental

Digital Content 1 [http://links.Iww.com/ONS/B190].

Statistical Analysis

We used the Mann-Whitney U test to compare variables by sex (male/
female) and by age group (older/younger than 21 years), assuming non-
normal data distribution because of the small sample size. To compare the
left and right sides within each cadaver, the Wilcoxon signed-rank test was
performed. Significance was set at P < .05. We calculated mean values and
95% Cls for each parameter (A-K) across age and sex categories. The data
analysis was conducted in Python 3.

K-Means

We applied an unsupervised learning model, the K-means algorithm,
to identify the optimal anatomic points for surgical intervention. The
methods and parameters are present in Supplemental Digital Content 2
[hetp://links.lww.com/ONS/B191]. This statistical approach enabled us
to accurately identify compression points in the GON and LON nerves,
thereby optimizing techniques for nerve block and decompression.'?1?

RESULTS

Ten sides from 5 cadavers underwent dissection. The average age
of the cadavers was 57 years (range: 16-79 years), comprising 3 male
cadavers and 2 female cadavers. All heads were dissected bilaterally.

FIGURE 3. A, marking from the inion to the second cervical vertebra, linear incision in the skin, and
dissection of subcutaneous tissue exposing the fascia of the trapezius muscle and locating the perforation of the
greater occipital nerve. B, dissection of the trapezius muscle and exposure of the fascia of the semispinalis muscle.

OPERATIVE NEUROSURGERY

VOLUME 00 | NUMBER 00 | MONTH 2025 | 3


http://links.lww.com/ONS/B190
http://links.lww.com/ONS/B190
http://links.lww.com/ONS/B190
http://links.lww.com/ONS/B191

8L+AWAOANOMNBRAAAAYO/PIAEIDVIASALLIAIPO0AEIEAHIOII/ADAUMYTXOD

MADYOINXOHISGBZIYU 10+ NIOITWNOTZTARYHAASHAQUF AQ auljuosuo/wod mm| sjfeusnol//:dny woly papeojumoq

G20¢/6¢/¥0 uo

DE OCA MORA ET AL

FIGURE 4. Reference points are taken in cadaveric dissections. 1, Distance
[from the midline to the level where the GON pierces the semispinalis muscle
to the occiput. 2, Distance from the midline to the point where the GON
pierces the semispinalis muscle. 3, Distance from the midline to where the
GON crosses the nuchal line. 4, Distance from the nuchal line to where the
GON pierces the trapezius muscle. 5, A horizontal line is drawn toward the
midline from where the LON pierces the semispinalis muscle, and then the
distance to the occiput is measured. 6, Distance from the midline to the point
where the GON pierces the right and left semispinalis muscles. 7, Distance
[from the midline to the point where the LON pierces the trapezius muscle. 8,
Width of the GON where it pierces the trapezius muscle. 9, Width of the
GON on the surface of the semispinalis muscle. 10, Width of the LON on
the surface of the semispinalis muscle. 11, Width of the LON on the surface
of the sternocleidomastoid muscle. GON, greater occipital nerve; LON,
lesser occipital nerve.

General Observations and Demographic Subanalysis

No statistically significant differences were found in the
measured distances between male (n = 3) and female (n = 2)
cadavers across reference points (A-K) (U = 3.0, P> .05, 95% CI:
16.03-17.64). Similarly, there was no significant correlation
between age (younger than 21 years) and measured distances (U =
4.0, P> .05, 95% CI: 15.09-17.65). These findings suggest that
neither age nor sex had a notable effect on the measurements of
the parameters examined. The GON was identified in most
cases, perforating the fascia of the trapezius muscle and,
subsequently, the semispinalis muscle. The LON was identi-
fied at the posterior border of the sternocleidomastoid muscle,
except in 1 case where it pierced the semispinalis muscle before
running along the posterior border of the sternocleidomastoid
muscle. No LON fascial or muscular compression was observed
at its exit point. However, in some cadavers, contact with
different portions of the course of the occipital artery was
observed (Figures 5 and 6).

4 | VOLUME 00 | NUMBER 00 | MONTH 2025

Greater Occipital Nerve and Lesser Occipital
Nerve Trajectories

Up to 6 possible compression sites were described for GON.
For the LON, no fascial or muscular compression was observed at
its exit, but we did document possible contact points with the
occipital artery (Figure 7).

Measurements and Observed Variation

Measurements were conducted according to the parameters
established in Figure 4, and the results are presented in Tables 1
and 2. The coordinates were established based on a Cartesian
plane, where the intersection of the X and Y axes is the occipital
protuberance, the X axis is the superior nuchal line, and the Y axis
is the midline from the occipital protuberance to the second
cervical vertebra (Figure 8).

No significant side-to-side differences were found (P > .05,
Wilcoxon test), although isolated outliers highlight the necessity
of increasing the sample size to better characterize anatomic
variability. Despite this, individual outliers emphasize the im-
portance of increasing the sample size to establish normative
values and better characterize anatomic variations.

K-Means Clustering and Intervention Points

The coordinates corresponding to point M1 represent the
location of the LON, whereas the coordinates of M3 also rep-
resent the LON. The coordinates of M4 indicate the location
where the GON pierces the semispinalis muscle and a coordinate
below the LON location. The M2 coordinates represent the site
where the GON crosses the superior nuchal line and the points
where the GON crosses the superior nuchal line.

s
® e

=
=

FIGURE 5. Fresh cadaveric dissection number 1. 1, Greater occipital
nerve, 2, retracted trapezius muscle, 3, lesser occipital nerve, 4, semispinalis
muscle.
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FIGURE 6. Fresh cadaveric dissection numbers 2 (A), and 3 (B). 1, Greater occipital nerve, 2, lesser occipital
nerve, 3, semispinalis muscle, 4, sternocleidomastoid muscle.

According to the K-means clustering, the intervention points
are as follows: M1 is located 3.90 cm lateral to the superior nuchal
line and 3.25 cm below it. M2 is located 3.34 cm from the
beginning of the superior nuchal line and 0.31 cm below it. M3 is
located 1.50 cm from the superior nuchal line and 4.40 cm below
it. M4 is located at the point where the GON pierces the sem-
ispinalis muscle, 1.55 c¢cm from the superior nuchal line and
2.05 c¢m below it (Figure 8).

To evaluate the quality of the formed clusters, we used 2 widely
recognized metrics: inertia and the silhouette coefficient. We
determined an inertia of 40.709 and a silhouette coefficient of
0.552. These M points reflect common locations of the GON and
LON rather than exclusively compression sites. Although points
M1 and M3 did not coincide with overt compressive anatomies in
our sample, they represent consistent landmarks where the LON
may be accessed for diagnostic or therapeutic interventions.
Similarly, M2 and M4 represent frequent anatomic reference
points for GON. Although our findings are preliminary and

FIGURE 7. Fresh cadaveric dissection number 4. Posterolateral region of
the head and neck and compression points by the occipital artery and
trapezius muscle.

OPERATIVE NEUROSURGERY

limited by the small sample size, they underscore the importance
of recognizing anatomic variations and potential nerve com-
pression sites, especially in procedures such as neurectomy, de-
compression, and nerve block interventions.

DISCUSSION
The GON and LON are vital for the sensory innervation of the

posterior scalp and neck, playing crucial roles in diagnosing and
treating conditions such as occipital neuralgia and cervicogenic
headaches. The GON, originating from the dorsal ramus of C2
(and sometimes C3), travels through multiple muscle layers to
innervate the posterior scalp and ear. The LON arises from the
ventral ramus of C2 (occasionally C3) and provides sensory input
to the upper ear and lateral neck. Understanding the detailed
anatomy of these nerves is essential for effective nerve blocks and
decompression procedures.' !

This study aimed to enhance the anatomic-topographic lo-
calization of GON and LON from their origins in the cervical
plexus to their pathways in sensory innervation of the upper back,
neck, and scalp. We identified several potential compression
points for GON, including its entry and exit through the sem-
ispinalis muscle, entry into the trapezius muscle, insertion of the
trapezius muscle, and along the occipital artery. Similarly, possible
compression points for the LON were found along the trajectory
of the occipital artery, aligning with previous medical literature. '©
The precise localization of these points can aid in planning de-
compression procedures to treat different headache etiologies
involving the occipital nerve plexus.

Our work proposes 2 potential intervention points each for
GON and LON based on observations from 5 cadavers and 10
dissections. These points are applicable in corticosteroid injec-
tions, which have been investigated for treating occipital neuralgia
and episodic and chronic cluster headaches.!”1?

The role of GON in treating cluster headaches is likely related
to its convergence with the trigeminal and second-order noci-
ceptors in the trigeminal caudalis nucleus.”” For this, treatments
with corticosteroid injections can decrease trigeminal pain

VOLUME 00 | NUMBER 00 | MONTH 2025 | 5
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TABLE 1. Measurements and Averages in Millimeter of Reference Points Taken in Cadaveric Dissections
Left head (mm)

Reference points 1 2 3 4 5
Sex (age) M (16) F (73) M (55) M (64) F (79) Mean 95% ClI
A 24.92 25.77 1233 24 19.33 21.27 13.03-25.69
B 18.23 19.42 11.21 9.49 14.79 14.63 9.66-19.30
C 43.93 30.97 30.27 31.52 33.41 34.02 30.34-42.88
D 435 5.38 4.85 8.15 5.44 5.63 4.40-7.88
E 54.71 4443 2391 30.64 36.2 37.98 24.58-53.68
F 10.88 18.26 19.59 43.15 15.09 21.39 11.30-40.79
G 39.06 31.53 33.25 24.2 34.03 3241 24.93-38.56
H 348 3.69 3.67 417 3.84 3.77 3.50-4.14
| 2.86 49 472 2.23 3.16 3.57 2.29-4.88
J 2.68 223 3.67 1.99 248 261 2.01-3.57
K 232 2.19 3.17 3.19 2,67 271 2.20-3.19

Right head (mm)
Reference points 1 2 3 4 5
Sex (age) M (16) F (73) M (55) M (64) F (79) Mean 95% ClI
A 21.44 19.61 8.22 31.41 22.89 20.71 10.38-31.05
B 25.91 17.5 14.03 6.9 18.86 16.64 8.01-25.27
C 41.24 40.96 35.68 22.69 37.19 35.55 26.14-44.96
D 8.29 4.61 9.72 7.99 5.14 7.15 4.44-9.86
E 44.15 28.27 42.61 39.03 33.01 37.41 29.13-45.70
F 12.85 31.53 19.06 55.84 27.45 29.35 8.87-49.83
G 39.69 41.15 35.68 20.83 25.49 32.57 21.43-43.71
H 2.15 53 3.73 4.24 3.22 3.73 2.27-5.18
| 1.78 42 4.85 254 2.06 3.09 1.40-4.78
J 234 34 3.36 2.58 3.01 294 2.35-3.52
K 1.09 36 2.77 332 3.05 277 1.54-3.99

A. Distance from the midline to the level where the GON perforates the semispinalis capiteis muscle at the occiput. B. Distance from the midline to the point where the GON
perforates the semispinalis capitis muscle. C. Distance from the midline to where the GON crosses the nuchal line. D. Distance from the nuchal line to the site where the GON
perforates the trapezius muscle. E. A horizontal line is drawn toward the midline from where the LON perforates the semispinalis capitis muscle, and subsequently, the distance to
the occiput is measured. F. Distance from the midline to the point where the GON perforates the right and left semispinalis capitis muscle. G. Distance from the midline to the point
where the LON perforates the trapezius muscle. H. Width of the GON where it perforates the trapezius. |. Width of the GON on the surface of the semispinalis capitis muscle. J. Width
of the LON on the surface of the semispinalis capitis muscle. K. Width of the LON on the surface of the sternocleidomastoid muscle. No statistically significant differences between

the left and right-sided structures of the dissected cadavers were observed.
F, female; GON, greater occipital nerve; LON, lesser occipital nerve; M, male.

through unmyelinated nerve fibers.”! In the study by Brandt et al,®
corticosteroid infiltration relieved symptoms of medically intractable
chronic cluster headache in 69%, 68%, and 82% of patients after 1,
2, and 3 infiltrations, respectively.

6 | VOLUME 00 | NUMBER 00 | MONTH 2025

Won et al'* detailed the topographical relationships between
GON, trapezius muscle, and occipital artery, identifying key
landmarks such as the external occipital protuberance and the
occipital artery as critical for accurately locating GON during
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TABLE 2. Determination of the Points in the Cartesian Plane

ID Point (x, y) ID Point (x, y) ID Point (x, y) ID Point (x, y)
cl (3.9, 0) GD1 (43, —0.4) EF1 (1.08, —5.4) AB1 (1.8, —2.4)
2 (3.15,0) GD2 (3.09, —0.53) EF2 (1.8, —4.4) AB2 (1.9, —2.5)
a (3.32,0) GD3 (3, —0.4) EF3 (1.9, —2.3) AB3 (1.1, -1.2)
c4 (242, 0) GD4 (3.1, —0.8) EF4 (4.3, =3) AB4 (0.9, —2.1)
a5 (3.96, 0) GD5 (3.3, —0.54) EF5 (1.5, —3.6) AB5 (1.4, —1.9)
c6 (4.15, 0) GD6 (4.1, —0.8) EF6 (1.2, —44) AB6 (2.5, —2.1)
c7 (3.56, 0) GD7 (4, —0.46) EF7 (3.1, —2.8) AB7 (1.7, —1.9)
c8 (2.02, 0) GD8 (3.5, —0.97) EF8 (1.9, —4.2) AB8 (1.4, —0.82)
c9 (34, 0) GD9 (2.2, —0.78) EF9 (5.5, —=3.9) AB9 (0.6, —3.1)
c10 (2.54, 0) GD10 (3.7, —0.51) EF10 (2.7, =3.3) AB10 (1.8, —2.2)

The intersection of the X and Y axes is the occipital protuberance; the X axis is the superior nuchal line, and the Y axis is the midline from the occipital protuberance to the second

cervical vertebra.

nerve injections. These studies support our findings and under-
score the necessity of precise anatomic knowledge for effective
treatment planning,.

Various block points for GON have been proposed in the
literature. Bovim et al’? described a block point approximately
2 cm lateral and 2 cm below the external occipital protuberance.
Similarly, Ashkenazi and Levin suggested a point 3.5 c¢m in-
ferolaterally to the external occipital protuberance, while Natsis
et al proposed a location 2.0 to 2.5 cm below the external occipital
protuberance and approximately 1.5 cm lateral to the midline. !>
These proposed points are consistent with our identified points
M2 and M4, reinforcing their usefulness in clinical practice. The
infiltration points for GON showed low mean square errors,
indicating their potential effectiveness for treatment.

On the other hand, LON presents more variability, complicating
the determination of precise intervention points. Lucas et al provided
a detailed anatomic description of LON, tracing it from the ex-
tradural segment of C2 to its terminal branches in the skin. They
highlighted LON’s relationship with surrounding nerves and vascular
structures, explaining its involvement in cervicogenic headaches.?*

In 1998, Becser et al*> conducted an anatomic study of the
occipital nerves to find suitable locations for nerve blocks. They
found that the median distance from LON to the midline in the
intermastoid line was 53 mm (range 32-90 mm). Also, Bahman
Guyuron’s study on 16 cadavers identified a block point for LON
approximately 3 cm in diameter centered 6.5 cm from the midline
and 5.3 cm below the line between the external auditory canals.”®

Compression or stretching along various LON trajectory areas
can contribute to headache symptoms. Despite the anatomic
variability observed, our study identifies M1 and M3 as reliable
intervention points for LON, offering practical solutions for
enhancing the precision and efficacy of nerve block procedures for

OPERATIVE NEUROSURGERY

cervicogenic headaches. The K-means model clustered these
points based on the spatial proximity of anatomic measurements
rather than direct evidence of nerve compression.””?” Although
M1 and M3 do not exhibit overt compressive anatomy, they
represent statistically common convergence zones for LON.

In clinical practice, percutaneous or open interventions (eg,
nerve blocks, radiofrequency, or neuromodulation) often aim for
predictable nerve locations rather than only the compression sites.
This approach aligns with reports emphasizing that small, consistent
anatomic targets can be more practical for pain procedures, especially
when no clear compressive pathology is identified.'>*%*

These insights into the anatomic locations of GON and LON
and their respective block points underscore the importance of
precise anatomic knowledge in planning effective treatments of
occipital neuralgia and related headache disorders. Our findings
align with previous studies but highlight challenges in deter-
mining precise intervention points because of significant anatomic
variation observed in our sample. Unlike the relatively consistent
measurements reported by Becser et al and Guyuron, our study
suggests that LON pathway can vary considerably, complicating
the identification of a consistent blocking point.?>*>¢

To address this, we propose 2 specific points for LON inter-
vention: M1 and M3. M1 is strategically centered laterally to the C2-
inion midline and below the superior nuchal line, offering a reliable
reference point despite anatomic variations. On the other hand, M3,
although presenting higher mean squared error rates compared with
its GON counterparts, is within 2.5 cm from the observed site of
LON. This proximity supports using M3 as a viable intervention
point, consistent with the 3-cm radius proposed by Guyuron et al.>

Furthermore, it is noteworthy that LON is less commonly
implicated as a primary source of occipital neuralgia compared

with GON, partly explaining the fewer identified points for LON
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FIGURE 8. Representation of relevant reference points throughout the trajectory of the GON and LON. Cartesian plane where 0 represents the inion,
the X-axis represents the superior nuchal line, and the Y-axis represents the midline. Coordinate AB is the location point where the GON perforates the
semispinalis muscle; Coordinate GD is the point where the GON crosses the superior nuchal line; point C is the site where the GON crosses the superior
nuchal line; point EF is the location site of the LON. Points M1 (purple) and M2 (blue) suggest intervention for the GON and points M3 (green) and
M4 (yellow) for the LON. GON, greater occipital nerve; LON; lesser occipital nerve.

interventions. Still, these points (M1 and M3) remain clinically
relevant for situations where LON is involved or where broader
coverage of the occipital region is desired.!”?"

Finally, the imprecision of M1 and M3 from a purely surgical
standpoint should not negate their potential utility for pain in-
terventionists. Corticosteroid injections, diagnostic or therapeutic
nerve blocks, and radiofrequency ablation rely on consistent
surface landmarks and anatomic key points rather than surgically
visualized compression sites.

These proposed points provide practical solutions for the ana-
tomic variability encountered, potentially improving the accuracy
and effectiveness of nerve block procedures for GON and LON.

LIMITATIONS AND FUTURE DIRECTIONS

The sample size, limited to 5 cadavers, restricts the extrapolation of
these findings to broader populations. Although K-means clustering
provided a framework for identifying anatomic coordinates of po-
tential compression, morphological variability may affect the

8 | VOLUME 00 | NUMBER 00 | MONTH 2025

reproducibility of these compression points in clinical practice. Fi-
nally, these findings stem from cadaveric dissections, which may not
fully replicate physiological conditions in vivo. Future studies should
include more specimens, integrate imaging techniques (MRI or ul-
trasound) in living subjects, and correlate anatomic and clinical data to
refine therapeutic interventions.

CONCLUSION

This study provided a detailed description of the topological
anatomy of the GON and LON and identified key areas and points
along their trajectories. We propose, through an unsupervised Al
model (K-means), 2 potential compression points for the GON: M2
(3.34 cm from the start of the superior nuchal line and 0.31 cm below
it) and M4 (1.55 cm from the superior nuchal line and 2.05 cm
below it). For the LON, the points are M1 (3.90 cm lateral to the
C2-inion midline and 3.25 cm below the superior nuchal line) and
M3 (1.50 cm from the superior nuchal line and 4.40 cm below it),
which can improve the precision of corticosteroid injections and
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nerve block procedures. These findings provide a valuable anatomic
map for clinical practice, optimizing treatments of occipital neuralgia
and associated headaches.
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I n this cadaveric study using 5 specimens, the authors dissected the
greater and lesser occipital nerves and took various anatomic mea-
surements. They used K-means clustering to identify optimal inter-
vention points. Although the M1-4 points were consistent with previous
studies, the authors noted that pinpointing precise intervention sites
remains challenging, largely because of variability in the lesser occipital
nerve. I concur with these limitations, as imaging—particularly
ultrasound—could enhance the precision of treatments of both greater
and lesser occipital nerve compression. This study may prove valuable for
surgeons and pain specialists performing targeted nerve blocks or cor-
ticosteroid injections for greater occipital nerve compression.
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