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Introduction

* QOcclipital and trigeminal nerve branches,
especially supraorbital (SON-V1) are targets
for neuromodulation in the treatment of
headache

* Anatomical considerations need to be taken
INto account when planning therapy
approach, both in nerve trajectory and
Innervation pattern

» Anatomical pathways and central integration
of both ON and SON-V2 may help elucidate
synergistic actions of combinatorial
neuromodulation approaches

Methods

A review of the literature was conducted utilizin
key search terms for anatomic considerations o
the occipital and supraorbital nerve structures
Including tissue innervation distributions and
central projections.

Ultrastructural elements of the nerve targets
were not taken into consideration and will be the
subject of a separate analysis.

Relevant databases (PubMed, EMBASE and
Google Scholar) as well as reference back
searches were used to assemble the literature
base.

Innervation patterns and central projections of
ON and SON, especially combined analysis,
were analyzed

Both animal and human original data reports
were primarily analyzed with review papers
contributing reference sources as needed
Context and implications for neuromodulation
therapeutic targeting are discussed

Results (Literature)

A total of n=19 papers were included in the analysis
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Findings

Labelingin laminae 1-3 of C2-3; tract of Lissauer in C1-4; Cuneate
nulceus, trigeminal nucleus; possible somatic mapping

Large variationsin nerve trajectories and identified potential
contraction points, especially through musculature in the head and
neck. This hasimplications for certain neuralagias that may involve ON.

Greater occipital nerve ascended between 5 mm and 28 mm from the
midline alongthe intermastoid line. The minor occipital nerve was found
between 32 mm and 90 mm from the midline.

Marked variation in the relation between the GON and nuchal muscles.
The trapezius muscle was penetrated by the GON in 45% of cases, the
semispinal muscle ofthe head was penetrated in 90% of cases, and the
inferior oblique muscle of head was penetratedin 7.5% of cases.

Trigeminal ganglion injections resulted in heavy terminal labelingin all
trigeminal sensory nuclei. Prominent labeling was also observed in the
solitary tract nucleus and in the medial parts ofthe dorsalhornat C1-3
levels. C2 DRG resulted in heavy labelingin the ECN, nucleus X, CCN,
and dorsal horn, where it was mainly located in lateral areas. Labeling
could be followed caudally to the Th 7 segment. C2 DRG projections
also appearedinthe cuneate nucleus (Cun), in allthe trigeminal
sensory nuclei, and in the spinal, medial, and lateral vestibular nuclei.

Contralateral SON afferents project and synape in dorsal horn

There were significant changesinrCBF inthe dorsalrostral pons,
anterior cingulate cortex (ACC) and cuneus, correlated to pain scores,
and inthe ACC and left pulvinar, correlated to stimulation-induced
paraesthesia scores.

Significantly decreased activity within the bilateral primary visual,
auditory, and somatosensory cortices and in the amygdala. Significant
increased activity was observed bilaterally in the thalamus, frontal, and
parietal areas and the cerebellum.

Several areas of the pain matrix showed hypermetabolism: ipsilateral
hypothalamus, midbrain and ipsilateral lower pons. All normalized after
ONS, except for the hypothalamus.

Neuronsin C2-C3 DRGs innervate the dura of the posterior fossa; that
nearly halforiginate in DRG neurons containing CGRP and TRPV1; nerve
bundles traverse suboccipital muscles before entering the cranium
through bony canals and large foramens; that central neuronsreceiving
nociceptive information from the posterior dura are locatedin C2-C4
spinal cord.

With considerable intersubject variability in size, GON containson
average 900 myelinated and 3,300 unmyelinated axons, more than 90%
of which emerge from C2 ganglion neurons. Unmyelinated afferents from
GON innervates exclusively laminae I-Il of the lateral DH, mostly
extending along segments C2-3.

ON stimulation increased V1 pain thresholds; V1 stimulatio also
increased ON pain thresholds suggesting two-way integration of sensory
and cranial nerve afferents

V1 had the largest effect of activationin the cerebellumin I-1V, V, Vllb,
Vllla and Crus | with overlap of ON suggestingintegrationin this brain
region

Distinct somatotopic mappingin PAG ofthe V1-2 and ON sensory
inputs. While there was some overlap the distinct regional activation
may have implications for how descending pain inhibition is activated
with one or more stimulation targets

Mappingofthe V1-2 brainches of the trieminal through stimulation
showed regional actiation with overlap of V1 and ON demonstrating
integrative sensory processingin humanTCC

The most common variant was that the GON pierced the aponeurosis of
the trapezius muscle, curved around the lower edge of the obliquus
capitisinferior muscle, and was loosely attached to the obliquus capitis
inferior muscle.

The greater occipital nerve had a diameter of 3.8 +/- 1.6 mm, and
emerged from the semispinalis capitis muscle 14.9 +/- 4.5 mm lateral to
the midline and 30.2 +/- 5.1 mm inferior to the occipital protuberance.
The nerve almost always (98.5 percent) pierces the body of the
semispinalis capitis muscle

The group without any branch from the SON and STN inside the orbit was
the most common. The exit points of these nerves were via the
supraorbital notch, foramen, or neither a notch nor foramen. Adistinct
fibrous band was consistently found tetheringthe nerve exceptin
specimens with nerves traversing a bony foramen. The mean diameters
ofthe SON and STN were 1.3+ 0.2and 0.7 = 0.1 mm, respectively.

The CSM is constantly perforated by the SON and frequently by the STN;
second, the topographic proximity between SOA and SON and the
osteofibrous channelsis used by the SON and STN; and third, the STN
passes through the orbital septum

Table 5 Distances of GON from sagittal circumference of the skull, at various level above and below EOP paralkel to the orbitomeatal plane

Level Distances of GON from sagittal circumference of the skull (mm) Median (min:max)— count (out of 20)

GON (before branching) Medial branch Lateral branch Lateral-medial branch Lateral-lateral branch
10 cm above EOP nf nf nf 53 (53:53)—1 91 (91:91)—1
9 cm above EOP nf 39 (39:39—1 nf 62 (62:62)—1 92 (92:92)—1
& cm above EOP nf 46 (46:46)—1 nf 54 (38:66)0—3 80 (72:89)—2
7 cm above EOP nf 47 (47:48)—2 nf 56 (39:69—5 85 (30:91)—5
6 cm above EOP nf 50 (49:54)—3 nf 68 (50:107—10 93 (31:104)—10
5 cm above EOP nf 48 (29:55—6 60 (29753 T1(47:101—12 97 (43:113)—13
4 cm above EOP nf 49 (27:56)—17 57 (43:75—4 67 (49:92)—12 88 (43:105)—11
3 cm above EOP nf 44 (25:65—8 57 (4B:74)y—5 62 (22:82)—15 75 (44:95)—13
2 cm above EOP nf 41 (27:66)—11 53 (48:69—8 57(31: 7411 76 (44:87)—11
1 cm above EOP 39 (39:39—1 33 (19:56)—18 49 (417211 52 (40:64)—8 61 (46:72—8
at level of EOP 34 (30:34)—3 30 (16:47—17 44 (32:61—14 45 (37:52)—2 53 (47:59—2
1 cm below EOP 22 (12:39—13 22 (18:28)—T7 34 (24:44)—T nf nf
2 cm below EOP 15 (7:320—20 nf nf nf nf

+ DA[P]

Figure 1. Panel A. Trajectories of Occipital and trigeminal branches targeted for
neuromodulation [1]. Dural innervation by C2-3 (Occipital) nerve [2].
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Figure 2. Overlap of rain regions from ON and V1 in the TCC (A),
Cerebellum (B), PAG (C).

* High variability of nerve location in the superficial head

* ON and SON carry multiple sensory afferent modalities,
both from superficial and dural origins

« Somatotopic maps are maintained with high overlap in
SC and less so supraspinally

Conclusions

« Convergent input of ON and SON-V1, providing evidence of
benefits for dual targeting

* Innervation of structures across the full span of the head by
both the ON and SON-V1 may also add benefit

« Considerations need to be taken for variance in superficial
nerve pathways when targeting with electrical fields
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