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1.1  Introduction

Craniovertebral junction (CVJ) refers to the complex transition from the skull to the 
spine. Its bony structure consists of the occipital bone, atlas (C1), and axis (C2) 
(Fig 1.1) [1–3]. The occipital bone surrounds the foramen magnum and has three 
parts: a squamosal part located behind the foramen magnum, a clival portion located 
anterior to the foramen magnum, and a condylar part that connects the squamosal 
and clival parts. The atlas, the first cervical vertebra, is ring shaped and consists of 
two thick lateral masses situated at the anterolateral parts of the ring connected with 
short anterior and longer posterior arches. The upper facet of each lateral mass 
articulates with the occipital condyle that protrudes from the condylar part of the 
occipital bone (atlanto-occipital joints). The inferior facet of each lateral mass artic-
ulates with the superior articular facet of the axis. The axis, the second cervical 
vertebra, is distinguished by the odontoid process (dens), which projects upward 
from the body. On the front of the dens is an articular facet that forms a joint with 
the facet on the back of the anterior arch of the atlas. The body is connected to the 
lateral mass by short and strong pedicles. Articular facets of the axis extend lateral 
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from the body and articulate superiorly with the inferior facets of the atlas [1–5]. 
Muscles, ligaments, and membranes that provide stability and mobility to the cra-
niovertebral junction support the bony structure of this critical region [2, 5].

Major neurovascular structures are intimately related to the CVJ where they 
transverse membranous and bony orifices. These include the lower cranial and 
upper spinal nerves, the caudal brainstem and rostral spinal cord, the vertebral artery 
and its branches, and the venous drainages through the jugular vein and the verte-
bral plexus [1, 3, 6, 7]. Anatomy of the vertebral artery will be further detailed in a 
dedicated chapter.

A thorough understanding of three-dimensional (3D) CVJ anatomy and relations 
with surrounding neurovascular structures is paramount for the surgical manage-
ment of pathologies in this region. The aim of this chapter is to describe the relevant 
anatomy of the CVJ as seen from a posteromedial, posterolateral, anterolateral and 
anteromedial perspectives. Anatomical dissection through the anteromedial 
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c

Fig. 1.1 3D anatomical model of the craniovertebral junction (CVJ). Its bony structure consisting 
in the occipital bone, atlas and axis is shown as seen from an anterior (a), posterior (b), and 
superior- posterior intracranial perspective (c). The extracranial course of the vertebral artery, 
which is the major vessel related to the CVJ, is represented
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corridor was carried out by an endoscopic endonasal access whereas posterior and 
lateral corridors were studied by microscopic vision.

Merging together anatomical information coming from endoscopic and micro-
surgical investigations with the reconstruction of 3D computed models might pro-
vide a 360° full and clear understanding of this complex area, more readily 
applicable to the operative setting.

1.2  Posteromedial Perspective of the CVJ (Fig. 1.2)

1.2.1  Bony Structures

The posteromedial perspective of the CVJ is focused on the squamosal part of the 
occipital bone bordering the foramen magnum and on the posterior arch of C1 and 
C2 (Fig. 1.3).

The posterior surface of the squamosal part of the occipital bone in its medial 
portion has some relevant protuberances on which muscles of the neck attach: the 
external occipital protuberance (EOP), situated at the central part of the external 
surface; the superior nuchal line (SNL) and the inferior nuchal lines (INL) that radi-
ate laterally from the protuberance; the posterior border of foramen magnum (FM); 
and the midline occipital crest, a vertical ridge that descends from the EOP to the 
midpoint of the posterior margin of the foramen magnum. The area below and 
between the superior and inferior nuchal lines is rough and irregular and serves as 
the site of attachment of numerous muscles. There is great variability in the position 
of the superior nuchal line, and therefore, it does not reflect the internal position of 

Fig. 1.2 3D anatomical 
model of the CVJ as seen 
from a posterior view. The 
area corresponding to the 
posteromedial perspective 
is highlighted with red 
dotted lines
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Fig. 1.3 The posteromedial perspective of the CVJ is focused on the squamosal part of the occipi-
tal bone bordering the foramen magnum and on the posterior arch of C1 and C2. On the left side 
of the image, the 3D model is for anatomical reference for the area of interest. The posterior sur-
face of the squamosal part of the occipital bone in its medial portion has some relevant protuber-
ances on which muscles of the neck attach: the external occipital protuberance; the superior nuchal 
line and the inferior nuchal lines; the posterior border of foramen magnum; the midline occipital 
crest. The area below and between the superior and inferior nuchal lines is rough and irregular and 
serves as the site of attachment of numerous muscles. On the posterior arch of the atlas is the 
median posterior tubercle, which substitutes the spinous process of any other vertebra. The poste-
rior arch of the axis distinguishes by harboring the thickest lamina than on any other cervical ver-
tebrae and a large spinous process serving as an attachment point of important suboccipital triangle 
muscles and the nuchal ligament. C2 spinous process of the axis; EOP external occipital protuber-
ance; FM posterior border of foramen magnum; INL inferior nuchal line; MOC midline occipital 
crest; MPT median posterior tubercle of the atlas; SNL superior nuchal line
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transverse sinus accurately. The relation of confluence of the sagittal sinus with the 
transverse sinus (torcular Herophili) to EOP is more consistent [2, 4, 8].

On the posterior arch of the atlas is the median posterior tubercle, which substi-
tutes the spinous process of any other vertebra. The posterior arch of the axis distin-
guishes by harboring the thickest lamina than on any other cervical vertebrae and a 
large spinous process serving as an attachment point of important suboccipital tri-
angle muscles and the nuchal ligament [1, 5].

1.2.2  Muscular Relationships (Fig. 1.4)

The trapezius is the most superficial muscle that is encountered when exploring the 
CVJ through a posteromedial corridor. It extends from the medial half of the SNL, 
the EOP, and the spinous processes of the cervical and thoracic vertebrae and con-
verges on the shoulder to attach to the scapula and the lateral third of the clavicle. In 
a deeper layer, the splenius capitis is exposed in its medial half running to the spi-
nous processes of the lower cervical and upper thoracic vertebrae. Deep to the sple-
nius capitis, the semispinalis capitis begins medially at the midline occipital crest in 
the area between the superior and inferior nuchal lines and attaches below to the 
upper thoracic and lower cervical vertebrae (Fig. 1.5) [4, 8, 9]. In the next layer, 
along the posteromedial corridor, the rectus capitis posterior minor can be seen 
extending from the medial part and below the inferior nuchal line to the tubercle of 
the posterior arch of the atlas (Fig. 1.6) [6, 10].

a b

Fig. 1.4 3D model of the muscular layers visible through a posteromedial perspective to the 
CVJ. The anatomical area of interest is limited by the red dotted lines. The superficial layer (a) is 
represented by the trapezius muscle (dark brown), splenius capitis muscle (dark orange), and semi-
spinalis capitis (light brown). On the right half of the picture, trapezius and splenius capitis mus-
cles have been removed, revealing the semispinalis capitis muscle. The deep muscular layer (b) is 
represented by rectus capitis posterior minor muscles (dark brown), exposed after the removal of 
the superficial layer muscles on the left side of the picture
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In the midline, the nuchal ligament forms a septation dividing the posterior neck 
muscles on left and right sides. Moreover, some of these muscles attach medially to 
this structure. The nuchal ligament extends from the spinous process of the cervical 
vertebrae to the EOP [11].

1.2.3  Extradural Structures

The posterior border of the foramen magnum and the upper border of the posterior 
arch of the atlas are connected by the posterior atlanto-occipital membrane (PAOM) 

Fig. 1.5 Posteromedial perspective of the CVJ: muscular relationships. Trapezius is the most 
superficial muscle. It extends from the medial half of the superior nuchal line, the external occipital 
protuberance, and the spinous processes of the cervical and thoracic vertebrae and converges on 
the shoulder to attach to the scapula and the lateral third of the clavicle. Here, it has been partially 
resected in its rostral part to expose in a deeper layer the splenius capitis in its medial half, running 
to the spinous processes of the lower cervical and upper thoracic vertebrae. On the right side of the 
picture the splenius capitis has been resected. Deep to the splenius capitis, the semispinalis capitis 
begins medially at the midline occipital crest in the area between the superior and inferior nuchal 
lines and attaches below to the upper thoracic and lower cervical vertebrae. In the midline, the 
nuchal ligament forms a septation dividing the posterior neck muscles on the left and right sides. 
Moreover, some of these muscles attach medially to this structure. The nuchal ligament extends 
from the spinous process of the cervical vertebrae to the external occipital protuberance. EOP 
external occipital protuberance; NL nuchal ligament; SC splenius capitis; SNL superior nuchal line; 
SSC semispinalis capitis; TM trapezius muscle
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that runs adjacent to the rectus capitis posterior minor posteriorly and the dura mater 
anteriorly. Connection or interdigitation of the PAOM with both the rectus capitis 
posterior minor muscles and the spinal dura mater can be observed. The PAOM is 
continuous inferiorly with a thin membrane named the posterior atlanto-axial mem-
brane, which is attached above to the lower border of the posterior arch of the atlas 
and below to the upper edges of the laminae of the axis, in series with the ligamen-
tum flavum [4, 12]. The posterior opening of the FM is wider posteriorly than ante-
riorly and transmits the medulla (Fig. 1.7).

The venous channels in the dura mater surrounding the foramen magnum in its 
posteromedial aspect are the marginal sinus and the occipital sinus. The marginal 
sinus is located between the layers of the dura in the rim of the foramen magnum. It 
communicates posteriorly with the occipital sinus. The occipital sinus courses in the 
cerebellar falx [9, 13].

Fig. 1.6 Posteromedial 
perspective of the CVJ: 
muscular relationships. 
The deepest layer of 
muscle consists of the 
rectus capitis posterior 
minor muscles. The 
muscles extend from the 
medial part and below the 
inferior nuchal line to the 
tubercle on the posterior 
arch of the atlas. C1 
median posterior tubercle 
of the atlas; C2 spinous 
process of the axis; 
INL inferior nuchal line; 
RCPm rectus capitis 
posterior minor muscle; 
SCM semispinalis cervicis 
muscle
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Fig. 1.7 Posteromedial 
perspective of the CVJ. The 
middle portion of the squamosal 
part of the occipital bone and the 
posterior arch of the atlas have 
been removed. The posterior 
border of the foramen magnum 
has been opened. The posterior 
border of the foramen magnum 
and the upper border of the 
posterior arch of the atlas are 
connected by the posterior 
atlanto-occipital membrane that 
runs adjacent to the rectus 
capitis posterior minor 
posteriorly and the dura mater 
anteriorly. The venous channels 
in the dura mater surrounding 
the foramen magnum in its 
posteromedial aspect are the 
marginal sinus and the occipital 
sinus. The marginal sinus is 
located between the layers of the 
dura in the rim of the foramen 
magnum. It communicates 
posteriorly with the occipital 
sinus. The occipital sinus 
courses in the cerebellar falx. 
C2 spinous process of the axis; 
EOP external occipital 
protuberance; INL inferior 
nuchal line; MOC middle 
occipital crest; MS marginal 
sinus; OS occipital sinus; 
PAOM posterior atlanto-occipital 
membrane; SNL superior nuchal 
line

1.2.4  Intradural Anatomy (Fig. 1.8)

Through a posteromedial perspective, the medulla can be exposed, occupying the 
foramen magnum. The medulla blends indistinguishably into the spinal cord at a 
level arbitrarily set to be at the upper limit of the dorsal and ventral rootlets forming 
the first cervical nerve. Posteromedially, the spinal cord is divided by the postero-
median sulcus into symmetrical halves. Each half is occupied by the posterior funic-
ulus. At the upper cervical level, the surface of the posterior funiculus is divided by 
another shallow longitudinal furrow, the posterior intermediate sulcus, into the fas-
ciculus gracilis medially and the fasciculus cuneatus laterally. Superiorly, the poste-
rior surface of the medulla is composed in the midline of the inferior half of the 
fourth ventricle and laterally by the inferior cerebellar peduncles. Inferiorly the pos-
terior surface is composed of the gracile fasciculus and tubercle medially, and the 
cuneate fasciculus and tubercle laterally [2, 8, 14].
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Fig. 1.8 Posteromedial intradural perspective of the CVJ. The medulla is exposed where it blends 
indistinguishably into the spinal cord at a level arbitrarily set to be at the upper limit of the dorsal and 
ventral rootlets forming the first cervical nerve. The spinal cord is divided by the posteromedian sulcus 
into symmetrical halves. Each half is occupied by the posterior funiculus. At the upper cervical level, 
the surface of the posterior funiculus is divided by another shallow longitudinal furrow, the posterior 
intermediate sulcus, into the fasciculus gracilis medially and the fasciculus cuneatus laterally. The 
posteromedial aspect of the cerebellum related to the foramen magnum consists in the lower part of 
the hemispheres (formed by the tonsils and the biventral lobules) and the lower part of the vermis 
(formed by the nodule, uvula, and pyramid). Between the tonsils, the foramen of Magendie communi-
cates with the fourth ventricle. The vertebral artery in its third segment (V3) pierces the posterior 
atlanto-occipital membrane, then dura mater, to enter the posterior fossa. As the artery pierces the dura, 
it is encased in a fibrous tunnel that binds the posterior spinal artery, dentate ligament, first cervical 
nerve, and the spinal accessory nerve to the vertebral artery. The C1 nerve root passes through the dura 
mater on the lower surface of the vertebral artery. The accessory nerve is the only cranial nerve that 
passes through the foramen magnum, between the dentate ligament and the dorsal spinal roots. BVL 
biventral lobule of the cerebellar hemisphere; C1 dorsal root of the first cervical nerve; DL dentate liga-
ment; FC fasciculus cuneatus; FG fasciculus gracilis; FM foramen of Magendie; PF posterior funicu-
lus; PMS posteromedial sulcus; T tonsil; V vermis; VA vertebral artery; XI accessory nerve
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The posteromedial aspect of the cerebellum related to the foramen magnum con-
sists in the lower part of the hemispheres (formed by the tonsils and the biventral 
lobules) and the lower part of the vermis (formed by the nodule, uvula, and pyra-
mid). The cerebellar surface above the posterior part of the foramen magnum has a 
deep vertical depression, the posterior cerebellar incisura, which contains the falx 
cerebelli and extends inferiorly toward the foramen magnum. The vermis is folded 
into and forms the cortical surface within this incisura. The vermian surface within 
the incisura is composed of the pyramid in its upper half and of the uvula that proj-
ects downward between the tonsils. Inferiorly, the posterior cerebellar incisura is 
continuous with the vallecula cerebelli, an opening between the tonsils that extends 
upward through the foramen of Magendie into the fourth ventricle. Each tonsil is an 
ovoid structure that is attached along its superolateral border to the remainder of the 
cerebellum. The superior pole faces the inferior half of the roof of the fourth ven-
tricle. The anterior surface of each tonsil faces and is separated from the posterior 
surface of the medulla by the cerebello-medullary fissure. This fissure extends supe-
riorly to the level of the roof of the fourth ventricle and the lateral recesses of the 
fourth ventricle. The dorsal wall of the fissure is formed by the uvula in the midline 
and the tonsils and biventral lobules laterally. The ventral wall is formed by the 
inferior medullary velum and tela choroidea. The inferior medullary velum is a thin 
sheet of neural tissue that blends into the ventricular surface of the nodule medially 
and stretches laterally across the superior pole of the tonsil. The tela choroidea, 
from which the choroid plexus projects, forms the lowest part of the roof of the 
fourth ventricle [4, 5, 14, 15].

The vertebral artery in its third segment (V3) pierces the PAOM, then dura mater, 
to enter the posterior fossa. As the artery pierces the dura, it is encased in a fibrous 
tunnel that binds the posterior spinal artery, dentate ligament, first cervical nerve, 
and the spinal accessory nerve to it. The C1 nerve root passes through the dura 
mater on the lower surface of the vertebral artery. The posterior spinal artery arises 
from the posteromedial surface of V3 initial just outside or inside the dura mater. In 
the subarachnoid space, it courses medially between the accessory nerve and the 
dentate ligament. At the lower medulla, it divides into an ascending branch that sup-
plies the gracile and cuneate tubercles, the rootlets of the accessory nerve, and the 
choroid plexus near the foramen of Magendie, and a descending branch that sup-
plies the superficial part of the dorsal half of the cervical spinal cord. It anastomoses 
with the posterior branches of the radicular arteries that enter the vertebral foramen 
at lower levels. The descending branch gives rise to collateral branches, which 
course medially across the posterior surface of the spinal cord and join to form an 
artery that course in the posterior midline [2, 16, 17].

The posterior meningeal artery arises from the posterosuperior surface of the 
vertebral artery. Its origin may be intra- or extradural and supplies the dura mater of 
the posterior and posterolateral part of the posterior cranial fossa [4, 17].

The median posterior spinal vein, which courses along the posteromedian spinal 
sulcus, is continuous above with the main vein on the posterior surface of the 
medulla and the median posterior medullary vein, which courses along the postero-
median medullary sulcus. The transverse medullary and transverse spinal veins 

E. d’Avella et al.



13

cross the medulla and spinal cord at various levels, interconnecting the major longi-
tudinal channels [3, 5, 14].

The accessory nerve is the only cranial nerve that passes through the foramen 
magnum between the dentate ligament and the dorsal spinal roots. The main caudal 
trunk from the spinal cord is exposed through a posteromedial perspective. There 
are frequently communications between the C1 nerve root and the spinal accessory 
nerve [18, 19].

The dentate ligament is a white fibrous sheet that is attached to the spinal cord 
medially and to the dura mater laterally. Its rostral attachment is at the level of the 
foramen magnum where the vertebral artery pierces the dura. The ligament courses 
behind the accessory nerve at that level [4, 14].

1.3  Posterolateral Perspective of the CVJ (Fig. 1.9)

1.3.1  Bony Structures

The posterolateral perspective of the CVJ is directed at the condylar part of the 
occipital bone and lateral masses of atlas and axis (Fig. 1.10).

On the posterolateral external surface of the squamosal part of the occipital bone 
that extends from the EOP to the mastoid process of the temporal bone, an impor-
tant bony landmark is the asterion. The asterion is located at the junction of the 
lambdoid, occipito-mastoid, and parieto-mastoid sutures and is commonly related 
to the lower half of the junction of the transverse and sigmoid sinuses. The superior 
and inferior nucal lines cross the posterolateral external surface of the occipital bone 
radiating laterally from the EOP and serves as the site of attachment of numerous 
muscles [2, 6].

Fig. 1.9 3D anatomical 
model of the CVJ as seen 
from a posterolateral 
perspective. Bony 
relationships with the main 
arterovenous structures are 
shown, i.e., with the 
vertebral artery, internal 
jugular vein, and internal 
carotid artery
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The condylar part of the occipital bone includes the occipital condyles and the 
condylar fossa, and it is situated at the sides of the foramen magnum. The occipital 
condyles protrude from the external surface of this part. They project downward 
along the lateral edges of the anterior half of the foramen magnum. The articular 
surfaces, which are ovoid with the long axis in the anteroposterior direction, are 
located on the lower-lateral margin of the condyles. They face downward and later-
ally to articulate with the superior facets of the atlas, which face upward and medi-
ally. The condylar fossa is a depression on the external surface of the occipital bone 
behind the condyle [20, 21].

Lateral masses are the most voluminous bony parts of atlas forming four facet 
joints. The upper surface of each lateral mass has an oval concave facet that faces 
upward and medially and articulates with the occipital condyle that faces downward 
and laterally. The inferior surface of each lateral mass has a circular, flat, or slightly 
concave facet that faces downward, medially, and slightly backward, and it articu-
lates with the superior articular facet of the axis. The lateral mass of the atlas on its 
upper-outer surface has a groove in which the V3 segment of the vertebral artery 

a

b

Fig. 1.10 3D anatomical 
model showing the CVJ 
bony structures focused by 
a posterolateral perspective 
on the extracranial surface 
(a) and on the intracranial 
surface after removal of the 
squamous part of the 
occipital bone and 
posterior arch of C1. 
(b) The condylar part of 
the occipital bone and 
lateral masses of atlas and 
axis are enclosed in a red 
dotted rectangular area
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courses. The groove may be partly or fully converted into a foramen by a bridge of 
bone that arches backward from the posterior edge of the superior articular facet of 
the atlas to its posterior arch. The medial aspect of each lateral mass has a small 
tubercle for the attachment of the transverse ligament of the atlas [1, 5, 22, 23].

Each lateral mass of the axis consists of a pair of large oval facets that extend 
laterally from the vertebral body onto the adjoining parts of the pedicles and articu-
late with the inferior facets of the atlas superiorly and the superior facet of the third 
cervical vertebra inferiorly. The superior facets do not form an articular pillar with 
the inferior facets but are anterior to the latter [5, 20, 23].

1.3.2  Muscular Relationships

The most superficial layer of muscles of the CVJ that is encountered through a pos-
terolateral perspective is formed by the sternocleidomastoid that passes obliquely 
downward across the side of the neck from the lateral half of the superior nuchal 
line and mastoid process to the upper part of the sternum and the adjacent part of the 
clavicle. The splenius capitis in its lateral half is partially covered by the sternoclei-
domastoid. It extends from the lateral third of the superior nuchal line medially to 
the spinous processes of the lower cervical and upper thoracic vertebrae. Deep to 
the splenius capitis and sternocleidomastoid are the semispinalis capitis beginning 
medially at the midline occipital crest and extending laterally to the occipito- 
mastoid junction in the area between the superior and inferior nuchal lines and the 
longissimus capitis muscle, which attaches above to the posterior margin of the 
mastoid process. Both of these muscles attach below to the upper thoracic and lower 
cervical vertebrae (Fig. 1.11) [4, 22, 24].

The occipital artery is also exposed together with the superficial and deep mus-
cles in this region. It courses medially related to the longissimus capitis and semi-
spinalis capitis just below the superior nuchal line to ascend in the superficial fascia 
of the posterior scalp. The great occipital nerve ascends with the occipital artery and 
supplies the scalp as far forward as the vertex and occasionally the back of the ear. 
It ascends obliquely between the inferior oblique and the semispinalis capitis mus-
cles and pierces the latter and the trapezius muscle near their attachments to the 
occipital bone [17, 25].

In the next layer, the muscles bounding the suboccipital triangle are covered by the 
semispinalis capitis medially and by the splenius capitis laterally (Figs. 1.12 and 1.13). 
The superior oblique muscle extends from the area lateral to the semispinalis capitis 
between the superior and inferior nuchal lines to the transverse process of the atlas. The 
inferior oblique muscle extends from the spinous process of the axis to the transverse 
process of the atlas. The rectus capitis posterior major extends from and below the lat-
eral part of the inferior nuchal line to the spine of the axis. The triangle deep to these 
muscles is covered by a layer of dense fibro-fatty tissue. The structures in the triangle 
are the V3 segment of the vertebral artery on the posterior arch of the atlas and the first 
cervical nerve [10, 17, 22, 25].
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1.3.3  Extradural Structures

Through a posterolateral perspective, the segment of the vertebral artery extending 
from the transverse foramen of C2 to its entrance to the dura is exposed (V3). The 
artery, after ascending through the transverse process of the atlas, is located on the 
medial side of the rectus capitis lateralis muscle. From here it turns medially behind 
the lateral mass of the atlas and the atlanto-occipital joint and is pressed into the 
groove on the upper surface of the posterior arch of the atlas, where it courses in the 
floor of the suboccipital triangle. The triangle is not always easy to identify because 
of the thick fascia, which covers the deepest layer of the posterior neck muscles. 
This fascia and the underlying fat and the rich paravertebral venous plexus obscure 
the anatomical relationship of these muscles (Figs. 1.14 and 1.15) [17, 23].

At the level of the intervertebral foramen dorsal and ventral cervical nerves, 
roots unite to form the spinal nerve. At the same level, the neurons of the dorsal 
roots collect to form ganglia. The ganglion associated at the first cervical dorsal 
root may be absent. The C1, C2, and C3 nerves, distal to the ganglion, divide into 
dorsal and ventral rami. The dorsal rami divide into medial and lateral branches 
that supply the skin and muscles of the posterior region of the neck. The C1 nerve, 
termed the suboccipital nerve, leaves the vertebral canal between the occipital 

a

b

Fig. 1.11 Muscular 
structures visualized 
through a posterolateral 
perspective of the CVJ are 
represented in a 3D 
anatomical model. The 
superficial layer (a) with 
the transparent 
sternocleidomastoid and 
the muscles bounding the 
suboccipital triangle (b) 
are reconstructed
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bone and atlas and has a dorsal ramus that is larger than the ventral ramus. The 
dorsal ramus courses between the posterior arch of the atlas and the vertebral 
artery to reach the suboccipital triangle, where it sends branches to the rectus capi-
tis posterior major and minor, superior and inferior oblique, and the semispinalis 
capitis, and occasionally has a cutaneous branch that accompanies the occipital 
artery to the scalp. The C1 ventral ramus courses between the posterior arch of the 

Fig. 1.12 The posterolateral perspective of the CVJ: muscular relationships. The most superficial 
layer of muscles is formed by the sternocleidomastoid that passes obliquely downward across the 
side of the neck from the lateral half of the superior nuchal line and mastoid process to the upper 
part of the sternum and the adjacent part of the clavicle. The splenius capitis in its lateral half is 
partially covered by the sternocleidomastoid. It extends from the lateral third of the superior nuchal 
line medially to the spinous processes of the lower cervical and upper thoracic vertebrae. Deep to 
the splenius capitis and sternocleidomastoid are the semispinalis capitis beginning medially at the 
midline occipital crest and extending laterally to the occipito-mastoid junction in the area between 
the superior and inferior nuchal lines, and the longissimus capitis muscle, which attaches above to 
the posterior margin of the mastoid process. Both of these muscles attach below to the upper tho-
racic and lower cervical vertebrae. The occipital artery is also exposed together with the superficial 
and deep muscles in this region. It courses medially related to the longissimus capitis and semispi-
nalis capitis just below the superior nuchal line to ascend in the superficial fascia of the posterior 
scalp. The great occipital nerve ascends with the occipital artery and supplies the scalp as far for-
ward as the vertex and occasionally the back of the ear. It ascends obliquely between the inferior 
oblique and the semisplenius capitis muscles and pierces the latter and the trapezius muscle near 
their attachments to the occipital bone. A asterion; EOP external occipital protuberance; GON 
great occipital nerve; LC longissimus capitis muscle; LSM levator scapulae muscle; MP mastoid 
process; OA occipital artery; SC splenius capitis; SCM sternocleidomastoid muscle, partially 
removed; SSC semispinalis capitis; TM trapezius muscle
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atlas and the vertebral artery and passes forward, lateral to the lateral mass of the 
atlas and medial to the vertebral artery, and supplies the rectus capitis lateralis. The 
C2 nerve emerges between the posterior arch of the atlas and the lamina of the axis 
where the spinal ganglion is located extradurally, medial to the inferior facet of C1 
and the vertebral artery. Distal to the ganglion, the nerve divides into a larger dor-
sal and a smaller ventral ramus. After passing below and supplying the inferior 
oblique muscle, the dorsal ramus divides into a large medial and a small lateral 
branch. The medial branch forms the greater occipital nerve. The lateral branch 
sends filaments that innervate the splenius, longissimus, and semisplenius capitis 
and is often joined by the corresponding branch from the C3 nerve. The C2 ventral 
ramus courses between the vertebral arches and transverse processes of the atlas 
and axis and behind the vertebral artery. Two branches of the C2 and C3 ventral 
rami, the lesser occipital and greater auricular nerves, curve around the posterior 
border and ascend on the sternocleidomastoid muscle to supply the skin behind the 
ear [1, 2, 6, 24].

Fig. 1.13 The posterolateral perspective of the CVJ: muscular relationships. The muscles bound-
ing the suboccipital triangle are exposed. The superior oblique muscle extends between the supe-
rior and inferior nuchal lines to the transverse process of the atlas. The inferior oblique muscle 
extends from the spinous process of the axis to the transverse process of the atlas. The rectus 
capitis posterior major extends from and below the lateral part of the inferior nuchal line to the 
spine of the axis. The triangle deep to these muscles is covered by a layer of dense fibrofatty tissue. 
The structures in the triangle are the V3 segment of the vertebral artery on the posterior arch of the 
atlas and the first cervical nerve. A asterion; EOP external occipital protuberance; IOM inferior 
oblique muscle; MP mastoid process; OA occipital artery; RCPM rectus capitis posterior major 
muscle; RCPm rectus capitis posterior minor muscle; SCM sternocleidomastoid muscle; SOM 
superior oblique muscle
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The condylar foramen is present in the condylar fossa posterior to the occipital 
condyle. It transmits the posterior condylar vein, which is an important emissary 
vein of the cranium. This vein connects the vertebral venous plexus with the 
sigmoid- jugular complex. The condylar foramen is one of the largest emissary 
foramina of the skull and the posterior condylar vein, which traverses it, forms an 
important alternative source of venous drainage when the venous flow into the sig-
moid sinus-jugular complex is impeded [22, 23, 25].

Fig. 1.14 The posterolateral perspective of the CVJ is directed at the external surface of the squa-
mosal part of the occipital bone that extends from the EOP to the mastoid process of the temporal 
bone. On this surface, an important bony landmark is the asterion, located at the junction of the 
lambdoid, occipito-mastoid, and parieto-mastoid sutures. The asterion is commonly related to the 
lower half of the junction of the transverse and sigmoid sinuses. The lateral mass of the atlas on its 
upper-outer surface has a groove in which the V3 segment of the vertebral artery courses. The 
groove may be partly or fully converted into a foramen by a bridge of bone that arches backward 
from the posterior edge of the superior articular facet of the atlas to its posterior arch. A asterion;  
C1 atlas; C1n suboccipital nerve; C2 axis; C2n second cervical nerve; C3 third cervical vertebra; 
C3n third cervical nerve; EOP external occipital protuberance; LM lateral mass of the atlas; 
MP mastoid process; V3 third segment of the vertebral artery
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The hypoglossal canal (HC), which transmits the hypoglossal nerve, is situated 
above the condyle and is directed forward and laterally from the posterior cranial 
fossa. The canal is surrounded superiorly by the jugular tubercle, supero-laterally 
by the jugular foramen, laterally by the sigmoid sinus, and inferiorly by the occipital 
condyle. The intracranial end of the HC is located approximately 5 mm above the 
junction of the posterior and middle third of the occipital condyle and appropriately 
5 mm below the jugular tubercle. The extracranial end is located immediately above 
the junction of the anterior and middle third of the occipital condyle and medial to 
the jugular foramen. The HC is surrounded by cortical bone. It consists of the hypo-
glossal nerve, a meningeal branch of the ascending pharyngeal artery, and the 
venous plexus of the hypoglossal canal, which communicates the basilar venous 
plexus with the marginal sinus that encircles the foramen magnum. The hypoglossal 
nerve enters the canal as two groups of roots that merge just before exiting the canal 
(Fig. 1.16) [6, 26, 27].

The sigmoid sinus borders the posterior cranial fossa laterally and descends 
along the sigmoid groove. It exits the cranium through the sigmoid part of the jugu-
lar foramen and descends anterolateral to the occipital condyle and anterior to the 
transverse process of the atlas [8, 13, 23].

Fig. 1.15 Posterolateral perspective of the CVJ. The squamosal part of occipital bone in its pos-
terolateral aspect, from the external occipital protuberance to the asterion and mastoid process, has 
been removed. The posterior border of the foramen magnum has been opened and the posterior 
arch of C1 removed. The dura mater covering the cerebellar hemisphere in the posterior cranial 
fossa is exposed. The sigmoid sinus borders the posterior cranial fossa laterally and descends along 
the sigmoid groove. It exits the cranium through the sigmoid part of the jugular foramen and 
descends anterolateral to the occipital condyle and anterior to the transverse process of the atlas. 
The condylar part of the occipital bone is situated at the sides of the foramen magnum and includes 
the occipital condyles and the condylar fossa. The condylar fossa is a depression on the external 
surface of the occipital bone behind the condyle. The occipital condyles, which articulate with the 
atlas, protrude from the external surface of this part. The articular surfaces are located on the 
lower-lateral margin of the condyles. They face downward and laterally to articulate with the supe-
rior facets of the atlas, which face upward and medially. Lateral masses are the most voluminous 
bony parts of atlas forming four facet joints. The upper surface of each lateral mass articulates with 
the occipital condyle. The inferior surface articulates with the superior articular facet of the axis. 
At the level of the intervertebral foramen dorsal and ventral cervical nerves roots unite to form the 
spinal nerve. At the same level, the neurons of the dorsal roots collect to form ganglia. The gan-
glion associated at the first cervical dorsal root may be absent. The C1 nerve, termed the suboccipi-
tal nerve, leaves the vertebral canal between the occipital bone and atlas and has a dorsal ramus 
that is larger than the ventral ramus. The C2 nerve emerges between the posterior arch of the atlas 
and the lamina of the axis where the spinal ganglion is located extradurally, medial to the inferior 
facet of C1 and the vertebral artery. Distal to the ganglion, the nerve divides into a larger dorsal and 
a smaller ventral ramus. A asterion; C1n suboccipital nerve; C2 spinous process of the axis; C2n 
second cervical nerve; CF condylar fossa; CHd dura mater covering the cerebellar hemisphere; 
EOP external occipital protuberance; IJV internal jugular vein; JP jugular process; OC occipital 
condyle; PAOM posterior atlanto-occipital membrane; SS sigmoid sinus; V2 second segment of the 
vertebral artery; V3 third segment of the vertebral artery
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1.3.4  Intradural Structures

The posterolateral perspective at the CVJ allows for intradural exposure of the 
cerebello- medullary cistern and posterior spinal cistern. The cerebello-medullary 
cistern extends from the dorsal margin of the inferior olive around the dorsolateral 
medulla to the biventral lobule of the cerebellum. The glossopharyngeal (IX) and 
vagal nerves (X) and the medullary portion of the accessory nerve (XI) arise within 
and course through this cistern to reach the jugular foramen (Fig. 1.17). The intra-
dural segment of the vertebral artery (V4) can be divided into a lateral medullary 
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segment and an anterior medullary segment. The V4 lateral medullary segment 
begins at the dural foramen and passes anterior and superior along the lateral medul-
lary surface to terminate at the pre-olivary sulcus. The posterior inferior cerebellar 
artery (PICA) enters this cistern after originating from the fourth segment (V4) of 

Fig. 1.16 Posterolateral perspective of the CVJ. The hypoglossal nerve is exposed after the open-
ing of the hypoglossal canal. The hypoglossal canal is situated above the condyle and is directed 
forward and laterally from the posterior cranial fossa. The canal is surrounded superiorly by the 
jugular tubercle, supero-laterally by the jugular foramen, laterally by the sigmoid sinus, and infe-
riorly by the occipital condyle. The intracranial end of the hypoglossal canal is located approxi-
mately 5 mm above the junction of the posterior and middle third of the occipital condyle and 
appropriately 5 mm below the jugular tubercle. The extracranial end of the hypoglossal canal is 
located immediately above the junction of the anterior and middle third of the occipital condyle 
and medial to the jugular foramen. The hypoglossal canal is surrounded by the cortical bone. C1n 
first cervical nerve; C2n second cervical nerve; HN hypoglossal nerve; LM lateral mass of the atlas; 
OC occipital condyle; PCFd dura of the posterior cranial fossa; SC spinal cord; V3 third segment 
of the vertebral artery
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the vertebral artery intradurally. In the cerebello-medullary cistern, the PICA passes 
dorsally between the rootlets of the IX, X, and XI cranial nerves and pursues a pos-
terior course around the medulla (Fig. 1.18) [19, 20, 28, 29].

The lateral surface of the medulla is formed predominantly by the inferior olives. 
The glossopharyngeal, vagus, and accessory nerves arise from the medulla as a line 
of rootlets situated along the posterior edge of the inferior olive in the post-olivary 
sulcus. The only location where the glossopharyngeal nerve may consistently be 
distinguished from the vagal nerve is just proximal to a dural septum, which sepa-
rates these nerves as they penetrate the dura to enter the jugular foramen. The hypo-
glossal nerve arises as a line of rootlets that exit the brainstem along the anterior 
margin of the lower olive in the pre-olivary sulcus, a groove between the olive and 
medullary pyramid. The rootlets of the XII pass behind the vertebral artery to reach 
the hypoglossal canal. The vertebral artery may stretch the hypoglossal rootlets pos-
teriorly over its dorsal surface. The accessory nerve in the cranial fossa is composed 
of one main trunk from the spinal cord and three to six small rootlets that emerge 
from the medulla. The nerve joins the vagus nerve entering the jugular foramen 
(Fig. 1.19) [6, 14].

At the level of the spinal cord, the posterior lateral sulcus is situated along the 
line where the dorsal roots enter the spinal cord. Each dorsal root is composed of a 

Fig. 1.17 Posterolateral intradural perspective of the CVJ. At the level of the spinal cord, the poste-
rior lateral sulcus is situated along the line where the dorsal roots enter the spinal cord. Each dorsal 
root is composed of a series of six to eight rootlets. The dorsal roots of the first two cervical nerves 
pass posterior to the dentate ligament and accessory nerve. CH cerebellar hemisphere; C1dr dorsal 
root of the first cervical nerve; C1n first cervical nerve; C2dr dorsal roots of the second cervical 
nerve; C2n second cervical nerve; DL dentate ligament; PICA posterior inferior cerebellar artery; 
PLS posterior lateral sulcus; T tonsil; V3 third segment of the vertebral artery; XI accessory nerve
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series of six to eight rootlets that fan out to enter the posterolateral surfaces of the 
spinal cord. The dorsal roots of the first two cervical nerves pass posterior to the 
dentate ligament and accessory nerve [2, 9].

The lateral posterior spinal vein, which courses along the line of origin of the 
dorsal roots in the posterior lateral spinal sulcus, is continuous above with the lateral 
medullary vein that courses along the retro-olivary sulcus, dorsal to the olive [4, 14].

1.4  Anterolateral Perspective of the CVJ

1.4.1  Bony Structures

The anterolateral perspective of the CVJ is directed to the jugular foramen and 
transverse process of C1 and C2 (Fig. 1.20).

Fig. 1.18 Posterolateral intradural perspective of the CVJ.  The posterior inferior cerebellar 
artery enters the cerebello-medullary cistern after originating from the fourth segment of the 
vertebral artery. In the cerebello-medullary cistern, the posterior inferior cerebellar artery passes 
dorsally between the rootlets of the IX, X, and XI cranial nerves and pursues a posterior course 
around the medulla. CH cerebellar hemisphere; C1 atlas partially removed; C2 second cervical 
nerve; C2dr dorsal roots of the second cervical nerve; C3 third cervical nerve; D dura mater 
opened; DL dentate ligament; FM posterior border of foramen magnum partially opened; PICA 
posterior inferior cerebellar artery; T tonsil; XI accessory nerve
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Fig. 1.19 Posterolateral intradural perspective of the CVJ. The lateral medullary segment of the 
vertebral artery begins at the dural foramen and passes anterior and superior along the lateral med-
ullary surface to terminate at the pre-olivary sulcus in the cerebello-medullary fissure. The hypo-
glossal nerve arises as a line of rootlets that exit the brainstem along the anterior margin of the 
lower olive in the pre-olivary sulcus. The medullary trunk of the accessory nerve running toward 
the jugular foramen together with the glossopharyngeal and vagal nerves is exposed. CH cerebellar 
hemisphere; HC hypoglossal canal;  SC spinal cord; T cerebellar tonsil; V4lms lateral medullary 
segment of the fourth segment of the vertebral artery; IX-X glossopharyngeal and vagal nerves; 
XI accessory nerve; XII hypoglossal nerve

a b

Fig. 1.20 3D reconstruction of the anterolateral perspective to the CVJ limited by a red dotted 
rectangular area on the extracranial (a) and intracranial (b) surfaces from a posterior view
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The jugular foramen (JF) is a canal-like aperture, which is formed by the combi-
nation of the most indented parts of the occipital and temporal bones. The jugular 
process consists of a quadrilateral plate of bone that extends laterally from the pos-
terior half of the condyle to form the posterior border of the jugular foramen. It 
serves as a bridge between the condylar and squamosal portions of the occipital 
bone and forms the posteromedial wall of the foramen. The jugular process is pen-
etrated by the hypoglossal canal. It articulates laterally with the jugular surface of 
the temporal bone. The jugular process also serves as the site of attachment of the 
rectus capitis lateralis muscle behind the jugular foramen. The upper surface of the 
jugular process at the junction of the basilar and condylar parts of the occipital bone 
presents an oval prominence, the jugular tubercle. It is situated above the hypoglos-
sal canal and medial to the lower half of the intracranial end of the jugular foramen 
[28, 30–32].

The transverse foramen of the atlas, which transmits the vertebral artery, is situ-
ated between the lateral mass and the transverse process. The transverse process of 
the atlas projects in the area between the mastoid process and the angle of the man-
dible, further lateral than the transverse processes on the adjacent cervical vertebrae. 
It has an apex that gives attachment to several muscles: the rectus capitis lateralis 
arises from the anterior portion; the superior oblique arises from the posterior por-
tion of the upper surface of the transverse process; the inferior oblique muscle 
inserts on the lateral tip of the transverse process; the levator scapulae, splenius 
cervicis, and the scalenus medius attach to the inferior and lateral surface of the 
transverse process [2, 9, 22].

The transverse processes of the axis are small. Each transverse foramen faces 
supero-laterally, thus permitting the lateral deviation of the vertebral artery as it 
passes up to the more widely separated transverse foramina in the atlas [5, 9].

1.4.2  Muscular Relationships

The sternocleidomastoid muscle that passes obliquely downward from the lateral 
half of the superior nuchal line and mastoid process divides the side of the neck into 
an anterior triangle and a posterior triangle. The anterior triangle corresponds to the 
anterolateral aspect of the CVJ. It is bounded posteriorly by the anterior border of 
the sternocleidomastoid, laterally by the mandible and parotid gland, superiorly by 
the region of the jugular foramen and the mastoid process and anteriorly by the 
median line of the neck. In the fatty pad situated deep to the sternocleidomastoid 
runs the accessory nerve that supplies the muscle. In a deeper layer the posterior 
belly of the digastric muscle arises in the digastric groove located medial to the 
mastoid process and the longissimus capitis. Reflecting the digastric muscle exposes 
the transverse process of the atlas, which is covered by the attachments of numerous 
muscles, including the superior and inferior obliques, which form the upper and 
lower margins of the suboccipital triangle (Figs. 1.21 and 1.22) [3, 6–8]. The rectus 
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capitis lateralis muscle is the muscle most intimately related to the jugular foramen. 
It is considered together with the anterior vertebral muscles. It extends vertically 
behind the internal jugular vein from the transverse process of the atlas to the jugu-
lar process of the occipital bone (Fig. 1.23) [34].

Fig. 1.21 Anterolateral perspective of the CVJ: muscular relationships. The sternocleidomastoid 
muscle has been reflected inferiorly and the semispinalis capitis laterally. Deeper to the sternoclei-
domastoid muscle, the posterior belly of the digastric muscle arises in the digastric groove located 
medial to the mastoid process and the longissimus capitis. Reflecting the digastric muscle exposes 
the transverse process of the atlas, which is covered by the attachments of numerous muscles, 
including the superior and inferior obliques, which form the upper and lower margin of the suboc-
cipital triangle. DG digastric groove; DMp posterior belly of digastric muscle; ICA internal carotid 
artery; IJV internal jugular vein; IOM inferior oblique muscle; LC longissimus capitis muscle; 
LSM levator scapulae muscle; MP mastoid process; OA occipital artery; RCPM rectus capitis pos-
terior major muscle; SOM superior oblique muscle; X vagal nerve; XI accessory nerve
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1.4.3  Extradural Structures

The endocranial surface of the jugular foramen is generally divided into three intra-
jugular compartments: two venous and a neural compartment (Fig. 1.24). The neu-
ral and vascular compartments are generally separated by a bone projection called 
the intrajugular process. The larger posterolateral venous compartment, the sigmoid 
compartment, receives the flow of the sigmoid sinus. The sigmoid sinus drains into 
the internal jugular vein at the jugular bulb. The smaller anteromedial venous 

Fig. 1.22 Anterolateral perspective of the CVJ. The relationship between the occipital artery and 
the muscles on the anterolateral aspect of the CVJ is exposed. It arises from the posterior surface 
of the external carotid artery at the level of the angle of the mandible and courses obliquely upward 
between the posterior belly of the digastric muscle and the internal jugular vein, to reach the area 
posteromedial to the styloid process. At that point, it changes its course to posterior and lateral, 
passing posterior to the rectus capitis lateralis and then between the superior oblique and the pos-
terior belly of the digastric where it courses in the occipital groove medial to the mastoid notch, in 
which the posterior belly of the digastric muscle arises. After exiting the area between the superior 
oblique muscle and the posterior belly of the digastric, it courses medially, being related to the 
longissimus capitis and semispinalis capitis. It courses medially behind the semispinalis capitis 
just below the superior nuchal line in the upper part of the posterior triangle to pass between the 
upper attachment of trapezius and the semispinalis capitis, where it pierces the attachment of the 
trapezius muscle to the superior nuchal line and ascends in the superficial fascia of the posterior 
scalp. DG digastric groove; ECA external carotid artery; ICA internal carotid artery; IOM inferior 
oblique muscle; LSM levator scapulae muscle; MP mastoid process; OA occipital artery; RCPM 
rectus capitis posterior major muscle; SOM superior oblique muscle; V3 third segment of the ver-
tebral artery; XI accessory nerve; X vagal nerve
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Fig. 1.23 Anterolateral perspective of the CVJ. The rectus capitis lateralis muscle is the muscle 
most intimately related to the jugular foramen. It is considered together with the anterior vertebral 
muscles. It extends vertically behind the internal jugular vein from the transverse process of the 
atlas to the jugular process of the occipital bone. DG digastric groove; IJV internal jugular vein; 
IOM inferior oblique muscle; JP jugular process; MP mastoid process; RCL rectus capitis lateralis 
muscle; SOM superior oblique muscle; V3 third segment of the vertebral artery; XI accessory 
nerve

Fig. 1.24 The intracranial 
surface of the jugular 
foramen is shown by 
means of a 3D 
reconstruction. The neural 
part is represented in 
yellow, the venous 
compartment in blue, and 
the vertebral arteries 
joining to form the basilar 
artery in red
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channel, the petrosal part, receives the drainage of the inferior petrosal sinus, besides 
receiving tributaries from the hypoglossal canal, petroclival fissure, and vertebral 
venous plexus. The neural part, through which the glossopharyngeal, vagus, and 
accessory nerves course, is located between the sigmoid and petrosal parts at the site 
of the intrajugular processes of the temporal and occipital bones, which are joined 
by a fibrous or osseous bridge. The dura over the neural part of the foramen has two 
characteristic perforations, a glossopharyngeal meatus, through which the glosso-
pharyngeal nerve passes, and a vagal meatus, through which the vagus and acces-
sory nerves pass. Along their exit from the jugular foramen, the glossopharyngeal, 
vagus, and accessory nerves penetrate the dura on the medial margin of the intra-
jugular process of the temporal bone to reach the medial wall of the internal jugular 
vein [28, 30, 33].

The glossopharyngeal nerve exits the jugular foramen and then turns forward, 
crossing the lateral surface of the internal carotid artery deep to the styloid process. 
At the external orifice of the jugular foramen, it gives rise to the tympanic branch 
(Jacobson’s nerve) that provides innervation to the parotid gland. At the level of 
the vagal meatus, the vagal nerve is joined by the accessory nerve and gives rise to 
the Arnold’s nerve, an auricular branch that join the facial nerve in the temporal 
bone. The vagal nerve exits the jugular foramen vertically, retaining an intimate 
relationship to the accessory nerve. At the level the two nerves exit the jugular 
foramen, they are located behind the glossopharyngeal nerve on the posteromedial 
wall of the internal jugular vein. As the vagal nerve passes lateral to the outer ori-
fice of the hypoglossal canal, it is joined by the hypoglossal nerve medially. The 
accessory nerve exiting the jugular foramen descends obliquely laterally between 
the internal carotid artery and internal jugular vein and then backward across the 
lateral surface of the vein to reach its muscles. The hypoglossal nerve does not 
traverse the jugular foramen. However, it joins the nerves exiting the jugular fora-
men just below the skull and runs with them in the carotid sheath. The nerve exits 
the inferolateral part of the hypoglossal canal and passes adjacent to the vagal 
nerve, descends between the internal carotid artery and the internal jugular vein to 
the level of the transverse process of the atlas, where it turns abruptly forward 
along the lateral surface of the internal carotid artery toward the tongue (Figs. 1.25 
and 1.26) [18, 19, 29, 35].

The internal jugular vein is the most volumetric structure in the JF. The proximal 
dilated part is called the jugular bulb. Anteriorly the inferior petrosal sinus and pos-
teriorly the sigmoid sinus are the venous structures that drain into the jugular bulb. 
The top of the jugular bulb may reach out the porus acusticus internus in the tempo-
ral bone. The internal jugular vein and its tributaries form the most important drain-
age system in the craniocervical area [36, 37].

The internal carotid artery passes, almost straightly upward, posterior to the 
external carotid artery and anteromedial to the internal jugular vein, to reach the 
carotid canal. At the level of the skull base, the internal jugular vein courses just 
posterior to the internal carotid artery, being separated from it by the carotid ridge. 
Between them, the glossopharyngeal nerve is located laterally and the vagus, acces-
sory, and hypoglossal nerves medially [7, 28].
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The external carotid artery ascends anterior to the internal carotid artery. Proximal 
to its terminal bifurcation into the maxillary and the superficial temporal arteries, it 
gives rise to the posterior branches that are related to the jugular foramen: the ascend-
ing pharyngeal artery, the occipital artery and the posterior auricular artery [1, 7].

The occipital artery is the largest branch of the posterior group. It arises from the 
posterior surface of the external carotid artery at the level of the angle of the 

Fig. 1.25 Anterolateral perspective of the CVJ. The extracranial opening of the jugular foramen 
is exposed. The glossopharyngeal nerve exits the jugular foramen and then turns forward, crossing 
the lateral surface of the internal carotid artery deep to the styloid process. The vagal nerve exits 
the jugular foramen vertically, retaining an intimate relationship to the accessory nerve. At the 
level the two nerves exit the jugular foramen, they are located behind the glossopharyngeal nerve 
on the posteromedial wall of the internal jugular vein. As the vagal nerve passes lateral to the outer 
orifice of the hypoglossal canal, it is joined by the hypoglossal nerve medially. The accessory nerve 
exiting the jugular foramen descends obliquely laterally between the internal carotid artery and 
internal jugular vein and then backward across the lateral surface of the vein to reach its muscles. 
The hypoglossal nerve does not traverse the jugular foramen. However, it joins the nerves exiting 
the jugular foramen just below the skull and runs with them in the carotid sheath. The nerve exits 
the inferolateral part of the hypoglossal canal and passes adjacent to the vagal nerve, descends 
between the internal carotid artery and the internal jugular vein to the level of the transverse pro-
cess of the atlas, where it turns abruptly forward along the lateral surface of the internal carotid 
artery toward the tongue. CF condylar fossa; CV condylar vein; DG digastric groove; IJV internal 
jugular vein; JF jugular foramen; JP jugular process; JT jugular tubercle; MP mastoid process; 
RCPM rectus capitis posterior major muscle; SP styloid process; SPM stylopharyngeus muscle;  
TP transverse process of the atlas; V3 third segment of the vertebral artery; IX glossopharyngeal 
nerve; X vagal nerve; XI accessory nerve; XII hypoglossal nerve
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mandible and courses obliquely upward between the posterior belly of the digastric 
muscle and the internal jugular vein, to reach the area posteromedial to the styloid 
process. At that point, it changes its course to posterior and lateral, passing posterior 
to the rectus capitis lateralis and then between the superior oblique and the posterior 
belly of the digastric where it courses in the occipital groove medial to the mastoid 
notch, in which the posterior belly of the digastric muscle arises. After exiting the 
area between the superior oblique muscle and the posterior belly of the digastric, it 
courses medially, being related to the longissimus capitis and semispinalis capitis. 
It courses medially behind the semispinalis capitis just below the superior nuchal 
line in the upper part of the posterior triangle to pass between the upper attachment 
of trapezius and the semispinalis capitis, where it pierces the attachment of the tra-
pezius muscle to the superior nuchal line and ascends in the superficial fascia of the 
posterior scalp [2, 25].

The vertebral artery, above the transverse foramen of the axis, veers laterally to 
reach the transverse foramen of the atlas, which is situated further lateral than the 
transverse foramen of the axis (second segment of the vertebral artery, V2). The 
artery, after ascending through the transverse process of the atlas, is located on the 
medial side of the rectus capitis lateralis muscle. From here it turns medially behind 
the lateral mass of the atlas and the atlanto-occipital joint and is pressed into the 
groove on the upper surface of the posterior arch of the atlas (V3) [5, 9, 17].

1.5  Anteromedial Perspective of the CVJ

The anteromedial perspective of the CVJ provides exposure of the clival portion of 
occipital bone, anterior border of foramen magnum, anterior arch of C1, and the 
odontoid process (Fig. 1.26).

Fig. 1.26 The 
anteromedial perspective 
of the CVJ with removal of 
the anterior arch of C1 is 
limited by a red dotted 
rectangular area on a 3D 
model
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1.5.1  Bony Structures

The clivus, or basilar part of the occipital bone, is a thick quadrangular plate of bone 
that extends forward and upward, at an angle of about 45° from the foramen mag-
num. It joins the sphenoid bone at the spheno-occipital synchondrosis just below the 
dorsum sellae. The clivus is separated on each side from the petrous part of the 
temporal bone by the petroclival fissure. This fissure has the inferior petrosal sinus 
on its upper surface and ends posteriorly at the jugular foramen. Clivus is divided 
into three parts: superior, middle, and inferior. The superior portion is located above 
the level of the sellar floor; the middle portion extends from the sellar level to the 
level of sphenoid floor; and the inferior portion from the sphenoid floor to the fora-
men magnum. On the inferior surface of the basilar part, in front of the foramen 
magnum, a small elevation, the pharyngeal tubercle, gives attachment to the fibrous 
raphe of the pharynx (Fig. 1.27) [4, 38, 39].

Fig. 1.27 Endoscopic endonasal exposure of the anteromedial aspect of the CVJ. The clivus, or 
basilar part of the occipital bone, is a thick quadrangular plate of bone that extends forward and 
upward, at an angle of about 45° from the foramen magnum. On the inferior surface of the basilar 
part, in front of the foramen magnum, a small elevation, the pharyngeal tubercle, gives attachment 
to the fibrous raphe of the pharynx. The anterior arch of the atlas is short and convexed forward and 
has a median anterior tubercle. The anterior atlanto-occipital membrane is a thin structure that 
attaches the anterior aspect of the atlas to the anterior rim of the foramen magnum. It is located just 
posterior to the pre-vertebral muscles of the neck. AOM anterior occipital membrane; C1 atlas; 
mat middle anterior tubercle; OC occipital condyle; PT pharyngeal tubercle
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The atlas lacks a vertebral body, whose usual position is occupied by the odon-
toid process of the axis. The anterior arch is short and convexed forward and has a 
median anterior tubercle. The internal wall of the anterior arch is in contact with 
odontoid process forming a facet (fovea dentis). It is the widest cervical vertebra, 
with its anterior arch approximately half as long as its posterior arch [1, 39, 40].

The dens of the axis, or odontoid process (dens), projects upward from the body 
of vertebra. The dens has a pointed apex, has a flattened side where the alar liga-
ments are attached, and is grooved at the base of its posterior surface where the 
transverse ligament of the atlas passes [1–3].

1.5.2  Muscular Relationships

The anterior vertebral muscles insert on the clival part of the occipital bone anterior 
to the foramen magnum. The longus colli is located on the anterior aspect of the 
cervical spine and consists of three portions. The superior oblique portion originates 
from the anterior tubercle of the transverse processes of the third through fifth cervi-
cal vertebrae and inserts on the tubercle of the anterior arch of the atlas; the inferior 
oblique and vertical portions extend from the fifth cervical vertebra downward to 
the third thoracic vertebra. The longus capitis originates from tendinous slips from 
the anterior tubercles of the transverse processes of the third through sixth cervical 
vertebrae, rising to insert on the basilar portion of the occipital bone. It is supplied 
by the anterior ramus of first through the third cervical spinal nerves. The rectus 
capitis anterior, located just deep to the superior aspect of the longus capitis, origi-
nates from the anterior surface of the lateral mass and the root of the transverse 
process of C1. It inserts on the foramen magnum anteriorly and on the basilar por-
tion of the occipital bone. The rectus capitis lateralis has already been described as 
related to the jugular foramen (Fig. 1.28) [4, 8, 38, 40]. The anterior vertebral mus-
cles are covered by the basipharyngeal fascia and on the midline by the median 
raphe. Median raphe is a thick band of connective tissue, which is attached to pha-
ryngeal tubercle in the midline at clivus and continues below as anterior longitudi-
nal ligament [12, 39].

1.5.3  Extradural Structures

The two atlanto-occipital joints are true synovial joints. They contain synovial 
membrane and are covered by capsular ligaments. The atlas and the occipital bone 
are united anteriorly by the anterior atlanto-occipital membrane. The anterior 
atlanto-occipital membrane (AAO) is a thin structure that attaches the anterior 
aspect of the atlas to the anterior rim of the foramen magnum. It is located just pos-
terior to the pre-vertebral muscles of the neck and serves as the anterior wall of the 
supra-odontoid space, which houses the alar and apical ligaments, as well as fat and 
veins (Fig. 1.29). The alar ligament attaches the lateral aspects of the odontoid pro-
cess to the base of the skull on the medial aspect of the occipital condyles. The 
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apical ligament, also known as the middle odontoid ligament or suspensory liga-
ment, attaches the tip of the odontoid process to the middle point of the anterior 
border of the foramen magnum (basion). The ligament runs in the supra-odontoid 
space between the left and right alar ligaments and travels just posterior to the alar 
ligaments and just anterior to the superior portion of the cruciform ligament. The 
cruciform ligament has transverse and vertical parts that form a cross behind the 
dens. The transverse ligament is the key component of the cruciform ligament and 
is one of the most important ligaments in the body. It is the largest, strongest, and 
thickest craniocervical ligament. The superior and inferior limbs of the vertical part 
of the cruciform ligament are extremely thin. The transverse ligament runs posterior 
to the odontoid process of the axis and attaches to the lateral tubercles on the lateral 
mass of the atlas bilaterally. The transverse ligament maintains stability at the CVJ 
by locking the odontoid process anteriorly against the posterior aspect of the ante-
rior arch of the atlas, and it divides the ring of the atlas into two compartments: the 
anterior compartment houses the odontoid process and the posterior compartment 
contains primarily the spinal cord and spinal accessory nerves. A synovial capsule 
is located between the odontoid process and the transverse ligament. The tectorial 
membrane, epidural fat, and dura mater are located dorsal to the transverse liga-
ment. The tectorial membrane is a thin structure at the CVJ that serves as the poste-
rior border to the supra-odontoid space. It runs posterior to the cruciform ligament 

a b

Fig. 1.28 Muscles related to the anteromedial perspective of the CVJ are represented through a 
3D model. The superficial layer of the anterior vertebral muscles is exposed. The longus capitis 
originates from tendinous slips from the anterior tubercles of the transverse processes of the third 
through sixth cervical vertebrae and inserts on the basilar portion of the occipital bone. Below, the 
superior oblique portion of the longus colli originates from the anterior tubercle of the transverse 
processes of the third through fifth cervical vertebrae and inserts on the tubercle of the anterior arch 
of the atlas (a). The rectus capitis anterior, located just deep to the superior aspect of the longus 
capitis, originates from the anterior surface of the lateral mass and the root of the transverse pro-
cess of C1. The rectus capitis lateralis extends vertically behind the internal jugular vein from the 
transverse process of the atlas to the jugular process of the occipital bone (b). The anterior verte-
bral muscles are covered by the basipharyngeal fascia and on the midline by the median raphe. 
Median raphe is a thick band of connective tissue, which is attached to pharyngeal tubercle in the 
midline at clivus and continues below as anterior longitudinal ligament

1 Relevant Anatomy of the Craniovertebral Junction



36

in intimate contact with the dura mater of the clivus posteriorly. The tectorial mem-
brane firmly adhered to the cranial base and body of the axis, where it is continuous 
with the posterior longitudinal ligament, but not to the posterior odontoid process. 
The posterior longitudinal ligament is attached below to the posterior surface of the 
body of the axis, and above to the transverse part of the cruciform ligament and the 
clivus. In front, the atlas and axis are connected by the anterior longitudinal liga-
ment, which is a wide band fixed above to the lower border of the anterior arch of 
the atlas and below to the front of the body of the axis (Fig. 1.30, 3D model with 
reconstruction of the dens and ligaments) [4, 12, 38].

The basilar venous plexus is located between the layers of the dura mater on the 
upper clivus. It is formed by interconnecting venous channels that anastomose with 

Fig. 1.29 Endoscopic endonasal exposure of the anteromedial aspect of the CVJ. The atlanto- 
occipital joints consist of the articulation between the upper facet of each lateral mass of the atlas 
and the occipital condyle that protrudes from the condylar part of the occipital bone. The two 
atlanto-occipital joints are true synovial joints. They contain synovial membrane and are covered 
by capsular ligaments. The supra-odontoid space between the anterior arch of the atlas and the 
anterior border of foramen magnum is exposed. The basilar venous plexus is located between the 
layers of the dura mater on the clivus. It is formed by interconnecting venous channels that anas-
tomose with the inferior petrosal sinuses laterally, the cavernous sinuses superiorly, and the mar-
ginal sinus and epidural venous plexus inferiorly. AOJ atlanto-occipital joint; BPV basilar venous 
plexus; CD clival dura; C1 atlas; FM foramen magnum; OC occipital condyle; SOS supra-odontoid 
space
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the inferior petrosal sinuses laterally, the cavernous sinuses superiorly, and the mar-
ginal sinus and epidural venous plexus inferiorly [4, 38, 39].

On the anteromedial aspect of the CVJ, at the level of the superior surface of the 
occipital condyle, the supracondylar groove corresponds to an area formed by the 
insertion of the rectus capitus anterior muscle, anterior atlanto-occipital membrane, 
and atlanto-occipital capsule joint. The hypoglossal canals are situated posterior 
and lateral to the supracondylar groove (Fig. 1.31) [41–43].

1.5.4  Intradural Structures

The intradural anteromedial aspect of the CVJ corresponds to the medullary pyra-
mids, which face the clivus, the anterior edge of the foramen magnum, and the 

a b

c

Fig. 1.30 3D model of the odontoid process and ligaments as seen through a posterior view after 
removal of the posterior arch of C1. The tectorial membrane is a thin structure at the CVJ that runs 
posterior to the cruciform ligament in intimate contact with the dura mater of the clivus posteriorly. 
The tectorial membrane firmly adhered to the cranial base and body of the axis, where it is continu-
ous with the posterior longitudinal ligament, but not to the posterior odontoid process. The poste-
rior longitudinal ligament is attached below to the posterior surface of the body of the axis and 
above to the transverse part of the cruciform ligament and the clivus (a). The cruciform ligament 
has transverse and vertical parts that form a cross behind the dens. The transverse ligament is the 
key component of the cruciform ligament and is one of the most important ligaments in the body. 
It is the largest, strongest, and thickest craniocervical ligament. The superior and inferior limbs of 
the vertical part of the cruciform ligament are extremely thin (b). The alar ligament attaches the 
lateral aspects of the odontoid process to the base of the skull on the medial aspect of the occipital 
condyles. The apical ligament attaches the tip of the odontoid process to the middle point of the 
anterior border of the foramen magnum (c)
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rostral part of the odontoid process. The anterior median sulcus divides the medulla 
between the pyramids and is continuous caudally with the anterior median fissure of 
the spinal cord. The rootlets forming the hypoglossal nerve, the glossopharyngeal, 
vagus, and accessory nerves run laterally from the lateral surface of the brainstem in 
the cerebello-medullary cistern (Figs. 1.32 and 1.33) [38–45].

The anterior medullary segment of the vertebral artery (V4) begins at the pre- 
olivary sulcus, courses in front of, or between, the hypoglossal rootlets, and 
crosses the pyramid to join with the other vertebral artery at or near the ponto-
medullary sulcus to form the basilar artery. Branch of the anterior medullary seg-
ment is the anterior spinal artery. The anterior spinal artery is formed by the union 
of the paired anterior ventral spinal arteries near the origin of the basilar artery. 
The artery descends through the foramen magnum on the anterior surface of the 

Fig. 1.31 Endoscopic endonasal exposure of the anteromedial aspect of the CVJ. The supracon-
dylar groove corresponds to an area at the level of the superior surface of the occipital condyle 
formed by the insertion of the rectus capitis anterior muscle, anterior atlanto-occipital membrane, 
and atlanto-occipital capsule joint, which have been removed. The tectorial membrane is a thin 
membranous structure at the anteromedial CVJ that serves as the posterior border to the supra- 
odontoid space. It runs posterior to the cruciform ligament in intimate contact with the dura mater 
of the clivus posteriorly. The tectorial membrane firmly adhered to the cranial base and body of the 
axis, where it is continuous with the posterior longitudinal ligament. CD clival dura; C1 atlas; 
mat  median anterior tubercle; OC  occipital condyle; SCG supracondylar groove; TM tectorial 
membrane
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medulla and the spinal cord in or near the anteromedian fissure. On the medulla, 
it supplies the pyramids and their decussation, the medial lemniscus, the inter-
olivary bundles, the hypoglossal nuclei and nerves, and the posterior longitudinal 
fasciculus. It anastomoses with the anterior branches of the radicular arteries 
entering the cervical foramina [1, 2, 43]. The median anterior spinal vein, that 
courses in the anteromedian spinal fissure deep to the anterior spinal artery, is 
continuous with the median anterior medullary vein that courses on the anterome-
dian sulcus of the medulla [38–40].

Fig. 1.32 Endoscopic endonasal exposure of the intradural anteromedial aspect of the CVJ. The 
intradural anteromedial aspect of the CVJ corresponds to the medullary pyramids, which face the 
clivus, the anterior edge of the foramen magnum, and the rostral part of the odontoid process. The 
anterior median sulcus divides the medulla between the pyramids and is continuous caudally with 
the anterior median fissure of the spinal cord. The fourth segment of the vertebral artery (V4) in its 
anterior medullary segment is visible. This segment begins at the pre-olivary sulcus, courses in 
front of, or between, the hypoglossal rootlets, and crosses the pyramid to join with the other verte-
bral artery at or near the ponto-medullary sulcus to form the basilar artery. The anterior spinal 
artery is formed by the union of the paired anterior ventral spinal arteries near the origin of the 
basilar artery. The artery descends through the foramen magnum on the anterior surface of the 
medulla and the spinal cord in or near the anteromedian fissure. The rootlets forming the hypoglos-
sal nerve, the glossopharyngeal, and vagal nerve run laterally from the lateral surface of the brain-
stem in the cerebello-medullary cistern. The only location where the glossopharyngeal nerve may 
consistently be distinguished from the vagal nerve is just proximal to its entrance at the jugular 
foramen. AMS anterior median sulcus; ASA anterior spinal artery; MPl left medullary pyramid; 
MPr right medullary pyramid; VAams vertebral artery anterior medullary segment; IX glossopha-
ryngeal nerve; X vagal nerve; XII hypoglossal nerve
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1.6  Conclusions

The complex anatomy of the CVJ deserves to be unlocked through a chamaleontic 
perspective based on microsurgical posterior and lateral and anterior endoscopic 
investigation. The integration of the anatomic knowledge coming from different and 
complementary perspectives with three-dimensional computer-based information is 
mandatory to create a safe and effective surgical decision-making process.

Fig. 1.33 Endoscopic endonasal exposure of the cerebello-medullary fissure through an antero-
medial perspective. The glossopharyngeal, vagal, and medullary portions of the accessory nerve 
origin from the posterior edge of the inferior olive in the post-olivary sulcus. In the cerebello- 
medullary cistern, the medullary and spinal portions of the accessory nerve unite and run together 
with the glossopharyngeal and vagal nerves to the jugular foramen. The hypoglossal nerve arises 
as a line of rootlets that exit the brainstem along the anterior margin of the lower olive in the pre- 
olivary sulcus, a groove between the olive and medullary pyramid. The rootlets of the hyploglossal 
nerve pass behind the vertebral artery to reach the hypoglossal canal. The posterior inferior cere-
bellar artery enters the cerebello-medullary cistern after originating from the fourth segment (V4) 
of the vertebral artery intradurally. In the cerebello-medullary cistern the artery passes around the 
rootlets of the glossopharyngeal, vagal, and accessory nerves and pursues a posterior course 
around the medulla. HC hypoglossal canal; IO inferior olive; PICA posterior inferior cerebellar 
artery; IX glossopharyngeal nerve; X vagal nerve; XI accessory nerve; XII hypoglossal nerve
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