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Preface

This excellent and insightful book details abnormalities and treatments of the 
craniovertebral junction. It provides an overview of the human anatomy, with an 
emphasis on biomechanics, including the sagittal balance concept of surgical tech-
niques. Even more so, it describes important perioperative considerations, such as 
the planning of surgical incisions, anesthesiological considerations, and types of 
preoperative and intraoperative image guidance.

In particular, the authors thoroughly explain surgery techniques per se. These 
include the traditional anterior, posterior, and posterolateral approaches, as well as 
innovative minimally invasive and endovascular approaches.

The last part of the book describes in detail how best to treat many of the wide 
variety of abnormalities that can afflict the craniovertebral junction. It examines 
both trauma and tumors, not only extra-axial tumors but also inflammatory tumors 
and foramen magnum tumors.

The authors close with a review of the vascular abnormalities that can afflict the 
craniovertebral junction and how best to treat them. Lastly, they discuss infectious 
metabolic diseases that can affect the craniovertebral junction.

This text is a comprehensive review of craniovertebral surgical techniques, anat-
omy, and abnormalities. The only aspect not covered is the embryological develop-
ment of this area of the spine, but the authors do not purport to do so. Other authors 
have written tomes addressing the treatment of craniovertebral junction abnormali-
ties. In this book, however, the authors describe techniques and provide added infor-
mation gleaned from the surgical literature published during the past several years. 
These include the sagittal balance concept applied to the craniovertebral junction; 
innovative approaches, such as the far-lateral transventricular, the extreme lateral, 
and the anterolateral approaches; innovative techniques applied to neurosurgery 
techniques; and recent minimally invasive and endovascular approaches. 
Subsequently, it provides much information to the reader that can aid diagnosis and 
treatment considerations to address abnormalities of the craniovertebral junction in 
the modern arena.

This comprehensive textbook on the management of abnormalities that can pres-
ent at the craniovertebral junction should be in the library of every surgeon who 
diagnoses and treats problems in this very complex area of the spine.

Phoenix, AZ, USA� Volker K. H. Sonntag  
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1Relevant Anatomy 
of the Craniovertebral Junction

Elena d’Avella, Luigi Maria Cavallo, Matteo De Notaris, 
Jose Pineda, Alberto Di Somma, Paolo Cappabianca, 
and Alberto Prats-Galino

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 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_1&domain=pdf


4

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 

a b

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

E. d’Avella et al.
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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

1  Relevant Anatomy of the Craniovertebral Junction
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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

E. d’Avella et al.
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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

1  Relevant Anatomy of the Craniovertebral Junction
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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

E. d’Avella et al.
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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

1  Relevant Anatomy of the Craniovertebral Junction
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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].

E. d’Avella et al.
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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

1  Relevant Anatomy of the Craniovertebral Junction
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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.


	Preface
	Contents
	Part I: Introduction
	1: Relevant Anatomy of the Craniovertebral Junction
	1.1	 Introduction
	1.2	 Posteromedial Perspective of the CVJ (Fig. 1.2)
	1.2.1	 Bony Structures
	1.2.2	 Muscular Relationships (Fig. 1.4)
	1.2.3	 Extradural Structures
	1.2.4	 Intradural Anatomy (Fig. 1.8)

	1.3	 Posterolateral Perspective of the CVJ (Fig. 1.9)
	1.3.1	 Bony Structures
	1.3.2	 Muscular Relationships
	1.3.3	 Extradural Structures
	1.3.4	 Intradural Structures

	1.4	 Anterolateral Perspective of the CVJ
	1.4.1	 Bony Structures
	1.4.2	 Muscular Relationships
	1.4.3	 Extradural Structures

	1.5	 Anteromedial Perspective of the CVJ
	1.5.1	 Bony Structures
	1.5.2	 Muscular Relationships
	1.5.3	 Extradural Structures
	1.5.4	 Intradural Structures

	1.6	 Conclusions
	References

	2: Surgical Anatomy of the Vertebral Artery at Craniovertebral Junction Level
	2.1	 Anatomy of the Vertebral Artery V3 Segment
	2.1.1	 V3 Segment Portions
	2.1.2	 Periosteal Sheath, Venous Plexus, and Distal Dural Ring
	2.1.3	 Normal Variability in the Course of the V3 Segment
	2.1.4	 Branches

	2.2	 Anatomical Variations
	2.2.1	 Size
	2.2.2	 Abnormal Course of the Vessels at the Craniovertebral Junction
	2.2.2.1	 Extracranial–Extradural Origin of the PICA
	2.2.2.2	 Anastomoses
	2.2.2.3	 Duplications–Fenestrations
	2.2.2.4	 Intradural Course of the C1–C2 VA
	2.2.2.5	 High-Riding VA

	2.2.3	 Bone Anomalies

	2.3	 Conclusions
	References

	3: Radiological Assessment of the Craniovertebral Junction
	3.1	 Introduction
	3.2	 Imaging in Trauma
	3.2.1	 Imaging in Joint Dislocations
	3.2.1.1	 Occipital-Atlas Dissociation
	3.2.1.2	 Atlas-Axis Distraction

	3.2.2	 Imaging in Fractures
	3.2.2.1	 Fractures of the Occipital Condyles
	3.2.2.2	 Fractures of Atlas (C1)
	3.2.2.3	 Fractures of Axis (C2)


	3.3	 Imaging in Vascular Anatomy: The Vertebral Artery
	3.4	 Bone Anomalies at the CCJ
	3.4.1	 CCJ Craniometry
	3.4.2	 Bone Anomalies
	3.4.2.1	 Occipital Bone
	3.4.2.2	 Atlas
	3.4.2.3	 Axis


	3.5	 Conclusions
	References

	4: Biomechanics of the CVJ
	4.1	 CVJ Motion
	4.2	 Biomechanics Flexibility Testing
	4.3	 Load-Deformation Response of the CVJ
	4.4	 Physiological Biomechanics
	4.5	 Biomechanics of Simple CVJ Pathology: Overview
	4.6	 Alar Ligament Failure
	4.7	 Transverse Ligament Failure
	4.8	 Capsular Ligament Failure
	4.9	 Biomechanics Effects of Atlas Fractures
	References

	5: Sagittal Balance Concept Applied to the Craniovertebral Junction
	5.1	 Comparative Anatomy and Evolution of Balance
	5.2	 Functional Anatomy
	5.3	 Degenerative Conditions
	5.4	 Other CVJ Alignment Considerations
	5.5	 Alignment Considerations When Operating on the CVJ
	5.6	 Conclusions
	References

	Glossary

	Part II: Perioperative Considerations
	6: Surgical Positioning
	6.1	 Introduction
	6.2	 Supine Position
	6.2.1	 The Body
	6.2.2	 The Head

	6.3	 The Prone Position
	6.3.1	 The Body
	6.3.2	 The Head

	6.4	 Lateral Position
	6.4.1	 Park Bench Position

	References

	7: Neuroanesthetic Considerations for Patients Undergoing Posterior Fossa and Craniovertebral Junction Surgery
	References

	8: Perioperative Management: Surgical Site Infection Prevention, DVT Prophylaxis, and Blood Loss Management
	8.1	 Prevention of Surgical Site Infections in Spine Surgery
	8.1.1	 Preoperative Phase [5]
	8.1.2	 Perioperative Phase [5]
	8.1.3	 Postoperative Phase

	8.2	 Deep Vein Thrombosis and Pulmonary Embolism Prophylaxis
	8.2.1	 Diagnostic Methods for DVT and PE
	8.2.2	 Recommendations for Appropriate Antithrombotic Prophylaxis
	8.2.2.1	 Mechanical Prophylaxis
	8.2.2.2	 Chemical Prophylaxis


	8.3	 Blood Loss Management
	8.3.1	 Management of Preoperative Anemia
	8.3.2	 Preoperative Management of Antiplatelet Aggregation
	8.3.3	 Preoperative Management of Anticoagulants
	8.3.4	 Fluid Administration and Fluid Challenge
	8.3.5	 Blood Recovery Systems
	8.3.6	 Pharmacological Strategy: Antifibrinolytics
	8.3.7	 Intraoperative Direct Control of Bleeding
	8.3.7.1	 Mechanical Compression and Thermal Coagulation
	8.3.7.2	 Local Pro-Hemostatic Methods

	8.3.8	 Specific Concerns During CVJ Surgery

	References

	9: Surgery of the Cranio-Vertebral Junction: Image Guidance, Navigation, and Augmented Reality
	9.1	 Introduction
	9.2	 Definitions
	9.3	 Basic Principles
	9.3.1	 Matching the Resolution and Precision to the Needs
	9.3.2	 Data Set Acquisition Resolution
	9.3.3	 Imaging Distortion
	9.3.4	 Registration Accuracy
	9.3.5	 Structures’ Motion and Deformations

	9.4	 Spinal Navigation: Current Status
	9.5	 Case Description
	9.6	 Perspectives
	References


	Part III: Surgical Techniques
	10: Open Transoral Approach
	10.1	 Indications for Open Transoral Surgery
	10.2	 Pathologies and Trends
	10.3	 Preoperative Assessment
	10.4	 Consent for Surgery
	10.5	 Technique
	10.6	 Perioperative Management
	10.7	 Management of Complications
	10.7.1	 Infection
	10.7.2	 CSF Leak
	10.7.3	 Wound Breakdown and Hematoma
	10.7.4	 Delayed Complications

	References

	11: Endoscopic Transnasal Approach
	11.1	 Introduction
	11.1.1	 Anterior Versus Posterior Approach
	11.1.2	 Transoral Versus Transnasal Approach

	11.2	 Indications
	11.3	 Feasibility of the Endoscopic Endonasal Odontoidectomy
	11.3.1	 Nasopalatine Line
	11.3.2	 Naso-Axial Line
	11.3.3	 Hard-Palate Line
	11.3.4	 Rhinopalatine Line
	11.3.4.1	 Operative Technique

	11.3.5	 Patient Positioning and Preparation
	11.3.6	 Nasal Phase
	11.3.7	 Nasopharynx Phase
	11.3.8	 C1 Anterior Arch Preservation in Selected Cases
	11.3.9	 Craniovertebral Junction Phase and Closure
	11.3.10	 Posterior Fusion

	11.4	 Case Series
	11.5	 Postoperative Management
	References

	12: Odontoid Screw Fixation and Anterior C1-C2 Fixation Techniques
	12.1	 Introduction
	12.2	 Odontoid Screw Fixation Technique
	12.2.1	 Treatment Indications
	12.2.2	 Surgical Technique
	12.2.2.1	 Patient Positioning
	12.2.2.2	 Operating Theater Set-Up
	12.2.2.3	 Incision and Exposure
	12.2.2.4	 Odontoid Screw Insertion
	12.2.2.5	 End of Procedure


	12.3	 Anterior C1-C2 Fixation Technique
	12.3.1	 Treatment Indications
	12.3.1.1	 Patient Positioning
	12.3.1.2	 Incision and Exposure
	12.3.1.3	 C1-C2 Screwing


	12.4	 Risks and Complications
	12.5	 Conclusions
	References

	13: Atlanto-Axial Fixation Techniques
	13.1	 Introduction
	13.2	 Indications
	13.3	 Techniques of C1-C2 Fusion
	13.3.1	 Dorsal Wiring Techniques
	13.3.1.1	 Gallie Fusion
	13.3.1.2	 Brooks-Jenkins Fusion
	13.3.1.3	 Sonntag Posterior C1-C2 Technique

	13.3.2	 Interlaminar Clamp Technique
	13.3.3	 C1-C2 Transarticular Screws
	13.3.4	 C1 Lateral Mass Screw, C2 Pars-, Pedicle-, or Translaminar Screws

	13.4	 Case Presentations
	13.5	 Conclusions
	References

	14: Occipito-Cervical Fixation Techniques
	14.1	 Indications
	14.2	 Historical Techniques
	14.3	 Patient Positioning
	14.4	 Surgical Approach
	14.5	 Occipital Fixation
	14.6	 Cervical Fixation
	14.7	 Fusion Techniques
	References

	15: Far Lateral Transcondylar Transtubercular Approach
	15.1	 Indications
	15.2	 Anatomy
	15.2.1	 Muscle Layers
	15.2.2	 Bony Anatomy
	15.2.3	 Vertebral Artery

	15.3	 Surgical Technique
	15.3.1	 Preoperative Considerations
	15.3.2	 Positioning and Skin Incision
	15.3.3	 Muscle Dissection and Suboccipital Triangle
	15.3.4	 Exposure of the Extradural Vertebral Artery
	15.3.5	 Suboccipital Craniectomy and C1 Laminectomy
	15.3.6	 Joint-Sparing Transcondylar Resection
	15.3.7	 Transtubercular Resection
	15.3.8	 Intradural Exposure
	15.3.9	 Wound Closure
	15.3.10	 Occipitocervical Stabilization

	15.4	 Conclusion
	References

	16: Anterolateral and Extreme Lateral Approaches
	16.1	 Introduction
	16.2	 Anterolateral Approach
	16.3	 Differential Diagnosis of CVJ Lesions and Indications for ALA (cf. Table 16.1)
	16.4	 Preoperative Considerations
	16.4.1	 Vertebral Artery

	16.5	 Surgical Anatomy and Technique
	16.5.1	 Positioning
	16.5.2	 Neurophysiological Monitoring and Surgical Adjuncts
	16.5.3	 Skin Incision
	16.5.4	 High Cervical Dissection and Exposure of the Vertebral Artery
	16.5.4.1	 Dissection Between the SCM and Internal Jugular Vein
	16.5.4.2	 Identification of the Posterior Edge of the Digastric Muscle
	16.5.4.3	 Detachment and Mobilization of the Digastric Muscle
	16.5.4.4	 Identification of the Accessory Nerve and Dissection of the Fat Pad (Fig. 16.4d, e)
	16.5.4.5	 Identification of the Suboccipital Triangle (Fig. 16.4f)
	16.5.4.6	 Exposure of the Transverse Process (TP) of C1
	16.5.4.7	 VA Exposure
	16.5.4.8	 Rectus Capitis Lateralis Muscle (RCLM) (Fig. 16.5a, b)

	16.5.5	 Variations and Extensions
	16.5.5.1	 Transposition of the VA
	16.5.5.2	 Condylar Resection
	16.5.5.3	 Inferior Extension to the C2-4 Vertebrae
	16.5.5.4	 Intradural Extension, Combined Extradural, and Intradural Approach
	16.5.5.5	 Endoscope Assistance Through an ALA


	16.6	 Complication Avoidance and Management
	16.7	 Clinical Cases
	16.8	 Summary
	References

	17: Minimally Invasive Techniques Applied to the Cranio-Vertebral Junction
	17.1	 Introduction
	17.2	 Anterior Odontoid Screw Fixation
	17.2.1	 Indications
	17.2.2	 Preoperative Planning
	17.2.3	 Surgical Technique
	17.2.4	 Postoperative Care
	17.2.5	 Complications

	17.3	 Anterior Transarticular Screw Fixation
	17.3.1	 Indications
	17.3.2	 Preoperative Planning
	17.3.3	 Surgical Technique
	17.3.4	 Postoperative Care
	17.3.5	 Complications

	17.4	 Posterior Atlantoaxial Fixation
	17.4.1	 Indications
	17.4.2	 Preoperative Planning
	17.4.3	 Surgical Technique
	17.4.4	 Postoperative Care
	17.4.5	 Complications

	17.5	 Anterior Occipito-Cervical Fixation
	17.6	 Conclusion
	References

	18: Endovascular Approaches: Indications and Techniques
	18.1	 Part 1: Craniovertebral Junction Aneurysms
	18.1.1	 Vertebral Artery Aneurysms
	18.1.2	 Posterior Inferior Cerebellar Artery Aneurysms
	18.1.3	 Vertebro-Basilar Aneurysms

	18.2	 Part 2: Arteriovenous Malformations and Tumors Encasing the Vertebral Artery—Temporary Balloon Occlusion and Tumor Embolization
	18.2.1	 Arteriovenous Malformations and Fistulas of the Vertebral Artery
	18.2.2	 Tumors Encasing the Vertebral Artery
	18.2.2.1	 Tumor Embolization
	18.2.2.2	 Vertebral Artery Deconstruction: The Role of Temporary Balloon Occlusion


	18.3	 Part 3: Mechanical Thrombectomy in the Management of Vertebro-Basilar Artery Strokes
	18.4	 Conclusion
	References


	Part IV: Management of Cranio-Vertebral Junction Lesions
	19: Craniovertebral Junction Instability and Mechanisms of Injury
	19.1	 Introduction
	19.2	 Biomechanics of the Injured Spine
	19.2.1	 Ligamentous Injuries
	19.2.1.1	 Rupture of the Transverse Ligament
	19.2.1.2	 Rupture of the Joint Capsules
	19.2.1.3	 Rupture of the Alar Ligament

	19.2.2	 Bony Injuries

	19.3	 Mechanisms of Injury
	19.3.1	 Pure Compression
	19.3.1.1	 Fracture of the Occipital Condyle
	19.3.1.2	 Fracture of the Lateral Mass of C1
	19.3.1.3	 Fracture of the Lateral Mass of C2
	19.3.1.4	 Fractures of C2 Vertebral Body

	19.3.2	 Distraction (Hyperflexion or Hyperextension)
	19.3.2.1	 Occipital Cervical Dislocation
	19.3.2.2	 Jefferson Fracture
	19.3.2.3	 Atlantoaxial Dislocation
	19.3.2.4	 Type II Odontoid Fracture
	19.3.2.5	 Hangman’s Fracture

	19.3.3	 Translation
	19.3.3.1	 Occipito-Cervical Dislocation
	19.3.3.2	 Rupture of the Transverse Ligament
	19.3.3.3	 Type II Odontoid Fracture

	19.3.4	 Rotation
	19.3.4.1	 Rupture of C1-C2 Capsular Ligaments
	19.3.4.2	 Atlantoaxial Rotatory Subluxation


	19.4	 Recognize the Unstable Lesions
	19.4.1	 Indirect Signs
	19.4.2	 Direct Signs

	19.5	 Conclusions
	References

	20: Classification and Radiological Assessment of CVJ Trauma
	20.1	 Introduction
	20.2	 Atlanto-Occipital Dislocation (AOD)
	20.2.1	 Occipital Condyle Fractures (OCF)
	20.2.2	 C1 Fractures
	20.2.2.1	 Shear Fracture of the Anterior Arch of C1

	20.2.3	 C2 Fractures
	20.2.3.1	 Odontoid Fractures
	20.2.3.2	 C2 Hangman Fracture
	20.2.3.3	 C2 Body Fractures


	20.3	 Radiological Assessment of CVJ Trauma
	20.4	 Conclusions
	References

	21: Surgical Decision-Making in Cranio-Vertebral Junction Trauma: A Case Illustrated Chapter
	21.1	 Introduction
	References

	22: Management of Retro-Odontoid Pseudotumor
	22.1	 Introduction
	22.2	 Surgical Techniques and Indications
	22.2.1	 Direct Removal of Retro-Odontoid Pseudotumor
	22.2.1.1	 Transnasal/Transoral-Transpharyngeal Approach
	22.2.1.2	 High Cervical Lateral Approach
	22.2.1.3	 Posterior Extradural/Transdural Approach via Laminectomy

	22.2.2	 Induced Spontaneous Regression of Retro-Odontoid Pseudotumor
	22.2.2.1	 C1 Laminectomy/Laminoplasty
	22.2.2.2	 Posterior Decompression with Atlantoaxial/Occipito-Cervical Fixation


	22.3	 An Illustrated Case of Retro-Odontoid Pseudotumor
	References

	23: Classification and Radiological Assessment of CVJ Tumors
	23.1	 Classification
	23.2	 Extradural, Benign Tumors
	23.2.1	 Osteogenic
	23.2.1.1	 Osteoid Osteoma
	23.2.1.2	 Osteoblastoma

	23.2.2	 Cartilageneous
	23.2.2.1	 Osteochondroma
	23.2.2.2	 Enchondroma

	23.2.3	 Vascular
	23.2.3.1	 Hemangioma
	23.2.3.2	 Aneurysmal Bone Cyst

	23.2.4	 Fibrous Tissue Tumors
	23.2.5	 Fat Cell Tumors
	23.2.5.1	 Lipoma
	23.2.5.2	 Angiolipoma

	23.2.6	 Miscellaneous
	23.2.6.1	 Eosinophilic Granuloma
	23.2.6.2	 Solitary Plasmocytoma


	23.3	 Malignant Tumors
	23.3.1	 Osteogenic
	23.3.1.1	 Osteosarcoma

	23.3.2	 Cartilageneous
	23.3.2.1	 Chondrosarcomas

	23.3.3	 Vascular
	23.3.3.1	 Hemangiopericytoma
	23.3.3.2	 Angiosarcoma/Hemangioendothelioma

	23.3.4	 Tumors of Unknown Origin
	23.3.4.1	 Giant Cell Tumor (GCT)
	23.3.4.2	 Ewing’s Sarcoma

	23.3.5	 Miscellaneous
	23.3.5.1	 Chordoma


	23.4	 Secondary Tumors
	23.5	 Intradural Tumors
	23.5.1	 Neuroepithelial Tumors
	23.5.2	 Schwannoma
	23.5.3	 Meningioma

	References

	24: Primary Osseous and Metastatic Neoplasms of the CVJ
	24.1	 Introduction
	24.2	 Presentation
	24.3	 Epidemiology and Classification
	24.3.1	 Metastases
	24.3.2	 Primary Osseous Tumors

	24.4	 Diagnostic Workup
	24.4.1	 Imaging
	24.4.2	 Laboratory Studies

	24.5	 Treatment Strategy
	24.5.1	 Radiation
	24.5.2	 Surgery
	24.5.2.1	 Metastases
	24.5.2.2	 Primary Tumors


	References

	25: Intramedullary Tumors of the Cervicomedullary Junction
	25.1	 Introduction
	25.2	 Epidemiology
	25.3	 Clinical Signs and Symptoms
	25.4	 Radiological Findings
	25.5	 Preoperative Planning
	25.6	 Advanced Neuroimaging: DTI
	25.7	 Treatment
	25.7.1	 Surgical Approaches
	25.7.2	 Suboccipital Median Approach
	25.7.2.1	 Accessory Surgical Routes to IV Ventricle

	25.7.3	 Far Lateral or Postero-Lateral Approach
	25.7.4	 Medulla Oblongata: Deep Tumors and Medullary Safe Entry Zones
	25.7.4.1	 Surgical Access to the Dorsal Caudal and Rostral Medulla Oblongata
	25.7.4.2	 Surgical Access to the Ventral Bulb

	25.7.5	 Medulla Oblongata: Superficial and Exophytic Tumors
	25.7.6	 Median Posterior Cervical Approach

	25.8	 Tumor Removal and Neurophysiological Monitoring
	25.9	 Discussion and Outcome
	25.10	 Our Results/Institutional Findings
	25.11	 Conclusions
	References

	26: The Anterior (Endoscopic Endonasal) Approach and Outcomes for Foramen Magnum Tumors
	26.1	 Introduction
	26.2	 Case Illustration
	26.2.1	 Differential Diagnosis
	26.2.2	 Surgery
	26.2.3	 Closure
	26.2.4	 Postoperative Course

	26.3	 Discussion
	26.4	 Conclusion
	References

	27: Foramen Magnum Tumours: Posterior Approaches and Outcome
	27.1	 Symptoms
	27.2	 Diagnosis
	27.3	 Classification
	27.4	 Presurgical Considerations
	27.5	 Technique of Dorsal Midline or Paramedian Approach
	27.6	 Technique of Dorsal Paramedian Approach
	27.7	 Outcome
	References

	28: Surgery Involving the Vertebral Artery at the Cranio-vertebral Junction
	28.1	 Introduction
	28.2	 VA Exposure
	28.2.1	 Posterolateral Approach
	28.2.2	 Anterolateral Approach
	28.2.2.1	 Exposure of the Two Vertical and Horizontal VA Segments
	28.2.2.2	 Opening of the Transverse Foramen of Atlas and VA Transposition

	28.2.3	 Extension Upstream and Downstream

	28.3	 Applications of the VA Exposure
	28.3.1	 VA Revascularization
	28.3.2	 Extrinsic Compression of the VA; Bow Hunter Syndrome
	28.3.3	 FM Tumors
	28.3.4	 CVJ Tumors
	28.3.5	 JF Tumors

	28.4	 Risks and Hazards of the VA Exposure
	28.5	 Conclusions
	References

	29: Management of Aneurysms and AVMs at the Cranio-vertebral Junction
	29.1	 Aneurysms
	29.1.1	 Vertebral Artery–PICA Saccular Aneurysms
	29.1.1.1	 Introduction
	29.1.1.2	 Clinical Presentation
	29.1.1.3	 Neuroradiological Assessment
	29.1.1.4	 Anatomy of VA–PICA Convergence and PICA
	29.1.1.5	 Aneurysm’s Anatomical Features
	29.1.1.6	 Preoperative Management
	29.1.1.7	 Surgical Approaches
	Posterior-Lateral Approaches
	Retro-Sigmoid Approach
	Endoscopic Extended Endonasal Approach

	29.1.1.8	 Clipping Technique
	29.1.1.9	 Complications and Outcome

	29.1.2	 Distal PICA Saccular Aneurysms
	29.1.3	 Non-saccular VA and VA–PICA, Distal PICA Aneurysms

	29.2	 Arteriovenous Malformations
	29.2.1	 Anterior and Lateral Medullary and Cervical-Medullary Junction AVMs
	29.2.1.1	 Introduction
	29.2.1.2	 Clinical Presentation and Neuroradiological Assessment
	29.2.1.3	 Regional Vascular Anatomy
	29.2.1.4	 AVM’s Anatomical Features
	29.2.1.5	 Preoperative Management
	29.2.1.6	 Surgical Approach
	29.2.1.7	 Exclusion Techniques
	29.2.1.8	 Complications and Outcome


	29.3	 Dural Arteriovenous Fistulas
	29.3.1	 Dural Arteriovenous Fistulas at the Craniovertebral Junction
	29.3.1.1	 Introduction
	29.3.1.2	 Clinical Presentation and Neuroradiological Assessment
	29.3.1.3	 Regional Vascular Anatomy
	29.3.1.4	 DAVF’s Anatomical Features
	29.3.1.5	 Preoperative Management
	29.3.1.6	 Surgical Approach
	29.3.1.7	 Exclusion Techniques
	29.3.1.8	 Complications and Outcome


	29.4	 Case Illustrations

	30: Posterior Fossa Revascularization Options at the Cranio-vertebral Junction
	30.1	 Bypass Techniques
	30.1.1	 Background
	30.1.2	 Posterior Inferior Cerebellar Artery in Situ Bypass Options
	30.1.3	 Description of the Technique

	30.2	 Occipital Artery to PICA
	30.2.1	 Background
	30.2.2	 Occipital Artery
	30.2.3	 Description of the Technique

	30.3	 Vertebral Artery-PICA
	30.3.1	 Vertebral Artery Anatomy
	30.3.2	 Description of the Technique
	30.3.3	 Vertebral Artery Sacrifice and Jump Graft

	30.4	 Summary

	31: Management of Cavernous Malformation of the Cervicomedullary Junction
	31.1	 Introduction
	31.2	 Natural History and Indications
	31.3	 Anatomy
	31.4	 Surgical Approaches
	31.5	 Technique
	31.5.1	 Developmental Venous Anomaly
	31.5.2	 Navigation
	31.5.3	 Neurophysiological Monitoring
	31.5.4	 Microsurgical Instruments

	31.6	 Conclusions
	References

	32: Management of Chiari Malformation
	32.1	 Introduction
	32.2	 Pathophysiology
	32.2.1	 Intracranial Hypertension
	32.2.2	 Skull Deformities
	32.2.3	 Cranio-cervical Junction Deformities
	32.2.4	 “Typical” CMI
	32.2.5	 Spinal Cord Tethering
	32.2.6	 Intracranial Hypotension (IH)

	32.3	 Clinical Diagnosis
	32.4	 Indications for Surgery
	32.5	 Surgical Technique
	32.5.1	 Minimally Invasive Technique and Rationale

	32.6	 Surgical Complications
	32.6.1	 What to Expect from Surgery and How to Manage Failures

	32.7	 Conclusions and Future Perspectives
	References

	33: Congenital Anomalies of Cranio-vertebral Junction
	33.1	 Introduction
	33.2	 Pathogenesis of AAD, BI, and Coexisting Congenital CVJ Anomalies: Embryological, Anatomical, and Biomechanical Considerations
	33.3	 Various Classifications for CVJ Anomalies
	33.3.1	 Vertebral Artery Anomalies
	33.3.1.1	 Clinical Presentation
	33.3.1.2	 Radiological Diagnosis

	33.3.2	 Methods of Measurement of Severity of BI
	33.3.3	 Evaluation of Rotational Dislocation and Coronal Tilt

	33.4	 Management of Congenital CVJ Anomalies
	33.4.1	 Basic Principles of Treatment
	33.4.2	 Preoperative Traction (Closed Reduction)
	33.4.3	 Factor Influencing the Reducibility of Irreducible Atlanto-axial Dislocation with or Without Basilar Invagination
	33.4.4	 Types of Approaches

	33.5	 Surgical Management of BI with ACM and Syrinx Without AAD
	33.5.1	 Debate: Anterior Vs. Posterior Approach

	33.6	 Conclusions
	References

	34: Infections at the Cranio-vertebral Junction
	34.1	 Introduction
	34.2	 Cervical Spine Infection
	34.3	 Anatomy of CVJ and Infections
	34.3.1	 Blood Supply and Lymphatics
	34.3.2	 Retropharyngeal Space (RPS) Relevant Anatomy

	34.4	 Pyogenic Spine Infection and C-Spine Involvement
	34.4.1	 Pathogenesis
	34.4.2	 Clinical Presentation
	34.4.3	 Laboratory
	34.4.4	 Imaging

	34.5	 Tuberculosis of the Cervical Spine
	34.5.1	 Pathology
	34.5.2	 Clinical Features
	34.5.3	 Imaging
	34.5.4	 Management
	34.5.4.1	 Surgical Management: Indications


	References

	35: Rheumatoid Cervical Myelopathy
	35.1	 Introduction
	35.2	 Disease Burden and Natural History
	35.2.1	 Burden of Disease
	35.2.2	 Natural History

	35.3	 Pathogenesis and Pathology
	35.3.1	 Pathogenesis
	35.3.2	 Pathology
	35.3.2.1	 Retro-Odontoid Soft Tissue (ROST)
	35.3.2.2	 Atlanto-axial Subluxation (AAS)
	35.3.2.3	 Cranial Settling (CS) or Basilar Invagination (BI)
	35.3.2.4	 Subaxial Subluxation (SAS)


	35.4	 Clinical Features
	35.5	 Clinical Grading of the Functional Status in Rheumatoid Cervical Myelopathy
	35.6	 Role of Neuroimaging
	35.6.1	 Plain Radiographs
	35.6.2	 Computed Tomographic (CT) Scan of the Cervical Spine Including CVJ
	35.6.3	 MRI of the Cervical Spine Including the CVJ

	35.7	 Management
	35.7.1	 The Place of Conservative Treatment
	35.7.2	 Surgical Treatment
	35.7.3	 Complications of Surgery

	35.8	 Surgical Outcome
	35.9	 Conclusions
	References


	Index

