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Imaging of the Craniocervical junction: a pictorial review

Abstract

The craniocervical junction is a complex anatomical structure comprising the occiput, the
atlas and the axis. The craniocervical junction plays an important role in maintaining stability,
protection and supporting neurovascular structures. The craniocervical junction can be
affected by a wide range of congenital variants, traumatic, degenerative, inflammatory and
tumoral pathologies. The purpose of this pictorial review is twofold: (1) to review the normal
anatomy of the craniocervical junction (2) to present the most common anatomic variants
and pathologic conditions affecting the craniocervical junction.
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Anatomy of the cranicocervical junction

The craniocervical junction (CCJ) is a complex anatomical structure that includes the occiput,
the atlas, the axis, a variety of ligaments and muscles. The CCJ is required for maintaining the
stability and protection of vital neurovascular structures. On the other side a flexible mobility
has to be preserved to allow neck mobility. The two major joints are the atlanto-occipital joint
and the atlanto-axial joint. In the atlanto-occipital joint, the biomechanical features are
mainly established by bony structures, whereas those of the atlanto-axial joint are primary
determined by ligamentous structures?.

The foramen magnum is located at the base of the occipital bone and compromises the clivus
anteriorly, the squamosal portion posteriorly and the condyles in between?. The occipital
condyles are angled inferomedially, limiting the mobility of the atlanto-occipital joint. The
hypoglossal canal is located laterally of the condyles while the jugular foramen lays
anterolateral of the condyles.

The first cervical vertebra, the atlas, is a ring-shaped structure that has no vertebral body or
spinous process®. The atlas consists of two lateral masses that are connected via a short
anterior arch and a long posterior arch. The superior surface of each lateral mass interacts
with the occipital condyles while the inferior surface articulates with the superior articular
facet of the axis. The groove for the vertebral artery is formed at the base of the posterior
arch. The transverse foramen is located between the lateral mass of the atlas and the
transverse process.

The second cervical vertebra is the axis and it contributes to the atlanto-axial joint (C1-C2).
The ventral oval facet of the odontoid process projects cranially into the atlas and articulates



at the dorsal surface of anterior arch of the atlas. The spinous process of the axis is large and
concave at its caudal border?.

The ligamentous anatomy of the CCJ is complex but it is essential to provide motion and
stability of the neck. It can be divided into external and internal ligaments (» Fig. 1a-d). The
external ligamentous structures are further subdivided into anterior and posterior ligament
and the ligamentum nuchae. The internal ligaments are subdivided into an anterior, middle
and posterior group.

External ligaments

The anterior external ligaments of the CCJ are the anterior longitudinal ligament (ALL), the
anterior atlanto-occipital ligament (AAOL) and the anterior atlanto-axial ligament (AAAL). The
ALL runs anteriorly of the vertebral bodies. The AAOL connects the anterior aspect of the atlas
to the anterior part of the foramen magnum, located posteriorly to the prevertebral muscles?.
The AAAL attaches the caudal part of the anterior arch of the atlas to the anterior border of
the axis body.

The posterior atlanto-occipital membrane (PAOM), the posterior atlanto-axial ligament
(PAAL) and the extension of the ligamentum flava all make part of the posterior external
ligaments. The PAOM is a wide ligament that attaches the posterior part of the foramen
magnum with the posterior arch of the atlas, in continuity with the PAAL and the ligamentum
flavum34. Anteriorly, this ligament is in proximity with the dura mater and posteriorly with
the rectus capitis posterior minor muscle. The ligamentum nuchae is an extension of the
supraspinous ligament connecting the spinous process of C7 to the external occipital
protuberancel.

Internal ligaments

The anterior part compromises a thin apical ligament that extends from the superior part of
the odontoid process to the anterior base of the occiput. It is located between the AAOM and
the cruciform ligament. The thicker alar ligaments have a V-shaped configuration that
attaches the posterior surface of the dens with the base of the skull typically in a caudocranial
direction.

The cruciform/cruciate ligament is one of the most important ligaments of the body,
consisting of the transverse ligaments, accessory ligaments, superior and inferior extensions.
The transverse ligament is 6-7 mm in height and connects the dorsal aspect of the odontoid
process with a tubercle arising from the inner aspect of each lateral mass of the atlas>3®. It
allows rotation at the atlanto-axial joint, serving as one of the primary stabilizers of the CCJ.
The tectorial membrane is the posterior group of the internal ligaments, situated dorsal to
the cruciate ligament. It is a longitudinally oriented strong band of fibers that extends from
the posterior longitudinal ligament attaching to the axis body and the body of the dens and
finally attaching widely to the clivus of the occipital bone3.

Variants and developmental abnormalities

There is a wide variety in developmental anomalies of the CCJ that may mimic fractures.



Variants and anomalies of the atlas

A condylus tertius is the result of a failure of integration of the proatlas with the condyle,
leading to a well-delineated accessory ossicle located at the anteromedial margin of the
occipital condyle’.

Rachischisis can occur at the posterior and anterior arch of the atlas(» Fig. 2). Both variants
are rare. Absence of the posterior arch can be associated with atlanto-axial subluxation and
can result in spinal canal stenosis?. Split atlas refers to the combination of both posterior and
anterior rachischisis®. Developmental clefts of the arch of the atlas are more common,
frequently affecting the posterior arch. Most posterior arch clefts are situated at the midline,
while lateral clefts account for 3%2. Clefts of the anterior arch can lead to dysraphic anomaly
of the meninges or spinal cord and wide clefts may lead to atlas instability®.

The arcuate foramen occurs due to calcification of the posterior atlanto-occipital membrane
(»Fig. S1 in online supplementary material)°.

Variants of the axis

A persistent ossiculum terminale is the failure of the fusion of the secondary ossification
center of the dens, that normally fuses by the age of 12 year?.

The more common os odontoideum is a well delineated separate ossicle situated cranially to
a hypoplastic base of the dens at the location of the odontoid process (»Fig. 3). The anterior
arch of the atlas may be hypertrophic!. Associated incompetence of the cruciate ligament can
result in atlanto-axial instability®. This may further result in severe spinal canal stenosis due
to a wider gap between the os odontoideum and the axis body extending above the level of
the articular facets.

Pathology

Congenital disorders

Chiari malformation

Chiari malformation refers to a group of conditions affecting the posterior fossa that generally
have the common feature of displacement of the cerebellar tonsils through the foramen
magnum. It is subdivided into 5 subtypes (»Table 1).

Table 1 Subtypes of Chiari malformation

Subtype Characteristics

Type O Significant syrinx in absence of tonsillar herniation

Type 1 Herniation of cerebellar tonsils in the foramen magnum

Type 1.5 Herniation of cerebellar tonsils and brainstem

Type 2 Type 1.5 + myelomenigocele

Type 3 Small posterior fossa + cervical/ occipital encephalocele +/- variable neural
herniation

Type 4 Cerebellar hypoplasia




Type 5 Absence of cerebellum+ herniation of the occipital lobe in the foramen
magnum

Patients with a type 1 Chiari malformation (»Fig. 4) will present with a wide variety of
symptoms that can be categorized in three subgroups!®. The first subgroup consists of
headache due to cerebrospinal fluid obstruction, typically produced during Valsalval.
Hydrocephalus can be due to tonsillar herniation into the foramen magnum resulting in
transient increase in intracranial pressure. The second subgroup exists of a wide variety of
symptoms (absent gag reflex, hoarseness, nystagmus, ...) caused by brainstem, cerebellar or
cranial nerve dysfunction. Central sleep apnea is the result of brainstem or medullary
compression, sometimes seen in children. The last subgroup manifests as spinal cord
dysfunction resulting in upper and lower motor neuron signs due to syringomyelia.

MRI imaging is the preferred technique to evaluate Chiari malformation, particularly in the
sagittal plane. The radiologic definition of Chiari malformation is inferior herniation of the
cerebellar tonsils >5mm below the foramen magnum in adults (>3mm in children), measured
on a midline sagittal image!?. Although this finding may be found in the asymptomatic
population, the presence of “peg-like” or “pointed” tonsils and effacement of CSF are
radiologic features that are more likely associated with symptomatic patients!%!3,

Osteogenesis imperfecta

Osteogenesis imperfecta (Ol) is a rare skeletal dysplasia, which is mostly inherited autosomal
dominantly and rarely autosomal recessively. This genetic disorder affects type | collagen,
that is mainly located in bone, ligaments, dentin and sclerae generally resulting in bone
fragility and osteopenia®®. It has an incidence of 1/10 000-20000 newborns and 4 subtypes
are described'>*®: type I is a non-bone-deforming Ol with blue sclerae, type Il is perinatal
lethal associated with multiple intrauterine fractures, type /Il comprises severe progressive
deformities, type IV results in variable bone deformities, a short stature and often normal
sclerae. In the axial skeleton compression fractures, kyphoscoliosis and lumbar spondylosis
are common?’.

In patients with Ol the hallmark at the CCJ is basilar impression in association with basilar
invagination®’. Basilar impression is characterized by infolding of the occipital condyles and
the base of the posterior fossa is getting elevated in the margins of the foramen magnum?7:8,
This leads to a horizontally oriented clivus, resulting in an abnormal rostrally located clivus-
atlas-odontoid complex. These features give rise to the “tam-o’-shanter” or “Darth Vader”
skull (»Fig. 5). 1*8, Basilar impression is sequentially accompanied by upward migration of
the upper cervical column. Subsequently elevation and traction of the brainstem may
produce brainstem dysfunction and impingement of the cranial nerves!’. There is also
predisposition to changes in cerebrospinal fluid circulation resulting in hydrocephalus. Basilar
invagination can be demonstrated by conventional radiograph (CR) where the tip of the dens
axis protrudes >5 mm above the Chamberlain line or >7 mm above the McGregor line.
Visualisation of these landmarks may be challenging on CR due to the bone deformity and
osteopenia.



Morquio syndrome

Morquio’s syndrome, also named mucopolysaccharidosis type 1V, is an autosomal recessive
disease of glycosaminoglycan metabolism due to deficiency of the lysosomal enzyme
galactosamine-5-sulphate sulphatase!®. There are 2 types: type IV A and B. This syndrome
leads to skeletal dysplasia with abnormalities of the cartilage and ligaments and is often
diagnosed in the second year of life. Morquio’s disease is a spondylo-epi-(meta)-physeal
dysplasia®®. Type IVA, which is the most severe type, is characterized by kyphoscoliosis, a
small and abnormal thoracic cage, genu valgum, pectus carcinatum and a gait
disturbance®29,

Cervical and thoracic platyspondyly together with beaked-shaped vertebra are common in
MPS IVA®20, At the CC) Morquio’s syndrome is typically characterized by a dysplasia of C2
and more specifically odontoid hypoplasia in the most severely affected patients (»Fig. 6).
Another feature that may be present is a delayed ossification of the arches of C1, sometimes
resulting in atlantoaxial instability. These two features may predispose and lead to
atlantoaxial subluxation, basilar invagination, variable degree of spinal cord compression,
myelopathy, secondary severe neurological deficit, quadriplegia, respiratory compromises
and eventually death.

CR of the cervical spine taken during flexion and extension can show atlantoaxial instability.
Reactive thickening of the surrounding connective tissues, caused by the accumulation of
glycosaminoglycan, results in a soft tissue mass at the CCJ, predisposing to spinal cord
compression!®?0, The soft tissue mass is of low to intermediate signal on T1-weighted images
(WI) and low signal on T2-WI on MRI.

Table 2. Other congenital malformations affecting the craniocervical junction
Chondroosteo-dystrophy

Cleidocranial dysostosis

Klippel-feil syndrome

Down syndrome

Achondroplasia

Trauma

The CCJ is affected in 30% of cervical spine trauma?!. The two major mechanism for CCJ
injuries are a direct blow on the head and a deceleration of the body. Craniocervical instability
may result in secondary neurological injury. CR has long been the first imaging technique to
evaluate the cervical spine after trauma but has largely been taken over by CT. Since CCJ
injuries have the highest association with blunt cerebrovascular injuries, CT angiography is
the preferred vascular imaging modality to assess vascular damage. MRI is the best imaging
modality to investigate ligamentous injury, spinal cord injury and soft tissue. MRl is required
in case of suspected ligamentous injury, to further evaluate CCJ instability, patients with
neurologic deficits with/without normal CT and patients with discrepancy between the
symptoms and level of injury on CT?2,

Basi-occiput fractures and occipital condyle fractures



Basiocciput fractures often occur in high-energy trauma and is associated with a high
mortality due to close proximity of the brainstem, cranial nerves and vascular structures.
Retroclival epidural hematoma is a rare injury, associated with occipital fractures, more
frequently seen in children.

Occipital fractures have a variable clinical presentation. These fractured can be classified into
3 types according to Anderson and Montesano classification (»Fig. 7)?3. Type 1 fracture is a
comminuted impaction fracture without displacement of the bony fragments into the
foramen magnum. Type 2 fracture involves the basiocciput extending into the occipital bone,
that preserves stability due to an intact tectorial membrane and alar ligaments. Type 3
fracture is an avulsion fracture located at the occipital attachment of the alar ligament that
may result in displacement of the fragment into the foramen magnum. It is considered
unstable due to probable associated injuries of the tectorial membrane.

Craniocervical dislocations

Atlanto-occipital dislocation exists of a complete dislocation (AOD) or subluxation (AQS) of
the joint, both resulting from a high-energetic trauma. AOS is more frequently seen in children
due to an underdevelopment of the main ligamentous stabilizers and a less concave
articulation of the atlas®. AOD is considered as a complete disruption of the ligaments of the
atlas and the occiput. This is associated with a high mortality and morbidity due to a highly
unstable severe injury 2X. AOD can be subdivided into 3 subtypes determined by the direction
of luxation(»Fig. S2 in online supplementary material)’. A type 1 is an anterior luxation of
the occipital condyles towards the atlas, while a type 2 injury is a vertical luxation and a type
3 is a posterior displacement of the occipital condyles in relation to the atlas. Patients with
congenital abnormalities (»Table 2) at the CCJ are more prone to dissociative injuries of the
Cdl.

Atlanto-axial rotatory subluxation

Atlanto-axial rotatory subluxation (AARS) is an abnormal motion of the atlas in relation with
the axis that is more common in de paediatric population. Atlanto-axial rotatory fixation
refers to locking of the facets after trauma. The most frequently used classification is
developed by Fielding and Hawkings (»Fig. 8). 2. Type 1 is a rotatory subluxation without
anterior displacement of the atlas (<3mm). Type 2 is an anterior subluxation of 1 lateral mass
of the atlas of 3-5mm, while a type 3 is an anterior bilateral displacement of the lateral mass
with more than 5mm. Type 4 is a posterior displacement of the atlas with respect to the axis.
CT angiography may be indicated since there is an association with vertebral artery injury.

Atlas fractures (C1 vertebra)

Atlas fractures mostly occur due to an axial loading mechanism and is often accompanied
with fractures of the axis and the subaxial spine. Atlas fractures can be classified into 5
subtypes according to Jefferson (»Fig. 9)>%%. Type 1 fracture is an isolated posterior arch
fracture, while a type 2 only affects the anterior arch. Type 3 fracture is a bilateral fracture of
the anterior and posterior arch. A type 4 fracture involves the lateral mass and a type 5
fracture is a transverse avulsion fracture of the anterior arch which is considered unstable



due to avulsion of the longus colli or the atlantoaxial ligament. Atlas fractures may be
associated with injury of the transverse ligament that may result in instability of the CCJ
junction. An atlanto-dental interval > 3mm in adults and > 5 mm in children on CR or CT is
considered highly suggestive for involved ligamentous injury of the transverse ligament!. One
should not misinterpret a ‘pseudospread of the atlas’ for a Jefferson fracture. This is an entity
that occurs in children under 7 years of age consisting of a normal overhanging edges (up to
6 mm) of the lateral masses of C1 over the lateral edges of C2 due to a discrepancy in growth
of the atlas and axis?>.

AXxis fractures

Fracture of the C2 vertebra can be mainly subdivided into odontoid fractures and Hangman
fractures.

Odontoid fractures are the most common fractures of the CCJ that is the result of a
hyperflexion-hyperextension trauma. A classification system is developed by Anderson and
D’Alonzo (»Fig. 10)%6. A type 1 fracture is an oblique avulsion fracture of the tip of the
odontoid process that heals normally in case of an isolated fracture using a conservative
treatment or halo immobilization. Fractures that are located at the base of dens and the
vertebral body are categorized as an unstable type 2 fracture. A type 2 fracture is more
vulnerable for non-union A type 3 fracture goes through the body of the axis extending in the
lateral masses of the vertebral body. The last group has the best prognosis of healing.

Hangman fractures are bilateral fractures of the pars interarticularis of the axis that occurs
due to a hyperextension trauma. It can be classified using the Levine and Edwards (» Fig. S3

in online supplementary material) classification or the AO spine classification.

Inflammation and infection

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a systemic chronic inflammatory disease, often symmetrical,
affecting the peripheral skeleton. It has a female predilection?’. When affecting the axial
skeleton, the cervical spine is one of the most common sites involving the CCJ. There is a wide
variability in clinical presentation of patients with RA when the CCl is affected. Most patients
are asymptomatic but symptomatic patients can present with neck pain, decreased range of
motion, compression neuropathy, occipital headache and in severe cases spinal cord
compression may lead to stroke and sudden death?®?°. Progressive RA disease will result in
the formation of pannus and chronic inflammatory infiltration, secondary leading to bone
erosion and laxity of the ligamentous insertion. Finally, this results in instability of the CCJ?7%°,

CR is the first-line imaging technique to investigate cervical involvement of RA. Atlanto-axial
subluxation (AAS), vertical subluxation (VS), lateral AAS (LAAS) and sub-axial subluxation (SAS)
must be evaluated initially. AAS is the abnormal movement between C1 and C2 in different
directions, where anterior displacement is the most common one. Lateral displacement of
the atlantoaxial joint is rare, best evaluated on open mouth view. VS is the superior
displacement of dens resulting in basilar invagination?®. SAS means there is instability below



the axis with> 3.5 mm horizontal displacement on lateral radiographs of two vertebral bodies
relative to each other 3. It can involve multiple levels then leading to staircase deformity3?.

CT is a superior imaging modality compared with CR for more precise measurement for
cervical instability. It also better demonstrates bony destruction, ankylosis and
pseudoarthrosis. CT is indicated for patients in case of pre-operative planning and with CT
angiography the vertebral artery can be evaluated?®3°. Contrast-enhanced CT is useful for
patients to investigate the inflammatory pannus in case of contra-indications for MRI3?,

MRI should be performed in case of abnormal CR/CT or neurological deficits. It is most
sensitive for detection of inflammatory degenerative pseudotumor (»Fig. 11). Contrast-
enhanced MRI differentiates between the various forms of pannus inflammation?®32.
Hypervascular pannus has a high signal intensity on T2-WI and will enhance while
hypovascular pannus is of intermediate signal on T2-WI and shows moderate enhancement.
Fibrous pannus is hypo-intense on T2-WI and does not enhance. MRI can also be used for
assessment of the cervicomedullary angle (normal >135°) to evaluate VS3L. Dynamic MRI is
used to evaluate the subarachnoid space in case of normal static MRI282°,

Tuberculous spondylitis

Mycobacterium tuberculosis infection has a predilection for the respiratory system, although
spinal involvement affects approximately 1% of infected patients33. The disease is often
located at the thoracolumbar region and the cervical spine is rarely affected343>, Bacterial
tuberculous spondylodiscitis, also called Pott’s disease, is a destructive form of tuberculosis,
resulting from hematogenous spread33.

CR remains the initial screening imaging technique. In later stages of the disease, erosion of
the vertebral endplates, loss of disk height, vertebral erosion, bone sequestration, sclerosis
and para-/prevertebral abscess is seen3436,

CT can detect the features earlier than CR and evaluates bony destruction optimally.
Calcification in the paravertebral masses is characteristic for tuberculous spondylodiscitis and
is best visualized on CT3*37, Multiloculated granulomatous abscess may be seen on contrast-
enhanced image.

MRI can detect the disease in the earliest stage. There are 4 different MRI patterns of the
disease described333436:38 First, para-discal lesion is the most common pattern that begins in
vertebral metaphysis leading to direct disk involvement. The earliest findings are
characterized by low T1 signal intensity and high signal intensity on T2/ STIR resembling a type
1 Modic changes. An obvious enhancement of the affected disc is seen following gadolinium
contrast administration. Abscess formation is caused by spreading of the infection into the
paravertebral soft tissue. Secondary, anterior lesions are located subperiostally in the corner
of the vertebral body. It evolves in striping the periosteum and the anterior longitudinal
ligament from the anterior vertebral body. Disease progression of anterior lesions leads to
subligamentous abscess with sparing of the disc. Third, central lesions typically occur
intravertebral and the intervertebral disc remains healthy. Finally lesions of the posterior
elements posterior lesions are rarely seen and is often the result of complete vertebral
disease.



Crowned dens syndrome

The crowned dens syndrome is an inflammatory disease characterized by the crystal deposits
in the ligaments surrounding the odontoid peg. They present with acute pain at the base of
the skull or the high cervical region together with fever, general signs of inflammation and
elevated inflammatory markers3®. The crystal deposits can be the result of both calcium
pyrophosphate dihydrate or calciumhydroxyapatite disease®. It mostly affects the elderly. CT
is the best imaging modality and demonstrates periodontal calcification mostly located in the
cruciform ligament(» Fig. 12)*1.

Tumor
Plasmacytoma

Plasmacytoma is the most common primary bone neoplasm in adults consisting of discrete
masses due to focal proliferation of malignant monoclonal plasma cells. It can be subdivided
in solitary plasmacytoma (70%) and extramedullary plasmacytoma (30%)*>*3. The mean age
of patients with plasmacytoma is around 55 year. The thoracic spine is most frequently
affected. Location at the CCJ is rare. Solitary plasmacytoma may evolve to multiple myeloma,
which are the most common primary bone malignancy in adults**>,

CR shows a well-delineated osteolytic lesion 4. CT better assesses the lytic and expansile bony
component of plasmocytomas. The soft tissue component is often hyperdense and enhance
homogeneously on CT. On MRI the lesion is of hypointense signal on T1-WI and intermediate
to high signal on T2%4, There are thickened cortical struts probably due to stress reaction of
the lytic process of the lesion that results in a characteristic feature of a “minibrain” on axial
MR/CT images?®. There is a heterogeneous contrast enhancement on MRI.

Metastasis

The spine is the most frequent site for bone metastasis occurring in 10 % of cancer patients,
although metastasis that occur at the CCJ only account for 0,5% of all the spine metastasis®’.
Metastasis causing deformity of the CCJ may lead to instability, relevant pain, cranial nerve
palsies and sometimes death. It frequently affects patients older then 50 years old: in women
the most common cause is breast cancer, while in men prostate cancer is the most common#4,
Three types of bone metastasis have been described: osteolytic (71%), osteoblastic (8%) and
mixed osteolytic-osteoblastic (21%)%.

On CT osteoblastic bone metastasis appears as an hyperdense sclerotic lesion. Osteolytic
metastasis is a radiolucent lesion with a soft tissue density on CT, demonstrating bone
destruction. Osteoblastic metastasis is hypo-intense on both T1-WI and T2-WI on MRI. The
halo sign, which is a slight hyperintense rim surrounding the lesion representing bone marrow
edema, is seen on T2-WI and STIR images*®. An osteolytic metastasis appears as a hypo-
intense lesion on T1-WI and hyperintense lesion on T2-WI. Both types of metastasis will
generally enhance. When a bone metastasis extends epidural, this results in a draped curtain
sign due to a posterior displacement of the lateral parts of the posterior longitudinal ligament
and a strong medial fixation, giving it a bilobular appearance, best seen on axial MR images.



Meningioma

Meningioma is the most common benign slow-growing tumor and it is the second most
common spinal cord tumor, accounting for 12% of all meningiomas®°. A meningioma located
at the CCJ is rather a rare entity originating from the meninges of the clivus and the upper
part of the axis®L. It has a female predominance usually present after the age of 50. Multiple
meningiomas are associated with neurofibromatosis type 2%. There is a wide variety of
symptoms depending on the extent of the tumor, the growth rate and the tumor localization.

On CT meningioma appears as a well-circumscribed hyperdense lesion. In a minority of the
cases, calcifications can be seen. Meningiomas have a wide dural attachment and are
hyper/iso-intense on T2-WI and intermediate/hypointense on T1-WI. The tumor shows a
moderate homogenous enhancement on MRI (»Fig. 13) and CT. The dural tail sign is a non-
specific feature associated with a meningioma®2.

Schwannoma

Schwannoma is a benign peripheral nerve sheath tumor, composed of Schwann cells. It is
mostly located intracranial. Spinal schwannoma located at the CCJ is uncommon. It is often
found intradural and extramedullary and have a peak incidence in the fourth and fifth
decade*. It is associated with neurofibromatosis type 2. Generally, schwannoma is
asymptomatic until compression of the spinal cord resulting in radiating pain, sensory or
motor deficit.

CT shows pedicle erosion, remodeling with secondary widening of the neuroforamen,
posterior vertebral scalloping and a paravertebral hypo- or slightly hyperdense soft tissue
mass*>3, Schwannoma is hypo-intense on T1-WI and hyper-intense on T2-WI and STIR on
MRI. Homogenous intense contrast enhancement is seen. A target sign may be seen in
schwannoma, which consist of a hyperintense rim with a central area of low signal®*. The main
differential diagnosis is a neurofibroma. Occasionally schwannoma is associated with
hemorrhage, cyst formation and fatty degeneration which are rare features in
neurofibroma®.

Chordoma

Chordoma is a rare malignant, slow-growing, tumor arising from notochordal rests. It often
presents in middle-aged patients in the fifth to seventh decades with a male
predilection**>>°6, Chordoma is typically located at the midline and mostly affects the sacrum
(50%) followed by the skull base (35%), where it is often seen in the clival area, and 15 % along
the spine. It is an aggressive tumoral lesions with a high risk of local recurrence and
metastases to the lung and bone®’. Generally, chordoma is both sporadic and hereditary
lesions. Patients presents with symptoms due to mass effect on the surrounding structures.

On CR, most lesions are osteolytic or mixed. Vertebral sclerosis resulting in an ‘ivory vertebral
body’, is less common. Multilevel involvement is frequent. CT is essential for accurate
evaluation of the degree of bony destruction and vertebral sclerosis. An associated lobular



soft tissue component may cause pressure erosion of the outer cortex and adjacent
spiculated periosteal reaction®®. Another feature consists of irregular intratumoral
calcifications, but this is more common when located in the sacrum®>>¢. Enhancement is mild,
either diffuse or with a peripheral pattern.

MRI shows a low to intermediate signal on T1-WI and T2-WI hyperintense signal with
intralesional hypo-intense septa on T2-WI (»Fig. 14), similar to signal of the nucleus pulposus
of the disk. Intratumoral hemorrhage and/or proteinaceous mucinous material is responsible
for multiple small foci of T1 hyperintensity®. There is thick inhomogeneous peripheral and
septal enhancement.

Ecchordosis physaliphora

Ecchordosis physaliphora (EP) is a rare congenital hamartomatous lesion, originating from an
ectopic notochordal rest. It is often found incidentally and is asymptomatic. Large lesion may
cause compression of the brainstem or the cranial nerves. EP is typically located in the
prepontine region at the retroclival midline where it is attached to the posterior wall of the
clivus with a small pedicle, in close proximity of the basilar artery®%.62,

CT reveals a well-delineated radiolucent clival defect. Presence of an osseous stalk is
pathognomonic®-62, On MRI, EP is a well-circumscribed, round, extra-axial lesion that is hypo-
intense on T1-WI and hyperintense on T2-WI (»Fig. 15). The lesion has a signal similar to
cerebrospinal fluid. The lesion does not enhance which may be a helpful feature in
differentiating it from a chordoma®%3, Surgery is only necessary in symptomatic cases.

Chondrosarcoma

Chondrosarcoma (CS) is a rare malignant nonlymphoproliferative neoplasm, originating form
cartilage tissue. Its main feature is the formation of chondroid matrix>>. It mostly affects the
thoracic spine and 2% is located at the skull base®. CS of the skull base most frequently
originate from the cartilage of the petroclival region and spheno-ethmoidal sutures®’. There
is a male predilection and generally presents as a low-grade tumor. Therefore, CS is often
found paracentral which is a main difference in comparison with chordomas that are typically
located at the midline®4®.

CT and MRI are complementary in characterizing a chondrosarcoma. On CT, the ring-and-arc
calcification is characteristic for neoplasms of chondroid origin®. CS is hypo-intense on T1-WI
and hyperintense on T2-WI due to the nonmineralized areas of hyaline cartilage (»Fig. 16). A
peripheral and septal contrast enhancement, similar to chordoma, is generally seen in
chondrosarcoma. On diffusion WI, CS has a higher ADC value in comparison with a chordoma,
which may be helpful in differentiating a chordoma from a chondrosarcoma®>.

Hemangioma
Hemangioma is common benign tumor of vascular origin and is often incidental findings on

imaging. A primary intraosseous cavernous hemangioma (PICH) is frequently seen in the
vertebral body followed by the skull, where it mostly affects the calvarium and is rarely found



at the clivus®’. PICH is asymptomatic in most cases, but it can result in a pathologic fracture
or causing mass effect on surrounding structures®>.

CR presents PICH as a well-delineated radiolucent lesion. The honeycomb appearance,
corduroy sign and white polka dot sign are features often seen in thoracal vertebrae. At the
calvarium PICH presents as a lytic area with thickened trabeculae, which has a spoke-wheel
appearance (»Fig. S4 in online supplementary material). The appearance on MRI depends
on the volume of fat intratumorally and vascular components. Generally, on T1-WI PICH
manifests as a hyperintense lesion in case of lipid-rich PICH and intermediate to low signal
intensity on T1-WI when lipid-poor®”:8, Due to the vascular nature, PICH is hyperintense on
T2-WI and shows vivid or heterogeneous contrast enhancement®°.
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