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Review Article

ABSTRACT
The craniocervical junction (CCJ) is a complex and unique osteoligamentous structure that balances maximum stability and protection of vital 
neurovascular anatomy with ample mobility and range of motion. With the increasing utilization and improved resolution of cervical magnetic 
resonance imaging, craniocervical injury is being more accurately defined as a spectrum of injury that ranges in severity from overt craniocervical 
disassociation to isolated injuries of one more of the craniocervical ligaments, which may also lead to craniocervical instability. Thus, it is vital 
for the radiologist and neurosurgeon to have a thorough understanding of the imaging anatomy and function of the CCJ.
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INTRODUCTION

Craniocervical disassociation (CCD) is a rare injury resulting 
from a significant hyperflexion‑hyperextension force applied 
to the craniocervical junction (CCJ).[1] The CCJ is a unique 
osteoligamentous complex that includes the occipital 
condyles, C1–C2, and several major and minor stabilizing 
ligaments between the skull base and upper cervical 
spine [Figures 1‑3]. Biomechanically, the CCJ balances the need 
for maximum stability and protection of vital neurovascular 
structures (brainstem, upper cervical cord, and vertebral 
arteries) while maintaining ample mobility to allow neck 
flexion, extension, rotation, and lateral bending. CCD results 
when there is a closed capitation injury in which the occipital 
condylar‑C1 joint space and surrounding stabilizing ligaments 
are disrupted. Computed tomography (CT) is the modality of 
choice to evaluate for CCJ trauma since it readily depicts bony 
fractures and condylar‑C1 joint subluxation and dislocation.[2‑4] 
However, CT poorly depicts soft‑tissue injuries and does not 
directly evaluate the major stabilizing ligaments of the CCJ. 
Thus, in the absence of bony trauma or abnormal joint space 
widening at the CCJ, CT may underreport craniocervical 
injury (CCI).[5] This situation may have devastating clinical 
consequences since early diagnosis of CCD and spinal 

stabilization protect against worsening spinal cord injury and 
reduce the likelihood of neurologic deterioration.[6,7]

Magnetic resonance imaging (MRI) of the cervical spine is an 
increasingly utilized modality to evaluate for cervical cord 
and ligamentous injury since it allows direct inspection of 
the cord and stabilizing ligaments of the CCJ. In addition, 
the increasing use of cervical MRI is allowing a deeper 
understanding of CCI as a spectrum of injury, ranging in 
severity from frank CCD with condylar‑C1 dislocation to more 
subtle isolated injuries to one or more of the craniocervical 
ligaments (which may or may not result in craniocervical 
instability).[8,9] The radiologist and neurosurgeon, therefore, 
need to have a thorough understanding of the anatomy, 
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function, and imaging appearance of the ligaments of the CCJ 

on MRI to properly diagnose the extent of CCI and properly 

triage the patient. Thus, we present a comprehensive 

overview of the ligamentous structures between the skull 

base and C1–C2 including a discussion of the anatomic, 

functional, and MRI appearance of these structures.

SUPERFICIAL ANTERIOR ATLANTO‑OCCIPITAL LIGAMENT

The superficial anterior atlanto‑occipital ligament (SAAOL) 

is the most anterior CCJ ligament and is infrequently 

described in the literature.[10] Older anatomic texts and one 

recent cadaveric study of ten patients describe the SAAOL 

Figure 1: Sagittal illustration demonstrating the major craniocervical ligaments, including the tectorial membrane (blue), anterior atlanto‑occipital membrane, 
apical ligament, cruciform ligament (superior and inferior longitudinal bands and transverse bands), and posterior atlanto‑occipital membrane and their 
relationship with surrounding ligaments, skull base, and bony anatomy of the cervical spine

Figure 2: Axial illustration demonstrating the deep ligaments of the craniocervical junction, including the tectorial membrane (cut), transverse band of the 
cruciate ligament, and alar ligaments and their anatomic relationship with the brainstem and vertebral arteries
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as a thin, midline ligament running anterior to the anterior 
atlanto‑occipital membrane (AAOM) running between the 
basion of the clivus and anterior tubercle of C1. The ligament 
becomes taut with hyperextension and lax with hyperflexion 
with a relatively low tensile strength compared with the alar 
and transverse ligaments. Thus, the SAAOL likely plays a 
minor role in preventing hyperextension injury in the setting 
of CCJ trauma.[11] To our knowledge, no description of the 
SAAOL on MRI exists, which may be related to the difficulty 
in visualizing this ligament separate from the AAOM or from 
the absence of routine coronal plane imaging with standard 
cervical MRI trauma protocols. On coronal plane imaging, the 
SAAOL can be visualized on CT and MRI as a thin, midline 
cord‑like ligament that extends from the basion to the 
anterior tubercle of C1. It is located posterior to the longus 
capitis muscle and just anterior to the AAOM.

ANTERIOR ATLANTO‑OCCIPITAL MEMBRANE

The AAOM is a densely woven, broad ligament that fans 
out bilaterally from the midline and runs from the anterior 
margin of the caudal clivus and inserts on the anterior arch of 
C1. It is located immediately posterior to the longus capitis 
muscle and SAAOL and forms the anterior boundary of the 
supradental space. Biomechanically, the AAOM helps to 
prevent hyperextension of the CCJ and is thought to play a 
nominal role in CCJ stability.[12] The AAOM is best depicted on 
MRI on sagittal and coronal imaging as fan‑shaped ligament 

extending out from midline along the anterior arch of C1 to 
attach to the anterior clivus [Figure 4].

ATLANTO‑OCCIPITAL CAPSULAR LIGAMENT

The bony articulation between the occipital condyles and 
lateral masses of C1 constitutes the condylar‑C1 joint. 
This joint is a synovial joint comprised of the convex 
articular surface of the bilateral occipital condyle with the 
concave articular surfaces of the lateral masses of C1. The 
morphology of the joint is analogous to a teacup resting on 
a saucer. It allows approximately 25° of flexion/extension 
and 5° of rotation.[13] The entire joint space is enveloped by 
a tough capsular ligament that spans the joint space and 
reinforces the joint. It maintains a significant contribution 
to CCJ stability.[14] On CT and MRI, the joint space should 
measure <2 mm and appear symmetric with the contralateral 
side. Abnormal joint space widening, subluxation, or frank 
dislocation of the condylar‑C1 joint implies underlying injury 
to the capsular ligament and significant CCI, if not frank CCD.

APICAL LIGAMENT

The apical ligament is a thin, midline ligament running in 
the supradental recess between the basion of the foramen 
magnum and the atlantoaxial joint space or bony tip of the 
dens. It is separated anteriorly from the AAOM and posteriorly 
from the superior band of the cruciform ligament by fat and 

Figure 3: Coronal, anterior illustration demonstrating the ligaments of the craniocervical junction including the tectorial membrane (cut), cruciate ligament, 
alar ligament, apical ligament, and posterior longitudinal ligament
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connective tissue. It is considered a vestigial structure, 
representing a tiny notochordal remnant with surrounding 
elastic fibers and behaves analogous to a rudimentary nucleus 
pulposus between the basion and C2. The apical ligament 
does not contribute significantly to craniocervical stability 
and may be absent in up to 20% of people.[15,16] On MRI, the 
ligament appears as a thin, midline T2 hypointense band 
extending between the basion and tip of the dens or anterior 
atlantoaxial joint space. It is outlined by a small fat pad in 
the supradental recess [Figure 4].

CRUCIFORM LIGAMENT

The cruciform ligament is a cross‑shaped ligament‑centered 
posterior to the dens that consists of a superior and 
inferior longitudinal band and a bilateral transverse 
band [Figures 1‑3]. This ligament holds the C2 dens in close 
proximity with the anterior arch of C1, thus maintaining 
the integrity of the atlantoaxial joint space.[17] The superior 
longitudinal band ascends from the center of the ligament 
between the apical ligament anteriorly and the tectorial 
membrane (TM) posteriorly to insert on the basion of the 
foramen magnum. The inferior longitudinal band descends 
from the center of the ligament to insert on the posterior 
body of C2. The transverse band of the cruciform ligament 
fans out laterally on either side of the posterior dens to 
insert on the inner bony protuberance of the anterolateral 
C1 arch. A small bursa is located anterior to the transverse 
band of the cruciate ligament and posterior to the dens. 
The transverse band plays a vital role in maintaining C1–C2 
stability and the atlantoaxial joint, while the superior 

longitudinal band plays a nominal role in craniocervical 
stability.[18]

On CT, an injury to the transverse band of the cruciform 
ligament is implied by abnormal widening of the atlantoaxial 
joint space (typically >2.5 mm in adults measured between 
the anterior inferior C1 arch and dens).[19] On MRI, the 
superior and inferior longitudinal bands are often not 
visualized separately from the TM. The transverse band of 
the cruciform ligament is best visualized on coronal and 
axial imaging as a T2 hypointense band fanning out laterally 
posterior to the dens and inserting on the inner surface of 
the lateral C1 arch [Figure 5].

TECTORIAL MEMBRANE

The TM is a 1 mm thick, superiorly directed extension of the 
posterior longitudinal ligament located posterior to the C2 
vertebral body and dens [Figures 1 and 3]. Cadaveric studies 
have demonstrated that the superior extension of the TM firmly 
adheres to the dura mater posterior to the clivus.[20] The inferior 
extension of the TM attaches firmly to the C2 body, thus forming 
a sling posterior to the dens. Thus, the TM helps to prevent 
ventral cord impingement with neck flexion. Biomechanically, 
the TM is one of the major stabilizing ligaments of the CCJ and 
the only ligament with a dural attachment.[21]

Although the TM is not directly visualized on CT, an injury to 
the TM in the pediatric population may present on head CT 
with a characteristic retroclival epidural hematoma related 
to the TM stripping off the retroclival dura and tearing 
the basilar venous plexus. On MRI, the TM is a thin, T2 
hypointense ligament located posterior to the dens and C2 
body and inserting on posterior clivus. Recently, TM tears on 
MRI have been divided by Fiester et al. into four types based 
on the imaging appearance: Type 1 – retroclival stripping 

Figure 5: Axial T2 medic (a) and T2 weighted sequence (b) through C1‑C2 
level demonstrating  the  transverse band of  the cruciform  ligament  (red 
arrows) coursing posterior to the dens and inserting on the inner cortex of 
the anterolateral C1 arch. The cruciform ligament is the major stabilizing 
ligament of  the atlantoaxial  joint.  Clinical  images were obtained  from 
imaging  studies  performed  at  our  institution. No  patient  identifying 
information was included

ba

Figure 4:  (a)  Sagittal, midline T2 weighted  image of  the  cervical  spine 
demonstrating the anterior atlanto‑occipital membrane (red dashed arrow), 
apical  ligament (red arrow), superior  longitudinal band of the cruciform 
ligament  (white dashed arrow),  tectorial membrane  (white arrow), and 
posterior  atlanto‑occipital membrane  complex,  including  the posterior 
atlanto‑occipital membrane  (blue  arrow)  and  posterior  atlanto‑axial 
membrane (blue dashed arrow). (b) Parasagittal T2 weighted image of the 
cervical spine demonstrating the longus capitis muscle (red star) inserting 
on the skull base, the alar ligament (white arrow) inserting on the occipital 
condyle,  and  the posterior  atlanto‑occipital membrane  (white dashed 
arrow). Clinical images were obtained from imaging studies performed at 
our institution. No patient identifying information was included

ba
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injury (more common in pediatric patients); Type 2a – subclival 
disruption at the basion and type 2b – subclival disruption 
at the odontoid (both more common in adult patients); and 
Type 3 – thinning or stretch injury of the TM.[22]

ALAR LIGAMENTS

The alar ligaments are paired ligaments that extend from 
the superolateral dens to the medial surface of the occipital 
condyles [Figures 2 and 3]. The alar ligaments are major 
stabilizers of the CCJ and help hold the dens upright and in 
close conjunction with the skull base and anterior C1 arch. 
The alar ligaments are not directly visualized on CT; however, 
an alar ligament injury may be implied in the setting of an 
avulsive fracture of the medial occipital condyle (Type 3 
condylar fracture) or superolateral dens. An avulsive fracture 
in these locations on CT often requires a cervical MRI to 
evaluate the remaining ligaments of the CCJ. On MRI, the 
alar ligaments can be directly visualized on axial, coronal, 
and sagittal imaging and appear as a thin hypointense T2 
band extending from the superolateral dens to the medial 
surface of the occipital condyles [Figure 4].

POSTERIOR ATLANTO‑OCCIPITAL MEMBRANE

The posterior atlanto‑occipital membrane (PAOM) is a 
broad, fan‑shaped midline ligament that runs between the 
posterior C1 arch and the posterior margin of the foramen 
magnum [Figure 1]. It is the superior extension of the 
ligamentum flavum at the C1 level. Prior cadaveric studies 
have suggested that the superior extension of the membrane 
fuses directly with occipital dura similar to the tectorial 
membrane with the retroclival dura.[23,24] On each side of 
the membrane, it fuses laterally with the atlanto‑occipital 
joint capsules where a small defect is present that allows 
the passage of the vertebral artery and suboccipital nerve. 
Medially, the fibers of the PAOM are slightly thicker where 
the ligament runs between the posterior tubercle of C1 to 
the opisthion of the foramen magnum. On MRI, the PAOM 
is best visualized on sagittal imaging as a broad, but thin, 
V‑shaped ligament that runs between the posterior C1 arch 
and the posterior lip of the foramen magnum that continues 
seamlessly as the ligamemtum flavum inferior to C1. The 
PAOM helps to prevent hyperflexion and impingement of 
the atlas on the cervicomedullary junction and likely plays a 
major role in stabilizing the posterior CCJ[25] [Figure 1].

ACCESSORY CRANIOCERVICAL JUNCTION LIGAMENTS

More recently, cadaveric studies have demonstrated that 
there are several smaller craniocervical ligaments that have an 

inconsistent presence. For instance, the anterior atlantodental 
ligament is a small midline ligament in the atlantoaxial joint 
space that extends between the anterior dens to the posterior 
margin of the anterior C1 arch.[26] The transverse occipital 
ligament is a thin ligament that runs laterally between the 
occipital condyles and has variable attachments with the 
alar ligaments and dens in the midline.[27] These ligaments 
are not directly visualized on MRI and their contributions to 
craniocervical stability are still being investigated.
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