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MR Imaging of the
Craniocervical Junction

Craniocervical junctions in 35 abnormal and 10 normal subjects were studied with a
0.5 T superconducting magnetic resonance imaging system. Sagittal spin echo with 30
msec echo times and 500 msec repetition times constituted the most informative imaging
plane and sequence. The anterior aspect of the foramen magnum was well delineated;
the posterior margin was less constant in appearance. Compression and distortion of
the medulla and upper cervical cord by bony and extramedullary lesions were seen
easily. Intramedullary cysts were differentiated from solid tumors, but ventricular com-
munication was evaluated less successfully because of partial-volume effect of the
sections. Cerebellar ectopias were detected in some asymptomatic patients.

Neurologic symptoms from disorders of the craniocervical junction are caused
by compression and distortion of neurologic structures. Although plain films and
computed tomographic (CT) scans are precise in defining bony abnormalities, the
medulla and cervical spinal cord are virtually never shown well on CT scans.
Intrathecal contrast myelography or CT is usually required for delineation of the
medulla and cervical spinal cord [1, 2]. These procedures are performed only when
neurologic deficits are pronounced [3, 4]. Magnetic resonance (MR) imaging
promises to be an excellent noninvasive method of evaluating abnormalities of this
region [5-13].

Subjects and Methods

We studied 35 patients with craniocervical abnormalities (table 1). All were symptomatic,
exept for six with Chiari | malformations. Ten normal sagittal MR scans were reviewed from
patients without craniocervical symptoms.

MR scanning was performed using a Technicare 0.5 T scanner. CT was performed using
either a GE 8800, 9800, or another third- or fourth-generation scanner. Preliminary sagittal
views with several different spatial offsets were performed using a spin-echo (SE) technique
with a short echo delay time (TE) of 30 msec and a repetition time (TR) of 200 msec (SE 200/
30). The scans were reviewed, and the location corresponding to the midline was selected
for more detailed evaluation using SE 500/30 in all cases. Multiple axial SE 1500/90 sections
were obtained in all cases, except in two patients with brainstem atrophy and rheumatoid
arthritis, who were too ill to tolerate more than the sagittal imaging. Additional single sagittal
SE 1500/90 sections were obtained in all cases of arachnoid cyst, vertebral ectasia, tumor,
and syrinx. Single inversion-recovery (IR) sections using inversion times (Tls) of 450 msec
and TRs of 1500 msec, IR 1500/450, were obtained in a few selected cases where better
definition of the cerebellar tonsils was required. Single sections were 10 mm thick and multiple
sections were 8 mm thick. Eight simultaneous, noncontiguous sections with slice intervals of
8 mm were obtained, each with multisection single-echo technique; the sections were
repeated with spatial offset to achieve contiguous visualization.



210 LEE ET AL.

TABLE 1: Types of Craniocervical Abnormalities in Patients
Evaluated with Magnetic Resonance Imaging

Pathology No. of Cases
None...... ... ... ... ... 10
Upward herniationofdens . . . . . ... .. .. 2
Fractureofdens................... 1
Rheumatoid arthritis . . .. ............ 3
Meningioma . .. ................... 2
Arachnoidcyst . . ............. ... .. 3
Giantaneurysm ................... 1
Vertebralectasia .................. it
CHIBIY. wio g amam s was o6 4 mo o Fms e 10
Syringomyelia . ................... 4
Intramedullary tumor . . .. .. ..., ... .. 4
Brainstematrophy .. ............... 4

TOLA g s 35000 81 5750 b B i 1 0 s 45

Results and Discussion
Technique

Sagittal views provide direct visualization of the brainstem,
cerebellar tonsils, and upper cervical spine. The resolution is
vastly superior to reformatted plain CT views and comparable
to metrizamide sagittal reformatted views. However, axial
views are required whenever asymmetric distortion or dis-
placement of these structures is suspected. MR views in this
plane are free of artifacts and comparable to direct metriza-
mide CT studies. The choice of imaging sequences is dictated
by the need to image structures with maximal anatomic detail
and detection of altered signal of lesions. In our evaluations
SE technique using short TEs and TRs (SE 500/30) provided
the best anatomic detail. With this sequence, which has some
T1 data, the cerebrospinal fluid (CSF) in the subarachnoid
space and the fourth ventricle is of decreased signal intensity,
so that the interfaces between it and the brainstem and
cerebellum are clearly defined. Shorter TR sequences, such
as in SE 200/30, contain more T1 information, but unfortu-
nately have increased noise and are suboptimal for anatomic
evaluations. Conversely, with longer TRs, such as SE 2000/
30, CSF signal approaches that of neural tissues due to the
T2 contribution of CSF. This often results in poor separation
of these structures, even though there is improvement in the
signal-to-noise (S/N) ratio.

SE techniques with longer TEs are sensitive for detecting
abnormalities that alter T2 relaxation. The loss of signal may
be compensated partly by increasing the TR. In the lumbo-
sacral region, it is possible to render the subarachnoid space
of increased signal by using very long TEs and TRs. Our
studies of the craniocervical region using similar techniques
are unsatisfactory because of poor S/N ratios and impracti-
cally long scanning times. The optimal compromise sequence
with our system appears to be SE 1500/90, which detects
changes of signal in most posterior fossa lesions despite lack
of differentiation of brain and CSF. IR is seldom useful as the
primary technique for evaluating craniocervical lesions, but is
sometimes useful in revealing changes of T1 that are not
detected with the routine SE 500/30 sequence.
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Normal Appearances

The foramen magnum is clearly seen on plain radiographs
and geometric tomography. Since cortical bone has no signal
on MR images and appears similar to subarachnoid space on
short SE techniques (SE 500/30), the posterior margin of the
foramen magnum is seldom identified. The transverse liga-
ment behind the dens and the anterior longitudinal ligament,
however, are usually visible (fig. 1). Although it is possible to
increase the signal of CSF compared with cortical bone by
increasing the TE and TR in SE techniques, the resulting loss
of resolution usually makes it impossible to image the edge
of the foramen [14, 15]. The size of the marrow cavity within
vertebrae is variable, and this results in an unpredictable
configuration of the tip of the dens and anterior arch of the
axis. The posterior margin of the dens, however, appears to
be consistently well defined, so that subtle changes may be
evaluated. A variable amount of fat is constantly present
between the tip of the clivus and the anterior margin of the
dens (fig. 1).

The fourth ventricle, cerebellar tonsils, medulla, and cervical
spinal cord are defined excellently on both sagittal and axial
SE 500/30 images. Subtle distortions are thus easily appre-
ciated.

Bone Lesions

Basilar invagination, fracture, rheumatoid erosion, and up-
ward displacement of the dens into the posterior fossa may
produce neurologic symptoms by mechanical compression of
the medulla and upper cervical spinal cord; this is demonstra-
ble with myelography and metrizamide CT. These invasive
procedures may be dangerous in the presence of neck insta-
bility and should be avoided unless surgical treatment is
contemplated. Fracture of the dens is sometimes visible on
sagittal MR using SE 500/30 scans (fig. 2). Congenital upward
herniation of the dens into the foramen magnum causing
medullary compression is easily demonstrated (fig. 3). Small
erosions of the posterior part of the dens are seen equally
well on MR and CT images (fig. 4), but changes of the
odontoid tip are difficult to evaluate due to the variable normal
appearances of this structure.

Extradural Lesions

Tumors of the foramen magnum are difficult to recognize
on conventional CT scans, unless there are bony changes,
calcification, or alterations of attenuation with contrast en-
hancement. Supine myelography and reformatted sagittal
metrizamide CT scans are usually required for diagnosis and
evaluation of the spinal cord and medullary compression [16,
17]. These lesions are imaged on sagittal MR even when
contrast of the tumor differs little from surrounding structures
(fig. 5). The signal of the foramen magnum meningioma did
not alter with different SE and IR techniques. This lack of
change of signal intensity is consistent with our experience
with meningiomas in other parts of the central nervous system
[18]. MR imaging is especially useful in postoperative cases,
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Fig. 1.—Sagittal SE 500/30 image in normal pa-
tient. Absence of signal of cortical bone, indistinguish-
able from subarachnoid space, makes it difficult to
define posterior margin of foramen magnum. Dens
has irregular appearance. Longitudinal (arrowheads)
and transverse (straight arrow) ligaments. Fat, with
increased signal, between tip of clivus and dens
(curved arrow).

Fig. 3.—Congenital abnormality (clinical diagno-
sis). A, Sagittal SE 500/30 image. Upward herniation
of dens into foramen magnum. Compression of me-
dulla.

where metallic surgical material often produces unacceptable
artifacts on CT scans; MR artifacts are usually much less
extensive.

Extramedullary Lesions

Posterior fossa cysts may be neoplastic or arachnoid in
origin and are often indistinguishable on CT scans [19]. Our
data indicate that arachnoid cysts invariably have a pointed
inferior margin that may extend into the posterior cervical
canal and may displace the cerebellar tonsils below the fora-
men magnum (fig. 6). There are varying degrees of compres-
sion of the cerebellar hemispheres and the spinal cord.

Giant aneurysms and ectasia of the vertebral arteries may
cause brainstem and cervical cord compression; they have

MR IMAGING OF CRANIOCERVICAL JUNCTION 211

Fig. 2.—A, Sagittal SE 500/30 image. Fracture
of dens (arrow). Spinal cord compression in this
supine position. B, Sagittal reformatted metriza-
mide CT scan. Fracture and diminished subarach-
noid space (arrow).

Fig. 4. —Rheumatoid arthritis (clinical diagno-
sis). A, Sagittal SE 500/30 image. Erosion of
posterior margin of dens (arrow). B, Reformatted
sagittal CT scan. Erosion (arrow).

characteristic configurations. Although hematoma within the
vessels results in a bright signal in all imaging sequences,
slight increase of signal has to be interpreted with caution, as
it may be due to sluggish flow and not to a clot [20, 21].

Intramedullary Lesions

Chiari | malformations may give rise to protean clinical
symptoms, which are seldom sufficient to warrant invasive
intrathecal contrast studies [22, 23]. Such deformities are
easily visible on sagittal MR images [24] and are often de-
tected during routine examinations of patients with unrelated
symptoms (fig. 7). The precise extent of the cerebellar ectopia
may be difficult to determine due to difficulty in defining the
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Fig. 5.—Meningioma (surgical pathology). Sagittal
SE 500/30 image. Extrinsic mass in anterior part of
posterior fossa and foramen magnum compresses
medulla and cervical spinal cord (arrowheads). Tumor
and medulla have similar signal intensity.

Fig. 7.—Chiari | malformation (clinical diagnosis).
Sagittal SE 500/30 image. Extension of cerebellar
tonsils into cervical subarachnoid space (arrowheads)
inseparable from cervical cord.

exact margin of the foramen magnum. The degree of sub-
arachnoid space narrowing caused by the ectopia is likewise
difficult to assess, unless there is pronounced brainstem and
cord compression. The clinical significance of small degrees
of tonsillar ectopia is uncertain unless associated with hydro-
myelia [25, 26].

Spinal cord enlargement is caused by intramedullary tumors
or cavities within the cord. A firm diagnosis of hydromyelia
and syringomyelia is made only when the cavities are visible
on plain CT or fill with intrathecal contrast material [27-30].
It is uncertain what proportion of such cavities is missed by
conventional radiologic studies [29]. Our limited experience
suggests that MR is excellent in demonstrating such cavities
(fig. 8). The best technique is SE 500/30. Very long TEs (120
msec or more) may produce more signal from the subarach-
noid space and fluid cavities than from the spinal cord, but
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Fig. 6.—Arachnoid cyst (surgical pathology). A, Sagittal IR 1500/450 image. Cyst compresses cerebel-
lum. Pointed inferior margin. B, SE 1500/90 image. Herniation of cerebellar tonsil (margin of foramen
magnum) (arrowhead).

Fig. 8.—Syringomyelia (clinical diagnosis). A, Axial SE 500/30 image. Large cavity within upper cervical
cord. B, Sagittal image. Extension of central cavity into medulla, which is enlarged (arrowheads).

result in unacceptable loss of spatial resolution. It is possible
to image the upper limit of the cavity, and communication
with the fourth ventricle may be shown (fig. 8). Small passages
of communication with the ventricles cannot, however, be
excluded if discrete channels are not observed due to the
limited spatial resolution in the Z axis and partial-volume effect
of the MR sections used. Small intramedullary cavities may
not be visible for the same reason. Despite these limitations
this study confirms that MR imaging is the method of choice
for screening for suspected syringomyelia and hydromyelia.
Intramedullary tumors of the craniocervical junction may be
extensions from primary cervical cord or medullary lesions.
The signal intensity in our one case is mixed, but the signifi-
cance of these appearances is uncertain (fig. 9). Tumor en-
largement is easily distinguished from cord and brainstem
atrophy, which may produce identical symptoms (fig. 10).
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500/30 image. Enlargement of medulla and upper
cervical spinal cord (arrowheads). Speckles of in-
creased signal within tumor.

ical diagnosis). Sagittal SE 500/30 image. Small size
of brainstem, spinal cord, and cerebellar vermis.

Fig. 9.—Glioma (clinical diagnosis). Sagittal SE

Fig. 10.—Olivopontocerebellar degeneration (clin-
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