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Objectives: Standard MRI of the cervical spine is performed in a different anatomical
position to that utilised for traditional contrast myelography. Those well practised in
myelography are familiar with the considerable changes in configuration of the bony
and soft tissues of the cervical spine that may occur with changes in the degree of
neck flexion and extension. We set out to compare the findings in a select group of
patients with myeloradiculopathy who had undergone myelography and MRI in both
standard and neck-extended positions. These findings were correlated with the
clinical status.
Methods: 29 patients underwent myelography with CT (CTM) and MRI in neutral and
neck-extended positions. The imaging was assessed for the degree of cord compression
and neural foraminal narrowing, quantified using a simple grading scheme suitable for
routine clinical practice. The degree of neck extension was assessed using an angular
measurement.
Results: For both CTM and MRI, scanning with the neck extended significantly
increases the severity of cord compression compared with the standard supine position,
to a degree similar to that shown during conventional prone myelography. The degree
of perceived cord compression is related to the degree of neck extension achieved.
Correlation of standard MRI findings and the clinical level of radiculopathy is poor. This
correlation improves when the neck is extended.
Conclusions: The most appropriate position for routine MRI of the cervical spine in
degenerative disease remains unknown, but in selected patients imaging with the neck
extended may provide important additional information.
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With the introduction of spinal surface coil technology
and gradient echo sequences in the late 1980s, MRI
rapidly replaced intrathecal contrast myelography as the
standard imaging method for assessment of the cervical
spinal cord and nerve roots. The two investigations are
performed in very different anatomical positions. Stan-
dard cervical spine MRI is performed in a coil that is
designed to make the patient comfortable, to minimise
movement-related artefacts. This generally results in a
position of mild extension of the neck. On the other
hand, the majority of images for plain cervical myelo-
graphy are obtained with the patient prone and the neck
hyperextended so as to retain myelographic contrast
within the cervical lordosis. CT myelography (CTM) is
typically performed with the patient supine and with the
neck straight or mildly flexed; however, CT myelogra-
phy can also be performed in the prone position with the
neck extended [1].

For a number of years we continued to use plain
myelography, with CTM as a second-line investigation in
patients with cervical myelopathy and/or radiculopathy,
when the results of standard MRI were inconsistent with
symptoms and signs. More recently we have also per-
formed MRI with neck extension, predominantly in

patients with myelopathic features but inconclusive
supine MRI. We have been unsure how extended MRI
compares with myelography and whether it is able to
produce the same degree of extension as myelography.
We have performed CT in the prone extended position as
well, but have also been unsure how that relates to
standard supine CT imaging or to extended MRI. We
therefore wished to compare these various modalities in
a heterogeneous group of clinically problematic patients.

Methods and materials

We retrospectively identified patients who had had
cervical spine MRI and myelography between 2003 and
2009 for the same episode of cervical degenerative disease.
57 patients were studied. Myelography was always
performed subsequent to an inconclusive MRI study. A
maximum interval of 6 months between the investigations
was accepted. At the beginning of this study period
waiting times for imaging investigations in the English
National Health Service were long, and 38 additional
patients were excluded as the interval between the tests
exceeded the standard.

All myelograms were performed by two consultant
neuroradiologists with extensive experience of the tech-
nique. Intrathecal contrast was introduced by the lumbar
route in all cases. A standard set of fluoroscopic images
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was obtained, including frontal, oblique and lateral
projections. CT was performed typically within 30 mins,
acquiring from the foramen magnum to vertebra T1, but
occasionally a more limited volume. All studies were per-
formed on a 16- or 64-slice helical CT scanner. When CT
was performed prone, the chin rested upon the headrest.
Reconstructed sagittal and axial images parallel to indi-
vidual discs (3 mm) were generated by one of the neuro-
radiologists in all cases. An example is shown in Figure 1.
The dose–length product for a single acquisition on our
equipment is about 800 mGy cm–1.

All MRI was performed at 1.5 T. Sequences included
3 mm sagittal T2 weighted fast spin-echo (FSE) and axial
two-dimensional and/or three-dimensional T2* weighted
gradient echo sequences with a maximum slice thickness
of 3 mm. T1 weighted images were not used in this
analysis. Standard images were obtained in a position of
patient comfort using a standard cervical spine coil with
or without an anterior element. For the extended neck
studies the shoulders were elevated with robust foam
padding so that the patient could look down the bore
of the magnet with as much extension as they could
comfortably manage (Figure 2). An example of such an
image is shown in Figure 3. Some patients reported a
transient exacerbation of their neck pain after this
procedure, but no significant complications occurred in
this patient group. The image quality for extended
position sequences tended to be inferior to the standard
sequences, and axial sequences were not always per-
formed. With large patients it was sometimes not possible
to use the anterior element of a spine coil when the neck
was extended.

The five image sets (plain myelography, supine CTM,
prone extended CTM, standard MRI and neck-extended
MRI) for each patient were anonymised, separated and

prepared for review in random order, without clinical
information available. All studies were viewed blindly
by a neuroradiologist (RJVB); 11 cases were reread
2 months later and were also viewed by a second
neuroradiologist (CARH).

Image quality was recorded and graded as good,
adequate or poor (non-diagnostic). Image artefacts (e.g.
related to previous surgery) were recorded. If a particular
spinal level was graded poor by one modality, all the
results for that level were excluded from analysis.
Intrinsic T2 weighted signal change in the cord was
graded at each level as absent, moderate or severe.

Figure 1. Comparison of neutral
and extended CT myelography studies.
Top row: prone post-myelography CT
sagittal reconstruction; and recon-
structed axial at C4/5. Bottom row:
supine study. Obvious cord compres-
sion only shown on extended imaging.

Figure 2. Patient position for extended MRI. Shoulders are
elevated with robust foam padding and patient attempts to
look down the bore of the scanner.

Extended cervical MRI
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The degree of extension of the spine was measured as
the acute angle between a line drawn parallel to the
posterior cortex of the C2 vertebral body and a line
parallel to the posterior cortex of the C7 vertebral body
(Figure 4). Occasionally this could not be ascertained (e.g.
on myelography in patients with very large shoulders). If
the spine was flexed a negative angle was recorded.

The mid-sagittal diameter of the bony spinal canal
from mid-C7 vertebral body to the spinous process was
measured on each investigation.

Cord compromise and neural foraminal narrowing at
each level from C2/3 to C7/T1 were assessed using
sagittal and axial images according to the following
criteria.

Central canal

Normal (0): cerebrospinal fluid (CSF) visible dorsal or
ventral, not indented on sagittal, and normal shape on
axial.

Equivocal (1): no CSF visible dorsal and ventral on
sagittal and/or axial, but not indented or displaced on
sagittal (i.e. ‘‘nipped’’); or atrophic or flattened but CSF
visible dorsal and/or ventral.

Compressed (2): no CSF dorsal and ventral plus
indented or displaced on sagittal, and/or flattened on
axial.

Foramina

Normal (0): same size as adjacent or contralateral
‘‘normal’’ foramina.

Figure 3. Left: standard (neutral)
MRI; mid-sagittal and axial at C6/7.
Right: images at same locations
obtained 10 days later, with 17u

greater extension. There is increased
disc bulging and buckling of the
ligamentum flavum at two levels.

Figure 4. In this case angle of extension is 39u.
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Equivocal (1).
Compressed (2): .50% narrowing, displacement or

impingement of root complex, disc material seen within
foramen, root sheath underfilled or truncated, obvious
swelling of rootlets or obliteration of individual rootlets.

Clinical analysis of the cases was a retrospective
review of the case notes undertaken by a career grade
neurosurgeon. The Ranwat classification of myelopathy
was utilised (i.e. 15no deficit; 25subjective weakness
with hyper-reflexia and dysaesthesiae; 3A5objective
weakness with long tract signs, but able to walk;
3B5quadriparetic and non-ambulatory).

For patients with radiculopathy the presumed clinical
level or levels were recorded and graded possible or
definite.

During analysis, cord compromise at each of the six
levels in the cervical spine, and compromise of the
foramina on the left and right side, were considered to be
independent variables.

Results

Demographics

This study focuses on 29 patients who had MRI in both
standard and extended positions and post-myelography
CT in the supine neutral position. 21 of these also had
post-myelography CT performed in both standard and
extended positions. 28 additional patients had post-
myelography CT performed in extension, but only had
MRI performed in the standard position.

Of the total 57 patients, 32 were male and 25 female;
mean age was 52 (range 30–80 years). MRI and CTM
were performed within 6 months (mean 3.1 months) for
the same clinical complaint.

41 patients were myelopathic (13 Ranwat Grade 3A
or 3B), 40 patients were radiculopathic and 24 were
myeloradiculopathic.

The majority had a narrow, or relatively narrow,
cervical canal. Canal diameters at C7 were 11 mm or less
in 11 patients, 12 or 13 mm in 31 patients and more than
13 mm in 15 patients. 15 patients showed T2 signal
change in the cord at one or more levels.

17 patients had had previous surgery. In one case this
was a Ransford loop; the others were all anterior cervical

discectomy and fusion, with or without anterior plates,
and in 8 cases 2 levels had been operated upon.

Observer errors

Inter- and intra-observer errors for our technique of
grading cord and foraminal compromise were deter-
mined after a pilot study in a subgroup of 11 cases (66
spinal levels, 132 foramina). This group contained only 2
patients with extended MRI studies. Results are shown
in Table 1.

Correlation was generally better for the assessment of
cord compression than it was for the assessment of
foraminal compromise. The assessment of foraminal
compromise on CTM is difficult. Even when the nerve
root sheath is opacified with subarachnoid contrast,
CTM provides very little information about soft tissue
changes in the foramen and primarily indicates the
degree of bony narrowing. Otherwise the grading
schemes utilised for both cord and foraminal compro-
mise are reasonably reproducible. As anticipated, intra-
observer agreement is slightly better than interobserver
agreement. Subsequent analysis is based on the values
determined by Observer A.

Angular changes and cord compression

Figure 5 shows graphically the ranges of movement of
the neck for 17 patients with a complete data set. A
number of patients were excluded because of radio-
graphic factors that prevented measurement of the C2/
C7 angle. Usually this was due to the dens being coned
off on myelographic images, or C7 being poorly
visualised through the shoulders.

During standard MRI studies, the neck is usually
slightly extended (mean 17.1u in the complete patient
group), whereas with supine CTM it is only minimally
extended, or even slightly flexed (mean 9.4u), so these
studies are not strictly comparable. Extended MRI (mean
32.9u) and prone CTM (mean 32.6u) are both performed in
a very similar position to prone myelographic images
(mean 29.2u). Faulty radiographic technique means that it
is occasionally possible to render the neck less extended
after attempting to elevate the shoulders (Figure 5).

For each study the cord compression grade at each of
the six cervical levels was summed to produce a ‘‘total
compression score’’ for that study. The results obtained
for the same 17 patients as in Figure 5 are shown in
Figure 6. For most patients the extended position pro-
duces a clear increase in cord compression, and the
extended studies all produce very similar findings. The
difference between standard and extended MRI is less
than that between supine and prone CT.

To some extent the increase in cord compression is
directly linked to the degree of neck extension achieved.
In Figure 7 the change in angle between neutral and
extended MRI is plotted against the change in the degree
of perceived cord compression. Pearson’s correlation
coefficient is 0.51, but confidence intervals are wide.

Of the 29 patients who had an MRI study in extension,
12 demonstrated Grade 2 cord compression that was not
demonstrated on the standard study.

Table 1a. Cord compression intra/interobserver agreement
kappa (95% confidence interval)

Technique Obs A1 vs Obs A2 Obs A vs Obs B

CT extension 0.79 (0.53–1.00) 0.67 (0.44–0.91)
MRI supine 0.85 (0.66–1.00) 0.73 (0.55–0.92)
Myelography prone 0.74 (0.57–0.93) 0.61 (0.44–0.80)

Table 1b. Foraminal compromise intra/interobserver agree-
ment kappa (95% confidence interval)

Technique Obs A1 vs Obs A2 Obs A vs Obs B

CT extension 0.50 (0.31–0.70) 0.37 (0.21–0.55)
MRI supine 0.72 (0.59–0.86) 0.53 (0.40–0.68)
Myelography prone 0.58 (0.43–0.75) 0.60 (0.47–0.74)

Obs, observer.

Extended cervical MRI
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For the whole group of 57 patients, using a logistic
regression model and odds ratio, the clinical correlation
of myelopathy (Ranwat Grades 2 and 3) with the total
cord compression value determined from the various
imaging techniques was poor. However, there was a
weak correlation with the presence of T2 change in the
cord (odds ratio 12.0; p50.06).

Because of susceptibility artefacts, MRI is likely to
overgrade the degree of cord compression compared
with CTM. On a level-by-level analysis, standard MRI
overscored in relation to supine CTM by one grade at 58
levels and by two grades at 8 levels. At 11 levels CTM
was graded higher than MRI, but never by 2 grades.

Foraminal compromise and radiculopathy

The presence of foraminal compromise (Grade 1 or 2)
was compared with the presence of clinical radiculopathy
at exactly the same side and level using Spearman’s
correlation coefficient for categorical data. Myelographic
images (without information from CTM) showed a strong
correlation (0.70), whereas standard MRI was no better
than chance (20.02). Extended MRI was somewhat better
(0.32). Looked at another way, the correlation of MRI
images with the myelographic images was 0.02 for neutral
MRI and 0.61 for extended MRI.

In practice, standard MRI is clinically more useful than
the above would suggest, especially as the ‘‘surgical
level’’ may be one level removed from the clinical level 2.

Table 2 shows the clinical and radiological findings in 13
of the extended MRI group of patients who had Grade 2
(definite) foraminal compromise. Eight patients showed
a direct correlation at at least one level. Three had an
abnormality at the appropriate level, but on the opposite
side; one had an abnormality at an adjacent level and one
appeared to have no relevant abnormality. In this group
the summated score for definite foraminal compromise
was: prone myelography 78, supine CT 54, prone CT 64,
standard MRI 68, extended MRI 80; this shows that
foramina are more likely to appear abnormal if the spine is
extended and the foramina become narrowed, as has long
been known from plain film studies.

There was no correlation between the presence of an
abnormal foramen and cord compression at the same
level (correlation coefficient 0.04).

Discussion

This study shows that in our group of patients the
posture of the neck has a significant effect on the degree
of cord compression demonstrated on both CTM and
MRI. With the neck extended, the degree of compression
correlates with that shown by conventional myelography.
Neck extension comparable to that achieved in the prone
position for plain myelography and CTM can be achieved
with the patient supine in a standard 1.5 T MRI scanner.

Until 20 or so years ago, CTM was the primary
modality for investigating cervical cord compression and

Figure 5. Angle between C2 and C7, neutral and extended studies. 17 patients, each with a different colour coding.
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therefore the imaging on which clinical management was
largely based. Most studies comparing MRI and CTM
[3, 4] utilised surgical findings as the gold standard,
which precludes identifying false negative observations.
The lack of a satisfactory reference standard has signifi-
cantly limited evaluation of the imaging of degenerative
cervical pathology.

The greatest advantage of MRI over CTM is the
ability to identify intrinsic abnormality of the cord. The
relationship of the presence, absence or extent of intra-
medullary T2 weighted signal change to clinical myelo-
pathy, and to the likely outcome after surgery, remains
complex and controversial [5–8]. More recent publica-
tions tend to indicate that T2 weighted signal change,

particularly if multisegmental, is a poor prognostic
feature for response to surgery [9, 10].

Despite the widespread acceptance of MRI, cautionary
observations have been made. In 1999 Shafaie et al
[11] compared CTM and MRI in the evaluation of
myelopathy and radiculopathy. Agreement of the two
tests in the assessment of canal compromise, foraminal
encroachment and cord size was not very good
(k50.4220.46). CTM tended to upgrade spinal canal
narrowing and foraminal encroachment even though the
CT component was performed supine. Shafaie et al con-
sidered that the two investigations were complementary.
Although they reviewed many of the reasons for
discrepancies between the two tests, the issue of different

Figure 6. Perceived cord compression on neutral and extended studies. Same patients and colour coding as in Figure 5.

Figure 7. Difference in perceived cord compression versus
change in angle between neutral and extended MRI.

Table 2. Patients with definite foraminal abnormality on
extension imaging: correlation with clinical levels of radicu-
lopathy

Right

Patient
number

Left

MRI
finding

Clinical
level

Clinical
level

MRI
finding

4 6 104 6
4 5 5 7 105 5 7
7 106 5 6 7 5 6

107 7 8 6
6 7 5 6 108
4 6 7 112 5 6 7
4 7 6 7 115 6 7

6 7 117 6 7
6 7 5 6 118 5 6 4 6 7
4 7 8 121
5 6 5 123 5 5 6 7
4 125 5 5 7
6 6 126 6

Extended cervical MRI
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degrees of neck extension was not included. Tsuruda [12]
and others have shown that there is a tendency for
gradient echo sequences to overestimate the degree of
foraminal narrowing because of susceptibility blooming
of bony structures, and that these effects are worse if
there is also patient movement. Similar effects can also
overestimate the degree of central canal stenosis, and for
these reasons minimum practical TEs should be utilised.
Reul et al [13] found that cervical stenosis was often
overestimated by MRI in comparison with CTM, and
that these effects were most marked in patients with a
narrow canal. They attributed the problem to truncation
artefacts and considered that CTM was still indicated,
especially in patients with a narrow cervical canal.
However, Dorenbeck et al [14] did not find any suscept-
ibility-weighted discrepancies using the ‘‘medic’’ spoiled
gradient echo MT sequence.

In 2003 an editorial in American Journal of Neuro-
radiology [15] bemoaned the demise of myelography and
pointed out that it may still be appropriate ‘‘for cases
in which nerve root compression is strongly clinically
suspected, but for which MRI imaging has failed to
confirm the suspicion’’. In most UK centres myelography
is reserved for patients who have an absolute contra-
indication to MRI [16], although there are still a few
enthusiastic advocates for myelography [17].

The potential importance of flexion/extension MRI in
the elucidation of cervical cord compression has long
been recognised [18]. Using a purpose-built positioning
device, Muhle’s group [19] showed a significant increase
in cord impingement in 27% of patients when the neck
was extended, but in only 5% of patients with the neck
flexed. This study did not concentrate on patients with
congenitally narrow canals, and there was no direct
correlation with patient symptomatology. They did not
undertake a formal comparative study with myelogra-
phy, but did consider that in a small number of patients
who underwent both studies, myelographic analysis was
probably equivalent to the dynamic MRI assessment. A
subsequent study [20] suggested that kinematic MRI
might alter therapeutic management in up to 87% of
patients with cervical degenerative disease. Chen et al
[21] questioned whether dynamic MRI needs to be
performed in every patient. Using standard equipment
with positioning sponges, they found similar results to
Muhle et al [19], with 31% of patients showing functional
cord impingement in extension and only 3% during
flexion. They considered that a sagittal canal diameter of
#10 mm at C7 reflected severe canal stenosis, and
showed that the chance of demonstrating dynamic cord
impingement in extension rose to 79% in this patient
group. They did not report whether dynamic MRI
correlates with patient symptomatology any better than
standard imaging. At least one commercial positioning
device has been developed to facilitate these investiga-
tions, allowing an average of 42u of flexion and 47u of
extension to be obtained [22]. Yoo et al [23] suggested
that physiological narrowing of the exit foramina in
extension may also be demonstrated.

The effect of axial loading of the cervical spine in the
erect position by the weight of the head was reported by
Jinkins et al [24] using the Fonar 0.6 T open system. In a
number of cases he showed increased disc bulging in
both cervical and lumbar regions, but the frequency of

this occurrence, the correlation with symptomatology
and the relationship to the degree of neck extension have
not been established. The equipment is heavy, and has
not become widely available.

Many techniques have been described to quantify
the degree of narrowing of the subarachnoid space, or
compromise of the spinal cord or exiting roots [25–30]. It
is clear that no simple reliable technique exists and
radiologists seem to be very poor at reliably assessing the
degree of cord compression. Stafira et al [31] showed an
interobserver agreement of k50.26 with CTM and
k50.31 with MRI. Thus, we chose to utilise a simple
grading scheme that can be used in routine clinical
practice. We have demonstrated satisfactory inter- and
intra-observer errors.

The role of electrophysiology in diagnosis of cervical
myelopathy and radiculopathy is complex. Nardin et al
[32] compared electromyography (EMG) and MRI in a
mixed group of cervical and lumbar radiculopathies,
although the majority were cervical. EMG was signifi-
cantly abnormal at the clinically suspect or the adjacent
level and side in 72% of clinically definite, 40% of
clinically probable and 29% of clinically possible cases of
radiculopathy. Surprisingly, the proportion of abnormal
MRI findings was similar in each group, and abnorm-
ality was just as likely on the asymptomatic side as the
symptomatic side. This casts doubt on the specificity of
MRI. In an editorial in the same journal, Robinson [33]
reworked the data, and noted a very low correlation
between symptoms and MRI abnormalities. Many of
these issues have been reviewed recently [34].

The patients in this study are highly selected on the
basis that first-line imaging (i.e. standard cervical spine
MRI) had not provided a clear answer or explanation for
their symptoms and signs, and these were felt suffi-
ciently troublesome to warrant further investigation. A
high proportion had had previous cervical spine surgery,
and several had associated myelomalacia and focal cord
atrophy. The atypical nature of this group may explain,
at least in part, the poor correlation between the clinical
picture and the findings on standard MRI.

Conclusion

The use of CTM has decreased dramatically in recent
years. Despite some methodological challenges, this
study has provided a unique opportunity to compare
the dynamic capabilities of MRI with a previously well-
understood technique. It is unlikely that such a compar-
ison will ever be performed again.

In this small group of patients, a retrospective (and
subjective) clinical review indicated that in the majority
of cases the information from extended neck imaging
was useful in clinical management, either by revealing
additional findings or by the absence thereof.
Nevertheless, the role of extended-neck MRI in routine
management remains unclear, and further prospective
studies, with well-defined patient characteristics, are
indicated. Until the significance of ‘‘dynamic’’ worsening
of cord compression is better understood there is
potential for demonstration of (perhaps incidental)
increased cord compression in extension to lead to
unnecessary surgical intervention. Findings on extension
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MRI should be interpreted with caution by multi-
disciplinary teams taking careful account of clinical and
electrophysiological data.

CTM is still practised on occasion in some centres and
still has a definite role where MRI is contra-indicated.
Given the high dose of radiation associated with CTM,
particularly to the thyroid, we suggest that CTM is best
carried out in the prone extended position only, for
maximum diagnostic information.

The poor specificity of standard MRI for mechanical
radiculopathy is well recognised [32]. Our limited data
suggest that extended-neck MRI may improve diagnostic
accuracy, but further study is needed.
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