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Myelography in the Assessment of Degenerative
Lumbar Scoliosis and Its Influence on Surgical

Management

Objective: Myelography has been shown to highlight foraminal and lateral recess stenosis more
readily than computed tomography (CT) or magnetic resonance imaging (MRI). It also has the
advantage of providing dynamic assessment of stenosis in the loaded spine. The advent of
weight-bearing MRI may go some way towards improving assessment of the loaded spine
and is less invasive, however availability remains limited. This study evaluates the potential
role of myelography and its impact upon surgical decision making.

Methods: Of 270 patients undergoing myelography during 2006-2009, a period representing
peak utilisation of this imaging modality in our unit, we identified 21 patients with degenerative
scoliosis who fulfilled our inclusion criteria. An operative plan was formulated by our senior
author based initially on interpretation of an MRI scan. Subsequent myelogram and CT myelogram
investigations were scrutinised, with any additional abnormalities noted and whether these im-
pacted upon the operative plan.

Results: From our 21 patients, 18 (85.7%) had myelographic findings not identified on MRI. Of
note, in 4 patients, supine CT myelography yielded additional information when compared to
supine MRI in the same patients. The management of 7 patients (33%) changed as a result
of myelographic investigation. There were no complications of myelography of the total 270
analysed.

Conclusion: MRI scan alone understates the degree of central and lateral recess stenosis.
In addition to the additional stenosis displayed by dynamic myelography in the loaded spine,
we have also shown that static myelography and CT myelography are also invaluable tools
with regards to surgical planning in these patients.
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sessment and preoperative planning”. More re-
cently improved availability of computed tomo-
graphy (CT) and magnetic resonance imaging
(MRI) has resulted in a reduction in the use of
myelography as a diagnostic tool. These imaging

INTRODUCTION

The prevalence of degenerative lumbar sco-
liosis (DLS) has been reported to range between

3.149%0-68%%6" %% and is known to increase
with advancing age™'*'"®*”. The clinical pre-
sentation and demands of this patient cohort
is broad, heterogeneous and often and asso-
ciated with complex local deformities (antero,
retro, lateral, and rotational listheses). Poten-
tially treatable, these can be mobile or fixed,
and may cause dynamic or static stenosis. This
makes decision-making and operative planning
a complex challenge. Spinal surgeons must con-
sider the merits of limited versus extensive de-
compression, whether to perform short or long
fusion, and what combinations of these are ap-
propriate in each individual patient.

In the era before 3-dimensional imaging,
myelography was historically described as “an
essential preoperative measure” for patient as-

modalities provide cross sectional information
and are often considered relatively ‘low risk’
investigations by most clinicians. The available
literature presents mixed conclusions on the
value of myelography compared with these
other imaging modalities and will be discussed
in this work.

We sought in particular to assess what, if
any, additional information that was conveyed
by dynamic myelography and subsequent su-
pine CT myelography when compared to find-
ings obtained on supine MRI. Additional data
was collected regarding complications of mye-
lography, and how any additional findings of
myelography changed management. As a result
of this we propose criteria for requesting mye-
lography in the setting of degenerative scoliosis.
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MATERIALS AND METHODS

We retrospectively reviewed the MRI lumbar spine and mye-
lography imaging of all patients in our practice between 2006
and 2009, a period representing peak utilisation of this imaging
modality in our unit. Following identification of our patient co-
hort the medical notes of each suitable patient were reviewed,
including electronic outpatient clinic letters and Multidisciplinary
Team (MDT) meeting documentation. The study inclusion crite-
ria were; patients older than 45 years of age, presence of a DLS,
patients with MRI lumbar spine and myelography investigations
performed within 12 months of one another, and patients who
following this received operative intervention. In addition, clear
documentation regarding investigation findings and the decision
making process following MRI scan and then subsequent to mye-
lographic intervention was essential, and this was obtained by
thorough review of patient notes or electronic clinic letters. A
surgical plan must have been clear at both of these time points.
This limited the number of patients included in the study signifi-
cantly, but this was offset by our ability to ensure that there
was a clear change to patient management due to the addition
of myelographic investigation.

The presence of a DLS was determined by evidence of coronal
plain deformity of greater than 10° between the superior end-
plate of L1 to the superior endplate of S1 on the standing ante-
ro-posterior (AP) plain film lumbar spine radiograph.

For all of the patients in our cohort the indication for myelog-
raphy was the presence of neurological symptoms not explained
by other available imaging modalities in the setting of DLS. All
patients were being considered as potential operative candidates
during the period of investigation and all received operative inter-
vention when investigations were complete. Since the indications
for both myelographic investigation and MRI scanning predated
our study, we did not require approval from our Institutional
Review Board or Ethics Committee. Other indications for mye-
lography in our unit include patients with metalwork in whom
neural structures are not well seen due to artefact and rarely,
the unexplained radicular pain in the presence of a normal su-
pine static MRI and standing X-ray.

In terms of the surgical decision making process, each case
was presented in the forum of our MDT meeting and as such
the imaging modalities were reviewed and discussed at length
with the benefit of interpretation by at least the lead author
(IJH) and another author (RW) who are consultants in spinal
surgery and radiology respectively. Several additional consultant
clinicians from both specialties are present during such meetings
in addition to this. Each imaging modality therefore had a con-
sensus agreement on findings so as to minimise interpretation
errors.

Prior to reviewing the results of myelography the senior au-
thor had determined a preliminary operative plan, based on the
patient’s symptoms, examination, standing X-rays and MRI scans
which were also discussed in a previous MDT. When reviewing
the myelography imaging, we noted positive findings from each

134 | Volume 14 | Number 4 | December 2017

investigation, recording also the position of the patient (supine,
prone, weight bearing, and stress) in which the radiological find-
ings where observed.

The results of MRI scanning were then compared with the
results of myelography in the MDT. Significant differences were
noted, for example; absence of stenosis or spondylolisthesis on
MRI investigation but objective evidence on myelography. All
patients undergoing dynamic myelography subsequently under-
went supine CT myelography as part of our units’ myelography
protocol. Significant anatomical findings were also collated from
this CT and compared with MRI lumbar spine investigations
in a similar fashion to the plain film myelography.

Any change in this operative plan following myelography was
noted. If patients with intrusive symptoms were being inves-
tigated by myelography in search of a surgical target due to a pre-
viously entirely “normal” MRI scan, this was also noted.

Each myelogram was performed or supervised by the con-
sultant musculoskeletal radiologists within our department. Pati-
ents were fully consented, the procedure was explained to the
patient including the commonest complications and side effects
(including; headaches, cerebrospinal fluid leak, infection, bleed-
ing, amongst others). Written consent was obtained. A detailed
Nursing Procedure Care Plan was carried out and the details
were recorded.

The procedure was carried out using fluoroscopic guidance
with the patient positioned prone. Full aseptic technique was
used. Local anaesthetic in the form of plain Lidocaine (1%) was
infiltrated to anaesthetise the skin. A 22-G spinal needle was ad-
vanced between the spinous process at a level below the conus,
depending on review of previous imaging. Lateral view fluoro-
scopic screening was performed to assess needle depth. Contrast
was injected to confirm needle position (Omnipaque 240). A total
of 8-mL contrast was then injected.

Screening views were taken supine, supine right and left obli-
que, plus lateral. Then varying degrees rising for example 30
and 45 degrees - supine, supine right and left oblique. This was
followed by erect supine, supine right and left oblique, then
bending right and left lateral, and finally sagittal view erect plus
forward flexion and extension.

Patients then proceeded to CT - (images plus reconstructions)
axial, coronal, sagittal. Oblique reconstructions were taken if nece-
ssary. Scans were performed on a 0.6 collimator. Data was re-
constructed in 3 planes using 2-mm width slices at 2-mm inter-
vals on a bony window.

RESULTS

Two hundred seventy myelograms were performed during the
study period. Indications for myelogram were claustrophobia,
metalwork in situ prohibiting MRI, symptoms not explained by
MRI/X-Ray/Anaesthetic Blocks, amongst others. We noted dur-
ing this period there were zero complications of myelography
in our unit using the described technique and modern contrast
media.

Twenty-one patients (17 female patients) fulfilled the inclusion
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criteria. Mean (range) age is 68 (45-82) years. The mean interval
between investigations was 5.5 months, range 0-12. Eighteen mye-
lograms (86%) revealed findings not seen on MRI. Fifteen pati-
ents had a single new abnormality, 1 patient had 2 abnormalities,
and in 2 patients there were 3 new abnormalities. Additional ab-
normalities observed on myelography and not on the lumbar MRI
investigation were inclusive of; facet/ligamentous bulging in 13
patients, 1 spondylolisthesis (Fig. 1), 1 retrolisthesis (on exten-
sion), and 1 lateral subluxation (Fig. 2). In 4 cases the facet/liga-
mentous bulging was more pronounced on myelography compa-
red with MRI. This was notably also evident on the supine mye-
logram views. We found that stress views in the coronal plane
during myelography conferred no additional information in this
study. We also noted that the listheses were also seen on weight
bearing plain radiographs but not on MRI.

On subsequent CT myelography, 2 cases showed new findings
not seen on MRI or plain myelography. These were a foraminal
osteophyte and a pars defect. In total, the management of 7 pa-
tients changed as a result of myelography/CT myelography. A
summary of these findings and how surgical management changed
as a result is presented in Table 1. On reviewing follow-up clinic
correspondence for this cohort of 7 patients, each patient experi-
enced a subjective and objective improvement in preoperative
symptoms following the operative interventions described. At
the time of data collection no patient in this group had received
any further operative intervention.

We had no cases of infection during our study period, how-
ever since the study was completed there has been one episode
of meningitis in our unit, requiring treatment with intravenous
antibiotics, with a full subsequent recovery. We have therefore
found the complication profile to be low, but not zero, and this
warrants consideration when requesting this investigation.

DISCUSSION

Degenerative scoliosis is a common, treatable condition and
is associated with stenosis. We accept that in some instances
the accepted standard for evaluation of stenosis is currently MRI,

however this is theoretically limited due to its supine, static
nature. MRI may display high quality imaging of the supine pa-
tient, however it does not provide information on what is hap-
pening to the spinal anatomy when the patient experiences pain,

Fig. 1. Flexion-slip and compression (A) and extension-reduction
with reduced stenosis (B) myelography displaying dynamic compress-
ion.

Stenosis

Prone Erect L4 root <=

L5 root <==

Fig. 2. Example of lateral subluxation - visible on weight bearing X-
ray but not on supine X-ray (or magnetic resonance imaging). The
stenosis is clearly visible on the myelogram. The patient was com-
plaining of right L4 radicular pain.

Table 1. Summary of myelogram/CT myelogram findings that were not present on MRI and how surgical management was affected by the

results

Findings on myelography NOT present on MRI
(No. of cases)

Implication on surgical management

Dynamic stenosis at adjacent proximal level (2)
Dynamic stenosis distally (1)
Static stenosis not seen on MRI (2)

Proximal extension of fusion without entering canal.
Distal extension of fusion by 1 level.

One Isolated decompression. Alternatively patient would not have been offered surgery.

One decompression of canal with long fusion. Alternatively canal would not have been

entered.

Lateral subluxation with stenosis (1)

Instrumentation and decompression performed. Alternatively patient would have received

decompression only.

2-Level dynamic stenosis not seen on MRI (1)

2-Level fusion performed without entering canal. Alternatively patient would not have been
offered surgery.

CT, computed tomography; MRI, magnetic resonance imaging.
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for example when standing. Myelography provides this option
due to its dynamic nature.

Myelography allows for the dynamic assessment of the spine
under physiological loading, including forward flexion, lateral
flexion and extension. Furthermore the patient is able to relay
their symptomatology with specific reference to positional exa-
cerbation. Diagnostic specificity has been previously shown to
increase when subjecting patients to axial loading during imag-
ing”. We accept that CT or MRI remain the gold standard in
some diagnostic scenarios, Ossified Posterior Longitudinal Liga-
ment'” and far lateral disc herniations” being good examples
of such instances. Myelography has however been shown to offer
more information than MRI in presurgical diagnosis of sympto-
matic foraminal stenosis” and highlights lateral recess stenosis
more readily than MRI or CT alone. Epstein found that these
findings changed the extent of decompression performed during
surgery in 72% of patients’.

The recent evidence emerging regarding upright MRI scan-
ning has contributed to the value of dynamic imaging, with stud-
ies showing a positive correlation between symptoms, dural sac
cross sectional area, and the degree of lumbar spinal canal steno-
sis'”. It has also been demonstrated that standing MRI offers
superior imaging to recumbent MRI in the case of cervical and
lumbosacral disc herniation, as well as in anterior spondylolis-
thesis”. Recent work by Kanno et al." examined the relationship
between supine MRI, upright MRI and weight bearing myelo-
graphy. They found upright MRI had higher sensitivity and spe-
cificity in lumbar spinal canal stenosis than supine MRI, and
demonstrated that upright MRI can demonstrate similar posi-
tional changes of the dural sac size as demonstrated by weight
bearing myelography.

In units such as our own where standing MRI scan remains
unavailable, consideration should therefore be given to the effi-
cacy of currently available technologies. The specific role of mye-
lographic investigation as an adjunct to MRI has been explored
in recent work from Germany'®* and Japan'"*. This body of
evidence appears to show that in degenerative disease of the Lum-
bar spine, weight bearing myelographic investigation yields addi-
tional diagnostic information compared with supine MRI, and
is itself superseded by dynamic myelographic investigation such
as myelography performed with extension. A review of the United
Kingdom literature reveals only one case report article examin-
ing the role and utility of myelography as an adjunct to MRI?,
which appears to offer support to the above literature.

Our findings are in agreement with previous radiological stu-
dies demonstrating that space within the spinal canal is posture
dependent'”, and if imaging is performed under loaded con-
ditions, diagnostic specificity is increased™. In 86% of out co-
hort, myelography enhanced our diagnostic ability. The majority
of additional abnormalities detected comprised primarily of
pathologies which are influenced by loading. It is worth noting
however, that in 4 of our patients, supine myelography also pro-
ved to be superior to supine MRI. This suggests there are further
merits with respect to myelography beyond the advantages of-
fered by load bearing, Our study also suggests that MRI scanning
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alone underestimates the true extent of central and lateral recess
stenosis. The use of CT myelography provided additional useful
information regarding the true nature of stenosis, particularly the
contribution of bony rather than soft tissue lesions. With the abi-
lity to arrange the cuts of CT to fit around the deformity, there
are further advantages that become apparent in imaging complex
deformities. It would appear that our United Kingdom based
study supports the afore-mentioned overseas proponents of mye-
lography as a useful adjunct to MRI, particularly in complex pa-
tients with unexplained symptoms using alternative imaging mo-
dalities™6172325)

We have also shown that myelography improved diagnostic
accuracy, allowing us to more comprehensively address the pa-
tient’s needs. If no culprit lesion is identified on imaging, patients
may quite reasonably be denied the prospect of surgical inter-
vention, their clinician outweighing the risks of surgery against
the prospect of treating symptoms without hard diagnostic evi-
dence following investigation. Patients with established abnor-
malities on MRI scanning may too benefit from concomitant mye-
lographic investigation, with further information to be gained
with regard to fusion or decompression levels. With an enhanced
ability to avoid unnecessarily entering the canal for example,
surgeons may be able to further minimise potential complications.

In the setting of degenerative scoliosis, our study highlights
that myelography not only provides additional radiological in-
formation compared with MRI alone, but also that in some cases
this can directly lead to a change in operative strategy. There is
therefore a theoretical potential to improve clinical outcome but
this needs to be offset against the potential low risk and resource
of an invasive investigation.

Myelography is a more invasive procedure than MRI and CT
and although not common, there is potential for complications.
Postiacchini found a postmyelography complication rate of 37%
for inpatients and 40% for outpatients””. The majority of these
complications were mild headache, and the incidence was re-
duced in patients who received a lower dose of contrast medium.
In 2000, Suess et al.”” published a case report and a review of
16 previously reported cases documenting subacute intracranial
subdural haematoma following myelography. Although rare, cases
of post myelography seizure have been reported™™*”. An email
survey of the American Society of Neuroradiology found that 82%
of responding members (response rate 15%) reported no signifi-
cant complications in the past 5 years™. Notably, Herkowitz et
al.” found the incidence of postmyelography side effects was
higher in women and that patients presenting with a subjective
complaint along with a negative clinical examination and negative
myelogram, reported a much higher rate of side effects such as
nausea, vomiting, and headaches.

One limitation of our study is that we had no comparative
control group, and as such we are unable to directly measure
how this affected our patient outcomes. It is worth noting how-
ever that in our cohort that at minimum 2-year follow-up none
of the patients in our cohort required revision operation for
recurrent or residual pain. We recognise there are other limi-
tations to consider with our study. Interpretation of myelography
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is subjective, and an accurate quantitative assessment is not possi-
ble. To mitigate against this we measured the presence and ab-
sence of abnormalities rather than the quantity of abnormality.
The time lapse between investigations should be noted, since
in order to exclude development of interval pathology both in-
vestigations would ideally be performed in succession. Although
MRI scanning is still considered as the gold standard investiga-
tion, its main limitation is that it is currently commonly per-
formed as a supine and static investigation. Upright MRI does
have apparent advantages over supine MRI but has its own limi-
tations due to availability, time taken, and difficulties obtaining
the correct cuts to demonstrate levels/pathology adequately. It
may also be poorly tolerated by a suffering patient who by defi-
nition finds it difficult to stand.

We suggest using myelography selectively in degenerative sco-
liosis when neurological symptoms are not explained by what is
seen on standing X-rays or MRI scanning. In our practice, it is
also an invaluable tool in patients with non-MRI-compatible im-
plants or in whom MRI scanning is not possible.

CONCLUSION

We have shown that the extent of surgical treatment offered
to patients is affected by using myelographic investigation in addi-
tion to MRI scanning preoperatively. In the current setting where
standing MRI remains an emerging technology, we would encour-
age clinicians to consider the merits of myelography as a useful
adjunct to diagnosis and surgical planning in the setting of DLS.
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