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Abstract
Purpose  CT myelography has been used since 1976 to diagnose neural compression in the axial skeleton. With the advent 
of routine MRI, its role in accurately diagnosing neural compression has been questioned as its normal appearances are not 
defined in the study. In this study, we examine a series of CT myelograms to define the normal appearances of the neural 
elements of the spine.
Methods  The CT myelograms of patients with unilateral symptoms were examined by four independent physicians. The 
lateral extent of contrast was examined and recorded. Concordance between the recorded extents was assessed using kappa 
scores.
Results  Thirty-six scans were reviewed. Kappa analysis shows that there is a fair agreement in the lateral extent of contrast 
at L1, L3 and L4. At L2 and L5, agreement is slight.
Conclusion  The interpretation of CT myelography shows significant interobserver variability. As a result, the usefulness 
of this diagnostic tool can be questioned, and if misinterpreted, it could lead to questionable diagnoses and inadvertently 
erroneous management if used in isolation.
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Introduction

Computed tomographic myelography (CTM) has been used 
since 1976 to investigate the morphology of the spinal neu-
rological structures [1]. Despite the prevalence of magnetic 
resonance imaging (MRI), CTM has been used to demon-
strate neural compression due to herniated nucleus pulposus 
(HNP) and central, lateral recess, subarticular or foraminal 
stenosis. Assessments of the technique show that it has a 
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sensitivity of between 57 and 92% for HNP and 62% in nerve 
root compression [2–6].

With the increasing availability and capabilities of MRI, 
CTM has fallen into increasing disuse. Several studies have 
shown that MRI is more sensitive in detecting neural com-
pression and obligatory dural puncture and ionising radia-
tion is not required, meaning that MRI is thought to be safer 
[2, 7, 8]. However, with increasing use of instrumentation 
CTM remains available in the investigation of spinal pathol-
ogy. The technique has found use in post-operative scans 
because of its reduced vulnerability to distortion caused by 
instrumentation, when dynamic stenosis is suspected where 
standing myelograms can emphasises mobile segments and 
where MRI is contraindicated [8–10].

Despite its potential uses, there is a paucity of informa-
tion regarding the interpretation of a normal CTM. In the 
absence of a definition of normal appearances, it is impos-
sible to define abnormal findings and consequently to plan 
treatment using imaging studies. There is, as yet, no defini-
tion of the normal appearances of the neural structures seen 
on CTM, and so, its clinical utility could be considered lim-
ited. In this case series, we seek to define whether the normal 
appearances of the nerve roots on a lumbar CT myelogram 
can be defined.

Method

The study was carried out in a single tertiary referral centre 
in the UK for both orthopaedic care and neurosurgical spi-
nal care. Using the search function of the picture archiving 
and communication system (PACS, Synapse, Fujifilm, Bed-
ford, UK), all adult (aged ≥ 18 years) patients who under-
went CTM between 1 July 2011 and 2 February 2018 were 
identified.

The clinical information recorded in the investigation 
request was scrutinised to establish the patient’s symptoms 
and clinical findings, and patients were included only if they 
had undergone a CTM to investigate only unilateral lumbar 
radiculopathy. We considered that if the contralateral side 
of the patient was asymptomatic, it should be considered 
anatomically normal. Patients who had undergone any previ-
ous spinal surgery, had any bilateral symptoms at any lumbar 
level, were investigated for central canal stenosis or had no 
coronal images available were excluded from the analysis.

The coronal sequences of myelogram images of each of 
the patients included were reviewed. The lateral extent of 
contrast relative to the L1, L2, L3, L4 and L5 pedicle was 
measured on the side of the spine identified as asymptomatic 
by the clinical records.

Four investigators reviewed the images (a consultant 
spinal surgeon, a consultant musculoskeletal radiologist, a 
senior trainee in orthopaedic spinal surgery and a foundation 

year-one doctor). Data were recorded on a spreadsheet 
(Microsoft Excel, Seattle, USA). No collusion between 
reviewers was permitted. The lateral extent of the contrast 
was recorded as zone 1–4 using the schematic shown in 
Fig. 1.

The completed data set was analysed using a kappa score 
to assess for the concordance between the data recorded by 
each reviewer.

Results

One hundred and sixty-eight adult patients underwent 
CTM between 1 July 2011 and 2 February 2018. Ninety-six 
patients underwent investigation for bilateral symptoms or 
central canal stenosis. Three patients had insufficient images 
to assess the lumbar spine. Of the remaining 69 cases, 33 
had undergone previous spinal surgery, leaving 36 suitable 
for inclusion into the analysis (Fig. 2). The frequency of the 
lateral extent of the contrast as assessed by each investigator 
is evident in Fig. 3.

Each reviewer’s assessment of the lateral extent of con-
trast spread was compared to each of the other investigators 
through unweighted kappa analysis. The results are shown in 
Table 1. The majority of kappa scores showed slight or fair 
agreement between reviewers, with B and D (senior trainee 
in orthopaedic spinal surgery and FY1 doctor) showing the 
highest degree of agreement.

The combined kappa analysis shows that slight agree-
ment between all reviewers was achieved at L2 and L5. Fair 
agreement was observed at the remaining levels (Table 2).

Discussion

CTM remains in use in the evaluation of spinal pathology 
where MRI is not practical. The results shown here suggest 
that there is poor agreement in the interpretation of results. 
As a consequence, it may well be that patients are receiving 

Fig. 1   Definitions of the lateral extent of contrast at each lumbar level
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inappropriate management based on misleading clinical 
decisions. Using the definitions published by Landis and 
Koch in 1977, our results show that there is fair agreement 
in the lateral extent of contrast at L1, L3 and L4 [11]. At 
L2 and L5, the agreement is slight. At higher resolution, it 
is evident that there is very little agreement between each 
of the individual reviewers (Table 1). The individual kappa 
values suggest that there may be development in individ-
ual skills of interpreting images as experience progresses, 
though we noted that the seniormost investigators both of 
whom examine the outputs of CTM regularly showed low 
agreement in their assessments. An alternative, and per-
haps more likely, explanation given the lack of agreement 

between senior specialists is that the images are challenging 
to interpret, and as such, it is reasonable to assume that dif-
ferent treatments would be offered by clinicians with differ-
ent degrees of experience for similar clinical pictures as a 
result, with consequent differing outcomes. As a result, it is 
difficult to consistently describe what should be considered 
as normal CTM findings throughout the lumbar spine in the 
adult population with sufficient accuracy to make robust 
treatment decisions.

MRI has become the gold standard for evaluating neural 
compression within the spine. Clearly, in some cases these 
are not practical or possible because of a range of possible 
reasons, including pacemaker implantation, the presence 
of surgical clips or claustrophobia. As a result, we need 
to have an option for advanced imaging that does not rely 
on high-strength magnetic fields. To date, CT has been the 
only option available, with CTM being a development of 
the standard protocol in an effort to better identify the com-
pressive lesion. Unfortunately, despite the case for its use, 
CTM is not free from complications. The procedure requires 
technical skill to perform and unavoidably involves insert-
ing both a needle and contrast into the dura. As a result 
of its invasive nature, significant complications have been 
identified in up to 10–15% of patients, where post-procedure 
headaches, meningitis and infection have been described [9].

Further to the safety aspects of CTM, its accuracy has 
been questioned. Analyses have shown that CTM underes-
timates root compression in up to 38% of patients where 
compression was confirmed intraoperatively, and Penning 
showed that 22/62 scans showed no abnormality despite 
cervical radicular symptoms [5, 12].

These studies, combined with our new data showing that 
image interpretation is difficult and unreliable, show that the 
utility of CTM may well be very limited to select patients 
where surgeons have a clear equipoise in their planning, 
rather than confirming an existing strategy. In a development 
of CTM, dynamic CTM has become a technique established 

Fig. 2   Flow chart describing the selection of cases included into the 
analysis

Fig. 3   Frequency bar chart 
showing the variation in the 
lateral extent of contrast visible 
per lumbar level as assessed by 
all investigators
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to evaluate cerebrospinal fluid leak, and there is now some 
evidence that this specific technique adds to the diagnostic 
yield of MRI and influences surgical planning [13, 14]. In 
this study, we examined only static CTM studies, and future 
work should include dynamic studies in their analysis. Inter-
pretation of CTM is generally understood to be challenging; 
however, this is the first investigation that quantifies both this 
and the clinically relevant variation in image assessment.

Conclusion

Although CTM has a use in modern surgical practice 
through its use where MRI is contraindicated or when the 
spine has been heavily instrumented, its interpretation shows 
that there are variability in the anatomy of the dura and sig-
nificant interobserver variability in image interpretation. As 
a result, the usefulness of this diagnostic tool can be ques-
tioned, and if misinterpreted, it could lead to questionable 
diagnoses and inadvertently erroneous management if used 
in isolation. We suggest that a study examining the role of 
CTM in central stenosis, extra-foraminal or far lateral neural 

compression could identify a use for this technique in these 
specific pathologies.
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