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ABSTRACT
Background: Since the introduction of magnetic resonance imaging (MRI) into clinical practice in the mid-1980s,
the role of computed tomography myelography (CTM) has become less important in spinal diagnostics but remains a
method that is probably even superior to MRI for special clinical issues. The study aims to report the diagnostic utility
of CTM as an adjunct to MRI in lumbar degenerative disc disorder (DDD).
Methods: Included were 20 patients who presented with symptomatic DDD but with MRI findings that did not
correlate with the clinical features. These patients underwent CTM as an additional imaging technique to aid
preoperative surgical decision-making. Both imaging modalities were compared for the identification of the impinging
pathology as well as the number of levels of compression.
Results: MRI revealed compression and/or impingement at 38 levels, whereas CTM revealed these at 29 levels. Of
20 patients, 18 underwent surgery, and a total of 29 levels were decompressed as localized in the CTM. The visual analog
scale (VAS) score for back pain and leg pain at baseline were 6 6 0.7 and 7 6 0.4, respectively, and at 6 months
postintervention (surgical/conservative) were 2 6 0.8 and 0.3 6 0.1, respectively. The Oswestry Disability Index scores
at baseline and 6 months postintervention were 56 6 6.9 and 18 6 4.2, respectively (P , .0001). There was agreement
on the number of levels between MRI and CTM in 10 patients (50%). MRI overestimated the number of involved levels
in 9 patients (45%), whereas in the remaining 1 patient (5%), MRI underestimated the number of involved levels. The
weighted j value for agreement between MRI and CTM on the number of levels involved necessitating decompression
was 0.4 (95% CI, 0.18–0.77; P ¼ .0009).
Conclusions: CTM has a role as an adjunct imaging modality to formulate an effective management plan in
patients presenting with symptomatic lumbar DDD in cases where MRI findings are inconclusive and ambiguous.
Level of Evidence: 4.
Lumbar Spine
Keywords: CT myelogram, lumbar canal stenosis, MRI

INTRODUCTION
Since the introduction of magnetic resonance
imaging (MRI) into clinical practice in the mid1980s, the popularity of computed tomography
myelogram (CTM) in the clinical practice has
showed a decreasing trend.1–4 MRI scores over
myelography because it is noninvasive with no
injection of intrathecal contrast and also has no
radiation exposure with better delineation of soft
tissues. Despite these advantages, MRI is contraindicated in cases in which the patient has a
pacemaker or is claustrophobic, and it may be
inadequate due to suboptimal images, as in a
previous case of operation with metallic implants

in situ.5 Obtaining high-quality MRI also depends
on the patient’s ability to lie still during the image
acquisition process, and this is difﬁcult for those
with signiﬁcant pain. Even for a cooperative patient
with no contraindication or no previous metal
implants, a deﬁnitive diagnosis for surgical planning
by MRI may not be possible. In 1991 Goldberg et
al6 reported that in their series, MRI was not able to
clarify the presence of neural compression by disc
herniation or nondiscogenic degenerative process in
one-third of the patients. It is not uncommon when
clinicians face a surgical decision dilemma in
patients presenting with symptomatic lumbar degenerative disc disorder (DDD) that MRI ﬁndings
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either do not reveal the compressive pathology or
are unable to ascertain the offending level when
widespread multilevel changes are seen. In such
cases, CTM can be used as an adjunct to aid
deﬁnitive surgical planning.
The purpose of this study is to compare the
diagnostic utility of CTM as an adjunct to MRI in
patients presenting with symptomatic lumbar
DDD.

MATERIALS AND METHODS
After obtaining approval from the institutional
review board, we prospectively reviewed patients
who presented to our outpatient clinic between
October 2018 and October 2019 with a symptomatic
degenerative lumbar disorder and in whom MRI
ﬁndings were inconclusive (ie, either not revealing
the compressive pathology or being unable to
ascertain the offending level when widespread
multilevel impingement was seen). We excluded
patients with a compression fracture of the lumbar
spine, tumor, and infection, and patients in whom
MRI was not performed due to absolute contraindications.
In our practice MRI is the standard advanced
imaging modality for patients presenting with
symptomatic lumbar DDD. Those who fail a
nonoperative line of management are offered
surgical intervention to help alleviate pain and
improve their functional ability. CTM is done as
an adjunct only in cases in which MRI is ambiguous
or inconclusive.
During the study period, 310 patients presented
to our outpatient department with symptomatic
lumbar DDD, 290 of whom were managed nonoperatively (70/290) or surgically (220/290) on the
basis of MRI ﬁndings alone. Only in 20 patients
were MRI ﬁndings ambiguous and additional
imaging CTM was used as an adjunct to help
decision-making; these 20 were included in the
study. All patients had MRI scans with multiplanar
T1 and T2 weighted image sequences as the ﬁrst
diagnostic modality, and CTM was performed as a
second procedure to obtain more information to aid
surgical decision-making.
Patients underwent surgical management or
conservative management on the basis of CTM
ﬁndings. All patients were followed up at 3 and 6
months postintervention (surgical/conservative). Patient-reported outcome measures visual analog scale
(VAS)7 for back pain and leg pain and Oswestry

Disability Index (ODI)8 were collected at baseline
and follow-up.
High-Resolution CT Protocol
CT examinations were obtained with the Aquilion One CT system (Canon, Tokyo, Japan) on the
64-detector helical mode; 10 mL of iopromide
(Ultravist 370; Schering, Berlin, Germany) was
injected into the subarachnoid space via a lumbar
puncture to obtain a myelogram. Following injection of contrast, patients were asked to lie supine for
45 minutes for even distribution in the subarachnoid
space before the CT scan. The tube voltage was set
at 135 kV and tube current at automatic dose
modulation. A section thickness of 0.5 mm with a
pitch factor of 0.8 was used.
Image Analysis
The images were analyzed on a dedicated Vitrea
workstation (Vital Images, Minnetonka, MN).
Multiplanar reconstructions in the coronal, sagittal, and oblique planes were read in addition to the
axial sections by a senior musculoskeletal radiologist with 26 years of experience. Dynamic oblique
reconstructions were especially helpful to correct
for the obliquity of the spine. Curvilinear reconstructions were also obtained with the center line
through the spinal canal. These yielded true sagittal
images along the length of the spine in one 2-D
plane, giving a panoramic view and avoiding errors
in interpretation due to scoliotic curves of the
spine.
The spine was studied for disc height maintenance, disc protrusions and their extent, facet-joint
abnormalities, ligamentum ﬂavum thickening, central and lateral canal stenosis, neural foraminal
stenosis, and compression of the opaciﬁed thecal
sac.
Surgical Planning
Both MRI and CTM images were reviewed by the
surgical team and analyzed to locate the level of the
impingement and number of levels. Compression
location and levels according to MRI and CTM
were compared. Compression cause was categorized
as either disc herniation alone or a combination of
disc herniation with nondiscogenic degenerative
processes (NDP), which included canal stenosis
due to ﬂavum or facetal hypertrophy. The surgical
team agreed on the levels of decompression accord-
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Table 1. Levels of compression as per computed tomography myelogram.

Table 3. Plan of management of cases.

Level of Compression

Management

No. of Cases

L1-L2
L2-L3
L3-L4
L4-L5
L5-S1

1
7
11
9
1

Cases

TLIF
Laminectomy
Posterolateral fusion
Conservative

13
3
2
2

Abbreviation: TLIF, transforaminal lumbar interbody fusion.

ing to CTM ﬁndings in correlation with the patient’s
clinical ﬁndings.
Statistical Calculations
Data analysis was done using SPSS, version 13
(SPSS Inc, Chicago, IL).9 A paired t test was used to
compare the difference between preoperative and
postoperative VAS and ODI scores. A P  .05 was
considered to indicate a statistically signiﬁcant
difference. The j results of the agreement were
interpreted using Landis and Koch’s10 suggestions:
,.0 is poor; .0–.20 is slight; .20–.40 is fair; .41–.60 is
moderate; .61–.80 is substantial, and .81–1.00 is
almost perfect agreement.

RESULTS
The mean age of patients in the present cohort
was 58.4 years (range, 40–76 years). There were 12
male (60%) and 8 female (40%) patients.
MRI revealed compression and/or impingement
at 38 levels and CTM, at 29 levels. Of 20 patients, 18
underwent surgery and a total of 29 levels were
decompressed as diagnosed on CTM and clinical
assessment. Two patients were managed conservatively because the CTM did not show any signiﬁcant
compression. Table 1 shows the number of levels of
impingement, and Table 2 shows the various
pathologies found on CTM. Interobserver reliability
between the musculoskeletal radiologist and the
surgical team was 100%.
Transforaminal lumbar interbody fusion (TLIF)
was the commonest surgical procedure performed in
13 patients (65%), followed by laminectomy in 3
patients (15%) and posterolateral fusion in 2
patients (10%). Two patients (10%) were treated
conservatively (Table 3).

In the 2 patients for whom surgery was not
performed, MRI showed signiﬁcant disease; however, the CTM did not show any signiﬁcant
compression. The resultant decrease in symptoms
at the ﬁnal follow-up emphasized the accuracy of
the CTM.
The mean preoperative VAS scores for back pain
and leg pain were 6 6 0.73 and 7 6 0.4, respectively,
with signiﬁcant improvement at ﬁnal follow-up of 6
months when the VAS scores for back pain and leg
pain were 2 6 0.80 and 0.3 6 0.1, respectively. The
paired samples t test showed that this improvement
was signiﬁcant (P , .0001; 95% CI, 3.–4.5). The
mean preoperative ODI score was 56 6 6.92 and the
average postmanagement (surgical/conservative)
ODI at 6 months was 18 6 4.28 (Table 4).
A total of 18 patients (90%) had no radicular
pain at the ﬁnal follow-up at 6 months, whereas 2
patients (10%) who underwent conservative treatment had signiﬁcant improvement but persistent
residual radicular pain. There was agreement on the
number of levels between MRI and CT myelogram
in 10 cases (50%). The MRI overestimated the
number of involved levels in 9 cases (45%; Figure
1), whereas in the remaining 1 case (5%), MRI
underestimated the number of involved levels. For
that patient, CTM showed an extruded left paracentral disc compressing the traversing nerve root at
the L4-L5 level. A TLIF L4-L5 was done, and at 6
months follow-up the patient had no radicular
symptoms (Figure 2).
The weighted j value for agreement between
MRI and CTM on the number of levels involved
necessitating decompression was moderate at .47
(95% CI, .18–.77; P ¼ .0009).
Table 4. Preoperative and postoperative VAS and ODI scores.

Table 2. Pathology identified by CTM and MRI.

Disc herniation only
Disc herniation along with other degenerative disorders
Total levels
Abbreviation: CTM, computed tomography myelography.

CTM

MRI

1
28
29

0
38
38

VAS back pain
VAS leg pain
ODI

Pre op

Post op

P Value

6 6 0.7
7 6 0.4
56 6 6.9

2 6 0.8
0.3 6 0.1
18 6 4.2

P , .0001
P , .0001
P , .0001

Abbreviations: ODI, Oswestry Disability Index; Post op, postoperative; Pre op,
preoperative; VAS, visual analog scale.
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Figure 1. A 60-year-old gentleman presented with low back pain radiating to left lower limb with claudication distance of 100 m for 3 months. (A) Sagittal MRI
showing multilevel disc protrusion with predominant compression at L4-L5 and L5-S1 levels. (B) Sagittal computed tomography myelography (CTM) and (C) axial CTM
showing left paracentral disc bulge at the L4-L5 level with no other significant compression. (D) Intraoperative image of transforaminal lumbar interbody fusion with leftsided unilateral exposure at the L4-L5 level with disc fragment marked by arrow. Cr, cranial; Cd, caudal; L, lateral; M, medial. At follow-up after 3 months patient had no
leg pain and had improved visual analog scale (VAS) scores for back and leg pain as well as improved Oswestry Disability Index (ODI) scores.

In our study, there was no signiﬁcant adverse
reaction post-CTM. Only 1 patient had a transient
headache, which subsided in 2 days.

DISCUSSION
MRI has become the primary diagnostic imaging
modality over the last 2 decades for degenerative
disorders of the lumbar spine. Despite its efﬁcacy
and noninvasive nature, clinicians are confronted

Figure 2. Root impingement. A 63-year-old gentleman presented with low
back pain radiating to the left lower limb with a claudication time of 5 minutes for
6 months. MRI did not show any significant compression. Computed
tomography myelography (CTM) showed left paracentral disc compressing
the traversing nerve root at the L4-L5 level. Transforaminal lumbar interbody
fusion (TLIF) L4-L5 was done, and at 6 months follow-up the patient had no
radicular symptoms.

with management dilemmas when the MRI ﬁndings
do not correlate with clinical ﬁndings in a symptomatic patient or report several levels of signiﬁcant
compression. We report a series of such patients in
whom a CTM was performed as an additional
imaging modality and was very helpful in surgical
planning by clarifying the presence of neural
compression by either disc herniation or NDP as
well as by accurately localizing the levels of
compression. In this series, the levels of decompression were as localized by CTM and all patients
reported improvement in their functional status
postintervention.
MRI is limited not only in speciﬁcity but also in
some instances in accurately depicting the pathoanatomic state. CTM is accurate and more speciﬁc
because of the ability to distinguish bone osteophytes from soft tissue.2–4,6,11 MRI is not reliable in
delineating compression caused by degenerative
changes in the lateral recess, whereas conventional
CT and CTM are more accurate when using surgery
as the reference standard to conﬁrm degenerative
root impingement in the lateral recess as the cause of
radiculopathy.6,12 In a recent study, Rocos et al13
concluded that CTM has a selective role in
delineating central and extraforaminal compression
in the lumbar spine.
Advantages of using CTM in conjunction with or
in lieu of MRI are improved visualization of the
extent of disc herniation, demonstration of focal
neural compression by small herniations and
extruded discs, clariﬁcation of abnormalities of the
facets, including synovial cysts, and delineation of
osseous pathoanatomy especially in patients with
previous surgical history.
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Figure 3. A 66-year-old lady with multiple comorbidities presented with low
back pain radiating to both lower limbs (left more than right) with a claudication
time of less than 5 minutes. MRI showed compression at multiple levels.
Computed tomography myelography (CTM) curved sagittal reconstruction
corrected for mild scoliosis and showed major compression at the L3-L4 level.
Patient underwent transforaminal lumbar interbody fusion (TLIF) at the L3-L4
level, and at 6 months follow-up she had improved visual analog scale (VAS)
and Oswestry Disability Index (ODI) scores. In such cases, multilevel
decompression would have added increased surgical morbidity in a frail patient.

The decision for decompression surgery for
symptomatic lumbar degenerative disorder largely
depends on the severity of stenosis on imaging and
clinical ﬁndings. However, no universally accepted
imaging criteria have been set to deﬁne the severity
of the lumbar DDD. The cross-sectional spinal
canal area has been used as an objective parameter,
and an earlier study14 revealed that preoperative
symptoms of central spinal stenosis are related to
the minimum cross-sectional area of subarachnoid
space. However, another study15 showed that the
cross-sectional area varied extensively between
patients and the existence of stenosis in a particular
patient was difﬁcult to predict.
Our study differs from previous studies on CTM,
in that we used thin sections (0.5 mm) to generate
high-resolution multiplanar images. Our curvilinear
reconstructions helped assess the compression of the
thecal sac more accurately because it aligned to one
2-D longitudinal plane that could be rotated along

the centerline through the center of the thecal sac.
We also used oblique planar reconstructions that
were aligned as true parallel or orthogonal to the
plane of the intervertebral discs or the exiting nerve
roots, which demonstrated the pathology better
(Figure 3). All our patients demonstrated signiﬁcant
improvement in back pain, leg pain, and ODI
postsurgery. Our ﬁndings indicate that CTM with
multiplanar and curvilinear reconstructions provides additional information and helps in better
decision-making than MRI alone in cases in which
MRI does not correlate with clinical ﬁndings.
Sasaki et al16 compared the diagnostic accuracy
of MRI, CTM, and myelography in selected
patients with lumbar canal stenosis. In their study,
sensitivity was 75.9% for MRI, 87% for myelography, and 94.4% for CTM. Their study revealed a
signiﬁcant relationship between surgical ﬁndings
and myelography/CTM as compared with MRI,
concluding that surgical planning on the basis of
MRI is less reliable in selected cases. They further
showed that CTM was more sensitive than axial
MRI and showed compressions in 12 patients that
were not detected by axial MRI. Shiban et al17
compared the use of MRI/MRI myelogram with
conventional myelography/CTM for detailed surgery planning in degenerative lumbar disease. In
their center, surgery was planned on the basis of
conventional myelography/CTM. In their series of
26 patients, post hoc surgical planning was repeated
based on MRI/magnetic resonance myelogram
performed by 6 independent neurosurgeons. Shiban
et al17 found that 31% (n ¼ 8) of the patients had the
same surgical decision as originally made, whereas
69% (n ¼ 18) had different surgical planning as
compared with surgery done on the basis of
conventional myelography/CTM. Of their patients,
69% would have had a different surgical procedure
if the surgical decision-making was based upon
magnetic resonance myelography and not as originally performed, based upon conventional myelography. The authors concluded that surgical planning
for the complex lumbar degenerative disorder is
highly dependent on the imaging modality used, and
discrepancies noted in their series could be because 2
different imaging modalities led to different interpretations.
Morita et al18 retrospectively selected 50 patients
who underwent decompressive surgery for lumbar
spinal canal stenosis and investigated the reliability
and reproducibility of MRI and myelography with
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Figure 4. A 70-year-old woman presented with low back pain radiating to the
left anterior aspect of the thigh and lateral aspect of the left leg with a
claudication distance less than 500 m for the past 1 year. MRI showed multilevel
compression. Computed tomography myelography (CTM) with curved sagittal
reconstruction clearly showed canal stenosis at L2-L3 and a left paracentral
compression at the L3-L4 levels. The patient underwent transforaminal lumbar
interbody fusion (TLIF) at the L2-L3 and L3-L4 levels. At 6 months follow-up, she
had no radicular pain and improved visual analog scale (VAS) and Oswestry
Disability Index (ODI) scores.

CT in surgical planning of decompressive levels by
tasking 4 spine surgeons to decide levels of
decompression retrospectively on different occasions based on the ﬁndings of MRI or myelography
with CTM. They concluded that myelography with
CTM is more reliable and reproducible than MRI
for preoperative evaluation of lumbar spinal canal
stenosis.
In a recent study Morgalla et al19 compared the
sensitivity and speciﬁcity of 3 imaging modalities for
the diagnosis of lumbar spinal stenosis: MRI, CTM,
and functional myelography. They reported that
functional myelography had the highest sensitivity
and speciﬁcity, followed by CTM followed by MRI.
They observed that functional myelography
revealed the highest precision in reaching a correct
diagnosis, and it resulted in a change in the surgical

approach in every ﬁfth patient in comparison with
the MRI.
In our study, the levels operated upon were
decided by CTM ﬁndings, and all patients reported
statistically signiﬁcant improvement in their clinical
outcome. If we had relied on MRI alone, then we
would have subjected patients to more levels of
decompression and surgical morbidity with no
additional beneﬁt in their functional outcome
(Figure 4). Overestimation of MRI is not surprising
because prior studies demonstrated that MRI
ﬁndings of spinal degeneration were prevalent in a
large proportion of both symptomatic and asymptomatic individuals, thus limiting the diagnostic
value of these ﬁndings.20–22
Every imaging modality has its own advantages
and disadvantages. The disadvantages of CTM
include its invasiveness and radiation exposure.
MRI remains the ﬁrst choice of advanced imaging,
and CTM can supplement it for surgical decisionmaking when MRI ﬁndings do not correlate with
clinical ﬁndings and especially when the patient has
multiple segment degeneration.
However, some limitations that may have biased
the study ﬁndings must be considered. We have not
done decompression at levels in which MRI showed
compression, and hence we cannot conﬁrm whether
compression was present. However, postoperative
favorable outcome on follow-up conﬁrms that there
was no signiﬁcant compression at these levels
contributing to patient symptoms. We also have
not considered measurable objective parameters
evaluating the severity of lumbar degenerative
diseases such as cross-sectional area because our
intention in this pragmatic study was to correlate
clinical and radiological tools for decision-making.
In this series, we examined only static CTM studies
comparable with recumbent MRI. Future work
should include dynamic studies in their analysis.

CONCLUSIONS
CTM is an adjunct imaging study that is
necessary in patients presenting with symptomatic
lumbar DDD to conﬁrm degenerative impingement
in cases in which MRI does not reveal compressive
pathology or shows multilevel changes. Our experience shows that CTM is an accurate and reliable
modality to identify the signiﬁcant stenotic levels
and offers a good outcome when the management
plan is based on it.
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