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Study Design: Cross-sectional retrospective study designed to assess interobserver agreement.

Purpose: To investigate if interobserver agreement using magnetic resonance imaging (MRI) in the evaluation of lumbar spinal canal
stenosis and root compression can be improved upon combination with magnetic resonance myelography (MRM).

Overview of Literature: The interpretation of lumbar spinal MRI, which is the imaging modality of choice, often has a significant
influence on the diagnosis and treatment of low back pain. However, using MRI alone, substantial interobserver variability has been
reported in the evaluation of lumbar spinal canal stenosis and nerve root compression.

Methods: Hardcopies of 30 lumbar spinal MRI (containing a total of 150 disk levels) as well as MRM films were separately reviewed
by two radiologists and a neurosurgeon. At each intervertebral disk, the observers were asked to evaluate the thecal sac for the pres-
ence and degree of spinal stenoses (mild, moderate, or severe) and presence of root canal compression. Interobserver agreement was
measured using weighted kappa statistics.

Results: Regarding lumbar spinal canal stenosis, interobserver agreement between the two radiologists was moderate (kappa,
0.4) for MRI and good (kappa, 0.6) for combination with MRM. However, the agreement between the radiologist and neurosurgeon
remained fair for MRI alone or in combination with MRM (kappa, 0.38 and 033, respectively). In the evaluation of nerve root compres-
sion, interobserver agreement between the radiologists improved from moderate (kappa, 0.57) for MRI to good (kappa, 0.73) after
combination with MRM; moderate agreement between the radiologist and neurosurgeon was noted for both MRI alone and after
combination with MRM (kappa, 0.58 and 0.56, respectively).

Conclusions: Interobserver agreement in the evaluation of lumbar spinal canal stenosis and root compression between the radiolo-
gists improved when MRM was combined with MR, relative to MRI alone.
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Introduction

Low back pain (LBP) is a common clinical entity and con-
sidered as being one of most common causes of disability
in younger individuals aged <45 years [1]; consequently, it
has a tremendous socioeconomic impact [2]. Among the
many causes of LBP, acquired spinal stenosis caused by
degenerative joint and disk diseases is responsible for the
vast majority of cases [3]. Imaging evaluation of patients
with spinal degenerative diseases often includes plain film
radiography and magnetic resonance imaging (MRI),
with the latter being the imaging modality of choice (Fig.
1A, B). Therefore, the interpretation of lumbar spinal MRI
often has a significant role in LBP diagnosis and treatment
[4,5].

Magnetic resonance myelography (MRM) is a safe and
noninvasive technique; compared with conventional my-
elography, it has approximately similar sensitivity in visu-
alizing lumbar nerve roots [6], with the added advantages
of no patient exposure to ionizing radiation or complica-
tions related to adverse reaction to intrathecal contrast
material, such as arachnoiditis and adhesion [7]. The
main principle of MRM, which is a heavily T2-weighted
sequence, is that signals from non-water (solid) structures
are reduced or nulled (black) so that the signal intensity
from water (fluid) stands out clearly (bright) (Fig. 1C, D)

[8,9].

Although several grading methods for the assessment
of lumbar spinal canal stenosis have been suggested (in-
cluding measuring the cross-sectional area), in practice,
its severity is usually subjectively assessed. This is because
no universal grading scale is currently used and no opti-
mal method for imaging the spine has been established
[10]. Consequently, substantial intra- and interobserver
disagreements in the evaluation of lumbar spinal canal
stenosis and root compression have been reported using
MRI alone [11-13].

The objective of the present study was to investigate if
MRM could be used to improve the interobserver agree-
ment between a radiologist and non-radiologist (neuro-
surgeon) in the evaluation of lumbar spinal canal stenosis
and nerve root compression using MRI.

Materials and Methods

The study was approved by the regional Institutional Ethi-
cal Committee.

A cross-sectional analytic retrospective study was con-
ducted; the study comprised 30 patients (18 females and
12 males, aged 25-65 years) at the MRI unit of the Middle
Euphtare Neuroscience Center, Al-Sader Medical City, Al-
Najaf, Iraq over a 6-month period. The study sample was

Fig. 1. A 65-year-old woman with low back pain. Sagittal (A) and axial (B) T2-weighted magnetic resonance turbo spin echo images
(repetition time=2,363 msec/echo time=100 msec) showing degeneration of the 4th-5th lumbar intervertebral disk with posterior bulge
together with ligamentum flavum hypertrophy, causing severe lumbar spinal canal stenosis and bilateral root compression. Coronal (C)
and sagittal (D) magnetic resonance myelography images (repetition time=8,000 msec/echo time=1,000 msec) confirming the presence
of severe lumbar spinal canal stenosis at the 4th—5th disk level.
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randomly selected from patients who had already been
referred to the MRI unit for lumbosacral evaluation, with
the indication being either LBP, radiculopathy, or both.
Cases with variable degrees of lumbar spinal canal steno-
ses and root compression were included. MRI examina-
tions with incomplete sequences or artifacts and cases
with lumbosacral mass or trauma were excluded.

1. MRI and MRM examinations

All cases were examined using the same MRI device
(Philips Achieva 1.5 Tesla, Netherland, 2010). During
lumbosacral evaluation, MRI and MRM were performed
using the following imaging parameters:

(1) Sagittal T1-weighted images: turbo spin echo (TSE)
echo time (TE)=8 msec and repetition time (TR)=500
msec.

(2) Sagittal T2-weighted images: TSE TE=100 msec and
TR=4,000 msec.

(3) Axial T2-weighted images: TE=120 msec and
TR=4,000 msec.

(4) MRM (heavily T2-weighted images): TE=1,000
msec and TR=8,000 msec.

2. Image analysis

Hardcopies of 30 conventional lumbosacral MRI films
with a total of 150 disk levels, as well as hardcopies of their
corresponding MRM films, were separately reviewed by
two blinded board-certified radiologists and one board-
certified neurosurgeon. At first, each observer evaluated
the MRI films alone. Then, the observer re-evaluated each
case, but this time in adjunct with the MRM film. Using
structured formula sheets, the observers were asked to as-
sess specific parameters at each level of the 150 disks, in-
cluding (1) nerve root compression (present or absent); (2)
severity of lumbar spinal canal stenosis using the 4-grade
classification of severity reported by Lee et al. [14], which
is based on the degree of separation of the cauda equina
on T2-weighted axial images, as follows: grade 0, no lum-
bar spinal canal stenosis without obliteration of the ante-
rior cerebrospinal fluid space; grade 1, mild stenosis with
separation of all cauda equina; grade 2, moderate stenosis
with some cauda equina aggregated, making it impossible
to visually separate them; and grade 3, severe stenosis
with none of the cauda equina separated.
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3. Statistical analysis
Data were statistically analyzed using SPSS ver. 2.1 (SPSS

Inc., Chicago, IL, USA). Interobserver reliability was as-
sessed using weighted kappa statistics to determine con-

Table 1. Demographic data of the 30 patients included in the study

Parameter MRI MRM
Age (yr) 50.7¢11.17
Sex
Male 12
Female 18
Weight (kg) 89.3+10.7

Grade of lumbosacral canal
stenosis (150 levels)”

R1
Grade 0 107 104
Grade 1 16 22
Grade 2 17 10
Grade 3 10 14
R2
Grade 0 76 87
Grade 1 41 37
Grade 2 10 9
Grade 3 23 17
N
Grade 0 109 115
Grade 1 22 18
Grade 2 9 5
Grade 3 10 12
Roots compression on MRI
R1
Yes 66
No 84
R2
Yes 55
No 95
N
Yes 34
No 116

Values are presented as mean+standard deviation

MRI, magnetic resonance imaging; MRM, magnetic resonance myelo-
gram; R1, first radiologist; R2, second radiologist; N, neurosurgeon.
*iGrades are according to Lee et al. classification of lumbar canal ste-
nosis [14].
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sistency and agreement among the observers. The inter-
pretation of kappa measurements was in accordance with
Altman’s practical statistics [15]: poor agreement, <0.20;
fair agreement, 0.20-0.39; moderate agreement, 0.40-0.59;
good agreement, 0.60-0.79; and very good agreement,
0.80-1.00.

No patient consent was obtained because of the nonin-
terventional nature of the study, with the confidentiality
of patient’s personal data being preserved.

Results

The 30 patients included in this study had a mean age of
50.7 years (standard deviation, £11.17 years) (Table 1).
After the evaluation of the 150 intervertebral levels in all
30 MRI lumbosacral examinations using MRI and then
MRM, interobserver agreement before and after using
MRM was compared. The following results were obtained:

1. Lumbosacral spinal canal stenosis

The overall agreement between the two radiologists re-
garding the severity of lumbar spinal canal stenosis was
better for MRM (good) than for MRI (moderate), with
kappa values of 0.6 and 0.4, respectively (Table 2). On the
other hand, there was no significant change in interob-
server agreement (fair) between the radiologist and neu-
rosurgeon; the kappa values were 0.38 and 0.33, respec-
tively (Table 2).

2. Nerve root compression

The agreement between the two radiologists improved

from moderate (kappa value, 0.57) when using MRI to
good (kappa value, 0.7) when using MRM (Table 3).
However, between the radiologist and the neurosurgeon,
there was no significant change in agreement in the evalu-
ation of root compression using MRI and MRM (moderate
for each, with kappa values of 0.58 and 0.56, respectively)
(Table 3).

Discussion

Although MRI is the modality of choice for assessing disk
abnormalities [16], MRM can be added to routine lumbar
spinal MRI scans and may be used to help confirm ab-
normalities noted via conventional MRI in selected cases
[17]. In clinical practice, the role of MRM in improving
the interpretation of lumbosacral MRI can be inferred by
comparing interobserver agreement between two different
radiologists and between a radiologist and non-radiologist
(neurosurgeon) on MRI and then on MRM. Using this
approach, lumbar spinal canal stenosis and nerve root
compression were assessed in the current study.

In lumbar spinal canal stenosis, the reported variability
in intraobserver and interobserver reliability is in general
more pronounced when qualitative rather than quanti-
tative measures are applied [12,13], and interobserver
agreement is particularly low between clinicians of differ-
ent specialties (e.g., radiologists vs. surgeons) [18,19].

In our study, MRM clearly improved the agreement be-
tween radiologists (Table 2); however, MRM had no sig-
nificant effect on the agreement between the radiologist
and neurosurgeon. This implies that MRM tends to result
in a more objective assessment between radiologists than
between a radiologist and non-radiologist. This improve-

Table 2. Comparison between interobserver agreement using MRI and MRM in the evaluation of spinal stenosis

MRI (kappa)

Parameter Observers

R1and R2
R2 and N

Spinal stenosis

Spinal stenosis Fair (0.38)

Moderate (0.4)

MRM (kappa)
Good (0.6) Improved
Fair (0.33) No significant improvement

MRI, magnetic resonance imaging; MRM, magnetic resonance myelogram; R1, first radiologist; R2, second radiologist; N, neurosurgeon.

Table 3. Comparison between interobserver agreement using MRI and MRM in the evaluation of nerve root compression

Parameter Observers MRI (kappa) MRM (kappa) Change
Root compression R1and R2 Moderate (0.57) Good (0.7) Improved
Root compression R2 and N Moderate (0.58) Moderate (0.56) No significant improvement

MRI, magnetic resonance imaging; MRM, magnetic resonance myelogram; R1, first radiologist; R2, second radiologist; N, neurosurgeon.
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ment in agreement when using MRM was consistent with
the results of a study by Song et al. [20] involving the eval-
uation of 100 patients with multilevel disease, where the
interobserver reliability of MRI in identifying and grading
lumbar spinal canal stenosis was improved with the use of
MRM.

Similarly, regarding the presence or absence of root
compression, we found that MRM increased the agree-
ment from moderate to good between the two radiolo-
gists, whereas no improvement was observed between
the radiologist and neurosurgeon. Hence, the addition of
MRM also resulted in a more objective reading of MRI
examinations, but only between the radiologists.

Because of the large interobserver variability in diag-
nosing root compression and lumbar spinal canal stenosis
using MRI, it is recommended that MRI findings alone
should not be used when assessment is required for a sur-
gical decision; in these cases, a higher-Tesla MRI would
be a better alternative [21]. A score developed by Azimi
et al. [22] is also generally considered reliable and valid,
and it can be used in the decision-making process with
respect to surgical intervention. Because of the improved
interobserver agreement, at least between radiologists, we
believe that adding MRM could be another solution to
help surgeons make surgical decisions more judiciously.
However, this solution will be more clinically applicable
when interdepartmental agreement is also good, which
was not attainable in this study. The interdepartmental
disagreement seen in this study may not exactly reflect
the actual practice and cannot be generalized because
only one non-radiologist (neurosurgeon) was involved in
the assessment. However, we believe that this difference
cannot be ignored and may be explained by several fac-
tors, both individual and departmental, including but not
limited to different knowledge, skills, and clinical experi-
ences with MRI and MRM as well as varied educational
backgrounds.

There were some limitations to this study. First, we used
only a single classification system for lumbosacral canal
stenosis grading without utilizing direct measurement of
spinal canal dimensions. However, while the latter would
be more objective and reproducible, we believe that in the
daily practice, it is less commonly used than subjective
assessment methods (including the one we chose). Sec-
ond, we evaluated hardcopies and not digital images on
the workstation. This is because, unfortunately, we have
not yet established a picture archiving and communica-
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tion system, and data transfer is still largely dependent
on printed films. Finally, only one nonradiologist was in-
volved in this study, so interdepartmental variability can-
not be definitely accepted due to a small number of ob-
servers. Nevertheless, we believe that this study has shed
some light on this variability, and further studies need to
be conducted to confirm our observations.

Conclusions

MRM can improve the interpretation of lumbosacral MRI
examinations because of the higher level of agreement
achieved than when using MRI alone. MRM can result in
better and more reproducible data transfer, particularly
between radiologists.

Measures to reduce interobserver disagreement be-
tween radiologists themselves and between radiologists
and non-radiologists need to be acted upon and might
include but not be limited to the following: (1) a scientific
conference with radiologist and non-radiologist participa-
tion to reach a reliable consensus regarding the evalua-
tion of lumbosacral MRI interpretation and (2) creation
of a standardized grading system of lumbosacral spinal
stenosis to maintain a reproducible and less operator-
dependent interpretation.

In addition, further quality control studies, encompass-
ing more specific radiological parameters in the evalua-
tion of lumbosacral spinal MRI, should be conducted.
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