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Abstract　Objective: To evaluate whether 3D magnetic resonance myelography (MR 
myelography) using fat-suppressed-three dimensional coherent oscillatory state ac-
quisition for the manipulation of the image contrast (FS 3D-COSMIC) sequence has 
additional diagnostic value in the diagnosis of lumbar canal stenosis.
Materials and Methods: The patient population consisted of 30 patients who were 
seen for the diagnosis of lumbar canal stenosis. The lumbar segments were divided 
into 15 groups, from L1-L2 to L5-S1; right, middle and left. Of all segments examined 
(450 segments), 180 segments confirmed to have stenosis by surgery were included 
in this study. The sensitivities, specificities, and accuracies of observer for diagnos-
ing lumbar canal stenosis of the routine MRI + MR myelograpy were compared with 
those of the routine MRI alone. In addition, receiver operating characteristic analysis 
was performed. 
Results: In all segments, both the sensitivity, accuracy and Az value were significant-
ly higher for the routine MRI + MR myelography than for the routine MRI alone (P 
< 0.05). 
Conclusion: The addition of MR myelography using the FS 3D-COSMIC sequence to 
routine MR imaging may be useful for evaluating lumbar canal stenosis; especially, 
the technique may contribute to improving the sensitivity for the diagnosis of lum-
bar canal stenosis.
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Introduction

 Both myelography and computed tomogra-
phy (CT)-myelography are useful for survey-
ing the dural sac and nerve root. However, 
these examinations have disadvantages, such 
as their invasive nature and the radiation 
exposure1. In contrast, magnetic resonance 
(MR) myelography is based on a heavily T2-
weighted imaging technique and produces 
a high signal from cerebrospinal fluid. This 
imaging sequence, which was first described 
in 1992, produces an effect which gives im-
ages similar to conventional myelography2. 
Some investigators have shown the useful-
ness of MR myelography in patients with 
lower back pain3-6. MR myelography can also 
produce myelogram-like images without the 
use of contrast agent. Scarabino et al. (1996) 
demonstrated the usefulness of MR myelog-
raphy in comparison with conventional MR 
in 21 patients with lower back pain7. Hofman 
and Wilmin (1996) described the use of MR 
radiculopathy to increase the sensitivity of 
conventional magnetic resonance imaging 
(MRI) in the diagnosis of nerve root compres-
sion in 19 patients, but did not discuss the 
imaging or clinical correlation8. However, 
MR myelography has not been adequately 
scientifically validated regarding whether it 
can enhance the diagnostic accuracy of MRI.
 Previously, MR myelography images were 
obtained using 2D -fat- suppressed coronal 
T2-weighted Fast Spin Echo (FSE) images 
which were reconstructed as maximum in-
tensity projections2,5. Recently, some inves-
tigators have described the usefulness of 
3D-MR myelography for evaluating the bra-
chial plexus and lumbosacral plexus; these 
included the 3D -short inversion-time inver-
sion recovery (STIR) single slab with variable 
flip angle distribution (SPACE) sequence, 
3D -heavily T2-weighted MR myelography 
sequences and, the diffusion-weighted (DW) 
neurography sequence with fiber tracking re-
construction (tractography)9,10.
 The fat-suppressed three-dimensional co-
herent oscillatory state acquisition for the 
manipulation of image contrast (FS 3D-
COSMIC) is a sequence that is based on fast 
imaging employing steady state acquisi-
tion (FIESTA) of balanced steady-state free 

precession (balanced SSFP). Amakawa et 
al. (2010) reported that the FS 3D-COSMIC 
technique could improve the contrast of the 
cartilage and synovial fluid with high spatial 
resolution11. However, no investigators have 
evaluated the FS 3D-COSMIC technique for 
the use in MR myelography sequences.
 The objective of the current study was to 
evaluate the additional advantage of using 
MR myelography in patients who underwent 
both lumbar spine MRI and surgery in the 
diagnosis of lumbar canal stenosis.

Materials and Methods

Patients
 The current study included 30 patients sus-
pected of having lumbar disease. The patients 
underwent both routine MRI scans, combined 
with magnetic resonance (MR) myelography 
and surgery during the period from April 
2010 to January 2011. Fifteen females and 15 
males diagnosed with lumbar stenosis by an 
experienced orthopedic surgeon were included 
in the current study. All patients underwent 
surgery. The age of the patients ranged from 
17 to 93 years and the mean age was 65.1
± 19.3 years. The institutional review board 
gave its approval, and informed consent was 
obtained from all subjects included in this 
study.

MR imaging technique
 All examinations in the 30 patients were 
performed using a 1.5 T whole body MR sys-
tem (Signa Horizon, GE Medical Systems, 
Milwaukee, WI) using a spine array coil. 
First, the routine protocol was initially per-
formed as follows: Sagittal T1-weighted FSE 
images were obtained using the following 
parameters: TR/TE = 550/14 ms; echo-train 
length (ETL) = 5; slice thickness = 4 mm, gap 
= 0.4 mm; FOV = 16 cm, matrix = 320 × 224; 
number of excitations = 3 and a total acquisi-
tion time = 1 minute, 46 seconds. Sagittal T2-
weighted FSE imaging was performed using 
the following parameters: TR/TE = 2700/110 
ms; ETL = 16; slice thickness = 4 mm; gap 
= 0.4 mm; field of view (FOV) = 16 cm; ma-
trix = 384 × 256; number of excitations = 3; 
bandwidth = ± 32 kHz; and a total acquisi-
tion time = 2 minutes, 11 seconds. Transverse 
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T1-weighted FSE imaging was performed 
using the following parameters: TR/TE = 
650/14 ms; ETL = 5; slice thickness = 4 mm; 
gap = 2 mm; FOV = 16 cm; matrix = 256 × 
224; number of excitations = 2; bandwidth = 
± 22.7 kHz; and a total acquisition time = 2 
minutes 6 seconds. Transverse T2-weighted 
FSE imaging was performed using the fol-
lowing parameters: TR/TE = 3100/110 ms; 
flip angle = 90°; slice thickness = 4 mm; gap 
= 2 mm; FOV = 16 cm; matrix = 256 × 192; 
number of excitations = 16; bandwidth = ±  
25 kHz and a total acquisition time = 1 min-
ute, 58 seconds. Additional MR myelography 
was performed as follows: FS 3D-COSMIC 
images were obtained using the following 
parameters: TR/TE = 5.5/2.7 ms; flip angle = 
45°; FOV = 300mm; matrix = 320 × 224; band-
width = 62.5khz per pixel and an acquisition 
time = 3 minutes 40 seconds. Both oblique 
images were obtained by rotating the coronal 
view image using a software program (Vir-
tual Place, AZE Inc., Tokyo, Japan). Oblique 
MPR images were obtained by parallel to 
neural foramina. Maximum intensity projec-
tion (MIP) reconstruction was not applied to 
make oblique reconstructions from the coro-
nal sequences. 

Image analysis
 Two musculoskeletal radiologists (O.T.; 21 
years of experience, Y.H; 10 years of experi-
ence) who were blinded to the result of the 
spinal surgery and the original radiology 
reports independently evaluated the two sets 
of MR images retrospectively. The readers 
first evaluated the routine MR images alone, 
and at a second session two weeks later, they 
evaluated both routine MR images and MR 
myelography images. The images obtained 
for each patient were randomly presented at 
each reading session and were evaluated us-
ing a 3D-DICOM viewer (Virtual Place, AZE 
Inc., Tokyo, Japan). MR myelography im-
ages were evaluated by original and oblique 
images. The lumbar segments were divided 
into 15 groups, from L1-L2 to L5-S1; right, 
middle, and left. The lateral nerve root por-
tion was defined as a tubular-shaped region 
in which the nerve root passes from the the-
cal sac to the intervertebral foramen12. The 
middle portion was defined as the part be-
tween the right and left thecal sacs. A four-
point scale was used to grade each lesion: 
grade 0 = normal, grade 1 = probable absence 
of stenosis (Figure 1), grade 2 = probable 
presence of stenosis (Figure 2) and grade 3 = 

Figure1. (Grade 1)
A 60-year-old male who had acute lower back pain.
Sagittal (a) and axial (b) T2-weighted images showed a disc herniation (black arrow) on 
the left side at L2-3.
(c) Magnetic resonance myelography demonstrated slight compression on the left side 
thecal sac at the L2 nerve root (white arrow). The lesion of the left portion at L2-3 was 
rated as grade 1 by both readers. 
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Figure 2. (Grade 2)
A 78-year-old male who presented with a two week history of left leg pain.
Sagittal (a) and (b) axial T2-weighted images showed a disc herniation (black arrow) on 
the left side at L4-5.
(c) Magnetic resonance myelography showed L4 nerve root running transversely, and 
demonstrated mild compression of the left side thecal sac at the L4 nerve root (white ar-
row). The lesion of left portion at L4-5 was rated as grade 2 in both readers.

Figure 3. (Grade 3)
An 84-year-old female presented with a one-month history of right leg pain.
Sagittal (a) and axial (b) T2-weighted images showed a disc herniation (black arrow) on 
the right side at L4-5.
(c) Magnetic resonance myelography demonstrated severe compression of the right side 
thecal sac and obstruction of the dorsal root ganglions at the L4 nerve root (white ar-
row). The lesion in the right portion at L4-5 was rated as grade 3 by both readers.
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definite presence of stenosis (Figure 3). 

Gold standard
 Surgical operations were performed by 
two experienced orthopedic surgeons (K.S. 
with 30 years of experience in spinal surgery, 
A.Y. with 15 years of experience in spinal 
surgery). Of the 180 segments examined by 
surgery, 65 lumbar segments (L1-2 level, n 
= 2; L2-3 level, n = 3; L3-4 level, n = 14; L4-5 
level, n = 30; L5-S level, n=16) in which canal 
stenosis were found during the surgery were 
included in the current study (Table 1). The 
surgical methods performed in our study 
include decompressive laminectomy and pos-
terolateral fusion using a local bone graft 
with or without instrumentation. The inter-
val between preoperative MRI and surgery 
varied from 1-90 days, the mean ±  SD was 
18.0 ±  19.9 days. 

Statistical analysis
 In all segments, the sensitivities, specifici-
ties and accuracies of both routine MRI alone 
and routine MRI + MR myelography using 
the FS 3D-COSMIC sequence were calcu-
lated for both readers in the central (intra-
spinal canal), lateral (intra-foraminal), and 
whole segments at each intervertebral level. 
The ratings of the images in the diagnos-
tic performance were used to calculate the 
sensitivities, specificities, and accuracies of 
each reader for diagnosing lumbar canal ste-
nosis or lumbar disc herniation. Ratings of 
0-1 indicated a reading of an absence of the 
segments, and ratings of 2-3 indicated the 
presence of the segments. Second, the sen-
sitivities, specificities, and accuracies of the 
routine MRI + MR myelography were com-
pared with those of the routine MRI alone 
by using paired t-tests. Third, the weighted 

κ values (w-k) were calculated to assess inter-
reader variability in the assignment of the 
ratings. The level of agreement was defined 
as follows: w-k < 0.00 indicated no agreement; 
a w-k = 0.00-0.40 indicated a poor agreement; 
a w-k of 0.41-0.75 represented a good agree-
ment; and a w-k of 0.76-1.00 represented an 
excellent agreement. The P values < 0.05 were 
considered to indicate a statistically signifi-
cant difference. 
 Finally, the receiver operating characteris-
tic (ROC) curves were calculated to compare 
the diagnostic accuracy of routine MRI + MR 
myelography with that of routine MRI in 65 
segments which had confirmed final diagno-
ses made during the surgical procedures. The 
diagnostic capability was determined by cal-
culating the area under each reader-specific 
ROC curve (Az). The results were expressed 
as the mean Az ±  standard deviation (SD). 
The Az values for the routine MRI + MR my-
elography were compared with those for the 
routine MRI using the paired t-test for both 
readers. All statistical analyses were per-
formed by using a special software program 
(SPSS, release 18.0 for windows, Chicago, IL).

Results

 The results of the diagnostic performance 
of routine MRI alone and routine MRI + MR 
myelography in 180 segments of 30 patients 
for both readers are listed in Tables 2 and 3. 
In the lateral segment, both the sensitivity 
(93.8% vs.71.9%) and accuracy (94.2% vs.85%) 
were significantly higher for routine MRI 
+ MR myelography than those for routine 
MRI alone for reader 1 (sensitivity, P < 0.05; 
specificity, P < 0.05). Both the sensitivity 
(87.5% vs. 65.6%) and accuracy (93.3% vs. 82.5%) 
were also significantly higher for the routine 

Right Midle Left
L1-2 0 2 0

Results of L2-3 1 2 0
Surgical Findings L3-4 3 7 4
(n = 65) L4-5 8 15 7

L5-S 6 7 3
Total 18 33 14

Table 1　Numbers of Lesions in Surgical Findings
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MRI + MR myelography than for the routine 
MRI alone for reader 2 (sensitivity, P < 0.05; 
specificity, P < 0.05). In all segments, both 
the sensitivity (92.3% vs. 80.0%) and accuracy 
(92.2% vs.85.0%) were significantly higher for 
routine MRI + MR myelography than for 
routine MRI alone for reader 1 (sensitivity, 
P < 0.05; specificity, P < 0.05). Both the sen-
sitivity (84.6% vs. 69.2%) and accuracy (90.0% 
vs. 81.7%) were also significantly higher for 
routine MRI + MR myelography than for 
routine MRI alone for reader 2 (sensitivity, P 
< 0.01; specificity, P < 0.01).
 Good agreements were found for routine 
MRI (w-k = 0.71) and routine MRI + MR my-
elography (w-k = 0.70) (Table 4). There were 

no absent or poor agreements for the evalu-
ation of inter-reader variability in the com-
parisons of routine MRI alone and routine 
MRI + MR myelography. 
 The Az value for reader 1 was 0.86 ± 0.03 
(95% CI: 0.80-0.92) for routine MRI, in con-
trast, it was 0.92 ±  0.02 (95% CI: 0.87-0.96) for 
routine MRI + MR myelography (Fig. 4a). 
The mean Az values for reader 2 were 0.86 ± 
0.03 (95% CI: 0.79-0.92) for routine MRI and, 
0.90 ± 0.03 (95% CI: 0.85-0.96) for routine MRI 
+ MR myelography (Fig. 4b). The Az value 
for both readers were significantly higher 
for the routine MRI + MR myelography than 
for the routine MRI alone (P < 0.05). 

Routine MRI MRI + MRM 95% CI P value

Sensitivity 87.8(29/33) ± 33.1 90.9 (30/33) ± 29.2 -18.4 to 12.3 0.69
Central Portion Specificity 81.5 (22/27) ± 39.6 85.2 (23/27) ± 36.2 -24.4 to 17.0 0.72

Accuracy 85 (51/60) ± 36.0 88.3 (53/60) ± 32.3 -15.7 to 9.0 0.59

Sensitivity 71.9 (23/32) ± 45.7 93.8 (30/32) ± 24.6 -40.2 to -3.5 <0.05

Lateral Portion Specificity 89.8 (79/88) ± 30.5 94.3 (83/88) ± 23.3 -12.6 to 3.5 0.26

Accuracy 85 (102/120) ± 35.9 94.2 (113/120) ± 23.5 -16.9 to -1.45 <0.05

Sensitivity 80 (52/65) ± 40.3 92.3 (60/65) ± 26.8 -24.2 to -0.04 <0.05

All Portions Specificity 87.8 (101/115) ± 32.8 92.2 (106/115) ± 26.9 -5.9 to 14.6 0.27
Accuracy 85(153/180) ± 39.3 92.2  (166/180) ± 26.9 -13.7 to -0.6 < 0.05

Note. - Data are percentages ± standard deviation.  Numbers in parentheses are raw data. 

MRM = MR myelography, CI=confidence interval

Table 2　Results of Diagnostic Performance in Lumbar Canal Stenosis by Reader 1

Routine MRI MRI + MRM 95% CI P value

Sensitivity 72.7(24/33) ± 45.2 81.8 (27/33) ± 39.2 -29.8 to -11.7 0.38
Central Portion Specificity 88.9 (24/27) ± 32.0 85.2 (23/27) ± 36.2 -14.9 to 22.3 0.69

Accuracy 80 (48/60) ± 40.3 83.3 (50/60) ± 37.6 -17.4 to 10.7 0.64

Sensitivity 65.6 (21/32) ± 48.2 87.5 (28/32) ± 33.6 -42.6 to -1.1 <0.05

Lateral Portion Specificity 88.6 (78/88) ± 31.9 95.5 (84/88) ± 20.9 -14.9 to 1.2 0.09

Accuracy 82.5 (99/120) ± 38.1 93.3 (112/120) ± 25.0 -19.0 to -2.6 <0.05

Sensitivity 69.2 (45/65) ± 46.5 84.6 (55/65) ± 36.4 -29.8 to-0.8 < 0.01

All Portions Specificity 88.7 (102/115) ± 31.8 93 （107/115） ± 25.6 -14 to 5.5 0.25
Accuracy 81.7 (147/180) ± 38.8 90.0 (162/180) ± 9.1 -17.8 to -1.1 < 0.01

Note. - Data are percentages ± standard deviation.  Numbers in parentheses are raw data.

MRM = MR myelography, CI=confidence interval

Table 3　Results of Diagnostic Performance in Lumbar Canal Stenosis by Reader 2
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Discussion

 The addition of other MR techniques to 
routine MRI for the evaluation of lumbar 
canal stenosis can include two sequences; one 
is diffusion-weighted (DW) MR neurography, 
and the other is 3D-MR myelography12,13. 
DW MR imaging (DWI) has recently been 
introduced as an alternative way to visual-
ize nerves. DW MR neurography is based 
on the concept of diffusion-weighted whole-
body imaging with background body signal 
suppression (DWIBS), which allows multiple 
thin-slice DWI data sets to be obtained14,15. 
However, DW MR neurography requires 
longer acquisition time than 3D-MR myelog-

raphy, and provides lower spatial resolution. 
Therefore, DW MR neurography is rarely 
performed for routine examination. In con-
trast, 3D-MR myelography requires a moder-
ate acquisition time, and provides higher spa-
tial resolution than DW MR neurography.
 The COSMIC technique is a balanced co-
herent sequence that utilizes segmented mul-
tishot centric acquisition to achieve a mixed 
T2/T1-weighted contrast. Since the data 
acquisition of the steady-state transition is 
filled up with the center of the k-space when 
using the COSMIC technique, improvement 
in the contrast of the cartilage, which is a 
low T2/T1 value domain, is expected11. To the 
best of our knowledge, no investigators has 

Figure 4.
(a) The Receiver Operating Characteristic (ROC) curve for routine MRI + MRM (solid 
line) and routine MRI (dotted line) for reader 1. 
The area under the curve for routine MRI + MRM = 0.92 ±  0.02 (95% CI: 0.87-0.96).
The area under curve for routine MRI = 0.86 ±  0.03 (95% CI: 0.80-0.92). 
(b) The ROC curve for routine MRI + MRM (solid line) and routine MRI (dotted line) for 
reader 2. The area under curve for routine MRI + MRM = 0.90 ±  0.03 (95% CI: 0.85-0.96). 
The area under curve for routine MRI = 0.86 ±  0.03 (95% CI: 0.79-0.92).

Figure 4a. Reader1 Figure 4b. Reader2

Weighted kappa value Weighted kappa value
for routine MRI for routine MRI + MRM

0.71 ± 0.05 0.70 ± 0.04
(0.61, 0.80) (0.61, 0.79)

Note.-numbers in pearenthis are 95%confidence interval. MRM =
MR myelograohy. Date are raw date ± standard deviation.

Table 4　Intra-Reader Variability for Diagnostic Performance
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previously evaluated the potential of using 
FS 3D-COSMIC technique for MR myelogra-
phy sequences. However, 3D-MR myelogra-
phy using a FS 3D-COSMIC technique may 
be useful for evaluating lumbar canal steno-
sis, because the technique provides a great 
contrast between nerve root and fat or bone 
tissues.
 Rankine16 et al. (1997) reported that rou-
tine MRI (T1- and T2-weighted turbo spin-
echo sagittal images, and T2-weighted turbo 
spin-echo axial images) showed a sensitivity 
of 60% and a specificity of 95% for the diag-
nosis of lumbar canal stenosis. In the cur-
rent study, the sensitivities for both readers 
for the case with lumbar canal stenosis were 
80.0% for reader 1 and 69.2% for reader 2. In 
contrast, the specificities for the readers were 
87.8% for reader 1 and were 88.7% for reader 2. 
These results concur with the results report-
ed by Rankine et al. Based on our results, 
the sensitivities in all segments were signifi-
cantly higher on routine MRI + MR myelog-
raphy than those on routine MRI alone for 
both readers. These findings suggest that 
the main advantage of the additional MR 
myelography may be an improvement of the 
sensitivity for the evaluation of lumbar canal 
stenosis.
 In the current study, the sensitivities for 
the lateral segment were significantly higher 
on routine MRI alone than were those on 
routine MRI + MR myelography for both 
readers. However, there were no signifi-
cant differences between the sensitivity for 
routine MRI alone and routine MRI + MR 
myelography for both readers in the central 
segment. In central lesions, transverse and 
sagittal images on routine MRI are helpful 
for defining the focal nature of a disc protru-
sion17. In contrast, our results may show the 
usefulness of the addition of 3D-MR myelog-
raphy to routine MR imaging of lateral seg-
ments.
 Between two radiologists, there are good 
inter-reader agreement in the weighted kap-
pa values.
 The weighted kappa values of routine MRI 
+ MR myelography and routine MRI indicat-
ed good agreement (0.70-0.71) among readers. 
With regard to the inter-reader variability 
for the diagnostic performance regarding of 

lumbar canal stenosis, the weighted kappa 
value of routine MRI + MR myelography 
tended to equivalent for  that of routine MRI; 
this result is consistent with that of Song et 
al18. In addition, vertebral spurs, thickening 
of the posterior longitudinal ligament, the 
flaval ligament and the facet joint might af-
fect the evaluation of the lumbar canal steno-
sis6. 
 The current study has several limitations. 
First, the number of patients for whom 
the results of surgical findings were avail-
able was small (n = 30). A larger number of 
patients might be necessary to confirm the 
usefulness of the FS 3D-COSMIC sequence 
in the diagnosis of lumbar canal stenosis. 
Second, the current study included fewer le-
sions in the upper intervertebral levels than 
in the lower intervertebral levels. Finally, a 
comparison of other MR myelography tech-
niques with the FS 3D-COSMIC sequence was 
not included in the current study. However, 
it was difficult to add a routine examination 
to other 3D-MR myelography sequences in 
our hospital. 
 In conclusion, the addition of MR myelog-
raphy using the FS 3D-COSMIC sequence to 
routine MR imaging may be useful for evalu-
ating lumbar canal stenosis. In particular, 
the addition of MR myelography using the 
FS 3D-COSMIC sequence to routine MR im-
aging may contribute to improving the sen-
sitivity for the diagnosis of intra- and extra-
foraminal stenosis. Further studies with a 
larger number of patients, and comparing 
the FS 3D-COSMIC sequence with other 3D 
MR myelography techniques are therefore 
needed.
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