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Table 1. Comparison of CISS and Conventional MR Sequences
by Two Readers in Evaluation of Neural Foramen Stenosis.

Readers CISS>Conventional CISS=Conventional CISS<Conventional

1 5/5 (100%) 05 05
2 415 (80%) 1/5 (20%) 0/5
mean  4.5/5 (90%) 0.5/5 (10%) 0I5

CISS: Constructive interference in steady state
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Table 2. Comparison of CISS and Conventional MR Sequences
by Two Readers in Visualization of Nerve Roots.

Readers CISS=>Conventional CISS=Conventional CISS<Conventional

1 18/20 (90%) 2/20 (10%) -
2 16/20 (80%) 2/20 (10%) 2*/20 (10%)
mean  17/20 (85%) 2/20 (10%) 1/20 (5%)

CISS : Constructive interference in steady state
* . Patients with infectious spondylitis or severe HIVD (herniated
intervertebral disc)

Table 3. Comparison of CISS and Conventional MR Sequences for Evaluation of Other Five Criterion of Cervical Spinal Diseases.

CISS=Conventional CISS=Conventional CISS<Conventional
Contrast between CSF/tissues 15/20 (75%) 5/20 (25%) 0/20
Diagnosis of HIVD (N=15) 0/15 15/15 (100%) 0/15
Characterization of herniated disc 0/15 8/15 (53%) 7/15 (47%)
Delineation of intramedullary lesion* (N=4+) 0/4 0/4 4/4 (100%)
Contrast of gray-white matter 0/20 0/20 20/20 (100%)

CISS: Constructive interference in steady state

HIVD: Herniated intervetebral disc

*: Comparision with turbo spin echo T2 weighted sagittal image
t: Compressive myelopathy

> : better than, =: equal to
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Fig. 1. Neural foramen stenosisin a
63-year-old woman with radicular
pain in the left shoulder.

A. CISS reformatted axial image shows
narrowing of left (white arrows) and
intact right (small double arrows) C6-
C7 neural foramens.

B. 2D FLASH image shows neural
foramen stenosis in left (white arrows)
and suspicious stenosis in right (small
double arrows) C6-C7 level.

C. CISS reformatted left oblique coro-
nal image reveals narrowing of the left
| neural foramen (arrows) at C6-C7.
D.CISS reformatted right oblique
coronal image shows the intact right
neural foramen at C4-C5, C5-C6 and
C6-C7 (arrows). Neural foramens of
entire cervical vertebrae can be readi-
ly evaluated at a glance on oblique
coronal views.
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Fig. 2. Brachial plexus injury in an 18-year-old man with weakness of right arm.

Constructive Interference in Steady State
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A. CISS axial image shows a focal lesion of low signal intensity suggesting fibrotic scar tissue (double arrows) at the junction of
spinal cord and dorsal rootlet. Note the intact ventral and dorsal rootlets on the both sides (arrowheads).

B. 2D FLASH axial image shows a similar lesion of low intensity at the same area (double arrows).

C. CISS coronal image displays the single lesion of low intensity at the area of C5 dorsal rootlet (double arrows) and intact rootlets

of other levels.
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Fig. 3. Brachial plexus injury in a 23-
year-old man with paresis of left arm.
A. CISS axial image at the level of T1-
T2 reveals post-traumatic pseudomen-
ingocele (double arrows) at the left
neural foramen and extraforaminal
area. But, the ventral and dorsal
rootlets (arrowheads) appear to be in-
tact.

B. 2D FLASH axial image reveals simi-
lar finding of the pseudomeningocele
(double arrows), but the ventral and
dorsal rootlets are not well delineated.

Fig. 4. Intervertebral soft disc hernia-
tion at C5-C6 in a 57-year-old man.

A. CISS axial image shows a focal cen-
tral protrusion of low signal intensity
(arrow) indenting ventral subarach-
noid space. It is not possible to differ-
entiate soft disc protrusion from osteo-
phyte.

B. 2D FLASH axial image shows that
the focal protrusion has high signal in-
tensity indicating soft disc protrusion,
but not osteophyte (arrow).
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Fig. 5. Presumed cord edema in a 45-
year-old man with infectious spondyli-
tis and its epidural extension

A.CISS coronal image shows subtle
high signal intensity within the upper
cervical cord (arrow).

B. Fast spin echo T2-weighted sagittal
image shows that the high signal in-
tensity within the high cervical cord is
more conspicuous (arrow). Note the
infectious spondylitis with abscess ex-
tending into prevertebral and postver-
tebral spaces in C5-6 level.

Fig. 6. Contrast between normal gray
and white matters

A. CISS axial image shows poor con-
trast between normal gray and white
matters (arrow).

B. 2D FLASH axial image shows better
contrast between normal gray and
white matters (arrow).
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Purpose : To assess the value of 3D CISS (constructive interference in steady state) MR sequence in imaging
the cervical spine.

Materials and Methods : MR images of cervical spine were prospectively obtained with both conventional
(sagittal TSE and axial 2D FLASH) and CISS sequences in 20 patients suspected of having cervical spinal dis-
eases. MR technique was performed on a 1.5T MR machine.

Axial, oblique coronal, and curved coronal images were reformatted with the 3D raw datas of CISS sequence
which were obtained in cornal plane. The findings of CISS sequence were compared with those of the conven-
tional sequence in terms of visualization of the neural foramen and nerve roots, detection and differentiation
of herniated disc, conspicuity of the intramedullary lesion, contrast between the CSF and spinal cord and be-
tween the gray and white matters within the cord.

Results : In 17 cases including traumatic root avulsions, 3D CISS sequence demonstrated the intradural nerve
roots with excellent contrast especially in coronal plane. Reformatted oblique coronal images of CISS sequence
offered better visualization of entire neural foramen beyond the region of interest. CISS sequence was superior
to the conventional sequence in demonstration of disease extent and correlation to the clinical symptoms in
4.5 cases of foraminal stenosis and in contrast between the CSF and spinal cord (h=15). CISS sequence was al-
most equal to the conventional sequence in detection of herniated disc (h=15). CISS was inferior to the con-
ventional sequence in differentiation of herniated disc (h=7), delineation of intramedullary lesion (n=4) and in
contrast between the gray and white matter within the cord in all patients.

Conclusion : The 3D CISS sequence gives better information than the conventional sequence especially in the
evaluation of the nerve roots and neural foramens but worse contrast of intramedullary lesion. It may well be
used as a supplementary sequence in assessment of foraminal stenosis and nerve root injury.
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