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ABSTRACT

surgical outcome and neurologic recovery have improved 
dramatically (23,29). However, assessment of exact pathologic 
segment in multi-level CSM is still demanding.

Magnetic resonance imaging (MRI) is usually accepted as 
the primary and best diagnostic tool to evaluate CSM (2,10).
It is possible to diagnose neural compression by canal and 
differentiate an intramedullary lesion simultaneously with a 

█    INTRODUCTION

Cervical spondylotic myelopathy (CSM) is a troublesome 
disease with diverse pathology and symptoms. Often 
it is difficult to confirm the main pathology leading to 

symptoms, especially in multi-level disease, and accurate 
diagnosis is important for deciding on the optimal treatment 
modality. With the advancement of imaging modalities, the 

AIM: To compare the accuracy of determining pathologic segment between three-position MRI (3P-MRI) and post-myelographic CT 
(PMCT) in cervical spondylotic myelopathy (CSM) by assessing the degree of inter-observer and intra-observer agreement. 
MATERIAL and METHODS: We retrospectively reviewed 3P-MRI and PMCT for the diagnosis of multilevel CSM in 136 patients 
who underwent surgery. Using an assessment scale, 8 blind observers with various clinical experiences examined 5 parameters: 
spinal canal narrowing, foraminal stenosis, bony abnormality, intervertebral disc herniation, and nerve root compression. Spinal 
canal, neural foraminal, spinal cord and disc protrusion diameters were measured. Intra-observer and inter-observer agreement of 
each image was analyzed. 
RESULTS: Spinal canal width and foraminal diameter was found to be significantly smaller in 3P-MRI compared to PMCT. No 
significant differences of cervical cord diameter and the size of disc protrusion measured in 3P-MRI compared to PMCT were 
observed. Comparing between 3P-MRI and PMCT, disc abnormality and nerve root compression showed better agreement on 
3P-MRI, whereas foraminal stenosis and bony lesion showed better agreement on PMCT.
CONCLUSION: In the present study, PMCT was still useful in diagnosis of the foraminal stenosis and bony lesion compared to 
3P-MRI but showed limitation in disc abnormality and nerve root compression. Even though PMCT may provide valuable additional 
information in difficult or ambiguous cases, universal standard of 3P-MRI showed higher reliability in detecting pathologic levels in 
CSM patients.
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single scan. Before the era of MRI, post-myelographic CT 
(PMCT) was considered as the gold standard for complex 
spinal pathologies (11,21). Compared to MRI, use of PMCT 
has diminished, due to unnecessary invasiveness and 
complications of the technique, and is usually reserved for 
ambiguous MRI results or technically suboptimal results 
(15,18,21). Many studies comparing MRI and PMCT for CSM 
have yielded diverse results (14,25,30).

After the recent introduction and validation of its usefulness 
(13,16,20,27), dynamic (flexion-extension or kinematic) MRI 
has gained in popularity worldwide. The pathophysiology 
of CSM is the result of synergic action of both static and 
dynamic factors and the dynamic factor and related volume 
change is important for the flexibility of the cervical spine 
in CSM. Recent studies showed the superiority of dynamic 
MRI in some complex CSM patients but the results are still 
controversial (2,6,10,17). PMCT and dynamic MRI are two 
choices available to surgeons when the conventional MRI 
results are suboptimal or controversial. However, there is no 
study comparing these two meaningful second line imaging 
modalities in CSM patients.

The objective of this study was to compare the accuracy of 
determining the pathologic segment between three-position 
MRI (3P-MRI; neutral, flexion & extension) and PMCT in CSM 
by assessing the degree of inter-observer and intra-observer 
agreement. 

█    MATERIAL and METHODS
Patient Selection

Since 2009, we have performed routine 3P-MRI and PMCT 
for all newly diagnosed CSM patients in our institute. Our 
hypothesis was that using 3P-MRI with the aid of PMCT, the 
exact levels of pathology could be confirmed without missing 
any. We retrospectively reviewed 3P-MRI and PMCT for the 
diagnosis of multi-level CSM in 136 patients who underwent 
surgery from June 2009 to August 2016 (86 months). 

Data Collection

Routine 3P-MRI examination was performed in all study 
subjects (3T Magnetom, SIEMENS, Erlangen, Germany). After 
routine MRI was obtained in the neutral position, flexion-
extension MRI was performed carefully with the help of custom-
built positioning sponge under the head and shoulders and 
at least one medical doctor attending for close observation. 
Due to economic issues, only T2W sagittal and axial images 
(3 mm continuous slice without skip interval) were achieved in 
3P-MRI. Routine PMCT examination was performed using the 
technique by Kretzschmar (11). Lumbar puncture at the L5-S1 
level was performed with 20 gauge spinal tapping needle and 
20 ml of iohexol was injected at a slow rate by a medical doctor. 
PMCT was performed within 1 hours of infiltration with 3 mm 
thickness sections in the disc space and 5 mm thickness in 
the vertebral body. Additional sagittal, coronal and 3D-image 
reconstruction was done in all study subjects. To monitor the 
possible adverse events after intrathecal injection of contrast 
agents, all patients were closely monitored at the day care unit 
with intravenous hydration for at least 2 hours. 

Using a Likert-type assessment scale (26), 8 blind observers 
specialized in spine surgery with various clinical experiences 
examined 5 parameters: spinal canal narrowing, foraminal 
stenosis, bony abnormality, intervertebral disc herniation, 
and nerve root compression (Table I). The degree of severity 
was graded using a 4-point scale for each item. Foraminal 
stenosis and nerve root compression was difficult to 
differentiate due to overlapping of pathology. Therefore, we 
defined foraminal stenosis as only stenosis itself caused by 
bony spur or disc lesion. Nerve root compression was defined 
as direct compression or displacement of nerve root on MRI 
and subarachnoid space occlusion or filling defect in foramen 
on PMCT. Another controversy was about the determination 
of disc herniation by each surgeon. Disc herniation was 
confirmed only if 1) direct demonstration of disc material 
protruding past vertebral body margin was seen either on 
the sagittal or axial image on MRI images, or 2) attenuating 
soft disc material herniated beyond the vertebral margin and 
indentation of the thecal sac or cervical cord by soft tissue 
disc material was present on PMCT images. 

Both MRI and PMCT was presented independently and blindly 
3 times to each observer without any previous information 
about the patient information or clinical data using digitalized 
radiographic images displayed at the PACS (Picture Archiving 
and Communication System) terminal (Marosis 2003, Seoul, 
Korea). There was at least 1 week interval between each 
analysis. Spinal canal, neural foraminal, spinal cord and disc 
protrusion diameters were measured in the axial plane of MRI 
and PMCT on the digital radiographic image displayed by the 
PACS terminal by observers at each analysis (Figure 1). Routine 
C3 to C7 level axial images of all study subjects (5 levels 
each, total 680 segments) was presented to each observer 
for measurement. Each diameter was measured according to 
specific criteria; 1) spinal canal diameter was measured at the 
level of the disc space in the midline from the dorsal part of the 
annulus to the ventral part of the lamina, 2) foraminal diameter 
at the midline part of the foramen between the bony borders 
at each segment, 3) spinal cord diameter at the level of the 
disc space in the midline, and 4) disc protrusion diameter 
at the anterior-posterior dimension at the most pronounced 
site. For the 3P-MRI, mean value of three different positions 
were measured.  Two additional questions were asked to each 
observer at time of analysis; 1) “what is the level of pathology” 
and 2) “which segments require operation”. 

Statistical Analysis 

Intra-observer and inter-observer agreement of each image 
was analyzed. Statistical parameter of intra-class correlation 
coefficient (ICC) values of 3 scores in each observer was 
calculated for valuation of intra-observer correlation and 
reliability. Statistical parameter of inter-class correlation 
coefficient (ICC) values of 3 scores in each observer was 
calculated for valuation of inter-observer correlation & reliability. 
ICC value (Cronbach’s α) was analyzed by standardized 
confidence analysis and categorized as following; poor (α 
<0.4), fair to good (0.4 to 0.7), excellent (α >0.7). Mean values 
of diameters measured and their standard deviations were 
calculated and paired t tests performed for statistical analysis. 
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Statistical differences with an error probability of p value less 
than 0.05 was accepted as significant. All statistical analysis 
was done using SPSS version 12.0.

█    RESULTS
Results of inter-observer and intra-observer agreement are 
shown in Table II. There was a moderate correlation in both 
intra-observer (0.63), and inter-observer (0.52) correlation 
with higher intra-observer correlation values. Furthermore, 
there was no significant difference in intra-observer and 
inter-observer agreement between 3P-MRI and PMCT. Mean 
correlation values for 3P-MRI was 0.58 (intra-observer 0.63, 
inter-observer 0.53 respectively) and mean correlation value 
for PMCT was 0.56 (intra-observer 0.58, inter-observer 0.55 

respectively). Comparing 3P-MRI and PMCT, disc abnormality 
and nerve root compression showed better agreement on 
3P-MRI, whereas foraminal stenosis and bony lesion showed 
better agreement on PMCT. However, there was no statistical 
difference in intra-observer and inter-observer agreement 
between 3P-MRI and PMCT for spinal canal stenosis. 

Results of mean values for measured diameters and the 
discrepancies between 3P-MRI and PMCT are shown in Table 
III. Measured spinal canal width was significantly narrower in 
3-MRI than PMCT. Mean spinal canal diameter discrepancy 
between 3P-MRI and PMCT was about 10%, consisting of 
8.7% in non-stenosed and 14.3% in stenosed segments 
(Figure 2A). Foraminal diameter was found to be significantly 
smaller in 3P-MRI compared to PMCT with mean discrepancy 

Table I: Five Different Parameters were Assessed Using Likert-Type Grading Scales: Spinal Canal Narrowing, Foraminal Stenosis, Bony 
Abnormality, Intervertebral Disc Herniation, and Nerve Root Compression

Parameters
Grade

0 (normal) 1 (minimal) 2 (moderate) 3 (severe)

Spinal canal 
stenosis Normal Disc touches but does 

not deform cord

<50% indentation of 
cord, possible mild 

flattening

Cord displacement >50% 
flattening

Foraminal stenosis Normal Minor encroachment Definite encroachment
Narrowing of foramen 

>50%, complete occlusion, 
dye filling defect

Bony lesions (bony 
spur, osteophyte)

Not seen or 
distinguishable

Barely visible or 
distinguishable Adequately seen Clear demonstration

Intervertebral disc 
abnormality

Not seen or 
distinguishable

Barely visible or 
distinguishable Adequately seen Clear demonstration

Nerve root 
compression

Not seen or 
distinguishable

Barely visible or 
distinguishable Adequately seen Clear demonstration

Figure 1: Spinal canal, neural foraminal, spinal cord and disc protrusion diameters were measured in axial plane of MRI and PMCT on 
digital radiographic image displayed by PACS terminal by observers.
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changes of cord diameter and length in different neck positions 
(6,12,19,33). Recently, various authors have published 
kinematic MRI studies with positive results and its emphasis 
seems unquestionable especially in cervical spine with high 
flexibility (2,9,10,13,17). However, to date, preoperative CSM 
evaluation is generally based on neutral position MRI in the 
majority of spine centers because kinematic MRI requires 
time and expenses for additional scanning in three different 
neck positions; neural, flexion and extension. Moreover, MR 
examination should be performed at the maximum active 
neck flexion and extension for accurate diagnosis which 
could be of neurologic risk to CSM patients. In our institute, 
we developed a routine protocol to perform 3P-MRI in all 
newly diagnosed CSM patients; with the help of custom-built 
positioning sponge under the head and shoulders, patients 
were able to lodge in the maximum comfortable position and 
routine medical doctor attendance was mandatory for close 
observation in case of neurologic worsening.

It is well known that even though MRI is believed to be the 
gold standard in the visualization of soft tissue pathologies of 
spinal and foraminal stenosis, its spatial relation to calcified 

of 17.9%, consisting of 16.8% in non-stenosed and 20.8% 
in stenosed segments (Figure 2B). No significant differences 
of cervical cord diameter measured in 3P-MRI compared to 
PMCT were observed. Furthermore, no significant differences 
could be found for the size of the disc protrusion between 
3P-MRI and PMCT. 

For the additional 2 questions (“what is the level of pathology” 
and “which segments require operation”), both questions 
yielded significantly higher results in 3P-MRI compared 
to PMCT (Table IV). Observers answered that out of 680 
segments, 408 segments (64.1%) were pathologic and 376 
segments (55.2%) required operation in 3P-MRI. However, 
they answered that 394 segments (57.8%) were pathologic 
and 324 segments (47.7%) required operation in PMCT. The 
discrepancies for the two questions were 6.3% and 7.5%, 
respectively. 

█    DISCUSSION
Changes of cervical canal volume according to flexible 
neck motion are important factors in CSM pathophysiology 
(10,17,29). Many studies have demonstrated physiologic 

Table III: Results of Mean Values for Measured Diameters and Discrepancies Between 3P-MRI and PMCT

3P-MRI diameter* 
[mm] (±SD)

PMCT diameter 
[mm] (±SD)

Discrepancy 
(mm) Discrepancy (%) p

Spinal canal 7.49 (± 1.66) 8.74 (± 2.17) 1.25 14.3 <0.05

Foraminal 2.36 (± 0.52) 2.93 (± 0.71) 0.57 20.8 <0.05

Spinal cord 5.56 (± 1.37) 5.58 (± 1.08) 0.02 1.2 N/S

Disc protrusion 5.14 (± 1.85) 5.29 (± 1.74) 0.15 5.6 N/S

*Mean value of 3 different positions measured in 3P-MRI. 

Table IV: Results for Two Additional Questions; 1) “What is the Level of Pathology” and 2) “Which Segments Requires Operation” and 
Discrepancies Between 3P-MRI and PMCT

3P-MRI (%) PMCT (%) Discrepancy (%)

Level of pathology 64.1 (204/340) 57.8 (197/340) 6.3

Segment requiring operation 55.2 (188/340) 47.7 (162/340) 7.5

Table II: Result of Inter-Observer and Intra-Observer Agreement Between 3P-MRI and PMCT 

Parameters
Intra-observer Agreement Inter-observer Agreement

3P-MRI PMCT 3P-MRI PMCT

Spinal canal stenosis 0.72 0.75 0.63 0.65

Foraminal stenosis 0.54 0.68 0.45 0.62

Bony lesions 0.52 0.66 0.38 0.64

Disc abnormality 0.71 0.42 0.66 0.48

Root compression 0.67 0.41 0.56 0.36

3P-MRI: 3-position MRI(neutral, flexion, extension), PMCT: post-myelographic CT.
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It is well-known that MRI provides excellent intervertebral 
disc images but identification of canal stenosis is limited in 
degenerative disease due to section thickness, partial volume 
and cerebrospinal fluid flow alteration (4,5,22). However, 
in the present study, excellent intra-observer agreement 
was demonstrated in both spinal canal stenosis and disc 
abnormality, thus demonstrating that with the aid of kinematic 
evaluation, spinal canal stenosis could be reproduced more 
effectively. On the other hand, it is often difficult to obtain 
reliable information about foraminal stenosis and nerve root 
compression with cervical MRI as a result of small neural 
foramen and lack of epidural fat compared to the larger lumbar 
spine (14,22,24). Our data proved similar results as PMCT 
demonstrated better intra- and inter-observer agreement for 
foraminal stenosis and bony lesions. 

Even though foraminal stenosis and root compression 
eventually result from same foraminal narrowing pathology, 
their radiologic evaluation show opposite results in this 
study. Root compression showed more reliable data in 
3P-MRI compared to PMCT, while bony lesion demonstrated 

lesions and bony structures are easily overestimated (3,8,14). 
CT-imaging after intrathecal injection of contrast agents, so 
called PMCT, not only provides reliable information of bony 
structures (commonly accepted as the gold standard), but 
also comprehensive images of the dural sac and adjacent 
spinal nerve roots (3,8,11,14,18). Due to these valuable 
merits, PMCT is still routinely performed in many spine 
centers, despite its invasiveness and possible complications 
such as low pressure symptoms, meningitis and nerve 
root injury (18,21,31,32). To minimize the adverse events of 
intrathecal contrast injection, our institute has established a 
routine set-up system in the fluoroscopy room, CT suite and 
day care center. Thus, after initial intrathecal injection at the 
fluoroscopy room by experienced hands, PMCT could be 
obtained without delay and the patient was sent to the day 
care center to monitor adverse events within an hour at most. 
With these efforts, we were able to obtain complete imaging 
information for the treatment decision of all newly diagnosed 
CSM patients. 

Figure 2: Example of spinal 
canal diameter (A) (left: 
3P-MRI; right: PMCT) and 
foraminal diameter 
(B) (left: 3P-MRI; right: 
PMCT) discrepancies 
measured between 3P-MRI 
and PMCT. 

A

B

11.54 mm

11.47 mm

5.81 mm 4.83 mm
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