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   Study Design.   Prospective, blinded reliability study of quantitative 
magnetic resonance imaging (MRI) measures in patients with 
cervical myelopathy.  
  Objective.   To assess the intra- and interobserver reliability of 
commonly used quantitative MRI measures such as transverse 
area (TA) of spinal cord, compression ratio (CR), maximum canal 
compromise (MCC), and maximum spinal cord compression 
(MSCC).  
  Summary of Background Data.   There is no consensus on an 
optimal quantitative MRI method(s) in assessing canal stenosis and 
cord compression.  
  Methods.   Seven surgeons performed measurements on 17 digital 
MR images, on 4 separate occasions. The degree of stenosis was 
evaluated by measuring TA and CR on axial T2, MCC, and MSCC 
on midsagittal T1- and T2-weighted MRI sequences, respectively. 

  Cervical myelopathy  can broadly be defi ned as a symp-
tomatic dysfunction of the cervical spinal cord caused 
by compressive etiologies.  1   ,   2   It can occur in all adults 

because of cord compression resulting from 1 of several 
physiological factors including spondylosis/congenital steno-
sis, disc herniation, ossifi cation of the posterior longitudinal 
ligament, hypertrophy of the ligamentum fl avum, and degen-
erative subluxation. Previous studies have demonstrated 
inconsistencies in predicting surgical outcomes for patients 
with myelopathy.  3   –   6   Possible confounding factors include age, 
differing techniques for cervical decompression, and varying 
duration of symptoms. Lack of standardized imaging pro-
tocols to assess the severity of cord compression in cervical 
myelopathy may further contribute to diffi culties in assessing 
severity and in predicting the outcome. 
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Statistical analyses included repeated-measures analysis of variance 
and intraclass correlation coeffi cients (ICCs).  
  Results.   The mean  ±  SD for intraobserver ICC was 0.88  ±  0.1 
for MCC, 0.76  ±  0.08 for MSCC, 0.92  ±  0.07 for TA, and 0.82  ±  
0.13 for CR. In addition, the interobserver ICC was 0.75  ±  0.04 
for MCC, 0.79  ±  0.09 for MSCC, 0.80  ±  0.05 for CR, and 0.86 
 ±  0.03 for TA. Higher degree of canal compromise (MCC) was 
associated with lower modifi ed version of Japanese Orthopaedic 
Association Scale score ( P   =  0.05). Also, a strong association was 
found between MSCC and lower modifi ed version of Japanese 
Orthopaedic Association Scale score, greater number of steps, and 
longer walking time ( P   <  0.05).  
  Conclusion.   All 4 measurement techniques demonstrated a good 
to moderately high degree of intra- and interobserver reliability. 
Highest reliability was noted in the assessment of T2-weighted 
sequences and axial MRI. Our results show that the measurements 
of MCC, MSCC, and CR are suffi ciently reliable and correlate well 
with clinical severity of cervical myelopathy.   
  Key words:   cervical canal stenosis  ,   cord compression  ,   inter- and 
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 The current radiological modality of choice to assess the 
severity of cervical myelopathy is magnetic resonance imag-
ing (MRI). MRI also provides important information about 
the etiology of canal stenosis and degree of cord compres-
sion, and helps to assess the adequacy of decompression. 
It tells us about the pathological changes within the cord, 
thereby helping the clinician give a prognosis regarding the 
clinical outcomes after surgery.  7   –   14   The disadvantages of 
MRI in the assessment of spinal cord stenosis are trunca-
tion,  15   ,   16   chemical shift, cerebrospinal fl uid fl ow, and motion 
artefacts.  17   ,   18   These mechanisms can lead to overestimation 
of the degree of cervical stenosis, especially in severe cases. 
In certain instances, cervical spinal canal dimensions can 
change with different positions of the neck. Dynamic MRI is 
a newer modality of imaging that was specifi cally developed 
to address this limitation.  19   

 For the past 4 decades, there have been several attempts 
to correlate clinical severity with degree of spinal cord 
compression on MRI.  10   ,   11   ,   13   ,   14   ,   20   –   24   Initial attempts were 
performed using qualitative methods.  7   –   9   ,   11   ,   12   More recently, 
quantitative MRI measurements have been introduced. 
The most commonly used parameters are transverse 
area (TA)  4   and compression ratio (CR) of the spinal 
cord.   3,4,14,25,26    There have been several attempts at validat-
ing these parameters with clinical severity and postopera-
tive outcomes. However, for a measurement instrument 
to be considered valid, it needs to be reliable and repro-
ducible. Reliability, hence, represents the minimal require-
ment for a valid clinical measure. To date, no publications 
have examined the reliability of quantitative MRI methods 
such as measurements of TA, CR, maximum spinal cord 
compression (MSCC) and maximum canal compromise 
(MCC) to assess the extent of cord compression or canal 
stenosis in cases of cervical myelopathy. The latter 2 tech-
niques have been widely applied in the setting of traumatic 
cervical spinal cord injury, which has allowed for greater 
precision in evaluating cord compression and predicting 
outcomes after surgery.  27   ,   28   

 Given the gaps in published literature, we sought to quan-
titatively examine the intra- and interobserver reliability of 4 
published methods of examining cord compression and canal 
stenosis on axial (TA and CR) and sagittal (MSCC and MCC) 
MRI sections. It was proposed to evaluate the reliability of 
quantitative MRI in providing information on the severity 
of cervical canal stenosis and spinal cord compression using 
software-based image analysis. 

 This study was approved by the University Health Net-
work research ethics board. 

  MATERIALS AND METHODS 
 By using a systematic approach, it was proposed to evaluate 
the degree of cervical canal stenosis and spinal cord compres-
sion with software-based tools applied to digitized MRI scans 
magnifi ed 200%, using TA, CR, MSCC, and MCC. Written 
instructions detailing the use of different software programs 
and measurements were provided to each of the independent 
observers. 

  Study Participants 
 The study was approved by the local institutional ethics 
committee. Four female and 13 male patients (age, 37–82 yr; 
mean, 54.5 yr) were recruited in the study. There were 
5 single-level and 11 multiple-level cervical spinal cord 
compression cases due to a variety of common patholo-
gies occurring in clinical practice ( Table 1 ). These included 
8 cases of spondylosis occurring in a congenitally narrow 
canal, 3 cases of disc herniation, 3 cases of ossifi ed poste-
rior longitudinal ligament, 2 cases of hypertrophy of the 
ligamentum fl avum, and 1 case of degenerative sublux-
ation. The levels of cord compression were 3 at C3–C4, 5 at 
C4–C5, 7 at C5–C6, and 2 at C6–C7 levels. To elimi-
nate subject selection bias and ensure adequate spread of 
data, patients with a wide range of symptom severity were 
selected—6 mild, 5 moderate, and 6 severe cases, on the 
basis of scores on the modifi ed version of the Japanese 
Orthopaedic Association Scale (mJOA).  29   One researcher, 
who did not take part in MRI measurements, was respon-
sible for selecting the cases. The patients were randomly 
selected from a cohort of patients recruited in to the AOSpine 
North America–cervical spondylotic myelopathy trial. The 
patients were numbered 1 to 17 and their correspond-
ing MR scans were assigned a designated code. To avoid 
memory recall and ensure blinding, the observers enrolled 
in the study were informed that MRI coding was manually 
changed and presented in a random fashion throughout the 
period of the study. The cervical spine MRI examinations 
were evaluated by 7 observers—all fellowship-trained in 
spine surgery. Of these, 5 were neurosurgeons and 2 were 
orthopedic surgeons with a mean self-reported MRI experi-
ence of 8.57 years (range, 7–11 yr).   

  MRI Analysis 
 The majority of MRI scans (15/17) were performed using 
a 1.5-T General Electric MRI system (2 patients were 
imaged at 3.0 T on a General Electric system, Signa, GE 
Medical Systems, Milwaukee, WI). The preoperative mid-
sagittal T1-weighted, axial, and midsagittal T2-weighted 
MR scans of all patients were included in a CD-ROM with 
eFilm Lite (2003) (version 1.9, Merge Technologies Inc., 
Milwaukee, WI) and Mango 2.0 software (Multi-Image 
Analysis GUI) (ric.uthscsa.edu/mango).  Figures 1  and  2  
illustrate examples of the measurement techniques used 
in this study. Research guidelines do not mention a pre-
defi ned timeframe for test-retest cycles and generally 1 
week has been accepted for the purposes of memory recall. 
All observers were instructed on a 1-to-1 basis to ensure 
that they were familiar with the software programs and 
to ensure consistency in measurements. The MR images 
were evaluated by the observers using methodological 
guidelines detailed in the original studies from Fehlings  et 
al   27   for MSCC and MCC, from Okada  et al   4   for TA, and 
Chung and Chung  14   for CR. Observers were asked to con-
sistently magnify the images by 200% to reduce the pro-
cedural variability of the measurements of cervical canal 
stenosis and spinal cord compression.      
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  Defi ned Radiological Parameters 
 On the basis of 3 dimensions from MRI ( Figure 1 ), the MSCC 
using sagittal T2-weighted MRI ( Figure 1 A) and canal com-
promise using sagittal T1-weighted MRI ( Figure 1 B) were 
calculated using the following formulae.  27   

 MSCC (%)  =  (1– [d i  /{d a   +  d b }/2])  ×  100% 

 MCC (%)  =  (1– [d i  /{d a   +  d b }/2])  ×  100% 

 Where d i  is the anteroposterior spinal canal diameter at 
the level of MSCC, d a  is the anteroposterior spinal canal 
diameter at the fi rst normal vertebral segment above, and 
d b  is the anteroposterior spinal canal diameter at the fi rst 
normal vertebral segment below the level of injury. 

 Note: Measurements of the normal canal anteropos-
terior diameter should be taken at the midvertebral body 
level. 

 TABLE 1.    Characteristics of the Patient Cohort With Cervical Myelopathy  

Sex Age (yr)

Different Physiological Factors 
of Degenerative Cervical 

Myelopathy
No. Stenotic 

Motion Segments

Severity of Cervical 
Myelopathy by 
mJOA Grades*

Levels of Maximal 
Compression

M 50 Spondylosis  +  CS 1 14 C6–C7

M 53 Spondylosis  +  CS 2 17 C5–C6

M 52 Spondylosis  +  CS 3 15 C3–C4

M 43 OPLL  +  HLF 2 15 C4–C5

M 65 DH 4 16 C4–C5

M 60 Spondylosis 2 15 C5–C6

M 38 Spondylosis  +  CS 1 13 C4–C5

M 68 Spondylosis  +  SL 8 13 C3–C4

M 61 Spondylosis  +  HLF 3 14 C5–C6

M 37 DH 1 14 C4–C5

F 54 SL 2 12 C3–C4

M 82 OPLL 2 11 C5–C6

M 52 OPLL  +  CS 4 8 C6–C7

F 58 HLF 3 10 C5–C6

M 59 SL  +  CS  +  HLF 4 10 C4–C5

F 55 Spondylosis 1 11 C5–C6

F 40 DH 1 10 C5–C6

  *Mild (mJOA score  ≥  15), moderate (mJOA score 12–14), and severe (mJOA score  < 12). 

 mJOA scale assesses upper extremity function (5 points), lower extremity function (7 points), sensory function (3 points), and urinary bladder function (3 
points). Scores range from 0–18 with higher scores indicating better function (Benzel  et al , 1991  29  ). 

 CS indicates congenital stenosis; DH, disc herniation; HLF, hypertrophic ligament fl avum; mJOA, modifi ed version of Japanese Orthopaedic Association Scale; 
OPLL, ossifi cation of the posterior longitudinal ligament; SL, subluxation.  

  Figure 1.     (A)  Measurements for the maximum spinal cord 
compression using midsagittal T2-weighted magnetic reso-
nance imaging (MRI).  (B)  Maximum canal compromise using 
midsagittal T1-weighted MRI.  
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Shrout-Fleiss models for random effects (model 2) using a 
2-way random-effect model with absolute agreement (the rat-
ers were assumed to be randomly selected from the popula-
tion).  32   Data were represented in terms of estimates of the true 
mean, SDs, standard error of the mean, and confi dence inter-
vals.  33   Correlation analysis was carried out using the Spear-
man correlation (nonparametric data) and the Pearson corre-
lation (parametric data).  P   <  0.05 was considered signifi cant. 

 The ratings of a single observer were treated as indepen-
dent and therefore the following 3 factors were considered: 
observer, time (test-retest), and time  ×  observer. A repeated-
measures analysis of variance was used to calculate ICC val-
ues individually for each observer and retest.   

  RESULTS 

  Descriptive Statistics 
 All 17 patients underwent cervical axial and sagittal T1- and 
T2-weighted MRI on admission. For each MRI-based quantita-
tive measure, 7 observers measured all 17 patients with cervical 
myelopathy on 4 separate occasions. The TA of the spinal cord 
varied from 59.6 to 80 mm 2  for T1-weighted MRI measure-
ments. The CR and MCC ranged from 0.32% to 0.36% and 
from 82% to 85.7%, respectively. The MSCC was between 
81% and 84.1% in our series ( Table 2 ). The differences between 
the 7 observers for all 4 radiological parameters (MCC, MSCC, 
TA, and CR) were not statistically signifi cant based on the 
repeated-measures analysis of variance ( Table 2 ).   

  Assessment of Intraobserver Reliability 
 The intraobserver reliability ICCs for the 4 methods are 
shown in  Table 3 . The mean intraobserver ICC was 0.76  ±  
0.08 (mean  ±  SD) for the T2-weighted MSCC, 0.82  ±  0.13 
for the T2-weighted CR, 0.88  ±  0.1 for the T1-weighted 
MRI-MCC, and 0.92  ±  0.07 for the T2–weighted TA of 
spinal cord. All the 4 measurement methods had acceptable 
intraobserver reliability. (ICC values higher than 0.75 indicate 
acceptable reliability.  33  )   

  Assessment of Interobserver Reliability 
 The interobserver reliability ICC values for the 4 methods of 
each session are shown in  Table 4 . The mean interobserver 
ICC was 0.75  ±  0.04 for T1-weighted MCC, 0.79  ±  0.09 
for T2-weighted MSCC, 0.80  ±  0.05 for T2–weighted CR, 
and 0.86  ±  0.03 for T2–weighted TA. Again, all the 4 mea-
surement methods had an acceptable interobserver reliability. 
(ICC values higher than 0.75 indicate acceptable reliability.  33  )   

  Comparison of Axial and Midsagittal Section-Based 
Measurements 
 The intra- and interobserver ICCs were 0.92  ±  0.07 and 
0.86  ±  0.03 for the T2-weighted TA, and 0.82  ±  0.13 and 
0.86  ±  0.03 for the T2-weighted CR, respectively. In con-
trast, the intra- and interobserver ICCs were 0.88  ±  0.1 and 
0.75  ±  0.04 for the T1-weighted MRI-MCC, 0.76  ±  0.08 
and 0.79  ±  0.09 for the T2-weighted MSCC, respectively. TA 

 TA was identifi ed as the site of greatest compression using 
axial T2-weighted MRI ( Figure 2 B),  4   and CR was defi ned as the 
smallest sagittal diameter divided by the transverse diameter ratio 
of the spinal cord using axial T2-weighted MRI ( Figure 2 A).  14   
The cross-sectional areas, and sagittal and transverse diameters 
of spinal cord were measured in the midline of vertebrae. In 
particular, the 3 measurements were limited to the spinal cord 
and not to the dural sac. The observers used a software-based 
algorithm to calculate the cross-sectional area of the spinal cord.  

  Statistical Analysis 
 Given that the primary objective of this study was to assess 
the reliability of 4 measures in the setting of myelopathy, we 
calculated a sample size of 17 patients based on 7 observers 
carrying out 4 separate observations on each subject to obtain 
results with a type 1 error of 5%, a minimal power of 80%, 
and a desired intraclass correlation coeffi cient (ICC) of 0.75 
(expected level of ICC of 0.9).  30   ,   31    

  Intra- and Interobserver Reliability 
 All analyses were performed using constructed data sets in 
SAS version 9.3 (SAS Institute, Inc., Cary, NC) and Microsoft 
Excel 2003 software packages (Mississuaga, ON, Canada). 
Interobserver and intraobserver reliability were calculated 
from repeated-measures analysis of variance, according to 

 Figure 2.     (A)  Measurements for the compression ratio using axial 
T2-weighted MRI.  (B)  Method of ascertaining the transverse area of 
spinal cord using axial T2-weighted MRI.  
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MSCC was associated with lower mJOA score (r  =  –0.68; 
 P   =  0.005), greater number of steps (r  =  –0.62;  P   =  0.01), 
and longer walking time (r  =  –0.55;  P   =  0.02). ( Table 5 ).    

  DISCUSSION 
 Previous studies have not assessed the variability between 
observers’ fi ndings in evaluating the severity of cervical myelop-
athy using quantitative MRI-based approach.  3   –   6   ,   13   ,   14   Our study 
systematically analyzed the intra- and interobserver reliability 
of 4 commonly used quantitative methods to assess the sever-
ity of stenosis in cervical myelopathy patients. The present 
study suggests: (1) intraobserver reliability was high, whereas 
the interobserver ICCs were at a moderate level; (2) axial sec-
tions based on T2-weighted MRI parameters (CR and TA) 
were more reliable in assessing the degree of cervical spinal 
cord compression; (3) assessment of spinal canal stenosis was 
more reliable using T2- rather than T1-weighted sequences; 
and (4) TA was more reliable and versatile (in both symmetric 
and asymmetric cord compression) than CR in assessing spinal 
cord compression. 

 The current radiological modality of choice to assess the 
severity of cervical myelopathy is MRI because this modality 
provides important information about pathological changes 
within the cord, thereby helping the clinician to give a prog-
nosis regarding improvement after surgery.  7   –   12   Several studies 
have developed MRI-based measurement instruments to quan-
tify canal stenosis and cord compression.  3   –   6   ,   13   ,   14   Development 
of such a measurement tool involves multiple steps with a 
minimum requirement of appraisals for validity and reliability. 

and CR as axial section–based parameters showed higher 
intra- and interobserver reliability than MCC and MSCC 
using midsagittal sections.  

  Comparison of T1- and T2-Weighted MRI 
Based Parameters 
 The intra- and interobserver ICCs were 0.88  ±  0.1 and 
0.75  ±  0.04 for the T1–weighted MRI-MCC, respectively. 
In contrast, the intra- and interobserver ICCs were 0.76  ±  
0.08 and 0.79  ±  0.09 for T2-weighted MSCC, respectively. 
T1-weighted sequences showed higher intraobserver but 
lower interobserver reliability than T2-weighted.  

  Comparison of TA and CR 
 The intra- and interobserver ICCs were 0.92  ±  0.07 and 0.86 
 ±  0.03 for T2-weighted TA, respectively. In contrast, the 
intra- and interobserver ICCs were 0.82  ±  0.13 and 0.86  ±  
0.03 for the T2–weighted CR, respectively. TA showed higher 
intra- and interobserver reliability than CR.  

  Correlation of MRI Parameters With Clinical Severity 
 Each MRI parameter signifi cantly correlated with at least 1 
of the 4 clinical severity scales of cervical myelopathy ( i.e. , 
mJOA, Nurick, and walking test including number of steps 
and time). TA tends to be lower with greater number of steps 
(r  =  –0.42;  P   =  0.09). Higher CR was associated with greater 
number of steps and longer walking time (r  =  0.48;  P   =  0.05 
and r  =  0.52;  P   =  0.03). More substantial MCC was associ-
ated with lower mJOA score (r  =  –0.48;  P   =  0.05). Greater 

 TABLE 2.    Quantitative Assessment of the Magnetic Resonance Imaging Parameters of Canal 
Compromise and Cord Compression  

Measure (Mean  ±  SD, 
Min, Max) Transverse Area Compression Ratio

Maximum Canal 
Compromise

Maximum Spinal Cord 
Compression

Rater 1 74.8  ±  19.28 0.32  ±  0.08 82.0  ±  2.76 82.8  ±  3.45

27.0, 119.3 0.18, 0.63 75.0, 90.0 76.9, 91.7

Rater 2 80.0  ±  23.2 0.36  ±  0.09 82.4  ±  3.82 82.4  ±  2.59

34.7, 126.0 0.25, 0.67 75.0, 90.6 77.3, 91.7

Rater 3 59.6  ±  20.18 0.32  ±  0.09 85.7  ±  3.77 84.1  ±  2.88

30.0, 107.4 0.18, 0.67 77.5, 95.5 75.0, 90.9

Rater 4 71.4  ±  18.99 0.35  ±  0.08 82.6  ±  3.41 82.1  ±  3.09

7.87, 104.7 0.13, 0.53 73.7, 91.3 75.0, 90.9

Rater 5 69.3  ±  15.6 0.33  ±  0.09 83.0  ±  3.75 83.4  ±  3.33

40.4, 110.7 0.19, 0.54 76.3, 93.8 76.9, 89.3

Rater 6 71.2  ±  17.23 0.36  ±  0.07 83.7  ±  4.10 81.0  ±  3.82

39.4, 111.8 0.22, 0.53 76.5, 96.0 72.7, 89.3

Rater 7 70.9  ±  17.24 0.35  ±  0.08 83.1  ±  3.37 81.6  ±  3.42

43.1, 107.2 0.21, 0.53 76.5, 92.5 70.8, 89.3
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the better intra- and interobserver reliability for MSCC mea-
surements on mid-sagittal T2-weighted when compared with 
MCC measurements that were performed on T1-weighted 
MR images. In addition to higher reliability, measuring the 
degree of spinal cord compression, quantifi ed by MSCC, 
correlates with clinical severity to a greater degree than the 
degree of canal compromise. In the past, a number of studies 
frequently used TA of the spinal cord as a severity measure 
of cervical myelopathy based solely on axial T1-weighted 
sequences.  4   –   6   However, the fi ndings from this study suggest 
that axial T2-weighted MRI should be preferred to assess the 
severity of spinal cord compression in cervical myelopathy. 

 It is well known that clinical scoring systems such as 
Nurick and mJOA scales for cervical myelopathy have low 
sensitivities (r  =  0.21, r  =  0.42, respectively).  37   In our study, 
CR measurement had a lower reliability index than TA mea-
surement. Therefore, it was not surprising that previous stud-
ies that compared clinical scores with MRI using these param-
eters showed a poor correlation.  3   ,   4   ,   14   CR may misrepresent 
the degree of spinal cord deformation when both sagittal and 
transverse diameters are compromised equally. CR is also lim-
ited in its application when there is asymmetrical compression. 
Most studies have reported consistent correlation between TA 

Previous validity studies correlating the relationship between 
quantitative MRI measures and clinical outcomes showed 
either a good or poor association.  4   ,   5   One of the potential rea-
sons for this could be the lack of reliability studies assessing 
quantitative MRI measurement techniques. This study was an 
attempt to assess the intra- and interobserver reliability of 4 
most frequently used quantitative MRI measures in the assess-
ment of spinal canal stenosis and cord compression. 

 Optimal visualization of the entire spinal cord is typically 
obtained with sagittal slices in cervical myelopathy. Important 
additional localizing information may be obtained from axial 
sections such as asymmetry of spinal cord compression. In addi-
tion, spinal cord compression in cervical myelopathy tends to 
have multilevel involvement in most cases. The disagreement on 
the most compressed site of the spinal cord in multilevel cases on 
the midsagittal section can be resolved by measuring the cross-
sectional area of the spinal cord on axial section. Therefore, the 
lack of reliability among observers noticed on the mid-sagittal 
sections can be explained by the lack of consistency in agreeing 
on the site of maximal spinal canal stenosis. 

 The spinal cord has a better visual contrast on T2-weighted 
MRI against the background of bright cerebrospinal fl uid; 
this facilitates more reliable measurements. This may explain 

 TABLE 4.    Interrater Reliability: ICC Values Using the Shrout-Fleiss Model for Random Effects 
Regarding Spinal Cord and Canal Deformities Evaluated by TA, CR, MCC, and MSCC  

Measure TA CR MCC MSCC

Time 1 0.82, 14.3 (58.0–86.4) 0.82, 0.06 (1.16–1.22) 0.74, 3.0 (80.6–87.0) 0.82, 2.6 (81.2–86.2)

Time 2 0.86, 15.2 (57.2–86.7) 0.75, 0.08 (0.95–1.11) 0.81, 2.9 (81.2–86.9) 0.66, 2.6 (82.3–86.0)

Time 3 0.87, 13.4 (60.1–86.7) 0.75, 0.07 (1.03–1.17) 0.72, 3.3 (80.4–87.2) 0.84, 2.4 (80.7–85.3)

Time 4 0.89, 12.2 (59.0–81.2) 0.86, 0.06 (1.14–1.26) 0.73, 3.1 (81.0–87.6) 0.85, 2.3 (81.3–86.0)

  (ICC, SEM*, 95% CI**); *SEM  =  square root of MSE;  ** Mean 95% CI :  Mean   +   ICC  ±  1.96 *SD *squared root of [ICC (1  −  ICC)], where SD  =  square root of 
(SST/n  −  1). (Weir  et al,  2005  34  .) 

 CI indicates confi dence interval; CR, compression ratio; ICC, intraclass correlation coeffi cient; MCC, maximum canal compromise; MSCC, maximum spinal cord 
compression; SEM, standard error of mean; SST, Total Sum of Squares; TA, transverse area.  

 TABLE 3.    Intrarater Reliability: ICC Values Using the Shrout-Fleiss Model for Random Effects 
Regarding Spinal Cord and Canal Deformities Evaluated by TA, CR, MCC, and MSCC  

Measure TA CR MCC MSCC

Rater 1 0.82, 13.3 (61.4–89.9) 0.58, 0.07 (0.84–1.0) 0.82, 1.96 (80.8–84.9) 0.76, 2.56 (80.7–86.5)

Rater 2 0.99, 3.9 (76.5–85.5) 0.95, 0.04 (1.27–1.35) 0.97, 1.34 (82.1–84.7) 0.89, 1.53 (81.8–84.9)

Rater 3 0.98, 6.3 (55.1–66.1) 0.82, 0.06 (1.07–1.21) 0.80, 2.69 (83.5–89.5) 0.85, 1.86 (82.9–87.0)

Rater 4 0.88, 11.4 (60.4–84.2) 0.75, 0.06 (1.03–1.17) 0.72, 2.63 (80.3–86.3) 0.76, 2.36 (80.3–85.4)

Rater 5 0.97, 5.1 (65.1–75.5) 0.90, 0.05 (1.17–1.27) 0.92, 1.88 (81.9–85.9) 0.69, 2.50 (81.1–86.9)

Rater 6 0.85, 10.9 (60.0–84.2) 0.82, 0.05 (1.11–1.23) 0.96, 1.67 (83.1–86.3) 0.65, 2.74 (76.7–84.7)

Rater 7 0.96, 6.0 (65.2–78.6) 0.93, 0.04 (1.24–1.32) 0.96, 1.27 (82.7–85.3) 0.75, 2.61 (75.6–85.5)

  (ICC, SEM*, 95% CI**); *SEM  =  square root of MSE;  ** Mean 95% CI :  Mean   +   ICC  ±  1.96 *SD *squared root of [ICC (1  −  ICC)], where SD  =  square root of 
(SST/n  −  1). (Weir  et al,  2005  34  .) 

 CI indicates confi dence interval; CR, compression ratio; ICC, intraclass correlation coeffi cient; MCC, maximum canal compromise; MSCC, maximum spinal cord 
compression; SEM, standard error of mean; SST, Total Sum of Squares; TA, transverse area.  
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of the spinal cord and the clinical severity of cervical myelopa-
thy.  4   –   6   Data from our study support the fact that TA is also 
a “reliable” quantitative MRI parameter. However, our data 
do not support TA as a valid measurement instrument of cer-
vical myelopathy possibly due to small sample size and low 
sensitivity of currently used clinical scales. Subsequently, for 
further validation of this parameter, TA measurements were 
completed on 65 patients with cervical myelopathy.  38   The 
results showed a signifi cant correlation between TA of the 
spinal cord and mJOA score (r  =  0.02;  P   =  0.02). 

 Previous studies from our center have shown the intra- and 
interobserver ICCs of 0.68 and 0.70, and 0.55 and 0.61 for 
MSCC and MCC measures, respectively, in acute traumatic 
cervical spinal cord injuries.  28   On the basis of the present study, 
MSCC and MCC appear to be more reliable in the setting of 
patients with nontraumatic spinal cord injury. The higher ICCs 
measured in nontraumatic spinal cord injury might result from 
a lesser disruption of normal anatomy. These fi ndings also sug-
gest that parameters such as MSCC used to measure severity 
of cord compression correlate better with clinical severity than 
measurements of spinal canal dimensions (MCC). 

  CONCLUSION 
 The intraobserver reliability of the frequently used quantita-
tive MRI measures such as CR, MCC, MSCC, and TA, in 
cases of cervical myelopathy is high. The interobserver reliabil-
ity for the same measures was moderately reliable. This study 
supports the use of T2-weighted axial MRI sequence based 
parameters such as TA and CR in the clinical and research set-
tings. Parameters used to measure severity of cord compres-
sion such as MSCC correlate better with clinical severity than 
measurements of spinal canal dimensions (MCC).    

  ➢  Key Points 

            All 4 measurement techniques demonstrated a good 
to moderately high degree of intra- and interobserver 
reliability.  

          Highest reliability was noted in the assessment of 
T2-weighted sequences and axial MRI.  

          MSCC measurement is a more reliable measure and 
correlates with clinical severity to a greater degree 
than MCC.  

          Also, TA measurement of the spinal cord was found 
to be the most reliable parameter; however, a weak 
correlation with clinical severity in our study suggests 
future research is necessary using a larger sample size.    

 TABLE 5.    Relationship Between Spinal Cord Compression, Canal Compromise, and Clinical Severity 
of Cervical Myelopathy  

Measure Transverse Area Compression Ratio
Maximum Canal 

Compromise
Maximum Spinal Cord 

Compression

mJOA r  =  –0.07 r  =  0.45 r  =  –0.48 r  =  –0.65

 P   =  0.80  P   =  0.07  P   =  0.05  P   =  0.005

Nurick* r  =  –0.39 r  =  0.34 r  =  0.23 r  =  –0.24

 P   =  0.12  P   =  0.18  P   =  0.37  P   =  0.36

Walking time (s)† r  =  –0.41 r  =  0.48 r  =  –0.05 r  =  –0.62

 P   =  0.10  P   =  0.05  P   =  0.85  P   =  0.01

Number of steps†‡ r  =  –0.42 r  =  0.52 r  =  –0.10 r  =  –0.55

 P   =  0.09  P   =  0.03  P   =  0.72  P   =  0.02

  Primary outcome measures included results of disease-specifi c instruments (Nurick grade  35  , mJOA,  29   and time/cadence of the 30 m walking test (30MWT).  36   

 *Nurick grade: score ranges from 0 (least disability) to 4 (most disability). Grades 0 and 1, no gait abnormalities; 2–4, increasing mobility issues. 

 †Walking test: time in seconds and number of steps (cadence) in a 30-m walk. Improvements of several seconds and steps would translate to signifi cant im-
provements in the patient’s ability and confi dence to walk independently. 

 ‡Number of steps (cadence) in a 30-m walk. 

 mJOA indicates modifi ed Japanese Orthopaedic Association scale.  
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