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Objective: The purpose of this study was to evaluate the reliability of a new magnetic resonance imaging (MRI) grading 

system for cervical neural foraminal stenosis (NFS).

Materials and Methods: Cervical NFS at bilateral C4/5, C5/6, and C6/7 was classified into the following three grades based 

on the T2-weighted axial images: Grade 0 = absence of NFS, with the narrowest width of the neural foramen greater than 

the width of the extraforaminal nerve root (EFNR); Grade 1 = the narrowest width of the neural foramen the same or less 

than (but more than 50% of) the width of the EFNR; Grade 2 = the width of the neural foramen the same or less than 50% 

of the width of the EFNR. The MRIs of 96 patients who were over 60 years old (M:F = 50:46; mean age 68.4 years; range 

61–86 years) were independently analyzed by seven radiologists. Interobserver and intraobserver agreements were analyzed 

using the percentage agreement, kappa statistics, and intraclass correlation coefficient (ICC).

Results: For the distinction among the three individual grades at all six neural foramina, the ICC ranged from 0.68 to 0.73, 

indicating fair to good reproducibility. The percentage agreement ranged from 60.2% to 70.6%, and the kappa values (κ = 

0.50–0.58) indicated fair to moderate agreement. The percentages of intraobserver agreement ranged from 85.4% to 93.8% 

(κ = 0.80–0.92), indicating near perfect agreement.

Conclusion: The new MRI grading system shows sufficient interobserver and intraobserver agreement to reliably assess 

cervical NFS.
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INTRODUCTION

Cervical neural foraminal stenosis (NFS) is defined 

by neural foraminal narrowing that may be caused by 

degenerative osteophytes, facet hypertrophy, or laterally 

herniated discs (1-3). The progressive narrowing of the 

intervertebral foramina by these anatomical changes may 

result in nerve root impingement, inflammation, or both, 

which could cause cervical radiculopathy.

Magnetic resonance imaging (MRI) is currently the most 

commonly used imaging method for the accurate evaluation 

of the cervical spine. MRI can demonstrate the cervical 

spinal anatomy, including the bony structure, spinal cord, 
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a new MRI grading system for diagnosing and grading 

cervical NFS based on axial T2-weighted images.

The purpose of this study was to propose a new MRI 

grading system for cervical NFS and to evaluate the 

reproducibility of the system.

 

MATERIALS AND METHODS 

MRI Grading System for Cervical NFS

Cervical NFS was classified into one of the following 

three grades by the MR findings on routinely obtained 

axial T2-weighted images at the cervical disc level (Fig. 1). 

Grade 0 refers to the absence of NFS, with the narrowest 

width of the neural foramen greater than the width of the 

extraforaminal nerve root at the level of the anterior margin 

and soft tissue, but assessing cervical foraminal stenosis 

with MRI is demanding because of the small size and 

susceptibility of the anatomical parts of the cervical spine 

(4-6). A number of reports have assessed cervical NFS (2, 

7-13). However, to the best of our knowledge, there is no 

universally accepted grading system for cervical NFS based 

on MRI.

A standardized grading system for assessing cervical 

NFS is required for comparing the data from different 

investigations and for clinical research and is helpful for 

consistent radiology reporting, identifying the correlation 

between the imaging findings and clinical symptoms during 

daily routine practice, improving communication between 

radiologists and clinicians, and the standardized treatment 

protocol of cervical radiculopathy. Therefore, we developed 

Fig. 1. Schematic diagrams of grading system for cervical neural foraminal stenosis in axial scans at intervertebral disc level in 
cervical spine. 
A, B. Grade 0, normal–absence of neural foraminal stenosis with narrowest width of neural foramen (arrowheads) more than extraforaminal nerve 

root (black arrows). A shows no narrowing of neural foramen, and B shows mild narrowing. C. Grade 1, non-severe cervical neural foraminal 

stenosis, including narrowest width of neural foramen (arrowheads) same or less than (but more than 50% of) extraforaminal nerve root width. 

D. Grade 2, severe cervical neural foraminal stenosis, including narrowest width of neural foramen (arrowheads) same or less than 50% of 

extraforaminal nerve root width. 

A

C

B

D
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of the superior articular process (Fig. 2). Grade 1 refers to 

moderate cervical NFS: the narrowest width of the neural 

foramen is 51–100% of the width of the extraforaminal 

nerve root at the level of the anterior margin of the 

superior articular process (Fig. 3). Grade 2 refers to severe 

cervical NFS, when the width of the neural foramen is the 

same as or less than 50% of the width of the extraforaminal 

nerve roots (Fig. 3). The cases that showed nearly complete 

obliteration of the neural foramen were classified as Grade 

2 regardless of the extraforaminal nerve root. In cases of 

an unclear ipsilateral extraforaminal nerve root on MR axial 

images, the width of the contralateral extraforaminal nerve 

root at the level of the superior articular process or the 

width between the posterior margin of the vertebral artery 

and the anterior margin of the superior articular process 

were alternatively used. Because the vertebral arteries are 

located in the transverse foramen of each cervical vertebra, 

the posterior margin of the vertebral artery was used as an 

alternative standard reference for the anterior margin of 

the extraforaminal nerve root space for the grading system. 

In addition, the anterior margin of the superior articular 

process was used as a standard reference for the posterior 

margin of the extraforaminal nerve root space because of 

the low prevalence of anatomical variation.

Case Selection

This study was approved by our Institutional Review 

Board, and informed consent was waived. Cervical NFS 

is known to be common in older age groups because 

degenerative changes in the cervical spine are the most 

common cause of cervical NFS and degenerative changes 

increase with increasing age (14-16). This retrospective 

study involved cervical spinal MRIs of 96 patients aged over 

60 years. Patients with either history of trauma, previous 

spinal operation, or histologically proven or suspected 

tumor were excluded on the basis of medical records 

reviewed by one of the authors. Sixty-six patients who had 

undergone cervical spinal MR images in our institution 

between the period of January and December 2010 were 

consecutively selected. To include MR images from various 

scanners, another 30 patients with cervical spinal MR 

images that had been imported from outside hospitals were 

Fig. 3. 71-year-old man with Grades 1 and 2 cervical neural foraminal stenosis, right and left sides, respectively. 
A. Axial T2-weighted fast spin echo image shows compromised bilateral C6/7 neural foramina. In right side neural foramen, arrowheads show 

width of extraforaminal nerve root, and white arrows show right side of neural foramen width. Narrowest width of right side neural foramen (2.1 

mm) is less than width of extraforaminal nerve root (2.5 mm) but more than 50% of width of extraforaminal nerve root. B. In left side neural 

foramen, arrowheads (2.5 mm) show width of contralateral extraforaminal nerve root, and white arrows show left side of neural foramen width (1.1 

mm). Narrowest width of left side neural foramen is less than 50% of width of extraforaminal nerve root.

A B

Fig. 2. 64-year-old woman with Grade 0 cervical neural 
foraminal stenosis. Axial T2-weighted fast spin echo image shows 

bilateral C5/6 neural foramen without compromise. Arrowheads show 

width of right side extraforaminal nerve root. Arrows show narrowest 

width of right side neural foramen. Narrowest width of neural foramen 

is more than width of extraforaminal nerve root.
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also consecutively selected. As a result, 96 patients were 

included in the final analysis (male:female = 50:46; mean 

age, 68.4 years; range, 61–86 years). 

Image Acquisition

At our institution, the MR images were acquired with 

either a 1.5T scanner or 3T scanner (Gyroscan Intera 

Achieva; Philips Medical Systems, Amsterdam, the 

Netherlands) using a 16 channel neurovascular coil for 

the 3T imager or head and neck coil for the 1.5T imager, 

with the patient in the supine position. Axial T2-weighted 

images at the cervical disc level were usually acquired 

parallel to the disc spaces with the following parameters: 

repetition time 3131–4307 ms; echo time 80–120 ms; field 

of view = 150–150 mm; section thickness = 3 mm; number 

of axial sections in each disc = 4.

The imported MR images that were scanned at diverse 

hospitals before referral to our hospital were taken with 

various MR scanners using different protocols. Axial T2-

weighted images (n = 30) were selected for grading. All of 

the images were de-identified before the analysis and were 

randomly numbered from 1 to 96. 

Image Interpretation

Seven observers from different institutions and with 

different levels of experience–two radiology residents 

and five musculoskeletal radiologists with 2, 4, 7, and 17 

years of experience–independently interpreted the images, 

blinded to the patient’s history and age. The images were 

given in the form of a presentation slide as a set of six 

images for each case, two axial plane images of each of 

three sequential disc levels (C4/5, C5/6, and C6/7), along 

with the image adjacent to the disc plane, and these 

were selected to show the bilateral neural foramina. The 

grading system was introduced to the readers as a written 

description with diagrammatic examples only (Fig. 1); 

no detailed explanation was given. The observers were 

asked to rate the degree of cervical NFS according to the 

aforementioned grading system at the bilateral sides of the 

three sequential levels (C4/5 to C6/7). The upper cervical 

levels were excluded because of the low prevalence of NFS 

(16, 17). To assess the intraobserver variability, one reader 

interpreted the images twice at the interval of six months 

in order to minimize observer memory bias. To evaluate 

the assessment of extraforaminal nerve root visibility, two 

readers interpreted the visibility of the extraforaminal nerve 

root in consensus. The frequency of unclear extraforaminal 

nerve roots on MR axial images was as follows: 2.1% (n = 

2) at the right side C4/5 level; 2.1% (n = 2) at the left side 

C4/5 level; 1.0% (n = 1) at the right C5/6 level; 2.1% (n 

= 2) at the left C5/6 level; 2.1% (n = 2) at the right C6/7 

level; 2.1% (n = 2) at the left C6/7 level; and 1.0% (n = 

1) at bilateral C6/7 level. The width of the contralateral 

extraforaminal nerve root was used as a reference in most 

of these cases (n = 11).

Statistical Analysis

Percentage agreement, kappa statistics, and intraclass 

correlation coefficient (ICC) with two-way random effects 

were used to evaluate the intraobserver and interobserver 

reliability of the new MR grading system for 1) the 

distinction among the three individual grades, 2) the 

distinction between non-severe and severe stenosis (Grades 

0 and 1 vs. Grade 2), and 3) the presence of NFS (Grade 0 

vs. Grades 1 and 2). Regarding the distinction among the 

three individual grades, agreement was measured using the 

linear weighted Cohen kappa statistic, giving greater weight 

to a difference of more than one step between observers 

than to a difference of only one step (18).

The percentage agreement and kappa statistic were 

assessed for all 21 reader pairs, and the result was averaged 

(19, 20). The overall percentage agreements were also 

calculated. Agreement was rated as follows: kappa value 

interpretations were poor (κ < 0.1), slight (0.1 ≤ κ ≤ 0.2), 

fair (0.2 < κ ≤ 0.4), moderate (0.4 < κ ≤ 0.6), substantial 

(0.6 < κ ≤ 0.8), and nearly perfect (0.8 < κ ≤ 1.0) (19, 

21). Among the various guidelines for interpreting ICCs, we 

adapted a scale that was introduced in previous literature: 

ICC values of less than 0.40 indicate poor reproducibility, 

values of 0.40–0.75 indicate fair to good reproducibility, 

and values greater than 0.75 indicate excellent 

reproducibility (20, 22). The Statistical Package for the 

Social Sciences for Windows (SPSS Statistics for Windows 

Version 17.0; SPSS Inc., Chicago, IL, USA) and Medcalc 

software (version 11.1.1.0 for Microsoft Windows 2000/XP/

Vista/7; Medical Software, Mariakerke, Belgium) were used 

for the statistical analyses.

RESULTS

The distribution of the overall stenoses is shown on Table 

1. Grade 0 (no stenosis) was most frequently noted, and the 

overall burden of stenosis was greatest at the C6/7 level.
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Interobserver Agreement

Table 2 shows the interobserver agreements of all readers, 

experienced readers, and inexperienced readers with respect 

to percentage agreement, kappa statistics, and ICC. 

For the distinction among the three individual grades at 

all six neural foramina, the ICC ranged from 0.68 to 0.73, 

indicating fair to good reproducibility. The percentage 

agreement ranged from 60.2% to 70.6%, and the kappa 

values (κ = 0.50–0.58) indicated fair to moderate 

agreement. A slightly higher level of agreement was seen 

for the presence of cervical NFS (Grade 0 vs. Grades 1 and 

2), specifically, 75.4% to 83.8%; κ = 0.51–0.64. Agreement 

Table 1. Distribution of Cervical Neural Foraminal Stenoses

Grade 0 Grade 1 Grade 2 Total

C4/5

Right 388 (57.7%) 169 (25.1%) 115 (17.1%) 672

Left 441 (65.6%) 151 (22.5%) 80 (11.9%) 672

C5/6

Right 282 (42.0%) 216 (32.1%) 174 (25.9%) 672

Left 282 (42.0%) 206 (30.7%) 184 (27.4%) 672

C6/7

Right 267 (39.7%) 193 (28.7%) 212 (31.5%) 672

Left 250 (37.2%) 171 (25.4%) 251 (37.4%) 672

Total 1910 (47.4%) 1106 (27.4%) 1016 (25.2%) 4032

Data show number of levels. Values in parentheses indicate percentages.

Table 2. Interobserver Reliability

Level

Grouping 

All Readers (n = 7) Experienced Readers (n = 5) Inexperienced Readers (n = 2)

Agreement 

(%)
κ* ICC

Agreement 

(%)
κ* ICC

Agreement 

(%)
κ* ICC

Grading

Right C4/5 65.1 0.51 0.71 67.6 0.55 0.75 64.6 0.51 0.66

Left C4/5 70.6 0.50 0.68 72.7 0.55 0.75 77.1 0.52 0.64

Right C5/6 60.2 0.50 0.69 61.4 0.52 0.71 61.5 0.52 0.65

Left C5/6 62.8 0.52 0.71 64.5 0.54 0.73 58.3 0.50 0.66

Right C6/7 67.7 0.58 0.73 68.9 0.59 0.75 65.6 0.52 0.61

Left C6/7 62.2 0.50 0.68 64.9 0.53 0.69 57.3 0.50 0.65

Overall 64.8 0.52 0.70 66.7 0.55 0.73 64.1 0.51 0.65

Stenosis (Grade 0 vs. 1–2)

Right C4/5 75.5 0.51 77.9 0.56 77.1 0.55

Left C4/5 77.1 0.51 78.5 0.54 82.3 0.55

Right C5/6 75.4 0.54 75.8 0.57 75.0 0.51

Left C5/6 77.8 0.55 77.1 0.59 76.0 0.47

Right C6/7 83.8 0.64 83.5 0.67 80.2 0.58

Left C6/7 79.4 0.55 79.6 0.58 72.9 0.45

Overall 78.2 0.55 78.7 0.59 77.3 0.52

Severity (Grades 0–1 vs. 2)

Right C4/5 86.6 0.52 86.7 0.55 84.4 0.45

Left C4/5 90.2 0.52 91.9 0.63 92.7 0.43

Right C5/6 80.6 0.53 91.7 0.58 80.2 0.54

Left C5/6 80.1 0.52 81.9 0.59 78.1 0.54

Right C6/7 78.1 0.50 78.5 0.53 79.2 0.44

Left C6/7 74.4 0.47 76.3 0.50 77.1 0.54

Overall 81.7 0.51 84.5 0.56 82.0 0.49

*Weighted kappa statistics. ICC = intraclass correlation coefficient
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was slightly higher for the classification of cases as either 

non-severe (Grades 0 and 1) or severe (Grade 2) stenosis; 

the percentage agreement ranged from 74.4% to 90.2%, 

and the kappa values were 0.47–0.53. 

The average percentage agreements ranged from 65.1% to 

86.6% (κ = 0.50–0.52) at the right side C4/5 level; 70.6% 

to 90.2% (κ = 0.51–0.52) at the left side C4/5 level; 60.2% 

to 80.6% (κ = 0.50–0.54) at the right C5/6 level; 62.8% 

to 80.1% (κ = 0.52–0.55) at the left C5/6 level; 67.7% to 

83.8% (κ = 0.50–0.64) at the right C6/7 level; and 62.2% 

to 79.4% (κ = 0.47–0.55) at the left C6/7 level, according 

to how the categories were grouped. 

The average agreement between the five experienced 

readers and the agreement between the two inexperienced 

readers were also calculated, and the results were similar 

to those of the interobserver agreement among all readers 

(also shown in Table 2). The ICC for the experienced readers 

ranged from 0.69 to 0.75, indicating fair to excellent 

reproducibility, whereas the ICC for inexperienced readers 

was slightly lower than the average agreement among all 

seven readers (also shown in Table 2) and ranged from 0.61 

to 0.66, indicating fair to moderate reproducibility.

Intraobserver Agreement 

The results of the analysis of intraobserver reliability 

based on percentage agreement and kappa statistics are 

also summarized in Table 3. For the distinction among the 

three individual grades at all six neural foramina, the ICC 

ranged from 0.83 to 0.95, indicating excellent agreement. 

The percentage agreement ranged from 85.4% to 97.9% (κ 

= 0.75–0.95) according to how the categories were grouped. 

The level of agreement was higher than the interobserver 

agreement. 

 

DISCUSSION

According to our results, the MR grading system showed 

intraobserver and interobserver agreement at a sufficient 

level to serve as a reliable method for evaluating and 

reporting the degree of cervical NFS.

In a clinical setting, deciding the presence of cervical 

NFS or the severity of the stenosis may be more important 

than dividing the three different grades of stenosis. Our 

grading system could be further grouped to categorize 

between the presence and absence of stenosis and between 

non-severe and severe stenosis. In all of these groupings, 

the intraobserver and interobserver variability showed good 

reliability, suggesting the usefulness of the grading system 

in a clinical context with a diagram.

The interobserver variability was assessed between 

readers with different levels of experience who worked at 

different institutions. Considering the fact that a written 

description of the grading system with a diagram was 

provided to the readers and our study included diverse 

readers, the ICCs of 0.68 to 0.73 and the kappa values of 

0.50 to 0.58 indicate fairly high levels of agreement. This 

means that the grading system is simple enough to be 

applied consistently and to be understood and learned. The 

average agreements among all seven readers and among 

the five experienced readers showed little difference, also 

Table 3. Intraobserver Reliability

Level Agreement (%) κ* ICC

Grading 

C4/5

Right 93.8 0.92 0.91

Left 85.4 0.80 0.83

C5/6

Right 88.5 0.87 0.88

Left 89.6 0.87 0.90

C6/7

Right 91.7 0.91 0.95

Left 88.5 0.87 0.91

Overall 89.6 0.87 0.90

Stenosis (Grade 0 vs. 1–2)

C4/5

Right 96.9 0.94

Left 91.7 0.83

C5/6

Right 94.8 0.88

Left 96.9 0.92

C6/7

Right 97.9 0.95

Left 96.9 0.91

Overall 95.9 0.91

Severity (Grades 0–1 vs. 2)

C4/5

Right 95.8 0.90

Left 92.7 0.75

C5/6

Right 92.7 0.84

Left 91.7 0.82

C6/7

Right 94.7 0.89

Left 91.7 0.83

Overall 93.2 0.84

*Weighted kappa statistics. ICC = intraclass correlation coefficient
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suggesting that the system is easy to learn. The difference 

between the average agreement among all seven readers 

and the agreement between the two inexperienced readers 

could be explained by the good agreement between the 

experienced and inexperienced readers. It is difficult 

to compare the width of the extraforaminal nerve root 

with the width of the neural foramen because both the 

extraforaminal nerve root and the neural foramen are small 

structures. In addition, our study included MR images from 

outside hospitals. Interobserver agreement may be further 

enhanced by providing representative and educational 

cases of each grade. Intraobserver agreement in this study 

was assessed only with the readings of one observer. 

Based on the results that showed little difference between 

the average agreement among all seven readers and that 

among the five experienced readers, we assume that the 

intraobserver agreement would not be significantly affected 

by the reader’s level of experience. The intraobserver 

agreement was high (the kappa values of 0.75 to 0.95), 

indicating that the grading system is easy enough to 

be applied consistently. The fair to good ICC values and 

moderate to substantial kappa values of interobserver and 

intraobserver agreement in our grading system suggest that 

the system is simple and reproducible.

The assessment of cervical NFS based on imaging studies 

has been attempted in various studies. However, most 

of these studies have focused on appropriate imaging 

techniques for detecting the presence of cervical NFS with 

MRI or computerized tomography (CT) imaging. Only a 

small number of studies have considered the assessment 

of stenosis severity. In a study by Bartlett et al. (9), a 

grading system (Grade 0, 1, or 2) of cervical NFS was 

suggested on imaging as follows: Grade 0, normal; Grade 

1, osteophyte or disc touches the nerve root; and Grade 

2 > 50% narrowing of foramen. For the grading system by 

Bartlett et al. (9), the definition of the width of the normal 

neural foramen was unclear, and thus 50% narrowing of the 

foramen was difficult to determine. In our grading system, 

we used the width of the extraforaminal nerve root in the 

same axial images as the reference standard, and thus the 

determination of 50% narrowing could be easily made. Ryan 

et al. (8) evaluated the severity of disease on T1-weighted 

and T2-weighted sequences. Neural impingements were 

graded as Grade 0, normal; Grade 1 ≥ 33% canal or neural 

foraminal encroachment; Grade 2 = 34–66% canal or neural 

foraminal encroachment; and Grade 3 > 66% canal or neural 

foraminal encroachment. The grading system by Ryan et al. 

(8) is heterogeneous and ambiguous as a result of including 

both the cervical canal and neural foraminal encroachment. 

A study by Song et al. (23) used NFS grading by MR and CT 

myelography. The grading criteria were as follows: Grade 

0, normal; Grade 1, minimal; Grade 2, moderate (< 50% 

involvement of neural foramina); and Grade 3, severe (≥ 

50% involvement of neural foramina). For that grading 

system, the definition of Grade 1 NFS was unclear. In 

addition, and as mentioned above, the definition of the 

width of the normal neural foramen was unclear, and thus 

50% narrowing of the foramen was difficult to determine. 

Studies by Park et al. (12, 13) suggested NFS grading on 

the oblique sagittal T2-weighted sequence of MR imaging: 

Grade 0, normal; Grade 1, mild (< 50% involvement of the 

root circumference); Grade 2, moderate (> 50% involvement 

of root the circumference); and Grade 3, severe. This 

grading system showed high kappa values (0.71 to 0.99) 

and excellent reproducibility (12). However, for this system, 

an additional oblique sagittal T2-weighted sequence is 

needed. In addition, it is difficult to obtain a plane that 

is perfectly perpendicular to all cervical nerve roots. The 

strength of our new grading system is that we suggest a 

reference width for grading the severity of neural foraminal 

narrowing in the axial plane. In addition, a study by Park et 

al. (24) showed that the combined review of sagittal and 

axial views had the greatest diagnostic value (the kappa 

value for interobserver agreement was 0.606), and we 

suggest that the confidence and reliability of our grading 

system could be improved by adding the sagittal or oblique 

sagittal plane (24).

In the case of cervical NFS, the original width of the 

neural foramen and nerve root is difficult to define 

because the neural foramen is already narrowed and the 

nerve root is compressed in the foramen. Based on our 

experience, because cervical NFS was commonly induced 

by uncovertebral osteophytes that were medial to the 

extraforaminal nerve root and vertebral artery, the width of 

the extraforaminal nerve root at the level of the anterior 

margin of the superior articular process and the width 

between the vertebral artery and the superior articular 

process were usually not narrowed in most cases of NFS. 

We therefore used the width of the extraforaminal nerve 

root including the ipsilateral or contralateral side as 

references to define and grade NFS. On our assessment of 

the extraforaminal nerve root’s visibility, only 13 neural 

foramina did not demonstrate the extraforaminal nerve 

root on axial T2-weighted images. Additionally, only one 
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case did not demonstrate bilateral extraforaminal nerve 

roots at the C6/7 level, indicating that it is not difficult 

to find the extraforaminal nerve root on axial T2-weighted 

images. Some studies have reported anatomical variation 

in the vertebral artery that enters the transverse foramen 

of the cervical vertebrae in approximately 7% of cases (25-

27). An atypical level of entrance was usually observed 

with entrance into the C5 or C7. In our study, anatomical 

variation in the vertebral artery was not reported, and the 

width between the vertebral artery and superior articular 

process could be used alternatively as a reference. In 

cases of unclear bilateral extraforaminal nerve root and 

anatomical variation in the vertebral artery on axial MR 

images, we could consider the widest width of the cervical 

neural foramen or the length of the cervical pedicle as other 

references.

For an established classification system, the grading 

system information must not only be clear and simple 

but also have an influence on clinical practice. An earlier 

stage of stenosis with obliteration of less than 50% of the 

extraforaminal nerve root was defined as Grade 1, meaning 

that patients with Grade 1 stenosis are prone to progressing 

to higher grades of cervical NFS and radiculopathy because 

of the aging process. In these terms, it could be clinically 

important to detect these patients and provide appropriate 

medical attention.

Our study may be limited by a number of factors. Firstly, 

we did not evaluate the correlation between the stenosis 

grade and patient symptoms. The purpose of this study was 

to investigate the reliability of the new grading system for 

cervical NFS on axial T2-weighted MR images. Additional 

investigation is needed to elucidate the correlation 

between the grades and the severity of symptoms and 

therapeutic response. Secondly, the grading system was 

based only on axial T2-weighted images, and we focused on 

the simplicity of the system for its universal use. At some 

institutions in our country, axial T1-weighted images are 

not routinely scanned. Thirdly, this study was conducted 

at a single center, perhaps limiting its generalizability. To 

overcome this problem, we included MR images that had 

been imported from different hospitals. Finally, our study 

was based on recumbent MR images. Studies have shown 

that conventional recumbent MRI of the cervical spine may 

underestimate disease because the imaging is performed 

in a nondynamic, non-weight bearing position (28-30). 

The upright MR system is currently not available in our 

institution, and, consequently, recumbent MR images were 

analyzed. However, we believe that the application of the 

new grading system does not necessarily have to be limited 

to recumbent MR images. The system may be applicable 

to upright MR images with sufficient interobserver and 

intraobserver reliability, although additional study is 

warranted.

In conclusion, the new MRI grading system provides a 

reliable assessment of cervical NFS.
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