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Introduction

The evaluation of degenerative spine disease on magnetic 
resonance imaging (MRI) is subject to inter-reader variabil-
ity, and the assessment of foraminal degenerative changes, 
although less studied in the available literature, is also prone 
to inter-reader variation [1–3]. This can have clinical impli-
cations because the degenerative abnormalities that have 
less inter-rater agreement might also show lower correlation 
with clinical symptoms [4].

Different readers might use different criteria when exam-
ining degenerative spine disease, and these criteria might 
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Abstract
Background The evaluation of lumbar spine degeneration on magnetic resonance imaging (MRI) is prone to inter-reader 
variability, including when assessing foraminal changes. This variability, often due to subjective criteria and inconsistent 
terminology, may affect clinical correlations. Standardized criteria could help improve agreement among readers.
Materials and methods MRI of the lumbar spine of 50 randomly selected patients were evaluated by 12 independent readers. 
Foraminal stenosis was assessed using four different rating scales for each patient. The first scale classified stenosis as pres-
ence/absence of neurologic compromise of the spinal nerve root at the foramen, the second scale classified stenosis as absent/
mild/moderate/severe, the third scale as normal/contact of disk or osteophyte with the nerve root/deviation of the nerve root/
compression of the nerve root, and the fourth scale utilized the Lee et al. criteria. Agreement analysis was performed using 
Fleiss’ kappa coefficients.
Results Agreement was moderate using the first scale (k = 0.439), and significantly lower using the second, third and fourth 
scales (k = 0.310, k = 0.311, k = 0.295, respectively). When comparing the agreements obtained between board certified 
neuroradiologists and between neuroradiology residents, there was statistically significant differences when using the third 
and fourth scales, where the agreement for board certified neuroradiologists was higher, but still only fair. Individual kappas 
showed that in the second, third, and fourth scales the levels of agreement were higher in the extremes of the scale, namely, 
when there was no stenosis or when the stenosis was maximal with nerve compression.
Conclusions Levels of agreement can differ depending on the scale used. Simpler dichotomous scales may return higher 
levels of agreement compared to more complex ones. For the non-dichotomous scales, using different scales may not result 
in overall different levels of agreement. Given the overall low inter-rater agreements observed, there is probably significant 
potential to enhance agreement through more rigorous training and consensus-building.
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even be inconsistently applied because many of them are 
based on subjective evaluation. Different terminology use is 
also a problem, and even though several degenerative disc 
disease classifications tried to resolve this problem, there is 
still a lack of consensus for foraminal stenosis nomenclature 
[5–8].

The use of standardized imaging criteria might improve 
rapport between readers and referring physicians and reduce 
the variability of subjective interpretation of imaging find-
ings. Thus, it is important to understand if the use of clearer 
definitions and standardized criteria does improve inter-
reader agreement. For that purpose, the goal of our study 
was to evaluate and compare the inter-reader variability of 
foraminal stenosis classification in lumbar spine MRI using 
different classification criteria, ranging from a simpler and 
more open classification to more complex and restrictive 
ones.

Materials and methods

Patient sample

This study utilizes retrospective data, with institutional ethi-
cal committee approval and waiver of informed consent. 
A total of 50 MRI scans of the lumbar spine done in the 
previous year were randomly selected from our institutional 
Picture Archiving and Communication System. Inclusion 
criteria were age above 18 and the examination being per-
formed due to clinical suspicion of symptoms associated 
with degenerative spine disease. Postoperative and patients 
with implanted hardware were excluded.

MR imaging and assessment criteria

All examinations were performed on one of two different 
MRI scanners with field strengths at 1.5 and 3T, manufac-
tured by GE (Milwaukee, WI, USA) and Philips (Amster-
dam, The Netherlands), respectively. All studies included 
sagittal and axial T1 and T2 weighted images.

For each of the 50 patients, only one intervertebral fora-
men was evaluated, which was randomly chosen between 
the four foramina of the L4-L5 and L5-S1 levels, as these 
levels are the most commonly affected by degenerative 
changes.

At the beginning of the image analysis, readers were pro-
vided with the descriptions of the evaluation criteria they 
were to use. Four different scales were used in each patient, 
and comprised of the following sets of criteria: (1) the 
reader was asked if he thought there was (or not) neurologic 
compromise of the spinal nerve root at the intervertebral 
foramen; (2) the reader was asked to classify the foraminal 

stenosis as absent, mild, moderate or severe; (3) the reader 
was asked to apply an adapted form of the Pfirrmann et al. 
classification [7] in which they classified the foraminal ste-
nosis as normal, contact of disk material/osteophyte with 
the spinal nerve root, deviation of the spinal nerve root, or 
compression of the spinal nerve root; (4) finally, the reader 
was asked to apply the Lee et al. classification [9], which 
classifies lumbar foraminal stenosis into grades 0, 1, 2 and 
3 according to perineural fat obliteration and morphologic 
changes of the nerve root.

The Pfirrmann et al. classification is popular among 
radiologists and has been previously recommended for the 
evaluation of foraminal nerve root impingement [10]. The 
Lee et al. classification was applied as originally described. 
This classification is a grading system developed for lumbar 
foraminal stenosis on the basis of sagittal MRI and is associ-
ated with high inter-reader agreement [9].

Image analysis

Image analysis was performed by 12 readers from our hos-
pital center. Seven readers were board certified neuroradiol-
ogists (with an average of about 12 years of neuroradiology 
experience) and five readers were neuroradiology residents 
(all with experience between three and five years).

All reading sessions were performed using anonymized 
DICOM data. All readers were blinded to the results of other 
readers and to all patient data including age, sex, and clini-
cal symptoms. Image analysis was performed only on stan-
dard sagittal T1 and T2 weighted images, and on axial T1 
and T2 weighted images.

Data and statistical analysis

For statistical analysis we used SPSS Statistics (version 29; 
IBM Corp., Armonk, NY, USA). Each one of the four dif-
ferent scales for the evaluation of foraminal stenosis was 
assessed for inter-reader agreement using Fleiss’ kappa. We 
first performed kappa analysis for all our readers, and then 
separated board certified neuroradiologists from neuroradi-
ology residents and calculated the kappa coefficients for each 
group. We analyzed the individual kappas to assess the level 
of agreement between our readers for each of the categories 
of the response variable in each scale. For all analyses, non-
overlapping 95% confidence intervals were considered as a 
statistically significant difference. According to the standard 
originally proposed by Landis and Koch, Fleiss’ kappa val-
ues below 0 were interpreted as poor agreement, 0.01–0.20 
as slight agreement, 0.21–0.40 as fair agreement, 0.41–0.60 
as moderate agreement, 0.61–0.80 as substantial agreement, 
and 0.81-1.00 as almost perfect agreement [11].
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Results

The study population consisted of 50 patients, 25 males, 
with age ranging from 27 to 84 years with a mean age of 
62.7. A total of 50 intervertebral foramina were assessed 
by our 12 readers, resulting in a total of 600 classifications. 
Kappa coefficients for all readers, for board certified neuro-
radiologists, and for neuroradiology residents are summa-
rized in Table 1. Individual kappas are reported in Table 2.

First evaluation scale

In this scale, the reader was asked if he thought there was (or 
not) neurologic compromise of the spinal nerve root at the 
intervertebral foramen. For all readers, the agreement was 
k = 0.439 (95% CI, 0.405–0.473), p < 0.001. For board certi-
fied neuroradiologists the agreement was k = 0.467 (95% CI 
0.406–0.527), p < 0.001. For neuroradiology residents the 
agreement was k = 0.365 (95% CI 0.278–0.453), p < 0.001.

Second evaluation scale

With this scale, the reader classified the foraminal steno-
sis as absent, mild, moderate or severe. For all readers, the 
agreement was k = 0.310 (95% CI, 0.289–0.330), p < 0.001. 
For board certified neuroradiologists the agreement was 
k = 0.300 (95% CI 0.263–0.337), p < 0.001. For neurora-
diology residents the agreement was k = 0.314 (95% CI 
0.261–0.366), p < 0.001. Individual kappas for “normal”, 
“mild”, “moderate”, and “severe” were 0.400, 0.191, 0.157, 
and 0.489, respectively.

Third evaluation scale

In this scale, the reader was asked to classify the foraminal 
stenosis as normal, contact of disk material/osteophyte with 

the spinal nerve root, deviation of the spinal nerve root, or 
compression of the spinal nerve root. For all readers, the 
agreement was k = 0.311 (95% CI 0.291–0.332), p < 0.001. 
For board certified neuroradiologists the agreement was 
k = 0.341 (95% CI 0.305–0.378), p < 0.001. For neurora-
diology residents the agreement was k = 0.250 (95% CI 
0.197–0.303), p < 0.001. Individual kappas for “normal”, 
“contact of disk material/osteophyte with the spinal nerve 
root”, “deviation of the spinal nerve root”, and “compres-
sion of the spinal nerve root” were 0.494, 0.175, 0.048, and 
0.436, respectively.

Fourth evaluation scale

This scale asked the reader to apply the Lee et al. clas-
sification, which divides lumbar foraminal stenosis into 
grades 0, 1, 2 and 3 [9]. For all readers, the agreement was 
k = 0.295 (95% CI 0.274–0.316), p < 0.001. For board certi-
fied neuroradiologists the agreement was k = 0.328 (95% CI 
0.291–0.365), p < 0.001. For neuroradiology residents the 
agreement was k = 0.225 (95% CI 0.172–0.278), p < 0.001. 
Individual kappas for grade 0, grade 1, grade 2, and grade 3 
were 0.442, 0.156, 0.053, and 0.394, respectively.

Discussion

Our results demonstrate that levels of agreement can dif-
fer depending on the scale used. When using the first scale, 
the agreement between all readers was moderate and was 
the highest compared to the other scales. For the second, 
third, and fourth scales, the agreement was only fair and 
was significantly lower than the agreement observed in the 
first scale. The first scale was dichotomous and was the 
simpler to apply. For the non-dichotomous and more com-
plex scales, using different scales for classifying lumbar 

Table 1 Fleiss’ kappa coefficients for inter-reader agreement in classifying foraminal stenosis, using different scales
Scale 1 Scale 2 Scale 3 Scale 4

All readers 0.439 (95% CI, 0.405–0.473) 0.310 (95% CI, 0.289–0.330) 0.311 (95% CI 0.291–0.332) 0.295 (95% CI 
0.274–0.316)

Board certified 
neuroradiologists

0.467 (95% CI 0.406–0.527) 0.300 (95% CI 0.263–0.337) 0.341 (95% CI 0.305–0.378) 0.328 (95% CI 
0.291–0.365)

Neuroradiology residents 0.365 (95% CI 0.278–0.453) 0.314 (95% CI 0.261–0.366) 0.250 (95% CI 0.197–0.303) 0.225 (95% CI 
0.172–0.278)

Table 2 Individual kappas for each of the categories of each scale
Scale 1 Scale 2 Scale 3 Scale 4
Compromise of the spinal nerve root at 
the intervertebral foramen

0.439 Normal 0.400 Normal 0.494 Grade 0 0.442
Mild 0.191 Contact of disk/osteophyte with the 

spinal nerve root
0.175 Grade 1 0.156

No compromise of the spinal nerve root 0.439 Moderate 0.157 Deviation of the spinal nerve root 0.048 Grade 2 0.530
Severe 0.489 Compression of the spinal nerve root 0.436 Grade 3 0.394
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0.67 for the inter-reader agreement using Cohen’s kappa [3]. 
All these studies utilized the standard proposed by Landis 
and Koch to interpret the degree of agreement [11].

When using non-dichotomous scales, the readers in our 
study obtained only fair agreement, showing an overall 
lower agreement compared to the aforementioned reports. 
The cause of this difference is hard to pinpoint, but may 
reflect some lack of reproducibility between our participants 
in objectifying the assessment of foraminal stenosis. Con-
sidering this, another study by Miskin et al. demonstrated 
that when the raters were trained on a standardized clas-
sification of degenerative change on MRI, inter-rater agree-
ment increased [18]. The lower agreement values in our 
study suggest that training provided previously to the appli-
cation of classification scales, which didn’t occur in our 
sample, may be an important factor in reducing subjectivity 
and, consequently, variability.

The study executed by Lee et al., whose grading system 
for lumbar foraminal stenosis we used as our fourth clas-
sification scale, obtained almost perfect agreement between 
raters [9]. This different result may be due to an incorrect 
application of the grading system by the raters in our study. 
However, this once again suggests that the application of 
grading scales by different sets of raters may be influenced 
by subjectivity.

One of the main limitations of our study is the absence of 
symptomatic correlation and surgical information. Studying 
the relation between our ratings and the clinical symptoms 
could show if clinically relevant abnormalities on imaging 
are being reported as such. The lack of an accepted gold-
standard for reporting lumbar spine degenerative disease on 
MRI can also represent a limitation to test grading scales 
of degenerative abnormalities. Another limitation is that the 
numbers of years of experience varied importantly between 
our raters, and although we did a separate analysis for board 
certified neuroradiologists and neuroradiology residents, the 
differences in experience may have contributed to variabil-
ity. Generalization of our results is limited, since our raters 
represent a single center small sample that may be influ-
enced by unrecognized local biases.

Conclusions

The level of agreement in the evaluation of foraminal steno-
sis on MRI using rating scales was fair to moderate. Levels 
of agreement can differ depending on the scale used. Simpler 
dichotomous scales may return higher levels of agreement 
compared to more complex ones. For the non-dichotomous 
scales, using different scales may not result in overall dif-
ferent levels of agreement, but board certified neuroradiolo-
gists show higher levels of agreement using more complex 

foraminal stenosis did not lead to different overall agree-
ment. This finding aligns with the concept that simpler clas-
sification methods may be easier to reproduce [12], and that 
ambiguous scales may return biased classifications by the 
raters [13].

When separately analyzing the agreement obtained by 
the board certified neuroradiologists and by the neurora-
diology residents, these groups didn’t obtain significantly 
different results from the group of all readers combined. 
However, when comparing the agreement obtained between 
board certified neuroradiologists with the agreement 
obtained between neuroradiology residents, there was sta-
tistically significant differences when using the third and 
fourth scales, where the agreement for board certified neu-
roradiologists was higher. The third and fourth scales are 
more complex, and board-certified neuroradiologists, due to 
their greater experience, may have applied the criteria more 
effectively, resulting in better reproducibility.

The analysis of the individual kappas showed that in 
all non-dichotomous scales the levels of agreement were 
higher in the extremes of the scale, namely, when there was 
no stenosis or when the stenosis was maximal with nerve 
compression. Extreme response tendencies on item scales 
independent of item content have been reported, and the use 
of bipolar scales can influence those tendencies [14–16]. 
If not considered when constructing classification scales, 
these factors may bias their utilization.

Several other studies evaluated the variability of report-
ing degenerative findings of the spine. It should be noted 
that comparison with other studies is in some instances ham-
pered by the use of different statistical methods to assess 
variability. Miskin et al. evaluated the agreement of lum-
bar foraminal stenosis assessment using a 5-point ordinal 
scale, obtaining a maximum agreement of 0.670 (95% CI, 
0.625 to 0.714) between neuroradiologists, considered mod-
erate, using Cohen’s kappa [2]. Fu et al. tested the agree-
ment between multiple raters in assessing lumbar foraminal 
stenosis using a standardized ordinal scale with three cat-
egories, obtaining a moderate agreement of 0.481 (95% CI, 
0.472 to 0.490), using Fleiss’s kappa [1]. Lurie et al. evalu-
ated lumbar foraminal stenosis using 4-item ordinal scales 
similar to the ones we used. In their study, foraminal steno-
sis was rated as “none,” “mild,” “moderate,” or “severe”, 
and the degree of nerve root impingement was rated as 
“none,” “touching,” “displacing,” or “compressing”. Using 
weighted kappa statistics, foraminal stenosis showed an 
overall moderate agreement of 0.58 (95% CI, 0.53 to 0.63), 
and nerve root impingement showed an overall moderate 
agreement of 0.51 (95% CI, 0.42 to 0.59) [17]. Winklhofer 
et al. investigated foraminal nerve root impingement using a 
scale based on the Pfirrmann et al. classification [7], similar 
to the one we used. They obtained values between 0.59 and 
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scales when compared to neuroradiology residents. In all 
non-dichotomous scales, the level of agreement tends to 
be higher in the extremes of the scale, namely, when there 
is no stenosis or when the stenosis is maximal with nerve 
compression.

Given the overall low inter-rater agreements observed, 
there is probably still significant potential to enhance agree-
ment through more rigorous training and consensus-building.
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