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ABSTRACT

Purpose

A standardized grading system for lumbar spinal stenosis (LSS) is lacking. This
study evaluated inter-reader agreement and clinical utility of the comprehen-
sive grading system proposed by Miskin et al., assessing central canal stenosis
(CCS), foraminal stenosis (FS), lateral recess stenosis (LRS), and facet arthropa-
thy (FA).

Methods

Preoperative MRI data from 155 patients with neurogenic claudication due
to LSS were retrospectively analyzed. Two neuroradiologists and one spine
surgeon independently graded all lumbar levels using the four-item system.
Inter-reader agreement was assessed using weighted Cohen’s kappa, exact
agreement, and agreement within one grade. Associations between radiologi-
cal grades and baseline symptoms and postoperative outcomes at 8, 26 and 52
weeks were analyzed using bivariate analyses and multivariable linear regres-
sion.

Results

Substantial inter-reader agreement was observed for CCS (kappa = 0.751) and
LRS (kappa = 0.619), with exact agreement of 61.2% and 68.7%, respectively. In
contrast, agreement was slight for FS (x = 0.214) and FA (x = 0.201). Agreement
was highest for extreme grades across all components. At L4-5 and L5-51,
agreement for CCS was comparable to Miskin et al., whereas agreement for LRS
was higher. Higher baseline CCS was independently associated with greater
postoperative improvement in pain and physical disability, while correlations for
the combined CCS+LRS score were weaker.

Conclusion

The Miskin et al. grading system demonstrates substantial reliability for CCS
and LRS, but clinical relevance only for CCS. Limited reliability for FS and FA
suggests these components require refinement or substitution. Comparative
evaluation with alternative grading systems may further enhance clinical ap-
plicability.
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INTRODUCTION

Over the past few decades, magnetic resonance imaging (MRI) has become
the preferred imaging modality for diagnosing patients suspected of having
lumbar spinal stenosis (LSS)[1]. Several grading systems have been proposed
to assess the degree of LSS on MR, typically evaluating the central canal zone,
lateral recess, or neuroforamen - regions considered clinically relevant [2-12].
These systems aim to standardize LSS assessment and improve intra- and in-
terdisciplinary communication. In addition, standardized grading is more likely
to correlate with clinical symptoms and therapeutic outcomes, thereby aiding
clinical decision-making.

Lurie et al. were the first to introduce a grading scale for LSS, comprising four
grades (none, mild, moderate or severe) based on compromise of the central
zone, lateral recess or neuroforamen, expressed in thirds [2]. Since then, more
complex grading tools have been developed. The Schizas classification, which
remains one of the most widely used grading systems for LSS, consists of four
grades ranging from A (no or minor stenosis) to D (extreme stenosis), with
grade A further subdivided into four subgrades to assess central canal stenosis
(CCS)[3]. Guen et al. subsequently proposed a four-grade scale ranging from
no to severe stenosis [4]. Additionally, Weber et al. and Yuan et al. introduced a
modified Schizas scale and a novel system, respectively [5, 6]. Further studies
proposed grading systems for lateral recess stenosis (LRS), foraminal stenosis
(FS), and facet arthropathy (FA) [7-12]. However, most systems are subject to
considerable inter-reader variability and lack correlation with clinical param-
eters, leading to discrepancies in interdisciplinary communication regarding
stenosis severity and limiting widespread clinical adoption.

In 2021, Miskin et al. introduced a novel grading system evaluating four key
components of lumbar degeneration: central canal stenosis, foraminal steno-
sis, lateral recess stenosis and facet arthropathy [13]. This system extends the
Schizas classification by incorporating additional regions frequently involved in
LSS and, alongside the system proposed by Lurie et al., provides a multifaceted
assessment. In the original study, three observers independently assessed MRI
scans from 50 patients at the L4-5 and L5-S1 levels, demonstrating fair to sub-
stantial inter-reader agreement (Cohen'’s kappa 0.323 - 0.702). This suggests
potential value as a comprehensive grading tool applicable across interdisci-
plinary clinical settings.

However, external validation is necessary for broader acceptance. The aim of
this study is to evaluate inter-reader variability, for L4-5 and L5-S1combined as
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well as for all lumbar levels, and to assess correlations with clinical parameters
in order to determine the validity and applicability of this grading system.

MATERIAL AND METHODS

Patient population

Patients were included from the FELIX (Foraminal Enlargement Lumbar Inter-
spinous distraXion) trial, a multicenter randomized study comparing interspi-
nous process implants with conventional decompression surgery for intermit-
tent neurogenic claudication due to LSS [14]. The trial demonstrated similar
postoperative outcomes between treatment groups. Patients were aged 40-85
years, had symptoms >3 months unresponsive to conservative therapy, under-
went surgery at one or two levels and had a preoperative MRI examination. MRI
protocols included T1- and T2-weighted sagittal and axial sequences, obtained
with 1.5T or 3.0T scanners, slice thickness 3.0-6.0 mm and interslice gaps of
0.3-5.2 mm.

MRI evaluation and grading

Two experienced neuroradiologists (GLN, BvdK) and one experienced spine-
dedicated neurosurgeon (CVL) graded all lumbar levels from L1-2 to L5-S1 using
Miskin et als system for CCS, FS, LRS and FA [13]. CCS, FS and FA comprised
six possible grades, whereas LRS comprised three possible grades. Both FS and
LRS were graded separately for the left and right sides. Reviewers were blinded
to operated levels and clinical data, and received a presentation with represen-
tative examples beforehand to ensure uniform understanding of the grading
scale.

Clinical outcome parameters

The Visual Analogue Scale (VAS) for leg and back pain (0-100 scale)[15], and
the modified Roland-Morris Disability Questionnaire (MRMDQ) (0-23 scale)
[16] were used as outcome parameters at baseline and at 8, 26 and 52 weeks.
Change scores were calculated for each follow-up time point.

Inter-reader agreement analysis

Inter-reader agreement was initially assessed for L4-5 and L5-S1 to match the
analysis by Miskin et al. Proportions were calculated for all possible grades. In-
ter-reader agreement was determined using weighted Cohen’s kappa with 95%
confidence intervals (Cls) and categorized according to Landis and Koch [17].
Exact and within-one-grade agreement between reviewer pairs were calculat-
ed. Agreement across stenosis severity categories was analysed using median
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reviewer grades to define ordered severity groups. Analyses were repeated for
all lumbar levels combined and for individual levels separately. Missing gradings
were omitted pairwise.

Correlation with clinical outcomes

Due to low inter-reader agreement, FA and FS were excluded from correlation
analyses with clinical outcomes. Analyses therefore focused on CCS and LRS.
Median grades were used for operated levels; in case of two surgical levels, the
higher median was selected. In addition to the individual grading items, a com-
bined CCS+LRS score was established by recategorizing CCS into 3 grades and
summing with LRS, to assess whether a composite measure of stenosis severity
demonstrated stronger correlations with clinical outcomes. Correlations were
assessed through bivariate analyses with Spearman’s rank correlation coeffi-
cient and multivariable linear regression models adjusted for age, gender, body
mass index (BMI), duration of symptoms, Hospital Anxiety and Depression Scale
(HADS) score and treatment group. A p value < 0.05 was considered statistically
significant.

RESULTS

A total of 159 patients were enrolled in the FELIX trial and underwent surgery.
Preoperative MRI data were available for 155 patients. Baseline characteristics
are presented in Table 1.

Table 1Baseline characteristics

N Mean * std

Age (yrs) 155 66.0+91
Gender (male) 155 52.9% (82)
BMI (kg/m?) 155 277 4.6
Smoking 153

None 74.5% (114)

Sporadically 3.9% (6)

Frequently 21.6% (33)
Duration of symptoms (mos) 154 12.0 (6.0 - 24.0)*
VAS leg pain 152 56.1+£23.6
VAS back pain 152 49.4+26.3
mRMDQ 142 14.0+4.8
Randomization group 155

Standard decompression 51.0% (79)

Interspinous device 49.0% (76)
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Table 1Baseline characteristics (continued)

N Mean % std

Surgery at second level (yes) 155 21.3% (33)
Primary surgical level 155

L2-3 4.5% (7)

L3-4 32.9% (51)

L4-5 60.6% (94)

L5-6 0.6% (1)

L4-S1 1.3% (2)
Secondary surgical level 33

L3-4 12.1% (4)

L4-5 87.9% (29)

BMI: body mass index; mRMDQ: modified Roland-Morris Disability Questionnaire; VAS:
visual analogue scale. *Median (interquartile range)

Inter-reader variability analyses for L4-5 and L5-S1

For CCS, 739 readings were available (L4-5: 432; L5-S1: 307). The majority was
graded as normal, followed by severe and moderate-severe stenosis (Figure
1). Inter-reader greement was substantial (kappa 0.764; 95% Cl 0.733 - 0.795)
(Figure 2), with exact agreement in 61.3% (340/555) and within-one-grade
agreementin 88.6% (492/555) (Table 2).

Of the 1475 readings for FS (L4-5: 864; L5-S1: 611), most were graded as normal
or mild, without major differences between the left and right sides. Inter-reader
agreement was slight (kappa 0.204; 95% Cl 0.169 - 0.238), with exact agree-
ment in 39.5% (438/1108) and within-one-grade agreement in 64.4% (714/1108).
Agreement did not differ significantly between the left and right sides.

For LRS, 1477 readings were available (L4-5: 865; L5-S1: 612), of which most
were graded as normal or nerve root compression, again without differences
between the left and right sides. Agreement was substantial (kappa 0.610; 95%
Cl, 0.572 - 0.648), with exact agreement in 69.2% (766/1107) and within-one-
grade agreement in 95.8% (1061/1107). Differences between the left and right
sides were minimal.

For FA, 733 readings were available (L4-5: 431; L5-S1: 302), which were relatively
evenly distributed across grading categories. Agreement was fair (kappa 0.257;
95% C10.207 - 0.295), with exact agreement in 25.2% (138/548) and within-one-
grade agreement in 60.8% (333/548). Sensitivity analysis evaluating whether
collapsing FA grades into three categories improved inter-reader agreement
demonstrated a comparable kappa value (0.255; 95% CI 0.203-0.308).
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Across CCS, FS, LRS and FA, agreement was highest in the extreme severity
categories (Figures 3 & 4).

Inter-reader variability analyses for all lumbar levels

Agreement across all lumbar levels was comparable to that observed at the
L4-5and L5-S1levels (Table 3). For FS exact agreement was slightly higher when
all levels were included, without meaningful effect on kappa values. Collapsing
FA grades modestly increased agreement (kappa 0.337; 95% C1 0.297-0.377).

ccs

EINormal ENormal
EMild Wwild
[CIMild-moderate [CMild-moderate
EModerate ElModerate
[IModerate-severe OModerate-severe
Esevere Esevere
LRS
ENormal WNormal
MAbutment of the nerve root .Mild
*—— [DJCompression of the nerve root [CIMile-moderate
EModerate
[OModerate-severe
Esevere

Fig. 1 Distribution of the gradings for CCS, FS, LRS and FA for L4-5 and L5-S1levels
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Inter-reader agreement

07 I
0.6 I

0.5
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NPT

0.1

CCs FS LRS FA

Fig. 2 Box plot depicting the average Cohen'’s kappa and 95% confidence interval for each
item of the scale at L4-5 and L5-S1

Table 2 Inter-reader agreement for CCS, FS, LRS and FA at L4-5 and L5-S1

Our results Miskin et al.
Kappa (range) Exact Agreement Kappa Exact Agreement
agreement withinone (95% ClI) agreement within one
grade grade

CCS 0.764 61.3% 88.6% 0.702 56% 91%
(0.733-0.795) (0.641-0.764)

FS 0.204 39.5% 64.4% 0.544 41.5% 78.5%
(0.169-0.238) (0.486 -0.602)

LRS 0.610 69.2% 95.8% 0.323 34% 90.5%
(0.572-0.648) (0.255-0.392)

FA 0.251 25.2% 60.8% 0.557 33% 76%
(0.207-0.295) (0.495 -0.620)

CCS: central canal stenosis; FA: facet arthropathy; FS: foraminal stenosis; LRS: lateral
recess stenosis
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Fig. 4 Distribution of inter-reader agreement by severity of degeneration for LRS.
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Table 3 Inter-reader agreement for CCS, FS, LRS and FA for the whole lumbar spine and
individual levels

Whole lumbar spine L1-2 L2-3 L3-4 L4-5 L5-S1
Kappa Exact Agreement Kappa (range)
(range) agreement withinone
grade
CCS 0.751 61.2% 88.3% 0.524 0.608 0.685 0.639 0.293
(0.727- (636/1039) (917/1039) (0.293- (0.500- (0.629- (0.593- (0.095-
0.776) 0.754) 0.716)  0.741)  0.686)  0.490)
FS 0.214 49.0% 71.4% 0.237 0.071 0.131 0.150 0.380
(0.187- (1016/2073) (1481/2073) (-0.033- (-0.068- (0.084- (0.116- (0.279-
0.242) 0.506) 0.210) 0.177) 0.185) 0.481)
LRS 0.619 68.7% 95.4% 0.585 0.499 0.498 0.371 0.408
(0.592- (1421/2067) (1972/2067) (0.393- (0.411- (0.438- (0.314- (0.294-
0.646) 0.777) 0.588) 0.558) 0.429) 0.521)
FA 0.201 23.6% 62.3% 0.158 0.201 0.243 0.205 0.103
(0.102- (241/1020) (635/1020) (-0.012- (0.102- (0.187- (0.158-  (0.014-
0.300) 0.327) 0.300) 0.299) 0.251) 0.1917)

CCS: central canal stenosis; FA: facet arthropathy; FS: foraminal stenosis; LRS: lateral
recess stenosis

Correlations between stenosis severity and clinical outcomes

Bivariate analyses for CCS and LRS demonstrated no significant correlations
with clinical outcomes at baseline (Table 4). At 8 weeks, weak correlations were
observed only between stenosis severity and physical disability (mMRMDQ). At
26 and 52 weeks, higher CCS scores were correlated with greater reductions
in leg pain, back pain and physical disability, whereas correlations for LRS were
weaker and less consistent. The combined CCS+LRS score demonstrated simi-
lar, but generally weaker, correlations compared with CCS alone.

Multivariable linear regression analyses demonstrated no significant baseline
associations between stenosis severity and clinical parameters (Table 5). How-
ever, female sex was independently associated with higher pain scores (VAS leg
pain: B=18.5-8.9, p = 0.024-0.031; VAS back pain: B=10.2-10.4, p = 0.019-0.021)
and greater physical disability (B = 2.8, p<0.001) at baseline. At 8 weeks, higher
stenosis severity was associated with greater improvement in physical disability
across all grading scores (p < 0.006). Trend-level correlations were observed
between higher CCS and CCS+LRS scores and lower leg pain. At 26 weeks,
improvement in physical disability correlated with all three scores (p < 0.015).
Reduction in leg pain correlated only with CCS severity, whereas back pain was
associated with CCS and CCS+LRS scores. At 52 weeks, CCS demonstrated
the strongest and most consistent associations with all clinical outcomes (p <
0.017). LRS severity correlated with greater improvement in back pain, showed
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no association with leg pain, and demonstrated only a near-significant asso-
ciation with physical disability (p = 0.067). The combined CCS+LRS score was
significantly correlated with leg and back pain, whereas the association with
physical disability was near-significant (p = 0.077). Treatment group affected
outcomes in only a limited number of analyses.

Clinical effect size

Leg pain scores decreased by 5.6 and 7.9 points per one-category increase in
CCS severity at 26 and 52 weeks, respectively. For the CCS+LRS score, leg pain
decreased by 9.7 points per category at 52 weeks. Back pain scores decreased
by 5.8 and 6.5 points per CCS category at 26 and 52 weeks, respectively, com-
pared with decreases of 6.3 and 8.1 points per CCS+LRS category. mRMDQ
scores demonstrated smaller changes across all follow-up time points, with
decreases ranging from 1.0 to 3.5 points per one-category increase in stenosis
severity at 8, 26 and 52 weeks.

Table 4 Bivariate correlations between stenosis scores and clinical parameters

CCS LRS CCS+LRS
Follow- N  Spear- Pvalue N  Spear- Pvalue N  Spear- P
up man'’s p man'’s p man'’s p value

VAS leg Base- 152 -0.038 0.646 152 -0.083 0.307 152 -0.021 0.800
pain line

8w 150 -0.144 0.080 150 -0.088 0.285 150 -0.138 0.09
26w 148 -0.250 0.002* 148 -0.066 0.429 148 -0.184 0.025*
52w 151 -0.284 < 151 -0.129 0.115 151 -0.238 0.003*
0.0071*
VAS back Base- 152 0.020 0.809 152 -0.031 0.702 152 -0.020 0.805
pain line
8w 149 -0.161 0.051 149 -0.029 0.724 149 -0.065 0.433
26w 148 -0.280 < 148 -0.123 0.135 148 -0.179 0.030*
0.001*
52w 151 -0.266 < 151 -0.180 0.027* 151 -0.187 0.021*
0.001*
mRMDQ  Base- 142 0.036 0.670 142 0.088 0.297 142 0.076 0.369
line
8w 133 -0.227 0.009* 133 -0.229 0.008* 133 -0.236 0.006*

26w 133 -0.194 0.025* 133 -0.190 0.028* 133 -0.144 0.099*
52w 136 -0.244 0.004* 136 -0.193 0.024* 136 -0.148 0.085

CCS: central canal stenosis; FA: facet arthropathy; FS: foraminal stenosis; LRS: lateral
recess stenosis. * P value < 0.05
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DISCUSSION

This study provides external validation of the LSS grading system proposed
by Miskin et al. [13]. Our findings demonstrate substantial inter-reader agree-
ment for CCS and LRS, whereas agreement was slight for FS and fair for FA.
These findings are supported by the proportions of exact and within-one-grade
agreement. The relatively high agreement for LRS is partly expected due to its
three-grade scale, which inherently limits the potential for disagreement. The
weighted kappa values for CCS were comparable to those reported by Miskin
et al., while agreement for LRS was higher but lower for FS and FA. Overall, the
grading system appears reliable for CCS and LRS, but less so for FS and FA.

The lower agreement for FS and FA observed in this study may be attributed to
differences in patient populations. Miskin et al. included patients with isolated
low back pain, a condition often associated with more pronounced facet degen-
eration, whereas our cohort consisted of patients with intermittent neurogenic
claudication, in whom FA may be less severe or more heterogeneous. Similarly,
most patients in our study demonstrated no or mild FS, and fewer than 10%
exhibited severe FS, likely due to exclusion of patients requiring fusion surgery
in the FELIX trial. Our larger sample size may also have contributed to greater
variability, thereby reducing inter-reader agreement. Sensitivity analysis dem-
onstrated improved agreement for FA when grades were collapsed, suggesting
that the current FA scale may be overly granular.

Over the years, multiple grading systems have been proposed to assess one
or more components of LSS. The most commonly used CCS grading systems
are those proposed by Guen et al. and Schizas et al. [3, 4]. Guen et al. reported
kappa values of 0.730-0.953, although external validation yielded substan-
tially lower agreement (kappa 0.33-0.40) [18]. Schizas et al. reported a kappa of
0.44, with subsequent studies demonstrating variable inter-reader agreement
[19-22]. Two additional CCS grading systems reported kappa values of 0.58-
0.76 and 0.681, respectively [5, 6]. For FS, three grading systems have been
introduced. Wildermuth et al. reported substantial agreement (kappa 0.62), Lee
et al. demonstrated near-perfect agreement (kappa 0.909-0.942), which was
externally validated [22], and Sartoretti et al. reported similarly high agreement
(kappa 0.886-1.000) [7-9]. For LRS, Pfirrmann et al. proposed a grading scale
with substantial agreement (kappa 0.62-0.67), although the cohort consisted
of patients with lumbar disc herniation [10]. For FA, two grading scales have
been presented. Weishaupt et al. reported a kappa of 0.41[11], although this was
lower in subsequent studies [19, 22], whereas Fujiwara et al. demonstrated a
kappa of 0.636 [12], which was substantiated by another study [20]. While some
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grading systems demonstrate high inter-reader agreement, most assess only a
single anatomical component of LSS, thereby limiting overall clinical utility. Only
the system proposed by Lurie et al., similar in concept to that of Miskin et al., in-
corporates multiple anatomical zones by estimating the proportion of compro-
mised area (normal, <1/3, 1/3-2/3, 22/3) in the central canal, lateral recess, and
neuroforamen. Lurie et al. reported kappa values of 0.73 for CCS, 0.49 for FS,
and 0.58 for LRS [2]. In this context, our findings indicate that the Miskin et al.
grading system performs comparably to, or better than, most existing grading
systems for CCS and LRS, supporting its clinical utility for these components.
However, the low agreement observed for FS and FA suggests that these com-
ponents may require refinement or substitution with alternative, more reliable
grading systems.

In the present study, higher baseline stenosis severity, particularly CCS, was
independently associated with greater postoperative improvement in pain and
physical disability. Although effect sizes per category were modest and below
commonly accepted minimally clinical important difference (MCID) thresh-
olds for VAS and RMDQ scores[23], cumulative differences across severity
categories approached or exceeded MCID values, indicating potential clinical
relevance. These findings were not attributable to a greater capacity for symp-
tomatic improvement in patients with more severe stenosis, as baseline pain
and disability did not differ significantly across stenosis severity categories.
Consequently, patients with higher baseline CCS severity, as graded using the
Miskin et al. scale, appear more likely to benefit from surgery. Importantly, the
combined CCS+LRS score did not demonstrate stronger correlations with clini-
cal outcomes than CCS alone.

In contrast, many previously proposed grading systems have not demonstrated
meaningful correlations with clinical parameters. Prior studies assessing the
Schizas or Weishaupt grading scales reported no significant associations with
baseline symptom severity or postoperative outcomes [3, 19, 20], with the ex-
ception of one study demonstrating a correlation between Schizas grades and
both baseline and postoperative leg pain scores [21]. Yuan et al. reported that
their CCS grading system correlated with baseline physical disability but not
with postoperative clinical outcomes [6]. Hence, these findings underscore the
limited value of many existing grading systems in clinical decision-making.

Strengths and limitations

Strengths of this study include a representative patient population with inter-
mittent neurogenic claudication, a large sample size, variability in MRI scanning
parameters, and independent grading by three experienced and blinded review-
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ers. Limitations include the exclusion of patients with missing data, potentially
introducing selection bias, and the absence of a direct comparison with other
grading systems.

Recommendations for future research

While the grading system proposed by Miskin et al. offers a valuable step toward
comprehensive LSS assessment, alternative systems, specifically for FS and
FA, should not be discounted. A modular approach in which the most reliable
grading method is selected for each anatomical region, may be preferable. Ac-
cordingly, the grading systems proposed by Miskin et al. for CCS, Lee et al. and
Sartoretti et al. for FS, and Fujiwara et al. for FA warrant further external valida-
tion. Ultimately, grading systems should be evaluated not only for reproducibility
but also for their association with clinical outcomes across all lumbar levels.

Conclusion

The Miskin et al. grading system appears promising for LSS evaluation and
clinical decision-making. The substantial interobserver agreement for CCS and
LRS, which is comparable to or exceeds that of other grading systems, supports
their use in clinical practice and interdisciplinary communication. Moreover,
CCS severity correlated with postoperative clinical outcomes and may there-
fore aid in preoperative counseling. However, limited inter-reader agreement for
FS and FA reduces their reliability, and substitution of these components with
alternative, more reliable grading systems may improve the overall clinical utility
of this approach.
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