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Study Design: Case-control study.
Purpose: To design a new tool for classifying lumbar spinal canal stenosis (CLSCS).
Overview of Literature: Grading of patients with lumbar spinal canal stenosis (LSCS) is controversial.
Methods: The Oswestry disability index (ODI) and the neurogenic claudication outcome score (NCOS) were recorded. Four param-
eters, which indicate the severity of LSCS disease, including Hufschmidt-grade, grading of magnetic resonance imaging, self-paced 
walking test, and stenosis ratio (SR) were employed. For the SR, quartile analysis was applied for classifying LSCS and the Huf-
schmidt-grade was modified into a 4-grade score. An initial score was assigned to each metric based on the severity of LSCS. Using 
the inverse-variance weighting method, the relative weights of these domains and their categories were determined. The score for 
all of the cases was obtained based on their weight by summing up the points of the four variables. Quartile analysis was used and a 
CLSCS score was proposed. Finally, intra- and interobserver  reliability, and validity were assessed.
Results: A total of 357 patients were studied. The final CLSCS score for each case ranged from 4 to 16.5. Based on the quartile 
analysis, using the new criteria set, the CLSCS score was divided into four categories: CLSCS<7 (grade 0); 7≤CLSCS<10 (grade 1); 
10≤CLSCS<13 (grade 2); and 13≤CLSCS≤16.5 (grade 3). The kappa values of for the CLSCS score indicated a perfect agreement. The 
CLSCS was correlated with the ODI and NCOS. All patients with grade 3 CLSCS were observed in the surgical group.
Conclusions: The CLSCS score can be helpful for classifying LSCS patients and in the decision-making process.
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Introduction

A common cause of low back pain and disability associ-
ated with neural element compression is lumbar spinal 
canal stenosis (LSCS). LSCS is a condition in which the 
degenerative central canal narrows due to degenerative 
disc bulging, hypertrophied ligamentum flavum, and de-
generative changes in the facet joint [1]. The symptoms of 
LSCS include pain in the groin, hips, and buttocks, and 

numbness or weakness in the legs and lower back. Symp-
toms usually worsen with walking or standing (claudica-
tion) [1]. The ability to classify LSCS patients is important 
for choosing the appropriate management. A wide range 
of clinical, electrodiagnostic, and radiological tests are 
currently used to define and classify LSCS. However, there 
is no generally accepted “gold standard” for the classifica-
tion of LSCS and for the decision-making process in clini-
cal practice, especially in borderline patients [2,3]. Hence, 
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there is a need for consensus on the criteria for classifying 
LSCS so as to provide a decision-making tool that helps 
in deciding whether surgical or conservative manage-
ment should be performed in LSCS. This study sought to 
develop a new quantitative tool based on the Hufschmidt-
grade, the grading of magnetic resonance imaging (MRI), 
the self-paced walking test (SPWT), and the stenosis ratio 
(SR) to classify LSCS patients. 

Materials and Methods

1. Patients and data collection

Cases of LSCS diagnosed at a single center were identified 
for this retrospective study, between February 2007 and 
April 2012, in a large teaching hospital in Tehran, Iran. 
The diagnosis of LSCS was established based on the clini-
cal symptoms, neurological examination, and imaging 
studies—including plain radiography, MRI, and computed 
tomography (CT) of the lumbar spine. All of the patients 
had typical symptoms of LSCS, such as neurogenic inter-
mittent claudication and leg pain and/or numbness. In all 
of the patients, the diagnosis was confirmed by more than 
one spine surgeon. The level(s) of stenosis were explored 
on the MRI or CT. There were no restrictions on patient 
choice with regard to level(s) of LSCS, age, or other char-
acteristics. The exclusion criteria were prior lumbar spine 
surgery and congenital spine anomalies.

Demographics, including age, gender, and body weight, 
were recorded. The duration of symptoms (in months) 
and neurogenic claudication outcome score (NCOS) were 
recorded. The NCOS ranges from 0 to 100. Higher scores 
have been associated with a better clinical outcome. 

2. Additional metrics

1) The SR
The SR is defined as the ratio of the cross-sectional area 
of the spinal canal on the axial MRI image at the disc 
level that is associated with greatest neurologic compres-
sion to the cross-sectional area at the next rostral pedicle 
level above [4]. It has been used to determine the sever-
ity of stenosis. The cross-sectional area was measured 
by the Hamanishi technique [5]. The calculations were 
performed by two independent surgeons and they were 
blinded to each other’s results. The SRs were divided into 
quartiles of severity of lumbar stenosis.

2) The SPWT
The SPWT is a measure of walking capacity, which is the 
distance a person with LSCS is able to walk without sup-
port on a level surface at a self-selected speed before being 
forced to stop due to symptoms of LSCS [6]. The SPWT is 
presented as a feasible and reproducible criterion measure 
for use in LSCS and NC patients [7,8]. The SPWT was 
extracted from patients’ case records and categorized as 
poor (less than 100 m), fair (between 100 m and 800 m), 
good (between 800 m and 1,600 m), and very good (more 
than 1,600 m) [9].

3) The grading of MRI
Lee et al. [10] described a 4-grade (0, 1, 2, and 3) classification 
of the severity of LSCS based on the degree of separation 
of the cauda equina on T2-weighted axial images, without 
measurement of the parameters. They defined grade 0, no 
lumbar stenosis without obliteration of the anterior CSF 
space; grade 1, mild stenosis with separation of all cauda 
equina; grade 2, moderate stenosis with some cauda equi-
na aggregated making it impossible to visually separate 
them; and grade 3, severe stenosis with none of the cauda 
equina separated.

4) Hufschmidt-grade
Grading of LSCS presented by Hufschmidt and Bar [11] 
was categorized as follows: grade I; neurogenic intermit-
tent claudication characterized by a reduced walking 
distance (caused by pain) and short term intermittent 
sensory and/or motor deficits that at rest might be un-
remarkable, but might worsen while walking, grade II; 
intermittent paresis refers to already persistent sensory 
deficits, loss of reflexes and intermittent paresis, and grade 
III; persistent, progressive paresis, accompanied by partial 
regression of pain. Grade I was broken down into grade 0 
(symptoms after walking 100 m or more than 100 m) and 
grade 1 (symptoms after walking less than 100 m). The 
Hufschmidt-grade was, henceforth, modified from a 3- to 
a 4-grade scale.

5) The Iranian version of the ODI
This is a measure of functionality and contains 10 items. 
The possible score on the Oswestry disability index (ODI),  
ranges from 0 to 50, with higher scores indicating worse 
conditions. The psychometric properties of the Iranian 
version of the questionnaire are well documented [12].

Both subjective and objective parameters such as the 
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Hufschmidt-grade, the grading of MRI, the SPWT, and 
the SR, were used to build the new quantitative tool. 

3. Treatment

All of the patients had received surgery or conservative 
treatment for LSCS. All patients in the surgical group 
failed at least 6 months of conservative treatment, includ-
ing oral analgesics, physiotherapy, and epidural steroids.

4. Statistical analysis

All statistical analyses were performed using the PASW 
ver. 18 (SPSS Inc., Chicago, IL, USA). The SR was grouped 
according to the severity of LSCS by performing quartile 
analysis with the SR 0.75<between≤1 (lowest quartile), 
0.50<between≤0.75 (lower quartile), 0.25<between≤0.50 
(higher quartile), and 0<between≤0.25 (highest quartile). 
For each of the four metrics (SR, Hufschmidt-grade, 
SPWT, and grading of MRI), an initial score of 1, 2, 3, 
and 4 was assigned to each metric based on the severity 
of LSCS [9-11]. Then, for each parameter, we added to-
gether all patients’ scores and calculated the mean score 
and the corresponding standard deviation. Consequently, 
the variance for each parameter was calculated. Finally, 
using the inverse-variance weighting method (weight=1/
ϭ2; variance=ϭ), the relative weights of these domains 
and their categories were determined. Inverse-variance 
weighting was selected as it is typically used in statistical 
meta-analysis to combine the results from independent 
measurements and it is an appropriate method for creat-
ing a score. The score for all of the cases was obtained 
based on their weight by summing up the points of the 
four variables. Finally, the quartile analysis was used and 
a new classification for LSCS was proposed. For instance, 
for the SR, we first assigned a score of 1, 2, 3, and 4 based 
on the severity of LSCS in each case. Then, we added these 
scores for the whole sample size (n=357) to calculate the 
mean score and standard deviation. Later, the standard 
deviation was powered by 2 to estimate the variance. The 
weight for SR was derived from the above formula, and 
therefore, to calculate the weighted score for each case the 
initial score for each case  multiplied it. The procedure 
was repeated for each parameter, and the addition of these 
weighted scores yielded the final score for each case rang-
ing from 4 to 16.5.

5.   Assessment of the intra- and interobserver reliability 
of the classification grading

In order to validate the classification, 83 patients with all 
types of disorders were randomly selected. Two indepen-
dent observers classified each case twice within a 2-week 
interval to measure the intra- and inter-observer differ-
ences. The weighted Kappa coefficient was calculated for 
each spine surgeon based on his first and second data 
report and comparison of kappa between spine surgeons. 
Kappa values ranged between 0 and 1; the greater the 
kappa value, the higher the concordance rate. Kappa 
value of 0 to 0.20 indicated slight agreement, 0.21 to 0.40 
indicated fair agreement, 0.41 to 0.60 indicated moder-
ate agreement, 0.61 to 0.80 indicated substantial perfect 
agreement, and ≥0.81 was regarded as almost perfect 
agreement according to the interpretation by Landis and 
Koch [13].

6. Convergent validity

The correlation between the CLSCS and the ODI and 
NCOS was assessed using the Pearson’s correlation coeffi-
cient and values of 0.40 or above were considered satisfac-
tory (r≥0.81–1.0; excellent, 0.61–0.80; very good, 0.41–0.60; 
good, 0.21–0.40; fair, and 0.0–0.20, poor) [14].

7. Ethics

The research was approved by the Ethics Committee of 
Shahid-Beheshti University of Medical Sciences, Tehran, 
Iran.

Results

Demographics of the LSCS patients and their scores for 
the SR, Hufschmidt-grade, SPWT, grading of MRI, the 
ODI, and the NCOS are shown in Table 1. The SR was 
broken down to classify LSCS into quartiles: no lumbar 
stenosis (0.75<between≤1), mild stenosis (0.50<be-
tween≤0.75), moderate stenosis (0.25<between≤0.50), 
and severe stenosis (0<between≤0.25). The classification 
scheme for LSCS and the relative weights of these do-
mains and their categories are shown in Table 2.

Based on the quartile analysis using the PASW statistics, 
the CLSCS score was divided into 4 categories: CLSCS<7 
(grade 0=no lumbar stenosis); 7≤CLSCS<10 (grade 1= 
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mild lumbar stenosis); 10≤CLSCS<13 (grade 2=moderate 
lumbar stenosis); and 13≤CLSCS≤16.5 (grade 3=severe 
lumbar stenosis). The score index for CLSCS was obtained 
by summing up the points of the four variables that are 
shown in Table 3.

The Kappa statistic was calculated for the CLSCS score 
and its domain, which are shown in Table 4. The kappa 
value for the CLSCS score for the intra-observer result 
was 0.82 (range, 0.81–0.93) and that for the inter-observer 
result was 0.84 (range, 0.82–0.96), indicating substantial 
perfect agreement. In addition, the CLSCS was strongly 
correlated with the ODI and NCOS, lending support to 
its good convergent validity (r=0.81, p<0.001; r=0.83, 
p<0.001, respectively).

In all, 171 out of the 357 patients underwent surgery 
and the remaining 186 patients received conservative 
treatment at the one-year follow-up from diagnosis. Over-
all, there were 32 patients who dropped out of the study 
or who were lost to follow-up. All patients in the surgical 
group failed at least 6 months of conservative treatment, 
including oral analgesics, physiotherapy, and epidural 
steroids. Treatments received within one year based on 
the CLSCS grade are shown in Table 5. Most of the pa-
tients (94.7%) who underwent surgery were identified 
as having grade-2 and grade-3 stenosis, while those who 
received conservative treatment were identified as having 
grade-0 and grade-1 stenosis (97.8%). This difference was 
statistically significant (p<0.001) (Table 5). All patients 
with grade-3 stenosis failed conservative treatment and 
were observed in the surgical group, and all patients with 
grade-0 stenosis were observed in the conservative group. 

Discussion

A new classification criterion is presented in this study 
for LSCS patients based on the four classification grading 
systems; the Hufschmidt-grade, the grading of MRI, the 
SPWT, and the SR. Our findings suggest that the CLSCS 
score is also generally reliable and valid for classifying 
these patients. Thus, the CLSCS score can be used in the 
decision-making process. Although the CLSCS score 
showed promise, the sample size was small, and therefore, 
the technique will need to be repeated in larger, mul-
ticenter datasets to convincingly show its classification 
power.

To date, no studies presenting a quantitative grading 
system for the classification of LSCS patients have been 

Table 1. Baseline demographic data in patients with lumbar spinal 
canal stenosis (n=357)

Characteristics Value

Age (yr) 58.1±10.6

Gender (male, [%]) 46.8

Body weight (kg) 77.3±10.4

Lumbar stenosis levels 

   One-level   36 (10.1)

   Two-level 139 (38.9)

   Three-level 131 (36.7)

   Four-level   51 (14.3)

Symptoms

   Duration of symptoms (mo) 39.6±21.1 

ODIa) 33.4±10.2

NCOS scoreb) 29.2±11.1

SPWTc)

   Very good   76 (21.3)

   Good   72 (20.2)

   Fair   94 (26.3)

   Poor 115 (32.2)

Grading of MRId)

   Grade 0   85 (23.8)

   Grade 1 103 (28.9)

   Grade 2 127 (35.6)

   Grade 3   42 (11.8)

SRe) by quartiles

   >0.75 & ≤1   77 (21.6)

   >0.50 & ≤0.75   98 (27.5)

   >0.25 & ≤0.50 121 (33.9)

   >0 & ≤0.25   61 (17.1)

Hufschmidt-gradef)

   Grade 0   86 (24.1)

   Grade 1 124 (34.7)

   Grade 2 113 (31.7)

   Grade 3 34 (9.5)

Values are presented as median±standard deviation or number (%).
a)The Oswestry disability index (ODI) scores ranges from 0 to 50, with 
higher scores indicating worse conditions; b)The neurogenic claudica-
tion outcome (NCOS) score ranges from 0 to 100, with higher scores 
indicating less severe symptoms; c)The self-paced walking test (SPWT) 
is a measure for walking capacity, and categorized as poor (less than 
100 m), fair (between 100 and 800 m), good (between 800 m and 
1,600 m), and very good (more than 1,600 m). d)Grading of magnetic 
resonance imaging (MRI): grade 3, severe stenosis; grade 2, moder-
ate stenosis; grade 1, mild stenosis; and grade 0, no lumbar stenosis; 
e)The stenosis ratio (SR) is the cross-sectional area of the canal at the 
axial MRI image with greatest neurologic compression at disc level 
over the cross-sectional area at the pedicle level above; f)Hufschmidt-
grade: severity of lumbar spinal stenosis as observed based on clinical 
symptoms.
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Table 2. Classified of lumbar stenosis, for SPWT, grading of MRI, SR, and Hufschmidt-grade included in the study and theirs relative weight (n=357)

Variable Initial weight Variance (ϭ)
Relative weighta)

Exact Rounded to 0.5

SPWTb) 1.286 0.604

   Very good 1 0.604 0.5

   Good 2 1.208 1

   Fair 3 1.812 2

   Poor 4 2.416 2.5

Grading of MRIc) 0.942 1.126

   Grade 0 1 1.126 1

   Grade 1 2 2.252 2

   Grade 2 3 3.378 3.5

   Grade 3 4 4.504 4.5

SRd) by quartiles 1.025 0.952

   >0.75 & ≤1  1 0.952 1

   >0.50 & ≤0.75  2 1.904 2

   >0.25 & ≤0.50 3 2.856 3

   >0 & ≤0.25 4 3.808 4

Hufschmidt-gradee) 0.870 1.321

   Grade 0 1 1.321 1.5

   Grade 1 2 2.642 2.5

   Grade 2 3 3.963 4

   Grade 3 4 5.284 5.5
a)Derived from inverse variance weights (weight=1/ϭ2) method; b)The self-paced walking test (SPWT) is a measure for walking capacity, and catego-
rized as poor (less than 100 m), fair (between 100 m and 800 m), good (between 800 m and 1,600 m), and very good (more than 1,600 m); c)Grading 
of magnetic resonance imaging (MRI): grade 3, severe stenosis; grade 2; moderate stenosis; grade 1, mild stenosis; and grade 0, no lumbar stenosis; 
d)The stenosis ratio (SR) is the cross-sectional area of the canal at the axial MRI image with greatest neurologic compression at disc level over the 
cross-sectional area at the pedicle level above; e)Hufschmidt-grade: severity of lumbar spinal stenosis as observed based on clinical symptoms.

Table 3. Summary of CLSCS criteria and scorea)

Lumbar stenosis
Weights of 4 categorize

SPWTb) Grading of MRIc) SRd) Hufschmidt-gradee)

No    0.5 1 1    1.5

Mild 1 2 2    2.5

Moderate 2    3.5 3 4

Severe    2.5    4.5 4    5.5
a)The score index of classifying lumbar spinal canal stenosis (CLSCS) was obtained by summing up the points of the four variables: SR, Hufschmidt-
grade, SPWT, and grading of magnetic resonance imaging (MRI). The CLSCS score was divided into 4 categories: CLSCS<7 (grade 0); 7≤CLSCS<10 
(grade 1); 10 ≤CLSCS<13 (grade 2); and 13≤CLSCS≤16.5 (grade 3); b)The self-paced walking test (SPWT) is a measure for walking capacity, and cat-
egorized as poor (less than 100 m), fair (between 100 m and 800 m), good (between 800  m and 1,600 m), and very good (more than 1,600 m); c)Grad-
ing of MRI: grade 3, severe stenosis; grade 2, moderate stenosis; grade 1, mild stenosis; and grade 0, no lumbar stenosis; d)The stenosis ratio (SR) is 
the cross-sectional area of the canal at the axial MRI image with greatest neurologic compression at disc level over the cross-sectional area at the 
pedicle level above; e)Hufschmidt-grade: severity of lumbar spinal stenosis as observed based on clinical symptoms.
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published. Several real-world datasets for LSCS classifi-
cation such as the Hufschmidt-grade, the morphology 
grade, and the grading of MRI have been presented in 
the literature [10,11,14]. The Hufschmidt-grade system 
is based on clinical symptoms and the other two systems 
are qualitative. Many studies have analyzed the relation-
ship between dural sac cross-sectional area (DCSA) and 
the severity of symptoms in patients with LSCS, but its 
use for the classification of these LSCS patients remains 
controversial [15,16]. However, in an effort to improve the 
currently available classification criteria for LSCS, we de-
signed a quantitative grading system using both subjective 
and objective parameters. It seems that the CLSCS score 
may be a useful tool for clinical decision making in LSCS 
patients. Finally, one should note that the CLSCS score 
in our study was developed and validated in the same 
population. Therefore, the authors recommend prospec-
tive testing of the CLSCS score in future trials for external 
validation to confirm its classification power.

Our own experience in clinical practice shows that 

many patients who received surgery had a low or mild 
grade on the four classification grading systems; the 
Hufschmidt-grade, the grading of MRI, the SPWT, and 
the SR; hence, it is expected that these patients should not 
have undergone surgery. Similarly, we saw many patients 
with a moderate or high grade on the four classification 
grading systems who did not receive surgery; however, 
they should have undergone surgery. In addition, the new 
system is better than the DCSA, morphology grade, and 
the grading of MRI, in the decision-making process due 
to the new tool; a higher CLSCS score correlated signifi-
cantly with surgical intervention and a lower CLSCS score 
correlated significantly with conservative management. In 
addition, although the morphology grade and the grading 
of MRI are easy and reliable methods, we think that the 
new proposed system takes a step forward in preventing 
mistakes in practice and in assisting in the management 
of patients with borderline LSCS [10,11,14].

There are a variety of instruments for assessing the per-
formance or functionality in LSCS patients. These include 

Table 5. Treatment received within one years based on CLSCS grade (n=357)

CLSCS score
Treatment received within one years

p-valuea)

Surgery (n=171) Non-surgery (n=186)

Grade 0     0 88 <0.001

Grade 1     9 94 <0.001

Grade 2 113   4 <0.001

Grade 3   49   0 <0.001

The classifying lumbar spinal canal stenosis (CLSCS) score was divided into 4 categories: CLSCS<7 (grade 0); 7≤CLSCS<10 (grade 1); 10≤CLSCS<13 
(grade 2); and 13≤CLSCS≤16.5 (grade 3). 
a)Derived from T-test analysis.

Table 4. Inter- and Intra-observer CLSCS grading system (n=83 pairs of repeat evaluations)

Variable Intraobserver Interobserver

Grade 0 0.77 (0.68–0.81) 0.79 (0.69–0.81)

Grade 1 0.79 (0.76–0.87) 0.81 (0.78–0.89)

Grade 2 0.84 (0.81–0.89) 0.88 (0.82–0.92)

Grade 3 0.87 (0.82–0.91) 0.89 (0.84–0.92)

CLSCS score 0.82 (0.81–0.93) 0.84 (0.82–0.96)

All values are expressed as kappa value (95% confidence interval).
Interpretation of standard kappa: <0.20, poor agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, good agreement; 
0.81–1.00, very good agreement, according to the interpretation of the kappa statistic by Landis and Koch [13].
CLSCS, classifying lumbar spinal canal stenosis.
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the ODI, the NCOS, and the Swiss spinal stenosis ques-
tionnaire. However, there are no existing standard cut-off 
points for the definition of severity of LSCS for the data 
acquired by these instruments for the assessment of clas-
sification in these patients. If standard cut-off points are 
subsequently made available, such instruments may be 
useful in making accurate preoperative assessments.

There are limitations to this study. First, we were un-
able to identify the most effective classification parameter. 
However, multicenter studies are needed to prospectively 
examine these factors to establish a more accurate sur-
gical indication assessment strategy. Perhaps the main 
weakness of this study is the fact that we did not use an 
external validation tool. The degree of stenosis on imag-
ing and then correlation of the presenting symptoms and 
the CLSCS score with the outcome is important informa-
tion for the readers. These findings should be confirmed 
in future studies in order to further enhance the clinical 
relevance of data. Finally, multicenter trials are necessary 
for further refinement of this scale.

Conclusions

The new index, the CLSCS score is generally reliable and 
valid for classifying patients with LSCS. Thus, the CLSCS 
score can be used in the decision-making process with 
respect to surgical intervention in these patients. Future 
multicenter clinical trials are needed to confirm these 
findings.
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