
ABSTRACT | INTRODUCTION: Neurogenic claudication (NC) is the 
classic clinical presentation of patients with Lumbar Spinal Stenosis 
(LSS). These patients may or may not present with symptoms of leg 
pain and difficulty walking. These symptoms are exacerbated while 
walking and standing and are eased by sitting or bending forward. 
METHOD: Patients with LSS, having a lumbar canal diameter of 
≤12mm, were recruited from a recognized Tertiary care hospital. 
Each subject's demographic characteristics and anthropometrics 
were noted, and the testing procedure was explained. The canal 
diameter was documented with the help of an MRI report. A 
self-paced walking test was used to assess the walking distance. 
STATISTICAL ANALYSIS: Depending on the normality of the 
data, the Pearson correlation coefficient (r) was used to find the 
correlation between canal diameter at different lumbar levels and 
walking distance in patients with LSS. RESULT: Pearson correlation 
coefficient (r) determined a fair positive correlation (r = 0.29) 
between lumbar canal diameter and walking distance. Stepwise 
multiple regression analysis was done, and a prediction equation 
was found for different levels of canal stenosis. CONCLUSION: 
Findings of our present study suggest a fair positive correlation 
between walking distance and canal diameter at L5-S1. This study 
may also be useful in predicting the approximate canal diameter 
by estimating the walking distance of the patient with symptoms 
of LSS and vice-versa.
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RESUMO | INTRODUÇÃO: A claudicação neurogênica (CN) é a 
apresentação clínica clássica de pacientes com Estenose Espinhal 
Lombar (EEL). Esses pacientes podem ou não apresentar sintomas 
de dor nas pernas e dificuldade para caminhar. Esses sintomas 
são exacerbados ao caminhar e ficar em pé e são aliviados ao 
sentar ou inclinar-se para a frente. MÉTODO: Pacientes com EEL, 
com diâmetro do canal lombar ≤12mm, foram recrutados em um 
hospital terciário reconhecido. As características demográficas e 
antropométricas de cada sujeito foram anotadas e o procedimento 
do teste foi explicado. O diâmetro do canal foi documentado com 
a ajuda de um relatório de ressonância magnética. Um teste de 
caminhada individualizado foi usado para avaliar a distância 
percorrida. ANÁLISE ESTATÍSTICA: Dependendo da normalidade 
dos dados, o coeficiente de correlação de Pearson (r) foi usado para 
encontrar a correlação entre o diâmetro do canal em diferentes 
níveis lombares e a distância percorrida em pacientes com EEL. 
RESULTADO: O coeficiente de correlação de Pearson (r) determinou 
uma correlação positiva razoável (r = 0,29) entre o diâmetro do 
canal lombar e a distância percorrida. Análise de regressão múltipla 
stepwise foi feita, e uma equação de predição foi encontrada para 
diferentes níveis de estenose do canal. CONCLUSÃO: Os achados 
de nosso estudo sugerem uma correlação positiva razoável entre 
a distância percorrida e o diâmetro do canal em L5-S1. Este estudo 
também pode ser útil para prever o diâmetro aproximado do canal, 
estimando a distância percorrida pelo paciente com sintomas de 
EEL e vice-versa.

PALAVRAS-CHAVE: Vértebras lombares. Ressonância Magnética. 
Claudicação neurogênica. Estenose espinhal. Caminhada.
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Introduction

Lumbar spinal stenosis (LSS) is a progressive 
narrowing of the spinal canal consisting of 
compression of nerve roots, the dural sac, and the 
spinal cord.1 LSS is a common disorder diagnosed 
in 13%-14% of individuals consulting for back pain.2 
Magnetic Resonance Imaging (MRI) is routinely used 
in clinical practice to diagnose LSS. Measurements of 
spinal canal diameter are better measured by MRI.3,4 
With the increase in age, the prevalence of LSS rises, 
being prevalent at 9.3% in the general population and 
as high as 47% in people older than 60 years of age.5 
In the age group of 65 years and higher, LSS is the 
most common cause of lumbar spine surgeries.1,6

The classic clinical feature of LSS is Neurogenic 
Claudication (NC).5 The symptoms of NC are 
described as pain, paraesthesia or cramping, 
numbness, and weakness in the calf, thighs, or 
buttocks. These symptoms are exacerbated while 
walking and standing and are eased by sitting or 
bending forward.7 Anatomically, spinal stenosis 
can occur centrally, within the lateral recess, at the 
level of the intervertebral disc or in the foramen. 
The compression of the traversing nerve root occurs 
in lateral recess stenosis. LSS can be congenital or 
acquired or result from a combination of congenital 
and acquired. In the congenital type, etiology is the 
presence of short pedicles as in achondroplasia, and 
the acquired type primarily consists of degenerative 
diseases changes causing narrowing of the canal and 
leading to compression of nerve roots.8,9

As a result of the narrowed lateral and central vertebral 
canal in the lumbar spine, the lumbosacral nerve roots 
may get compressed. This physiological dysfunction 
is responsible for the pathogenesis of NC. The altered 
mechanics may also develop as a consequence of 
ischemia of nerve roots and/or degenerative changes 
in the spine. This leads to limited walking ability, 
thus causing functional impairment in a patient with 
NC.9,10 To mark the Walking Distance (WD), Self-paced 
walking (SPW) could be a standardized method, being 
an inexpensive, feasible, and reproducible measure to 
assess the walking capacity in patients with LSS.11 Also, 
it ensures a more practical functional assessment as 
compared to a treadmill, as the older population of 
India may not be familiar with treadmill walking. An 
X-ray may indicate some degenerative changes in 

the lumbar spine, and clinical assessment findings 
may direct the clinician to the possibility of stenosis. 
However, for the confirmatory diagnosis of stenosis, 
radiological investigations are necessary. The normal 
diameter of the lumbar canal ranges from 15mm-
27mm; a canal diameter of less than 12mm is termed 
stenosis. Decreased WD is the primary complaint of 
patients with LSS. Various studies emphasized the 
decreased WD in LSS, but no literature has presented 
the impact of change in canal diameter on WD, 
and there is the need to have some predictive data 
by which clinicians can have an estimated walking 
distance according to the diameter of lumbar canal 
at the most stenotic level. Therefore, this study was 
planned to find the correlation between walking 
distance and lumbar canal diameter, with the purpose 
of deriving a prediction about the walking distance of 
the patients looking at the diameter of the lumbar 
canal at different levels.

Methods 

Ethical statement

Ethical approval of this study was obtained from 
the Institutional Ethics Committee of an esteemed 
university with IEC number MMDU/IEC/1826. The 
safety of the patients was ensured by the therapist 
(mentioned in the procedure), and the study procedure 
was planned to eliminate the negative effects on 
patients’ health. The study was done in accordance 
with the Helsinki declaration revised in 201312 and the 
National Ethical Guidelines for Biomedical Research 
involving Human participants, 2017.

Screening

One hundred four patients were screened in the 
Orthopedic Outpatient department that came with 
complaints of back pain along with difficulty walking for 
a long duration. Both male and female patients within 
the age group of ≤70 years and with LSS at different 
lumbar levels along with symptoms of neurogenic 
claudication. During the screening, patients with a 
history of trauma or fracture, or any lumbar surgery 
in the past six months, or any congenital or acquired 
spine deformity were excluded (Figure 1).

http://dx.doi.org/10.17267/2238-2704rpf.2022.e4827
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Patients recruitment

Seventy-five patients with symptoms of neurogenic claudication were recruited for this study using purposive 
sampling. The written consent form was taken from the recruited patients for their voluntary participation. The 
entire demographic characteristics, such as age, gender, weight, and height of each patient, were noted. The canal 
diameter was documented with the help of an MRI. The SPW was done to find the WD for each patient.

Procedure

The anthropometric data were collected by the primary researcher from the outpatient department of a 
recognized hospital.

Study Outcomes

Lumbar Canal Diameter 

The patients exhibiting the clinical features of LSS were asked for an MRI, which was performed by an experienced 
radiologist, who was blinded to the walking distance of the patients. MRI was done through a 1.5 T Philips Multiva 
Magnetic Resonance Imaging system, and the imaging sequences, Sagittal T1, Sagittal T2, Coronal STIR, Axial T1, 
and Axial T2, were included. Antero-posterior canal diameter of 12mm or lesser at the most stenotic level from L3 
and below was noted.5

Figure 1. STROBE Flowchart of the study

Source: The authors (2022).

http://dx.doi.org/10.17267/2238-2704rpf.2022.e4827
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Walking Distance

Self-Paced Walking was used to measure the walking 
distance.11 Before measuring the WD, patients were 
informed about the procedure, and informed consent 
was obtained. Safety related to floor walking was 
ensured by eliminating slippery surfaces or footwear 
of the patients. Each patient was asked to walk at 
their own pace continuously over a marked track of 
30m as far as possible without any discomfort due 
to pain. Track marking was done with the help of a 
marking cone. The primary researcher followed ach 
patient at approximately 1m distance behind him/ 
her to eliminate the risk of falls. WD was measured 
with the help of a measuring wheel, and the distance 
(meters) where patients preferred to stop due to pain 
was noted for each patient.

Data analysis

Statistical analysis was done using the statistical 
package for social sciences (SPSS), version 16 (SPSS 
Inc. Chicago, IL, USA). A significance level of 0.05 
was set. The normality of the data was determined 
by the Kolmogorov-Smirnov test, and the data was 
found to be normally distributed. Therefore, the 
Pearson correlation coefficient (r) was used to find 
the correlation between canal diameter at different 
lumbar levels and walking distance in patients with 
LSS. Stepwise multiple regression analysis was done 
to find the best predictor variables for the dependent 
variable, canal diameter. The percentage of the total 
variance in the canal diameter, accounted for by the 
predictor variables, was expressed as the adjusted 
square of the multiple correlation coefficient (R2).  

Result

Seventy-five patients were recruited (51 males and 
24 females) for this study. The participants’ mean ± 
standard deviation age was 38 years 4 months ± 12 
years 8 months. The participants’ mean ± standard 
deviation of WD equalled 159.60 ± 49.61m (Table 1). 
The mean canal diameters at different lumbar levels 
and walking distance of the patients are mentioned 
in Table 1. The correlation between canal diameter 
and walking distance was measured using the 
Pearson Correlation Coefficient. Results showing 
the correlation (value of r) between canal diameter 
and walking distance are presented in Table 2. More 
significantly, among all the levels, the correlation 
at L5-S1 has shown a fair positive correlation (r = 
0.29), which statistically indicates that the walking 
distance of the patient may decrease with a decrease 
in canal diameter and vice versa. The R-squared 
in this regression model was used for statistically 
determining the proportion of variance in the walking 
distance that can be explained by the value of canal 
diameter. R-squared has shown a low correlation 
between walking distance and canal diameter at 
all the levels except L5-S1. The value of R-squared 
has been found to be 0.08, signifying the level of 
correlation between the walking distance and canal 
diameter at L5-S1. In addition, the p-value (0.01) was 
found to be significant only at L5-S1. 

The value of correlation coefficient (r) was interpreted as 
below –0.75: good to excellent negative correlation; from 
–0.50 to –0.75: moderate to good negative correlation; 
from –0.25 to –0.50: fair negative correlation; 0: no 
correlation; 0.25–0.50: fair positive correlation; 0.50–
0.75: moderate to good positive correlation; and above 
0.75: good to excellent positive correlation.13

http://dx.doi.org/10.17267/2238-2704rpf.2022.e4827
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Table 1. Descriptive statistics of all the variables

Source: The authors (2022).

*r= Pearson correlation coefficient
p-value≤0.05 defines significant results

Source: The authors (2022).

*R-squared defines level of correlation
p-value≤0.05 defines significant results

Source: The authors (2022).

Table 2. Correlation of Walking Distance with demographics and canal diameter at different lumbar levels

Table 3. Linear regression analysis between Canal diameter and Walking Distance

http://dx.doi.org/10.17267/2238-2704rpf.2022.e4827
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Discussion

Walking ability is the major outcome that could be used to correlate to the reduced canal diameters of the lumbar 
spine.14 Many articles have been written for the interventions or preparing a treatment protocol for patients 
with LSS, but least literature is present on the association of clinical and radiological findings.15 To the best of 
our knowledge, this is the first study to determine the correlation between the reduced spinal canal diameter in 
patients with lumbar spinal stenosis at different stenotic levels. This study has revealed a prediction equation of 
walking distance with reduced spinal canal diameter at different levels, i.e., L1-L2, L2-L3, L3-L4, L4-L5, L5-S1. In the 
present study, 75 patients (51 males and 24 females) with lumbar canal stenosis were recruited, and the result 
shows a fair positive correlation (ρ = 0.29) between canal diameter and walking distance, suggesting that reduced 
canal diameter at this level may lead to a reduction in walking distance of the patient. 

No linear correlation was found between clinical and the radiological assessment in the study. The results of the 
present study are supported by a study conducted in 2014 in which a subject with severe stenosis was having 
greater walking distance as compared to a subject with moderate canal stenosis, also it was seen that leg pain was 
higher in subject with moderate lumbar canal stenosis when compared with those having severe lumbar canal 
stenosis.16 The reason would be that the patients in the present study were having a mean age of 38.27 years; 
thus, there would not be degenerative changes as compared to the previous study with a mean age of 63 years.

Although previous studies have suggested that there is a high prevalence of LSS in males as compared to females, 
recent reports have suggested that LSS is 3-5 times more prevalent in women.17 However, in our study, more 
men were involved as compared to females. This could be due to less reporting of females to clinical settings. 
As suggested by previous literature, there is a high prevalence of lumbar spinal stenosis at multiple levels in 
comparison to single level. Out of all patients recruited, the maximum number of patients were found to have 
minimum canal diameter at the level of L5-S1, which is highly associated with previous literature, showing a high 
prevalence of lumbar stenosis at the level of L4-L5 and L5-S1.18 As vertebrae are anatomically more angulated at 
the level of L5-S1, there is a higher prevalence of degeneration due to hypermobility.19

Prediction Equation 

The formula for the prediction equation, Y= a + bX, was used to predict the value of canal diameter if the 
walking distance is known and vice versa. In the equation, Y is the dependent variable (walking distance), X is 
the independent variable (canal diameter), a is the constant, and b is the regression coefficient. The prediction 
equations for different lumbar spine levels are mentioned in table 4.

Table 4. Prediction equation for different lumbar levels

*CD= Canal diameter
Source: the authors (2022).

http://dx.doi.org/10.17267/2238-2704rpf.2022.e4827
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The findings of the present study are similar to the 
previous study, suggesting that the increased BMI 
is one of the factors related to the decreased canal 
level— a correlation between the BMI and lumbar 
canal stenosis was established in a previous study.20 It 
suggested that the individuals with kyphotic posture 
and having higher BMI are more likely to have LSS; 
it may be due to increased loading of the disc, there 
is increased degeneration leading to biomechanical 
changes.21 Lumbar spinal stenosis is a syndrome that 
needs to be correlated both with the radiological as 
well as clinical features.22 Therefore, the prediction 
equation established in the present study may help in 
predicting the walking distance using canal diameter 
and vice versa and could be used in clinical settings.

Clinical implication

The study might be helpful clinically in the prognosis 
of the condition and in estimating pain-free walking 
distance according to the diameter of the lumbar 
canal. The conservative treatment may be planned to 
keep the walking distance into consideration to avoid 
exertion beyond the proposed distance in designing 
a home protocol for the patients or combining it with 
a period of rest after specific exertion. 

Limitations 

• Single-centered study 
• Less sample size

Conclusion

The relationship between the walking distance and 
the canal diameter has been established in previous 
studies. The findings of our present study suggest 
a fair positive correlation between the walking 
distance and canal diameter; also, to the best of our 
knowledge, this is the first study that may predict 
the approximate canal diameter by estimating the 
walking distance of the patient with symptoms of LSS 
or vice versa.
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