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Abstract
Introduction. Neurogenic claudication is the classic clinical presentation of patients with lumbar canal stenosis. Several studies 
have addressed the assessment of such patients, but the impact of such change in canal diameter on the distance of walking 
is still to be identified. The study aimed to assess the functional claudication distance in relation to the canal diameter change 
in patients with lumbar canal stenosis.
Methods. Overall, 50 patients presenting with lumbar canal stenosis with the canal diameter of 8–12 mm at the level of L4 and 
below were recruited for this study. Individuals with trauma or associated fracture, laminectomy, or congenital stenosis were 
excluded. The demographic characteristics and anthropometrics of each patient were established. Canal diameter was docu-
mented with the help of magnetic resonance imaging. For functional claudication distance measurement, the participants were 
asked to walk on a treadmill up to the distance at which they preferred to stop owing to pain.
Results. The mean ± standard deviation (95% CI) of canal diameter and functional claudication distance were found to be 
10.33 ± 1.26 mm (10.00–10.69) and 141.29 ± 44.20 m (130–153.44), respectively. The Pearson correlation coefficient determined 
a moderate to good positive correlation (r = 0.73) between lumbar canal diameter and functional claudication distance.
Conclusions. The study concluded that an increase in the anteroposterior canal diameter might increase functional claudication 
distance or vice versa. The results may be helpful in estimating the distance of walking in patients with lumbar canal stenosis.
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Introduction

Lumbar canal stenosis (LCS) is defined as a condition that 
comprises narrowing of the central canal due to posterior 
intervertebral disc protrusion, spondylolisthesis, ligamentum 
flavum hypertrophy and buckling, facet joint degeneration, 
or degenerative disc bulging, causing the compression of 
nerve roots [1, 2]. The normal diameter of the lumbar spinal 
canal ranges between 15 and 27 mm; a diameter less than 
12 mm is considered as stenosis [3]. Magnetic resonance 
imaging (MRI) is routinely used in clinical practice, being the 
modality of choice to diagnose LCS [4]. Neurogenic claudi-
cation (NC) is one of the cornerstone features of LCS; it is 
induced by a discomfort and pain in buttocks, legs, and thighs 
and is indubitably a reason for spinal surgeries like laminec-
tomy among individuals with stenosis [5, 6]. Such surgeries 
are praiseworthy but for a limited number of patients [7], and 
are usually avoided by patients. Symptoms of NC are exac-
erbated while walking and standing and are eased by sit-
ting or bending forward [8]. All these symptoms adversely 
affect the activities of daily living and have a negative impact 
on quality of life [9], forcing patients to use analgesics [10].

Anatomically, spinal stenosis can occur centrally, within 
the lateral recess, at the level of the intervertebral disc, or in 
the foramen. The radiological criteria for lumbar spinal steno-
sis depend on the location of stenosis in MRI; central canal 
stenosis is diagnosed with the anteroposterior diameter of 
the spinal canal  12 mm [11], and compression of the tra-
versing nerve root occurs in lateral recess stenosis [12]. 
LCS can be congenital or acquired; it can also result from a 

combination of congenital and acquired factors. In the con-
genital type, the aetiology is the presence of short pedicles as 
in achondroplasia, and the acquired type primarily involves 
a degenerative disease [13]. The acquired type is caused 
by age-related degenerative changes that cause narrowing 
of the canal and lead to compression of nerve roots [14]. 
Owing to pain in back and thighs, the patient adopts a pro-
tective strategy while walking to limit spinal movements, 
which decreases the distance of walking [15]. The distance 
at which the patient stops walking because of claudication 
pain is defined as functional claudication distance (FCD) and 
constitutes a reliable method to measure functional impair-
ment in NC [16]. Studies have reported a decreased distance 
of walking among patients with LCS, but there is no standard-
ized method followed to evaluate that distance; the same 
has been noted with the self-paced walking test [17].

To mark the FCD, a treadmill could be used as a standard-
ized method [18]. Then, the standard protocol for treadmill 
walking is required to be followed. It includes the speed of 
walking over the treadmill, the angle of inclination, and the 
demonstration of the way of walking and stabilization over 
the treadmill. For patients with claudication pain, a speed of 
3.2 km/h is recommended [16]. As for the way of walking over 
a treadmill, a demonstration video could be applied. To the 
best of the authors’ knowledge, there was a scarcity of litera-
ture regarding the distance of walking (with tolerable pain) 
with relation to the diameter of the spinal canal in NC cases. 
This study aimed at finding the effect of the canal diameter 
change on FCD. A change in the lumbar canal diameter may 
have a positive or negative impact on FCD.
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Subjects and methods

Patients and design

The study flowchart is presented in Figure 1. The inves-
tigation was conducted in the period from October 2018 to 
September 2019 in a physiotherapy department research 
laboratory. Patients were recruited from the spine clinic of a 
tertiary care teaching hospital on the basis of the objective 
of the study, with the purposive sampling method. Individu-
als with a complaint of backache were screened (n = 105) by 
an experienced orthopaedic surgeon for possible inclusion 
in the study. The patients presenting with LCS due to spon-
dylolisthesis, posterior intervertebral disc protrusion, liga-
mentum flavum hypertrophy and buckling, facet joint de-
generation, or degenerative disc bulging [19] were included 
in the study. Those with any history of trauma or associated 
fracture, laminectomy, or congenital spinal deformity or ste-
nosis were excluded. Individuals with body mass index (BMI) 

 30 were also excluded from the study as they fell in the 
obese category according to the BMI classification by the 
World Health Organization, and obesity could be another fac-
tor responsible for a decreased walking distance [20, 21]. 
The patients with symptoms of NC were asked by the ortho-
paedic surgeon for MRI investigation before referring them 
for inclusion in the study. MRI was performed by an experi-

enced radiologist, blinded to the FCD of each patient, with 
the use of a 1.5T Philips Multiva MRI system. The imaging 
sequences included were: sagittal T1, sagittal T2, coronal short 
tau inversion recovery (STIR), axial T1, and axial T2. On MRI, 
50 patients with a canal diameter of 8–12 mm at the level of L4 
and below were recruited for the study. Demographic char-
acteristics such as name (entered as code), age, sex, and oc-
cupation, as well as anthropometric measures, such as weight 
and height of each patient, were noted. Height was deter-
mined with a measuring tape and weight with calibrated digi-
tal scales. BMI was calculated with the standard formula:

BMI = weight (kg) / height2 (m2)

The central canal diameter was recorded with the help 
of MRI. Being the gold standard for measuring the walking 
distance, a treadmill was used to determine FCD [18]. A dem-
onstration video of walking on a treadmill was shown to the 
patients to teach them how to perform the activity. After the 
demonstration, they were asked to walk on a treadmill, with 
the speed gradually increased to 3.2 km/h [16] in the initial 
30 seconds and kept constant thereafter, at 0° inclination, 
under the supervision of a physiotherapist. The subjects were 
asked to walk as far as possible. The distance at which they 
preferred to stop because of pain (FCD) was noted for each 
patient.

Patients assessed by physical screening and magnetic resonance imaging (n = 76)

Excluded (n = 29)
• Patients not presenting clinical symptoms of neurogenic claudication (n = 27)
• History of spinal surgery (n = 2)

Patients with central canal stenosis with canal diameter of 8–12 mm at the level of L4 and below were recruited for the inclusion  
in the study (n = 50)

Excluded (n = 26)
• Anteroposterior canal diameter < 8 mm (n = 19)
• Body mass index  30 (n = 7)

Informed consent was obtained from each patient for voluntarily participation in the study

Demographic and anthropometric data were collected

Lumbar canal diameter for each patient was documented with the help of magnetic resonance imaging

Functional claudication distance for each patient was evaluated by treadmill testing. Data were analysed and results were obtained

Figure 1. Flowchart of the procedure
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Data analysis

The sample size was determined with the sample size 
calculation formula:

n = [(Z  + Z )/C]2 + 3

where Z  is the standard normal deviate for , Z  is the stan-
dard normal deviate for , and C was calculated as:

C = 0.5 × ln [(1 + r) / (1 – r)]

The value of the correlation coefficient (r = 0.47) was de-
rived from a previous study [22]. Thus, by using the above-
mentioned sample size calculation formula, a minimum sample 
size was calculated as n = 33. With the consideration of the 
footfall of the patients and the minimum calculated sample 
size, 50 patients were recruited in the study.

The data were analysed with the Statistical Package for 
the Social Sciences (SPSS) version 20 software. The normality 
of data distribution was established with the Kolmogorov-
Smirnov test (n = 50). As the data were normally distributed, 
demographic and descriptive characteristics of all patients 
were expressed as mean (95% confidence interval [CI]). The 
Pearson correlation coefficient parametric test was used to 
find the correlation between canal diameter and FCD.

Ethical approval
The research related to human use has complied with 

the national ethical guidelines for biomedical and health re-
search involving human subjects (revised 2017) [23], has 
followed the tenets of the Declaration of Helsinki, and has 
been approved by the student project committee and ethical 

committee of Maharishi Markandeshwar Institute of Physio-
therapy and Rehabilitation, Mullana, Haryana, India (MMDU/
IEC/1181).

Informed consent
Informed consent has been obtained from all individuals 

included in this study.

Results

The study involved 50 patients: 29 males and 21 females 
(n = 21). The participants’ mean ± standard deviation (95% CI) 
age was 36 years 9 months ± 7 years 4 months (34 years 
9 months–38 years 10 months), as shown in Table 1. The 
mean ± standard deviation (95% CI) canal diameter and FCD 
equalled 10.33 ± 1.26 mm (10.00–10.69) and 141.29 ± 
44.20 m (130–153.44), respectively, as presented in Table 2. 
The demographic and descriptive statistics of male and fe-
male patients are depicted in Table 3. Statistically significant 
differences were found in height and weight between male 
and female patients, but not in any other variables. The cor-
relation between canal diameter and FCD was measured by 
using the Pearson correlation coefficient. A statistically sig-
nificant positive correlation was found (r = 0.73, R2 = 0.527, 
p < 0.001), as indicated in Table 4 and Figures 2 and 3. The 
prediction equation to estimate the canal diameter (CD) was 
found to be as follows:

CD (mm) = 7.413 + 0.021 FCD

The value of correlation coefficient (r) was interpreted 
as follows:

– below –0.75: good to excellent negative correlation;
– from –0.50 to –0.75: moderate to good negative cor-

relation;
– 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;
– above 0.75: good to excellent positive correlation.

Table 3. Demographic and descriptive statistics in males and females

Variable
Mean ± SD (95% CI)

p
Males (n = 29) Females (n = 21)

Age (years) 37.41 ± 7.64 (34.50–40.32) 35.90 ± 6.70 (32.85–38.96) 0.47

Height (cm) 168.94 ± 8.10 (165.85–172.02) 161.48 ± 6.09 (158.71–164.25) < 0.01*

Weight (kg) 73.17 ± 13.20 (68.15–78.19) 62.76 ± 9.55 (58.41–67.11) < 0.01*

Body mass index (kg/m2) 25.57 ± 4.15 (24.00–27.14) 24.11 ± 3.64 (22.46–25.77) 0.20

Canal diameter (mm) 10.34 ± 1.77 (9.90–10.79) 10.32 ± 1.40 (9.69–10.96) 0.97

Functional claudication distance (m) 144.58 ± 43.91 (127.88–161.29) 136.77 ± 45.25 (116.16–157.36) 0.54

* significant (p  0.05)

Table 1. Demographic characteristics of participants

Variable Mean ± SD (95% CI)

Age (years) 36.78 ± 7.23 (34.72–38.83)

Height (cm) 165.8 ± 8.15 (163.5–168.12)

Weight (kg) 68.8 ± 12.80 (65.16–72.43)

Body mass index (kg/m2) 24.95 ± 3.98 (23.82–26.1)

Table 2. Descriptive statistics of the variables

Variable Mean ± SD (95% CI)

Canal diameter (mm) 10.33 ± 1.26 (10.00–10.69)

Functional claudication distance (m) 141.29 ± 44.20 (130–153.44)

Table 4. Correlation between canal diameter and functional  
claudication distance

Variable r p

Functional claudication distance 0.73 < 0.001*

* significant (p  0.05)
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Discussion

The present study revealed a moderate to good degree of 
positive correlation (Portney and Watkins criteria) [24] between 
the canal diameter and FCD (r = 0.73), as shown in Table 4. 
The strong relationship may be attributed to the familiariza-
tion of the patients with treadmill walking. FCD was found to 
be a relevant and absolute measure to determine functional 
capacity in intermittent claudication patients, as reported by 
Kruidenier et al. [16]. Those authors also observed a strong 
positive correlation between FCD and disease severity. The 
results of their study are in line with those of the present study 
in terms of FCD. However, the patient population in both pa-
pers are different. The independent variable (canal diameter) 
accounts for 52.7% of variability of the dependent variable 
(FCD). If one substitutes the mean value of FCD in the pre-
diction equation, this study implies that a 1-mm increase in 
canal diameter adds 10.38 m of walking.

The present study was a preliminary one and included 
patients with mild to moderate LCS exhibiting symptoms of 
NC, with limited variations in age. The prediction equation for-
mulated in this study was based on the study findings, which 
limits extrapolation. It is not the authors’ aim to recommend 
the prediction equation for the evaluation of LCS patients: 
MRI and clinical findings are the only reliable diagnostic mea-
sures as per the literature.

The present study might be helpful clinically in the prog-
nosis of the condition and to obtain an estimated pain-free 
walking distance on the basis of the lumbar canal diameter. 
A conservative treatment may be planned with the consid-
eration of FCD so as to avoid exertion beyond the proposed 
distance in designing a home protocol for the patients or to 
implement a period of rest after specific exertion.

Future research could be conducted among patients with 
a smaller canal diameter, including asymptomatic individuals 
with LCS, as well as in different age groups. An interventional 
study can also be planned to find the efficacy of physiother-
apeutic manual therapy techniques in improving FCD in 
patients with LCS.

Limitations

There are several limitations to the present study. It was 
a single-centre study and included only patients with mild 
to moderate LCS. The age variations were also limited. The 
results may vary in a higher age group as more degenera-
tive changes could be seen in such individuals.

Conclusions

This study implies that there was a moderate to good 
positive correlation between canal diameter and FCD. That 
signifies that an increase in the canal diameter may raise 
FCD or vice versa in LCS patients with NC.
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