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Study Design: Cross-sectional study.
Purpose: The aim of the study was to determine relationship between the degrees of radiologically demonstrated anatomical lumbar 
canal stenosis using magnetic resonance imaging (MRI) and its correlation with the patient’s disability level, using the Oswestry Dis-
ability Index (ODI). 
Overview of Literature: The relationship between the imaging studies and clinical symptoms has been uncertain in patients suffer-
ing from symptomatic lumbar canal stenosis. There is a limited number of studies which correlates the degree of stenosis with simple 
reproducible scoring methods. 
Methods: Fifty patients were selected from 350 patients who fulfilled the inclusion criteria. The patients answered the national-
language translated form of ODI. The ratio of disability was interpreted, and the patients were grouped accordingly. They were 
subjected to MRI; and the anteroposterior diameters of the lumbar intervertebral disc spaces and the thecal sac cross sectional area 
were measured. Comparison was performed between the subdivisions of the degree of lumbar canal stenosis, based on the follow-
ing: anteroposterior diameter (three groups: normal, relative stenosis and absolute stenosis); subdivisions of the degree of central 
canal stenosis, based on the thecal sac cross-sectional area, measured on axial views (three groups: normal, moderately stenotic and 
severely stenotic); and the ODI outcome, which was also presented in 20 percentiles. 
Results: No significant correlation was established between the radiologically depicted anatomical lumbar stenosis and the Oswes-
try Disability scores. 
Conclusions: Magnetic resonance imaging alone should not be considered in isolation when assessing and treating patients diag-
nosed with lumbar canal stenosis. 
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Introduction

Lumbar canal stenosis, one of the most common etiolo-

gies of geriatric back pain and related morbidity, has also 
become a frequent indication for spinal surgery [1]. Nar-
rowing of the spinal canal mainly occurs as a result of 
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degenerative bony overgrowth and soft tissue changes [2]. 
The diagnosis depends on various factors, including the 
presenting history, physical findings and imaging modali-
ties. Magnetic resonance imaging (MRI) has been proven 
to be the mainstay of investigation [3]. When the conser-
vative treatment fails, surgical decompression and stabi-
lization are indicated. However, the results of the surgery 
are often inconsistent and more closely dependent on the 
patient’s postoperative satisfaction level [4]. There are 
studies which support both the surgical and conservative 
treatment modalities [5,6]. 

The relationship between the imaging studies and clini-
cal symptoms has been uncertain, as there are a large 
number of patients with marked clinical findings with 
minimal imaging findings, and vice versa. Numerous 
studies have stated the necessity of appropriate clinical 
and radiological correlation for better interpretation of 
the treatment, be it surgical or non-surgical [7]. The Os-
westry Disability Index (ODI), has proven to be a reliable 
method for the assessment of disability in patients with 
lower back pain [8]. There is a limited number of studies 
in the literature which correlates the degree of stenosis 
with simple reproducible scoring methods. The aim of 
this study was to determine the relationship between the 
degrees of radiologically demonstrated anatomical lum-
bar canal stenosis using MRI and to assess its correlation 
with the patient’s disability level using ODI.

Materials and Methods

The study was conducted between December 2008 to De-
cember 2011. An approval from the Institute Ethics Com-
mittee was obtained before beginning the study. A total of 
350 patients with low back pain and complaints of radic-
ular pain and/or neurogenic claudication, numbness or 
weakness and aggravation due to walking, incurred over 
a period greater than two years, were evaluated clinically 
for lumbar canal stenosis. Among these, 50 patients with 
clinical features of lumbar canal stenosis were selected. 
The exclusion criteria were patients with peripheral vas-
cular disorders, lower limb osteo-arthritis, especially hips 
and knees as assessed by physical examination and radio-
graphs, polyneuropathy, degenerative scoliosis, degenera-
tive spondylolisthesis greater than 5 mm determined by 
radiographs and previously-performed spinal surgery. All 
patients selected for the study underwent the following 
protocol. The patients were fully informed on the nature 

of the study and were included only after their surety of 
cooperation. 

All patients were asked to duly answer and complete 
the ODI questionnaire (translated to the national lan-
guage, Hindi). It contained six statements denoting levels 
0 to 5 in each of the 10 sections, which were related to 
impairments like pain and abilities. The included impair-
ment categories were personal care, lifting, walking, sit-
ting, standing, sleeping, sex life, social life and travelling. 
In each section, the patient chose the statement that best 
described his/her status. If the limitation was between 
two levels, the higher point value was selected. The cho-
sen statements received scores 0 to 5, corresponding to 
the level indicated. The total scores can range from 0 
(highest level of function) to 50 (lowest level of func-
tion). To accommodate patients who may not respond to 
every section, a percentage disability was calculated on 
the basis of the total possible points. Upon adding up all 
the points, the total score was divided by 50 and multi-
plied by 100 to calculate the percentage disability: total 
points/50×100=% Disability. The percentage disability 
was interpreted, and all patients were grouped accord-
ingly: as minimally disabled for 0% to 20%; moderate dis-
ability for 21% to 40%; severe disability for 41% to 60%; 
crippled for 61% to 80%; and bedridden for 81% to 100%.

All patients underwent a non-contrast lumbo-sacral 
spinal MRI scan. The MRI scans included sagittal and 
axial T1- and T2-weighted images from the first lumbar 
to first sacral level. Spinal canal anteroposterior (AP) 
diameter and thecal sac cross sectional area (CSA) were 
measured using the sagittal and axial sections of all lum-
bar intervertebral levels (Figs. 1–3). All patients were 

Fig. 1. Image showing a normal lumbar thecal sac area measuring 200 
mm2 at L1−L2 level.
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divided into 3 groups according to the following criteria, 
using the smallest diameter measured among all levels. 
AP diameter of less than 10 mm was considered as abso-
lute stenosis; 10 to 13 mm as relative stenosis; and more 
than 13 mm as normal [9]. Cross sectional area of less 
than 76 mm2 was considered as severe stenosis; 76 to 100 

mm2 was considered as moderately stenotic; and greater 
than 100 mm2 as normal [10]. Analysis of the data was 
done to compare the radiological findings as recorded 
by the magnetic resonance imaging and the percentage 
disability recorded by the Oswestry Disability index. All 
patients were also divided into two groups, based on the-
cal sac CSA of 70 mm2. The disability scores of the two 
groups were analyzed statistically to determine the criti-
cal threshold of lumbar canal stenosis.

Results

In this study, fifty patients with clinical features of lumbar 
canal stenosis were selected. The average age of the pa-
tients in the study was 46 years, with the range of 28 to 64 
years, with a slight female preponderance (27 women, 23 
men). All 50 patients completed the ODI questionnaire. 
Each questionnaire had 10 questions correlating to 500 
possible responses. Of these, 455 responses were received, 
giving an overall response rate of 91%. There was no 
response given to the sections on sex life, traveling and 
sleeping by 41, 3 and 1 of the 50 patients, respectively. In 
our study, the response rate for sex life was 18%, traveling 
was 94% and sleeping was 98%. The maximum number 
of patients responded as level 3 (in a range of 0−5). If the 
higher levels of disability (i.e., 3, 4 or 5) were grouped to-
gether, 32, 30, 30, and 26 of the total number of patients 
(50) had the higher levels of disability in standing, walk-
ing, social life and lifting, respectively.

The percentage disability was interpreted, and all pa-
tients were grouped accordingly: as minimally disabled 
for 0% to 20%; moderate disability for 21% to 40%; severe 
disability for 41% to 60%; crippled for 61% to 80%; and 
bedridden for 81% to 100%. On the basis of the percent-
age disability score of the ODI, out of the 50 patients, 
were the following groups: 3 patients demonstrated mild 
disability; 15 patients showed moderate disability; 23 pa-
tients had severe disability; 6 patients were crippled; and 
3 patients were bedridden. Of the 50 patients, a total of 
250 intervertebral spaces were analyzed for the stenotic 
findings. The AP diameter at the level of all 5 interverte-
bral spaces varied from 5 to 15.8 mm. The most affected 
level was L5−S1, with the average AP diameter of 10.4 
mm. Absolute stenosis was seen in 42% of the patients, 
and 58% had relative stenosis on the basis of criteria as 
shown in annexure. The CSA of the thecal sac was also 
measured. The cross-sectional area of the dural sac at all 

Fig. 2. Magnetic resonance image showing thecal sac measuring 80 
mm2 at L5−S1 level.

Fig. 3. Sagittal view of L−S spine showing absolute stenosis at L5−S1 
measuring 0.98 mm.
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levels varied between 245 mm2 and 17 mm2, at the level 
of all the intervertebral spaces. The most affected level 
was again L5−S1. Of the 50 patients, 15 revealed moder-
ate and 23 revealed severe central stenosis at this level.

1. Correlation analysis

1) Correlation between ODI scores and AP diameter
Comparison was performed between the subdivisions 
of the degree of lumbar canal stenosis based on the AP 

diameter (three groups: normal, relative stenosis and 
absolute stenosis) and the ODI outcome, which was also 
presented in 20 percentiles. Out of the 50 patients, 21 
had absolute stenosis, and 13 patients among them had 
ODI scores indicating the severe, crippled and bedridden 
groups combined together. Pearson chi-square test was 
performed, and the p-value was 0.968. It indicates that 
there is no statistically significant correlation between the 
disability levels by the ODI classification and AP diam-
eter classification. The data is shown in Table 1.

 2) Correlation between ODI scores and thecal sac CSA
Comparison was also performed between the subdivi-
sions of the degree of central canal stenosis based on the 
thecal sac CSA measured on axial views (three groups: 
normal, moderately stenotic and severely stenotic) and 
the ODI outcome, which was also presented in 20 percen-
tiles (Tables 2, 3). Of the 50 patients, 30% had severe ste-
nosis with CSA less than 76 mm2, and 38% had moderate 
stenosis. On the statistical analysis, there was no signifi-
cant relationship between the disability level distribution 
by the ODI classification and the thecal sac CSA classifi-
cation (p=0.716). However, when patients were divided 
into two groups based on the thecal sac CSA of 70 mm2 
and the disability scores of the two groups were analyzed 
statistically to determine the critical threshold of lumbar 
canal stenosis, the correlation was found to be statistically 
significant (p=0.026).

Discussion

Lumbar spinal stenosis is defined as a narrowing of the 
neural canal and foramina to an extent which results in 
a compression of the lumbo-sacral nerve roots or cauda 
equina syndrome. As the articulating facets and sup-
portive ligaments undergo degenerative hypertrophy and 
the osteophytic ridges form, they encroach on the neural 
structures passing through or the exiting the spinal canal 
[11]. Although the prevalence of spinal stenosis is diffi-
cult to determine as no population-based studies have as 
yet been done, the disorder is relatively common and has 
been recognized more frequently since the introduction 
of the advanced radiographic imaging techniques. The 
prevalence of the degenerative spine disease will increase 
with the aging of the population. Since the degree of the 
constriction of the spinal canal considered to be symp-
tomatic for lumbar canal stenosis is unclear, a thorough 

Table 3. ODI scores versus thecal sac CSA using 70 mm2 as cut off

 ODI score <70 mm2 >70 mm2 Total

Minimal   1 (33.3)   2 (66.7)   3

Moderate 1 (6.7) 14 (93.3) 15

Severe   5 (21.7) 18 (78.3) 23

Crippled   3 (50.0)   3 (50.0)   6

Bedridden   1 (33.3)   2 (66.7)   3

Total 11 39 50

Values are presented as number (%).
ODI, Oswestry Disability Index; CSA, cross sectional area.

Table 2. Thecal sac CSA versus ODI

 ODI score Severe 
stenosis

Moderate 
stenosis Normal Total

Minimal   1 (33.3)   1 (33.3)   1 (33.3)   3

Moderate   3 (20.0)   9 (60.0)   3 (20.0) 15

Severe   7 (30.4)   7 (30.4)   9 (39.1) 23

Crippled   3 (50.0)   1 (16.7)   2 (33.3)   6

Bedridden   1 (33.3)   1 (33.3)   1 (33.3)   3

Total 15 (30.0) 19 (38.0) 16 (32.0) 50

Values are presented as number (%).
CSA, cross sectional area; ODI, Oswestry Disability Index.

Table 1. Anteroposterior diameter versus ODI

 ODI score Absolute 
stenosis

Relative 
stenosis Total

Minimal   1 (33.3)   2 (66.7)   3

Moderate   7 (46.7)   8 (53.3) 15

Severe   9 (39.1) 14 (60.9) 23

Crippled   3 (50.0)   3 (50.0)   6

Bedridden   1 (33.3)   2 (66.7)   3

Total 21 (42.0) 29 (58.0) 50

Values are presented as number (%).
ODI, Oswestry Disability Index.
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understanding of the anatomic relationship of the struc-
tures within the spinal canal and the diagnostic accuracy 
of the imaging techniques, findings from the clinical ex-
amination and the appropriate outcome measures need to 
be identified to ensure accurate diagnosis and appropriate 
surgical intervention.

In our study, a total of 50 patients were included. The 
mean age of our patients was 46 years with the range of 
28 to 64 years. Although the mean age is younger com-
pared to most studies, the maximum number of patients 
were in the above-50-years group. Most previous studies 
have reported a higher mean age except the one study by 
Lohman et al. [12]. The relatively low age of our study 
population likely indicates that the patients with congeni-
tally narrow canals may be overrepresented compared to 
the general population. There was a slight female prepon-
derance in our study, with 27 out of 50 patients being fe-
male. This is in accordance with the previous studies. The 
average duration of pain at presentation in our study was 
about 3 years 4 months. The mean duration in the previ-
ous studies has ranged up to 7 years. 

In our study, the ODI questionnaire (translated to 
Hindi) was easily comprehended and had a response rate 
of 91%. Various studies have reported that this short, 
self-administered questionnaire is reproducible, reliable, 
internally consistent and valid and is an adequately use-
ful instrument for the assessment of disability in patients 
with lower back pain. According to the walking capacity 
question in the questionnaire, 6% of the patients were 
limited to bed, and 34% had to use a walking-stick. This 
indicates that overall, 40% of the patients had maximum 
difficulties with walking up to 100 metres for which they 
consulted a doctor. Zeifang et al. [13] have concluded that 
the MRI findings seem to have less clinical relevance on 
the walking distance in patients with symptomatic lum-
bar spinal stenosis than previously assumed. 

Degenerative spinal stenosis most commonly affects the 
L3−L4 and L4−L5 segments to cause cauda equina com-
pression. However in our study, the maximum affected 
level was L5−S1 with the average antero-posterior diam-
eter of 10.4 mm and the thecal sac CSA of 88 mm2. The 
correlation between spinal stenosis and clinical symptoms 
has been the subject of continuing controversy. While 
some authors acknowledge a correlation only for certain 
groups of patients, others have reported an influence of 
the spinal canal dimensions in multilevel foraminal nar-
rowing [6,12]. None of these studies demonstrated a clear 

association between the degree of narrowing and clinical 
symptoms nor could the cutoff values be determined.

In our study, the comparison was initially performed 
between the subdivisions of the degree of central canal 
stenosis based on the AP diameter and the ODI outcome, 
which was presented in five categories based on severity. 
This comparison showed no correlation. Moreover, upon 
statistical evaluation of the subdivisions of the degree of 
central canal stenosis based on the thecal sac CSA versus 
the ODI percentage scores, again no significant correla-
tion was established. Thus, no significant correlation 
could be established in our study between the radiologi-
cally depicted anatomical lumbar stenosis and the Os-
westry Disability scores. The results in our study indicate 
that unclear, confusing clinical findings resembling spinal 
stenosis are also relatively common in patients who have 
mild or no narrowing of the spinal canal on the imaging. 
This is in accordance with the previous studies which 
have also noted a lack of correlation between the radio-
graphically detected stenosis and clinical findings, and 
the presence or absence of the symptoms and signs [12-
16]. 

The lack of a relationship between pathophysiology 
and ODI scores suggests that the disability and pain in 
lumbar canal stenosis is determined by multiple factors. 
Although numerous factors have been implicated in the 
experience of pain in younger adults, the impact of pain 
on older adults has received less attention. A recent study 
by Weiner et al. [17] reported that medical co-morbid-
ities and radiographic pathology were of little utility in 
predicting function in the older adults with persistent 
low back pain. Geisser et al. [15] in their study have sug-
gested that the pain intensity was significantly associated 
with the perceived disability but not with the objective 
measures of function (walking). They also indicated that 
the perception of pain limits activity, or that the expected 
level of pain in performing an activity is more highly 
predictive of the functional limitations in older adults 
compared with the observed activity. Although this sug-
gests that the perceived disability as measured by ODI is 
a better predictor, our study indicates that even the per-
ceived disability as measured by ODI is not predictive of 
the underlying patho-morphology. 

A range of morphologic and psychosocial variables may 
also play a role. Hazard et al. [18] have shown that both 
the psychologically disturbed and depressed patients have 
higher Oswestry scores than the normal patients, when 
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the self-reported disability is compared with the objective 
physical measurements. This may explain the high ODI 
scores of some of our patients, who did not correspond to 
the degree of radiologically-shown spinal stenosis. 

Spinal canal narrowing is considered to cause more 
problems when it occurs at several levels. In our study, 
the multilevel narrowing with an area of less than 100 
mm2 was seen in 22% of the patients. According to the 
studies by Porter and Ward [19], the correlation between 
the radiologic and clinical findings is more obvious in the 
multilevel spinal narrowing compared to the single level 
spinal stenosis. However, we could not find any correla-
tion between the number of levels with spinal stenosis 
(neither absolute nor relative) and the disability levels. 
The difference in the results is most likely explained by a 
difference in the study population.

The difficulties associated with finding such correla-
tions include the presence of a large number of patients 
with spinal narrowing and a complete lack of symptoms, 
variations in the canal size throughout the population 
and a lack of an accepted system for quantifying the 
degree of narrowing [20]. Patients can have changes on 
the MR imaging compatible with the morphological di-
agnosis of spinal stenosis, but be asymptomatic. Another 
question is whether the reverse situation may occur, and 
if so, whether it is caused by different susceptibility of the 
nerves for narrowing of the spinal canal or by dynamic 
stenosis. The extent of narrowing is also dynamic and is 
likely to change with the posture of the patient. For ex-
ample, extension significantly decreases the canal area, 
whereas flexion has the opposite effect. Therefore, a static 
image of the canal dimensions may not be predictive of a 
patient’s symptoms. The lack of correlation in our study 
may also be related to the observation that the symptoms 
tend to fluctuate considerably over time, and that there 
is a wide variability in the lumbar dimensions among the 
patients who do not have clinical spinal stenosis [21].

Yukawa et al. [22] suggested that a CSA of the dural 
sac below 70 mm2 sharply increases the likelihood of 
the clinical symptoms of lumbar stenosis. The present 
study found that the ODI disability levels correlated 
significantly with the thecal sac CSA less than 70 mm2. 
This indicates that clinical symptoms of lumbar canal 
stenosis and its imaging findings correlate more signifi-
cantly when stenosis is of a severe grade. This would be 
consistent with the physical compression of the neural 
elements as a pathophysiology of neurogenic claudication 

and is supported by several experimental studies. A study 
by Delamarter et al. [23] found that motor and sensory 
deficits may develop with 50% or greater constriction of 
the CSA of the spinal canal. In addition, a cadaveric study 
by Schonstrom and Hansson [10] demonstrated that the 
critical size for an increase in pressure among the nerve 
roots occurs when the dural sac is constricted to a CSA of 
less than 77 mm2.

The strengths of this study are the inclusion of a stan-
dardized technique to analyze the imaging studies and 
the use of a validated patient-oriented outcome scale 
to quantify the patient disability. Regarding the patient 
population in the present study, we examined a sample 
of patients with a relatively homogenous set of symptoms 
which were most characteristic of lumbar canal stenosis. 
This allowed us to examine and compare patients with 
varied canal sizes. However, only a limited subset of pa-
tients had severe lumbar canal stenosis defined by the 
anthropomorphic criteria. The results may differ if the 
patient population was a subset of patients selected for 
surgery. The fact that in some patients the radiological 
changes were more extensive than as expected from the 
clinical picture and that the degree of narrowing did not 
correspond to the severity of ODI percentage disability 
further establishes that lumbar canal stenosis is a clinico-
radiological syndrome. 

Conclusions

Magnetic resonance imaging alone should not be consid-
ered in isolation when assessing and treating patients di-
agnosed with lumbar canal stenosis. The future research 
should be directed in tailoring a dynamic assessment 
modality to quantify spinal canal stenosis. 
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