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Background  Degenerative lumbar spinal stenosis (DLSS) is an important cause 
of pain and disability among the elderly and common indication for spinal surgery. 
However, due to age-related comorbidities, it becomes difficult for elderly patients 
of DLSS to immediately go for operative treatment. Caudal epidural steroid injection 
(CESI) can be an effective procedure for a selected group of patients who have chronic 
function-limiting lower back and lower extremity pain secondary to DLSS. The aim of 
this study was to compare the effects of CESI with physical therapy in patients afflicted 
with DLSS.
Materials and Methods  It is a single center, open-label randomized controlled trial 
conducted in department of Physical Medicine and Rehabilitation at a tertiary care 
center of northern India from January 2016 to August 2017 among DLSS patients. 
Trial was registered under the clinical trial registry of India. Patients were random-
ized in two groups–32 in intervention group A (CESI with local anesthetic and physical 
therapy) and 32 in control group B (physical therapy alone). Outcome measures were 
numerical pain rating scale (NPRS), Oswestry disability index (ODI), and mean claudi-
cation distance (MCD) at 3, 6, 12, and 24 weeks.
Results  NPRS and ODI showed significant improvement at 3, 6, 12, and 24 weeks 
(group A >> group B). Improvement in MCD was seen at each follow-up from baseline 
(group A >> group B).
Conclusion  Caudal epidural steroid administration can ameliorate pain, disability 
and claudication distance in DLSS patients, which provides them a window period for 
further definitive management.
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Introduction
Degenerative lumbar spinal stenosis (DLSS) is one of the most 
debilitating health conditions among elderly individuals and 
the most recurrent indication for spinal surgery in individu-
als aged above 60 years.1 However, due to age-related comor-
bidities, it becomes difficult for elderly patients afflicted 
with DLSS to immediately go for operative treatment.2,3

Various conservative treatment modalities are being used 
to alleviate the symptoms of lumbosacral radiculopathy in 
patients with DLSS. Many elderly patients find conservative 
therapy appropriate, as it minimizes invasive intervention 
and decreases the risks of morbidity.4 In a study, it was 
reported that the conservative treatment for lumbar spinal 
stenosis is not a success for elderly patients, and they should 
be convinced to undergo operative treatment.5,6 Nandi et 
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al reported that caudal epidural steroid injection (CESI) 
provides no additional improvement over placebo in the 
long-term natural history of lumbosacral radiculopathy. 
However, it can be important for short-term management 
of painful radiculopathy.7 Epidural injections may be con-
sidered as an effective procedure for a select group of 
patients who have chronic function-limiting lower back 
and lower extremity pain secondary to DLSS.8 So, this study 
aims to evaluate the overall short- and long-term effect of 
CESIs plus physical therapy in patients with DLSS as well as 
to compare its effect on pain scores and functional ability in 
patients receiving physical therapy alone.

Materials and Methods
Study Design and Period
The study was designed as a prospective, single-center, 
open-label, randomized controlled trial in accordance with 
the principles outlined in the Declaration of Helsinki and 
registered prospectively with the clinical trials registry, India 
(CTRI/2017/07/009036). Data recruitment and follow-up 
was done during the study period between January 2016 and 
August 2017.

Study Setting
The study was conducted in the Department of Physical 
Medicine and Rehabilitation at a tertiary care center of north 
India.

Study Participants and Inclusion Criteria
All patients of age 50 years or older with clinically and radio-
logically confirmed diagnosis of DLSS, having neurogenic 
claudication, with numerical pain rating scale (NPRS) score 
of more than 4, T2-weighted MRI showing lumbar midsagit-
tal anteroposterior canal diameter at the most stenotic level 
as ≥ 13 mm and consented to participate were included in 
the study.

Exclusion Criteria
Patients with lateral recess or foraminal stenosis without the 
presence of central canal stenosis, with progressive neuro-
logical deficit or worsening neurological status/severe nerve 
root compression, primary or secondary malignancy of lum-
bar spine, vascular claudication, Pott's spine, peripheral neu-
ropathy, history of prior surgery or fracture of lumbar spine, 
hip disease, severe peptic ulcer disease, bleeding tendencies, 
uncontrolled diabetes, pregnant or lactating mothers, past 
history of treatment with epidural steroid injections, psy-
chiatric or cognitive problems that may hamper the outcome 
evaluation, and had active local/systemic infection were 
excluded.

Among the total 76 patients enrolled in the study, 
those excluded were as follows: three patients who had 
moderate-to-severe lumbar canal stenosis on MRI (mid-
sagittal anteroposterior canal diameter < 13 mm), two who 
had history treatment with epidural steroid injection, three 
patients who had pure foraminal stenosis without central 
canal stenosis, two patients who had avascular necrosis of 

hip joint, and two who had raised leucocyte count (sugges-
tive of infection). A total of 64 patients were randomly allo-
cated in the intervention and control group. The study design 
and participant flow chart are given in ►Fig. 1.

Sample Size
The sample size (n) was determined using the following for-
mula: n = ([Zα/2+Zβ]2*2*σ2)/d.2 Taking critical value Zα/2 as 
1.96, and Zβ as 0.84 and to detect hypothesized difference 
of 1.5 between the two groups (variants = 4.45), significant 
with 95% confidence interval and power of 80%, the required 
sample size was 32 patients in each group.9

Patient Groups, Randomization, and Blinding
All patients attending the day care facility of the hospital with 
clinical diagnosis of degenerative lumbar spinal stenosis were 
enrolled in the study. After recording the demographic data, 
they were subjected to detailed history and clinical examina-
tion. Serological tests included complete blood count, blood 
sugar (fasting and postprandial), C-reactive protein, serum 
levels of calcium, phosphate and alkaline phosphatase. This 
was followed by a radiological examination which included 
digital roentgenogram of lumbar spine and MRI of lumbar 
spine for assessment of diameter of spinal canal. MRI revealed 
DLSS as interpreted by a single radiologist. Canal stenosis 
was classified based upon midsagittal diameter measured in 
millimeters (mm) obtained on T2 sagittal images at the nar-
rowest stenotic level. The classification was mild ≥13 mm, 
moderate11–< 13 mm, and severe ≤ 11 mm diameter. The level 
with the most severe stenosis was used for the classification of 
the 64 patients: 39 had single level stenosis and 25 had multi-
ple level stenosis.10 Baseline clinical outcome parameters, that 
is, NPRS, Oswestry disability index (ODI), and mean claudica-
tion distance (MCD) in feet were recorded.10-13

The patients were randomly allocated into two groups, that 
is, intervention and control group A and B, respectively. A com-
puterized randomization table was created by a researcher 
who was not involved in the study. Each randomized patient 
was issued a concealed envelope with details of either form 
of treatment. The exact details of the treatment allocation of 
patients were concealed in an encrypted folder of the com-
puter system. In the intervention group, CESI was adminis-
tered to the study subjects by a trained clinician and this was 
followed by exercise program. The control group was only sub-
jected to a planned physical therapy protocol under the super-
vision of a physical therapist who was unaware of the study. 
The follow-up and assessment of outcome was blinded, as it 
was done by clinicians who were not a part of the study. Every 
effort was made to minimize any form of bias in the study.

Interventions
Patients were given fluoroscopically guided CESI using 10 mL 
(0.5%) Lignocaine with 80 mg (2 mL) Triamcinolone Acetonide 
in intervention group A. CESI was given by a trained clinician 
using Allengers C-arm HF49R. For confirmation of a successful 
block, relief of pain by at least 50%, anesthesia or diminished 
sensation in distribution of blocked nerves was considered. 
After injection, patients were monitored to ensure stability 
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of cardiovascular and respiratory systems. On aggravation of 
symptoms like pain in back, buttocks or legs, analgesics like 
diclofenac tablet 50 mg was prescribed SOS. Similar physical 
therapy protocol was given in the intervention group as was in 
the control group.

In control group B, only physical therapy was given. It 
included three sets of 10 posterior pelvic tilts, two sets of sin-
gle and double knee to chest and self-lumbar side exercises 
and, finally, three sets of 30 seconds for specific hip flexor 
stretching for rectus femoris and iliopsoas. Transversus 
abdominis isometric exercises were also done. Supervised 
physical therapy was done for 5 days a week, that is, a total of 
15 sessions were given. Patients were constantly motivated 
for completing the 15 sessions, and if one session was missed, 
it was scheduled on other days. After completing the proto-
col, patients were advised to continue physical therapy at 
home also. Details of home-based physical therapy was con-
firmed on telephone by the investigator once a week in both 
the groups during the study period.

No serious complications like epidural abscess, infection 
or haematoma were reported in the intervention group 
during the study period of 6 months.

Statistical Analysis
The data was analyzed using SPSS version 24.0. Descriptive 
statistics were calculated using mean, standard deviation 
(SD), percentages, column graphs and cross-tabulations. 
Intra- and intergroup analysis was done by comparing mean 
using repeated measures Anova and independent t-test, 
respectively. Probability (p) was calculated to test statistical 
significance at the 5% level of significance. p < 0.05 was con-
sidered as statistically significant.

Results
A total of 64 subjects were randomized into two groups 
for study. The mean age of group A was 60.66 ± 7.29 years, 
and in group B, it was 61.13 ± 7.03 years. No significant 

Fig. 1  Study design and participant flow.
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difference (p = 0.794) was found between the average 
ages of the two groups. The male:female ratio in group A 
was 59.4: 40.6 percent, while in group, B it was 40.6:59.4 
percent. No significant difference (p = 0.134) was found 
between the sex ratio of the two groups. As much as 62.8 
percent of group A and 60.2 percent of group B participants 
had single-level stenosis, while 70.6 percent of group A and 
68.3 percent of group B had grade B level of stenosis, and 
there was no significant difference. The mean midsagittal 
canal diameter was 14.3 ± 0.52 mm and 14.7 ± 1.08 mm in 
group A and B, respectively, and there was no significant 
mean difference in the diameter in the intervention and 
control group (►Table 1).

Comparison of NPRS at Various Follow-ups
In the intragroup comparison of NPRS of group A among 
various follow ups, it was found that the mean NPRS was 
found to be 8.78 ± 0.02 at baseline, which was reduced to 
3.78 ± 0.98 in the 3 weeks follow-up, 5.01 ± 0.88 in the 
6 weeks follow-up and that was maintained to 4.43 ± 1.11 
in the 12 weeks follow-up, and finally it was 4.49 ± 0.25 in 
the 24 weeks follow-up. Similarly, in group B, mean NPRS 
was found to be 8.90 ± 0.12 at baseline, which was reduced 
to 7.34 ± 0.87 in the 3 weeks follow-up, further reduced 
to 6.61 ± 1.04 in the 6 weeks follow-up, 5.98 ± 0.39 in the 
12 weeks follow-up, and finally it was 5.74 ± 0.44 in the 

24 weeks follow-up. The reduction in mean NPRS from 
baseline to last follow-up in both group A and B was highly 
significant (p < 0.001).

In the intergroup comparison, statistically significant 
difference (p < 0.001) was observed in mean NPRS at 3, 6, 
12, and 24 weeks, respectively, but mean NPRS of group A 
was less than group B throughout, thereby the interven-
tion group showed better improvement than control group 
(►Table 2).

Comparison of ODI at Various Follow-ups
In the intragroup comparison of size of ODI (%) of group A 
among various follow-ups, it was found that the mean ODI 
was found to be 71.06 ± 7.87at baseline which was reduced 
to 64.31 ± 7.07 in the 3 weeks follow-up, to 57.25 ± 7.19 
in the 6 weeks follow-up, to 56.03 ± 7.16 in 12 weeks fol-
low-up, and finally it was 55.01 ± 5.24 in the 24 weeks 
follow-up. Similarly, in group B, the mean ODI was 
70.19 ± 8.64 baseline which was reduced to 68.69 ± 8.71in 
the 3 weeks follow-up, to 61.44 ± 8.21 in the 6 weeks fol-
low-up, to 60.31 ± 7.67 in the 12 weeks follow-up, and 
finally it was 59.28 ± 6.11 in the 24 weeks follow-up. The 
reduction in mean ODI from baseline to last follow-up in 
both group A and B was highly significant (p < 0.001).

In the intergroup comparison, statistically significant 
difference (p < 0.05) was observed in mean ODI at 3 weeks, 

Table 2   Between and within group comparison of NPRS at various follow-ups

Follow up time NPRS t value p-Valuea

Group A
(n = 32)

Group B
(n = 32)

Baseline 8.78 ± 0.02 8.90 ± 0.12 5.580 < 0.001b

3 weeks 3.78 ± 0.98 7.34 ± 0.87 15.367 < 0.001b

6 weeks 5.01 ± 0.88 6.61 ± 1.04 6.644 < 0.001b

12 weeks 4.43 ± 1.11 5.98 ± 0.39 7.453 < 0.001b

24 weeks 4.49 ± 0.25 5.74 ± 0.44 13.973 < 0.0001b

p-Valuec < 0.001 < 0.001

Multiple comparisons from baseline (p < 0.01) All pairs All pairs

Abbreviation: NPRS, numerical pain rating scale.
aIndependent t test.
bp < 0.01.
cRepeated measures Anova test.

Table 1   Baseline characteristics of study participants in intervention and control group

Characteristics Group A
(n = 32)

Group B
(n = 32)

p-Value

Age (years) Mean ± SD 60.66 ± 7.29 61.13 ± 7.03 0.794a

Sex Males 19 (59.4) 13 (40.6) 0.134b

Females 13 (40.6) 19 (59.4)

Level of stenosis Single level 20 (62.8) 19 (60.2) 0.066b

Multiple level 12 (37.2) 13 (39.8)

Midsagittal canal diameter (mm) Mean ± SD 14.3 ± 0.52 14.7 ± 1.08 0.064a

Note: At the time of patient enrolment, number (percentage).
aIndependent t test.
bChi square test
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6 weeks and 12 weeks, respectively, and mean ODI of group 
A was less than group B throughout, thereby the interven-
tion group showed better improvement than control group 
(►Table 3). 

Comparison of Mean Claudication Distance (MCD) in 
group A and B
The MCD in group A and B was 457 and 294 feet, respec-
tively, at 3 weeks. Similarly, it was 622 feet in group A and 
453 feet in group B at 6 weeks. Further at 12 weeks, the MCD 
was 671 and 476 feet in group A and B, respectively. There 
was a significant difference in MCD at 3, 6, and 12 weeks (p 
< 0.0001) (►Fig. 2).

Discussion
With increasing longevity of life and aging populations, the 
prevalence and associated clinical disability related to degen-
erative lumbar spinal stenosis is on the rise. The results of 
the study show a clear benefit from the use of CESIs using 
Lignocaine and Triamcinolone acetonide along with physical 
therapy in patients with DLSS. There was statistically and clin-
ically significant reduction in pain and disability in the inter-
vention group. This benefit was seen after the injection at 3, 6, 
12 and 24 weeks when compared with physical therapy alone.

In our study, majority of the patients of DLSS were males. 
Similar male predominance was depicted by Cohen et al,14 Koc 
et al15 and many other researchers.6,7,16,17 This is in contrast to 
study conducted by Botwinet al,10 Delport et al,18 Southern 
et al19where female predominance was seen. There seems to 
be a change in trend of DLSS as per gender, and a shift is seen 
from females to males in the past 5 years. This is attributed 
to the fact that there is increase in incidence of male obesity 
due to changes in food habits which is more central and can 
result in pathologies of spine.20

We observed a significant difference in improve-
ment of pain at 3, 6, 12 and 24 weeks in patients receiv-
ing CESIs, which is similar to Nandi et al,8Koc et al15 and 
Arden et al17 who also found a statistically significant 

improvement in pain at 3 weeks in patients receiving 
CESIs, followed by no benefit from 6 to 52 weeks. Evidence-
based, short-term efficacy of CESIs in ameliorating pain by 
more than 50 percent has been reported by many stud-
ies.13,21,22 In contrast to this, few researchers have observed 
no significant improvement in pain at 12 weeks in patients 
with DLSS. They have explained that low-efficacy, under-
dosage, and a dilution effect due to the high-volumes 
injected could have influenced the effect of CESIs in their 
study.14,23

Our study reports a significant difference in improvement 
of disability at 3, 6, 12 and 24 weeks after CESIs, indicating 
both short- and long-term improvement in DLSS. Our results 
are supported by Radcliffe et al,16as they showed a gradual 
improvement in disability with respect to duration from 
the day of receiving the CESIs, with a peak at 24 weeks and 
decline after that. Koc et al15 compared the efficacy of CESIs 
with physical therapy and placebo and reported significant 
improvement in disability at 6 months in all the three groups 
from baseline. Our findings are in agreement with other 
studies also.21,22

Our findings of NPRS and ODI at 3, 6, 12 and 24 weeks are 
in concordance with Botwin et al 13 who has reported in their 
study an improvement in pain and disability at 6 months. 

Table 3   Between and within group comparison of ODI at various follow-ups

Follow-up time ODI t value p-Valuea

Group A
(n = 32)

Group B
(n = 32)

Baseline 71.06 ± 7.87 70.19 ± 8.64 − 0.421 0.675

3 weeks 64.31 ± 7.07 68.69 ± 8.71 2.209 0.031b

6 weeks 57.25 ± 7.19 61.44 ± 8.21 2.172 0.033b

12 weeks 56.03 ± 7.16 60.31 ± 7.67 2.307 0.024b

24 weeks 55.01 ± 5.24 59.28 ± 6.11 3.001 0.004b

p-Valuec < 0.001 < 0.001

Multiple comparisons from baseline All pairs All pairs

Abbreviation: ODI, Oswestry Disability Index.
aIndependent t test.
bp < 0.05 is significant.
cRepeated measures Anova test.

Fig. 2  Mean claudication distance (MCD) (feet) by walking tolerance 
test at various follow-ups.
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Based on a systematic review on CESIs in 2015, the evidence 
is Level II for long-term, 2-year efficacy for CESIs with local 
anesthetic alone or with local anesthetic and steroids.24

Many systematic reviews have been conducted to assess 
the efficacy of CESIs for disability improvement, as there is 
a lot of discrepancy regarding their short-term or long-term 
benefits.24-26 This is attributed to the fact that improvement in 
disability is correlated with the age of the patient. Comorbid 
conditions play a major role in outcome of disability after the 
intervention, which is especially more pronounced in elder 
age groups.27

No significant difference was seen in the MCD between 
intervention and control group at 24 weeks. Our findings 
can be supported by the fact that the effect of steroids dissi-
pates over time due to which none of the outcome measures 
were significant at 6 week follow-ups.14 A study by Huda 
et al 28 also found a significant difference in walking tolerance 
test at 4 weeks in patients receiving CESIs but no difference 
at 12 weeks and that was statistically significant (p < 0.05).

The sociodemographic pattern, lifestyle of population, 
dietary habits, risk of comorbidity, and wide variation in 
consumption of tobacco and alcohol have a direct as well 
as an indirect effect on the status of pain and disability. 
This draws attention to the fact of availability of very low 
evidence about efficacy of CESIs in Indian population. Very 
few Indian studies have assessed the efficacy of CESIs in 
patients with DLSS; therefore, our study has highlighted 
compelling evidence regarding the same.

Strengths and Limitations
The strengths of our study is that it discloses new ave-
nues for more research concerning the long-term efficacy 
of CESIs, especially in patients suffering with mild and 
moderate stenosis and those patients who are more than 
50 years of age, as both CESIs with physical therapy and a 
well-planned exercise program seem to bring nearly same 
improvement in patients with DLSS at 24 weeks. There is 
a need for safer, less-invasive treatment options for older 
adults with DLSS for reducing their functional disability and 
promoting independence because older adults have comor-
bid conditions such as diabetes that may increase the risks 
due to systemic absorption of corticosteroids as compared 
with compared with young and middle-age adults.

Our study has the following limitations: First, due to the 
heterogeneous nature of the intervention, that is, caudal 
epidural steroid injection and physical therapy versus physical 
therapy, patients were aware of the intervention, so that might 
have altered their perception of pain. Second, a larger sample 
size would have helped in better generalization of our findings.

Conclusion
The study concludes that in case of mild canal compromise and 
mild-to-moderate compression of nerve roots, caudal epidural 
steroid injections along with physical therapy are helpful for 
alleviating pain and disability as compared with only physical 
therapy given alone, which provides these elderly patients 
a window period for undergoing any operative procedure 

in future, as this group shows poor patient compliance and 
delayed consent for surgical management, due to fear of 
loss of independence postsurgery and presence of various 
comorbidities in this age group. Moreover, only physical 
therapy requires motivation and inner strength on the part 
of the patient, so addition of caudal epidural steroid injection 
offers them additional benefit in terms of symptom relief.
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