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Epidural steroid injection versus conservative
treatment for patients with lumbosacral radicular
pain

A meta-analysis of randomized controlled trials
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Abstract N
Background: Previous systemic reviews have examined the efficacy of individual therapeutic agents, but which type of treatment |
is superior to another has not been pooled or analyzed. The objective of the current study was to compare the clinical effectiveness of
epidural steroid injection (ESI) versus conservative treatment for patients with lumbosacral radicular pain.

Methods: A systematic search was conducted with MEDLINE, EMBASE, and CENTRAL databases with a double-extraction
technique for relevant studies published between 2000 and January 10, 2019. The randomized controlled trials which directly
compared the efficacy of ESI with conservative treatment in patients with lumbosacral radicular pain were included. Outcomes
included visual analog scale, numeric rating scale, Oswetry disability index, or successful events. Two reviewers extracted data and
evaluated the methodological quality of papers using the Cochrane Collaboration Handbook. A meta-analysis was performed using
Revman 5.2 software. The heterogeneity of the meta-analysis was also assessed.

Results: Of 1071 titles initially identified, 6 randomized controlled trials (249 patients with ESI and 241 patients with conservative
treatment) were identified and included in this meta-analysis. The outcome of the pooled analysis showed that ESI was beneficial for
pain relief at short-term and intermediate-term follow-up when compared with conservative treatment, but this effect was not
maintained at long-term follow-up. Successful event rates were significantly higher in patients who received ESI than in patients who
received conservative treatment. There were no statistically significant differences in functional improvement after ESI and
conservative treatment at short-term and intermediate-term follow-up. The limitations of this meta-analysis resulted from the variation
in types of interventions and small sample size.

Conclusions: According to the results of this meta-analysis, the use of ESI is more effective for alleviating lumbosacral radicular
pain than conservative treatments in terms of short-term and intermediate-term. Patients also reported more successful outcomes
after receiving ES| when compared to conservative treatment. However, this effect was not maintained at long-term follow-up. This
meta-analysis will help guide clinicians in making decisions for the treatment of patients with lumbosacral radicular pain, including the
use of ESI, particularly in the management of pain at short-term.

Abbreviations: Cl| = confidence interval, ESI = epidural steroid injection, LBP = low back pain, MD = mean difference, NRS =
numeric rating scale, ODI = Oswestry disability index, RCT = randomized controlled trial, VAS = visual analog scale.
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1. Introduction

Lumbosacral radicular pain, which is characterized by back pain
radiating into the lower limbs,!'! is usually caused by the
compression of a nerve root due to lumbar disc herniation or
spinal stenosis.!?! Common nonsurgical treatments for lumbosa-
cral radicular pain involve lifestyle modification, education,
analgesic medication, physical therapy, exercise, and/or epidural
steroid injections (ESIs).?! Among them, ESIs are the most
commonly performed procedures for the relief of lumbosacral
radicular pain."*! They may be performed to deliver steroids or
local anesthetics to the site of pathology in the epidural space via
a transforaminal, interlaminar, or caudal approach. Surgical
treatment is considered in patients who do not respond to these
nonsurgical treatments.

Previous systemic reviews on the efficacy of conservative
treatments for lumbosacral radicular pain have indicated a lack
of evidence that 1 type of treatment is superior to another.>*!
Recent meta-analyses on ESI have focused on either the surgery-
sparing effects of ESI compared to control injections ! or a
comparison of the 2 approach techniques.'®! There are many
conservative treatment options for lumbosacral radicular pain
such as bed rest, pharmacologic therapy, exercise, and
physiotherapy, but the outcomes associated with these treatments
are still questionable. Previous studies have examined the efficacy
of these individual therapeutic agents, but which type of
treatment is superior to another has not been pooled or analyzed.
To date, no meta-analysis has directly compared the clinical
efficacy of ESI and conservative treatment in patients with
lumbosacral radicular pain. A meta-analysis regarding this
subject would provide useful information and evidence for
clinicians to decide on a treatment method in patients with
lumbosacral pain. Thus, this study was performed to investigate
whether ESI was better than conservative treatment for achieving
clinical outcomes such as pain control and functional improve-
ment in patients with lumbosacral radicular pain.

2. Methods

Multiple comprehensive databases were used to find literature
that has compared ESI and conservative treatment for the
management of lumbosacral radicular pain. This study is based
on the Cochrane review methods.

2.1. Data source & literature source

A systematic search was performed using MEDLINE, EMBASE,
and the Cochrane Central Register of Controlled Trials
(CENTRAL) for studies comparing ESI with conservative
treatment for the treatment of lumbosacral radicular pain, which
were published up to January 10, 2019. No date limits were
applied to the searches. There were no restrictions on language or
year of publication in the search. The detailed searches of
keywords and medical subject headings are presented in
Supplemental file, http:/links.lww.com/MD/E566. These key-
words included “spinal disease”, sciatica”, “spinal stenosis”,
“epidural steroid injection”, and conservative treatment methods
including “rehabilitation”, “laser therapy”, “ultrasound thera-
py”, “manual therapy”, “electric stimulation therapy”, “trac-
tion”, “exercise”, and “oral drug administration”. For other
databases, search strategies were applied based on the MEDLINE
strategy. Further relevant articles were hand-searched from the
identified studies and were assessed individually for inclusion.
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2.2. Study selection

Two reviewers (SYY and WK) independently determined the
inclusion of all studies based on predefined selection criteria.
Study selection was made through two levels of screening. At the
first level, titles and abstracts of identified studies were screened.
At the second level, the full texts were retrieved and assessed.
Ethical approval and patient informed consent were not required
because this is a meta-analysis of previously published studies and
did not involve direct contact with patients or alterations to
patient care.

The study was guided by the PICOS framework. P (popula-
tion): patients aged over eighteen years with lumbosacral
radicular pain and lumbosacral radicular pain was secondary
to lumbar disc herniation or spinal stenosis. I (intervention): ESI.
C (comparator): conservative treatments, including bed rest,
pharmacologic therapy, exercise, and physiotherapy. O (out-
comes): visual analog scale (VAS), numeric rating scale (NRS),
Oswestry disability index (ODI), or successful events. All clinical
outcomes were reported within 1 year after the interventions. S
(study design): meta-analysis including only randomized con-
trolled trials (RCTs). The exclusion criteria were as follows:
review articles, abstracts, letters, and case reports; an absence of
any outcome of interest; or back pain due to fracture, trauma,
cancer, or infection.

2.3. Data extraction

The two reviewers (SYY and WK) independently extracted data
from each study using a predefined data extraction form. Any
disagreements were resolved by a third author (KHC) through
consensus. The following data were extracted from each eligible
study: first author’s name; publication year; number of patients
who received either ESI or conservative treatment; intervention
protocol type (the type and amount of steroid and local
anesthetics used for ESI and therapies or medication used for
conservative treatment); outcome parameters including VAS,
NRS, ODI, and successful events; duration of follow-up; cause of
pain; and summary of findings. The extracted data were
organized into a Microsoft Excel file and the data were verified
for accuracy by a third author (KHC). The end-of-search date
was January 10, 2019.

2.4. Assessment of methodological quality

The methodological quality and risk of bias of each study were
assessed using the Cochrane Handbook for Systematic Reviews
of Interventions.!” This included random sequence generation
(selection bias), allocation concealment (selection bias), blinding
of participants and personnel (performance bias), blinding of the
outcome assessor (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and other
biases. Any disagreements were resolved by discussion and
consensus.

2.5. Statistical analysis

Data were synthesized and a meta-analysis was performed
using Review Manager Software version 5.2 (Cochrane
Collaboration, Copenhagen, Denmark) when there were at
least 3 studies. For continuous outcomes, such as pain and
functional score, mean difference (MD) and 95% confidence
intervals (ClIs) were calculated for each study. VAS and NRS
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were used to evaluate pain scores, and ODI was applied to
assess functional improvement. For dichotomous outcomes,
such as successful events (as defined in the trial), relative risks
were pooled. Planned subgroup analyses were conducted
according to the duration of the treatment effect. Outcomes
were analyzed as short-term (< 1 month), intermediate-term (1
to 3 months) and long-term (6 months to <1 year) for pain
relief and as short-term (1 to 3 months) and intermediate-term
(3 to 6 months) for functional improvement. The difference in
the degree of improvement between two groups was assessed
by comparing the difference on scales pre- and post-treatment.
A correlation of 0.5 was used to estimate the change in
standard deviation if standard deviation was given for baseline
and endpoint instead of change.'®! Heterogeneity was assessed
using the x*-based Q-statistic method and I* measurement. An
I? statistic >50% or P<.1 indicated substantial heterogene-
ity.""" In this case, a random-effects model was selected. In the
absence of heterogeneity, a fixed- effects model was applied
for the meta-analysis. The pooled effect was considered to
be significant if P<.05. Publication bias was not applicable
since less than 10 studies were included in this meta-
analysis.[*?!

3. Results

3.1. Study characteristics and patient populations

This meta-analysis involved patients with chronic lumbosacral
radicular pain which persisted for at least 1 month. Patients were
older than 18 years and were diagnosed with lumbar disc
herniation or spinal stenosis using clinical and radiological
evaluation. Of the 490 total patients in the studies analyzed, 249
patients were treated with ESI and 241 patients were treated with
conservative treatment. The total number of participants in the
analyzed studies ranged from 40 to 145 in the ESI and
conservative treatment groups. Disc herniation and spinal
stenosis were confirmed with MRI and patients suffered from
sciatica with or without the presence of low back pain. The
main characteristics of the included RCTs are summarized in
Table 1.

3.2. Identification of studies

A flowchart of the literature search and selection is shown in
Figure 1. Searches of the databases resulted in 1,071 articles.
After removing duplicates, a further 921 articles were excluded
after the titles and abstracts were reviewed; 14 articles remained
for further screening. Two studies were not RCTs.!'*!*! One
study on patients with non-specific low back pain was
excluded."! Five studies were excluded due to the absence of
data at follow-up pain evaluation.'®"?% Finally, 6 RCTs!'%-21-25!
were eligible and were included in the meta-analysis.

3.3. Risk of bias in included studies

The risk of bias of the included RCTs is presented in Figures 2 and
3. One RCT was graded as high risk because it showed flaws in
randomization process '*?! and another study *!! was graded as
high risk because they did not describe the procedure for blinding
of participants. Three studies were rated as unclear because they
did not adequately describe the procedure for random sequence
generation ! and allocation concealment.”?***! The rest of
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domains of risk of bias were assessed as low risk in all 6 RCTs.
Thus, the overall risk of bias was considered low.

3.4. Primary outcomes
3.4.1. Pain relief. Five RCTs '°?2725] reported data regarding

post-injection follow-up pain scores and were included in the
analysis of pain. One study ** was excluded because the results
for pain was not reported. Subgroup analyses were done
according to the follow-up period. Outcomes were analyzed as
short-term (<1 month), intermediate-term (1 to 3 months) and
long-term (6 months to <1 year) to show the duration of
treatment effect regarding pain relief.

Three RCTs 12224 documented pain scores at short-term
follow-up. The pooled analysis of these studies showed that ESI
patients showed a significant reduction in pain scores compared to
conservative treatment (MD 1.24, 95% CI 0.58-1.91; P=.0002,
Fig. 4). Patient’s pain relief at intermediate-term follow-up was
recorded in these same RCTs [1%2%24 and the results also
demonstrated that ESI showed superior effect over conservative
treatment (MD 0.87,95% CI0.48-1.26; P <.0001). There was no
indication of statistical heterogeneity when data were pooled for
intermediate-term follow-up (I*=0%, Fig. 4). Two RCTs 1#>%9!
provided data regarding pain relief at long-term follow-up. The
result of the meta-analysis, however, did not show that ESI was
more effective than conservative treatment in reducing pain scores.
The differences of pain relief in patients who received ESI or
conservative treatment were notsignificantat long-term (MD 2.43,
95% CI 0.47-4.38; P=.02) and the studies showed significant
heterogeneity (I*=87%, Fig. 5).

3.4.2. Functional improvement. Four studies '**>% measured

functional level using the ODI score and were included in meta-
analysis. Two studies [**%°! were excluded because the results for
functional improvement were not reported. Functional improve-
ment was analyzed according to follow-up period as short-term (1
to 3 months) and intermediate-term (3 to 6 months).

Three studies 192224 reported functional score data at short-
term follow-up. The result of meta-analysis showed that patients
who received conservative treatment showed an equal effect
compared to patients who received ESI (MD 3.65; 95% CI-2.28-
9.59; P=.23). There was significant heterogeneity in these studies
(I*=86%, Fig. 5).

Four studies "1%2272* documented data on functional score
regarding intermediate-term follow-up. The meta-analysis
revealed that there were no significant differences among the
groups (MD 5.16; 95% CI -1.54-11.86; P=.13) and significant
heterogeneity was detected in these studies (I>=94%, Fig. 5).

3.4.3. Successful events. Data on successful events, as defined
in the trial, were reported in 5§ RCTs.[1%21:23-251 §yccessful events
were defined mainly according to the reduction of pain among the
studies. One study **! was excluded because the result for
successful event was not reported. In the study of Chowdhery
124 patients themselves rated perceived degree of overall
improvement on a descriptive 4 item scale (recovery, marked
improvement, slight improvement, or worse). Patients rating the
improvement as “recovery” or “marked improvement” were
considered as success. Cohen et al'® defined a successful
outcome as a decrease of >2 points in average leg pain score
coupled with a positive global perceived effect. Murakibhavi
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Recaords identified through
database searching (n = 1071)

Records after duplicates removed (n = 935)

Records excluded by
Records screened identified tiltes or

(n=935)

abstracts (n = 921)

Full-text articles excluded, with
reasons (n = 8):

Study not on radicular pain (n = 1)
Studies not RCTS (n=2)

Studies data not extractable (n = 5)

Full-text articles
assessed for
eligibility (n = 14)

Studies included in
quantitative synthesis
(meta-analysis) (n = 6)

Figure 1. Flow diagram of the literature search.

et al?3! defined a successful event as when there was complete or
partial pain relief with a VAS score reduction of more than 20%.
Vad et al®*! defined a successful outcome as a patient satisfaction
score of 2 (good) or 3 (very good), improvement on the Roland-
Morris score of § or more, and pain reduction greater than 50%
at least 1 year after treatment. Buchner et al?!! defined total
success rate as when values were above 0 after Z transformation
of the raw data of VAS, the straight leg raising test results, and
functional status.

A meta-analysis was performed for successful events using the
data of these 5 RCTs. A fixed-effect model of the pooled data
showed that successful event rates were significantly higher in
patients who received ESI than in those who received conserva-
tive treatment (relative risk 1.36; 95% CI 1.17-1.58; P <.0001).

Bruchner 2007

Chowdhery 2017

Cohen 2015

Dincer 2007

Murakibhavi 2011

® @ ® @ |® | @ |Binding of outcome assessment (detection bias)
® O ® @ @ | @ | Incomplete outcome data (attrition bias)

® ® ® @ ® | @ |selective reporting (reporting bias)

® O @ @ ®| ~ |otherbias

. . . . . . Blinding of participants and personnel (performance bias)

® ® O ®|® | ~ |Random sequence generation (selection bias)
»> @~ |@|® | @ | Alocation concealment (selection bias)

Vad 2002

Figure 3. Risk of bias summary.

There was no indication of statistical heterogeneity in these §
RCTs (I*=0%, Fig. 6).

4. Discussion

In the current study, we included 6 studies that evaluated the
effectiveness of ESI for lumbosacral radicular pain caused by

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _
Other bias [N |

Allocation concealment (selection bias) _:|

E
F

0%  25% 50% 75%

100%

B Low risk of bias

[ unclear risk of bias

[ High risk of bias

Figure 2. Risk of bias graph.
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ESI Conservative Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% Cl IV, Random, 95% CI
2.1.1 1 month
Chowdhery 2017 3 1t 47 12 14 46 13.5% 1.80[1.17, 2.43] B
Cohen 2015 22 24 73 1.7 26 72 12.2% 0.50 [-0.31, 1.31] il T
Dincer 2007 37 14 34 24 08 30 14.1% 1.30[0.75, 1.85] TR
Subtotal (35% CI) 154 148 39.7% 1.24 [0.58, 1.91] -
Heterogeneity: Tau? = 0.23; Chi? = 6.10, df = 2 (P = 0.05); I? = 67%
Test for overall effect: Z = 3.67 (P = 0.0002)
2.1.2 3 months
Chowdhery 2017 34 1.9 47 22 2 46 12.3% 1.20 [0.41, 1.99] M a—
Cohen 2015 2 28 73 16 27 72 11.8% 0.40 [-0.46, 1.26] ] R
Dincer 2007 36 13 34 27 08 30 143% 0.90[0.38, 1.42] =
Subtotal (35% CI) 154 148  38.4% 0.87 [0.48, 1.26] L 4
Heterogeneity: Tau? = 0.00; Chi* = 1.82, df = 2 (P = 0.40); I* = 0%
Test for overall effect: Z = 4.38 (P < 0.0001)
2.1.3 6 months~1 year
Murakibhavi 2011 54 3 50 2 11 50 11.6% 3.40 [2.51, 4.29] e
Vad 2002 7222 25 58 16 23 102% 1.40 [0.32, 2.48) —
Subtotal (95% CI) 75 73 21.9%  2.43[0.47, 4.38] e ———
Heterogeneity: Tau? = 1.75; Chi? = 7.86, df = 1 (P = 0.005); I* = 87%
Test for overall effect: Z = 2.43 (P = 0.02)
Total (95% CI) 383 369 100.0% 1.35[0.78, 1.92] -
Heterogeneity: Tau? = 0.52; Chi? = 34.23, df = 7 (P < 0.0001); I* = 80% i 2 3 2 i

Test for overall effect: Z = 4.64 (P < 0.00001)
Test for subaroun differences: Chi2=2.97. df=2 (P =0.23). 2= 32.7%

Conservative ESI

Figure 4. Forest plot of pain relief.

lumbar disc herniation or spinal stenosis in the meta-analysis.
The results of the meta-analysis revealed that ESI was more
beneficial than conservative treatment in relieving pain in the
short-term (less than 1 month) and in the intermediate-term (1 to
3 months). However, there was no overall evidence that ESI was
more effective than conservative treatment in improving
lumbosacral radicular pain in the long-term (6 months to 1
year). In terms of functional improvement, the overall outcome of
meta-analysis showed that ESI did not have any advantage over
conservative treatment at short-term (1 to 3 months) and

intermediate-term (3 to 6 months) follow-up. We also analyzed
the data on successful events. Patients who received ESI reported
more successful events that patients who received conservative
treatment and the results were significant.

Previous systemic reviews including meta-analyses have
investigated the efficacies of ESI 126”1 and conservative treatment
15:6] for patients with lumbosacral radicular pain. Some studies
have attempted to compare the effects of surgery versus
conservative treatment.*®**! However, no meta-analysis has
directly compared the efficacies of ESI and conservative

ESI Conservative
1.1.1 1 montl
Chowdhery 2017 10.68 8.4 47 38 56 46 14.9%
Cohen 2015 73 125 73 102 145 72 13.8%
Dincer 2007 18.8 11.1 34 122 641 30 13.9%
Subtotal (95% CI) 154 148  42.6%

Heterogeneity: Tau® = 23.54; Chi* = 14.32, df = 2 (P = 0.0008); I* = 86%
Test for overall effect: Z = 1.21 (P = 0.23)

1.1.2 3 months

Chowdhery 2017 113 10 47 615 8 46 14.4%
Cohen 2015 62 158 73 102 167 72 13.1%
Dincer 2007 196 84 34 1441 6.2 30 14.4%
Murakibhavi 2011 238 51 50 11 26 50 155%
Subtotal (35% CI) 204 198  57.4%
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Figure 5. Forest plot of functional improvement.
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Bruchner 2007 15 17 14 19 12.3%
Chowdhery 2017 28 47 22 46 20.8%
Cohen 2015 33 73 24 72 226%
Murakibhavi 2011 49 50 36 50 33.6%
Vad 2002 21 25 11 23 10.7%
Total (95% CI) 212 210 100.0%
Total events 146 107

Heterogeneity: Chi*=1.99, df =4 (P =0.74), I’ = 0%
Test for overall effect: Z=4.00 (P < 0.0001)
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Figure 6. Forest plot of successful events.

treatment. A main strength of this study is that this is the first
meta-analysis of RCTs to report the comparative efficacy of ESI
and conservative treatment for lumbosacral radicular pain. Initial
conservative treatment is generally recommended for patients
with lumbosacral radicular pain and ESIs are being suggested as a
reasonable treatment option for these patients. At present, there is
limited evidence regarding the superiority of ESIs compared with
conservative treatment for lumbosacral radicular pain. Meta-
analysis is efficient to present a combined result on the efficacy of
ESIs compared with conservative treatment than to describe the
results of each individual RCT. Hence, we focused on
investigating which type of treatment is superior to another
for the treatment of lumbosacral radicular pain via meta-analysis.
To enhance the validity of the current results, this meta-analysis
was restricted to RCTs which directly compared ESI and
conservative treatment. Patients in included studies had mean
pain scores of more than 4 out of 10, which indicated that their
pain intensity was more than moderate. Rather than focusing on
the efficacy of the individual therapeutic agents, ESI and
conservative treatment were compared to investigate the
efficacies of the methods themselves.

Compared to previous systemic reviews which showed
that ESI was associated with greater reduction in pain than
placebo or local anesthetic injections, the results of our meta-
analysis are in agreement that ESI provided more analgesic
benefit than conservative treatment at short-term. Regarding
physical disability as measured by the ODI score, both ESI and
conservative treatment showed similar effect on functional
improvement after the interventions. This is in agreement with
the previous study of Bhatia et al®**! which suggested that ESI did
not reduce physical disability more than local anesthetic
injection. The authors hypothesized that ODI may be better at
detecting changes in more seriously disabled patients.

As for the mechanism of ESI on pain reduction, some possible
proposals were suggested. Steroids have an analgesic effect
through reducing the inflammation of the nerve root, blocking
afferent C fiber nociception, and inhibiting pro-inflammatory
mediators and phospholipase A2 activity.?%** In addition, the
injection may break down the adhesions and scars and compress
neural tissue.!**! Local injection of steroid may provide more
benefit by yielding higher local concentrations than oral
dosing,”*! but it seems that such effect of steroid does not last
for a long period of time.

There are some limitations which should be noted regarding
this study. First, the effects of 2 interventions were assessed over a
wide range of time periods. To simplify this variation, time

[30-33]

periods were divided into 3 intervals: short-term, intermediate-
term, and long-term. Second, accurate direct comparison of
interventions was not possible, due to the variation in types of
interventions, such as the types of conservative treatment
included (eg, pharmacologic or physical therapy) or doses of
steroids. There were various components of conservative
treatment in most studies and these consisted of several sessions
with different modalities. Also, detailed prescriptions of
analgesics (eg, number of pills needed) and rehabilitation
programs were not thoroughly reported. Third, conservative
treatment could not be compared with two different procedures
of ESI. Considering that transforminal ESI has been shown to be
more beneficial in short-term pain relief than interlaminar ESI,
comparison of conservative treatment with ESI according to two
different procedures may be needed in the future. Lastly, the
number of RCTs included in this meta-analysis was small, and
most trials involved short follow-up duration. If the number of
samples included in the trials had been larger and the follow-up
period had been longer, the results could have provided more
valuable information for future clinical practice. It is also
important to note that significant heterogeneity exists in the
current meta-analysis. Caution must be taken when interpreting
the results of this meta-analysis, considering the existing
heterogeneity among the studies and the above limitations.

5. Conclusion

According to the results of our meta-analysis, the use of ESI is
more effective for alleviating lumbosacral radicular pain than
conservative treatments in terms of short-term and intermediate-
term. However, this effect was not maintained in long term
follow-up and there were no differences in functional improve-
ment.
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