
Background: Epidural injections are among the most commonly performed procedures for 
managing low back and lower extremity pain. Pinto et al and Chou et al previously performed 
systematic reviews and meta-analyses, which, along with a recent update from Oliveira et 
al showing the lack of effectiveness of epidural steroid injections in managing lumbar disc 
herniation, spinal stenosis, and radiculopathy. In contrast to these papers, multiple other 
systematic reviews and meta-analyses have supported the effectiveness and use of epidural 
injections utilizing fluoroscopically guided techniques. A major flaw in the review can be related 
to attributing active-controlled trials to placebo-controlled trials. The assumption that local 
anesthetics do not provide sustained benefit, despite extensive evidence that local anesthetics 
provide long-term relief, similar to a combination of local anesthetic with steroids is flawed.

Study Design: The Cochrane Review of randomized controlled trials (RCTs) of epidural 
injections in managing chronic low back and lower extremity pain with sciatica or lumbar 
radiculopathy were reanalyzed using systematic methodology and meta-analysis.

Objectives: To re-evaluate Cochrane data on RCTs of epidural injections in managing chronic 
low back and lower extremity pain with sciatica or lumbar radiculopathy utilizing qualitative and 
quantitative techniques with dual-arm and single-arm analysis.

Methods: In this systematic review, we have used the same RCTs from the Cochrane Review 
of a minimum of 20% change in pain scale or significant pain relief of ≥ 50%. The outcome 
measures were pain relief and functional status improvement. Significant improvement was 
defined as 50% or greater pain relief and functional status improvement. 

Our review was performed utilizing the Cochrane Review methodologic quality assessment and 
the Interventional Pain Management Techniques - Quality Appraisal of Reliability and Risk of 
Bias Assessment (IPM-QRB). Evidence was summarized utilizing the principles of best evidence 
synthesis and the Grading of Recommendations, Assessment, Development and Evaluations 
(GRADE) system. Clinical relevance of the pragmatic nature of each study was assessed.

Results: In evaluating the RCTs in the Cochrane Review, 10 trials were performed with 
fluoroscopic guidance. Utilizing conventional dual-arm and single-arm meta-analysis, the 
evidence is vastly different from the interpretation of the data within the Cochrane Review. The 
overall combined evidence is Level I, or strong evidence, at one and 3 months, and Level II, or 
moderate evidence, at 6 and 12 months.

Limitations: The limitation of this study is that only data contained in the Cochrane Review 
were analyzed 
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lower extremity pain with sciatica or lumbar radiculopathy yielded different results. This review, based on the evidence derived from 
placebo-controlled trials and active-controlled trials showed Level I, or strong evidence, at one and 3 months and Level II at 6 and 
12 months. This review once again emphasizes the importance of the allocation of studies to placebo-control and active-control 
groups, utilizing standards of practice with inclusion of only the studies performed under fluoroscopic guidance. 
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TThe goal of evidence-based-medicine is that 
one should use the best available evidence 
in determining clinical care for an individual 

patient or population. In order to do this, one needs 
to provide reliable information from research on the 
benefits and harms of specific interventions, actions, 
or strategies. It is expected that systematic reviews and 
meta-analyses provide information from high quality 
research (1). The uncovering of inappropriate research 
continues to be an important role for systematic 
reviews in demonstrating poor quality studies (2). 
Multiple organizations provide assessment of the 
literature in the form of systematic reviews, meta-
analyses, and more recently, comparative effectiveness 
research (CER). 

Bias is the inherent tendency of a process to sup-
port particular outcomes. A distinction may be drawn 
between systemic and systematic bias corresponding to 
that between unplanned and planned or to that arising 
from the characteristics of a system versus that from an 
individual or group (3). Consequently, systematic bias 
stems from a concerted effort by an individual or group 
to favor certain outcomes. Bias within systematic and 
non-systematic literature reviews has been extensively 
discussed (4-15). Petticrew and Roberts (16) in 2006, 
described biased data results as being either an over or 
under estimation. In 2012, Booth et al (14) referred to 
bias as the systematic error within a study or a review of 
multiple studies which lead to faulty conclusions about 
interventions, programs, or policies. Consequently, bias 
can occur when selecting studies for a literature review 
and bias when interpreting the results of the selected 
studies. Song et al (15) and Booth et al (14) presented 
a taxonomy for different kinds of bias affecting litera-
ture reviews. Among multiple biases described, publi-
cation bias, outcome reporting bias, multiple publica-
tion bias, place of publication bias, citation bias, and 
interpretation bias, appear to be crucial and relevant to 
systematic reviews in interventional pain management. 

Publication bias refers to the bias that occurs when only 
studies with a significant result in a preferred direction 
are published (4,14,15). Outcome reporting bias refers 
to publication bias within a study, when multiple out-
comes are measured, but only the significant ones are 
reported (14,15). Multiple publication bias refers to 
studies where significant results that are more likely 
to generate multiple publications, which can lead to 
an over-representation of one study within a litera-
ture review (4,14,15). Place of publication bias refers 
to studies where more significant results in a prefer-
able direction are more likely to be published in more 
popular journals because of the editorial choices of the 
journal or the readers preferences (15). Citation bias oc-
curs when a study being cited because the direction or 
significance of the results support the hypothesis of the 
researcher. It makes scanning through the reference list 
of a study less reliable since supportive studies are over 
represented, skewing the literature review (14,15). 
Finally, interpretation bias refers to the researchers 
or reviewers’ abilities to synthesize, objectively judge 
and weigh the results found in a study. Therefore, 2 
researchers of different backgrounds might look at the 
same result in a different way, thus, drawing differ-
ent conclusions based on their own background. This 
happens when the data are debatable or qualitative, 
leading to some conclusions being overstated while 
others are understated (4). Another issue is the erro-
neous classification of trials as “pragmatic” and “real 
world.” A genuinely pragmatic RCT should fulfill at 
least 2 fundamental features, including conduct of the 
study which should resemble usual clinical practice, 
and the applicability of the results to multiple other 
settings (i.e., “real world”), not only the one where 
the trial was conducted (17). Dal-Ré et al (17) stated 
that some randomized controlled trials (RCTs) overtly 
deviate from usual clinical care and pragmatism, yet 
many RCTs are classified as pragmatic for purposes of 
convenience since pragmatic trials are said to represent 
real world evidence. 
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Cochrane Collaboration is a British international 
charitable group formed to organize medical research 
findings to facilitate evidence-based choices regarding 
interventions involving health professionals, patients, 
and policymakers (18). While Cochrane Collaboration 
has provided numerous reviews over the years, their 
presence in the United States was reignited recently 
with the launch of the Cochrane U.S. Network (19). 
However, multiple controversies have arisen with 
regards to the value of the Cochrane Collaboration, 
their systematic reviews, and their existing bias (13,20-
22). Among the multiple systematic reviews published 
over the years on interventional techniques (23-28), 
the recent systematic review by Oliveira et al (27,28) 
on epidural injections elicited multiple controversies in 
relation to potential systematic bias, erroneous estima-
tion of an effect, bias in selecting the studies for lit-
erature review, and bias when interpreting the results 
of the selected studies (29-31). Publications from the 
Agency for Healthcare Research and Quality (AHRQ) 
(32), as well as by Pinto et al (33) have been similarly 
criticized (34). 

Based on the present clinical practice patterns in 
the United States, many of the studies utilized in previ-
ous systematic reviews lack clinical relevance and are 
not useful for medical practice in the United States.  

The first epidural was a caudal injection of a lo-
cal anesthetic for low back pain in 1901 (35-37). Epi-
dural injections have evolved to include interlaminar 
and transforaminal epidural injections with steroid 
administration (38-41). Despite their long use, con-
troversy remains as to the efficacy of epidural injec-
tions (23-34,41-61). Kepes and Duncalf (54) in a 1985 
review article, concluded that the rationale for the use 
of epidural steroid injections had not been scientifi-
cally proven. One year later, Benzon (55) evaluated the 
same literature and concluded that low back pain of 
mechanical origin, especially if accompanied by signs 
of nerve root irritation, may respond to epidural injec-
tions. Nine years later 2 systematic reviews concerning 
the management of sciatica reported conflicting results 
(46,47). Watts and Silagy (46) concluded that present 
quantitative evidence from meta-analysis of pooled 
data from RCTs of epidural administration of cortico-
steroids showed effectiveness in the management of 
lumbosacral radicular pain. In contrast, Koes et al (47) 
in their systematic review without meta-analysis pub-
lished the same year concluded that the best studies 
showed inconsistent results of epidural steroid injec-
tions, and the efficacy of epidural steroid injections 

has not yet been established. They also stated that the 
benefits of epidural steroid injections, if any, seem to 
be of short duration only. These differing conclusions 
left general practitioners questioning which study was 
correct Hopayian and Mugford (45) raised multiple is-
sues, indicating that the 2 reviews had the same overall 
aims and met the criteria for review methods, but they 
differed in their choice of methods, including the judg-
ment of quality of studies for inclusion and for deriving 
conclusions. This emphasized that the choice of meth-
ods for systematic review may alter the perception 
of the current status of evidence. They warned that, 
“Users should be aware that systematic reviews include 
an element of judgment, whatever method is used.” 
Despite 60 systematic reviews, a multitude of RCTs, 
and several published guidelines, the same questions 
regarding epidural injections persist (23-34,41-61). 

The issue of a lidocaine injection as an active-con-
trol or placebo-control originated in the first systematic 
review by Koes et al (47). They discussed the role of an 
injection of local anesthetic and opined that the use of 
lidocaine as placebo was not clear since there were no 
studies at the time, which compared an injection of so-
dium chloride solution to an injection of lidocaine. They 
addressed the possibility that an injection of a local an-
esthetic may result in specific effects, such as the “inter-
ruption of sustained neural activity that produced and 
perpetuated the pain, relaxation of paraspinal muscle 
spasm, and resolution of accompanying reflex sympa-
thetic dystrophy” (47). They concluded that using an 
injection of local anesthetic instead of saline may lead 
to less contrast between study groups in a controlled 
trial. Obviously, this has significant effects on the in-
terpretation of the studies, the repercussions of which 
may alter access to effective treatments. As discussed in 
multiple manuscripts and now the evidence is solid that 
any substance injected into the epidural space is active, 
rather than inert, including sodium chloride solution 
and dextrose (43). 

In a systematic review assessing whether sodium 
chloride solution is a true placebo or an active-control 
agent, Manchikanti et al (43) showed that sodium 
chloride solution may not be a true placebo and may 
exert significant therapeutic effects when injected into 
the epidural space. Multiple studies have demonstrated 
similar of varying degree (42) between epidural local 
anesthetic injections versus epidural local anesthetic 
combined with steroids (34,41,42,51,53,57,62). In a 
recent systematic review, Shanthanna et al (41) clearly 
showed that the addition of corticosteroids to local 
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anesthetics for chronic non-cancer pain injections pro-
vided only short-term additional relief for short-term. 
There is extensive preclinical and clinical evidence (63-
65) showing the anti-inflammatory actions of local an-
esthetics and the lack of any further significant effect 
with the addition of steroids.

Oliveira et al performed a Cochrane systematic 
review followed by an abridged Cochrane systematic 
review and meta-analysis (27,28), concluding that 20 
placebo-controlled trials provided moderate quality 
evidence that epidural corticosteroid injections are 
effective, although the effects are small and short-
term. This was based on their assumption that a 
substance acting as a placebo injected either into the 
epidural space or adjacent spinal tissue is considered 
inert (i.e., no pharmacological activity), innocuous 
(e.g., normal saline), or pharmacologically active but 
does not provide sustained benefit (e.g., local anes-
thetic). However, multiple authors have shown that 
an epidural injection of a local anesthetic does pro-
vide extensive anti-inflammatory effects, long-term 
response, and improved outcomes. Because Oliveira 
et al (27,28) believed that epidural lidocaine did not 
provide sustained benefits, they considered it an ap-
propriate placebo and misinterpreted the Cochrane 
reviews. Many authors have demonstrated with 
experimental and clinical evidence that there is no 
significant difference in patient response between 
epidural steroids and local anesthetic, indicating 
that local anesthetics do provide sustained benefits 
(34,41,42,51,53,57). 

Our recent systematic review and meta-analysis 
(29) assessed the evidence for epidural injections in 
comparison to the Cochrane review by Oliveira et al 
(27,28). However, by using stricter, clinically relevant 
inclusion criteria, we showed that only 6 of the 25 
clinical trials from 29 publications used by Oliveira et al 
met the standards for in our review and meta-analysis 
(29). The results of our review (29) were contrary to 
the reviews by Oliveira et al (27,28), with Level I, or 
strong evidence, using local anesthetic and steroids and 
Level II, or moderate evidence, utilizing local anesthetic 
alone. 

Consequently, our systematic re-review and meta-
analysis of the findings of the Cochrane review by 
Oliveira et al (27,28) was undertaken to assess the ef-
ficacy or lack thereof of epidural injections with saline, 
local anesthetic alone, or local anesthetic with steroids, 
utilizing the same trials from the Cochrane review by 
Oliveira et al (27,28). 

Methods

This systematic review and meta-analysis was per-
formed based on the methodological and reporting 
criteria of systematic reviews as described by Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (66,67). Additionly, the Institute of 
Medicine (IOM) standards for systematic reviews and 
(CER) (29,68,69) and other publications relevant to sys-
tematic reviews were utilized. There was no external 
funding in preparation of this manuscript and there are 
no undisclosed conflicts.

Based on the Cochrane review, this present manu-
script focuses on the effectiveness of epidural injections 
for radiculopathy or sciatica when utilizing sodium 
chloride solution or with local anesthetic in placebo-
controlled trials. In this manuscript, however, we will 
analyze true placebo trials (explanatory or efficacy 
trials) versus active-controlled trials (pragmatic or ef-
fectiveness trials). Appropriate conventional dual-arm 
and single-arm analysis will be performed to assess the 
effect of each modality of treatment with either non-
inferiority or lack of superiority and assessment of local 
anesthetics with or without steroids.

In contrast to Oliveira et al (27,28), we defined 
placebo injections as the administration of an inert sub-
stance into the epidural space, over the nerve root, or 
in remote tissues. All local anesthetic injections into the 
epidural space or over the nerve root were considered 
to be active controls. 

Data Sources, Search Criteria, and Study 
Selection 

Data sources, search criteria, and study selection 
were omitted and all the studies utilized in the Co-
chrane review were utilized in this assessment (27,28). 

Methodologic Quality Assessment 
At least 2 of the review authors, in an unblinded 

standardized manner, independently acquired the lit-
erature, performed the methodological quality assess-
ment, and analyzed the evidence. Any disagreements 
between reviewers were resolved by a third author and 
by consensus. If there were any conflicts of interest with 
a manuscript, e.g., authorship, the review author(s) 
was/were recused from assessment and analysis.

The quality assessment of each individual article 
used in this analysis was performed by comparing the 
analysis performed by Oliveira et al (27,28) with an in-
dependent assessment using Cochrane review criteria 
(70) and Interventional Pain Management Techniques 
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- Quality Appraisal of Reliability and Risk of Bias Assess-
ment (IPM-QRB) criteria (71). 

Utilizing Cochrane review criteria (70) or IPM-QRB 
(71), studies meeting the inclusion criteria with a score 
of 9 to 13 or 32 to 48, respectively, were considered 
high quality and 4 to 7 or 16 to 31, respectively, were 
considered moderate quality. All of these were includ-
ed in the review. Those with a score of less than 4 or 16 
were considered low quality. 

Data Synthesis and Analysis
Data were synthesized utilizing qualitative and 

quantitative measurements. 

Qualitative Evidence Synthesis 
Evidence was assessed based on best evidence 

synthesis for qualitative analysis as shown in Table 1 
(72). Each trial was evaluated using 5 levels of evidence 
ranging from strong to opinion or consensus-based. 
The Grading of Recommendations, Assessment, Devel-
opment and Evaluations (GRADE) system was used to 
determine the best level of evidence (73,74). Clinical 
relevance and pragmatism of RCTs was assessed (17). 
GRADE assessment was based on 5 factors: 1) Method-
ological limitations, 2) Consistency, 3) Indirectness, 4) 
Imprecision, and 5) Publication bias. They were graded 
high, moderate, low, or very low. Based on the study 
evaluation of methodologic quality, grading was ap-
plied as no change, downgraded, or upgraded. 

 Quantitative Evidence Synthesis
Quantitative evidence synthesis was performed 

utilizing a dual arm meta-analysis for all placebo-
controlled trials and a single-arm meta-analysis for 
active-controlled trials. 

Dual-Arm Meta-Analysis
For dual-arm meta-analysis, software RevMan 5.4 

(The Nordic Cochrane Centre for The Cochrane Col-
laboration, Copenhagen, Denmark), The Cochrane 
Collaboration, 2020 was used. For pain and function-
ality improvement data, the studies were reported as 
the standardized mean differences (SMD) with 95% 
confidence interval (CI). Data were plotted using for-
est plots to evaluate treatment effects using random-
effects model. Heterogeneity was interpreted through 
I2 statistics.

Single-Arm Meta-Analysis 
For single-arm meta-analysis, software Compre-

hensive Meta-Analysis version 3.0 was used (Biostat 
Inc., Englewood, NJ). For pain and functionality im-
provement data, the studies were reported as the mean 
differences with 95% CI. Data were plotted using forest 
plots to evaluate treatment effects. Heterogeneity was 
interpreted through I2 statistics.

Evidence Synthesis 
Qualitative and quantitative measurements were 

assessed which indicated the direction of a treatment’s 
effect and the magnitude of a treatment’s effect. For 
placebo-controlled trials, the net effect between 2 
treatments was utilized; however, for active-controlled 
trials, the differences between baseline and at the 
follow-up period were utilized. This is in contrast 
to Oliveira et al who utilized differences between 2 
active-controlled trials and also considered a larger 
number of studies as placebo-controlled, even though 
these studies were active-controlled (27,28). We believe 
that in both of their papers (27,28), Oliveira et al made 
errors in methodology. 

Outcome Measures
Even though a minimum change of 20% in pain 

scales is widely accepted, the evolving concepts of 
minimal clinically important differences (MCID) have 
shown to be patient centered and practical. Multiple 
publications have alluded clinically relevant outcome 

Level I Strong Evidence obtained from multiple relevant 
high-quality randomized controlled trials 

Level II Moderate

Evidence obtained from at least one 
relevant high-quality randomized 
controlled trial or multiple relevant 
moderate or low-quality randomized 
controlled trials

Level III Fair

Evidence obtained from at least one 
relevant moderate or low-quality 
randomized trial 
or 
Evidence obtained from at least one 
relevant high-quality non-randomized 
trial or observational study with multiple 
moderate or low-quality observational 
studies 

Level IV Limited
Evidence obtained from multiple 
moderate or low-quality relevant 
observational studies 

Level V Consensus 
based

Opinion or consensus of large group of 
clinicians and/or scientists

Table 1. Qualitative modified approach to grading of  evidence 
of  therapeutic effectiveness studies.

Modified from: Manchikanti L, et al. A modified approach to grading 
of evidence. Pain Physician 2014; 17:E319-E325 (72).
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measures defined as significant improvement with at 
least 50% improvement in pain and functional status 
(34,50-53,68,73,74). When comparing 2 groups in an 
active-controlled trial, there is ample literature docu-
menting the necessity to use changes from baseline to 
follow up, instead of absolute changes between groups 
(29,34,42,43,50-53,68).

Consequently, in this report, we have utilized 
either ≥ 50% relief from the baseline pain score or at 
minimum a change in pain scales of ≥ 30% or ≥ 2-point 
change on an 11-point pain scale. A net change of ≥ 2 
points, ≥ 30% or 50% decrease from baseline of dis-
ability scores was considered clinically significant.

Results

Literature Search 
We adapted the results of Oliveira et al’s search 

from the Cochrane review (27,28).
Overall, 25 trials from 29 articles were included in 

the qualitative synthesis (75-99), and 19 trials (75,79,82-
93,95-99) were included in the dual-arm conventional 
meta-analysis (27,28). However, in a recent compara-
tive systematic review and meta-analysis, Manchikanti 
et al (29) included 15 additional trials (100-115). 

Among the included trials in the Cochrane 
review (27,28), 6 trials used the caudal approach 
(76,79,82,86,88,95). However, Oliveira et al (27,28) 
miscategorized an interlaminar trial as caudal (81), 
showing 7 caudal trials. Six trials used the transforami-
nal approach (78,80,93,94,97,99), and 13 trials used the 
interlaminar approach (75,77,81,83-85,87,89-92,96,98). 
As shown above, the miscategorized trial (81) was in-
cluded instead as interlaminar. 

Types of Studies 
Oliveira et al’s (27,28) inclusion of placebo interven-

tions varied among included trials; sodium chloride so-
lution was used in 12 trials (75,78,82-84,87,88,91,92,97-
99). Two trials used a variety of intramuscular 
injections, including paravertebral muscles, at points of 
maximum back muscle tenderness, or over the sacral 
hiatus (86,90). Additionally, 2 studies investigated 2 
types of epidural injectates, saline solution alone or a 
combination of saline and anesthetic (95,97). Multiple 
trials have utilized a local anesthetic or a combination 
of saline and local anesthetic (76,77,79-81,86,97,90). 
We separated studies into 2 different groups based on 
placebo-controlled trials and active-controlled trials. 

Among the 25 included articles, 10 trials employed 

fluoroscopic guidance (76-78,80,81,90,93,94,97,99). 
Of these 6 used a transforaminal approach 
(78,80,93,94,97,99), 3 used an interlaminar approach 
(77,81,90), and one was performed as a caudal epidural 
injection (76). One study using a caudal approach was 
performed with ultrasound guidance (95). The remain-
ing 14 trials were performed without image guidance 
as shown in Appendix Table 1 (75,79,82-89,91,92,96,98). 

Timing of Trials Performed 
Oliveira et al (27,28) included 7 of the studies (83-

88,96) originally found in the 1995 systematic review 
and meta-analysis by Koes et al (47) and Watts and 
Silagy (46). Additionally, the authors utilized 2 trials 
published prior to 1980 (83,84), 5 trials published be-
tween 1981 and 1990 (85-87,96,98), 4 trials published 
from 1991 to 2000 (75,88-90), 6 trials published from 
2001 to 2010 (78,91-94,99), and 8 trials published from 
2011 to 2020 (76,77,79-82,95,97) (Appendix Table 2). 
However, 16 trials (100-115) were excluded by Oliveira 
et al (27,28), even though they were of high quality 
with a long-term follow-up. These trials met criteria for 
a subsequent review manuscript in 2021 (29). Appendix 
Table 3 shows the trials (75-119) included in the 4 sys-
tematic reviews (27-29,32,33). 

Methodological Quality Assessment 
Appendix Tables 4 and 5 show the scoring for 

methodological quality assessment of all RCTs utiliz-
ing the Cochrane review criteria (70) and the IPM-QRB 
criteria (71). 

Table 2 shows the scoring for the methodological 
quality assessment of lumbar epidural RCTs with a com-
parison between the Cochrane review criteria (70), and 
the IPM-QRB criteria (71), along with the results of the 
Cochrane review (27,28). 

This assessment as found in Table 2 shows the 
importance of using the interventional pain man-
agement-specific scoring criteria IPM-QRB, which has 
shown results that differ from those of the Cochrane 
review derived data (27,28). There was agreement be-
tween the Cochrane review scoring and the IPM-QRB 
scoring in 11 of the 25 trials (76-81,93-95,97,99). The 
IPM-QRB scoring showed lower grading than the Co-
chrane review criteria in 14 trials as shown in Table 2 
(75,82-92,96,98).

Effectiveness of Epidural Injections 
Descriptive characteristics of included studies are 

shown in Appendix Tables 6 and 7. 
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Evidence Synthesis 
Evidence synthesis was performed by qualitative 

and quantitative analysis. 

Qualitative Analysis
Qualitative analysis of the evidence included all 25 

studies (75-99) with 16 placebo-controlled trials meeting 
the inclusion criteria (75,78,82-88,90-92,95,96,98,99). 
There were 9 trials utilizing active-controlled design 
(76,77,79-81,89,93,94,97). Tables 3 and 4 show qualita-
tive analysis of the effectiveness of epidural injections 
based on RCTs and active-controlled trials. 

Qualitative  results were determined based on 
multiple factors including the application of an ap-

propriate treatment regimen where 3 injections  versus 
one injection were performed, with monitoring the 
patient throughout the year. Factors analyzed included 
the clinical applicability, pragmatism, fluoroscopic us-
age  (standard of care in the United States), the num-
ber of patients, the dosage of the steroid, successful 
outcomes, and the clinical utility. In addition, GRADE 
criteria were applied with downgrading, upgrading, or 
no change in the study quality. 

Placebo-Controlled Trials
Qualitative analysis was performed utilizing 16 

placebo-controlled trials as shown in Table 3 (75,78,82-
88,90-92,95,96,98,99). Because the standard of care for 

Trial
Type 

of  
Trial

Imaging
Cochrane 
Criteria

IPM-QRB 
Criteria 

Quality Grading 
(high, moderate, low)
Cochrane/IPM-QRB

Clinical 
Relevance 

and 
Pragmatism

GRADE 
Assessment

Manchikanti et al (76) AC F 12/13 44/48 High / High Y H

Manchikanti et al (77) AC F 11/13 44/48 High / High Y H

Ghai et al (81) AC F 10/13 39/48 High / High Y H

Karppinen et al (78) PC F 13/13 34/48 High / High N M

Manchikanti et al (80) AC F 11/13 44/48 High / High Y H

Tafazal et al (94) AC F 11/13 32/48 High / High Y M

Datta & Upadhyay (79) AC B 6/13 18/48 Moderate / Moderate Y M

Dilke et al (83) PC B 9/13 28/48 High / Moderate N L

Snoek et al (84) PC B 9/13 10/48 High / Low N L

Klenerman et al (85) PC B 12/13 13/48 High / Low N L

Mathews et al (86) PC B 10/13 12/48 High / Low N L

Ridley et al (87) PC B 9/13 10/48 High / Low N L

Bush & Hillier (88) PC B 11/13 14/48 High / Low N L

Rogers et al (89) AC B 12/13 12/48 High / Low N L

Kraemer et al (90) PC B 6/13 7/48 Moderate/ Low N L

Valat et al (91) PC B 12/13 28/48 High / Moderate N M

Arden et al (92) PC B 10/13 31/48 High / Moderate N M

Ng et al (93) AC F 12/13 37/48 High / High N M

Iversen et al (95) PC U 5/13 24/48 Moderate / Moderate N L

Cuckler et al (96) PC B 10/13 13/48 High / Low N L

Carette et al (75) PC B 12/13 27/48 High / Moderate N M

Cohen et al (97) AC F 13/13 38/48 High / High Y L

Helliwell et al (98) PC B 12/13 18/48 High / Moderate N L

Ghahreman et al (99) PC F 12/13 37/48 High / High Y H

Nandi & Chowdhery (82) PC B 12/13 20/48 High / Moderate N M

Table 2. Methodological quality assessment and pragmatic nature of  epidural injections with caudal, interlaminar, and 
transforaminal approaches in lumbar radiculopathy or sciatica.

AC = Active control; PC = Placebo control; F = Fluoroscopy; B = Blind; U = Ultrasound; Y = Yes; N = No
GRADE criteria: H = high; M = moderate; L = low; VL = very low
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epidural procedures in the United States is with image 
guidance (primary fluoroscopy) except in cases of preg-
nancy and where fluoroscopy is contraindicated, we 
have considered all fluoroscopic studies and one ultra-
sound study in our review (95). As shown in Table 3, of 
the 16 placebo-controlled trials, 6 trials (82,86-88,98,99) 
were shown to be positive in the short-term and one trial 
(88) was positive in the long term at one-year. Among 
the positive trials, 2 trials (82,86) showed low clinical 
relevance and pragmatism, 4 trials (87,88,98,99) showed 
moderate clinical relevance and pragmatism, and none 
of the trials showed high clinical relevance and pragma-
tism. GRADE criteria also showed no change in 5 of 6 
trials (82,86-88,99) and downgrading in one trial (98).

Based on this analysis, the evidence is Level I, or 
strong, evidence at one month and 3 months. 

Active-Controlled Trials
There were 9 active-controlled trials 

(76,77,79-81,89,93,94,97). Of these, 7 studies 
(76,77,80,81,93,94,97) utilized fluoroscopy. Table 4 
shows a qualitative analysis of the effectiveness of 
randomized active-controlled trials in re-evaluation of 
the Cochrane review of epidural injections for lumbar 
radiculopathy or sciatica. 

As shown in Table 4, of the 9 active-controlled tri-
als, 4 trials (79,89,93,97) were shown to be positive in 
short-term and 5 trials (76,77,80,81,94) were positive 
in long-term. Two trials (89,93) showed low clinical 
relevance and pragmatism, 3 trials (79,94,97) showed 
moderate clinical relevance and pragmatism, and 4 
trials (76,77,80,81) showed high clinical relevance and 
pragmatism. GRADE criteria also showed no change 
in 6 trials (76,77,79-81,94) and downgrading in 3 trials 
(89,93,97).

Based on this analysis, the evidence is Level I, or 
strong, at one month, 3 months, and 12 months.

Quantitative Analysis 
Quantitative analysis was performed utilizing both 

conventional dual-arm analysis and single-arm analysis 
for placebo-controlled trials and active -controlled trials.

Placebo-Controlled Trials 
There was a total of 16 trials utilizing placebo 

control design (75,78,82-88,90-92,95,96,98,99). These 
included epidural and extra-epidural sodium chloride 
injections. We analyzed all placebo-controlled trials. 

One-Month Follow-Up
Figures 1 and 2 show the change in pain level us-

ing the Numeric Rating Scale (NRS) or Visual Analog 
Scale (VAS) and functionality changes using Oswestry 
Disability Index (ODI) or Roland-Morris Disability Ques-
tionnaire (RMDQ) at one month.

There were 6 trials (78,82,88,91,98,99) with 463 
patients that compared the placebo group versus the 
epidural steroid group in a dual-arm meta-analysis. Re-
sults showed a statistically significant difference in pain 
levels between these 2 groups [SMD 0.63 (0.23, 1.02), P 
= 0.002] (Fig. 1).

There were 3 trials (78,82,91) with 336 patients 
that compared the functionality between placebo and 
epidural steroid group in a dual-arm meta-analysis. 
Results showed no statistically significant difference in 
functionality between these 2 groups [SMD 0.44 (-0.05, 
0.94), P = 0.08] (Fig. 2).

3-Month Follow-Up
Figure 3 shows the change in pain level using VAS 

or NRS at 3 months. 
Figure 4 shows the change in functionality status 

using ODI or RMDQ at 3 months.
There were 6 trials (75,78,82,92,95,98) with 683 

patients that compared the placebo group versus the 

Fig. 1. Change in pain level using NRS or VAS at one month (placebo compared to epidural steroids).
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Fig. 2. Change in functional status at one month using ODI or RMDQ (placebo compared with steroids).

Fig. 3. Comparative evaluation of  change in pain level using NRS or VAS at 3 months of  placebo studies with sodium 
chloride versus epidural steroids.

Fig. 4. Comparative evaluation of  change in functional status using ODI or RMDQ at 3 months of  placebo studies with 
sodium chloride compared with epidural steroids.

epidural steroid group in a dual-arm meta-analysis. Re-
sults showed a border line significant difference in pain 
levels between these 2 groups. [SMD 0.29 (0.00, 0.58), 
P = 0.05] (Fig. 3).

There were 5 trials (75,78,82,92,95) with 644 patients 
that compared the placebo group  versus the steroid 
group in a dual-arm meta-analysis. Results showed no 
statistically significant difference in functionality between 
these 2 groups [SMD 0.13 (-0.09, 0.34), P = 0.25] (Fig. 4).

6-Month Follow-Up
There were not enough studies to calculate chang-

es in pain and functionality at 6 months.

Active-Controlled Trials 
There was a total of 9 active-controlled trials meeting 

the inclusion criteria (76,77,79-81,89,93,94,97). Of these, 
fluoroscopy was used in 7 trials (76,77,80,81,93,94,97). 
All active-controlled trials were analyzed for pain relief 
and functional status assessment utilizing conventional 
meta-analysis, as well as single-arm meta-analysis. The 
analysis was carried out at 3, 6, and 12 months. Analysis 
at one month was felt to be inconclusive since multiple 
studies had insufficient data. 

3-Month Follow-Up
Figure 5 shows analysis of pain relief assessed by 
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Fig. 5. Analysis of  active-controlled trials utilizing conventional meta-analysis and single-arm meta-analysis showing pain 
relief  at 3-month follow-up. A. Conventional meta-analysis. B. Single-arm meta-analysis active control group with local 
anesthetic. C. Single-arm meta-analysis steroids.
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VAS or NRS scoring and Fig. 6 shows functionality as-
sessed by disability scoring using ODI or RMDQ at 3 
months.

There were 7 trials (76,77,79-81,93,94) with 793 
patients that compared the active control group  

versus the steroid group in a dual-arm meta-analysis. 
Datta et al (79) used 3 different types of corticosteroids 
(dexamethasone-D, methylprednisolone-MP and triam-
cinolone-T) and compared these to an active control 
group. Results showed a statistically significant differ-

Fig. 6. Analysis of  active-controlled trials utilizing conventional meta-analysis and single-arm meta-analysis showing change 
in the disability index at 3-month follow-up. A. Conventional meta-analysis. B. Single-arm meta-analysis active control. C. 
Single-arm meta-analysis steroids.
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ence between these 2 groups [SMD 0.67 (0.16, 1.17), P 
= 0.010] (Fig. 5A).

Figure 5B shows results of a single-arm analy-
sis utilizing the active control group. Seven trials 
(76,77,79-81,93,94) were used to assess the pain score 
at 3 months using VAS in patients who underwent 
injections with an active control. As shown in Fig. 5B, 
the pooled mean difference of pain score from baseline 
to 3 months follow-up was a decrease of 2.112 points 
(95% CI: -2.241 to – 1.982, P < 0.001).

Figure 5C shows results of a single-arm analysis 
utilizing the steroid groups. Seven trials (76,77,79-
81,93,94) were used to assess pain score at 3 months 
using VAS in patients who underwent injections of 
steroid plus anesthetic injections. As shown in Fig. 5C, 
the pooled mean difference of pain score from baseline 
to 3 months of follow-up decreased 2.582 points (95% 
CI: -2.690 to – 2.474, P < 0.001).

There were 6 trials (76,77,80,81,93,94) with 586 
patients that compared pain scores between the active 
control and the steroid groups. In a dual-arm meta-
analysis, results showed no statistically significant dif-
ference in functionality between these 2 groups at 3 
months. [SMD 0.08 (-0.16, 0.32), P = 0.51] (Fig. 6A).

Figure 6B shows results of a single-arm analysis utiliz-
ing the active control group. Six trials (76,77,80,81,93,94) 
were used to assess functionality at 3 months using ODI 
in patients who underwent the active control (local 
anesthetic) injections. As shown in Fig. 6B, the pooled 
mean difference of functionality score from baseline to 
3 months of follow-up was a decrease of 13.109 points 
(95% CI: -13.885 to – 12.334, P < 0.001).

Figure 6C shows results of a single-arm analysis 
utilizing the steroid group. Six trials (76,77,80,81,93,94) 
were used to assess functionality at 3 months using 
ODI in patients who underwent injections of steroid 
plus anesthetic. As shown in Fig. 6C, the pooled mean 
difference of pain score from baseline to 3 months of 
follow-up was a decrease of 13.480 points (95% CI: 
-14.187 to – 12.772, P < 0.001).

6-Month Follow-Up
Figure 7 shows analysis of pain relief assessed by VAS 

or NRS scoring and Fig. 8 shows functionality assessed by 
disability scoring using ODI or RMDQ at 6 months.

There were 4 trials (76,77,80,81) with 429 patients 
that compared the active control group versus the steroid 
group in a dual-arm meta-analysis. Results showed no 
statistically significant difference between these 2 groups 
at 6 months. [SMD 0.25 (-0.18, 0.67), P = 0.25] (Fig. 7A).

Figure 7B shows results of a single-arm analysis uti-
lizing the active control group. Four trials (76,77,80,81) 
were used to assess the pain scores at 6 months using 
VAS in patients who underwent active control injec-
tions. As shown in Fig. 7B, the pooled mean difference 
of pain scores from baseline to 6 months of follow-up 
was a decrease of 4.174 points (95% CI: -4.423 to – 
3.925, P < 0.001).

Figure 7C shows results of a single-arm analysis 
utilizing the steroid group. Four studies (76,77,80,81) 
were used to assess pain scores at 6 months using 
VAS in patients who underwent injections of steroid 
plus anesthetic. As shown in Fig. 7C, the pooled mean 
difference of pain scores from baseline to 3 months 
of follow-up was a decrease of 4.368 points (95% CI: 
-4.639 to – 4.098, P < 0.001).

There were 4 trials (76,77,80,81) with 429 patients 
that compared the active control group versus the ste-
roid group in a dual-arm meta-analysis. Results showed 
no statistically significant difference in functionality 
between these 2 groups at 6 months [SMD 0.21 (-0.12, 
0.53), P = 0.21] (Fig. 8A). 

Figure 8B shows results of a single-arm analysis uti-
lizing the active control group. Four trials (76,77,80,81) 
were used to assess functionality at 6 months using ODI 
in patients who underwent active control injections. As 
shown in Fig. 8B, the pooled mean difference of func-
tionality scores from baseline to 6 months of follow-up 
was a decrease of 14.064 points (95% CI: -15.183 to – 
12.945, P < 0.001).

Figure 8C shows results of a single-arm analysis uti-
lizing the steroid group. Four trials (76,77,80,81) were 
used to assess functionality scores at 6 months using 
ODI in patients who underwent injections of steroid 
plus anesthetic. As shown in Fig. 8C, the pooled mean 
difference of functionality scores from baseline to 6 
months of follow-up was a decrease of  15.236 points 
(95% CI: -16.262 to – 14.209, P < 0.001).

12-Month Follow-Up
Figure 9 shows analysis of pain relief assessed by 

VAS or NRS scoring, and Figure 10 shows functionality 
assessed by disability scoring using ODI or RMDQ at 12 
months.

There were 4 trials (76,77,80,81) with 429 patients 
that compared the active control group versus the ste-
roid group in a dual-arm meta-analysis. Results showed 
no statistically significant difference in pain between 
these 2 groups at 12 months [SMD 0.35 (-0.15, 0.84), P 
= 0.17] (Fig. 9A).
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Fig. 7  Analysis of  active-controlled trials utilizing conventional meta-analysis and single-arm meta-analysis showing pain 
relief  at 6-month follow-up.  A. Conventional meta-analysis. B. Single-arm meta-analysis control. C. Single-arm meta-
analysis steroids.

Figure 9B shows results of a single-arm analysis uti-
lizing the active control group. Four trials (76,77,80,81) 
were used to assess pain scores at 12 months using VAS 
in patients who underwent active control injections. As 
shown in Fig. 9B, the pooled mean difference of pain 
score from baseline to 12 months of follow-up was a 
decrease of 4.150 points (95% CI: -4.398 to – 3.903, P 
< 0.001).

Figure 9C shows results of a single-arm analysis 

utilizing the steroid group. Four trials (76,77,80,81) 
were used to assess pain scores at 12 months using 
VAS in patients who underwent injections of steroid 
plus anesthetic. As shown in Fig. 9C, the pooled mean 
difference of pain score from baseline to 12 months 
of follow-up was a decrease of 4.493 points (95% CI: 
-4.732 to – 4.253, P < 0.001).

There were 4 studies (76,77,80,81) with 429 pa-
tients that compared the active control group versus 
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the steroid group in a dual-arm meta-analysis. Results 
showed no statistically significant difference in func-
tionality between these 2 groups at 12 months. [SMD 
0.19 (-0.16, 0.54), P = 0.29] (Fig. 10A).

Figure 10B shows results of a single-arm analysis uti-
lizing the active control group. Four trials (76,77,80,81) 
were used to assess pain score at 12 months using ODI 
in patients who underwent the active control (local 
anesthetic) injections. As shown in Fig. 10B, the pooled 

mean difference of functionality score from baseline to 
12 months of follow-up was a decrease of 14.336 points 
(95% CI: -15.482 to – 13.191, P < 0.001).

Figure 10C shows results of a single-arm analysis 
utilizing the steroid group. Four trials (76,77,80,81) 
were used to assess functionality scores at 12 months 
using ODI in patients who underwent injections of ste-
roid plus anesthetic. As shown in Fig. 10B, the pooled 
mean difference of functionality score from baseline to 

Fig. 8. Analysis of  active-controlled trials utilizing conventional meta-analysis and single-arm meta-analysis showing pain 
change in the disability index at 6-month follow-up. A. Conventional meta-analysis. B. Single-arm meta-analysis control. C. 
Single-arm meta-analysis steroids. 
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Fig. 9. Analysis of  active-controlled trials utilizing conventional meta-analysis and single-arm meta-analysis showing pain 
relief  at 12-month follow-up. A. Conventional meta-analysis. B. Single-arm meta-analysis control. C. Single-arm meta-
analysis steroids.

12 months of follow-up was a decrease of 15.422 points 
(95% CI: -16.481 to – 14.362, P < 0.001).

Summary of Evidence Synthesis 
For qualitative and quantitative analysis, all 25 trials 

were utilized (75-99). Based on the analysis of 16 place-

bo-controlled studies (75,78,82-88,90-92,95,96,98,99), 6 
trials (78,82,88,91,98,99) with 463 patients at one and 
3-month follow-up met the inclusion criteria. Results 
showed a statistically significant difference in pain 
levels between these 2 groups at one-month, and a 
borderline significant difference between the placebo 
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Fig. 10. Analysis of  active-controlled trials utilizing conventional meta-analysis and single-arm meta-analysis showing 
change in the disability index at 12-month follow-up. A. Conventional meta-analysis. B. Single-arm meta-analysis control 
with local anesthetic alone. C. Single-arm meta-analysis steroids.

and the treatment group at 3 months. However, no sig-
nificant difference in function was identified between 
these 2 groups at one-month or 3 months. 

Active-controlled trials comprising 793 patients 
were evaluated, with 7 of 9 trials performed under 
fluoroscopic guidance (76,77,80,81,93,94,97). At the 
3-month follow-up, a significant difference between 

the local anesthetic group and the steroid group was 
found. The results were in favor of the steroid group. 
Single-arm meta-analysis showed the effectiveness 
of local anesthetic alone or a combination of local 
anesthetic and steroids. Functional status assessment 
showed no significant difference between local an-
esthetic alone versus steroids, but single-arm analysis 
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showed significant improvement from baseline to the 
3-month follow-up. At the 6-month follow-up utiliz-
ing conventional meta-analysis of 4 trials (76,77,80,81) 
with 429 patients there was no significant difference 
using local anesthetic alone versus local anesthetic 
plus steroids, whereas the single-arm analysis showed 
significant improvement with either local anesthetic 
alone or local anesthetic plus steroids. Functional 
status assessment with conventional analysis showed 
no significant difference using local anesthetic alone 
versus local anesthetic plus steroids. However, there 
was significant improvement from baseline to 6-month 
follow-up in both local anesthetic and local anesthetic 
plus steroid groups. The results of a 12-month follow-
up showed no significant difference between the lo-
cal anesthetic group versus the local anesthetic plus 
steroids group. Single-arm analysis showed significant 
improvement from baseline to 12-month follow-up in 
both local anesthetic and local anesthetic plus steroid 
groups. Functional status assessment showed lack of 
significant difference between groups with dual-arm 
analysis, but a significant improvement with single-arm 
analysis from baseline to 12-month follow-up. 

The evidence is Level I, or strong evidence, for 
epidural injections producing pain relief at one-month 
based on placebo-controlled trials. However, there was 
no significant difference in functional status. There 
was Level II, or moderate evidence, of pain relief at the 
3-month follow-up with borderline significant differ-
ence using dual-arm analysis, and significant improve-
ment compared to baseline with single-arm analysis. At 
6 months and 12 months, there was no data available 
for placebo-controlled trials. Based on active controlled 
trials, there was Level I to II evidence of epidural injec-
tions with local anesthetic alone or local anesthetic plus 
steroids. The combined evidence based on placebo con-
trolled and active controlled trials is Level I, or strong 
evidence, for pain relief and functional improvement at 
one and 3 months, and Level II, or moderate evidence, 
at 6 and 12 months. 

Potential Systematic Bias
Potential systematic bias was evaluated using the 

selection criteria, interpretation, and estimation of 
effect. 

Bias in Inclusion and Exclusion Criteria
Cochrane review was associated with significant 

bias in both inclusion and exclusion criteria, because 
it did not take into consideration common standards 

of practice such as fluoroscopic image guidance as the 
standard of care and selection criteria for chronic spinal 
pain. In addition, Oliveira et al (27,28) excluded 8 trials 
(100,101,103,104,109-111,115), whereas the same trials 
were included by Chou et al in the AHRQ review (32). 
Many of the included studies had a lack of significant 
data beyond 3 months. In a comparative systematic 
review and meta-analysis of the trials from Cochrane 
review, Manchikanti et al (29) utilized a total of 21 
image-guided RCTs with at least 6 months of follow-
up. However, only 6 of the 25 trials from the Cochrane 
review met the same inclusion criteria. 

Bias in Selecting Studies
Oliveira et al (27,28) have shown significant bias 

in their study selection by excluding many relevant 
studies, even though some of them were performed 
under fluoroscopic guidance and met all other types of 
criteria.

Bias in Allocating the Type of Studies
Oliveira et al (27,28) have also shown substantial 

bias in allocating studies into placebo controlled and 
active-controlled trials as has been extensively discussed 
in this and other manuscripts. 

Bias in Interpreting the Results of the Selective 
Studies

The authors have shown significant bias based on 
personal preferences and misallocation of active-con-
trolled trials to placebo controlled, misinterpretation 
of the true meaning of placebo, misinterpretation of 
methodologic strength, which produced misinterpreta-
tion of the results.

Wrong Estimation of Effect
The combination of the above factors has led to 

a wrong estimation of effect. This misinterpretation is 
clearly demonstrated in this manuscript showing Level 
I, or strong evidence, with one of the 2 RCTs (78,99) 
and 9 active-controlled trials based on single conven-
tional meta-analysis showing no significant difference 
between placebo versus steroids or local anesthetic 
alone versus local anesthetic with steroids. However, 
significant difference were demonstrated with single-
arm analysis; both local anesthetic alone and local 
anesthetic with steroids showed effectiveness.

Discussion

Our comparative systematic review and meta-
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analysis utilizing the same studies used in the Cochrane 
review by Oliveira et al yielded different results. Based 
on qualitative and quantitative evidence, separat-
ing placebo controlled trials from active control trials 
and those utilizing fluoroscopy performed in an ap-
propriate setting as pragmatic trials, the evidence for 
epidural injections with local anesthetic and steroids 
at one-month follow-up is Level I, or strong evidence, 
for pain relief, but with no difference for functional 
status. At the 3-month follow-up, the evidence was 
Level I, or strong evidence, based on a significant dif-
ference in favor of steroids in the placebo-controlled 
trials and active controlled trials with conventional 
meta-analysis. There was a significant difference from 
baseline to follow-up period utilizing local anesthetic 
alone or local anesthetic with steroids, both showing 
improvement in pain as well as functional status with 
single-arm meta-analysis.

There was no data available at 6-month follow-up 
for the placebo-controlled trials. However, based on 
active controlled trials the evidence was Level II, or 
moderate evidence, for improvement in pain and func-
tionality compared to baseline parameters utilizing a 
single-arm analysis.

These results contradict the results of the Co-
chrane review by Oliveira et al (27,28). In the Co-
chrane review they inappropriately converted active-
controlled trials into placebo-controlled trials. Our 
results are in agreement with other systematic reviews 
(29,31,34,41,43,50-53,57-61). 

The skepticism of the effectiveness of epidural in-
jections and their clinical applications dates back to the 
initial systematic reviews. The debate continues long 
after the introduction of epidural injections for chronic 
low back pain. Kepes and Duncalf (54) in a 1985 review 
article questioned the scientific validity of epidural 
steroid injections. One year later Benzon (55) reviewed 
the same literature but produced a report with a more 
optimistic view in favor of epidural injections. Two sys-
tematic reviews published simultaneously 10 years later 
(46,47) also provided conflicting conclusions.

Of the 25 trials utilized in the Cochrane review by 
Oliveira et al, 16 were placebo-controlled trials and 9 
were active controlled trials. Of the included studies, 
only 9 were performed with fluoroscopic guidance, 
including one caudal epidural trial (76), 2 lumbar in-
terlaminar epidural trials (77,81), and 6 transforaminal 
epidural trials (78,80,93,94,97,99). Consequently, the 
pragmatic nature of the review was low and of limited 
clinical applicability. The timeline of publications for 

the Cochrane review Oliveira et al was curious in that 
only 8 trials (76,77,79-82,95,97) were published from 
2011 to 2020, 2 trials utilized a blind technique without 
imaging (79,82) and one utilized ultrasound guidance 
(95). Among the trials included in the Cochrane review, 
2 were published prior to 1980 (83,84) and 5 were pub-
lished from 1981 to 1990 (85-87,96,98).One could argue 
that much of the literature is outdated. There were also 
significant conflicts among their selections compared 
to Pinto et al (34), and Chou et al (32). The trials meet-
ing the inclusion criteria for qualitative analysis were 
highly variable. At one-month follow-up, there were 
6 studies (78,82,88,91,98,99) from the 16 trials with 
463 patients that compared the placebo group to the 
caudal epidural group. These studies met the criteria 
for inclusion in a conventional dual-arm meta-analysis. 
However, only 3 studies (78,82,91) of the 16 trials with 
336 patients had data for inclusion in the evaluation 
of functional assessment. At the 3-month follow-up, 
only 6 of the 16 trials placebo-controlled with 683 pa-
tients met the inclusion criteria for pain relief, and 5 
of 16 placebo-controlled trials with 644 patients met 
the inclusion criteria for functional status assessment. 
Qualitative analysis, of these 16 trials was performed, 
with 5 (86,87,90,92,98) of these trials showing ef-
fectiveness of epidural steroid injections compared to 
placebo. Thus, the evidence was limited when based on 
placebo-controlled trials. However, with active control 
trials a different picture emerged. There were 9 ac-
tive controlled trials, 7 of which utilized fluoroscopic 
guidance. At the 3-month follow-up 7 of these 9 trials 
with 793 patients met inclusion criteria comparing local 
anesthetic with the steroid group or to another steroid 
using dual-arm analysis. There was a significant differ-
ence between these 2 groups with steroids providing 
favorable results. However, with single-arm analysis the 
outcome was changed. Seven trials met the inclusion 
criteria comparing local anesthetic alone or local an-
esthetic with steroids. Both pain scores and functional 
status evaluation demonstrated improved results. At 6 
months only 4 trials with 429 patients met inclusion cri-
teria. Using conventional meta-analysis, there were no 
significant differences in pain or ODI scores between 
the groups. However, significant improvements in pain 
and ODI scores were obtained using single-arm analysis 
with baseline parameters compared to 3 months. 

Lee et al (57) showed that the addition of steroids 
to local anesthetic or saline provided greater effective-
ness compared to an injection of local anesthetic or 
saline without steroids. However, a recent systematic 
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review by Manchikanti et al (29) with the inclusion of 
21 trials (76-78,80,81,94,100-115) used in the Cochrane 
review by Oliveira et al showed Level I, or strong evi-
dence, for local anesthetic with steroids and Level I to 
II, or moderate to strong evidence, for local anesthetic 
alone based on multiple relevant high quality RCTs. 
Knezevic et al (53) in a systematic review and meta-
analysis, including dual-arm and single-arm analysis, 
with inclusion of 15 manuscripts, showed Level II, or 
moderate evidence for similar improvements in both 
short-and long-term relief of pain and improvement in 
function with the epidural administration of lidocaine 
alone or with steroids. Mesregah et al (60) also evalu-
ated cervical interlaminar epidural injections with or 
without local anesthetic with the conclusion that the 
addition of steroids to lidocaine was not associated 
with better pain and functional score outcomes com-
pared to local anesthetic alone. Zhao et al (51) con-
firmed that the effectiveness of local anesthetic alone 
or with steroids was similar. Manchikanti et al (52) also 
showed epidural bupivacaine with or without steroids 
administered for low back and lower extremity pain is 
an active agent rather than a placebo with Level I, or 
strong evidence.

Manchikanti et al (43) also evaluated the role of 
sodium chloride solution as a true placebo, or an active 
control agent, utilizing conventional and single-arm 
analysis. They concluded that epidural saline and epi-
dural saline with steroids showed effects beyond a true 
placebo, with strong evidence that neither epidural sa-
line nor epidural saline with steroids are true placebos. 
Both are effective. 

The present assessment revealed some startling 
facts that only one of the 6 studies of the caudal epi-
dural and 2 of the 13 studies of interlaminar epidural 
included in this analysis were performed under fluoro-
scopic guidance, which is the standard of care based 
on LCDs and medical policies. Of these 3 studies, 2 of 
them were performed by the same group of authors 
(76,77) and another study (81) was performed utilizing 
the same methodology as the other 2 studies (76,77). 
In addition, these are active-controlled trials and there 
were no placebo-controlled trials performed under 
fluoroscopic guidance. Until after 2000, there were no 
fluoroscopic guided studies. From 2001 to 2010, only 
the fluoroscopic studies were related to transforaminal. 
Even from 2011 to 2020, there continue to be 2 of the 8 
studies were performed without imaging. Further, only 
3 studies performed under fluoroscopic guidance with 
one caudal and 2 interlaminar were active-controlled 

trials as described above. The evidence also showed 
significant discrepancy in assessment patterns utiliz-
ing different instruments with widely used Cochrane 
review and a specific instrument developed for inter-
ventional techniques, IPM-QRB. There was agreement 
between Cochrane review scoring and IPM-QRB scoring 
in 11 of 25 trials and IPM-QRB scoring was shown at 
a lower grading than Cochrane review criteria in 14 
trials. Interestingly enough, there was lack of clinical 
relevance and pragmatism in 16 of the 25 trials. Grade 
assessment also correlated with pragmatism to a sig-
nificant extent studied with clinical relevance and prag-
matism showing medium to high GRADE for clinically 
relevant studies and majority of the studies which were 
not relevant showed low to medium GRADE. Further, 
this assessment also showed that there was potential 
systematic bias with inclusion and exclusion criteria, in 
selection of the studies, allocation of the type of stud-
ies, in the results of the selective studies, and, finally, 
wrong estimation of effect.

The issues described herein highlight difficulties 
in performing systematic reviews. Further, they also 
reveal issues related to the primary studies. 

Multiple guidelines and systematic reviews pub-
lished in recent years have shown often incomplete 
information (27,28,120-124). These issues range from 
misinformation on contacting the authors (120), inclu-
sion of all interventional pain management societies 
(121,122), and multiple issues related to evidence syn-
thesis. In fact, Cohen, one of the authors of the manu-
script by Oliveira et al (27,28) has written extensively 
in favor of epidural steroid injections while Oliveira 
et al shows lack of evidence (125,126). The practice 
guidelines published by the American College of Oc-
cupational and Environmental Medicine (ACOEM) (123) 
basically lack effectiveness of almost all interventional 
techniques. These guidelines elicited a strong response 
from the Spine Interventional Society (SIS), formerly 
known as International Spine Intervention Society (ISIS) 
(127). They described in their letter that the society has 
more than 3,000 physicians dedicated to the develop-
ment and promotion of the highest standards for the 
practice of interventional pain procedures and the pub-
lished literature from their society members represents 
the seminal references upon which interventions are 
developed. Further, they also emphasized that the or-
ganization has a strong record of working to eliminate 
fraudulent, unproven, and inappropriate procedures. 
However, there was no evidence or references provided 
to these assertions. They justifiably described various 
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issues related to the development of the guidelines. 
They received a professional reply from the panel (128) 
explaining the methodology and conclusions. SIS mem-
bers continued to criticize the guidelines quoting the 
seminal manuscripts, which included Ghahreman et al 
(99), ISIS practice guidelines (129), along with multiple 
articles published by their membership. To the letter 
by Sayeed et al (130), Carragee et al (131) responded 
on behalf of the panel, which shed light on multiple 
issues, including the previous ISIS practice guidelines 
(129), lack of peer review, and nonavailability. They 
specifically criticized Ghahreman et al’s publication 
results showing positive results only in 54% of the 
patients receiving transforaminal steroids. Further, it is 
also important to note that in this study, while transfo-
raminal injection of local anesthetic was effective only 
in 7%, transforaminal injection of saline was effective 
in 19% and intramuscular saline was effective in 13%, 
providing a paradoxical response with no placebo ef-
fect noted with local anesthetic. This is a concerning 
factor. Similar to the above criticism, Oliveira et al 
(27,28) utilized a study by Cohen et al (97) assessing 
the transforaminal etanercept in subacute sciatica at 
one month follow up with 2 injections in a small num-
ber of patients. Their limitations included, as per the 
authors, short-term follow-up, small sample size, and 
a possibly subtherapeutic dose of etanercept. Above 
all, etanercept is not available in the United States. It 
is contraindicated to use any type of spinal injections. 
Thus, the guidelines developed on such evidence elicit 
numerous questions about a multitude of organiza-
tions, including the pain management organizations 
with their existent bias, practice variations, and, finally, 
academic superiority.  

Conclusion

A comparative systematic review and meta-analysis 
of the Cochrane review (29) utilizing the same studies 
as the Oliveira et al reviews (27,28), but with appropri-
ate criteria separating placebo-controlled trials from 
active-controlled trials, yielded different results. Our 
review, based on the evidence derived from placebo-
controlled trials and active controlled trials, showed 
that the evidence is Level I, or strong evidence at one 
and 3 months and Level II, or moderate evidence, at 6 
and 12 months. Our review once again emphasizes the 
importance of the allocation of studies to placebo-con-
trol and active-control groups, using standards of care 
where only those studies performed under fluoroscopic 
guidance are included. 
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Manchikanti et al, 2012 (76) X

Datta & Upadhyay, 2011 (79) X

Mathews et al, 1987 (86) X

Bush & Hillier, 1991 (88) X

Iversen et al, 2011 (95) X

Nandi & Chowdhery, 2017 (82) X

INTERLAMINAR 

Manchikanti et al, 2014 (77) X

Ghai et al, 2015 (81) X

Dilke et al, 1973 (83) X

Snoek et al, 1977 (84) X

Klenerman et al, 1984 (85) X

Ridley et al, 1988 (87) X

Rogers et al, 1992 (89) X

Kraemer et al, 1997 (90) X  

Valat et al, 2003 (91) X

Arden et al, 2005 (92) X

Cuckler et al, 1985 (96) X

Carette et al, 1997 (75) X

Helliwell et al, 1985 (98) X

TRANSFORAMINAL

Ghahreman et al, 2010 (99) X

Karppinen et al, 2001 (78) X

Manchikanti et al, 2014 (80) X

Tafazal et al, 2009 (94) X

Ng et al, 2005 (93) X

Cohen et al, 2012 (97) X

Appendix Table 1. Imaging guidance for epidural steroid manuscripts included in 
Cochrane review.

Before 1980 = 2 IMAGING

Dilke et al (83), 1973 Blind

Snoek et al (84), 1977 Blind

1981-1990 = 5

Klenerman et al (85), 1984 Blind

Cuckler et al (96), 1985 Blind

Helliwell et al (98), 1985 Blind

Mathews et al (86), 1987 Blind

Ridley et al (87), 1988 Blind

1991-2000 = 4

Bush & Hillier (88), 1991 Blind

Rogers et al (89), 1992 Blind

Kraemer et al (90), 1997 Blind

Carette et al (75), 1997 Blind

2001-2010 = 6

Karppinen et al (78), 2001 Fluoroscopy

Valat et al (91), 2003 Blind

Arden et al (92), 2005 Blind

Ng et al (93), 2005 Fluoroscopy

Tafazal et al (94), 2009 Fluoroscopy

Ghahreman et al (99), 
2010 Fluoroscopy

2011 -2020 = 8

Datta & Upadhyay (79), 
2011 Blind

Iversen et al (95), 2011 Ultrasound

Manchikanti et al (76), 
2012 Fluoroscopy

Cohen et al (97), 2012 Fluoroscopy

Manchikanti et al (80), 
2014 Fluoroscopy

Manchikanti et al (77), 
2014 Fluoroscopy

Ghai et al (81), 2015 Fluoroscopy

Nandi & Chowdhery (82), 
2017 Blind

Appendix Table 2. Timeline of  
publication of  randomized controlled 
trials included in Cochrane review 
manuscript of  epidural steroids.



Trial Manchikanti et al (29) Oliveira (27,28) Pinto et al (33) Chou et al (32)

Manchikanti et al, 2012 (76) X X X

Manchikanti et al, 2011 (117) X

Ackerman & Ahmad, 2007 (104) X X

Dashfield et al, 2005 (105) X

Murakibhavi & Khemka, 2011 (102) X

Kamble et al, 2016 (106) X

Pandey, 2016 (107) X

Singh et al, 2017 (108) X

Manchikanti et al, 2014 (77) X X X

Manchikanti et al, 2010 (118) X

Ghai et al, 2015 (81) X X X

Ökmen & Ökmen 2017 (103) X

Rados et al, 2011 (109) X X

Ghai et al, 2014 (110) X X

Candido et al, 2013 (111) X X

Amr, 2011 (112) X

Karppinen et al, 2001 (78) X X X X

Manchikanti et al, 2014 (80) X X X

Riew et al, 2000 & 2006 (100,101) X X X

Tafazal et al, 2009 (94) X X X X

Vad et al, 2002 (113) X X

Jeong et al, 2007 (114) X

Kennedy et al, 2014 (115) X X

Datta & Upadhyay, 2011 (79) X X

Dilke et al, 1973 (83) X X X

Snoek et al, 1977 (84) X X X

Klenerman et al, 1984 (85) X X X

Mathews et al, 1987 (86) X X X

Ridley et al, 1988 (87) X X X

Bush & Hillier, 1991 (88) X X X

Rogers et al, 1992 (89) X X X

Kraemer et al, 1997 (90) X X X

Valat et al, 2003 (91) X X X

Arden et al, 2005 (92) X X X

Price et al, 2005 (116)  X X

Ng et al, 2005 (93) X X X

Iversen et al, 2011 (95) X X X

Cuckler et al, 1985 (96) X X X

Carette et al, 1997 (75) X X X

Cohen et al, 2012 (97) X X X

Helliwell et al, 1985 (98) X X X

Ghahreman et al, 2010 (99) X X X

Nandi & Chowdhery, 2017 (82) X

Swerdlow & Sayle-Creer, 1970 (119) X

Appendix Table 3. Listing of  the trials included in 4 systematic reviews.



Manchikanti 
et al (76)

Manchikanti 
et al (77)

Ghai et 
al (81) 

Karppinen 
et al (78)

Manchikanti 
et al (80)

Tafazal 
et al (94)

Datta & 
Upadhyay 

(79)

Dilke et 
al (83)

Randomization 
adequate Y Y Y Y Y Y U N

Concealed treatment 
allocation Y Y Y Y Y Y U N

Patient blinded Y Y Y Y Y Y U Y

Care provider blinded Y Y N Y Y Y U N

Outcome assessor 
blinded N N N Y N N U Y

Drop-out rate described Y Y N Y Y Y N Y

All randomized 
participants analyzed in 
the group

Y Y Y Y Y N Y Y

Reports of the study 
free of suggestion of 
selective outcome 
reporting

Y Y Y Y Y Y U Y

Groups similar at 
baseline regarding most 
important prognostic 
indicators

Y N Y Y N Y Y N

Co-interventions 
avoided or similar Y Y Y Y Y Y Y Y

Compliance acceptable 
in all group Y Y Y Y Y Y Y Y

Time of outcome 
assessment in all groups 
similar

Y Y Y Y Y Y Y Y

Are other sources of 
potential bias not likely Y Y Y Y Y Y Y Y

Score 12/13 11/13 10/13 13/13 11/13 11/13 6/13 9/13

Appendix Table 4. Methodological quality assessment of  randomized trials of  epidural injections in lumbar radiculopathy or sciatica 
utilizing Cochrane review criteria.

Y = Yes; N = No; U = Unclear



Snoek et al 
(84)

Klenerman 
et al (85)

Mathews 
et al (86)

Ridley 
et al 
(87)

Bush & 
Hillier 
(88)

Rogers 
et al 
(89)

Kraemer 
et al (90)

Valat 
et al 
(91)

Randomization adequate Y Y Y Y Y Y U Y

Concealed treatment allocation U Y Y Y Y Y U Y

Patient blinded Y Y U Y Y Y Y Y

Care provider blinded N N N N N N N N

Outcome assessor blinded U Y N U Y Y U Y

Drop-out rate described Y Y Y N Y Y N Y

All randomized participants 
analyzed in the group Y Y Y N Y Y Y Y

Reports of the study free of 
suggestion of selective outcome 
reporting

Y Y Y Y Y Y N Y

Groups similar at baseline regarding 
most important prognostic 
indicators

Y Y Y Y N Y Y Y

Co-interventions avoided or similar U Y Y Y Y Y Y Y

Compliance acceptable in all group Y Y Y Y Y Y Y Y

Time of outcome assessment in all 
groups similar Y Y Y Y Y Y Y Y

Are other sources of potential bias 
not likely Y Y Y Y Y Y N Y

Score 9/13 12/13 10/13 9/13 11/13 12/13 6/13 12/13

Y = Yes; N = No; U = Unclear

Appendix Table 4 (continued). Methodological quality assessment of  randomized trials of  epidural injections in lumbar 
radiculopathy or sciatica utilizing Cochrane review criteria.

Arden et 
al (92)

Ng et 
al (93)

Iversen 
et al 
(95)

Cuckler 
et al 
(96)

Carette 
et al 
(75)

Cohen 
et al 
(97)

Helliwell 
et al (98)

Randomization adequate Y Y Y Y Y Y Y

Concealed treatment allocation Y Y Y Y Y Y Y

Patient blinded Y Y U Y Y Y Y

Care provider blinded N N U U N Y N

Outcome assessor blinded Y Y U U Y Y Y

Drop-out rate described Y Y N U Y Y Y

All randomized participants analyzed in the group N Y N Y Y Y Y

Reports of the study free of suggestion of selective outcome 
reporting Y Y N Y Y Y Y

Groups similar at baseline regarding most important 
prognostic indicators Y Y N Y Y Y Y

Co-interventions avoided or similar Y Y N Y Y Y Y

Compliance acceptable in all group N Y Y Y Y Y Y

Time of outcome assessment in all groups similar Y Y Y Y Y Y Y

Are other sources of potential bias not likely Y Y Y Y Y Y Y

Score 10/13 12/13 5/13 10/13 12/13 13/13 12/13

Appendix Table 4 (continued). Methodological quality assessment of  randomized trials of  epidural injections in lumbar 
radiculopathy or sciatica utilizing Cochrane review criteria.

Y = Yes; N = No; U = Unclear



Ghahreman 
et al (99)

Nandi & 
Chowdhery 

(82)

Randomization adequate Y Y

Concealed treatment allocation Y Y

Patient blinded Y Y

Care provider blinded Y N

Outcome assessor blinded Y Y

Drop-out rate described Y Y

All randomized participants analyzed 
in the group Y Y

Reports of the study free of 
suggestion of selective outcome 
reporting

Y Y

Groups similar at baseline regarding 
most important prognostic indicators N Y

Co-interventions avoided or similar Y Y

Compliance acceptable in all group Y Y

Time of outcome assessment in all 
groups similar Y Y

Are other sources of potential bias 
not likely Y Y

Score 12/13 12/13

Appendix Table 4 (continued). Methodological quality 
assessment of  randomized trials of  epidural injections in lumbar 
radiculopathy or sciatica utilizing Cochrane review criteria.
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