
Background: The Best Practices in Pain Management from the U.S. Department of Health and 
Human Services (HHS) describes interventional techniques as part of a continuum. Epidural injections are 
commonly utilized modalities in managing low back and lower extremity pain. Epidural injections were 
initially administered in 1901 where the first descriptions of caudal epidural with local anesthetic for low 
back pain appeared. Since then, multiple developments have occurred. Currently, epidural injections are 
provided by caudal, interlaminar, and transforaminal approaches. The comparative effectiveness of each 
modality has been studied. However, comparative assessment has been sparse. 

Objectives: To assess the efficacy of 3 routes of administration of epidural injections for lumbar disc 
herniation. 

Study Design: A systematic review and meta-analysis of randomized controlled trials (RCTs) of 
transforaminal, interlaminar and caudal epidural injections in managing chronic low back and lower 
extremity pain due to lumbar disc herniation. 

Methods: RCTs with a placebo control or an active control design, performed under fluoroscopic 
guidance, with at least 6 months of follow-up are included. The outcome measures were pain relief 
and functional status improvement. Significant improvement was defined as 50% or greater pain relief 
and functional status improvement. 

Data extraction and methodological quality assessment were performed. Evidence was summarized 
utilizing principles of best evidence synthesis. 

Results: A total of 21 trials were included. Of these, 7 studied caudal epidural injections, whereas 
transforaminal epidural injections were studied in 12 trials, and lumbar interlaminar epidural injections 
were studied in 10 trials, which all met inclusion criteria. Based on qualitative and quantitative analysis, 
which included conventional dual-arm and single-arm analysis for interlaminar epidural injections, and 
single-arm analysis for caudal and transforaminal epidural injections, and the approach to the epidural 
space, there is Level I evidence for local anesthetic and steroids, Level II for local anesthetic alone for 
transforaminal and interlaminar approaches, and Level II for the caudal approach with steroids or local 
anesthetic alone for short- and long-term relief. 

Limitations: There is a paucity of literature with intermediate or long-term relief of at least 6 months 
with appropriate outcome parameters. Conventional dual-arm meta-analysis was feasible only for 
interlaminar epidural injections.

Conclusion: Epidural injections with local anesthetic and steroids showed Level I evidence for 
transforaminal and interlaminar approaches, whereas with local anesthetic alone Level II evidence was 
demonstrated. In contrast, caudal epidural injections showed Level II evidence with local anesthetic with 
steroids or local anesthetic alone. 
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TThe clinical use of epidural injections in managing 
low back and lower extremity pain have been 
published in multiple randomized controlled 

trials (RCTs), systematic reviews, and evidence-based 
guidelines (1-13). Multiple studies have also been 
published with utilization patterns, expenditures, and 
cost utility analysis (14-19). Recent analysis of utilization 
patterns has revealed a decline in utilization, as well 
as expenditures of epidural injections in managing 
chronic spinal pain from 2009 to 2018 (13). 

Epidural injections have been used since 1901 fol-
lowing the description by Sicard (20), Cathelin (21), 
and Pasquier and Leri (22). It is also important to note 
that Sicard (20,23,24) utilized local anesthetic only in 
caudal epidural injections and reported several weeks 
of improvement. Thus, during the first 50 years, treat-
ments were limited to local anesthetic alone (6,9-11,25-
27), until the reports by Robecchi and Capra (28) and 
Lievre et al (29) of administration of steroids through 
the sacral nerve root in the early 1950s were published. 
Epidural injections have been performed with the cau-
dal, interlaminar or transforaminal approach. Over the 
years, caudal and interlaminar epidural injections have 
been performed more frequently than transforaminal 
epidural injections; however, there has been a revers-
ing trend in recent years with a reduction in caudal and 
interlaminar epidural injections and increasing utiliza-
tion of transforaminal epidural injections (1,14-16). 
Local anesthetics and corticosteroids have been com-
monly utilized in performing epidural injections for 
radiculopathy secondary to disc herniation. The ratio-
nale for neuraxial steroid use is primarily based on the 
benefits of neural blockades, which include pain relief 
that outlasts the effect based pharmacologic activity 
by hours, days, and sometimes weeks. Neural blockade 
effectiveness is based on the postulation that it alters 
or interrupts nociceptive input, reflex mechanisms of 
the afferent limb, self-sustaining activity of the neuro-
nal pools in the neuroaxis, and the pattern of central 
neuronal activities (1,10,25,30,31). Thus, the focus of 
therapeutic activity of local anesthetics and steroids are 
based on the above hypothesis. 

Several manuscripts as described above have evalu-
ated the role of epidural injections and provided discor-
dant conclusions. Further, studies have also compared 
various routes of administration, along with placebo 
control, local anesthetic alone or local anesthetic with 
steroids. Among the studies comparing the 3 modali-
ties, Lee et al (7) compared the clinical efficacy between 
transforaminal and interlaminar epidural injections, as 

well as the clinical efficacy of transforaminal and caudal 
epidural steroid injections (8). Lee et al (7) included 27 
studies to compare the benefits of transforaminal ver-
sus interlaminar epidural injections despite low-grade 
evidence. Due to the inconsistency and imprecision of 
the included studies, the authors reported more favor-
able, though not significant, outcomes for the trans-
foraminal epidural for short-term of 2 weeks to one 
month and long-term of 4 to 6 months pain reduction, 
along with functional status improvement. Lee et al (8) 
also compared the effectiveness of transforaminal and 
caudal epidural injections with the inclusion of 6 stud-
ies and showed that 4 articles supported the superiority 
of a transforaminal epidural injection to a caudal epi-
dural injection. Manchikanti et al (9) in a comparative 
systematic review and meta-analysis assessing epidural 
injections for lumbar radiculopathy and spinal stenosis, 
in response to a publication by Chou et al (12) showed 
similar effectiveness of the 3 approaches. Recently, 
Manchikanti et al (32) also assessed the available lit-
erature of fluoroscopic epidural injections performed 
with a minimum of 6-month follow-up showing Level 
I evidence for local anesthetic with steroids and Level 
II evidence for local anesthetic alone in disc herniation. 
Wei et al (33) compared transforaminal with interlami-
nar epidural steroid injections with the inclusion of 9 
RCTs and 4 observational studies with a total of 931 
patients, reaching the conclusion that transforaminal 
epidural steroid injection provided superior short-term 
pain relief. 

The present systematic review with meta-analysis 
was undertaken to assess the efficacy or lack thereof of 
epidural injections with saline, local anesthetic alone, 
or local anesthetic with steroids, with critical evalua-
tion and comparison of the 3 approaches. 

Methods

The methodology utilized in this systematic re-
view and meta-analysis included the utilization of 
the Institute of Medicine (IOM) standards for system-
atic reviews and comparative effectiveness research 
(CER) (1,32,34) and other publications relevant to 
systematic reviews. This systematic review is an ex-
tension of a systematic review of epidural injections 
with a comparative analysis of a Cochrane review 
(32) to further assess effectiveness with individual 
administration utilizing caudal, interlaminar and 
transforaminal approaches. There was no external 
funding in preparation of this manuscript and there 
are no undisclosed conflicts.
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Date Sources and Searches 
The literature search was performed through Janu-

ary 2021, in addition to the inclusion of all studies that 
were utilized in epidural guidelines (1) and a recent 
systematic review (32).

Study Selection
Predefined inclusion criteria included fluoroscopic 

guidance and reporting of at least 6 months of out-
comes with RCTs with placebo – or active-controlled 
design. The present investigation included epidural in-
jections with sodium chloride solution, local anesthetic, 
or steroids administered through caudal, interlaminar, 
or transforaminal approaches. Predefined outcomes 
were measurement of pain and function with descrip-
tion of composite outcomes with significant pain and 
functional status improvement of 50% or more. 

Data Extraction and Methodologic Quality 
Assessment 

Data extraction and quality assessment were adapt-
ed from a recent systematic review (32). Methodologic 
quality assessment was performed in our systematic 
review (32) and was adapted utilizing Cochrane review 
criteria (35) and Interventional Pain Management tech-
niques - Quality Appraisal of Reliability and Risk of Bias 
Assessment (IPM-QRB) criteria (36).

Data Synthesis and Analysis
Data were synthesized utilizing qualitative and 

quantitative measurements. Evidence was assessed 
based on best evidence synthesis for qualitative analy-
sis as shown in Table 1 (37). 

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

Manager (RevMan) [Computer program] version 5.4, 
The Cochrane Collaboration, 2020 was used. For pain 

and functionality improvement data, the studies were 
reported as the standardized mean differences (SMD) 
with 95% confidence intervals (CI). Data were plotted 
using forest 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% confidence intervals. Data 
were plotted using forest plots to evaluate treatment 
effects. Heterogeneity was interpreted through I2 
statistics.

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 (32,34). 

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 to the fact, adapting to the 
clinically relevant outcome measures defined as signifi-
cant improvement with at least 50% improvement in 
pain and functional status (32,34). There is also ample 
literature documenting the necessity to use, when com-
paring two groups in an active control trial, changes 
from baseline to follow up, instead of absolute changes 
between groups (1,32,34).

In the present investigation, we have adapted and 
used either 50% relief from the baseline pain score or 
a change of at least 3 points on an 11-point pain scale 

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

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

Modified from: Manchikanti L, et al. A modified approach to grading of evidence. Pain Physician 2014; 17:E319-E325 (37).
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(32,34). A ≥ 30% decrease of disability scores was con-
sidered clinically significant.

Results

Figure 1 shows the literature search and selection 
of the manuscripts for inclusion (32). After full text re-
view and exclusion of duplicates, we identified 21 trials 
(38-59) meeting inclusion criteria. Of these, a total of 
7 studies assessed caudal epidural injections (38,39,48-
52), 10 studies assessed interlaminar epidural injections 
(40-42,48,50,51,53-56), and 12 studies assessed transfo-
raminal epidural injections (43-48,50,51,53,54,57-59). 

The literature search showed a total of 21 trials 
met inclusion criteria (38-59). Among these, 7 studied 
the caudal approach, 10 studied the interlaminar ap-
proach, and 12 studied the transforaminal approach. 

Among the 21 included manuscripts, one was a 
placebo-controlled trial (43), another trial compared 
epidural steroid injection with conservative manage-
ment (39), 7 trials (38,40-42,44,45,47) were comparisons 
of local anesthetic with steroids, one trial (59) was a 
comparison of types of steroids, 6 trials (48,50-54) were 
comparisons of techniques, 3 trials (48,50,51) compared 
all 3 modes of administration, and 3 trials compared 2 

modes of administration 
(52-54). 

Methodological 
Quality Assessment 

Appendix Tables 1 
and 2 (32) show the scor-
ing for methodological 
quality assessment of all 
RCTs utilizing Cochrane 
review criteria (35) and 
IPM-QRB criteria (36). 

This assessment shows 
the importance of interven-
tional pain management-
specific scoring utilizing 
IPM-QRB criteria, which has 
shown assessment results 
that are different from 
Cochrane review derived 
data. There was agreement 
between Cochrane review 
scoring and IPM-QRB 
scoring in 19 of 21 trials. 
The IPM-QRB scoring was 
shown at a lower grading 
than Cochrane review crite-
ria in 2 trials (58,59).

Effectiveness of 
Epidural Injections 

Descriptive character-
istics of included studies of 
transforaminal, interlami-
nar, and caudal injections 
are shown in Appendix 
Tables 3 to 5, as adapted 
from our analysis (32). 

Fig. 1. Flow diagram illustrating published literature evaluating epidural injection therapy in 
managing disc herniation, radiculopathy, or sciatica (32). 
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Of the studies included in this assessment, there 
was one placebo-controlled trial (43), and one study 
with compared conservative management (39), 7 
studies compared local anesthetic alone with local 
anesthetic and steroids (38,40-42,44,45,47). Appendix 
Table 6 shows comparison of technical aspects or dose 
responses. 

Evidence Synthesis 
Evidence synthesis was performed by qualitative 

and quantitative analysis. 

Qualitative Synthesis
Qualitative synthesis of evidence included all 21 

studies with only (38-59) one placebo-controlled trial 
and a second RCT compared with conservative manage-
ment (39,43). All other studies were active-controlled 
trials. Analysis was performed for individual approach-
es for caudal, interlaminar, and transforaminal. 

Meta-Analysis
Meta-analysis was performed utilizing conven-

tional and single-arm analysis for transforaminal, inter-
laminar, and caudal approaches. 

Placebo-Controlled Trials 
There was only one placebo-controlled trial (43) 

and the second one compared epidural steroid injec-
tions with conservative management (39). Consequent-
ly, we were unable to include them in the meta-analysis 
with active-controlled trials. 

Active-Controlled Trials 
There were 19 trials utilizing active-control design. 

These trials underwent conventional meta-analysis, fol-
lowed by single-arm meta-analysis. 

Transforaminal Epidural Injections 
There was only one trial meeting the inclusion cri-

teria for conventional meta-analysis with active control 
and one trial with placebo control. Consequently, con-
ventional meta-analysis was not performed. Single-arm 
analysis was performed as shown below.

Figure 2 shows the results of single-arm meta-
analyses testing the effects of transforaminal epidural 
steroid injections on pain and functionality at 6 and 12 
months.

In addition to the analysis of the comparative 
groups, we also analyzed of all the included studies 
irrespective of their comparative group, either related 

to the drugs injected or technical comparative studies 
if appropriate data was available. The analysis was 
performed for transforaminal, interlaminar, and caudal 
epidural injections. 

Figure 2A shows the results of a single-arm meta-
analysis of steroid groups from 7 studies (44,50,52-
54,56,59) that were used to assess pain score after 6 
months using Numeric Rating Scale (NRS) or Visual 
Analog Scale (VAS) in patients who underwent trans-
foraminal epidural steroid injections. A total of 8 dif-
ferent points were included in the analysis because one 
study (59) used two different approaches. As shown in 
Fig. 2, the pooled mean difference of pain score from 
baseline to 6 months of follow-up was 4.156 points 
decreased (95% CI: -4.258 to – 4.054, P < 0.001).

Figure 2B shows the results of a single-arm meta-
analysis of steroid groups from 6 studies (44,50,52-
54,56) that were used to assess functionality score 
after 6 months using Oswestry Disability Index (ODI) 
or Roland-Morris Disability Questionnaire (RMDQ) in 
patients who underwent transforaminal epidural ste-
roid injections. As shown in Fig. 2B, the pooled mean 
difference of pain score from baseline to 6 months of 
follow-up was 21.527 points decreased (95% CI: -22.164 
to – 20.889, P < 0.001).

Figure 2C shows the results of a single-arm meta-
analysis of steroid groups from 5 studies (44,52,54,56,57) 
that were used to assess pain score after 12 months 
using NRS or VAS in patients who underwent transfo-
raminal epidural steroid injections. As shown in Fig. 2C, 
the pooled mean difference of pain score from baseline 
to 12 months of follow-up was 4.207 points decreased 
(95% CI: -4.352 to – 4.062, P < 0.001).

Figure 2D shows the results of a single-arm meta-
analysis of steroid groups from 5 studies (44,52,54,56,57) 
that were used to assess the functionality score after 12 
months using ODI or RMDQ in patients who underwent 
transforaminal epidural steroid injections. As shown in 
Fig. 2D, the pooled mean difference of pain score from 
baseline to 12 months of follow-up was 13.686 points 
decreased (95% CI: -14.169 to – 13.203, P < 0.001).

As shown in this analysis of transforaminal epi-
dural injections, for pain relief, there were 8 studies 
included at 6-month follow-up, whereas only 5 stud-
ies were available for the 12-month follow-up. This 
analysis showed pain relief with reduction of 4.156 
points with transforaminal epidural steroid injections 
at 6-month follow-up as shown in Fig. 2A. Further, the 
relief continued for 12 months with a 4.207 decrease in 
pain levels.
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A

B

C

Fig. 2. Results of  single-arm meta-analyses testing the effects of  transforaminal epidural steroid injections on pain and 
functionality at 6 and 12 months. A. Change in pain level at 6 months; B. Change in functionality level at 6 months; C. Change in 
pain level at 12 months; D. Change in functionality level at 12 months.

D
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Functionality also showed similar results as shown 
in Fig. 2B at 6 months with reduction of disability 
scores at 6 months of 21.527, whereas, at the 12-month 
follow-up (Fig. 2D), functionality score was 13.686 
with significantly less improvement of disability at 12 
months compared to 6-month follow-up. 

Interlaminar Epidural Injections 
Assessment of pain relief and functional status im-

provement were performed utilizing conventional dual 
arm analysis at 6 and 12 months (Fig. 3).

There were 3 studies (40-42) with 378 patients, 
which provided results eligible for dual-arm meta-

analysis comparing local anesthetic and local anesthetic 
with steroids.

Figure 3A shows the results of a double-arm meta-
analysis to assess the pain score after 6 months using 
NRS or VAS in patients who underwent interlaminar 
epidural steroid injections. As shown in Fig. 3A, the 
standard mean difference of pain score from baseline 
to 6 months of follow-up was 2.69 (0.48, 4.90), P = 
0.002.

Figure 3B shows the results of a double-arm meta-
analysis used to assess the functionality score after 6 
months using ODI or RMDQ in patients who underwent 
interlaminar epidural steroid injections. As shown in 

Fig. 3. Results of  dual-arm meta-analyses testing the effects of  interlaminar epidural steroid injections on pain and functionality 
at 6 and 12 months. A. Change in pain level at 6 months; B. Change in functionality at 6 months; C. Change in pain at 12 
months; D. Change in functionality at 12 months.

A

B

C

D
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Fig. 3B, the standard mean difference of functionality 
score from baseline to 6 months of follow-up was 1.84 
(1.06, 2.62), P < 0.001.

Figure 3C shows the results of a double-arm meta-
analysis of local anesthetic and local anesthetic with 
steroid groups from 3 studies (40-42) that were used to 
assess the pain score after 12 months using NRS or VAS 
in patients who underwent interlaminar epidural ste-
roid injections. As shown in Fig. 3C, the standard mean 
difference of pain score from baseline to 12 months of 
follow-up was 1.63 (0.30, 2.97), P = 0.02.

Figure 3D shows the results of a dual -arm meta-anal-
ysis of local anesthetic and local anesthetic with steroid 
groups from 3 studies (40-42) that were used to assess the 
functionality score after 12 months using ODI or RMDQ 
in patients who underwent interlaminar epidural steroid 
injections. As shown in Fig. 3D, the standard mean differ-
ence of functionality score from baseline to 12 months of 
follow-up was 1.86 (1.25, 2.47), P < 0.001.

Figure 4 shows the results of single-arm meta-
analysis testing the effects of interlaminar epidural 
steroid injections (ILESI) on pain and functionality at 6 
and 12 months.

Figure 4A shows the results of a single-arm meta-
analysis of steroid groups from 7 studies (40-42,50,53-
55) that were used to assess the pain score after 6 
months using NRS or VAS in patients who underwent 
interlaminar epidural steroid injections. A total of 8 dif-
ferent points were included in the analysis because one 
study (55) used 2 different approaches. As shown in 
Fig. 4A, the pooled mean difference of pain score from 
baseline to 6 months of follow-up was 4.186 points 
decreased (95% CI: -4.323 to – 4.050, P < 0.001).

Figure 4B shows the results of a single-arm meta-
analysis testing the effects of ILESI on functionality at 6 
months. Figure 4B shows the results from control groups 
of 7 studies (40-42,50,53-55) assessing functionality 
scores after 6 months using ODI or RMDQ. As shown in 
Fig. 4B, the pooled mean difference of pain score from 
baseline to 6 months of follow-up was 14.500 points 
decreased (95% CI: -14.653 to – 14.347, P < 0.001).

Figure 4C shows the results of a single-arm meta-
analysis of steroid groups from 5 studies (40-42,54,55) 
that were used to assess pain score after 12 months us-
ing NRS or VAS in patients who underwent interlaminar 
epidural steroid injections. A total of 6 different points 
were included in the analysis because one study (55) 
used two different approaches. As shown in Fig. 4C, the 
pooled mean difference of pain score from baseline to 
12 months of follow-up was 4.545 points decreased 
(95% CI: -4.595 to – 4.495, P < 0.001).

Figure 4D shows the results of a single-arm meta-
analysis of steroid groups from 5 studies (40-42,54,55) 
that were used to assess the functionality score after 12 
months using ODI or RMDQ in patients who underwent 
interlaminar epidural steroid injections. A total of 6 dif-
ferent points were included in the analysis because one 
study (55) used two different approaches. As shown in 
Fig. 4D, the pooled mean difference of pain score from 
baseline to 12 months of follow-up was 15.227 points 
decreased (95% CI: -15.408 to – 15.045, P < 0.001).

Single-arm analysis with pain and functionality at 
6 and 12 months showed significant effectiveness of 
lumbar interlaminar epidural injections with steroids 
as shown in Fig. 4A. At the 6-month follow-up, there 
was a decrease in pain scores of 4.186 points with a 
4.545-point decrease at the 12-month follow-up. Func-
tionality also showed significant improvement with 
disability as shown in Fig. 4B. There was a significant 
decrease in disability with 14.500 points at 6-month 
follow-up with a 15.227-point decrease (Fig. 4D) at 
12-month follow-up. 

Caudal Epidural Injections 
Conventional dual arm analysis was not performed 

at 6 and 12 months for caudal epidural injections for 
pain relief and functional status improvement due to 
lack of eligible studies.

Figure 5 shows the results of a single-arm meta-
analysis testing the effects of caudal epidural steroid 
injections (CESI) on pain and functionality at 6 and 12 
months.

Figure 5A shows the results of a single-arm meta-
analysis of steroid groups from 3 studies (38,50,52) that 
were used to assess pain score after 6 months using NRS 
or VAS in patients who underwent caudal epidural ste-
roid injections. As shown in Fig. 5A, the pooled mean 
difference of the pain score from baseline to 6 months 
of follow-up was 3.836 points decreased (95% CI: -3.899 
to – 3.774, P < 0.001).

Figure 5B shows the results of a single-arm meta-
analysis of steroid groups from 3 studies (38,50,52) that 
were used to assess functionality score after 6 months 
using ODI or RMDQ in patients who underwent caudal 
epidural steroid injections. As shown in Fig. 5B, the 
pooled mean difference of pain score from baseline 
to 6 months of follow-up was 16.361 points decreased 
(95% CI: -16.462 to – 16.261, P < 0.001).

Figure 5C shows the results of a single-arm meta-
analysis of steroid groups from 2 studies (38,52) that 
were used to assess pain score after 12 months using 
NRS or VAS in patients who underwent caudal epidural 
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Fig. 4. Results of  single-arm meta-analysis testing the effects of  interlaminar epidural steroid injections (ILESI) on pain and 
functionality at 6 and 12 months. A. Change in pain level at 6 months; B. Change in functionality level at 6 months; C. Change 
in pain level at 12 months; D. Change in functionality level at 12 months.

A

B

C

D
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Fig. 5. Results of  single-arm meta-analysis testing the effects of  caudal epidural steroid injections (CESI) on pain and 
functionality at 6 and 12 months. A. Change in pain level at 6 months; B. Change in functionality level at 6 months; C. 
Change in pain level at 12 months; D. Change in functionality level at 12 months.

A

B

C

D
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steroid injections. As shown in Fig. 5C, the pooled mean 
difference of pain score from baseline to 12 months of 
follow-up was 4.307 points decreased (95% CI: -4.529 
to – 4.085, P < 0.001).

Figure 5D shows the results of a single-arm meta-
analysis of steroid groups from 2 studies (38,52) that 
were used to assess functionality score after 12 months 
using ODI or RMDQ in patients who underwent caudal 
epidural steroid injections. As shown in Fig. 5D, the 
pooled mean difference of pain score from baseline to 
12 months of follow-up was 15.070 points decreased 
(95% CI: -15.597 to – 14.543, P < 0.001).

Similar to transforaminal and interlaminar epi-
dural injections in the lumbar spine, caudal epidural 
injections also showed a significant improvement with 
single-arm analysis at 6 months and 12 months with 
pain relief and functional status improvement. As 
shown in Fig. 5A, there was decrease of pain ratings of 
3.836 at 6 months and 4.307 points at 12-month follow-
up. Functionality also showed similar results with a 
decrease of disability of 16.361 points at 6 months and 
15.070 points at 12 months.

Analysis of Evidence
Based on the qualitative synthesis of evidence of 

21 RCTs with one negative or inconclusive trial, the 
evidence is Level I for short and long-term improve-
ment for epidural injections with local anesthetic with 
steroids and Level II with local anesthetic alone. 

Based on the qualitative analysis with positive 
results of 10 of 11 trials, the evidence is considered as 
strong at Level I for transforaminal epidural injections 
with local anesthetic and steroids, whereas it is Level II 
for local anesthetic alone.

Based on the qualitative analysis of evidence for 
evidence for interlaminar epidural injections is Level I 
with local anesthetic and steroids and Level II with local 
anesthetic alone.

Based on the qualitative analysis, the evidence is 
Level II for caudal epidural injections with local anes-
thetic with steroids or with local anesthetic alone for 
short- and long-term improvement.

Discussion

The present systematic review and meta-analysis 
comparing transforaminal, interlaminar, and caudal 
approaches with qualitative and quantitative analysis 
showed Level I evidence for caudal, interlaminar, and 
transforaminal epidural injections in managing lumbar 
disc herniation with local anesthetic with steroids or 

local anesthetic alone. Based on the qualitative and 
quantitative analysis, which included conventional 
dual-arm and single-arm meta-analysis and approach 
to the epidural space, there is Level I evidence with 
local anesthetic and steroids, whereas the evidence is 
Level II for local anesthetic alone for transforaminal, 
and interlaminar approaches, and Level II for the cau-
dal approach with steroids or local anesthetic alone for 
short-term and long-term relief. 

Among 21 RCTs, 7 studied the role of caudal epi-
dural injections, whereas interlaminar epidural injec-
tions were studied in 10 studies, and transforaminal 
epidural injections in 12 studies. For qualitative analy-
sis, all 21 studies were included. The conventional dual-
arm analysis showed no significant difference with 
local anesthetics alone compared to local anesthetics 
and steroids with pain and functionality. There was 
an initial trend of superiority with pain relief at 6 
and 12 months; however, the trend was more evident 
with functionality both at 6 and 12 months. Further, 
single-arm analysis expanded inclusion of the studies 
with 6 to 8 studies for transforaminal epidural studies 
alone showing significant improvement from baseline 
with pain and functionality. For interlaminar steroids, a 
total of 7 studies were included, which showed results 
of significant improvement with pain and function at 
6 and 12 months. Caudal epidural steroids only had 3 
studies eligible at 6-month follow-up and only 2 stud-
ies at 12-month follow-up. Nevertheless, the results 
showed significant efficacy of epidural steroids by all 
approaches. 

Based on the qualitative synthesis of evidence of 
one placebo-controlled trial (43), transforaminal epi-
dural steroid injections with bupivacaine, with saline 
showed a lack of effectiveness. Karpinnen et al (43) 
performed this trial in 2001 with an injection of meth-
ylprednisolone and bupivacaine in 80 patients and 
sodium chloride solution in 80 patients. At 3 months 
they showed significant treatment effect in favor of 
the saline solution for back pain, and at 6 months for 
back pain and leg pain. At 12 months, there were no 
treatment effects in favor of either treatment. Even 
though this is considered to be a negative study, the 
authors performed a subgroup analysis and adjusted 
between group treatment differences at each follow-
up assessment with number of patients free of leg pain 
utilizing a cut-off of 75% improvement, and efficacy 
by the area-under-the-curve method (60). For the cost 
effectiveness estimate, the total costs were divided by 
the number of responders. The results showed that in 
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the cases of contained herniations, the steroid injection 
produced significant treatment effects and short-term 
efficacy in leg pain. However, for symptomatic lesions 
at L3-L4-L5, steroid was superior to saline for leg pain, 
disability, and straight leg raising in the short term. By 
one-year, steroids seemed to have prevented opera-
tions for contained herniations, costing $12,666 less per 
responder in the steroid group. For extrusions, steroids 
seemed to increase the operation rate, and the steroid 
infiltration was more expensive, costing $4,445 per 
responder. However, this was an inappropriate placebo 
design without applicable results in the primary study. 
Essentially, the authors recanted the results of the pri-
mary study. Consequently, this may be considered as a 
positive study. 

The second RCT (39) compared caudal epidural 
with local anesthetic and methylprednisolone with 
conservative management. Murakibhavi and Khemka 
(39) in 2011 assessed 50 patients with controlled con-
servative management and an additional 52 patients 
with caudal epidural with lidocaine and methylpred-
nisolone. At the 6-month follow-up, they showed 24% 
improvement in the conservative management group 
compared to 80% in the treatment group with epidural 
injections. 

The remaining 19 studies with various character-
istic features of comparison with local anesthetic and 
steroids, comparison of non-particulate and particu-
late steroids, comparison of technique with caudal, 
interlaminar, and transforaminal approaches, compar-
ison of preganglionic and postganglionic approaches, 
comparison of trigger point injections with epidural 
steroids, and, finally, comparison of caudal epidural 
injection with endoscopic decompression in non-
surgical patients. All of them showed positive results 
on a short-term and long-term basis. For transforami-
nal epidural injections, there were 12 trials. Of these, 
Karppinen et al (43,60) were controversial. Among 
the other 11 trials, 6 trials (44,45,47,51,54,57) showed 
long-term analysis of the results with long-term 
follow-up with positive results at one-year follow-up. 
The remaining trials were of short-term duration; 
however, they also showed positive short-term results. 
Of these, 2 trials (44,47) compared lidocaine with ste-
roids and one study bupivacaine alone or bupivacaine 
with steroids was compared (45). Overall, results were 
similar in both groups with lidocaine alone compared 
to lidocaine with steroids; however, bupivacaine with 
steroids showed significantly superior effect with 
bupivacaine with steroids and also avoided surgery in 

71% of the steroid group compared to 33% of bupi-
vacaine group.

For caudal epidural injections, there were a to-
tal of 7 trials included in this analysis. There was one 
controlled trial comparing conservative management 
to local anesthetic and steroid treatment (39), show-
ing 80% positive rate in the steroid group with 24% 
in the conservative management group. In contrast, 
only one study evaluated the role of caudal epidural 
injections (38) with comparative analysis of lidocaine 
alone or lidocaine with steroids and showed at the 
end of the one-year 67% positive improvement with 
local anesthetic and 72% improvement with the steroid 
group. However, when they considered only responsive 
patients, the improvement was seen in 85% of the pa-
tients with local anesthetic compared to 84% with local 
anesthetic and steroids. Overall, both groups showed 
similar results even though the superiority of steroids 
was shown elicited with average pain relief for steroids. 
Other studies compared caudal, interlaminar, versus 
transforaminal or caudal with transforaminal with 
improvement seen in all groups. Further, in one study 
(49), response to caudal epidural with local anesthetic 
and steroid was assessed with endoscopy showing sig-
nificant improvement in both groups. Thus, results in 
qualitative analysis show that one active control trial 
comparing local anesthetic alone with local anesthetic 
and steroids (38) and one active control trial comparing 
3 techniques with one-year follow-up showed posi-
tive results. The remaining studies were of short-term 
follow-up. 

For interlaminar epidural injections, there were 10 
trials with all showing positive results (40-42,48,50-56). 
There were 7 trials showing long-term improvement 
(40-42,51,54-56). There was significant evidence of 
effectiveness of local anesthetic alone; however, with 
local anesthetic with steroids, either lidocaine or bu-
pivacaine was shown to be superior to local anesthetic 
alone.

Our results are in concordance with guidelines and 
multiple other systematic reviews (1-9). A systematic 
review by Manchikanti et al (3) evaluated if epidural 
injection of sodium chloride solution was true placebo 
or it is an active control agent with performance of 
conventional dual-arm and a single-arm analysis. The 
analysis with inclusion of 8 trials meeting inclusion 
criteria, with only 2 trials utilizing fluoroscopic imag-
ing, and one study utilizing ultrasound, showed no sig-
nificant difference between epidural sodium chloride 
solution and epidural steroids with sodium chloride 
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solution with dual-arm analysis. However, when they 
applied single arm analyses, both epidural saline and 
epidural steroids with saline were effective in reducing 
20% of pain; however, only reducing disability scores 
by 10% to 12%. The authors concluded that both epi-
dural saline and epidural steroids with saline showed 
effects beyond placebo with strong evidence that nei-
ther epidural saline, nor epidural steroids with saline or 
placebo and that both are effective. 

In another systematic review and meta-analysis, 
Manchikanti et al (4) assessed the effectiveness of 
epidural bupivacaine with or without steroids admin-
istered for low back and lower extremity pain with 
inclusion of 4 studies. In this review, both conventional 
dual-arm and single-arm meta-analysis showed signifi-
cant effectiveness of both bupivacaine and bupivacaine 
with steroids. This review concluded that epidurally ad-
ministered bupivacaine acts as an active agent rather 
than a placebo with Level I evidence, and that bupiva-
caine administered alone was almost equally effective 
as when administered with steroids (Level II evidence). 
These findings clearly showed that bupivacaine is not a 
placebo and the approach in all the active-controlled 
trials with local anesthetic converting into placebo-
controlled trials and subsequently concluding that 
local anesthetics are ineffective leads to inappropriate 
conclusions and misinformation.

Knezevic et al (5), in a systematic review and meta-
analysis including dual-arm and single-arm analysis, in-
vestigated the role of epidural lidocaine, with or with-
out steroids, in managing spinal pain. In this analysis, 
15 manuscripts were included with 4 addressing caudal 
epidural injections, 2 lumbar transforaminal injections, 
and 5 lumbar interlaminar epidural injections. The 
results showed similar improvements in pain and func-
tion with epidural administration of lidocaine alone or 
with steroids, both for short- and long-term, Level II 
evidence. This study also once again demonstrated that 
utilizing single-arm analysis, the clear effect on each 
modality was demonstrated with lidocaine, as well as li-
docaine with steroids. Consequently, once again, it was 
shown that it is inappropriate to judge that lidocaine 
is a placebo. 

Similar to the above manuscripts, Lee et al (6), with 
the inclusion of 14 manuscripts, showed that the addi-
tion of steroids to local anesthetics or saline provided 
better effectiveness compared to injection of local an-
esthetics or saline without steroids. Mesregah et al (61) 
also evaluated cervical interlaminar epidural injections 
with or without local anesthetic with the conclusion 

that the addition of steroids to lidocaine was not asso-
ciated with better pain and functional score outcomes 
compared with anesthetic injected alone. Zhao et al 
(2), also in a systematic review and meta-analysis, con-
firmed that in the management of lumbar disc hernia-
tion and lumbar spinal stenosis, the effects were similar 
with lidocaine with or without the addition of steroids. 

Discordant conclusions (17-19) brought on multi-
ple challenges related to the conduct of the RCTs based 
on approach (transforaminal, interlaminar, or caudal), 
control design (active-control versus placebo-control), 
technical performance (with or without fluoroscopy), 
alternate techniques, and outcomes assessments (ab-
solute difference between 2 groups or MCID with as-
sessment of proportion of patients). The IOM (34,62) 
described multiple issues related to the design of the 
systematic reviews related to inclusion criteria (placebo 
versus active-control or all active controls converted to 
placebo), methodological quality assessment of the 
trials, outcomes assessment, and perceived intellectual 
bias with conflicts of interest. IOM also extensively 
described the role of bias and conflicts of interest and 
the need to minimize the bias and conflicts of interest. 
IOM defined conflict of interest as, “a set of circum-
stances that creates a risk that professional judgement 
or actions regarding the primary interest will be undu-
ly influenced by a secondary interest.” While primary 
interests are well known with financial conflicts of 
interest, IOM has described secondary interests, such 
as the pursuit of professional advancement, future 
funding opportunities and recognition, and the desire 
to do favors for friends and colleagues, as potential 
conflicts. In fact, such descriptions have been provided 
in the past illustrating hidden conflicts of interest not 
only by academicians, but by agencies which advise the 
policy makers and those preparing reviews for these 
organizations (1,3-5,9-13,30,32,34,62-67). Addition-
ally, along the same lines, the Institute for Transitional 
Medicine and Therapeutics has described confluence 
(not conflict of interest) in which they describe con-
flicts of interest represents a complex ecosystem that 
requires development of a uniform approach to mini-
mize bias in clinical research across the academic sector 
(63). They showed that the term conflict of interest is 
pejorative, disclosure policies have focused on finan-
cial gains only, whereas in academia the prospect of 
fame may be even more seductive than fortune. We 
believe that multiple reviews suffer from intellectual 
bias and undisclosed confluence of interest, tainting 
the value of the publications.
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Conclusion

Epidural injections with local anesthetic and ste-
roids showed Level I evidence for transforaminal and 
interlaminar approaches, whereas with local anesthetic 
alone Level II evidence was shown. In contrast, caudal 
epidural injections showed Level II evidence with local 
anesthetic with steroids or local anesthetic alone.
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Appendix Table 1. Methodological quality assessment of  randomized trials of  epidural injections in lumbar disc herniation utilizing 
Cochrane review criteria.

Manchikanti 
et al (38)

Ackerman 
& Ahmad 

(48)

Dashfield 
et al (49)

Murakibhavi 
& Khemka 

(39)

Kamble 
et al 
(50)

Pandey 
(51)

Singh 
et al 
(52)

Manchikanti 
et al (40)

Randomization adequate Y N Y Y Y N N Y

Concealed treatment allocation Y N Y N Y N N Y

Patient blinded Y N Y Y Y N N Y

Care provider blinded Y N N N N N N Y

Outcome assessor blinded N N N N Y N N N

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

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

Reports of the study free of 
suggestion of selective outcome 
reporting

Y Y Y Y Y Y Y Y

Groups similar at baseline 
regarding most important 
prognostic indicators

Y Y Y N Y Y Y N

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

Compliance acceptable in all 
group Y Y Y Y U 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 likely Y Y Y Y Y Y Y Y

Score 12/13 8/13 10/13 8/13 9/13 8/13 8/13 11/13

Ghai et 
al (41) 

Ökmen & 
Ökmen (42)

Rados et 
al (53)

Ghai et 
al (54)

Candido 
et al (55)

Amr 
(56)

Karppinen 
et al (43)

Manchikanti 
et al (44)

Randomization adequate Y Y Y Y Y Y Y Y

Concealed treatment allocation Y Y N Y Y Y Y Y

Patient blinded Y Y N N N Y Y Y

Care provider blinded N Y N N N Y Y Y

Outcome assessor blinded N Y N N N Y Y N

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

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

Reports of the study free of 
suggestion of selective outcome 
reporting

Y Y Y Y Y Y Y Y

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

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



Appendix Table 1 (cont.). Methodological quality assessment of  randomized trials of  epidural injections in lumbar disc herniation 
utilizing Cochrane review criteria. 

Riew 
et al 

(45,46)

Tafazal 
et al (47)

Vad et al 
(57)

Jeong et 
al (58)

Kennedy 
et al (59)

Randomization adequate U Y U U Y

Concealed treatment allocation U Y N U Y

Patient blinded Y Y N Y N

Care provider blinded N Y N N N

Outcome assessor blinded Y N U Y N

Drop-out rate described Y Y N Y Y

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

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

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

Co-interventions avoided or similar Y Y Y Y Y

Compliance acceptable in all group Y Y U Y Y

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

Are other sources of potential bias likely Y Y Y Y Y

Score 9/13 11/13 5/13 10/13 10/13

Y = Yes; N = No; U = Unclear
Adapted from: Manchikanti L, et al. Epidural injections for lumbar radiculopathy or sciatica: A comparative systematic review and meta-analysis 
of Cochrane review. Pain Physician 2021; 24:E539-E554 (32).
Source: Furlan AD, Malmivaara A, Chou R, Maher CG, Deyo RA, Schoene M, Bronfort G, van Tulder MW; Editorial Board of the Cochrane Back, 
Neck Group. 2015 Updated Method Guideline for Systematic Reviews in the Cochrane Back and Neck Group. Spine (Phila Pa 1976) 2015; 40:1660-
1673 (35).



Appendix Table 2. Methodologic quality assessment of  randomized trials of  epidural injections in lumbar disc herniation utilizing 
IPM – QRB. 

Manchikanti 
et al (38)

Ackerman 
& Ahmad 

(48)

Dashfield 
et al (49)

Murakibhavi 
& Khemka 

(39)

Kamble 
et al 
(50)

Pandey 
(51)

Singh 
et al 
(52)

Manchikanti 
et al (40)

I. TRIAL DESIGN AND GUIDANCE REPORTING 

1. CONSORT or SPIRIT 3 0 1 2 0 0 1 3

II. DESIGN FACTORS

2. Type and Design of Trial 2 2 2 2 2 2 2 2

3. Setting/Physician 2 2 2 1 2 2 2 2

4. Imaging 3 3 3 3 2 2 3 3

5. Sample Size 3 1 1 2 2 1 2 3

6. Statistical Methodology 1 1 1 1 1 1 1 1

III. PATIENT FACTORS

7. Inclusiveness of 
Population 2 2 1 2 2 2 2 2

8. Duration of Pain 2 1 2 1 1 2 2 2

9. Previous Treatments 2 0 0 0 2 2 2 2

10.
Duration of Follow-
up with Appropriate 
Interventions

3 2 2 1 1 2 1 3

IV. OUTCOMES

11.
Outcomes Assessment 
Criteria for Significant 
Improvement

4 1 2 4 2 2 2 4

12.
Analysis of all 
Randomized Participants 
in the Groups

2 2 2 2 2 2 2 2

13. Description of Drop Out 
Rate 2 2 2 2 0 2 2 2

14.
Similarity of Groups at 
Baseline for Important 
Prognostic Indicators

1 1 1 0 1 1 1 1

15. Role of Co-Interventions 1 1 1 0 1 1 1 1

V. RANDOMIZATION

16. Method of Randomization 2 0 2 0 2 0 0 2

VI. ALLOCATION CONCEALMENT

17. Concealed Treatment 
Allocation 2 0 2 2 2 0 0 2

VII. BLINDING

18. Patient Blinding 1 0 1 1 1 0 0 1

19. Care Provider Blinding 1 0 0 0 0 0 0 1

20. Outcome Assessor 
Blinding 0 0 0 0 1 0 0 0

VIII. CONFLICTS OF INTEREST 

21. Funding and Sponsorship 2 1 2 0 2 2 2 2

22. Conflicts of Interest 3 3 3 1 3 3 2 3

TOTAL 44 25 33 27 32 29 30 44



Appendix Table 2 (cont.). Methodologic quality assessment of  randomized trials of  epidural injections in lumbar disc herniation 
utilizing IPM – QRB. 

Ghai 
et al 
(41) 

Ökmen 
& Ökmen 

(42)

Rados 
et al 
(53)

Ghai 
et al 
(54)

Candido 
et al (55)

Amr 
(56)

Karppinen 
et al (43)

Manchikanti 
et al (44)

I. TRIAL DESIGN AND GUIDANCE REPORTING 

1. CONSORT or SPIRIT 3 2 2 3 2 2 2 3

II. DESIGN FACTORS

2. Type and Design of Trial 2 2 2 2 2 2 2 2

3. Setting/Physician 2 2 3 2 2 3 1 2

4. Imaging 3 3 3 3 3 3 3 3

5. Sample Size 2 3 1 2 2 3 3 3

6. Statistical Methodology 1 1 1 1 1 1 1 1

III. PATIENT FACTORS

7. Inclusiveness of Population 2 2 1 2 2 2 2 2

8. Duration of Pain 1 2 2 2 1 2 0 2

9. Previous Treatments 1 2 0 2 2 2 0 2

10. Duration of Follow-up with Appropriate 
Interventions 3 2 2 3 2 3 1 3

IV. OUTCOMES

11. Outcomes Assessment Criteria for 
Significant Improvement 4 2 2 4 2 2 2 4

12. Analysis of all Randomized Participants 
in the Groups 2 1 2 2 2 1 2 2

13. Description of Drop Out Rate 0 2 2 2 2 2 1 2

14. Similarity of Groups at Baseline for 
Important Prognostic Indicators 2 2 2 2 2 2 2 1

15. Role of Co-Interventions 1 1 1 1 1 1 0 1

V. RANDOMIZATION

16. Method of Randomization 2 2 2 2 2 2 2 2

VI. ALLOCATION CONCEALMENT

17. Concealed Treatment Allocation 2 2 0 2 2 2 2 2

VII. BLINDING

18. Patient Blinding 1 1 0 0 0 1 1 1

19. Care Provider Blinding 0 0 0 0 0 1 1 1

20. Outcome Assessor Blinding 0 1 0 0 0 1 1 0

VIII. CONFLICTS OF INTEREST 

21. Funding and Sponsorship 2 2 0 2 2 0 2 2

22. Conflicts of Interest 3 3 2 3 3 0 3 3

TOTAL 39 40 30 42 37 38 34 44



Appendix Table 2 (cont.). Methodologic quality assessment of  randomized trials of  epidural injections in lumbar disc herniation 
utilizing IPM – QRB. 

Riew et al 
(45,46)

Tafazal et al 
(47)

Vad et al (57)
Jeong et al 

(58)
Kennedy et al 

(59)

I. TRIAL DESIGN AND GUIDANCE REPORTING 

1. CONSORT or SPIRIT 1 2 1 2 3

II. DESIGN FACTORS

2. Type and Design of Trial 2 2 2 2 2

3. Setting/Physician 1 1 1 1 2

4. Imaging 3 3 2 3 3

5. Sample Size 2 1 1 3 2

6. Statistical Methodology 1 1 1 1 1

III. PATIENT FACTORS

7. Inclusiveness of Population 2 1 2 1 2

8. Duration of Pain 1 1 0 0 0

9. Previous Treatments 2 2 0 0 2

10. Duration of Follow-up with Appropriate 
Interventions 2 1 1 2 1

IV. OUTCOMES

11. Outcomes Assessment Criteria for 
Significant Improvement 1 2 2 2 2

12. Analysis of all Randomized Participants 
in the Groups 2 1 0 2 2

13. Description of Drop Out Rate 2 1 0 2 1

14. Similarity of Groups at Baseline for 
Important Prognostic Indicators 2 1 0 2 2

15. Role of Co-Interventions 0 1 1 1 1

V. RANDOMIZATION

16. Method of Randomization 1 2 0 1 2

VI. ALLOCATION CONCEALMENT

17. Concealed Treatment Allocation 0 2 0 0 2

VII. BLINDING

18. Patient Blinding 1 1 0 1 0

19. Care Provider Blinding 1 1 0 0 0

20. Outcome Assessor Blinding 0 0 0 1 0

VIII. CONFLICTS OF INTEREST 

21. Funding and Sponsorship 2 2 0 2 0

22. Conflicts of Interest 3 3 2 2 0

TOTAL 32 32 16 31 30

Adapted from: Manchikanti L, et al. Epidural injections for lumbar radiculopathy or sciatica: A comparative systematic review and meta-analysis 
of Cochrane review. Pain Physician 2021; 24:E539-E554 (32).
Source: Manchikanti L, et al. Assessment of methodologic quality of randomized trials of interventional techniques: Development of an interven-
tional pain management specific instrument. Pain Physician 2014; 17:E263-E290 (36).
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