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INTRODUCTION
Chronic lumbar radicular pain or sciatica may be due to 
a multitude of reasons including disc herniation, spinal 
stenosis, and post-lumbar surgery syndrome [1]. There has 

been extensive literature since the initial description of 
disc herniation by Mixter and Barr in 1934 [2]. Symptomat-
ic herniated lumbar disc was shown to be present in 1% to 
3% [3], whereas the highest prevalence was among people 
aged 30 to 50 years [4]. Further, herniated discs occurred 
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most commonly at the lower lumbar spine (L4/5 and L5/S1 
levels) and also among those aged 25 to 55 years [5,6]. 

The mechanism of radicular pain in disc herniation may 
relate to mechanical compression or inflammation [1,7-10]. 
While surgical interventions are considered the mainstay 
of treatment for lumbar disc herniation or radiculopathy 
[11], multiple studies have shown epidural injections to be 
effective [1,10]. 

Epidurals with local anesthetics, with or without ste-
roids, performed under fluoroscopic guidance, have been 
shown to be effective in managing disc herniation and 
radiculitis in multiple studies with level I evidence [1,10]. 
However, the failure of epidural injections may range from 
30% to 50% of patients on a long-term basis. In such cases, 
percutaneous neurolysis may be employed in the nonsur-
gical management of chronic lumbar radicular pain [1,12]. 

Percutaneous neurolysis has been described to treat 
post-lumbar surgery syndrome and central spinal steno-
sis; however, systematic evaluations of effectiveness are 
lacking with disc herniation and chronic radicular pain 
[1,12-17]. Percutaneous neurolysis, epidural lysis, or lysis of 
epidural adhesions has been utilized for the past 30 years 
[1,12-17]. Epidural neurolysis is based on several premises, 
including that epidural fibrosis may present with low back 
pain and/or radicular pain, not only in post-surgical syn-
dromes and spinal stenosis, but also disc displacements 
with leakage of disc materials. These adhesions can cause 
pain by immobilizing the nerve roots and also prevent 
injected materials from reaching the intended targets in 
the epidural space. As a result, pain relief can be achieved 
by removing these adhesions with the adhesiolysis (neu-
rolysis) procedure that facilitates therapeutic medications 
reaching the target site and restores the normal movement 
of the nerve roots [1,12-16,18-25]. McCarron [20] showed 
that the nucleus pulposus produces local inflammation 
and scarring in the epidural space in dogs. Further, in hu-
mans, microstructural defects accumulate over time with 
age, and the nucleus pulposus protrudes deeper into the 
annulus, resulting in tears of the annulus and disc mate-
rial leaking into the epidural space [21]. This may result in 
epidural adhesion formation and pain related to it, based 
on rich innervation of the posterior longitudinal ligament, 
which is an important source of back pain associated with 
epidural adhesions [22]. 

Thus, in the present investigation, we have sought to 
evaluate the effectiveness of percutaneous neurolysis in 
managing chronic lumbar disc herniation and lumbar ra-
dicular pain with a systematic review and meta-analysis. 

MATERIALS AND METHODS
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) [26] was used for methodological 
and reporting quality of the systematic review and meta-
analysis. The objective was to assess the effectiveness of 
percutaneous neurolysis in managing chronic lumbar disc 
herniation and radiculopathy. 

1. Inclusion criteria 

All randomized controlled trials (RCTs) and observational 
studies with inclusion of patients with chronic disc her-
niation, undergoing percutaneous neurolysis with caudal, 
lumbar interlaminar, or lumbar transforaminal approach-
es were considered. 

2. Outcome measures

The proportion of patients with significant (≥ 50%) pain 
relief and improvement in function was the primary out-
come.

3. Data sources

All available studies in the English language, or with avail-
able translation, with appropriate reporting of outcomes 
data for 6 months were included. Searches were performed 
using multiple databases, including PubMed (www.ncbi.
nlm.nih.gov/pubmed); the Cochrane Library (www.theco-
chranelibrary.com); the US National Guideline Clearing-
house (www.guideline.gov/); clinical trials (www.clinical-
trials.gov/); and Google Scholar (https://scholar.google.
com) from 1966 to January 2021.

4. Search strategy

The search terminology was as follows: 
(((((((((((((((((chronic low back pain) OR nerve root compres-
sion) OR lumbosciatic pain) OR radicular pain) OR radicu-
litis) OR sciatica) OR disc herniation) AND ((((((((((epidural 
injection) OR epidural adhesiolysis OR neurolysis) OR epi-
dural neuroplasty) OR epidural lysis of adhesions) OR per-
cutaneous adhesiolysis OR neurolysis `OR transforaminal 
injection) OR corticosteroid) OR methylprednisolone) OR 
bupivacaine OR lidocaine))) AND ((meta-analysis [pt] OR 
randomized controlled trial [pt] OR controlled clinical trial 
[pt] OR systematic review OR randomized controlled trials 
[mh] OR nonrandomized studies OR observational stud-
ies OR random allocation [mh] OR double-blind method 
[mh] OR single-blind method [mh] OR clinical trial [pt] OR 
clinical trials [mh] OR (“clinical trial” [tw]) OR ((singl* [tw] 

http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.thecochranelibrary.com/
http://www.thecochranelibrary.com/
http://www.guideline.gov/
http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/
https://scholar.google.com/
https://scholar.google.com/
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OR doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask* 
[tw] OR blind* [tw])) OR (placebos [mh] OR placebo* [tw] 
OR random* [tw] OR research design [mh:noexp]))).

5. Data collection and analysis 

This review focused on percutaneous adhesiolysis/neurol-
ysis for disc herniation with multiple approaches. All stud-
ies that provided appropriate outcome data and analysis 
for 6 months were reviewed. Book chapters, case reports, 
and reports without an appropriate diagnosis were not 
considered.

6. Inclusion criteria

Studies of interest included patients suffering from 
chronic lumbar radiculopathy due to disc herniation and 
treated with percutaneous epidural neurolysis or adhe-
siolysis. Studies of patients with fractures, malignancies, 
acute trauma, and inflammatory diseases were excluded. 
All RCTs and non-randomized studies with inclusion of at 
least 50 participants were included. 

7. Data collection process 

Identification of the relevant literature, the manuscript 
selection, and extraction of the data from the included 
studies was conducted independently by 2 of the review 
authors. Any disagreement between them was resolved by 
the third author. Any and all conflicts of interest of the re-
viewers with authorship of the manuscripts was resolved 

by assigning them to other reviewers.

8. Data synthesis and analysis 

Two authors completed the quality assessment of each in-
dividual manuscript. Three authors completed evidence 
synthesis. All conflicts were resolved as stated above by a 
fourth author.

9. Risk of bias of individual studies

The quality of each RCT was assessed using the Cochrane 
review rating system (Appendix Table 1) [27] and Interven-
tional Pain Management Techniques – Quality Appraisal 
of Reliability and Risk of Bias Assessment Tool (IPM-QRB) 
for RCTs (Appendix Table 2) [28]. Non-randomized or ob-
servational studies were assessed by Interventional Pain 
Management Techniques – Quality Appraisal of Reliability 
and Risk of Bias Assessment for nonrandomized or obser-
vational studies (IPM-QRBNR) (Appendix Table 3) [29]. 

Randomized trials meeting at least 9 of the 13 inclusion 
criteria of the Cochrane review were considered high-
quality. The trials meeting 5 to 8 criteria were considered 
moderate-quality, and those meeting fewer than 5 criteria 
were considered low-quality, and were excluded. 

Based on the IPM-QRB and IPM-QRBNR criteria, ran-
domized trials and observational studies meeting scores 
from 32 to 48 were considered high-quality, studies scor-
ing from 16 to 31 were considered moderate quality; and 
studies scoring less than 16 were considered low quality, 
and were excluded. 

Table 1. Qualitative modified approach to grading of evidence

Level I Strong Evidence obtained from multiple relevant high-quality randomized controlled trials for effectiveness 
or 
Evidence obtained from multiple relevant high quality observational studies or large case series for assessment of 

preventive measures, adverse consequences, and effectiveness of other measures.
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
or
Evidence obtained from at least 2 high-quality relevant observational studies or large case series for assessment of 

preventive measures, adverse consequences, and effectiveness of other measures.
Level III Fair Evidence obtained from at least one relevant high-quality nonrandomized trial or observational study with multiple 

moderate or low-quality observational studies 
or 
At least one high-quality relevant observational studies or large case series for assessment of preventive measures, 

adverse consequences, and effectiveness of other measures.
Level IV Limited Evidence obtained from multiple moderate or low-quality relevant observational studies 

or
Evidence obtained from moderate quality observational studies or large case series for assessment of preventive 

measures, adverse consequences, and effectiveness of other measures.
Level V Consensus based Opinion or consensus of large group of clinicians and/or scientists for effectiveness as well as to assess preventive 

measures, adverse consequences, and effectiveness of other measures.

Adapted from the article of Manchikanti et al. (Pain Physician 2014; 17: E319-25) [30].
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10. Outcome of the studies

Clinically important outcome measures of 50% significant 
improvement from the baseline pain score, or a change of 
at least 3 points on an 11-point pain scale of 0 to 10 and a 
change of 30% or more on disability scores.

Based on the relevance and effectiveness of the neuroly-
sis in disc herniation, either compared to a control group or 
from baseline to follow-up, a study was categorized as posi-
tive or negative/neutral. Reference point measurements 
were considered at 3 months, 6 months, and one year.

11. Analysis of evidence

The best-evidence synthesis developed by the American 
Society of Interventional Pain Physicians, modified and 
collated using multiple criteria, was used for qualitative 
analysis (Table 1) [30]. The evidence synthesis varied from 
strong to opinion- or consensus-based using 5 levels of 
evidence. 

12. Meta-analysis

Software Review Manager (Rev Man 5.3) was used (The 
Nordic Cochrane Centre, The Cochrane Collaboration, 
Copenhagen, Denmark, 2008) for conventional or dual-
arm meta-analysis. Software Comprehensive Meta-
analysis version 3.0 was used (Biostat Inc., Englewood, NJ) 
for single-arm meta-analysis. The standardized mean dif-
ferences with 95% confidence intervals were reported for 
pain and improvement of function data. Data were plotted 
by using forest plots to evaluate treatment effects. Hetero-
geneity was interpreted through I2 statistics.

RESULTS
1. Study selection 

Fig. 1 shows a flow diagram of the study selection using 
the PRISMA study selection process [26]. 

Based on the search criteria, 13 manuscripts were iden-
tified and considered for inclusion [18,25,31-41]. A total of 6 
studies met the inclusion criteria [25,31,33,37,38,40]. Of the 
6 studies included, 2 of them [18,41] studied disc prolapse, 
along with post-lumbar surgery syndrome, and subgroup 
data analysis was not available. One study had a small 
sample size of 20 patients [34]. 

Four studies were excluded due to short-term follow-up 
of 6 months since less than a 3-month follow-up would not 
provide any long-term clinical relevance [32,35,36,39]. Of 
these, there was only one placebo-controlled RCT [25].

2. Methodologic quality and risk of bias assessment

Of t he 6 ma nu sc r ipt s meet i ng i nclu sion c r iter ia 
[25,31,33,37,38,40], there was only one placebo-controlled 
RCT [25]. Appendix Tables 4 and 5 show the methodologic 
quality assessment and risk of bias of the one RCT utiliz-
ing the Cochrane review criteria and the IPM-QRB criteria 
respectively [27,28]. Assessment by the Cochrane review 
criteria and IPM-QRB of this RCT showed high quality [25]. 

Appendix Table 6 shows the assessment of the included 
nonrandomized or observational studies, utilizing IPM-
QRBNR criteria. Five studies [31,33,37,38,40] were includ-
ed. Assessment by IPM-QRBNR showed all studies to be of 
moderate quality.

3. Study characteristics

Table 2 shows the characteristics and outcomes of the 
studies meeting the inclusion criteria which involved re-
ceiving percutaneous adhesiolysis/neurolysis for lumbar 
disc herniation.

4. Qualitative analysis 

Qualitative analysis was performed utilizing a modified 

Articles excluded by
title and/or abstract

(n = 46)

Abstracts excluded
(n = 43)

Manuscripts not meeting
inclusion criteria

(n = 7)

Computerized and manual search of
literature and contacts with the

experts (n = 115)

Abstracts reviewed
(n = 69)

Full manuscripts reviewed
(n = 26)

Manuscripts considered for inclusion
(n = 13)

Manuscripts considered for inclusion
(after exclusion of duplicates)

(n = 6)
Randomized trial (n = 1)
Nonrandomized (n = 5)trial

Fig. 1. Flow diagram illustrating published literature evaluating percuta-
neous adhesiolysis/neurolysis in lumbar disc herniation.
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approach for the grading of evidence [28] with moderate 
(level II) evidence from one relevant high-quality RCT and 
5 relevant moderate-quality observational studies. All of 
the studies consistently showed improvement in patients 
undergoing neurolysis at 6 months and one-year follow-up 
periods. 

5. Quantitative analysis 

1) Single-arm meta-analysis

Conventional dual-arm analysis was not feasible due to 
only one RCT being available. Consequently, single-arm 
meta-analysis was performed in observational studies for 
pain relief and functional status improvement, utilizing 
data from 5 studies [31,33,37,38,40].

2) 6-month follow-up

Fig. 2 shows results of the 6-month follow-up. As shown 
in Fig. 2A, there were 5 studies [25,31,37,38,40] included 
in this single-arm meta-analysis, and the results showed 
an improvement in the numeric rating scale (NRS) pain 
scores at 6 months after adhesiolysis/neurolysis, with an 
average of 2.678 (P < 0.001). 

As shown in Fig. 2B, there were 2 studies [25,37] included 
in this single-arm meta-analysis, and the results showed 
an improvement in the functionality scores at 6 months 
after adhesiolysis/neurolysis, with an average of 9.977 (on 
0-50 scale) (P < 0.001).

3) One-year follow-up 

Fig. 3 shows results of the one-year follow-up. As shown 
in Fig. 3A, there were 5 studies [25,31,33,37,40] included in 
this single-arm meta-analysis, and the results showed an 
improvement in the NRS pain scores at 12 months after 
adhesiolysis/neurolysis, with an average of 2.013, which 
was statistically significant (P < 0.001). 

As shown in Fig. 3B, there were 2 studies [25,37] in-
cluded in this single-arm meta-analysis, and the results 
showed an improvement in the Oswestry Disability Index 
(ODI) functionality scores after adhesiolysis/neurolysis at 
12 months, with an average of 10.268 (on 0-50 scale) (P < 
0.001).

DISCUSSION
Analysis of the effectiveness of percutaneous adhesiolysis/

Study name Statistics for each study Difference in means and 95% CI

Standard
error

Variance
Lower

limit
Upper

limit
Z-value

Difference
in means

P value

Choi et al., 2017 [38]

Gerdesmeyer et al., 2013 [25]

Cho et al., 2019 [31]

Park et al., 2018 [37]

Ji et al., 2015 [40]

2.640

2.400

2.700

2.900

2.760

2.678

0.084

0.184

0.082

0.277

0.106

0.049

0.007

0.034

0.007

0.077

0.011

0.002

2.805

2.761

2.861

3.443

2.967

2.773

2.475

2.039

2.539

2.357

2.553

2.583

31.429

13.043

32.935

10.469

26.161

55.071

0.000

0.000

0.000

0.000

0.000

0.000

4.00 2.00 0.00 4.00

Q-value df (Q) P value I-sauared
Tau

squared
Standard

error
Variance Tau

Heterogeneity Tau-squared

3.906 4 0.433 0.000 0.0090.000 0.000 0.000

A

B

2.00

Study name Statistics for each study Difference in means and 95% CI

Standard
error

Variance
Lower

limit
Upper

limit
Z-value

Difference
in means

P value

Gerdesmeyer et al., 2013 [25]

Park et al., 2018 [37]

14.500

8.400

9.977

1.438

0.849

0.731

2.068

0.721

0.534

17.318

10.064

11.410

11.682

6.736

8.544

10.083

9.894

13.646

0.000

0.000

0.000

20.00 10.00 0.00 20.0010.00

Q-value df (Q) P value I-sauared
Tau

squared
Standard

error
Variance Tau

Heterogeneity Tau-squared

13.343 1 0.000 92.506 26.31117.211 692.292 4.149

Fig. 2. Changes in pain and functional status from baseline at 6 months. (A) Change in pain levels using the numeric rating scale from baseline at 6 
months in patients treated with adhesiolysis/neurolysis. (B) Change in functionality status scores using the Oswestry Disability Index from baseline at 6 
months in patients treated with adhesiolysis/neurolysis. CI: confidence interval, df: degrees of freedom.
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neurolysis in managing lumbar disc herniation showed 
Level II or moderate evidence in the present systematic 
review and meta-analysis, which included one RCT and 5 
observational studies with at least 6 months of follow-up 
in one study and 12 months of follow-up in all the others. 

The single RCT by Gerdesmeyer et al. [25], in a well-
designed, relevant, high-quality RCT, studied 90 patients 
with 44 patients in the placebo group and 46 patients in 
the neurolysis group. In the placebo design, a needle and 
catheter were inserted through a caudal approach. The 
needle was intentionally inserted without entering the spi-
nal canal and the catheter was inserted into the subcuta-
neous tissue overlying the afflicted level. In the neurolysis 
group, the catheter was placed over the lumbar spine with 
adhesiolysis, followed by an injection of local anesthetic, 
hyaluronidase, and a steroid. In both groups, the catheters 
were left for 3 days and additional injections were per-
formed. 

The results showed, at one year, greater than 50% im-
provement in the ODI was seen in 90% of the patients in 
the lysis group, whereas it was seen in 35% of the patients 
in the placebo group. In reference to the observational 
studies, all 5 studies [31,33,37,38,40] were of moderate 
quality with inclusion of a large number of patients. Of the 
5 studies meeting inclusion criteria, only one study by Park 

et al. [37] had less than 100 patients, with an inclusion of 
78 patients. However, the other 4 studies included a large 
patient population ranging from 363 to 543 [31,33,38,40]. 
Total number of patients included in the observational 
studies were 1,821, assessing the role of percutaneous 
neurolysis in managing lumbar disc herniation or chronic 
lumbar radiculopathy. Consequently, the results of this 
study provide robust evidence from one high-quality RCT 
[25] and 5 observational studies [31,33,37,38,40] with a 
large proportion of patients with at least one-year follow-
up in 4 studies [31,33,37,40] and 6-month follow-up in one 
study [38]. Overall, the number of patients included in 
long-term follow-up, including the RCT, were 1,268. 

The present investigation is the first systematic review 
and meta-analysis focused on determining the role of neu-
rolysis in managing chronic recalcitrant disc herniation or 
chronic lumbar radicular pain. The results of this system-
atic review and meta-analysis are similar to the results of 
systematic reviews and meta-analyses performed in post-
lumbar surgery syndrome and central spinal stenosis [12-
16]. Caudal epidural injections have been used since 1901, 
with a description of entering the epidural space from the 
sacral hiatus [1,42,43]. Epidural injections are also per-
formed with an interlaminar or transforaminal approach 
[1]. However, the caudal approach, even though it requires 

Study name Statistics for each study Difference in means and 95% CI

Standard
error

Variance
Lower

limit
Upper

limit
Z-value

Difference
in means

P value

Gerdesmeyer et al., 2013 [25]

Cho et al., 2019 [31]

Park et al., 2018 [37]

Ji et al., 2015 [40]

Moon et al., 2017 [33]

1.600

1.400
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0.184
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0.003

1.961
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4.990
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2.474

4.210

1.907

8.696

19.384

8.841

24.455

23.116

37.013

0.000

0.000

0.000

0.000

0.000

0.000

8.00 .00 0.00 8.00
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Standard
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Variance Tau

Heterogeneity Tau-squared

291.116 4 0.000 98.626 1.3001.402 1.690 1.184

A
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Study name Statistics for each study Difference in means and 95% CI

Standard
error

Variance
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limit
Upper

limit
Z-value

Difference
in means

P value

Gerdesmeyer et al., 2013 [25]

Park et al., 2018 [37]

16.800

8.400

10.268

1.482

0.793

0.699

2.196

0.628

0.488

19.705

9.953

11.638

13.895

6.847

8.898

11.336

10.598

14.692

0.000

0.000

0.000

25.00 12.50 0.00 25.0012.50

Q-value df (Q) P value I-sauared
Tau

squared
Standard

error
Variance Tau

Heterogeneity Tau-squared

24.981 1 0.000 95.997 49.89333.868 2489.357 5.820

Fig. 3. Changes in pain and functional status from baseline at 12 months. (A) Change in pain levels using the numeric rating scale from baseline at 
12 months in patients treated with adhesiolysis/neurolysis. (B) Change in functionality scores using the Oswestry Disability Index from baseline at 12 
months in patients treated with adhesiolysis/neurolysis. CI: confidence interval, df: degrees of freedom.
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higher volumes, has been considered the safest and earli-
est technique. The most common approach for percutane-
ous neurolysis is through the sacral hiatus [1]. The majority 
of the studies were related to entry through the sacral hia-
tus. Administration of steroids in the epidural injections 
was described by Robecchi and Capra [44] and Lievre et al. 
[45] in 1952 and 1953. Effectiveness, safety, cost utility, and 
utilization patterns of epidural interventions have been 
extensively described [1,10,46-50]. 

Epidural injections have been shown to be with level I 
evidence in managing disc herniation or chronic lumbar 
radiculopathy with all 3 approaches, namely caudal, in-
terlaminar, and transforaminal [1]. However, there also 
have been negative studies in the literature as well [51]. 
There have been significant discussions on this subject, 
including various types of bias in studies in interventional 
pain management [1,10]. In fact, Manchikanti et al. [10] 
performed a comparative systematic review and meta-
analysis of the study by Chou et al. [51], which showed 
significantly different results when the analysis was per-
formed utilizing methodology that did not convert active-
controlled trials to placebo-controlled trials. Similar is-
sues were also raised with findings of systematic reviews 
in assessing multiple interventional techniques, including 
the effectiveness of percutaneous adhesiolysis in post-
lumbar surgery syndrome [13,15,16,52]. 

Limitations of this systematic review include lack of 
multiple RCTs, and the large scale observational studies 
are of only moderate quality.

In conclusion, the present systematic review and meta-
analysis of epidural neurolysis in management of chronic 
recalcitrant disc herniation or lumbar radiculopathy 
shows level II evidence, based on one relevant, high-
quality RCT [25] and 5 relevant moderate-quality obser-
vational studies [31,33,37,38,40]. The present analysis has 
not shown any significant side effects or complications 
derived from these studies. 
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