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Background: Clinical guidelines are a constructive response to the reality that practicing physicians
require assistance in assimilating and applying the exponentially expanding, often contradictory, body
of medical knowledge. They attempt to define practices that meet the needs of most patients under
most circumstances. Ideally, specific clinical recommendations contained within practice guidelines
are systematically developed by expert panels who have access to all the available evidence, have an
understanding 3of the clinical problem, and have clinical experience with the procedure being assessed,
as well as knowledge of relevant research methods. The recent development of American Pain Society
(APS) guidelines has created substantial controversy because of their perceived lack of objective analysis
and recommendations perceived to be biased due to conflicts of interest.
Objectives: To formally and carefully assess the APS guidelines’ evidence synthesis for low back pain
for therapeutic interventions using the same methodology utilized by the APS authors. The interventions
examined were therapeutic interventions for managing low back pain, including epidural injections,
adhesiolysis, facet joint interventions, and spinal cord stimulation.
Methods: A literature search by 2 authors was carried out utilizing appropriate databases from
1966 through July 2008. Articles in which conflicts arose were reviewed and mediated by a third
author to arrive at a consensus. Selections of manuscripts and methodologic quality assessment was
also performed by at least 2 authors utilizing the same criteria applied in the APS guidelines. The
guideline reassessment process included the evaluation of individual studies and systematic reviews
and their translation into practice recommendations.
Results: The conclusions of APS and our critical assessment based on grading of good, fair, and poor,
agreed that there is fair evidence for spinal cord stimulation in post lumbar surgery syndrome, and
poor evidence for lumbar intraarticular facet joint injections, lumbar interlaminar epidural injections,
caudal epidural steroids for conditions other than disc herniation or radiculitis, sacroiliac joint injections,
intradiscal electrothermal therapy, endoscopic adhesiolysis, and intrathecal therapy. However, our
assessment of APS guidelines for other interventional techniques, utilizing their own criteria, showed fair
evidence for therapeutic lumbar facet joint nerve blocks, caudal epidural injections in disc herniation or
radiculitis, percutaneous adhesiolysis in post lumbar surgery syndrome, radiofrequency neurotomy, and
transforaminal epidural injections in radiculitis. Also it is illustrated that inclusion of latest literature will
change the conclusions, with improved grading – caudal epidural, adhesiolysis, and lumbar facet joint
nerve blocks from fair to good or poor to fair.
The present critical assessment review illustrates that APS guidelines have utilized multiple studies
inappropriately and have excluded appropriate studies. Our integrity assessment shows deep concerns
that the APS guidelines illustrating significant methodologic failures which raise concerns about
transparency, accountability, consistency, and independence.
Conclusion: The current reassessment, using appropriate methodology, shows evidence similar
to APS guidelines for several procedures, but differs extensively from published APS guidelines for
multiple other procedures including caudal epidural injections, lumbar facet joint nerve blocks, lumbar
radiofrequency neurotomy, and percutaneous adhesiolysis.
Key words: Guidelines, evidence-based medicine, systematic reviews, American Pain Society,
interventional pain management, interventional techniques
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Clinical guidelines have been defined by the Institute of Medicine (IOM), “systematically developed statements to assist practitioner and patient decisions about
appropriate health care for specific clinical circumstances” (1). Thus, clinical guidelines are considered a
constructive response to the reality that practicing physicians require assistance for assimilating and applying
the exponentially expanding, often contradictory, body
of medical knowledge (2). Clinical guidelines should
not attempt to supplant the independent judgment of
clinicians in responding to particular clinical situations,
but rather they attempt to define practices that meet
the needs of most patients under most circumstances
(3). Guidelines enable the implementation of evidencebased medicine (EBM) and comparative effectiveness
research (CER) in medical decision-making with the
goal of encouraging effective care (4-9). Consequently,
it is expected that the specific clinical recommendations
that are contained within practice guidelines have been
systematically developed by panels of experts who have
access to the available evidence, have an understanding of the clinical problem, and have clinical experience
with the procedure being assessed as well as relevant
research methods in order to make considered judgments. Above all, these panels are expected to be objective and to produce recommendations that are not
only up-to-date, but also must be unbiased and free
from all conflicts of interest.
In Part 1 of our critical review of the American Pain
Society Clinical Practice Guidelines for interventional
techniques, diagnostic interventional techniques were
assessed (10). Part 2 of this critical review provides an
assessment of therapeutic interventional techniques.
The pace of innovation in health care has been
rapid, constantly adding knowledge to broad and
complex areas of health care interventions and systems (5,6). In addition, the demonstration of pervasive and persistent unexplained variability in clinical
practice and high rates of perceived inappropriate
care, combined with rising expenditures, have fueled
a steady increase in demand for the appropriate application of modalities that have clinical effectiveness
(4-29). A formal set of rules must complement medical
training and common sense for clinicians so they may
interpret the results of clinical research effectively (417,30-32). Thus, knowing the tools of evidence-based
practice is necessary, but not completely sufficient,
for delivering the highest quality patient care. Clinical guidelines must incorporate not only the work of
methodologists, but also the clinicians who actually
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practice medicine and are experts in the technique being reviewed.
There are subtle differences between EBM and
CER, as there also are between placebo-controlled and
active-controlled trials. EBM is essentially focused upon
the use of the right type and extent of knowledge to
guide the right and good intentions and actions of
medical practice, which is fundamental to prudent clinical decision-making (7,8). In contrast, CER is to assist
consumers, clinicians, purchasers, and policy-makers to
make informed decisions that will improve health care
at the level of both the individual as well as the general
population.
Many controversies exist in the United States relating to the development and implementation of clinical
guidelines. In fact, Congress eliminated the Agency for
Health Care Policy and Research (AHCPR) in 1995 soon
after the development of acute low back pain guidelines. Over the years AHCPR issued 19 guidelines at a
cost of $750 million (nearly $40 million per guideline).
Those guidelines were not demonstrated to have saved
health care dollars and were not widely utilized, thus
questioning the cost-effectiveness of governmentally
developed guidelines (33,34). However, smaller professional organizations are considered to lack the internal resources, including staff capacity and expertise,
required to produce guidelines (3). At the same time,
even larger professional organizations can face resource constraints in this area. However, the lack of utilization of governmental agency produced guidelines in
the United States due to the private health care system,
their expense, and the bureaucracy of larger organizations (similar to the government) raises numerous questions about the process, outcomes, and conclusions of
any particular set of guidelines. Further, in clinical areas
without extensive literature, the role of methodologists
may be an exercise in futility.
Conflicts of interest in guideline development
and inappropriate methodologies have come under
careful scrutiny. Impropriety is suspect when guidelines are based on pharmaceutical and medical device
company sponsorships, when members of the guidelines committee have a substantial financial association with an industry, when there is a relationship
between the developing organization and industry,
or, finally, when there is no relevant clinical relationship or expertise on the part of the developers of
the guidelines. However, conflicts of interest do not
involve just industry involvement; they also extend
to numerous other conflicts of interest either in the
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synthesis of EBM, CER, or in the preparation of clinical
guidelines themselves.
Sniderman and Furberg (2) described the conflicts,
controversies, and limitations of the guideline process.
Limitations of the guideline preparation process include
governance and composition of the guideline committee, unanimity in guidelines, lack of independent review, and conflict of interest.
Recently, the American Pain Society (APS) developed and published guidelines for managing low back
pain resulting in multiple publications (35-42). Similarly,
the American College of Occupational and Environmental Medicine (ACOEM) (43) American Society of Anesthesiologists (44) have published guidelines. Official Disability Guidelines (ODG) (45) have also beenpublished.
There are numerous other guidelines available including the ones from the American Society of Interventional Pain Physicians (ASIPP), which were updated in
2009 (4,46-51). ASIPP guidelines were developed with
an extensive search and review of the literature with
systematic reviews including literature search, quality
assessment of individual articles, and creation of new
systematic reviews (52-73). In contrast, ACOEM guidelines for low back pain and chronic pain have been extensively criticized (74-76).
However, the issues surrounding practice guidelines’ development and the evidence used in them are
not limited to interventional pain management alone
(77-79). The joint cardiovascular practice guidelines of
the American College of Cardiology (ACC) and American Heart Association (AHA) have become important
documents for guiding cardiology practice and establishing benchmarks for quality of care (79,80). However,
an evaluation of the scientific evidence underlying these
clinical practice guidelines showed that the recommendations issued were largely developed from lower levels
of evidence or expert opinion. It was noted that these
findings highlight the need to improve the process of
writing guidelines and to expand the evidence base
from which clinical practice guidelines are derived (79).

Methods
The guideline development process includes evidence assessment, peer systematic reviews, and developing clinical practice guidelines with recommendations
(4,46). In the sequential process of grading recommendations, assessing the level of evidence is essential.
Translating systematic reviews into practice recommendations is not straightforward; the same information
can be interpreted in different ways by different ana-
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lysts, resulting in different guidance (81,82). Conclusions
about clinical effectiveness can vary widely as a result of
conflicting viewpoints, such as which outcomes are the
most important and which course of action is appropriate recognizing that evidence is often imperfect.

1.0 Types

of

Interventions Included

Common types of interventional techniques in
managing low back pain including facet joint interventions, epidural injections, percutaneous adhesiolysis,
sacroiliac joint interventions, disc interventions, and
spinal cord stimulation were included in this analysis.

2.0 Key Questions
Chou and Huffman (35) utilized the key question
format. Those key questions were evaluated, answered,
and compared in this analysis.

2.1 Key Questions 8 & 11
How effective are injections and different injection
interventions and other interventional therapies for
non-radicular low back pain, radicular low back pain,
or spinal stenosis, and under what circumstances?
♦ Epidural steroid injection
♦ Intradiscal steroid injection (not included in this
analysis)
♦ Chemonucleolysis (not included in this analysis)
♦ Radiofrequency denervation
♦ Intradiscal electrothermal therapy
♦ Spinal cord stimulation
♦ Percutaneous adhesiolysis
♦ Lumbar epidural adhesiolysis
♦ Facet joint injection, therapeutic medial branch
block, and radiofrequency neurolysis
♦ Therapeutic sacroiliac joint interventions
♦ Intrathecal therapy

3.0 Literature Search
A comprehensive literature search was conducted. The search included entries in databases including
PubMed and EMBASE for articles published from 1966
through July 2008. In addition, a search of the Cochrane
database, Clinical Trial Registry, systematic reviews,
narrative reviews, and cross-references to reviews published in the English language were performed.
The search was performed by at least 2 authors,
emphasizing chronic low back pain with a focus on
interventional techniques. Search strategy and MeSH
terms utilized by Chou and Huffman (35) were utilized
in this critical review.
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4.0 Selection Criteria
This critical review focused on systematic reviews
and randomized trials. Selection of manuscripts was
performed by 2 authors for stated inclusion criteria. If
there was a conflict of interest with the reviewed manuscripts with authorship or any other conflict, the involved authors did not review the manuscript for selection The population of interest was patients suffering
with chronic low back pain. All the studies utilized by
Chou and Huffman (35) that had appropriate management and outcome evaluations were analyzed along
with the addition of studies that they did not include.

5.0 Outcome Measures
ASIPP evaluations (46) utilized pain relief and functional status improvement with at least 6 to 12 months
follow-up for therapeutic interventions; with 6 months
or less was considered short-term and longer than 6
months, long-term. For interventions such as discectomy and implantables, greater than one-year relief was
considered as long-term.
Pain relief was the primary outcome measure for
all interventions. Secondary outcomes were functional
or psychological improvement, improvement in work
status, and complications.

6.0 Methodologic Quality Assessment
The methodologic quality assessment of various individual articles was based on the type of manuscript:
systematic reviews or randomized trials.
Each study was evaluated by 2 physicians for stated
criteria and disagreements were resolved by a third
physician. If there was a conflict of interest with the
reviewed manuscripts with authorship or any other
conflict, the involved authors did not review the manuscripts for quality assessment or evidence synthesis.

6.1 Assessment of Systematic Reviews
Methodologic quality assessment of systematic reviews has been described by the Agency for Healthcare
Research and Quality (AHRQ) (81) and Oxman and Guyatt
(82) which was adapted by Furlan et al (83). Table 1 illustrates the AHRQ criteria for systematic reviews. Chou et
al (35-37) utilized the criteria developed by Oxman and
Guyatt (82) and adapted by Furlan et al (83) as illustrated
in Table 2. While both appear to be similar, there are significant differences between these tools; however, the basic assumptions of quality assessment criteria remain the
same for both. Thus, to satisfy the requirements used by
Chou and Huffman (35), Oxman criteria were used.
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6.2 Assessment of Randomized Trials
The quality assessment of randomized trials is generally carried out by Cochrane review criteria with or
without weighted scores (77,78,84) (Table 3). The criteria with weighted scores has been extensively utilized
in interventional pain management settings (52-78,85).
In contrast, Chou and Huffman (35) utilized the criteria
developed by the Cochrane review with some modifications, but without weighted scoring as shown in
Table 4 (84), which therefore did not provide greater
emphasis to higher quality individual randomized controlled trial. Even though both methods developed by
Cochrane review for methodologic quality assessment
are synonymous, there are subtle differences resulting
in the possibility for the reviewer to provide a biased assessment. For the sake of simplicity, it was decided that
in this critical review we would apply criteria as utilized
by Chou et al (35,84).
Chou and Huffman (35) considered a maximum
score to be 10, 9, or 8. They considered trials that received more than half of the total possible score to be
“higher-quality” and those that received less than or
equal to half “lower-quality.”

6.3 Assessment of Observational Studies
Chou and Huffman (35) stated that to assess the
internal validity of observational studies, they evaluated whether they used non-biased selection methods;
whether rates of loss-to-follow-up were acceptable;
whether predefined outcomes were specified; whether
they used appropriate methods for ascertaining exposures, potential confounders, and outcomes; and
whether they performed appropriate statistical analysis of potential confounders. They chose not to utilize
quality assessment of non-randomized trials, based on
the philosophy that there is no consensus on optimal
quality rating methods (86). However, with careful
scrutiny, AHRQ has provided quality rating assessment
systems for observational studies (81). This system has
been utilized with weighted scoring in multiple systematic reviews in the past (52-73,85). However, to follow
the assessment done by Chou and Huffman (35), we did
not assess observational studies.

7.0 Analysis

of

Evidence

Chou and Huffman (35) utilized the United States
Preventive Services Task Force’s (USPSTF) (87) method for
grading an intervention’s overall strength of evidence
as illustrated in Table 5. USPSTF also developed the
grading system for research design as shown in Table 6.

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions
Table 1. Domains in the Agency for Healthcare Research and Quality (AHRQ) criteria for evaluating systematic reviews.

DOMAIN

ELEMENTS*

Study question

• Question clearly specified and appropriate

Search strategy

• Sufficiently comprehensive and rigorous with attention to possible publication biases
• Search restrictions justified (e.g., language or country of origin)
• Documentation of search terms and databases used
• Sufficiently detailed to reproduce study

Inclusion and exclusion criteria

• Selection methods specified and appropriate, with a priori criteria specified if possible

Interventions

• Intervention(s) clearly detailed for all study groups

Outcomes

• All potentially important harms and benefits considered

Data extraction †

• Rigor and consistency of process
• Number and types of reviewers
• Blinding of reviewers
• Measure of agreement or reproducibility
• Extraction of clearly defined interventions/exposures and outcomes for all relevant subjects and
subgroups

Study quality and validity

• Assessment method specified and appropriate
• Method of incorporation specified and appropriate

Data synthesis and analysis

• Appropriate use of qualitative and/or quantitative synthesis, with consideration of the robustness of results
and heterogeneity issues
• Presentation of key primary study elements sufficient for critical appraisal and replication

Results

• Narrative summary and/or quantitative summary statistic and measure of precision, as appropriate

Discussion

• Conclusions supported by results with possible biases and limitations taken into consideration

Funding or sponsorship

• Type and sources of support for study

* Elements appearing in italics are those with an empirical basis. Elements appearing in bold are those considered essential to give a system a Yes
rating for the domain.
† Domain for which a Yes rating required that a majority of elements be considered.
Adapted from West S et al. Systems to Rate the Strength of Scientific Evidence, Evidence Report, Technology Assessment No. 47. AHRQ Publication No. 02-E016. Rockville, MD: Agency for Healthcare Research and Quality, 2002. www.thecre.com/pdf/ahrq-system-strength.pdf (81).

ASIPP used this system when developing its guidelines
and multiple systematic reviews. ASIPP’s guidelines and
reviews continue to be quoted by numerous authorities. However, this approach has been criticized because
it limits evaluation of internal validity (88).
To avoid confusion in this analysis, the criteria utilized by Chou and Huffman (35) was adopted, as illustrated in Table 5.
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7.1 Outcome of the Studies
For systematic reviews, outcomes were based on
the conclusions of the authors and reevaluation.
For randomized trials, a study was judged to be
positive if the interventional therapy was effective, either with a placebo control or active control. This indicates that the difference in the effect for the primary
outcome measure was statistically significant at the
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Table 2. Systematic reviews quality rating system.

Criteria for Assessing Scientific Quality of Research Reviews*
CRITERIA

OPERATIONALIZATION OF CRITERIA

1. Were the search methods reported?
Were the search methods used to find evidence (original research) on the
primary questions stated?
“Yes” if the review states the databases used, date of most recent searches,
and some mention of search terms.

The purpose of this index is to evaluate the scientific quality (i.e., adherence
to scientific principles) of research overviews (review articles) published
in the medical literature. It is not intended to measure literary quality,
importance, relevance, originality, or other attributes of overviews.

The index is for assessing overviews of primary (“original”) research on
pragmatic questions regarding causation, diagnosis, prognosis, therapy, or
prevention. A research overview is a survey of research. The same principles
that apply to epidemiological surveys apply to overviews: a question must
be clearly specified, a target population identified and accessed, appropriate
3. Were the inclusion criteria reported?
information obtained from that population in an unbiased fashion, and
Were the criteria used for deciding which studies to include in the
conclusions derived, sometimes with the help of formal statistical analysis, as
overview reported?
is done in “meta-analyses.” The fundamental difference between overviews
4. Was selection bias avoided? Was bias in the selection of studies avoided? and epidemiological studies is the unit of analysis, not the scientific issues
“Yes” if the review reports how many studies were identified by searches, that the questions in this index address.
numbers excluded, and gives appropriate reasons for excluding them
Since most published overviews do not include a methods section, it is
(usually because of pre-defined inclusion/exclusion criteria).
difficult to answer some of the questions in the index. Base your answers, as
5. Were the validity criteria reported?
much as possible, on information provided in the overview. If the methods
Were the criteria used for assessing the validity of the included studies
that were used are reported incompletely relative to a specific question, score
reported?
it as “can’t tell,” unless there is information in the overview to suggest either
6. Was validity assessed appropriately?
the criterion was or was not met.
Was the validity of all the studies referred to in the text assessed using
appropriate criteria (either in selecting studies for inclusion or in
analyzing the studies that are cited)?
“Yes” if the review reports validity assessment and did some type of
analysis with it (e.g. sensitivity analysis of results according to quality
ratings, excluded low quality studies, etc.).
2. Was the search comprehensive?
Was the search for evidence reasonably comprehensive?
“Yes” if the review searches at least 2 databases and looks at other sources
(such as reference lists, hand searches, queries experts).

7. Were the methods used to combine studies reported?
Were the methods used to combine the findings of the relevant studies
(to reach a conclusion) reported?
“Yes” for studies that did qualitative analysis if there is some mention
that quantitative analysis was not possible and reasons that it could not
be done, or if ‘best evidence’ or some other grading of evidence scheme
used.
8. Were the findings combined appropriately?
Were the findings of the relevant studies combined appropriately relative
to the primary question the overview addresses?
“Yes” if the review performs a test for heterogeneity before pooling, does
appropriate subgroup testing, appropriate sensitivity analysis, or other
such analysis.

For Question 8, if no attempt has been made to combine findings, and no
statement is made regarding the inappropriateness of combining findings,
check “No”. If a summary (general) estimate is given anywhere in the
abstract, the discussion, or the summary section of the paper, and it is
not reported how that estimate was derived, mark “No” even if there is a
statement regarding the limitations of combining the findings of the studies
reviewed. If in doubt, mark “Can’t tell.”

9. Were the conclusions supported by the reported data?
Were the conclusions made by the author(s) supported by the data
and/or analysis reported in the overview?

For an overview to be scored as “Yes” in Question 9, data (not just citations)
must be reported that support the main conclusions regarding the primary
question(s) that the overview addresses.

10. What was the overall scientific quality of the overview?
How would you rate the scientific quality of this overview?

The score for Question 10, the overall scientific quality, should be based on your
answers to the first nine questions. The following guidelines can be used to assist
with deriving a summary score: If the “Can’t tell” option is used one or more
times on the preceding questions, a review is likely to have minor flaws at best
and it is difficult to rule out major flaws (i.e. a score of 4 or lower). If the “No”
option is used on Question 2, 4, 6, or 8, the review is likely to have major flaws
(i.e. a score of 3 or less, depending on the number and degree of the flaws).

Scoring:

Each Question is scored as Yes, Partially/Can’t tell or No

Extensive Flaws
1
2

Major Flaws
3

Minor Flaws
4
5

6

Minimal Flaws
7

* Operationalization of Oxman AD, Guyatt GH. Validation of an index of the quality of review articles. J Clin Epidemiol 1991; 44:1271-1278 (82);
Adapted from Furlan AD, Clarke J, Esmail R, Sinclair S, Irvin E, Bombardier C. A critical review of reviews on the treatment of chronic low back
pain. Spine 2001; 26:E155-E162 (83).
Source: Chou R, Huffman L. Evaluation and Management of Low Back Pain: Evidence Review. American Pain Society; Glenview, IL: 2009 (35).
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Table 3. Modified and weighted Cochrane methodologic quality assessment criteria.

Weighted
Score (points)

CRITERION
1. Study population

35

A

Homogeneity

2

B

Comparability of relevant baseline characteristics

5

C

Randomization procedure adequate

4

D

Drop-outs described for each study group separately

3

E

< 20% loss for follow-up

2

< 10% loss for follow-up

2

> 50 subjects in the smallest group

8

F

> 100 subjects in the smallest group

9

2. Interventions

25

G

Interventions included in protocol and described

10

H

Pragmatic study

5

I

Co-interventions avoided or similar

5

J

Placebo-controlled

5

3. Effect

30

K

Patients blinded

5

L

Outcome measures relevant

10

M

Blinded outcome assessments

10

N

Follow-up period adequate

5

4. Data-presentation and analysis

10

O

Intention-to-treat analysis

5

P

Frequencies of most important outcomes presented for each treatment group

5

TOTAL SCORE

100

Adapted from Koes BW et al. Efficacy of epidural steroid injections for low-back pain and sciatica: An updated systematic review of randomized
clinical trials. Pain Digest 1999; 9:241-247 (78).

conventional 5% level. In a negative study, there was
no difference between the study treatments or no improvement from baseline.

8.0 Assessment

of

Integrity

USPSTF defined evidence-based recommendation development with a description of aims and
processes to ensure integrity (89,90). The goals include transparency, accountability, consistency, and
independence.

tizing the literature, peer review of evidence synthesis,
and recommendations and updating of the recommendations consistent with current literature constitute
accountability.

8.3 Consistency
Systematic reviews of the literature on effectiveness and harms utilize outcome tables to assess
the balance of benefits and harms with a defining
evidence grid and descriptions in a standardized
language.

8.1 Transparency
Transparency is provided by standardized methodology described in the methods section.

8.2 Accountability
A conflict of interest policy, the process for priori-

www.painphysicianjournal.com

8.4 Independence
Finally, the evidence review process, voting process
for members only, meeting attendance by invitation,
and formalized communication among the stakeholders must be independent.
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Table 4. Randomized controlled trials quality rating system.

Criteria List for Methodological Quality Assessment
CRITERIA

OPERATIONALIZATION OF CRITERIA

SCORE

A. Was the method of randomization adequate?

A random (unpredictable) assignment sequence. An example of
adequate methods is a computer generated random number table and
use of sealed opaque envelopes. Methods of allocation using DOB, date
of admission, hospital numbers, or alternation should not be regarded as
appropriate.

Yes/No/Don’t Know

B. Was the treatment allocation concealed?

Assignment generated by an independent person not responsible
for determining the eligibility of the patients. This person has no
information about the persons included in the trial and has no influence
on the assignment sequence or on the decision about eligibility of the
patient.

Yes/No/Don’t Know

C. Were the groups similar at baseline regarding
the most
important prognostic factors?
“Yes,” if similar:
• Age & gender
• Description of type of pain
• Intensity, duration, or severity of pain

In order to receive a “yes,” groups have to be similar in baseline regarding
demographic factors, duration or severity of complaints, percentage
of patients with neurologic symptoms, and value of main outcome
measure(s).

D. Was the patient blinded to the intervention?
E. Was the care provider blinded to the
intervention?
F. Was the outcome assessor blinded to the
intervention?

Yes/No/Don’t Know

Yes/No/Don’t Know
The reviewer determines if enough information about the blinding is
given in order to score a “yes”: Use the author’s statement on blinding,
unless there is a differing statement/reason not to (no need for explicit
information on blinding).

Yes/No/Don’t Know
Yes/No/Don’t Know

G. Were cointerventions avoided or similar?

Cointerventions should either be avoided in the trial design or similar
between the index and control groups.

Yes/No/Don’t Know

H. Was the compliance acceptable in all groups?

The reviewer determines if the compliance to the interventions is
acceptable, based on the reported intensity, duration, number, and
frequency of sessions for both the index intervention and control
intervention(s).

Yes/No/Don’t Know

I. Was the drop-out rate described and acceptable?
≤ 15% drop out rate is acceptable.

The number of participants who are included in the study but did not
complete the observation period or were not included in the analysis
must be described and reasons given. If the percentage of withdrawals
and drop-outs does not exceed 15% and does not lead to substantial bias,
a “yes” is scored.

Yes/No/Don’t Know

J. Was the timing of the outcome assessment in all
groups similar?

Timing of outcome assessment should be identical for all intervention
groups and for all important outcome assessments.

Yes/No/Don’t Know

K. Did the analysis include an intention-to-treat
analysis?
“Yes” if less than 5% of randomized patients
excluded.

All randomized patients are reported/analyzed in the group they were
allocated to by randomization for the most important moments of effect
measurement (minus missing values) irrespective of noncompliance and
cointerventions.

Yes/No/Don’t Know

This list includes only the internal validity criteria (n=11) that refer to characteristics of the study that might be related to selection bias (criteria A and
B), performance bias (criteria D, E, G, and H), attrition bias (criteria I and K), and detection bias (criteria F and J). The internal validity criteria should be
used to define methodologic quality in the meta-analysis.
Source: Chou R, Huffman L. Evaluation and Management of Low Back Pain: Evidence Review. American Pain Society; Glenview, IL: 2009 (35);
adapted from methods developed by van Tulder M, Furlan AD, Bombardier C, Bouter L, the Editorial Board of the Cochrane Collaboration Back
Review Group. Updated method guidelines for systematic reviews in the Cochrane Collaboration Back Review Group. Spine (Phila Pa 1976)
2003; 28:1290-1299 (84).
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Table 5. Method for grading the overall strength of the evidence for an intervention.

Grade

Definition

Good

Evidence includes consistent results from well-designed, well-conducted
studies in representative populations that directly assess effects on health outcomes (at least two consistent, higher-quality RCTs or
studies of diagnostic test accuracy).

Fair

Evidence is sufficient to determine effects on health outcomes, but the strength of the evidence is limited by the number, quality,
size, or consistency of included studies; generalizability to routine practice; or indirect nature of the evidence on health outcomes
(at least one higher-quality trial or study of diagnostic test accuracy of sufficient sample size; two or more higher-quality trials or
studies of diagnostic test accuracy with some inconsistency; at least two consistent, lower-quality trials or studies of diagnostic test
accuracy, or multiple consistent observational studies with no significant methodological flaws).

Poor

Evidence is insufficient to assess effects on health outcomes because of limited number or power of studies, large and unexplained
inconsistency between higher-quality trials, important flaws in trial design or conduct, gaps in the chain of evidence, or lack of
information on important health outcomes.

Source: Chou R, Huffman L. Evaluation and Management of Low Back Pain: Evidence Review. American Pain Society; Glenview, IL: 2009 (35).
Adapted from methods developed by U.S. Preventive Services Task Force (87).

Table 6. Quality of evidence developed by USPSTF.
I:

Evidence obtained from at least one properly randomized controlled trial

II-1:

Evidence obtained from well-designed controlled trials without randomization

II-2:

Evidence obtained from well-designed cohort or case-control analytic studies, preferably from more than one center or research group

II-3:

Evidence obtained from multiple time series with or without the intervention. Dramatic results in uncontrolled experiments (such as the
results of the introduction of penicillin treatment in the 1940s) could also be regarded as this type of evidence

III:

Opinions of respected authorities, based on clinical experience descriptive studies and case reports or reports of expert committees

Adapted from the U.S. Preventive Services Task Force (USPSTF) (87).

Results
The methodology utilized followed the sequence
as described in APS guidelines (35). The literature search
extended through July 2008. The critical analysis in this
document (Part 2) included therapeutic interventions.
Diagnostic interventions are described in Part 1 (10).

1.0 Epidural Steroid Injections
Access to the epidural space is available by the
caudal approach apart from interlaminar and transforaminal approaches. Substantial differences with the
technique and outcomes have been described between
these 3 approaches. Thus, due to the inherent variations, differences, advantages, and disadvantages applicable to each technique, including effectiveness and
outcomes, caudal epidural injections, interlaminar epidural injections, and transforaminal epidural injections
must be considered as separate entities. In addition, the
response to epidural injections for various pathological conditions – disc herniation and/or radiculitis, disco-
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genic pain without disc herniation, spinal stenosis, and
lumbar post surgery syndrome – is variable.
Chou and Huffman (35) performed extensive
searches of systematic reviews and original manuscripts. They identified 4 higher-quality (77,91-93) and
5 lower-quality (94-98) systematic reviews after excluding 11 outdated or already updated systematic reviews
(78,99-108) and 3 reviews that were not clearly systematic (109-111).
They identified 40 randomized trials (reported in
39 articles) of epidural steroid injections for low back
pain (112-150) and stated that 33 trials were included
in at least 1 of the 9 systematic reviews (77,91-98) and
they identified 7 additional trials (112-117,139). They
concluded that 21 trials (with 2 trials reported in one
article [128], were placebo-controlled (114,118-136),
rating 11 placebo-controlled trials as higher quality
(114,116,118,121,122,124,126,130,132,135,140).
Chou and Huffman (35) and multiple other systematic reviews (77,78,92,102,107,111) have evalu-
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ated the effectiveness of epidural injections by
combining lumbar interlaminar and caudal epidural
injections.

1.1 Caudal Epidural Injections
Conn et al (59), Abdi et al (94,99), Boswell et al
(100), and Bogduk et al (151) evaluated caudal epidural steroid injections as separate procedures, reaching
favorable conclusions with moderate effectiveness in
managing lumbar radiculopathy. In contrast, multiple
systematic reviews, including the ones by Chou et al
(35,37,77,78,92,102,107,111) combined interlaminar
or translaminar epidural injections and caudal epidural injections into one category, and therefore reached
erroneous conclusions that these treatments were only
effective for short-term relief in radiculopathy.

1.1.1 Literature Search
A comprehensive literature search yielded over
3,000 manuscripts with inclusion of 42 manuscripts for
this evaluation.

1.1.2 Methodologic Quality Assessment
Methodologic quality assessment of the randomized clinical trials evaluating the effectiveness of caudal
epidural injections is illustrated in Table 7.

1.1.2.1 Assessment of Randomized Clinical Trials
Of the 33 trials which were included in at least
one of the 9 systematic reviews, and 7 additional trials identified by Chou et al (114,118-136), they concluded that 21 trials (with 2 trials reported in one article (128) were placebo control (114,118-136) and
further, that 11 placebo control trials were of higher
quality (114,116,118,121,122,124,126,130,132,135,140).
Of these trials, they conducted methodologic quality
assessment of criteria for 26 trials. Of these, one trial
(117) described percutaneous adhesiolysis; thus, it is
not an epidural study as it was conducted in patients
who had already failed to respond to caudal epidural
steroid injections. Of the remaining 25, 7 studies were
caudal (112,119-121,129,136,140), 13 were interlaminar
(112,114,118,122-125,127,128,133-135,139), and 5 were
transforaminal (112,116,126,130,132).
In the present critical assessment, methodologic
quality assessment was carried out on all the caudal
studies included by Chou and Huffman (35). Of the 10
studies considered as caudal (after elimination of the
one adhesiolysis study), Chou and Huffman (35) excluded 3 studies in their quality assessment. Further, they
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considered among these studies only 2 as being high
quality and placebo controlled (121,140). However,
Dashfield et al (140), was described as a high quality
placebo-controlled trial, even though it utilized an active control design.
Thus in this reassessment, 16 studies were evaluated for methodologic quality assessment. Seven of
them (112,119-121,129,136,140) were from Chou and
Huffman (35), 3 studies (142,144,147) were randomized
trials not assessed by APS-AAPM evidence synthesis,
and 6 studies (152-157) were published after the APS
guidelines were published (35).
Of the 19 randomized trials (112,119-121,129,136,
140,142,144,147,152-160), 16 were included for methodologic quality assessment (112,119-121,129,136,140,
142,144,147,152-157). Three studies (112,119,136) were
included in this methodologic quality assessment even
though they were excluded by Conn et al (59).
Of the studies meeting the inclusion criteria for
methodologic quality assessment, 6 were published in
the latter part of 2008 or 2009 (152-157) beyond the
inclusion criteria of Chou and Huffman (35). However,
these were included in the present analysis of methodologic quality assessment so that judgment may be
made including the most current evidence.
It appears that while most of the assessment was
appropriate for the studies which were included by others in their systematic reviews, Chou and Huffman (35)
included studies which did not meet inclusion criteria.
This illustration shows that even though quality criteria is met, the study can be very poorly performed, and
therefore not clinically relevant. Béliveau (119) had no
data at 3 months. Justifiably, Chou and Huffman (35)
rated this study as extremely low due to the lack of data
at 3 months, along with many other deficiencies. Zahaar (136) utilized very high volumes of sterile saline
with local anesthetic with or without steroid, 30 mL,
injecting blindly without fluoroscopic guidance. The
study was not placebo-controlled and so had low methodologic quality. Ackerman and Ahmad (112) provided
inadequate descriptions and the study was poorly performed, even though it was rated by Chou and Huffman (35) as high quality; our assessment also showed
high methodologic quality. However, this study was excluded from assessment and was not included by others
due to the short-term follow-up of 24 weeks, along with
other multiple deficiencies (59). Ackerman and Ahmad
(112) was a low quality study. It also showed that there
is no difference among the 3 types of treatments; but,
did not show that caudal epidurals were ineffective.
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Table 7. Methodological assessment of randomized clinical trials evaluating the effectiveness of caudal epidural injections.

Bush and
Hillier 1991
(121)*

Dashfield et al
2005 (140)#*

ASIPP

APSAAPM

ASIPP

No

Don’t
know

Yes

Don’t
know

Don’t
know

Don’t
know

Yes

Baseline group
similarity

No

Don’t
know

Patient blinded

Randomization
Concealed
treatment
allocation

Mathews et al
1987 (129)*

APSASIPP
AAPM

Hesla and
Breivik 1979
(142)♦

Breivik et al
1976 (120)*

Revel et al 1996
(147)✚

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

Yes

Don’t
know

Yes

NS

Yes

Yes

Yes

NS

Yes

Don’t
know

Don’t
know

Yes

NS

Don’t
know

Don’t
know

No

NS

Yes

Yes

No

No data

No

NS

No

Don’t
know

Yes

NS

Yes

Yes

Yes

Yes

Yes

NS

Yes

Yes

No

NS

Yes

NS

No

No

No

NS

Yes

Yes

Care provider
blinded

Yes

Don’t
know

No

No

No

Don’t
know

Outcome
assessor blinded

Yes

Yes

No

Don’t
know

Yes

Yes

No

NS

Yes

Yes

Yes

NS

Cointerventions
avoided or
similar

Yes

Yes

No

Don’t
know

Yes

Yes

No

NS

No

Don’t
know

Yes

NS

Compliance
acceptable in all
groups

Yes

Yes

Yes

Yes

Yes

Yes

No

NS

No

Yes

No

NS

Drop-out rate
described and
acceptable

No

No

Yes

Yes

Yes

No

Yes

NS

Yes

No

No

NS

Timing of
outcome
assessment in all
groups similar

Yes

Yes

Yes

Yes

Yes

Don’t
know

Yes

NS

Yes

Don’t
know

Yes

NS

Intention to treat
analysis

Yes

Yes

Yes

Yes

Yes

Don’t
know

Yes

NS

Yes

Yes

No

NS

Score

7/11

6/11

8/11

7/11

8/11

4/11

7/11

NS

6/11

5/11

5/11

NS

*Included by Chou and Huffman (35) and Conn et al (59)
+Included by Conn et al (59), but not Chou and Huffman (35)
♦
Included by Chou and Huffman (35), but not Conn (59)
§Included in present review, but not Chou and Huffman (35)
∆Not available at the time of Chou’s search
#Fluoroscopy used in performing caudal epidural injections
NS = Not scored by APS-AAPM review

Among high quality studies reporting positive results, 5 were performed under fluoroscopy (140,152155), and one was performed without fluoroscopy
(156). However, none of them were placebo-controlled.
All the fluoroscopic studies were performed on chronic
low back pain patients who had disc herniation; discogenic pain with or without disc herniation or radiculitis,
post lumbar laminectomy syndrome; or spinal stenosis
(140,152-155). The non-fluoroscopic study was per-
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formed with local anesthetic injection with or without
steroid (156) in patients with disc herniation and pain
duration of one month. The results were positive in this
study.

1.1.2.2 Assessment of Systematic Reviews
We identified multiple systematic reviews evaluating the effectiveness of caudal epidural injections (59,
76,77,92,98,102,107,111,161). As shown in Table 8, all
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Table 7 (cont). Methodological assessment of randomized clinical trials evaluating the effectiveness of caudal epidural injections.

Manchikanti et al Manchikanti et al
2008 (152)# ✚∆
2008 (153)#✚∆

Manchikanti et al
2008 (154)# ✚∆

Manchikanti et al
2008 (155)#✚ ∆

Ackerman and Ahmad
2007 (112)♦

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

Randomization

Yes

NS

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Concealed treatment
allocation

Yes

NS

Yes

NS

Yes

NS

Yes

NS

No

Don’t know

Baseline group
similarity

Yes

NS

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Patient blinded

Yes

NS

Yes

NS

Yes

NS

Yes

NS

No

Yes

Care provider
blinded

Yes

NS

Yes

NS

Yes

NS

Yes

NS

No

No

Outcome assessor
blinded

No

NS

No

NS

No

NS

No

NS

Can’t tell

Yes

Cointerventions
avoided or similar

Yes

NS

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Compliance
acceptable in all
groups

Yes

NS

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Drop-out rate
described and
acceptable

No

NS

No

NS

Yes

NS

Yes

NS

Yes

Yes

Timing of outcome
assessment in all
groups similar

Yes

NS

Yes

NS

No

NS

No

NS

Yes

Yes (for pain
relief)

Intention to treat
analysis

Yes

NS

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Score

9/11

NS

9/11

NS

9/11

NS

9/11

NS

7/11

9/11

*Included by Chou and Huffman (35) and Conn et al (59)
+Included by Conn et al (59), but not Chou and Huffman (35)
♦
Included by Chou and Huffman (35), but not Conn (59)
§Included in present review, but not Chou and Huffman (35)
∆Not available at the time of Chou’s search
#Fluoroscopy used in performing caudal epidural injections
NS = Not scored by APS-AAPM review

the systematic reviews included by Chou and Huffman
(35) were included with another systematic review (76),
which was not considered by Chou and Huffman (35).
Conn et al (59) and Staal et al (161), which were published in 2009, were included for evaluation purposes.
Quality assessment results of systematic reviews are
illustrated in Table 8. The rating was judged to be inappropriate in some studies as resulting in favorable or
unfavorable opinions. The overall quality score was a
maximum of 9; however, Chou and Huffman (35) utilized a maximum score of 7. We were unable to understand the rationale related to the modified score and
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analysis. Manchikanti et al (76) was not evaluated, even
though it met 7 of 9 criteria. Luijsterburg et al (91) in
this assessment met only 5 of 9 criteria, but APS-AAPM
scored it 7/7 or (9/9 corrected) meaning it met all criteria. Abdi et al (94) was described as low quality and
that it met 3 of 7 criteria. However, looking at the 9
items, even by their own (35) determination, this study
met 6 of 9 criteria, with one item meeting partial criteria; our assessment showed 7 of 9 criteria were met.
Vroomen et al (93) were evaluated as meeting 5 of 7
criteria, even though it should have been 8 of 9 by their
own assessment; our reassessment showed only 6 of
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Table 7 (cont). Methodological assessment of randomized clinical trials evaluating the effectiveness of caudal epidural injections.

Beliveau 1971
(119)♦

Zahaar 1991
(136)♦

Sayegh et al 2009
(156)§∆

Laiq et al 2009
(157)§∆

McGregor et al 2001
(144) ✚

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

Randomization

No

No

Don’t
know

Don’t know

Yes

NS

Yes

NS

No

NS

Concealed treatment
allocation

No

No

No

Don’t know

Yes

NS

No

NS

No

NS

Baseline group
similarity

No

Don’t
know

Yes

Don’t know

Yes

NS

Yes

NS

No

NS

Patient blinded

No

Don’t
know

Yes

Yes

Yes

NS

No

NS

No

NS

Care provider blinded

No

Don’t
know

No

No

Yes

NS

No

NS

No

NS

Outcome assessor
blinded

No

Don’t
know

No

Don’t know

Yes

NS

No

NS

Yes

NS

Cointerventions
avoided or similar

No

Don’t
know

No

Don’t know

Yes

NS

No

NS

Yes

NS

Compliance acceptable
in all groups

Yes

Yes

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Drop-out rate described
and acceptable

No

Don’t
know

No

No

Yes

NS

Don’t
know

NS

No

NS

Timing of outcome
assessment in all
groups similar

No

No

No

No (for
long term
f/u)

Yes

NS

Yes

NS

Yes

NS

Intention to treat
analysis

No

Don’t
know

Yes

Yes

Yes

NS

No

NS

Yes

NS

Score

1/11

1/11

4/11

3/11

11/11

NS

4/11

NS

5/11

NS

*Included by Chou and Huffman (35) and Conn et al (59)
+Included by Conn et al (59), but not Chou and Huffman (35)
♦
Included by Chou and Huffman (35), but not Conn (59)
§Included in present review, but not Chou and Huffman (35)
∆Not available at the time of Chou’s search
#Fluoroscopy used in performing caudal epidural injections
NS = Not scored by APS-AAPM review

9. Most systematic reviews except by Conn et al (59),
Manchikanti et al (76), and Abdi et al (94) separated
the 3 techniques, whereas DePalma et al (96) evaluated
selective nerve root blocks. Luijsterburg et al (91) also
utilized highly inconsistent criteria with the evaluation
that findings must be consistent 80% of the time to be
judged positive. Armon et al (95) received a score of 4/7
(5/9 corrected), which is higher than the reassessment
score of 3/9.
It was surprising that since Chou and Huffman (35)
were not able to identify the type of injections, they
grouped everything into interlaminar if the procedure
was not specified. DePalma et al (96) appraised the
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evidence for selective nerve root injection in the treatment of lumbosacral radiculopathy, yet Chou and Huffman (35) concluded that they included 3 interlaminar
studies, one caudal study, and 5 transforaminal studies.
However, there were no caudal studies. Thus, it appears
that the evaluators were either unable to identify the
type of injection or were not interested in finding accurate information.

1.1.3 Disc Herniation and Radiculitis
Eight randomized trials met criteria for inclusion
for evidence synthesis (112,120,121,129,140,142,153,1
56). Ackerman and Ahmad (112) was not included in
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Table 8. Quality rating of systematic reviews of caudal epidural injections.

Conn et al 2009 (59)∆♦

Manchikanti et al 2008
(76)♦

Nelmans et al 2001
(77)*

Luijsterburg et al 2007
(91)*

ASIPP

APS-AAPM

ASIPP

APS-AAPM

ASIPP

APS-AAPM

ASIPP

APS-AAPM

Search Method

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Comprehensive

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Inclusion Criteria

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Bias Avoided

Yes

NS

Yes

NS

Yes

Yes

No

Yes

Validity Criteria

Yes

NS

Yes

NS

Yes

Yes

No

Yes

Validity Assessed

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Methods for
Combining Studies

No

NS

No

NS

Yes

Yes

Yes

Yes

Appropriately
Combined

No

NS

No

NS

No

Yes

No

Yes

Conclusions
Supported

Yes

NS

Yes

NS

No

Yes

No

Yes

Overall Quality

7/9

NS

7/9

NS

7/9

7/7

5/9

7/7

Corrected Score

7/9

NS

7/9

NS

7/9

9/9

5/9

9/9

Staal et al
2008, 2009
(92*,161∆♦)

Abdi et al 2007
(94)*

Armon et al
2007 (95)✚

ASIPP

APSAAPM

ASIPP

APSAPSASIPP
AAPM
AAPM

Search Method

Yes

Yes

Yes

Yes

Yes

Comprehensive

Yes

Yes

Yes

Yes

Inclusion
Criteria

Yes

Yes

Yes

Bias Avoided

Yes

Yes

Validity Criteria

Yes

Validity Assessed

Resnick et al
2005 (97)✚

TonkovichQuaranta and
Winkler 2000
(98)✚

Vroomen et al
2000 (93)*

ASIPP

APSAAPM

ASIPP

APSASIPP
AAPM

APSAAPM

Yes

Yes

Yes

No

No

Yes

Yes

No

Partial

No

Partial

No

No

Yes

Yes

Yes

Yes

Yes

No

Partial

No

No

No

Can’t tell

Yes

Yes

Yes

Yes

No

Can’t tell

No

No

Yes

Yes

Yes

Yes

Partial

No

Partial

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Partial

No

No

No

Partial

Yes

Yes

Methods for
Combining
Studies

Yes

Yes

No

No

No

Partial

No

Partial

No

Can’t
tell

Yes

Yes

Appropriately
Combined

No

Yes

No

No

No

Partial

No

Can’t tell

No

Can’t
tell

No

Yes

Conclusions
Supported

No

Yes

Yes

Yes

No

Partial

No

Can’t tell

No

No

No

Yes

Overall Quality

7/9

7/7

7/9

3/7

3/9

4/7

1/9

2/7

0/9

1/7

6/9

5/7

Corrected Score

7/9

9/9

7/9

6/9

3/9

5/9

1/9

1/9

1/9

1/9

6/9

8/9

*Included by Chou and Huffman (35) and Conn et al (59)
+Included by Chou and Huffman (35), but not the present reviews
♦Included by Chou and Huffman (35), but not Conn (59)
§Included in present review, but not Chou and Huffman (35)
∆Not available at the time of Chou’s search
#Fluoroscopy used in performing caudal epidural injections
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1.1.3.1 Effectiveness
The present critical assessment showed positive
results for short-term relief in 7 of 8 studies (112,120,
121,140,142,153,156). Of 5 trials reporting long-term
follow-up of more than 6 months, 4 reported positive
results (129,142,153,156). The results in 3 studies utilizing fluoroscopy (112,140,153) were superior to blind
epidural injections (Table 9).
The 2008 study by Manchikanti et al (153) and the
2009 study by Sayegh et al (156) were published after
the APS guidelines were published. Even so, of the
studies examined by Chou and Huffman (35) the results
were positive in 5 of 6 for short-term relief (less than 6
months) (112,120,121,140,142), and 2 of 3 showed positive results for long-term relief (more than 6 months)
(129,142).
Based on the present evidence, utilizing Chou and
Huffman’s criteria with grading of good, fair, and poor,
it appears that there is fair evidence for the therapeutic

other reviews. Based on Chou and Huffman’s (35) criteria, it met the inclusion criteria. However, Zahaar (136)
was not added since the methodologic criteria was low
and it was not placebo-controlled, a feature misunderstood by APS guidelines. Béliveau (119) also had low
methodologic quality assessment criteria. Sayegh et al
(156), published in 2009, was included by us. The study,
which was randomized and double-blinded, did not
utilize fluoroscopy. Of the 9 studies, 3 included fluoroscopy (112,140,153).
In the 8 studies examined, illustrated in Table 9, 7
were positive for short-term relief (less than 6 months)
and 4 of 5 were positive for long-term relief (more than
6 months). Even with elimination of the 2 studies which
were not available at the time the APS guidelines were
published (153,156), the results still continue to be positive, with 5 of the 6 studies positive for short-term relief
(112,120,121,140,142) and 2 of the 3 studies positive for
long-term relief (129,142).

Table 9. Results of randomized trials of effectiveness of caudal epidural steroid injections in managing the pain from lumbar disc
herniation/radiculitis.

Methodological
Quality Scoring
Study

Study
Characteristics

ASIPP

APSAAPM

Pain Relief

Results

3 mos.

6 mos.

12 mos.

Shortterm
relief
≤ 6 mos.

Participants

Longterm
relief
> 6 mos.

Manchikanti et al
2008 (153)*∆

RA, DB

9/11

NS

LA with steroids = 42
LA only = 42

81%

86%

79% to
81%

P

P

Dashfield et al
2005 (140)*

RA, DB

8/11

7/11

Caudal = 30
Endoscopy = 30

SI

SI

NA

P

NA

Bush and Hillier
1991 (121)

RA, DB

7/11

6/11

23

SI

NSI

NSI

P

N

Mathews et al
1987 (129)

RA, DB

8/11

4/11

C = 34
T = 23

SI

SI

SI

N

P

Hesla and Breivik
1979 (142)

RA, DB

7/11

NS

69 patients: crossover
design

29% versus
77%

P

P

Breivik et al 1976
(120)

RA, DB

6/11

5/11

C = 19
T = 16

20% vs 50%

20% vs
50%

NA

P

NA

Ackerman and
Ahmad 2007
(112)*

RA, DB

8/11

9/11

Caudal = 30
Interlaminar = 30
Transforaminal = 30

Caudal = 17
of 30 (57%)

NA

NA

P

NA

Sayegh et al 2009
(156)∆

RA,DB

11/11

NS

Steroid with LA = 93
LA only = 90

SI

SI

SI

P

P

25% versus 25% versus
59%
59%

*Indicates use of fluoroscopy
∆Not available at the time of Chou’s search
RA = randomized; DB = double blind; NS = Not scored by APS-AAPM review; C = control; T = treatment; LA = local anesthetic;
NA = not available; SI = significant improvement; NSI = no significant improvement; vs = versus; P = positive; N = negative
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effectiveness of caudal epidural injections, in patients
with disc herniation or radiculitis with or without steroids, for short-term and long-term relief. However,
with addition of new studies the evidence is good for
therapeutic effectiveness of caudal epidural injections
in disc herniation or radiculitis.
Supporting these findings is a recent evidencebased radiology evaluation of therapeutic injections
conducted by Peterson and Hodler (162). They concluded, based on multiple systematic reviews (59-61), that a
caudal approach is the most effective for epidural injections of corticosteroids into the lumbar region.

1.1.4 Post Surgery Syndrome
Three studies evaluating the effectiveness of caudal epidural injections used for post surgery syndrome
pain met inclusion criteria (142,147,154). Only one
study (154) was performed under fluoroscopy. Of these,
2 studies (142,154) provided outcomes of longer than 6
months. Of note is that Manchikanti et al’s study (154)
had not been published by the time Chou and Huffman
(35) completed their search.
The study by Meadeb et al (145), not included in
the evidence synthesis, evaluated forceful caudal epidural injections in the treatment of post laminectomy
syndrome. They forcefully injected 20 mL of sodium
chloride solution, with or without prednisolone acetate
120 mg, whereas in the second group, they injected
125 mg of epidural prednisolone without any mixture.
They showed positive results in the forceful injection
group for short-term relief. Surprisingly, in this study by

Meadeb et al (145), patients receiving a forceful sodium
chloride injection of 20 mL showed better results than
those receiving steroids.

1.1.4.1 Effectiveness
All 3 randomized trials (142,147,154) studying the
effectiveness of caudal epidural steroid injections for
post-surgery syndrome were shown to be positive for
short-term relief (142,147,154). Two studies that conducted long-term follow-up also showed positive results
(142,154). Based on Chou and Huffman’s (35) criteria of
6 weeks of relief, all of them showed positive results
for short-term relief; in addition, all 3s (142,147,154)
showed long-term improvement. If the study published
after the selection criteria of APS guidelines is excluded
(154), the results were positive in one study (142) with
the results that are available (Table 10).
Among the systematic reviews, only Conn et al (59)
focused on post lumbar surgery syndrome. They showed
moderate evidence based on 3 trials, one of which had
not been published prior to the evaluation by Chou and
Huffman (35).
Based on the present evidence, utilizing Chou and
Huffman’s criteria with grading good, fair, and poor, it
appears that there is poor evidence for short-term and
long-term relief. However, addition of new studies may
change the level of evidence to fair.

1.1.5 Spinal Stenosis
There were no randomized trials meeting the inclusion criteria based on Chou and Huffman’s (35) search

Table 10. Results of randomized trials in managing low back pain of post-surgery syndrome with caudal epidural injections.

Study

Manchikanti et al
2008 (154)*
Revel et al
1996 (147)
Hesla and Breivik
1979 (142)

Study
Characteristics

Methodological
Quality Scoring

Pain Relief

Results

Participants
3 mos.

6 mos.

12 mos.

Short-term
relief ≤ 6
mos.

Long-term
relief > 6
mos.

40

65% to.
70%

60%

60% to
65%

P

P

NS

Forceful
injection = 29
Regular = 31

NA

49% vs
19%

NA

P

NA

NS

69 patients:
crossover
design

77% vs
29%

59% vs
25%

59% vs
25%

P

P

ASIPP

APSAAPM

RA, DB

9/11

NS

RA

5/11

RA, DB

7/11

*Indicates use of fluoroscopy
RA = randomized; DB = double blind; NS = Not scored by APS-AAPM review; NA = not available; vs = versus; P = positive; N = negative
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criteria. However, one randomized trial (155) evaluating the role of caudal epidural injections in spinal stenosis was published in 2008 and was not included in
their search.

1.1.5.1 Effectiveness
The one randomized trial evaluating spinal stenosis with or without steroids with local anesthetic (155)
showed positive results for short- and long-term relief.
The only systematic review discussing the effectiveness of spinal stenosis was by Conn et al (59) showing moderate evidence based on one randomized trial
performed under fluoroscopy. However, this study was
published after the search conducted by Chou and Huffman (35). With the exclusion of Manchikanti et al (155),
the evidence is based on only 2 observational studies
though positive, will be poor. Further, Chou and Huffman (35) did not utilize any of these studies in their
evidence synthesis.

1.1.6 Discogenic Pain
The literature is sparse for using epidural injections
in the management of discogenic pain without radiculitis. In a systematic review, Conn et al (59) analyzed the
evidence of caudal epidural injections for patients with
discogenic pain utilizing one randomized double-blind
trial (152).

1.1.6.1 Effectiveness
One randomized trial (152) showed positive longterm results. A recent evidence-based review (162) indicated caudal epidural injections are effective in managing discogenic pain without herniation or nerve root
compression based on the results of the above randomized trial and systematic reviews (59,152).
Based on Chou and Huffman’s criteria with grading
of good, fair, and poor, the evidence is poor. However,
addition of new studies may change the level of evidence to fair.

1.2 Lumbar Interlaminar Epidural Injections
Chou and Huffman (35) evaluated and published
the results of interlaminar and caudal epidural steroid
injections as one category for low back pain related
to sciatica or radiculopathy and spinal stenosis. They
concluded that for epidural steroid injections, there
is fair evidence of moderate benefit compared with
placebo injection for short-term pain relief in patients
with radiculopathy. However, there was no evidence for
long-term benefits because few trials have evaluated

www.painphysicianjournal.com

long-term outcomes. They also concluded that there
was inconsistency because of the type of control used.
Specifically, trials that evaluated a soft-tissue placebo
injection more consistently reported short-term benefits, and trials that evaluated epidural placebo injection mostly reported no short-term benefits. They postulated that this observation suggests that effects could
be mediated more by the non-specific physical effects
of increased pressure within the epidural space than by
specific corticosteroid anti-inflammatory effects. They
showed a lack of effectiveness for spinal stenosis and
also low back pain without radiculopathy (35).
Multiple guidelines and systematic reviews have
been conducted separately evaluating interlaminar,
caudal, and transforaminal epidural injections, along
with evaluating them independently for disc herniation and radiculitis, discogenic pain without disc herniation or radiculitis, lumbar post surgery syndrome, and
lumbar spinal stenosis. The guidelines (46) showed that
multiple systematic reviews provided negative opinions
for lumbar interlaminar epidural injections (60,78,91108,152). Similar to APS guidelines (35), ASIPP guidelines provided Level II-2 evidence for short-term relief
of pain of disc herniation or radiculitis utilizing blind
interlaminar epidural steroid injections; there is a lack
of evidence for long-term relief (60). Staal et al (92,161)
updated Nelemans et al’s (77,103) study concluding
that there was insufficient evidence to support the use
of injection therapy in subacute and chronic low back
pain. In a recent systematic review (60), the effectiveness of lumbar interlaminar epidural injections was assessed for disc herniation and radiculitis, spinal stenosis,
and discogenic pain.

1.2.1 Literature Search
Our literature search yielded over 1,600 manuscripts,
leading to 60 manuscripts considered for inclusion. There
were 20 randomized trials and multiple systematic reviews
(60,77,78,91-108,114,118,122-125,127,128,131,133135,137-139,144,146-149,160,161). The deficiencies of
randomized interlaminar epidural studies has been
described by Parr et al (60) and others (49) regarding
design flaws, placebo injection into the epidural space,
lack of fluoroscopy, and other limitations.

1.2.2 Methodologic Quality Assessment
Chou and Huffman (35), along with a multitude of
other reviewers, have focused on interlaminar epidurals and combined caudal epidural injections with them.
The majority of the systematic reviews that exclude cau-
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dal and transforaminal epidural injections and the present guidelines will arrive at the same conclusions for
lumbar interlaminar epidural injections, with the available literature. Hence, no separate methodologic quality assessment of individual studies was carried out.

scripts with multiple studies considered for inclusion
(62,96,99,112,113,115,116,126,128,130,132,139,141,
143,150,163,164).

1.3 Transforaminal Epidural Injections

1.3.2.1 Randomized Trials
Chou and Huffman (35) utilized 4 studies meeting
the quality assessment criteria (116,126,130,132). We
utilized these studies and Ackerman and Ahmad’s study
(112) for this analysis, as it was rated as high quality by
Chou and Huffman (35). Vad et al (165) and Devulder et
al (141) were not included in the methodologic quality
assessment. Gallucci et al (115) was excluded because
that it was not included by Chou and Huffman (35);
also because intradiscal injections were combined with
transforaminal epidurals, thus negating the individual
effects to be evaluated.
The methodologic quality assessment of the criteria of randomized trials of transforaminal epidural injections are illustrated in Table 11 for 5 studies
(112,116,126,130,132). There were 2 studies with dupli-

1.3.2 Methodologic Quality Assessment

Chou and Huffman (35) separated transforaminal epidural steroid injections from caudal and interlaminar and evaluated their role. They also made the
statement that most placebo-controlled trials evaluated either the interlaminar or caudal approach. They
concluded that 3 higher quality, placebo-controlled trials evaluating the transforaminal approach reported
mixed results (126,130,132), and concluded that for low
back pain with sciatica, evidence for the efficacy of epidural steroid injection by the transforaminal approach
was mixed, with 2 of 3 higher quality trials showing no
benefit compared to controlled injections.

1.3.1 Literature Search
Our literature search yielded over 2,000 manu-

Table 11. Quality rating of randomized trials of lumbar transforaminal epidural injections.

Riew et al 2000,
2006 (132*,163✚)

Karppinen et
al 2001, 2001
(126*,164✚)

ASIPP

APSAAPM

ASIPP

Randomization

Yes

Don’t know

Yes

Yes

Concealed treatment allocation

Yes

Yes

Yes

Baseline group similarity

Yes

Yes

Yes

Patient blinded

Yes

Yes

Care provider blinded

Yes

Outcome assessor blinded

Yes

Cointerventions avoided or
similar

Ackerman and
Ahmad 2007
(112) §

Ng et al 2005
(130)#

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

Yes

Yes

Yes

Don’t know

Yes

Yes

Yes

No

Don’t know

Yes

Don’t know

Yes

Yes

Yes

Yes

Yes

Yes

Don’t know

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Don’t know

Yes

No

Yes

Yes

Yes

Don’t know

Yes

Yes

Compliance acceptable in all
groups

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Drop-out rate described and
acceptable

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Timing of outcome assessment
in all groups similar

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Intention to treat analysis

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

11/11

9/11

11/11

10/11

8/11

9/11

9/11

4/11

11/11

11/11

Score

APSASIPP
AAPM

Jeong et al 2007
(116)*

*Included by Chou and Huffman (35) and Buenaventura et al (62)

#Included by Chou and Huffman (35) and present review
✚Included by Buenaventura et al (62), but not Chou and Huffman (35)
§Included in present review, but not Chou and Huffman (35) for transforaminal, but was included for caudal and interlaminar
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cate presentations: Riew et al (132,163) and Karppinen
et al (126,164).
The quality rating for randomized trials of transforaminal epidural injections was inappropriate although Chou and Huffman (35) followed methodology,
with weak clinical relevance. The study by Jeong et al
(116) met criteria in 9 of 11 assessments, instead of 4
of 11 as shown by Chou and Huffman (35). The influence of placebo injection over the nerve root has not
been delineated even though Karppinen et al’s study is
considered as high quality (126). The deficiencies of this
study (126,164) in reference to terminology, technique,
randomization, and outcomes were described (166).
Surprisingly, the Ackerman and Ahmad study (112) was
rated as high quality and was utilized for caudal and
interlaminar approaches, but not for a transforaminal
approach; it was rated 9 of 11 by Chou and Huffman
(35). Ackerman and Ahmad (112) also showed superior
results with an 83% success rate using a transforaminal
approach, due to a ventral filling pattern.

1.3.2.2 Assessment of Systematic Reviews
Multiple systematic reviews were performed evaluating the effectiveness of lumbar transforaminal epidural steroid injections (62,76,91,94-96) with conflicting
results. The methodologic quality assessment is shown
in Table 12.
One systematic review (94) showed the evidence
of lumbar transforaminal epidural steroid injections for
lumbar nerve root pain was strong for short-term and
moderate for long-term improvement. The recent systematic review by Buenaventura et al (62) indicated the
evidence is Level II-1 for short-term relief and Level II-2
for long-term relief in managing chronic low back and
lower extremity pain. They evaluated methodologic
quality assessment, relief of longer than 6 months as
long-term relief, and appropriate outcomes. Thus, this
systematic review met all the criteria for inclusion in
the guideline synthesis. Manchikanti et al (76) showed
strong evidence for lumbar transforaminal epidural injections for short-term and long-term relief of 6 months

Table 12. Quality rating of systematic reviews of lumbar transforaminal epidural injections.

Buenaventura
et al 2009 (62)
♦∆
ASIPP

Manchikanti et
al 2008 (76)♦

APSASIPP
AAPM

Luijsterburg et
al 2007 (91)✚

APSAAPM

ASIPP

Abdi et al 2007
(94)*

APSASIPP
AAPM

Armon et al
2007 (95)✚

APSAAPM

ASIPP

DePalma et al
2005 (96)✚

APSAAPM

ASIPP

APSAAPM

Search Method

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Comprehensive

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

No

Partial

Yes

Yes

Inclusion Criteria

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

No

Can’t tell

Bias Avoided

Yes

NS

Yes

NS

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Validity Criteria

Yes

NS

Yes

NS

No

Yes

Yes

Partial

No

Partial

No

Partial

Validity Assessed

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

No

Partial

No

Yes

Methods for
Combining
Studies

No

NS

No

NS

Yes

Yes

No

No

No

Partial

No

No

Appropriately
Combined

No

NS

No

NS

No

Yes

No

No

No

Partial

No

Can’t
tell

Conclusions
Supported

Yes

NS

Yes

NS

No

Yes

Yes

Yes

No

Partial

No

Yes

Overall Quality

7/9

NS

7/9

NS

5/9

7/7

7/9

3/7

3/9

4/7

2/9

4/7

Corrected Score

7/9

NS

7/9

NS

5/9

9/9

7/9

6/9

3/9

5/9

2/9

5/9

*Included by Chou and Huffman (35) and the present review
✚
Included by Chou and Huffman (35), but not present review
♦Included in the present review, but not by Chou and Huffman (35)
∆Not available at the time of Chou’s search
NS = Not scored by APS-AAPM review
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or longer. This systematic review was not included by
Chou and Huffman (35). The systematic review by Buenaventura et al (62) was published after the search by
Chou and Huffman (35).
DePalma et al (96) performed a critical appraisal
of the evidence for selective nerve root injection in
treating lumbosacral radiculopathy. The methodologic
quality assessment of DePalma et al (96) was illustrated
as 4 of 7; however, the corrected score appears to be
5 of 9. This critical assessment showed a score of 2 of
9. Further, Chou and Huffman (35) misinterpreted the
systematic review and stated that this also included 3
interlaminar studies, one caudal study, and 5 transforaminal studies. DePalma et al (96) included 2 studies
comparing interlaminar with transforaminal corticosteroid injections. There were no caudal studies. Despite
the poorly conducted systematic review, they (96) concluded that there was moderate evidence, Level III, for
transforaminal epidural injections for painful lumbar
radicular symptoms.
Armon et al (95), which was included in the systematic review, was classified as a low-quality systematic review with a score 4 of 7 or 5 of 9 with corrected scoring.
Our reassessment score was 3 of 9.
Luijsterburg et al (91) included 2 transforaminal epidural injections in their analysis. However, they utilized

highly inconsistent criteria by evaluating that findings
must be consistent 80% of the time to be judged positive. The scoring by Chou and Huffman (35) for this systematic review was 7 of 7 or 9 of 9 corrected, whereas, it
was 5 of 9 with our reassessment. Further, Luijsterburg
et al (91) combined caudal, interlaminar, and transforaminal epidurals as one category in their evaluation,
thereby inevitably leading to negative conclusions.
The quality assessment criteria was biased against
Abdi et al (94). The reassessment showed a score of 7
of 9, instead of 3 of 7. By Chou and Huffman’s (35) own
criteria, the score for the systematic review of Abdi et
al (94) should be 6 of 9 or higher because they rated
some validity criteria as partial, which essentially was
positive, which would have yielded the same score as
our reassessment score of 7 of 9.

1.3.2.3 Effectiveness
The results of randomized trials of the effectiveness of lumbar transforaminal epidural injections incorporated by Chou and Huffman (35) are illustrated
in Table 13.
Even though the study by Ng et al (130) measured
only a 3 month follow-up and was an active control
trial, it was utilized by Chou and Huffman (35); thus,
we also utilized it in our evidence synthesis. This study

Table 13. Results of randomized trials of the effectiveness of lumbar transforaminal epidural injections.

Study

Methodological
Quality Scoring

Pain Relief
3 mos.

6 mos.

12 mos.

Shortterm
relief ≤
6 mos.

C = 80
T = 80

SICH

NSI

NSI

P

N

P, RA, DB

55

NA

NA

33% vs. 71%
(avoided
surgery)

P

P

4/11

RA, DB

239

PG 99 of 112
G 90 of 127

PG 64 of 106
G 78 of 116

NA

P

NA

11/11

RA, DB

C = 43
T = 43

NSD

NA

NA

NA

NA

RA, DB

Transforaminal
= 30
Caudal = 30
Interlaminar
= 30

Transforaminal
= 25 of 30 (83%)
Caudal = 17 of
30 (57%)
Interlaminar =
18 of 30 (60%)

NA

NA

P

NA

Study
Characteristics

Participants

ASIPP

APSAAPM

Karppinen et
al 2001, 2001
(126,164)

11/11

10/11

RA, DB

Riew et al
2000, 2006
(132,163)

11/11

9/11

Jeong et al
2007 (116)

9/11

Ng et al 2005
(130)

11/11

Ackerman and
Ahmad 2007
(112)

8/11

Results

9/11

Longterm
relief >
6 mos.

RA = randomized; DB = double blind; P = prospective; C = control; T = treatment; PG = pre-ganglionic; G = ganglionic; SICH = significant
improvement in contained disc herniation; NSD = no significant difference; vs. = versus; NA = not available; P = positive; N = negative; NSI =
no significant improvement.
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showed improvement in both groups without differences between bupivacaine and bupivacaine with steroid. This is a study that even though it had a shortterm follow-up, it scored high on methodologic quality.
The study also included a rather high volume (4 mL)
injection of 2 mL of bupivacaine and 2 mL of injectate
into the transforaminal epidural space. Karppinen et al
(126,164) showed short-term relief, Riew et al (132,163)
showed short-term and long-term improvement, Jeong
et al (116) showed short-term improvement. Ackerman
and Ahmad (112), at the 24-week follow-up, reported
significant pain relief in 25 of 30 patients (83%).
Karppinen et al (164) in a subgroup analysis looked
at the cost effectiveness of transforaminal epidural injections. They showed that in cases of contained herniations, the steroid injection produced significant treatment effects and short-term efficacy in leg pain for
symptomatic lesions at L3-L4-L5; and that 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 the need for operations
for contained herniations, costing $12,666 less per responder in the steroid group. For extrusions, the steroid
seemed to increase the operation rate, and the steroid
infiltration was more expensive, costing $4,445 per responder. However, in their initial cost estimations (126)
after an adjustment for baseline differences, the total
cost during the one-year follow-up period did not differ between the 2 treatment groups. Analysis showed
there was no significant difference in outcomes with
sodium chloride solution compared to bupivacaine
with steroids. Leg pain had decreased on the average
by 65% in both groups.
Overall results were positive in 4 of 5 studies for
short-term (112,116,126,132), whereas they were positive in one of the 2 studies (126,132) for long-term follow-up of > 6 months. Based on the available evidence
and utilizing Chou and Huffman’s (35) criteria, the evidence appears to be fair, based on grading of good,
fair, and poor in managing lumbar nerve root pain with
transforaminal epidural injections.

2.0 Lumbar Epidural Adhesiolysis
Chou and Huffman (35) evaluated the efficacy of
epidural steroid injections versus other interventions
for adhesiolysis. The purpose of percutaneous epidural
adhesiolysis is to minimize the deleterious effects of
epidural scarring, which can physically prevent direct
application of drugs to nerves and other spinal tissues;
it is also used to treat chronic back pain (117,167-176).
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Epidural lysis of adhesions and direct deposition of
corticosteroids in the spinal canal can also be achieved
with a 3-dimensional view provided by epiduroscopy or
spinal endoscopy (177-179).
Chou and Huffman (35) described adhesiolysis as a
treatment modality for failed back surgery. They also
included forceful epidural injections along with adhesiolysis with large volumes of sodium chloride solution,
with or without a corticosteroid. In their search, they
identified the systematic review by Trescot et al (170)
which they considered as lower quality and they excluded an earlier version of this review (169). They also
included one lower quality systematic review of endoscopic division of epidural adhesions (180). They identified 6 randomized trials (117,140,175,176,178,181).
Chou and Huffman (35) excluded one study (181)
which was quasi-randomized; however, they stated
that the authors of the systematic review (170) did not
report quality ratings for included trials even though
they were reported. Of the remaining studies, they
rated one study as higher quality (117). The study by
Manchikanti et al (117) compared adhesiolysis to caudal epidural steroid injection without adhesiolysis. They
considered the study by Veihelmann et al (175) as a trial
comparing adhesiolysis to a poorly defined physical
therapy intervention. The third trial they considered
was by Heavner et al (176) comparing different adhesiolysis methods.
Chou and Huffman (35) also identified Dashfield et
al (140) as a higher-quality trial regarding the efficacy
of targeted steroid placement using epidural endoscopy with adhesiolysis if adhesions were observed at
the target nerve, versus caudal epidural steroid without endoscopy. They included this study even though
it was performed on patients who had not undergone
any other interventions; thus, percutaneous endoscopic
adhesiolysis is meaningless as there are not expected to
be any significant adhesions.
Chou and Huffman (35) were unable to identify a
systematic review (76) and a double-blind randomized
trial of spinal endoscopic adhesiolysis with one-year follow-up published in 2005 (177). Instead they utilized a
preliminary report with 6-month follow-up published
in 2003 (178).
Multiple systematic reviews and health technology assessments have evaluated the clinical effectiveness of percutaneous endoscopic adhesiolysis
(58,66,69,167,169-171). Epter et al (66) concluded that
the indicated level of evidence is I or II-1 for short- and
long-term relief for percutaneous adhesiolysis in post
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lumbar surgery syndrome. Hayek et al (69) concluded
that the indicated evidence is II-1 or II-2 for short- and
long-term relief with endoscopic adhesiolysis.

2.1 Literature Search
Our literature search yielded overall approximately
400 manuscripts. There were multiple systematic reviews (169-171), along with 7 randomized trials with 9
reports (117,140,172-178).

2.2 Methodologic Quality Assessment
2.2.1 Assessment of Randomized Trials
Nine randomized trials were identified for percutaneous and endoscopic adhesiolysis (117,140,172-178).
Of these, 7 met inclusion criteria (117,140,173-177) after
exclusion of duplicates and non-randomized studies.
Table 14 illustrates the quality ratings of randomized trials of percutaneous and endoscopic adhesiolysis

Table 14. Quality ratings of randomized trials of percutaneous and endoscopic adhesiolysis studies.

Manchikanti
et al 2005
(177)✚

Manchikanti
et al 2009
(173)✚∆

Manchikanti
et al 2009
(174) ✚∆

Heavner et al
1999 (176)*

Manchikanti
et al 2004
(117)*

Veihelmann et Dashfield et al
al 2006 (175)* 2005 (140)*

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

Yes

NS

Yes

NS

Yes

NS

Yes

Don’t
know

Yes

Yes

Yes

No

Yes

Don’t
know

Concealed
treatment
allocation

Yes

NS

Yes

NS

Yes

NS

Yes

Don’t
know

Yes

Don’t
know

Yes

Don’t
know

Yes

Yes

Baseline group
similarity

Yes

NS

Yes

NS

Yes

NS

Yes

Don’t
know

Yes

Yes

Yes

Don’t
know

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Yes

Don’t
know

Yes

Yes

No

No

Yes

Yes

Care provider
blinded

No

NS

No

NS

No

NS

No

Don’t
know

No

No

No

No

No

No

Outcome
assessor blinded

No

NS

No

NS

No

NS

Yes

Don’t
know

Yes

Yes

No

Yes

Yes

Don’t
know

Cointerventions
avoided or
similar

Yes

NS

Yes

NS

Yes

NS

Yes

Don’t
know

Yes

Don’t
know

No

Don’t
know

No

Don’t
know

Compliance
acceptable in all
groups

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Drop-out rate
described and
acceptable

Yes

NS

Yes

NS

Yes

NS

No

No

Yes

Yes

No

No

Yes

Yes

Timing of
outcome
assessment
in all groups
similar

Yes

NS

Yes

NS

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Intention to
treat analysis

Yes

NS

Yes

NS

Yes

NS

No

No

Yes

Yes

No

No

Yes

Yes

Score

9/11

NS

9/11

NS

9/11

NS

8/11

2/11

10/11

8/11

4/11

2/11

9/11

7/11

Randomization

Patient blinded

∆Not available at the time of Chou’s search

+Included in present review, but not Chou and Huffman (35)
*Included by Chou and Huffman (35) and present review
♦Included by Chou and Huffman (35), but not present review
NS = Not scored by APS-AAPM review
Manchikanti et al 2005 (177) was not rated by Chou and Huffman (35), instead they utilized a preliminary report
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studies. We included all 7 studies due to inclusion by
Chou and Huffman (35). Further, 2 studies were published after the search (173,174) by Chou and Huffman
(35). We also used an article by Manchikanti et al (177)
whose full results were published prior to the search.
Our analysis of the quality ratings showed significant
changes on Heavner et al’s (176) publication from 2 of
11 to 8 of 11 and Veihelmann et al’s (175) publication
from 2 of 11 to 4 of 11. It also increased the score on
one of the other publications (117); however, this was
already rated as higher quality by Chou and Huffman
(35).

2.2.2 Assessment of Systematic Reviews
Multiple systematic reviews have evaluated the effectiveness of adhesiolysis both percutaneous and endoscopic (66,69,76,169-171). Four of them (66,69,76,170)
met inclusion criteria after exclusion of updates.
Of these, Chou and Huffman (35) utilized only one
systematic review by Trescot et al (170). They missed
one systematic review (76); 2 systematic reviews (66,69)
were published after the search by Chou and Huffman
(35). They mistakenly rated Trescot et al (170) giving it
a score of 3 of 7; however, our analysis of their own
numbers shows it should be 7 of 9, which is identical

to our reassessment score. Similarly, for all other systematic reviews which either were not included (76) or
were not published at the time of their publication, our
score was 7 of 9.
The methodologic quality assessment of the criteria
of systematic reviews of percutaneous and endoscopic
adhesiolysis is illustrated in Table 15.

2.3 Effectiveness
Chou and Huffman (35) utilized only one appropriate study pertaining to adhesiolysis by Manchikanti
et al (117), which was rated as higher quality, but was
not considered of any value by them because of their
inaccurate assumption that the caudal epidural group,
which they considered as a placebo group, failed to
respond according to their expectations. However, the
manuscript illustrated significant pain relief (≥ 50%) in
33% of the patients in Group I with less than 3 months
of relief. However, at 3 months and after, no significant
relief was illustrated in the caudal epidural group. Further, they also included Dashfield et al (140) where spinal endoscopic adhesiolysis is not indicated. Essentially,
Dashfield et al (140) is an excellent fluoroscopic caudal
epidural injection study with positive results for caudal
epidural injections.

Table 15. Methodologic quality assessment of systematic reviews of percutaneous and endoscopic adhesiolysis.

Trescot et al 2007
(170)*

Manchikanti et al
2008 (76)§

Epter et al 2009 (66)∆§

Hayek et al 2009
(69) ∆§

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APS-AAPM

ASIPP

APSAAPM

Search Method

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Comprehensive

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Inclusion Criteria

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Bias Avoided

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Validity Criteria

Yes

Yes

Yes

NS

Yes

NS

Yes

NS

Validity Assessed

Yes

Partial

Yes

NS

Yes

NS

Yes

NS

Methods for Combining Studies

No

Yes

No

NS

No

NS

No

NS

Appropriately Combined

No

No

No

NS

No

NS

No

NS

Conclusions Supported

Yes

Partial

Yes

NS

Yes

NS

Yes

NS

Overall Quality

7/9

3/7

7/9

NS

7/9

NS

7/9

NS

Corrected Score

7/9

6/9

7/9

NS

7/9

NS

7/9

NS

∆Not available at the time of Chou’s search

§Included in present review, but not Chou and Huffman (35)
*Included by Chou and Huffman (35) and present review
+Included by Chou and Huffman (35), but not present review
NS = Not scored by APS-AAPM review
www.painphysicianjournal.com
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Table 16. Results of published randomized trials of percutaneous lysis of lumbar epidural adhesions.
Pain Relief

Study

Study
Characteristics

Results

Methodological
Quality Scoring
Participants
ASIPP

APSAAPM

≤ 3 mos.

3 mos.

6 mos.

12 mos.

Short-term
≤ 6 mos.

Longterm >
6 mos.

Manchikanti et al
2004 (117)

RA, DB

10/11

8/11

G1 = 25 (C)
G2 = 25 (T)
G3 = 25 (T)

G1 = 33%
G2 = 64%
G2 = 72%

G1 = 0%
G2 = 64%
G3 = 72%

G1 = 0%
G2 = 60%
G3 = 72%

G1 = 0%
G2 = 60%
G3 = 72%

P

P

Heavner et al
1999 (176)

RA, DB

8/11

2/11

59

83%

49%

43%

49%

P

N

Veihelmann et al
2006 (175)

RA

4/11

2/11

99

SI

SI

SI

SI

P

P

Manchikanti et al
2009 (174)

RA, DB

9/11

NS

C = 60
T = 60

90% vs
35%

90% vs
35%

85% vs
18%

73% vs
12%

P

P

Manchikanti et al
2005 (177)

RA, DB

9/11

NS

C = 33
T = 50

80% vs
33%

80% vs 0%

56% vs 0%

48% vs 0%

P

N

Manchikanti et al
2009 (173)

RA, DB

9/11

NS

C = 25
T = 25

80% vs
28%

80% vs
28%

80% vs
12%

76% vs 4%

P

P

RA = randomized; DB = double blind; NS = not scored by APS-AAPM review; G = group; C = control; T = treatment; vs = versus;
SI = significant improvement; P = positive; N = negative

The results of published studies of the effectiveness
of percutaneous endoscopic lysis of lumbar epidural
adhesions is illustrated in Table 16, with exclusion of,
Dashfield et al (140). Thus, it appears that there is significant evidence for percutaneous epidural adhesiolysis even though for spinal endoscopic adhesiolysis it is
based on only one study (177). It should be noted that
2 systematic reviews (66,69) and 2 randomized doubleblind trials of percutaneous adhesiolysis (173,174) were
published after the search criteria. However, Chou and
Huffman (35) did not include one additional systematic
review (76). Even then, based on Chou and Huffman’s
(35) grading of good, fair, and poor and the analysis
of the included studies, it appears that there is at least
fair evidence for percutaneous lumbar epidural adhesiolysis for short-term and long-term relief, whereas it
may be considered poor for long-term improvement
with spinal endoscopic adhesiolysis, and fair for shortterm improvement of 6 months. However, with inclusion of more recent studies (173,174) and systematic
reviews (66,76) the evidence is good for percutaneous
adhesiolysis.
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3.0 Facet Joint Injection, Therapeutic
Medial Branch Block, and
Radiofrequency Neurolysis
Chou and Huffman (35) described facet joint injection and medial branch blocks as one category, whereas
they described radiofrequency denervation in another
category along with intradiscal electrothermal therapy
and related procedures. However, for this analysis we
combined all lumbar facet joint interventions.
Facet joint pain can be managed by intraarticular
injections, facet joint nerve blocks, and neurolysis of
facet joint nerves. However, conflicting results have
been reported for the value of the different treatment
modalities in systematic reviews (54,76,92,161,182-186).
In multiple systematic reviews (54,76,185), therapeutic
facet joint interventions were shown to have limited to
no evidence for lumbar intraarticular facet joint injections. Geurts et al (184) concluded that there was moderate evidence that radiofrequency lumbar facet denervation was more effective for chronic low back pain
than placebo. However, Geurts et al (184) included both

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions

medial branch neurotomy and intraarticular neurotomy in their evaluation, along with dorsal root denervation. Manchikanti et al (182) evaluated medial branch
neurotomy for the management of chronic spinal pain
utilizing randomized and observational reports, and
concluded that there was strong evidence for shortterm relief and moderate evidence for long-term relief
of facet joint pain.
Chou and Huffman (35) utilized 15 randomized
trials evaluating intraarticular facet joint injections,
medial branch blocks, and radiofrequency neurotomy (187-201) with multiple placebo-controlled trials
(189,190,191,196-201), and one study published as 2 reports (190,191). They also illustrated that 7 of the studies were included in at least one of 4 systematic reviews
(92,97,185,202). They concluded that there was no evidence for the efficacy of facet joint injections or medial branch blocks of acute low back pain, no evidence
for the efficacy of medial branch block versus placebo
injection for chronic low back pain, no evidence for
presumed chronic facet joint pain with facet joint injection and medial branch block with or without steroid
for presumed facet joint pain; for presumed lumbar
segmental rigidity, and any type of pain. For radiofrequency denervation, Chou and Huffman (35) concluded
that the evidence was difficult to interpret. They also
described that interpretation of the results was controversial because some trials used uncontrolled facet joint
blocks to select patients and the radiofrequency denervation technique might have been suboptimal in some
of the trials, leading to their conclusion that the level
of evidence was poor.

3.1 Literature Search
The present literature search yielded over 1,400
manuscripts. This comprehensive literature search included lumbar intraarticular facet joint injections,
lumbar facet joint nerve blocks, and lumbar facet joint
radiofrequency neurotomy, with multiple manuscripts
considered for inclusion (54,76,92,161,181-206).

3.2 Methodologic Quality Assessment
All 3 types of facet joint interventions were included in this review: intraarticular facet joint injections,
facet joint nerve blocks, and medial branch radiofrequency neurotomy. Datta et al (54) established the criteria that studies must have provided appropriate management with outcome evaluations of at least 6 months
and appropriate statistical analysis. Studies should also
have met diagnostic criteria with controlled (placebo or
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dual diagnostic blocks) with at least 80% relief. Reports
without appropriate diagnosis and elimination of falsepositive responses were excluded in their analysis (54)
as per the inclusion criteria. Even then, if studies were
included by Chou and Huffman (35), they were also included for the analysis purposes herewith.

3.2.1 Assessment of Randomized Trials
Of the 5 randomized trials identified evaluating the
effectiveness of lumbar intraarticular facet joint injections (189,190,191,194,195), all of them failed to meet inclusion criteria for methodologic quality assessment due
to the lack of controlled diagnostic blocks by Datta et al
(54). However, Chou and Huffman (35) utilized Carette
et al (189), Lilius et al (190,191), Fuchs et al (192), Mayer
et al (188), and Nash (195) in their analysis. Thus, these
were included in the methodologic quality assessment
of the criteria even though they did not meet the established criteria by others (54). The importance of strict
inclusion criteria has been emphasized (207-210).
There were 4 studies published in 6 reports evaluating therapeutic lumbar facet joint nerve blocks (187,193195,203,204). Two studies (194,195) only reported shortterm evaluation without diagnostic blocks. Two studies
(187,203) were a preliminary report and a one-year report of the 2-year follow-up (204). The 2-year report was
published in 2010 (204). Consequently, 2 studies met inclusion criteria (193,203). However, Chou and Huffman
(35) included Nash (195), which was excluded by all other
studies. Consequently, this study was considered in the
methodological quality assessment.
There were 7 studies evaluating radiofrequency
neurotomy of lumbar facet joint nerves (196-201,206).
Of these, only one study met the inclusion criteria (196)
by Datta et al (54). van Wijk et al (198), Leclaire et al
(201), Gallagher et al (197), van Kleef et al (199), and
Tekin et al (200) failed to meet inclusion criteria, due
to a lack of controlled diagnostic blocks. Samders and
Zuurmond (206) failed to meet the inclusion criteria of
Datta et al (54) since it evaluated intraarticular facet
joint denervation, which is not medial branch neurotomy, without appropriate diagnostic criteria. However,
Chou and Huffman (35) included Gallagher et al (197),
Leclaire et al (201), Tekin et al (200), and van Kleef et
al (199) for evidence consideration, along with Nath et
al (196). Thus, all these were included in the methodologic quality assessment of the criteria.
Table 17 illustrates the methodologic quality assessment of randomized clinical trials evaluating the
role of facet joint interventions.
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Table 17. Methodological quality assessment of randomized clinical trials of therapeutic lumbar facet joint interventions.
Manchikanti et al
2001 (193)*

Manchikanti et
al 2008, 2010
(187,203✚,204§)

Carette et al 1991
(189)∆

Fuchs et al 2005
(192)∆

Lilius et al
1989,1989
(190,191)∆

Nash 1989 (195)∆

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

Randomization

Yes

No

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Concealed treatment
allocation

Yes

No

Yes

NS

Yes

Don’t
know

No

Don’t
know

No

Don’t
know

No

No

Baseline group
similarity

Yes

No

Yes

NS

Yes

Yes

Yes

Yes

Yes

No

No

Don’t
know

Patient blinded

Yes

No

Yes

NS

Yes

Yes

Yes

No

Can’t tell

Yes

No

No

Care provider blinded

No

No

Yes

NS

Yes

Yes

No

No

No

Yes

No

No

Yes

Yes

Can’t
tell

Yes

No

Don’t
know

Outcome assessor
blinded

No

No

No

NS

Yes

Don’t
know

Cointerventions
avoided or similar

Yes

Don’t
know

Yes

NS

No

No

No

Don’t
know

Yes

Don’t
know

No

Don’t
know

Compliance acceptable
in all groups

Yes

Yes

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Drop-out rate
described and
acceptable

Yes

Yes

Yes

NS

Yes

Yes

No

No

Yes

Yes

No

No

Timing of outcome
assessment in all
groups similar

Yes

No

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Intention to treat
analysis

No

Yes

Yes

NS

Yes

Yes

Yes

Yes

No

Yes

No

No

Score

8/11

3/11

10/11

NS

10/11

7/11

7/11

6/11

6/11

8/11

2/11

2/11

Corrected Score

8/11

3/11

10/11

NS

10/11

8/11

7/11

6/11

6/11

8/11

2/11

2/11

*Included by Chou and Huffman (35) and Datta et al (54)

Included by Datta et al (54), but not Chou and Huffman (35)

✚

∆Included by Chou and Huffman (35), but not Datta et al (54)
§Included in present review, but not Chou and Huffman (35)
NS = Not scored by APS-AAPM review

The 2 placebo controlled trials identified by Chou
and Huffman (35), namely, Carette et al (189) and Lilius
et al (190,191) were also classified as high quality by
Staal et al (92,161). Lilius et al (190,191) utilized a broad
selection criteria without diagnosis by controlled blocks
and also utilized inordinately high volumes of solutions
in blocking these structures. Carette et al (189), while
utilizing only a single block for diagnosis, also injected
sodium chloride solution into the joint. However, multiple interactions and clinical effects have been illustrated with the injection of either sodium chloride solution
or lidocaine into the lumbar facet joint (211,212). They
also utilized Mayer et al (188) in their conclusions even
though quality assessment criteria was not employed,
which was considered as flawed comparing facet joint
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injections in relation to segmental rigidity, with no relevance in managing chronic facet joint pain. Thus, even
though we do agree that intraarticular facet joint injections are not effective, the methodological issues raise
questions regarding the guidelines’ preparation.
With reference to lumbar facet joint nerve
blocks, our search strategy yielded 2 randomized trials of facet joint nerve blocks published in 4 reports
(187,193,203,204) meeting the methodologic assessment of criteria (54). However, Chou and Huffman (35)
concluded that there was no trial evaluating the efficacy of therapeutic medial branch blocks versus sham
or placebo injection. They also included 2 trials which
evaluated the short-term relief of medial branch blocks
(194,195), but rated one of them (195) as low quality.
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Table 17 (cont.) . Methodological quality assessment of randomized clinical trials of therapeutic lumbar facet joint interventions.
Gallagher
et al 1994
(197)∆

Leclaire et al
2001 (201)∆

Nath et al 2008
(196)✚

Tekin et al 2007
(200)∆

van Kleef et al
1999 (199)∆

Mayer et al 2004
(188)∆

van Wijk et al
2005 (198)*

Yes

NS

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

ASIPP

APSAAPM

No

NS

Yes

Don’t
know

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

Yes

No

NS

Yes

Yes

Yes

Don’t
know

Don’t
know

Don’t
know

Yes

Don’t
know

No

NS

Yes

Yes

Baseline group similarity

No

NS

Yes

Yes

Yes

No

Yes

Yes

Yes

Don’t
know

No

NS

Yes

Yes

Patient blinded

No

NS

Yes

Yes

Yes

Yes

Yes

Don’t
know

Yes

Yes

No

NS

Yes

Yes

Care provider blinded

No

NS

Don’t
know

Don’t
know

Yes

Yes

Yes

Don’t
know

Yes

Yes

No

NS

Yes

Yes

Outcome assessor
blinded

Yes

NS

Yes

Yes

Yes

Yes

No

Don’t
know

Yes

Yes

No

NS

Yes

Yes

Cointerventions
avoided or similar

Yes

NS

Yes

Yes

No

Don’t
know

No

Don’t
know

Yes

Yes

Yes

NS

Yes

Yes

Compliance acceptable
in all groups

Yes

NS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

Yes

Drop-out rate described
and acceptable

Yes

NS

Yes

Yes

Yes

Yes

No

No

No

No

Yes

NS

Yes

Yes

Timing of outcome
assessment in all
groups similar

No

NS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

Yes

Intention to treat
analysis

5/11

NS

Yes

Yes

Yes

Yes

No

Yes

No

Don’t
know

No

NS

Yes

Yes

Score

5/11

NS

10/11

9/11

10/11

8/11

6/11

5/11

9/11

7/11

5/11

NS

11/11

11/11

Corrected Score

4/11

NS

10/11

9/11

10/11

8/11

6/11

5/11

9/11

7/11

5/11

NS

11/11

11/11

Randomization
Concealed treatment
allocation

*Included by Chou and Huffman (35) and Datta et al (54)

Included by Datta et al (54), but not Chou and Huffman (35)

✚

∆Included by Chou and Huffman (35), but not Datta et al (54)
§Included in present review, but not Chou and Huffman (35)
NS = Not scored by APS-AAPM review

Neither of them were relevant to chronic low back pain
management. Both studies compared facet joint nerve
blocks and intraarticular injections with high volume injections with very short-term follow-up. Both the studies by Manchikanti et al (187,193,203,204) were shown
to be of high quality even though one study with 2 reports (187,203) was not included in the analysis by Chou
and Huffman (35), despite its publication prior to the
search.
Among the studies evaluating radiofrequency neurotomy, only one study by Nath et al (196) was ideal
and met the inclusion criteria by other evaluators (54).
However, Chou et al (35,37) found multiple deficiencies
with this study which was previously considered one of
the best studies in the literature except for lack of long-
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term follow-up (54,213). Chou et al (35,37,41) misinterpreted Nath et al’s (196) data. Chou and Huffman (35)
reported the final scores in both groups were identical
and there was no change in low back pain; however,
Nath et al (196) showed clear and distinct differences
between both groups in all aspects. The active treatment group showed statistically significant improvement, not only in back and leg pain, but also back and
hip movement as well as sacroiliac joint pain. There was
also significant improvement in quality of life variables,
global perception of improvement, and generalized
pain in the active treatment group. Further, Chou and
Huffman (35) utilized conflicting numbers in the study
at different places in their document, either 40 or 60,
with the actual number being 40.

E241

Pain Physician: July/August 2010; 13:E215-E264

Chou and Huffman (35) included multiple inappropriate studies. Gallagher et al (197) randomly assigned
41 patients based on their response to diagnostic
intraarticular blocks (equivocal or good response) to either sham or true denervation. A statistically significant
difference in outcome was observed at one month only
between sham and true radiofrequency denervation in
those patients who obtained a definitive response to
diagnostic blocks. This difference persisted for the duration of the 6 month follow-up.
van Kleef et al (199) assessed 15 patients in the
radiofrequency treatment group with an 80° radiofrequency lesion of the dorsal ramus of the segmental
nerve roots L3, L4, and L5, and 16 patients in the control group undergoing the same procedure without use
of radiofrequency current. The authors (199) concluded that radiofrequency denervation results in significant short-term and long-term alleviation of pain and
functional disability in a select group of patients with
chronic low back pain. This study did not utilize controlled local anesthetic blocks, and used 50% relief as
the criterion standard with a single block. Even so, the
results were significantly better in the treatment group
compared to placebo group (54,207-210).
Leclaire et al (201) randomly assigned patients to
receive either RFA under fluoroscopic guidance (n = 36)
or the same procedure without denervation (sham procedure) (n = 34). The authors concluded that, although
RFA might provide short-term improvement in functional disability, the efficacy of the treatment has not
been established. This study (201) used diagnostic nerve
blocks to identify affected locations. The Leclaire study
invited criticism because it failed to define the study
population and had inappropriate diagnostic criteria
(use of intraarticular injections to identify patients for
radiofrequency neurotomy). Patients were evaluated
with a single diagnostic block with 50% pain relief as
the criterion standard. They considered any relief of one
day duration during a 7-day period following a single
diagnostic intraarticular injection as significant. Such
an effect could be the result of many factors, including natural sequence. Thus, any results or conclusions
based on this study would be erroneous. Interestingly,
Gauci (214) requested from the authors of the study
(201) an explanation on precisely what medical assessment groups should interpret from the study’s results.
Leclaire et al (215) responded, essentially agreeing to
all the disadvantages described above stating that, “if
we repeated our study today, we would use controlled
medial branch blocks as the primary inclusion criteria to
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correctly identify patients with pain originating from
the lumbar zygapophysial joint.”
van Wijk et al (198) randomized 40 patients to radiofrequency or a sham treatment (n = 41). There was
no difference between the 2 groups in the combined
outcome measure or visual analogue score (VAS), although both groups showed improvement in VAS
scores. The global perceived effect, however, improved
in the radiofrequency group. The researchers observed
that there was a lack of improvement in physical function despite reduction in pain scores. The authors concluded that in selected patients, radiofrequency facet
denervation appears to be more effective than sham
treatment. However, the van Wijk article was excluded
from the review because of several weaknesses. The van
Wijk study failed to utilize controlled diagnostic blocks
and reasonable pain relief criteria. The study (198) has
also been criticized for multiple deficiencies (216,217).
Surprisingly enough, van Wijk (218) in a follow-up
study of 2 randomized trials evaluating psychological
predictors of substantial pain reduction after minimally
invasive radiofrequency and injection treatments for
chronic low back pain, reached opposite conclusions,
even though the data were the same. They concluded
that minimally invasive treatment for chronic low back
pain leads to significant pain reduction, including potential placebo effects.
Chou and Huffman (35) inappropriately excluded
the study by Manchikanti et al (187,203). Manchikanti
et al (203) in a randomized, double blind, controlled
trial included 60 patients in Group I with local anesthetic and 60 patients in Group II with local anesthetic
and steroid. The inclusion criteria were based on a
positive response to diagnostic controlled comparative
local anesthetic lumbar facet joint blocks. Outcome
measures included numeric pain scores, Oswestry Disability Index (ODI), opioid intake, and work status. All
outcome assessments were performed at baseline, 3
months, 6 months, and 12 months. The results showed
significant improvement with significant pain relief (≥
50%) and functional improvement (≥ 40%) observed
in 82% in Group I, and 85% in Group II. Based on the
results of the present study, it appears that patients
might experience significant pain relief 44 to 45 weeks
of one year, requiring approximately 3 to 4 treatments
with an average relief of 15 weeks per episode of
treatment. While limitations of this study include a
lack of placebo control, the study included an active
control in a randomized controlled trial, and the study
met all the criteria with 60 patients in each group with
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appropriate outcome measurements. The 2-year follow-up results which were also published (204) have
illustrated the sustainability of the results with significant improvement observed in 85% of the patients in
Group I and 90% in Group II over a 2-year period with
5 to 6 treatments with an average relief of 19 weeks
per episode of treatment, and significant pain relief
being experienced by patients from 82 to 84 weeks
out of 104 weeks. This is the longest follow-up study
of a controlled, randomized, double blind trial for
therapeutic facet joint nerve blocks using strict selection criteria.

3.2.2 Assessment of Systematic Reviews
Multiple systematic reviews were found in the literature search. Of these, the updated review by Datta
et al (54) was considered as high quality for this evaluation. However, Datta et al (54) was published after Chou
and Huffman’s (35) search ended. Also, Manchikanti et
al (76) was not utilized by Chou and Huffman (35). They
did, however, utilize multiple systematic reviews (54,76,
92,97,161,185,186,202); but many of them had major
deficiencies (Table 18).
Among the systematic reviews evaluating
intraarticular injections, Staal et al (92,161) utilized 6

Table 18. Quality ratings of systematic reviews evaluating lumbar facet joint interventions.
Boswell et al 2007 (185)♦

Geurts et al 2001 (184)♦

Niemisto et al 2003 (186)♦

Resnick et al 2005 (97)♦

ASIPP

APS-AAPM

ASIPP

APS-AAPM

ASIPP

APS-AAPM

ASIPP

APS-AAPM

Search Method

Yes

Yes

Partial

Yes

Yes

Yes

Yes

Yes

Comprehensive

Yes

Yes

Yes

Yes

Yes

Yes

No

Partial

Inclusion Criteria

Yes

Yes

Yes

Yes

Yes

Yes

No

Partial

Bias Avoided

Yes

Can’t tell

Can’t tell

Yes

Yes

Yes

No

Can’t tell

Validity Criteria

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Validity Assessed

Yes

Partial

Yes

Yes

Yes

Yes

No

No

Methods for Combining Studies

No

Yes

Yes

Yes

Yes

Yes

No

Partial

Appropriately Combined

No

No

No

Yes

Yes

Yes

No

Can’t tell

Conclusions Supported

Yes

No

No

Yes

Yes

Yes

No

Can’t tell

Overall Quality

7/9

3/7

5/9

7/7

9/9

7/7

1/9

2/7

Corrected Score

7/9

5/9

5/9

9/9

9/9

9/9

1/9

2/9

Slipman et al 2003 (202)♦

Datta et al 2009 (54) ∆§

Manchikanti et al 2008
(76)§

Staal et al 2008, 2009
(92♦,161∆§)

ASIPP

APS-AAPM

ASIPP

APS-AAPM

ASIPP

APS-AAPM

ASIPP

APS-AAPM

No

Partial

Yes

NS

Yes

NS

Yes

Yes

Comprehensive

No

Partial

Yes

NS

Yes

NS

Yes

Yes

Inclusion Criteria

Yes

Yes

Yes

NS

Yes

NS

Yes

Yes

Bias Avoided

No

Can’t tell

Yes

NS

Yes

NS

Yes

Yes

Validity Criteria

No

No

Yes

NS

Yes

NS

Yes

Yes

Validity Assessed

No

Partial

Yes

NS

Yes

NS

Yes

Yes

Methods for Combining Studies

No

Partial

No

NS

No

NS

Yes

Yes

Appropriately Combined

No

Can’t tell

No

NS

No

NS

No

Yes

Conclusions Supported

No

Can’t tell

Yes

NS

Yes

NS

No

Yes

Overall Quality

1/9

3/7

7/9

NS

7/9

NS

7/9

7/7

Search Method

∆Not available at the time of Chou’s search

♦Included by Chou and Huffman (35), but not present review
§Included in present review, but not Chou and Huffman (35)
NS = Not scored by APS-AAPM review
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weeks of pain relief as short-term and longer than 6
weeks as long-term, whereas Datta et al (54) utilized
80% pain relief with controlled diagnostic blocks as the
inclusion criteria. However, Staal et al had no inclusion
criteria based on the diagnostic validity. Boswell et al
(185) utilized controlled diagnostic blocks as inclusion
criteria; however, they included studies with single diagnostic blocks or no diagnostic blocks due to the paucity of the literature.
Lumbar facet joint nerve blocks were also evaluated by Staal et al (92,161), Manchikanti et al (76), Datta
et al (54), and Boswell et al (185). The inclusion criteria
and outcome criteria were similar to intraarticular injections. Datta et al (54) showed strong evidence for lumbar facet joint nerve blocks. Boswell et al (185) showed
moderate evidence; however, Staal et al (92,161), including only one study by Manchikanti et al (193), concluded that there was no difference. Manchikanti et al
(76) showed moderate evidence.
In reference to radiofrequency neurotomy,
Geurts et al (184), which was considered by Chou
and Huffman (35) to be high quality, scored lower
in our reassessment—from 9 of 9 to 5 of 9. They concluded that there was moderate evidence that radiofrequency lumbar facet denervation was more effective for chronic low back pain than placebo. Niemisto
et al (186), performed within the framework of the
Cochrane Collaboration Back Review Group, was
scored high by both evaluations; they concluded that
there was conflicting evidence that radiofrequency
denervation had a short-term effect on chronic low
back pain. Slipman et al (202), a low quality systematic review, concluded that the evidence for radiofrequency denervation was moderate. Boswell et al
(185) showed moderate to strong evidence for radiofrequency neurotomy. Manchikanti et al (76) showed
moderate evidence.

3.2.3 Effectiveness
The reassessment of APS guidelines has shown results similar to that of Datta et al (54). As illustrated
in Table 19, the evidence was negative in 2 of the 3
trials for short-term, whereas, long-term evidence assessment was not available in any of the studies. For
medial branch blocks with study which was not included by Chou and Huffman (187,203,204) even though
results were available at the time of the search criteria,
and showed positive results both for short-term and
long-term relief, whereas another study (193) which
was rated as low quality by Chou and Huffman (35)
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showed positive results on a short-term basis and longterm results were not available. Nash et al (195) had no
available data. For radiofrequency neurotomy 4 of the
5 studies were positive for short-term relief whereas
for long-term relief 1 of the 2 studies was shown to be
positive.
The evidence for intraarticular injections is in
agreement with Chou and Huffman. However, the evidence is significantly different from that of Chou et al
(35,37,41) based on their own criteria of grading with
good, fair, and poor, for lumbar facet joint nerve blocks
and radiofrequency neurotomy - fair.
Chou et al (35,37,41) also utilized outdated AHCPR
guidelines (34) which have been removed from active
practice in the United States.

4.0 Therapeutic Sacroiliac Joint
Interventions
Chou and Huffman (35) reported lack of evidence
for sacroiliac joint steroid injections; however, they
have not reviewed the evidence for radiofrequency
neurotomy.
Rupert et al (68) reviewed the evidence for therapeutic sacroiliac joint interventions and judged it to be
limited. Since there have not been any new studies and
the evidence will not improve based on reassessment,
we have not performed a reassessment of the evidence
for therapeutic sacroiliac joint interventions. Rupert et
al (68) concluded moderate evidence for diagnostic sacroiliac joint injections.

5.0 Intradiscal Electrothermal
Therapy
Even though there are discrepancies in the evidence synthesis and analysis, along with recommendations, the evidence synthesis by ASIPP guidelines also
has been scored at Level II-2 with a weak recommendation. Therefore, no reassessment analysis or discussion
is provided in this manuscript.

6.0 Intrathecal Therapy
Chou and Huffman (35) concluded that in patients with failed back surgery syndrome (FBSS),
there is insufficient evidence to judge the efficacy of
intrathecal opioid therapy. Patel et al (67) performed
a systematic review and were unable to find any randomized trials for consideration in the evidence synthesis. Since there have not been any new publications, no further analysis or discussion is provided in
this manuscript.
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Table 19. Results of published randomized trials of facet joint interventions.

Study

Study
Characteristics

Pain Relief

Methodological
Quality Scoring
Participants

Results

≤ 3 mos.

3 mos.

6 mos.

12 mos.

Shortterm ≤ 6
mos.

Longterm >
6 mos.

ASIPP

APSAAPM

10/11

8/11

Saline = 48
Steroid = 49

33%
versus
42%

NA

15%
versus
42%

NA

N

NA

NA

NA

NA

NA

NA

NA

INTRAARTICULAR INJECTIONS
Carette et al 1991
(189)

RA, DB

Lilius et al 1989
(190,191)

RA

6/11

8/11

Intraarticular saline
(8 mL) = 42
Intraarticular
steroid (8 mL) = 28
Pericapsular steroid
(8 mL) = 39

Fuchs et al 2005
(192)

RA, DB

7/11

6/11

SH = 30
TA = 30

SI

SI

SI

NA

P

NA

Nash 1989 (195)

RA, SB

2/11

2/11

N = 66

NA

NA

NA

NA

NA

NA

3/11

Group I nonsteroid = 32
Group II steroid
= 41

100%

75%
versus
88%

75%
versus
88%

NA

P

NA

NA

83% vs
82%

83% vs
93%

82% vs
85%

P

P

MEDIAL BRANCH BLOCKS
Manchikanti et al
2001 (193)

RA

8/11

Manchikanti et
al 2008, 2010
(203,204)

RA, DB

10/11

NS

Group I – no
steroid = 60
Group II – steroid
= 60

Nash 1989 (195)

RA, SB

2/11

2/11

N = 66

NA

NA

NA

NA

NA

NA

RADIOFREQUENCY NEUROTOMY
Nath et al 2008
(196)

RA, DB

10/11

8/11

C = 20 *
T = 20

NA

SI

SI

NA

P

NA

van Wijk et al
2005 (198)

RA, DB

11/11

11/11

C = 41 *
T = 40

NA

39%
versus
62%

NA

NA

P

NA

van Kleef et al
1999 (199)

RA, DB

9/11

7/11

C = 16 *
T = 15

NA

25% vs
60%

19% vs
47%

13% vs
47%

P

N

Gallagher et al
1994 (197)

RA, DB

4/11

3/11

C = 12 *
T = 18

SI = T

SI = T

SI = T

NA

P

NA

Leclaire et al 2001
(201)

RA, DB

10/11

9/11

C = 34 *
T = 36

NSI

NSI

NA

NA

NA

NA

Tekin et al 2007
(200)

RA, DB

6/11

5/11

C = 20 *
PRF = 20
CRF = 20

SI in all
groups

SI in all
groups

SI in all
groups

SI in
CRF
only

P

P

* = control included bupivacaine; RA = randomized; DB = double blind; NS = not scored by APS-AAPM review; C = control; T = treatment; vs =
versus; SI = significant improvement; NSI = no significant improvement; P = positive; SH = sodium hyaluronate; TA = triamcinolone acetonide;
NA = not available; SB = single blind; PRF = pulsed radiofrequency; CRF = conventional radiofrequency
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7.0 Spinal Cord Stimulation
Chou and Huffman (35) evaluated spinal cord
stimulation and concluded that there was fair evidence for its effectiveness in FBSS. Spinal cord stimulation is primarily implanted in the United States for
FBSS and complex regional pain syndrome (CRPS)
(65,76,219-224).
It is important to note that NICE in its 2008 technology appraisal (225) recommended spinal cord stimulation for FBSS unequivocally.

7.1 Literature Search
Our literature search showed approximately 300
manuscripts with multiple systematic reviews and randomized trials evaluating the effectiveness of spinal cord
stimulation in chronic pain (65,76,219-224,226-238).

7.2 Methodologic Quality Assessment
7.2.1 Assessment of Randomized Trials
Of 6 individual articles, 2 studies in 3 publications
met the inclusion criteria for methodologic assessment
(232,236,237). Among the other studies, one was a
comparison of spinal cord stimulation electrode design
(234); the second (238) was a study of spinal cord stimulation for axial low back pain, comparing dual with
single percutaneous electrodes.

Table 20 shows the methodologic quality assessment of criteria for evaluating spinal cord stimulation
in post lumbar surgery syndrome and the 2 randomized
trials meeting the inclusion criteria by Chou and Huffman (35)

7.2.2 Assessment of Systematic Reviews
Multiple systematic reviews were identified
(65,76,219-224,226-228); however, Frey et al (65) was
published after the search was completed. Manchikanti
et al (76) was published prior to the search; however,
this study was not included in the evidence assessment.
Table 21 illustrates the methodologic quality assessment of criteria of systematic reviews evaluating spinal
cord stimulation.
Systematic reviews have been published evaluating the cost-effectiveness of spinal cord stimulation
for FBSS (227,228). Taylor et al (227) found that initial
health care acquisition costs were offset by a reduction in post implant health care resource demands
and costs. Mean 5-year costs for FBSS were $29,123
in the intervention group compared to $38,029 in
the control. Other investigators also showed similar
findings illustrating the cost-effectiveness of spinal
cord stimulation, even though initial health care
acquisition costs are higher than other treatments
(228-231).

Table 20. Methodological assessment of randomized clinical trials evaluating spinal cord stimulation in post lumbar surgery
syndrome.

Kumar et al 2008, 2007
(232*,237#)

North et al 2005 (236)*

ASIPP

APS-AAPM

ASIPP

APS-AAPM

Randomization

Yes

Yes

Yes

Yes

Concealed treatment allocation

Yes

Yes

Yes

Yes

Baseline group similarity

Yes

Yes

Yes

Don’t know

Patient blinded

No

NA

No

NA

Care provider blinded

No

NA

No

NA

Outcome assessor blinded

No

Don’t know

No

No

Cointerventions avoided or similar

Yes

Yes

Yes

Yes

Compliance acceptable in all groups

Yes

No

Yes

Yes

Drop-out rate described and acceptable

Yes

Yes

Yes

Yes

Timing of outcome assessment in all groups similar

Yes

Yes

Yes

Yes

Intention to treat analysis

Yes

No

Yes

No

Score

8/9

6/9

8/9

6/9

*included by Chou and Huffman (35) and Frey et al (65)
#included in present review, but not Chou and Huffman (35)
NA = not applicable
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Table 21. Quality ratings of systematic reviews evaluating spinal cord stimulation.

Mailis-Gagnon et
al 2004 (222)♦
ASIPP

Taylor et al
2005, 2006
(220,225) ♦

Turner et al
2004 (221) ♦

Manchikanti et
al 2008 (76)§

Frey et al 2009
(65) ♦§

APSAPSAPSAPSAPSASIPP
ASIPP
ASIPP
ASIPP
AAPM
AAPM
AAPM
AAPM
AAPM

Search Method

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

NS

Comprehensive

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

NS

Inclusion Criteria

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

NS

Bias Avoided

Yes

Yes

Yes

Can’t tell

Yes

Can’t tell

Yes

NS

Yes

NS

Validity Criteria

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

NS

Validity Assessed

Yes

Yes

Yes

Yes

Yes

Partial

Yes

NS

Yes

NS

Methods for Combining Studies

Yes

Yes

Yes

Yes

Yes

Yes

No

NS

No

NS

Appropriately Combined

Yes

Yes

Yes

Yes

Yes

Yes

No

NS

No

NS

Conclusions Supported

Yes

Yes

Yes

Yes

Yes

Yes

Yes

NS

Yes

NS

Overall Quality

9/9

7/7

9/9

5/7

9/9

5/7

7/9

NS

7/9

NS

Corrected Score

9/9

9/9

9/9

8/9

9/9

7/9

7/9

NS

7/9

NS

♦

Included by Chou and Huffman (35), but not present review
∆Not available at the time of Chou’s search
§Included in present review, but not by Chou and Huffman (35)
NS = Not scored by APS-AAPM review

7.2.3 Effectiveness
Similar to the assessment by Chou and Huffman
(35), based on grading of evidence of good, fair, and
poor, there appears to be fair evidence for spinal cord
stimulation in post lumbar surgery syndrome.

8.0 Integrity
The goals of integrity include transparency, accountability, consistency, and independence. None of
these criteria appear to have been adequately achieved
in the evaluation of Chou and Huffman (35). Reasons
for this failure to uniformly meet the goals of integrity
may be because of a lack of clear information and a
possible conflict of interest.

8.1 Transparency
The Chou and Huffman (35) guidelines were published in May 2009, but were submitted in October
2008 by a multidisciplinary panel of 23 experts convened in 2004 to formulate low back pain recommendations. It appears that the research was performed at
Oregon Evidence-Based Practice Center – an organization sponsored by AHRQ, the employer of Chou and
Huffman (35). Further, it shows that the activity was
supported by the APS. However, no other disclaimers
are provided as to the nature of the financial support
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from government, as well as from APS to all or some
authors. In 2007, they also recruited 2 or 3 additional
experts in the areas of interventional therapy or surgery to participate in the development of the recommendations. Some of the authors withdrew their
names; however, no such disclosure was provided. Of
the final 13 authors, there appears to be only 2 interventional pain physicians.
The major investigators appear to be Chou and
Huffman. While Chou is an internal medicine physician
without clinical practice experience in interventional
techniques, Huffman is a social worker. Based on public
records, it appears that she left the Oregon Effectiveness Healthcare program in 2007. Even then, the research extended into 2008 and manuscripts were not
published until 2009.
In a press release regarding the APS guidelines, the
guidelines were stated to be from the American Pain
Society and the American College of Physicians. However, no such reference was ever made in future articles of
interventional techniques. Finally, each and every table
in Chou and Huffman’s document (35) shows them as
the analysis of APS-AAPM.
Consequently, the results of background investigation illustrate that transparency was lacking in multiple
areas.
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8.2 Accountability
Accountability has not been provided appropriately: their conflict of interest policies, their process
for prioritization of the literature, their peer review
of evidence synthesis, and their recommendations and
updating of the recommendations consistent with the
current literature were not appropriately utilized.

8.3 Consistency
There is evidence of seemingly inconsistent review
of the literature and an inexplicable use of inclusion and
exclusion criteria rather than a standardized approach.

8.4 Independence
Finally, independence was compromised because at
least 2 of the initial experts in interventional techniques
withdrew their names from publication due to serious
misgivings; this was not publicized.

Discussion
This critical reassessment reviewed APS guidelines for therapeutic interventional techniques developed by Chou and Huffman (35), published as multiple
manuscripts (35,37,41). In this critical analysis and reassessment, the same principles described by Chou and
Huffman (35) were utilized. The results of this critical assessment agreed with the conclusions of APS guidelines
and their assessment with fair evidence for spinal cord
stimulation and post lumbar surgery syndrome and poor
evidence for lumbar intraarticular facet joint injections,
lumbar interlaminar epidural injections, sacroiliac joint
injections, intradiscal electrothermal therapy, caudal epidural injections for pain without disc herniation, spinal
endoscopic adhesiolysis, and intrathecal therapy. However, the reevaluation provided different results for multiple techniques. Based on this re-evaluation, utilizing
the very criteria described by Chou and Huffman (35),
with grading of good, fair, or poor the evidence was fair
for lumbar therapeutic facet joint nerve blocks, caudal
epidural injections in managing chronic low back pain of
disc herniation, percutaneous adhesiolysis in post lumbar
surgery syndrome; lumbar radiofrequency neurotomy,
and transforaminal epidurals in radicular pain. However,
the addition of new evidence will change the evidence
to good from fair for caudal epidural injections in disc
herniation, and adhesiolysis, and fair from poor for caudal epidural in other conditions.
Chou and Huffman (35) exhibited multiple deficiencies due to inappropriate evaluation in multiple areas, inclusion of inappropriate studies, and exclusion of
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appropriate studies. Further, they also utilized multiple
outdated guidelines, applied inappropriate evidence
assessment criteria, used a methodologic quality assessment without weighted values, had inadequate conflict
management, and their conclusions have minimal value
for clinical aspects and patient values.
There were differences in rating strengths for multiple therapeutic interventional techniques utilizing the
most recent literature from the evaluations performed
during the ASIPP guideline preparation process. Discrepancies and deficiencies in the process of guidelines
development must be challenged and corrected as they
can deny patient access to effective, appropriate, and
vital pain relief. For methodologists it may appear to
be appropriate, but for clinicians and patients who are
suffering with pain, accurate determination of the evidence is essential.
ASA updated practice guidelines for chronic pain
management (44) provided significant evidence and
strong recommendation for multiple interventional
techniques including epidural injections, medial branch
or facet joint nerve blocks and spinal cord stimulation.

1.0 Misinterpretation of Randomized
Trials and Inordinate Focus on
Placebo-Control
The authors (35,37,41) focused extensively on placebo controls. However, injecting high doses of sodium
chloride solution into a closed space or over a nerve
is not a true placebo. A true placebo can only be administered by injecting the solution, which is the same
amount as the active solution, in an area which is away
from the epidural space or nerve root. There is general confusion regarding placebo control for almost all
therapeutic trials. Further, placebo-controlled neural
blockades are not viable, even though they continue
to be misinterpreted (211,212,239-245). It is a common
practice in interventional pain management, especially
by those with a lack of understanding and bias to focus
only on methodology and to erroneously report inaccurate conclusions referring to any local anesthetic injection as a placebo.
The differences among various types of placebo injections have been demonstrated, as well as injections
into various structures. The experimental and clinical
findings from investigation of the electrophysiological
effects of 0.9% sodium chloride solution and dextrose
5% in water solution illustrate the potential inaccuracy created by 0.9% sodium chloride solution versus
5% dextrose (244,245). In addition, the effect of sodi-
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um chloride solution when injected into the disc, the
facet joint, or paraspinal muscles have been shown to
be variable. Indahl et al (211,212) in their evaluation
of the electromyographic response of the porcine multifidus musculature after nerve stimulation (212) and
interaction between the porcine lumbar intervertebral
disc, zygapophysial joint, and paraspinal muscles (211),
showed that stimulation of the disc and the facet joint
capsule produced contractions in the multifidus fascicles
(212). They also demonstrated that the introduction of
lidocaine into the facet joint resulted in a significantly
reduced electromyographic response with the most
drastic reduction seen when stimulating the facet joint
capsule. Further, the introduction of physiologic saline
into the zygapophysial joint reduced the stimulation
pathway from the intervertebral disc to the paraspinal
musculature (211). Consequently, they hypothesized
that the paraspinal muscle activation caused by nerve
stimulation in the annulus fibrosis of the lumbar intervertebral disc could be altered by saline injection into
a zygapophysial joint. Thus, it is essential to rule out
zygapophysial joint pain prior to discography or administration of epidural injections. Epidural saline has been
illustrated to provide therapeutic benefit (246-252). In
addition, the immediate relief of pain after injection
suggesting a strong placebo effect and also which does
not differ in efficacy from treatment with diadynamic
currents or roentgen irradiation – about 60% of patients gaining pain relief in the short-term from both
treatments (253,254). Lilius et al (190) reported 23%
of the patients with persistent benefit up to 3 months
after the injection, irrespective of the type of the injection with high volumes.
Taking into consideration all the pitfalls associated
with interpreting of placebo-control, multiple deficiencies in the methodologic quality assessment of individual studies and systematic reviews, and available
new evidence, there is significantly superior evidence
available, including good evidence for caudal epidural
injections for disc herniation and discogenic pain, fair
evidence for lumbar spinal stenosis and post lumbar
surgery syndrome, and fair evidence for transforaminal epidural injections in managing disc herniation and
radiculitis.

2.0 Epidural Steroid Injections
Lumbar epidural injections are performed by 3
approaches: caudal, interlaminar, and transforaminal.
The injections are used for various types of pathology,
including disc herniation and/or radiculitis, discogenic
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pain without disc herniation, spinal stenosis, and lumbar post surgery syndrome. Thus, the procedure and indications are variable. Chou et al (35,37,41) performed
extensive searches and looked at multiple systematic reviews (91-98) and identified 40 randomized trials (112150). However, similar to previous systematic reviews,
they combined interlaminar epidural injections with
caudal, even though there is no evidence that they work
in the same manner. This follows the classic approach of
methodology, which looks at all epidural injections as
one, which leads to inappropriate opinions (77,78,92,
102,107,111,161). The authors who have separated the 3
modalities of epidural injections (59,60,62,94,100) have
shown significantly better evidence for caudal epidural
even compared to transforaminal epidural injections
there is no significant evidence for lumbar interlaminar
epidural injections thus far. However, there have not
been any appropriately performed studies that conduct
a head to head comparison among the 3 types of injections for various pathological conditions. While the
reassessment agrees with Chou et al (35,37,41) concerning evidence for lumbar interlaminar epidural injections
and caudal epidural injections in patients without disc
herniation, the reassessment reached different conclusions regarding caudal epidural injections, and transforaminal epidural injections for disc herniation. The
authors based their evidence synthesis for the caudal
approach on poorly performed studies. Of the multiple
studies utilized by Chou et al (35,37,41), most of them
were of low quality without clinical relevance.

2.1 Caudal Epidural Injections
Chou and Huffman (35) described that they
identified multiple trials which were placebo controlled (114,118-136) and claimed that several were
of higher quality (114,117,118,121,122,124,126,130,
132,135,140). However, there are multiple problems
with this interpretation. Dashfield et al (140) was not
a placebo-controlled trial as the authors themselves
have identified. On close examination, Zahaar (136)
was also not placebo-controlled. It was stated by Chou
and Huffman (35) that they utilized sodium chloride
solution; however, Zahaar (136) injected 30 mL of solution, which was a local anesthetic diluted with 2 mL
of 4% Carbocaine and 28 mL of sodium chloride solution, thus it can not be considered a sodium chloride
solution. Béliveau (119) also did not use an injection of
only sodium chloride solution; it was combined with
procaine 0.5% in normal saline or 40 mL of procaine
0.5% in normal saline with 2 mL of methylpredniso-
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lone, for a total injection of 42 mL in each group. As
already mentioned, the injection of sodium chloride
is not inert in the epidural space or into the joints
(211,212,246-254). Wilson-MacDonald et al (135) had
a good design, but it was not placebo control as they
injected extra epidural steroid and bupivacaine. Kraemer et al (128), reporting the results of 2 trials with 3
injections in one week, compared their new technique
of epidural perineural injection administered blindly
with a conventional epidural injection technique and
with a third group, who received a paravertebral local
anesthetic injection. Once again, the effects of paravertebral injection have been illustrated and they are
not benign (211,212), thus this is not a true placebo.
Rogers et al (133) employed either local anesthetic
alone or local anesthetic with steroids. They used sodium chloride solution as a diluent. Thus, multiple studies (119,128,133,135,136,140) were not placebo injections as claimed by Chou and Huffman (35).
High volumes used in some of these studies disrupt
adhesions and provide a “washing effect” which may
remove inflammatory mediators from around nerves.
As described above, there are multiple effects elicited
with injection into discs, facet joints, or paraspinal muscles along with effects of dextrose and sodium chloride
solution into nerve sheaths (211,212,244-247,249-252).
In fact, Kraemer et al (128) described that it was not
difficult for them to get patients’ consent for potential saline injection alone because there had been reports about the success of epidural saline in sciatica
(246,247,249-252).
As illustrated above, multiple caudal epidural injections were inappropriately included in the evaluation, were not placebo control as described, and utilized large amounts of solutions which is clinically not
appropriate.
Zahaar’s study (136) was very poorly performed,
evaluating 2 different pathologies – herniated nucleus
pulposus and spinal stenosis, with utilization of high
volumes (sterile saline with local anesthetic with or
without steroid 30 mL) injected blindly without fluoroscopic guidance and without any imaging studies
to demonstrate contrast spread. Consequently, based
on studies that show a lack of appropriate delivery of
injectate in caudal epidural injections in a significant
proportion of patients, the results of this study must be
vigorously questioned (255-259).
In Ackerman and Ahmad’s study (112), the authors
stated that the candidates were randomized into one of
3 arms: caudal, interlaminar, or transforaminal. Howev-
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er, no rationale was given to why each of the arms was
chosen. It is also unclear if the patients were informed
about the possible difference in therapeutic efficacy or
if they were chosen by a physician irrespective of the
nature of the pathology or severity. It is also difficult
to understand the rationale for transforaminals. They
utilized the L5 nerve root instead of the S1 nerve root,
which might be more appropriate for L5/S1 disc herniation with S1 nerve root irritation. Further, the authors
also injected very high volumes of solutions with 3 mL
of contrast, followed by 5 mL of normal saline and triamcinolone, which is a high volume for transforaminal
injections. Similarly, they also injected 20 mL to 30 mL
of normal saline for caudal epidural injection.
As illustrated in the results section, the present evidence, utilizing Chou and Huffman’s criteria with grading of good, fair, and poor, there is fair evidence for the
therapeutic effectiveness of caudal epidural injections,
in patients with disc herniation or radiculitis with or
without steroids, for short-term and long-term relief.
However, with addition of new studies the evidence is
good for therapeutic effectiveness of caudal epidural
injections in disc herniation or radiculitis in contrast to
Chou and Hoffman grading of only poor.
Further, utilizing Chou and Huffman’s criteria with
grading good, fair, and poor, the evidence is poor for
the therapeutic effectiveness of caudal epidural injections in post-surgery syndrome for short-term and
long-term relief. However, addition of new studies will
change the level of evidence to fair.
Finally, based on Chou and Huffman’s criteria with
grading of good, fair, and poor, the evidence is poor
for the therapeutic effectiveness of caudal epidural injections in discogenic pain. However, addition of new
studies will change the level of evidence to fair.

2.2 Lumbar Interlaminar Epidural Injections
Even though our reassessment had no significant
differences with Chou and Huffman’s (35) evaluation,
multiple studies which were described as true placebos were in essence not placebos. Cuckler et al (123),
in their evaluation of a double-blind randomized trial
conducted from 1978 to 1980 and published in 1985,
utilized a flawed process by considering local anesthetic injection as a placebo. Cuckler et al (123) also
utilized either 2 mL of sterile water containing 80 mg
of methylprednisolone acetate combined with 5 mL
of 1% procaine or 2 mL of saline combined with 5 mL
of 1% procaine, thus, this is not a placebo-controlled
trial. Other variables include that the procedure was
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performed with a blind technique between L3 and L4
in the lateral decubitus position on the affected side
with the inability to reach the targeted area in almost
half of the patients (258,260-268). Other flaws of this
study include its small sample size, poor methodology,
and inadequate outcome assessments. They also failed
to provide detailed data on significant pain relief and
performed their evaluation at only 2 points.
Carette et al’s (122) study has been described as the
best study evaluating the role of epidural steroids. This
is true methodologically. It has been used as a landmark
study to deny the effectiveness of all types of epidural injections. They studied 158 patients with injections
of either 80 mg, 2 mL of methylprednisolone acetate
mixed with 8 mL of isotonic saline, or 1 mL of isotonic saline. They used the lateral position, entering the
epidural space between L3/4 without fluoroscopy. The
results showed that at 3 weeks, the ODI score had improved slightly in the methylprednisolone group compared to the placebo group, along with significant difference noted with finger-to-floor distance and sensory
deficits, which were greater in the methylprednisolone
group. However, after 6 weeks, the only a significant
difference was the improvement in leg pain, which was
greater in the methylprednisolone group. There were
no significant differences after 3 months. Problems
with this study include the lack of fluoroscopy and the
targeted delivery of the medication due to highly variable flow patterns in the lumbar interlaminar epidural
space (252,254-262).
Arden et al (118) in a study published in 2005, which
included 228 patients, presumably administered injection without fluoroscopy and in the lateral position between L3/4 or L4/5. The active group received epidural
steroids via the lumbar route of 80 mg of triamcinolone
acetonide and 10 mL of 0.25% bupivacaine at weeks 0,
3, and 6. The placebo group received injections of 2 mL
of normal saline into the intraspinous ligament. They
reported that 60 patients achieved a 75% improvement
on the ODI before week 6 and therefore did not receive 3 injections. The patients were assessed at multiple points. The primary outcome measure was the reduction of 75% of ODI from baseline, with secondary
outcome measures of VAS and short-form 36 (SF-36);
however, based on the available literature, a reduction
of 75% from baseline on the ODI is an unusual and unrealistic outcome measure as the literature considers a
clinically important difference much lower than that
or at best, 50% improvement. Even so, they reported
a statistically significant improvement in self-reported
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function compared with placebo at 3 weeks. However,
they reported that by 6 weeks, the benefit of epidural
steroids was lost and at all subsequent visits, there were
no differences between the groups on any measurable
outcome, but at 52 weeks, 32.5% of the active group
and 29.6% of the placebo group had achieved a 75%
improvement in ODI. They included 1/3 of the patients
who were acute. It is very difficult to assess the impact
of the results. Even then, it is in the placebo range.
Wilson-MacDonald et al (135) compared lumbar
epidural steroid injections to intraspinous ligament steroid injections to assess whether the steroid’s epidural
location was responsible for the subsequent effects.
They concluded that there was no difference in the rate
of subsequent surgery through the follow-up period.
However, properly performed studies under fluoroscopic visualization should yield different results, similar to
the results obtained from caudal epidural injections.
Ackerman and Ahmad (112), even though their procedures were not performed appropriately, showed 60%
of the patients improved at their 24-week follow-up in
the interlaminar group, compared to 57% in the caudal
group, and 83% in the transforaminal group. Recent
studies evaluating the effectiveness of interlaminar epidural injections in the lumbar and cervical spine yielded
improved results, with effectiveness in a significant proportion of the patients suffering with either disc herniation or discogenic pain. This is emerging evidence
and indicates that appropriately performed studies will
change the concept and also provide different results
than are believed at the present time (269-272).

2.3 Transforaminal Epidural Injections
Similar to lumbar interlaminar and caudal epidural
injections, transforaminal epidural injections also have
been misunderstood. The authors of systematic reviews
(62,76,91,94-96) have focused and placed inordinate
importance on the manuscript by Karppinen et al (126).
Even though this is a very well performed methodologically high quality manuscript, the results are not final.
However, Karppinen et al (126) has been criticized as
controversial, regarding the terminology of the procedure itself, the technique utilized, randomization, and
the outcome results (166). The appropriate terminology
is transforaminal epidural injection rather than periradicular infiltration. Periradicular infiltration describes a
selective nerve root block or a ventral ramus block for
diagnostic purposes, which would be inappropriate in
this situation considering the large volumes of injectate
utilized. The target delivery was compromised by high
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volumes of bupivacaine mixed with methylprednisolone, essentially providing a washout effect either with
bupivacaine or with sodium chloride solution. Their
process of randomization was also flawed in that patients were recruited from general practitioners on the
basis that they presumably were suffering from sciatica.
These patients might differ from patients in interventional pain management settings or even surgical settings. In addition, the MRI classification of symptomatic
discs was highly variable, with a significant number of
patients having either a normal disc or a bulge, and
with most patients having a disc extrusion. Transforaminal epidural steroid injections are not indicated in
patients with disc bulging or normal discs; they are only
indicated in patients with disc herniation or proven radiculitis. Their statistical interpretation is very difficult
to understand because they reported in means rather
than the proportion of patients with significant pain
relief and improvement in functional status.
As described in the above section about placebo
effects, one cannot consider an injection of several mL
of sodium chloride solution with or without steroids as
a placebo due to the inherent effects of sodium chloride solution when injected into the epidural space,
over the nerve roots, or into the muscles and joints
(211,212,247,249-254).
The study by Ackerman and Ahmad (112) which
was considered as a high quality study by Chou and
Huffman (35) for caudal and interlaminar epidural
injections was excluded in the evidence synthesis for
transforaminal epidural injections. Despite its numerous flaws, the study showed 83% of the patients improved at their final follow-up of 24 weeks.
As illustrated in the results sections based on the
available evidence and utilizing Chou and Huffman’s (35)
criteria, the evidence appears to be fair, based on grading of good, fair, and poor in managing lumbar nerve
root pain with transforaminal epidural injections.
Consequently, our reassessment has shown multiple deficiencies in their analysis and inappropriate
conclusions.

3.0 Percutaneous Adhesiolysis
Chou and Huffman (35) stated that the term “failed
back surgery syndrome” is commonly used to refer to
a heterogenous group of conditions characterized by
chronic disabling low back pain, with or without leg
pain, following one or more spinal surgeries. They also
described adhesiolysis. They described adhesiolysis
and forceful epidural injections synonymously as they
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also disrupt epidural adhesions or fibrosis; however,
they continue to consider sodium chloride solution
injection as a placebo. They inappropriately scored
systematic reviews and also provided inappropriate
evidence for one study despite their consideration of
the study as higher quality (117). They reported that
there was a 0% response rate with epidural steroids;
however, this is inaccurate as 33% of the patients in
the epidural group experienced significant improvement for less than 3 months. After 3 months there was
no significant improvement noted. They also misclassified the study by Heavner et al (176) as low quality.
They failed to include the one-year follow-up available for evaluating endoscopic adhesiolysis, rather
they included a preliminary report. They also utilized a
study by Dashfield et al (140) which delivered steroids
through endoscope or with a caudal approach under
fluoroscopy; however, very few patients in this study
had adhesions.
As illustrated in the results section based on Chou
and Huffman’s (35) grading of good, fair, and poor and
the analysis of the included studies, there is at least fair
evidence for percutaneous lumbar epidural adhesiolysis for short-term and long-term relief, whereas it may
be considered poor for long-term improvement with
spinal endoscopic adhesiolysis, and fair for short-term
improvement of 6 months. However, with inclusion of
more recent studies (173,174) and systematic reviews
(66,76) the evidence is good for percutaneous adhesiolysis as opposed to only fair assessed by Chou and
Hoffman (35).
Consequently, our reassessment has shown errors
in their evaluation. We also added newly published randomized trials and the systematic reviews which obviously provided evidence that is different from that of
Chou and Huffman (35).

4.0 Facet Joint Injection, Therapeutic
Medial Branch Block, and
Radiofrequency Neurolysis
Chou and Huffman (35) concluded that there was
no evidence for the efficacy of facet joint injections or
medial branch blocks. They further said the evidence
was poor for radiofrequency neurotomy for lumbar
facet joint pain. The present evaluation agrees with assessment of intraarticular injections. However, evidence
was fair for medial branch blocks and radiofrequency
thermoneurolysis, based on their own criteria.
There were multiple issues related to this evaluation, such as misunderstandings of Nath et al’s article
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(196) and exclusion of the one-year follow-up of therapeutic medial branch blocks (203). The final results are
now available for the 2-year follow-up (204), which
shows that these effects are in fact sustainable.
The manuscripts by Leclaire et al (201) and van Wijk
et al (198) received heavy weight, but they have been
extensively criticized. In fact, Chou and Huffman (35)
in their description of radiofrequency denervation of
the medial branch of the primary dorsal ramus versus
sham or placebo for facet joint origin concluded that
interpretation of the results was controversial because
the trials used uncontrolled facet joint blocks to select
patients and that the radiofrequency denervation technique might have been suboptimal in some of the trials,
thus leading to the judgement that the level of evidence
was poor. However, Chou and Huffman (35) discarded
the diagnosis of facet joint pain utilizing controlled local anesthetic blocks based on poorly conducted cryoneurolysis that did not have any relevance to facet joint
pain (273,274). They also concluded that for presumed
facet joint pain, intraarticular radiofrequency denervation was superior to extraarticular radiofrequency denervation in one small trial; however, there is no clinical
or anatomical basis for intraarticular radiofrequency.
Further, all so-called sham lesions are not really placebo-controlled because the nerve was stimulated, irritated, and finally injected with local anesthetic.
Leclaire et al (215), in a recent letter to the editor
of Pain Practice, acknowledged multiple deficiencies
in their study; many consider this a retraction of their
manuscript. They elaborated that the results of their
research have been interpreted by the UK Institute of
Clinical Excellence as evidence that radiofrequency neurotomy is ineffective as a treatment for low back pain
which they are of the opinion is an inappropriate use
of the conclusions of their study given that the authors
themselves have serious reservation about their own
study. Further, they added that contemporary reviews
that rejected their study with the dated approach as inappropriate or invalidated (54,275). They also acknowledged the value of controlled local anesthetic blocks
and false-positive rates. They stated that if they repeated their study today, they would use controlled medial
branch blocks as the primary inclusion criteria to correctly identify patients with pain originating from the
lumbar zygapophysial joints. They also discussed needle
positioning and lesioning. Their final conclusion was
that the study should be viewed as a precursor to more
effective diagnostic and therapeutic strategies in the
management of zygapophysial joint pain and must be
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interpreted only in its historical context of what methodology has been shown to be invalid. Further, they
stated that only selection criteria based on controlled
medial branch blocks with high grade relief consistent
with the physiologic effects of the anesthetic and an
appropriate multiplanar fluoroscopic radiofrequency
neurotomy technique should be used to produce valid
studies on this treatment for chronic low back pain.
van Wijk et al (198) also generated 2 letters to the
editor (216,217). Bogduk (217) commented that the radiographs published by van Wijk et al (198) indicate not
only that the electrodes were placed perpendicular to
the target nerves, but also that they were lateral to the
actual location of the nerve. In these locations the lesions produced were destined to fail to coagulate the
nerves adequately, if at all. Consequently, the study of
van Wijk et al (198) amounts to comparing one sham
with another. Gofeld (216) also pointed out that uncontrolled single blocks, such as those used in the van Wijk
study, yields 27% false-positive results. Furthermore, he
emphasized that the electrodes were 1) definitely not
positioned “parallel the nerves”; 2) placed at the base
of the transverse process, and not at the base of the superior articular process, and therefore too lateral from
the nerve; and 3) too far posteriorly as in the lateral view
(that is, on the mamilloaccessory ligament) which insulates medial branches and L5 posterior primary ramus
from radiofrequency electrodes. Lastly, the authors accepted that 22 gauge electrodes with a 5-mm active tip
could produce an insufficient lesion size, but managed
to execute lesions using this electrode without position
adjustments, thus generating very limited lesions. Finally, van Wijk et al (218) contradicted their own reports
of lack of effectiveness by showing that radiofrequency
neurotomy and placebo injections were effective.
Gallagher et al (197) and also Van Kleef et al (199)
faced substantial criticism for various methodological
reasons.
Thus, our reassessment appropriately reached different conclusions with fair evidence-based on Chou
and Huffman’s (35) criteria for therapeutic lumbar facet
joint nerve blocks, and radiofrequency neurotomy and
same conclusion with poor for intraarticular injections.
As illustrated in the results section the evidence for
intraarticular injections is in agreement with Chou and
Huffman. However, our analysis showed that the evidence is significantly different from that of Chou et al
based on their own criteria with grading of good, fair,
and poor, for lumbar facet joint nerve blocks and radiofrequency neurotomy which is fair.
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5.0 Spinal Cord Stimulation
Chou and Huffman (35) evaluated multiple systematic reviews and 2 randomized trials and concluded that
there was fair evidence for spinal cord stimulation in
FBSS, despite spinal cord stimulation being unequivocally recommended by NICE in its 2008 technology
appraisal.
Chou (270) published an editorial entitled “Generating Evidence on Spinal Cord Stimulation for Failed
Back Surgery Syndrome” which he felt was not yet fully
charged. Chou felt that even though there is significant
evidence of clinical and cost effectiveness there are
still deficiencies. Chou also criticized that Kumar et al
(232,237) had a deficiency since they utilized conventional medical management as a comparator, even
though patients had already failed such treatment and
would probably continue to do so, thus, stacking results
in favor of spinal cord stimulation. Chou thought that
the cost effectiveness studies fall short in several areas
since the original studies do not reflect actual costs. The
editorial could be interpreted that Chou believes that
systematic reviews do not have much value. He concluded that it is quite conceivable that future studies might
lead to different conclusions regarding clinical effectiveness and that we do not know with any degree of
certainty whether spinal cord stimulation “is worth it.”
He recommended that studies adhering to guidelines
for sound cost effectiveness analysis are clearly needed
as are trials comparing spinal cord stimulation to interdisciplinary rehabilitation or other promising alternatives. Considering that most patients fail conservative
management, including interdisciplinary management,
the idea appears to be only cosmetic and a reason to
continue to oppose spinal cord stimulation.
In response to the editorial by Chou (276), North et
al (277) disagreed with Chou’s contentions. Justifiably,
North et al (277) concluded that it was unfair to discredit the conclusions of the studies that meet review
criteria. It was implied that Chou must either discredit
the review or turn away from the review and look to
his opinions, which are of course subject to error and
bias – the very problem the systematic review process
is designed to reduce. North et al (277) concluded that
editorials would do well to follow the fact checking
procedures employed by researchers who conduct systematic reviews.

6.0 Assessment

of

Integrity

As detailed in the results section, the goals of integrity including transparency, accountability, consis-
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tency, and independence were not met.
The authors and organizations had apparent conflicts of interest, withdrawal of physicians was not listed,
and involvement of multiple societies without financial
disclosures may have compromised integrity.
Transparency was lacking along with a lack of accountability, consistency, and finally, a lack of independence.

7.0 Conclusion
The reassessment of any and all guidelines is an
essential part of modern medicine. Chou and Huffman
(35) have performed an extensive analysis. However,
due to inappropriate evaluations, the inclusion of inappropriate studies, and the exclusion of appropriate
studies, it appears that their evidence synthesis lack
rigour and therefore reaches inappropriate conclusions.
reached conclusions.
In summary criticisms can be leveled at the study of
Chou and Huffman (35). Their study displays misleading
results due to lack of methodological rigour and fact
check. A careful reanalysis of the data leads to significantly different results as described.

Acknowledgments
The authors wish to thank Sekar Edem for his assistance in the literature search; Tom Prigge for manuscript
review, and Tonie M. Hatton and Diane E. Neihoff, transcriptionists, for their assistance in preparation of this
manuscript. We would like to thank the editorial board
of Pain Physician for review and criticism in improving
the manuscript.

Affiliations
Dr. Manchikanti is Chairman of the Board of the
American Society of Interventional Pain Physicians;
Medical Director of the Pain Management Center of
Paducah, Paducah, KY; and Associate Clinical Professor
of Anesthesiology and Perioperative Medicine, University of Louisville, Louisville, KY, USA.
Dr. Datta is a member of the board of directors of
the American Society of Interventional Pain Physicians;
Director, Vanderbilt University Interventional Pain Program, Associate Professor, Dept. of Anesthesiology, Vanderbilt University Medical Center, Nashville, TN, USA.
Dr. Gupta is a Consultant in Pain Medicine and Anaesthesia in the Department of Anaesthesia, Intensive
Care and Pain Management, Bradford Teaching Hospitals NHS Foundation Trust, Bradford, a Fellow of the
Faculty of Pain Medicine of the Royal College of Anaesthetists and Chairman of the Interventional Pain Medi-

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions

cine Special Interest Group of the British Pain Society,
United Kingdom.
Dr. Munglani is a Consultant in Pain Medicine, West
Suffolk Hospital NHS Trust, Suffolk, The Cambridge Nuffield Hospital, Spire Cambridge Lea Hospital, Cambridge,
UK, and BMI Bury St. Edmunds, Suffolk, a Fellow of the
Faculty of Pain Medicine of the Royal College of Anaesthetists and Executive Officer of the British Pain Society Interventional Pain Medicine Special Interest Group,
United Kingdom.
Dr. Bryce is a member of the board of directors of the
American Society of Interventional Pain Physicians; and
with Advanced Pain Management, Madison, WI, USA.
Dr. Ward is a Consultant in Pain Medicine, Brighton and Sussex University Hospitals NHS Trust, Council
Member of the British Pain Society, a Fellow of the Faculty of Pain Medicine of the Royal College of Anaesthetists and Secretary of the British Pain Society Interventional Pain Medicine Special Interest Group, United
Kingdom.
Dr. Benyamin is president of the American Society of
Interventional Pain Physicians; Medical Director, Millennium Pain Center, Bloomington, IL; and Clinical Assistant
Professor of Surgery, College of Medicine, University of
Illinois, Urbana-Champaign, IL, USA.
Dr. Sharma is a Consultant in Pain Medicine, Department of Pain Medicine, The Walton Centre for Neurol-

ogy and Neurosurgery NHS Foundation Trust, Liverpool,
a Fellow of the Faculty of Pain Medicine of the Royal
College of Anaesthetists and Treasurer of British Pain
Society Interventional Pain Medicine Special Interest
Group, United Kingdom.
Dr. Helm is Executive Vice President of the American Society of Interventional Pain Physicians; and Medical Director, Pacific Coast Pain Management Center, Laguna Hills, CA, USA.
Mr. Fellows is Managing Editor of Pain Physician journal and Director Emeritus of Psychological Services for
Pain Management Center of Paducah, Paducah, KY, USA.
Dr. Hirsch is a member of the board of directors of
the American Society of Interventional Pain Physicians;
is Chief of Minimally Invasive Spine Surgery, Depts. of
Radiology and Neurosurgery, Massachusetts General
Hospital and Associate Professor of Radiology, Harvard
Medical School, Boston, MA, USA.

Disclosures
Dr. Hirsch is a consultant for Cardinal Healthcare. He
is a minor shareholder in Medtronic and Cardinal Healthcare. He serves on the Steering Committee for KAVIAR trial (volunteer position) and on the Data and Safety Monitoring Board (DSMB): CEEP trial (volunteer position). Dr.
Datta receives research support from Sucampo Pharmaceuticals and an honorarium from Smith and Nephew.

References
1.

2.

3.

4.

5.

Field MJ, Lohr KN (eds). Committee to
Advise the Public Health Service on
Clinical Practice Guidelines, Institute of
Medicine. Clinical Practice Guidelines.
Directions for a New Program. National
Academy Press, Washington, 1990.
Sniderman AD, Furberg CD. Why guideline-making requires reform. JAMA
2009; 301:429-431.
Eden J, Wheatley B, McNeil B, Sox H
(eds). Developing trusted clinical practice guidelines. In: Knowing What
Works in Health Care: A Roadmap for
the Nation. National Academies Press,
Washington, DC, 2008, pp 121-152.
Manchikanti L, Singh V, Helm S, Schultz DM, Datta S, Hirsch J. An introduction to an evidence-based approach to
interventional techniques in the management of chronic spinal pain. Pain
Physician 2009; 12:E1-E33.
Manchikanti L, Falco FJE, Boswell MV,
Hirsch JA. Facts, fallacies, and politics
of comparative effectiveness research:
Part 1. Basic considerations. Pain Phy-

www.painphysicianjournal.com

6.

7.

8.

9.

10.

sician 2010; 13:E23-E54.
Manchikanti L, Falco FJE, Boswell MV,
Hirsch JA. Facts, fallacies, and politics
of comparative effectiveness research:
Part 2. Implications for interventional
pain management. Pain Physician 2010;
13:E55-E79.
Manchikanti L. Evidence-based medicine, systematic reviews, and guidelines in interventional pain management: Part 1: Introduction and general
considerations. Pain Physician 2008;
11:161-186.
Manchikanti L, Boswell MV, Giordano
J. Evidence-based interventional pain
management: Principles, problems, potential, and applications. Pain Physician 2007; 10:329-356.
Eden J, Wheatley B, McNeil B, Sox H.
Knowing What Works in Health Care: A
Roadmap for the Nation. National Academies Press, Washington, DC, 2008.
Manchikanti L, Datta S, Derby R, Wolfer LR, Benyamin RM, Hirsch JA. A critical review of the American Pain Society

11.

12.

13.

14.

clinical practice guidelines for interventional techniques: Part 1. Diagnostic interventions. Pain Physician 2010; 13:
E141-E174.
Manchikanti L, Hirsch JA, Smith HS. Evidence-based medicine, systematic reviews, and guidelines in interventional
pain management: Part 2: Randomized
controlled trials. Pain Physician 2008;
11:717-773.
Manchikanti L, Benyamin RM, Helm S,
Hirsch JA. Evidence-based medicine,
systematic reviews, and guidelines in
interventional pain management: Part
3: Systematic reviews and meta-analysis of randomized trials. Pain Physician
2009; 12:35-72.
Manchikanti L, Singh V, Smith HS,
Hirsch JA. Evidence-based medicine,
systematic reviews, and guidelines in
interventional pain management: Part
4: Observational studies. Pain Physician 2009; 12:73-108.
Manchikanti L, Derby R, Wolfer LR,
Singh V, Datta S, Hirsch JA. Evidence-

E255

Pain Physician: July/August 2010; 13:E215-E264

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

based medicine, systematic reviews,
and guidelines in interventional pain
management: Part 5. Diagnostic accuracy studies. Pain Physician 2009;
12:517-540.
Manchikanti L, Datta S, Smith HS,
Hirsch JA. Evidence-based medicine,
systematic reviews, and guidelines in
interventional pain management: Part
6. Systematic reviews and meta-analyses of observational studies. Pain Physician 2009; 12:819-850.
Manchikanti L, Derby R, Wolfer LR,
Singh V, Datta S, Hirsch JA. Evidencebased medicine, systematic reviews,
and guidelines in interventional pain
management: Part 7: Systematic reviews and meta-analyses of diagnostic
accuracy studies. Pain Physician 2009;
12:929-963.
Tunis SR, Stryer DB, Clancy CM. Practical clinical trials: Increasing the value
of clinical research for decision-making in clinical and health policy. JAMA
2003; 290:1624-1632.
Wennberg J, Gittelsohn A. Small area
variation in health care delivery. Sci Am
1973; 182:1102-1108.
Schuster MA, McGlynn EA, Brook RH.
How good is the quality of health care
in the United States? Milbank Q 1998;
76:517-563.
Manchikanti L, Boswell MV. Interventional techniques in ambulatory surgical centers: A look at the new payment
system. Pain Physician 2007; 10:627650.
Manchikanti L. Health care reform in
the United States: Radical surgery
needed now more than ever. Pain Physician 2008; 11:13-42.
Manchikanti L, Singh V, Pampati V,
Smith HS, Hirsch JA. Analysis of growth
of interventional techniques in managing chronic pain in Medicare population: A 10-year evaluation from 1997 to
2006. Pain Physician 2009; 12:9-34.
Buntin MB, Zuckerman S, Berenson R,
Patel A, Nickols T; RAND Health – The
Urban Institute. Working Paper: Volume Growth in Medicare. An Investigation of Ten Physicians’ Services. Prepared for the Assistant Secretary for
Planning and Evaluation, US Department of Health and Human Services.
December 2008.
Friedly J, Chan L, Deyo R. Increases in
lumbosacral injections in the Medicare
population: 1994 to 2001. Spine (Phila
Pa 1976) 2007; 32:1754-1760.

E256

25. Martin BI, Turner JA, Mirza SK, Lee
MJ, Comstock BA, Deyo RA. Trends in
health care expenditures, utilization,
and health status among US adults
with spine problems, 1997-2006. Spine
(Phila Pa 1976) 2009; 34:2077-2084.
26. Deyo RA, Mirza SK, Martin BI. Back
pain prevalence and visit rates: Estimates from US national surveys, 2002.
Spine (Phila Pa 1976) 2006; 31:27242727.
27. Martin BI, Deyo RA, Mirza SK, Turner
JA, Comstock BA, Hollingworth W, Sullivan SD. Expenditures and health status
among adults with back and neck problems. JAMA 2008; 299:656-664.
28. Deyo RA, Mirza SK, Turner JA, Martin BI.
Overtreating chronic back pain: Time to
back off? J Am Board Fam Med 2009;
22:62-68.
29. Mitchell JM. Utilization trends for advanced imaging procedures: Evidence
from individuals with private insurance
coverage in California. Medical Care
2008; 46:460-466.
30. Haynes RB, Sackett RB, Gray JMA, Cook
DC, Guyatt GH. Transferring evidence
from research into practice, 1: The role
of clinical care research evidence in
clinical decisions. ACP J Club 1996; 125:
A14-A16.
31. Guyatt G, Drummond R. Part 1. The basics: Using the medical literature. 1A.
Introduction: The philosophy of evidence-based medicine. In: Users’
Guides to the Medical Literature. A
Manual for Evidence-Based Clinical
Practice. The Evidence-Based Medicine
Working Group. AMA Press, 2002, pp 312.
32. Napodano RJ. Values in Medical Practice. Human Sciences Press, New York,
1986.
33. Gonzalez EG, Materson RS. The guidelines, the controversy, the book. In:
Gonzalez ER, Materson RS (eds). The
Nonsurgical Management of Acute
Low Back Pain. Demos Vermande, New
York, 1997, pp 1-4.
34. Bigos SJ, Boyer OR, Braen GR, Brown
K, Deyo R, Haldeman S, Hart JL, Johnson EW, Keller R, Kido D, Liang MH, Nelson RM, Nordin M, Owen BD, Pope MH,
Schwartz RK, Stewart DH, Susman J, Triano JJ, Tripp LC, Turk DC, Watts C, Weinstein JN. Acute Low Back Problems in
Adults. Clinical Practice Guideline No.
14, AHCPR Publication No. 95-0642.
Rockville, Maryland. U.S.A., Agency for
Health Care Policy and Research, Pub-

lic Health Service, U.S., Department of
Health and Human Services, December, 1994, pp 1-60.
35. Chou R, Huffman L. Guideline for the
Evaluation and Management of Low
Back Pain: Evidence Review. American
Pain Society; Glenview, IL: 2009.
www.ampainsoc.org/pub/pdf/LBPEvidRev.
pdf
36. Chou R, Baisden J, Carragee EJ, Resnick DK, Shaffer WO, Loeser JD. Surgery
for low back pain: A review of the evidence for an American Pain Society
Clinical Practice Guideline. Spine (Phila Pa 1976) 2009; 34:1094-1109.
37. Chou R, Atlas SJ, Stanos SP, Rosenquist
RW. Nonsurgical interventional therapies for low back pain: A review of the
evidence for an American Pain Society
clinical practice guideline. Spine (Phila
Pa 1976) 2009; 34:1078-1093.
38. Chou R, Fanciullo GJ, Fine PG, Adler JA,
Ballantyne JC, Davies P, Donovan MI,
Fishbain DA, Foley KM, Fudin J, Gilson
AM, Kelter A, Mauskop A, O’Connor PG,
Passik SD, Pasternak GW, Portenoy RK,
Rich BA, Roberts RG, Todd KH, Miaskowski C; American Pain Society-American Academy of Pain Medicine Opioids
Guidelines Panel. Clinical guidelines
for the use of chronic opioid therapy
in chronic noncancer pain. J Pain 2009;
10:113-130.
39. Chou R, Qaseem A, Snow V, Casey D,
Cross JT Jr, Shekelle P, Owens DK; Clinical Efficacy Assessment Subcommittee
of the American College of Physicians;
American College of Physicians; American Pain Society Low Back Pain Guidelines Panel. Diagnosis and treatment of
low back pain: A joint clinical practice
guideline from the American College of
Physicians and the American Pain Society. Ann Intern Med 2007; 147:478491.
40. Chou R, Ballantyne JC, Fanciullo GJ,
Fine PG, Miaskowski C. Research gaps
on use of opioids for chronic noncancer pain: Findings from a review of the
evidence for an American Pain Society
and American Academy of Pain Medicine clinical practice guideline. J Pain
2009; 10:147-159.
41. Chou R, Loeser JD, Owens DK, Rosenquist RW, Atlas SJ, Baisden J, Carragee
EJ, Grabois M, Murphy DR, Resnick DK,
Stanos SP, Shaffer WO, Wall EM; American Pain Society Low Back Pain Guideline Panel. Interventional therapies,
surgery, and interdisciplinary rehabili-

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions

42.

43.

44.

45.

46.

47.

48.

49.

tation for low back pain: An evidencebased clinical practice guideline from
the American Pain Society. Spine (Phila
Pa 1976) 2009; 34:1066-1077.
Chou R, Fanciullo GJ, Fine PG, Miaskowski C, Passik SD, Portenoy RK. Opioids for chronic noncancer pain: Prediction and identification of aberrant
drug-related behaviors: A review of the
evidence for an American Pain Society
and American Academy of Pain Medicine clinical practice guideline. J Pain
2009; 10:131-146.
American College of Occupational and
Environmental Medicine (ACOEM). Low
back Disorders. In: Occupational Medicine Practice Guidelines: Evaluation
and Management of Common Health
Problems and Functional Recovery of
Workers, Second Edition. American
College of Occupational and Environmental Medicine Press, Elk Grove Village, 2007.
American College of Occupational
and Environmental Medicine (ACOEM)
Chronic Pain. In: Occupational Medicine Practice Guidelines: Evaluation
and Management of Common Health
Problems and Functional Recovery of
Workers, Second Edition. American
College of Occupational and Environmental Medicine Press, Elk Grove Village, 2008.
Dennison PL, Kennedy CW. Official Disability Guidelines, 15th ed. Work Loss
Data Institute, Encinitas, 2010.
Manchikanti L, Boswell MV, Singh V,
Benyamin RM, Fellows B, Abdi S, Buenaventura RM, Conn A, Datta S, Derby
R, Falco FJE, Erhart S, Diwan S, Hayek
SM, Helm S, Parr AT, Schultz DM, Smith
HS, Wolfer LR, Hirsch JA. Comprehensive evidence-based guidelines for interventional techniques in the management of chronic spinal pain. Pain Physician 2009; 12:699-802.
Manchikanti L, Singh V, Datta S, Cohen
SP, Hirsch JA. Comprehensive review
of epidemiology, scope, and impact of
spinal pain. Pain Physician 2009; 12:
E35-E70.
Manchikanti L, Boswell MV, Singh V,
Derby R, Fellows B, Falco FJE, Datta S,
Smith HS, Hirsch JA. Comprehensive
review of neurophysiologic basis and
diagnostic interventions in managing chronic spinal pain. Pain Physician
2009; 12:E71-E120.
Manchikanti L, Boswell MV, Datta S, Fellows B, Abdi S, Singh V, Benyamin RM,

www.painphysicianjournal.com

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Falco FJE, Helm S, Hayek S, Smith HS.
Comprehensive review of therapeutic
interventions in managing chronic spinal pain. Pain Physician 2009: 12:E123E198.
Manchikanti L, Singh V, Pampati V, Boswell MV, Benyamin RM, Hirsch JA. Description of documentation in the management of chronic spinal pain. Pain
Physician 2009: 12:E199-E224.
Manchikanti L, Helm S, Singh V, Benyamin RM, Datta S, Hayek S, Fellows B,
Boswell MV. An algorithmic approach
for clinical management of chronic spinal pain. Pain Physician 2009; 12:E225E264.
Atluri S, Datta S, Falco FJE, Lee M. Systematic review of diagnostic utility and
therapeutic effectiveness of thoracic
facet joint interventions. Pain Physician 2008; 11:611-629.
Falco FJE, Erhart S, Wargo BW, Bryce
DA, Atluri S, Datta S, Hayek SM. Systematic review of diagnostic utility and
therapeutic effectiveness of cervical
facet joint interventions. Pain Physician 2009; 12:323-344.
Datta S, Lee M, Falco FJE, Bryce DA,
Hayek SM. Systematic assessment of
diagnostic accuracy and therapeutic
utility of lumbar facet joint interventions. Pain Physician 2009; 12:437460.
Singh V, Manchikanti L, Shah RV, Dunbar EE, Glaser SE. Systematic review of
thoracic discography as a diagnostic
test for chronic spinal pain. Pain Physician 2008; 11:631-642.
Wolfer L, Derby R, Lee JE, Lee SH. Systematic review of lumbar provocation
discography in asymptomatic subjects
with a meta-analysis of false-positive
rates. Pain Physician 2008; 11:513538.
Manchikanti L, Dunbar EE, Wargo BW,
Shah RV, Derby R, Cohen SP. Systematic review of cervical discography as a
diagnostic test for chronic spinal pain.
Pain Physician 2009; 12:305-321.
Manchikanti L, Glaser S, Wolfer L, Derby
R, Cohen SP. Systematic review of lumbar discography as a diagnostic test for
chronic low back pain. Pain Physician
2009; 12:541-559.
Conn A, Buenaventura R, Datta S, Abdi
S, Diwan S. Systematic review of caudal epidural injections in the management of chronic low back pain. Pain
Physician 2009; 12:109-135.

60. Parr AT, Diwan S, Abdi S. Lumbar interlaminar epidural injections in managing chronic low back and lower extremity pain: A systematic review. Pain Physician 2009; 12:163-188.
61. Benyamin RM, Singh V, Parr AT, Conn
A, Diwan S, Abdi S. Systematic review
of the effectiveness of cervical epidurals in the management of chronic neck
pain. Pain Physician 2009; 12:137-157.
62. Buenaventura RM, Datta S, Abdi S,
Smith HS. Systematic review of therapeutic lumbar transforaminal epidural steroid injections. Pain Physician
2009; 12:233-251.
63. Helm S, Hayek S, Benyamin RM,
Manchikanti L. Systematic review of
the effectiveness of thermal annular procedures in treating discogenic low back pain. Pain Physician 2009;
12:207-232.
64. Smith HS, Chopra P, Patel VB, Frey ME,
Rastogi R. Systematic review on the
role of sedation in diagnostic spinal
interventional techniques. Pain Physician 2009; 12:195-206.
65. Frey ME, Manchikanti L, Benyamin RM,
Schultz DM, Smith HS, Cohen SP. Spinal cord stimulation for patients with
failed back surgery syndrome: A systematic review. Pain Physician 2009;
12:379-397.
66. Epter RS, Helm S, Hayek SM, Benyamin
RM, Smith HS, Abdi S. Systematic review of percutaneous adhesiolysis and
management of chronic low back pain
in post lumbar surgery syndrome. Pain
Physician 2009; 12:361-378.
67. Patel VB, Manchikanti L, Singh V, Schultz DM, Hayek SM, Smith HS. Systematic
review of intrathecal infusion systems
for long-term management of chronic
non-cancer pain. Pain Physician 2009;
12:345-360.
68. Rupert MP, Lee M, Manchikanti L, Datta S, Cohen SP. Evaluation of sacroiliac joint interventions: A systematic appraisal of the literature. Pain Physician
2009; 12:399-418.
69. Hayek SM, Helm S, Benyamin RM,
Singh V, Bryce DA, Smith HS. Effectiveness of spinal endoscopic adhesiolysis in post lumbar surgery syndrome:
A systematic review. Pain Physician
2009; 12:419-435.
70. Hirsch JA, Singh V, Falco FJE, Benyamin RM, Manchikanti L. Automated
percutaneous lumbar discectomy for
the contained herniated lumbar disc:

E257

Pain Physician: July/August 2010; 13:E215-E264

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

A systematic assessment of evidence.
Pain Physician 2009; 12:601-620.
Singh V, Manchikanti L, Benyamin RM,
Helm S, Hirsch JA. Percutaneous lumbar laser disc decompression: A systematic review of current evidence.
Pain Physician 2009; 12:573-588.
Singh V, Benyamin RM, Datta S, Falco
FJE, Helm S, Manchikanti L. Systematic review of percutaneous lumbar mechanical disc decompression utilizing
Dekompressor. Pain Physician 2009;
12:589-599.
Manchikanti L, Derby R, Benyamin RM,
Helm S, Hirsch JA. A systematic review
of mechanical lumbar disc decompression with nucleoplasty. Pain Physician
2009; 12:561-572.
Manchikanti L, Singh V, Derby R, Helm
S, Trescot AM, Staats PS, Prager JP,
Hirsch JA. Review of occupational medicine practice guidelines for interventional pain management and potential implications. Pain Physician 2008;
11:271-289.
Manchikanti L, Singh V, Helm S, Trescot
AM, Hirsch JA. A critical appraisal of
2007 American College of Occupational and Environmental Medicine (ACOEM) practice guidelines for interventional pain management: An independent review utilizing AGREE, AMA, IOM,
and other criteria. Pain Physician 2008;
11:291-310.
Manchikanti L, Singh V, Derby R, Schultz DM, Benyamin RM, Prager JP, Hirsch
JA. Reassessment of evidence synthesis of occupational medicine practice
guidelines for interventional pain management. Pain Physician 2008; 11:393482.
Nelemans PJ, deBie RA, deVet HC, Sturmans F. Injection therapy for subacute
and chronic benign low back pain.
Spine (Phila Pa 1976) 2001; 26:501515.
Koes BW, Scholten RJ, Mens JM, Bouter LM. Efficacy of epidural steroid injections for low back pain and sciatica: A
systematic review of randomized clinical trials. Pain 1995; 63:279-288.
Tricoci P, Allen JM, Kramer JM, Califf
RM, Smith SC Jr. Scientific evidence underlying the ACC/AHA clinical practice
guidelines. JAMA 2009; 301:831-841.
Bonow RO, Carabello BA, Chatterjee
K, de Leon AC Jr, Faxon DP, Freed MD,
Gaasch WH, Lytle BW, Nishimura RA,
O’Gara PT, O’Rourke RA, Otto CM, Shah
PM, Shanewise JS; American College of

E258

81.

82.

83.

84.

85.

86.

87.

Cardiology/American Heart Association Task Force on Practice Guidelines.
2008 focused update incorporated into
the ACC/AHA 2006 guidelines for the
management of patients with valvular
heart disease: A report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to
revise the 1998 guidelines for the management of patients with valvular heart
disease): Endorsed by the Society of
Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography
and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol 2008;
52:e1-e142.
West S, King V, Carey T, Lohr K, McKoy N, Sutton S, Lux L. Systems to Rate
the Strength of Scientific Evidence. Evidence Report/Technology Assessment
No. 47 University of North Carolina:
Agency for Healthcare Research and
Quality. AHRQ Publication No. 02-E016;
April 2002.
Oxman AD, Guyatt GH. Validation of an
index of the quality of review articles. J
Clin Epidemiol 1991; 44:1271-1278.
Furlan AD, Clarke J, Esmail R, Sinclair S,
Irvin E, Bombardier C. A critical review
of reviews on the treatment of chronic low back pain. Spine (Phila Pa 1976)
2001; 26:E155-E162.
van Tulder M, Furlan A, Bombardier
C, Bouter L; Editorial Board of the Cochrane Collaboration Back Review
Group. Updated method guidelines for
systematic reviews in the Cochrane Collaboration Back Review Group. Spine
(Phila Pa 1976) 2003; 28:1290-1299.
Gerges FJ, Lipsitz SR, Nedeljkovic SS.
A systematic review on the effectiveness of the nucleoplasty procedure for
discogenic pain. Pain Physician 2010;
13:117-132.
Deeks JJ, Dinnes J, D’Amico R, Sowden
AJ, Sakarovitch C, Song F, Petticrew M,
Altman DG; International Stroke Trial
Collaborative Group; European Carotid
Surgery Trial Collaborative Group. Evaluating non-randomised intervention
studies. Health Technol Asses. 2003;
7:1-173.
Harris RP, Helfand M, Woolf SH, Lohr
KN, Mulrow CD, Teutsch SM, Atkins D;
Methods Work Group, Third US Preventive Services Task Force. Current methods of the US Preventive Services Task
Force. Am J Prevent Med 2001; 20:2135.

88. Lohr KN, Carey TS. Assessing “best evidence”: Issues in grading the quality of
studies for systematic reviews. J Qual
Improv 1999; 25:470-479.
89. Guirguis-Blake J, Calonge N, Miller T,
Siu A, Teutsch S, Whitlock E; U.S. Preventive Services Task Force. Current
processes of the U.S. Preventive Services Task Force: Refining evidencebased recommendation development.
Ann Intern Med 2007; 147:117-122.
90. Petitti DB, Teutsch SM, Barton MB,
Sawaya GF, Ockene JK, DeWitt T; U.S.
Preventive Services Task Force. Update
on the methods of the U.S. Preventive
Services Task Force: Insufficient evidence. Ann Intern Med 2009; 150:199205.
91. Luijsterburg PA, Verhagen AP, Ostelo
RW, van Os TAG, Peul WC, Koes BW. Effectiveness of conservative treatments
for the lumbosacral radicular syndrome: A systematic review. Eur Spine J
2007; 16:881-899.
92. Staal J, de Bie R, De Vet H, Hildebrandt
J, Nelemans P. Injection therapy for
subacute and chronic low-back pain.
Cochrane Database Syst Rev 2008;
CD001824.
93. Vroomen PC, de Krom MC, Slofstra PD,
Knottnerus JA. Conservative treatment
of sciatica: A systematic review. J Spinal Disord 2000; 13:463-469.
94. Abdi S, Datta S, Trescot AM, Schultz DM, Adlaka R, Atluri SL, Smith HS,
Manchikanti L. Epidural steroids in the
management of chronic spinal pain:
A systematic review. Pain Physician
2007; 10:185-212.
95. Armon C, Argoff CE, Samuels J, Backonja MM; Therapeutics and Technology Assessment Subcommittee of the
American Academy of Neurology. Assessment: Use of epidural steroid injections to treat radicular lumbosacral
pain: Report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy of Neurology. Neurology 2007; 68:723-729.
96. DePalma MJ, Bhargava A, Slipman CW. A
critical appraisal of the evidence for selective nerve root injection in the treatment of lumbosacral radiculopathy.
Arch Phys Med Rehabil 2005; 86:14771483.
97. Resnick DK, Choudhri TF, Dailey AT,
Groff MW, Khoo L, Matz PG, Mummaneni P, Watters WC 3rd, Wang J, Walters
BC, Hadley MN; American Association
of Neurological Surgeons/Congress of

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Neurological Surgeons. Guidelines for
the performance of fusion procedures
for degenerative disease of the lumbar
spine. Part 13: Injection therapies, lowback pain, and lumbar fusion. J Neurosurg Spine 2005; 2:707-715.
Tonkovich-Quaranta L, Winkler S. Use
of epidural corticosteroids in low back
pain. Ann Pharmacother 2000; 34:11651172.
Abdi S, Datta S, Lucas L. Role of epidural steroids in the management of
chronic spinal pain: A systematic review of effectiveness and complications. Pain Physician 2005; 8:127-143.
Boswell M, Hansen H, Trescot A,
Hirsch J. Epidural steroids in the management of chronic spinal pain and
radiculopathy. Pain Physician 2003;
6:319-334.
Haselkorn JK. Epidural steroid injections and the management of sciatica:
A meta-analysis. Arch Phys Med Rehabil 1995; 76:1037.
Koes B. Epidural steroid injections for
low back pain and sciatica: An updated
systematic review of randomized clinical trials. Pain Digest 1999; 9:241-247.
Nelemans PJ, de Bie RA, de Vet HCW,
Sturmans F. Injection therapy for subacute and chronic benign low-back
pain. Cochrane Database Syst Rev.
1999(4):Art. No.: CD001824.
Rozenberg S, Dubourg G, Khalifa P,
Paolozzi L, Maheu E, Ravaud P. Efficacy of epidural steroids in low back pain
and sciatica. A critical appraisal by a
French Task Force of randomized trials.
Critical Analysis Group of the French
Society for Rheumatology. Rev Rhum
Engl Ed 1999; 66:79-85.
Scheer S, Radack K, O’Brien D. Randomized controlled trials in industrial low back pain relating to return to
work. Part 2. Discogenic low back pain.
Arch Phys Med Rehabil 1996; 77:11891197.
van Tulder MW, Koes BW, Bouter LM.
Conservative treatment of acute and
chronic nonspecific low back pain: A
systematic review of randomized controlled trials of the most common interventions. Spine (Phila Pa 1976) 1997;
22:2128-2156.
Watts RW, Silagy CA. A meta-analysis on the efficacy of epidural corticosteroids in the treatment of sciatica.
Anaesth Intensive Care 1995; 23:564569.

www.painphysicianjournal.com

108. Scheer S, Watanabe T, Radack K. Randomized controlled trials in industrial
low back pain. Part 3. Subacute/chronic pain interventions. Arch Phys Med
Rehabil 1997; 78:414-423.
109. Cannon DT, Aprill CN. Lumbosacral epidural steroid injections. Arch Phys Med
Rehabil 2000; 81:S87-S98.
110. Kepes ER, Duncalf D. Treatment of
backache with spinal injections of local
anesthetics, spinal and systemic steroids. A review. Pain 1985; 22:33-47.
111. Rozenberg S. Glucocorticoid therapy in
common lumbar spinal disorders. Rev
Rhum Engl Ed 1998; 65:649-655.
112. Ackerman WE 3rd, Ahmad M. The efficacy of lumbar epidural steroid injections in patients with lumbar disc herniations. Anesth Analg 2007; 104:12171222.
113. Bonetti M, Fontana A, Cotticelli B, Volta GD, Guindani M, Leonardi M. Intraforaminal O(2)-O(3) versus periradicular
steroidal infiltration in lower back pain:
Randomized controlled study. AJNR Am
J Neuroradiol 2005; 26:996-1000.
114. Fukusaki M, Kobayashi I, Hara T, Sumikawa K. Symptoms of spinal stenosis
do not improve after epidural steroid
injection. Clin J Pain 1998; 14:148-151.
115. Gallucci M, Limbucci N, Zugaro L, Barile
A, Stavroulis E, Ricci A, Galzio R, Masciocchi C. Sciatica: Treatment with intradiscal and intraforaminal injections
of steroid and oxygen-ozone versus
steroid only. Radiology 2007; 242:907913.
116. Jeong HS, Lee JW, Kim SH, Myung JS,
Kim JH, Kang HS. Effectiveness of transforaminal epidural steroid injection by
using a preganglionic approach: A prospective randomized controlled study.
Radiology 2007; 245:584-590.
117. Manchikanti L, Rivera JJ, Pampati V,
Damron KS, McManus CD, Brandon
DE, Wilson SR. One day lumbar epidural adhesiolysis and hypertonic saline
neurolysis in treatment of chronic low
back pain: A randomized, double-blind
trial. Pain Physician 2004; 7:177-186.
118. Arden NK, Price C, Reading I, Stubbing
J, Hazelgrove J, Dunne C, Michel M, Rogers P, Cooper C; WEST Study Group. A
multicentre randomized controlled trial
of epidural corticosteroid injections for
sciatica. Rheumatology 2005; 44:13991406.
119. Béliveau P. A comparison between epidural anaesthesia with and without

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

corticosteroid in the treatment of sciatica. Rheumatol Phys Med 1971; 11:4043.
Breivik H, Hesla PE, Molnar I, Lind B.
Treatment of chronic low back pain and
sciatica: Comparison of caudal epidural injections of bupivacaine and methylprednisolone with bupivacaine followed by saline. In: Bonica JJ, Albe-Fesard D (eds). Advances in Pain Research
and Therapy. Raven Press, New York,
1976, pp 927-932.
Bush K, Hillier S. A controlled study of
caudal epidural injections of triamcinolone plus procaine for the management
of intractable sciatica. Spine (Phila Pa
1976) 1991; 16:572-575.
Carette S, Leclaire R, Marcoux S, Morin
F, Blaise GA, St-Pierre A, Truchon R, Parent F, Levésque J, Bergeron V, Montminy P, Blanchette C. Epidural corticosteroid injections for sciatica due to herniated nucleus pulposus. N Engl J Med
1997; 336:1634-1640.
Cuckler JM, Bernini PA, Wiesel SW,
Booth RE Jr, Rothman RH, Pickens GT.
The use of epidural steroids in the
treatment of lumbar radicular pain. J
Bone Joint Surg Am 1985; 67:63-66.
Dilke TF, Burry HC, Grahame R. Extradural corticosteroid injection in management of lumbar nerve root compression. Br Med J 1973; 16:635-637.
Helliwell M, Robertson JC, Ellis RM. Outpatient treatment of low back pain and
sciatica by a single extradural corticosteroid injection. Br J Clin Pract 1985;
39:228-231.
Karppinen J, Malmivaara A, Kurunlahti
M, Kyllönen E, Pienimäki T, Nieminen P,
Ohinmaa A, Tervonen O, Vanharanta H.
Periradicular infiltration for sciatica: A
randomized controlled trial. Spine (Phila Pa 1976) 2001; 26:1059-1067.
Klenerman L, Greenwood R, Davenport
HT, White DC, Peskett S. Lumbar epidural injections in the treatment of sciatica. Br J Rheumatol 1984; 23:35-38.
Kraemer J, Ludwig J, Bickert U, Owczarek V, Traupe M. Lumbar epidural perineural injection: A new technique. Eur
Spine J 1997; 6:357-361.
Mathews JA, Mills SB, Jenkins VM,
Grimes SM, Morkel MJ, Mathews W,
Scott CM, Sittampalam Y. Back pain
and sciatica: Controlled trials of manipulation, traction, sclerosant and epidural injection. Br J Rheumatol 1987;
26:416-423.

E259

Pain Physician: July/August 2010; 13:E215-E264

130. Ng L, Chaudhary N, Sell P. The efficacy
of corticosteroids in periradicular infiltration for chronic radicular pain. A randomized, double-blind, controlled trial. Spine (Phila Pa 1976) 2005; 30:857862.
131. Ridley MG, Kingsley GH, Gibson T, Grahame R. Outpatient lumbar epidural
corticosteroids in the management of
sciatica. Br J Rheumatol 1988; 27:295299.
132. Riew K, Yin Y, Gilula L, Bridwell KH, Lenke LG, Lauryssen C, Goette K. The effect
of nerve-root injections on the need for
operative treatment of lumbar radicular pain. A prospective, randomized,
controlled, double-blind study. J Bone
Joint Surg Am 2000; 82-A:1589-1593.
133. Rogers P, Nash T, Schiller D, Norman J.
Epidural steroids for sciatica. Pain Clin
1992; 5:67-72.
134. Snoek W, Weber H, Jørgensen B. Double blind evaluation of extradural
methyl prednisolone for herniated lumbar discs. Acta Orthop Scand 1977;
48:635-641.
135. Wilson-MacDonald J, Burt G, Griffin D,
Glynn C. Epidural steroid injection for
nerve root compression. A randomised,
controlled trial. J Bone Joint Surg Br
2005; 87:352-355.
136. Zahaar MS. The value of caudal epidural steroids in the treatment of lumbar
neural compression syndromes. J Neurol Orthop Med Surg 1991; 12:181-184.
137. Aldrete JA. Epidural injections of indomethacin for postlaminectomy syndrome: A preliminary report. Anesth
Analg 2003; 96:463-468.
138. Buchner N, Zeifang F, Brocai D, Schiltenwolf M. Epidural corticosteroid injection in the conservative management of sciatica. Clinical Orthopaedics
& Related Research 2000; 375:149156.
139. Buttermann GR. Treatment of lumbar
disc herniation: Epidural steroid injection compared with discectomy. A prospective, randomized study. J Bone
Joint Surg Am 2004; 86-A:670-679.
140. Dashfield AK, Taylor MB, Cleaver JS,
Farrow D. Comparison of caudal steroid epidural with targeted steroid
placement during spinal endoscopy
for chronic sciatica: A prospective, randomized, double-blind trial. Br J Anaesth 2005; 94:514-559.
141. Devulder J, Deene P, De Laat M, van
Bastelaere M, Brusselmans G, Rolly G.

E260

142.

143.

144.

145.

146.

147.

148.

149.

150.

Nerve root sleeve injections in patients
with failed back surgery syndrome: A
comparison of three solutions. Clin J
Pain 1999; 15:132-135.
Hesla PE, Breivik H. Epidural analgesia
and epidural steroid injection for treatment of chronic low back pain and sciatica. Tidsskr Nor Laegeforen 1979;
99:936-939.
Kolsi I, Delecrin J, Berthelot JM, Thomas
L, Prost A, Maugars Y. Efficacy of nerve
root versus interspinous injections
of glucocorticoids in the treatment of
disk-related sciatica. A pilot, prospective, randomized, double-blind study.
Joint Bone Spine 2000; 67:113-118.
McGregor AH, Anjarwalla NK, Stambach T. Does the method of injection alter the outcome of epidural injections?
J Spinal Disord 2001; 14:507-510.
Meadeb J, Rozenberg S, Duquesnoy B,
Kuntz JL, Le Loet X, Sebert JL, Le Goff
P, Fallut M, Marty M, Blevin S, Guggenbuhl P, Chales G, Duvauferrier R. Forceful sacrococcygeal injections in the
treatment of postdiscectomy sciatica.
A controlled study versus glucocorticoid injections. Joint Bone Spine 2001;
68:43-49.
Pirbudak L, Karakurum G, Oner U, Gulec A, Karadasli H. Epidural corticosteroid injection and amitriptyline for the
treatment of chronic low back pain associated with radiculopathy. Pain Clinic
2003; 15:247-253.
Revel M, Auleley GR, Alaoui S, Nguyen
M, Duruoz T, Eck-Michaud S, Roux C,
Amor B. Forceful epidural injections for
the treatment of lumbosciatic pain with
post-operative lumbar spinal fibrosis.
Rev Rhum Engl Ed 1996; 63:270-277.
Rocco AG, Frank E, Kaul A, Lipson S,
Gallo J. Epidural steroids, epidural
morphine and epidural steroids combined with morphine in the treatment
of post-laminectomy syndrome. Pain
1989; 36:297-303.
Serrao JM, Marks RL, Morley SJ, Goodchild CS. Intrathecal midazolam for the
treatment of chronic mechanical low
back pain: A controlled comparison
with epidural steroid in a pilot study.
Pain 1992; 48:5-12.
Thomas E, Cyteval C, Abiad L, Picot MC,
Taourel P, Blotman F. Efficacy of transforaminal versus interspinous corticosteroid injections in discal radiculalgia -- a prospective, randomized, double-blind study. Clin Rheumatol 2003;
22:299-304.

151. Bogduk N, Christophidis N, Cherry D.
Epidural use of steroids in the management of back pain. Report of working party on epidural use of steroids in
the management of back pain. National
Health and Medical Research Council.
Canberra, Commonwealth of Australia,
1994; pp 1-76.
152. Manchikanti L, Cash KA, McManus CD,
Pampati V, Smith HS. Preliminary results of randomized, equivalence trial of fluoroscopic caudal epidural injections in managing chronic low back
pain: Part 1. Discogenic pain without
disc herniation or radiculitis. Pain Physician 2008; 11:785-800.
153. Manchikanti L, Singh V, Cash KA, Pampati V, Damron KS, Boswell MV. Preliminary results of randomized, equivalence trial of fluoroscopic caudal epidural injections in managing chronic
low back pain: Part 2. Disc herniation
and radiculitis. Pain Physician 2008;
11:801-815.
154. Manchikanti L, Singh V, Cash KA, Pampati V, Datta S. Preliminary results of
randomized, equivalence trial of fluoroscopic caudal epidural injections in
managing chronic low back pain: Part
3. Post surgery syndrome. Pain Physician 2008; 11:817-831.
155. Manchikanti L, Cash KA, McManus CD,
Pampati V, Abdi S. Preliminary results
of randomized, equivalence trial of fluoroscopic caudal epidural injections
in managing chronic low back pain:
Part 4. Spinal stenosis. Pain Physician
2008; 11:833-848.
156. Sayegh FE, Kenanidis EI, Papavasiliou KA, Potoupnis ME, Kirkos JM, Kapetanos GA. Efficacy of steroid and
nonsteroid caudal epidural injections
for low back pain and sciatica: A prospective, randomized, double-blind
clinical trial. Spine (Phila Pa 1976)
2009; 34:1441-1447.
157. Laiq N, Khan MN, Iqbal MJ, Khan S.
Comparison of epidural steroid injections with conservative management
in patients with lumbar radiculopathy. J
Coll Physicians Surg Pak 2009; 19:539543.
158. Anwar A, Zaidah I, Rozita R. Prospective randomized single blind study of
epidural steroid injection comparing
triamcinolone acetonide with methylprednisolone acetate. APLAR J Rheumatology 2005; 8:1-53.
159. Dincer U, Kiralp MZ, Cakar E, Yasar E,

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Dursan H. Caudal epidural injection
versus non-steroidal anti-inflammatory
drugs in the treatment of low back pain
accompanied with radicular pain. Joint
Bone Spine 2007; 74:467-471.
Czarski Z. Leczenie rwy kulszowej
wstrzykiwaniem hydrokortyzonu inowokainy do rozworu kryzowego.
Przeglad Kekarski 1965; 21:511-513.
Staal JB, de Bie RA, de Vet HC, Hildebrandt J, Nelemans P. Injection therapy for subacute and chronic low back
pain: An updated Cochrane review.
Spine (Phila Pa 1976) 2009; 34:49-59.
Peterson C, Hodler J. Evidence-based
radiology (part 1): Is there sufficient research to support the use of therapeutic injections for the spine and sacroiliac joints? Skeletal Radiol 2010; 39:5-9.
Riew KD, Park JB, Cho YS, Gilula L, Patel A, Lenke LG, Bridwell KH. Nerve root
blocks in the treatment of lumbar radicular pain. A minimum five-year follow-up. J Bone Joint Surg Am 2006;
88:1722-1725.
Karppinen J, Ohinmaa A, Malmivaara A,
Kurunlahti M, Kyllönen E, Pienimäki T,
Nieminen P, Tervonen O, Vanharanta H.
Cost effectiveness of periradicular infiltration for sciatica: Subgroup analysis
of a randomized controlled trial. Spine
(Phila Pa 1976) 2001; 26:2587-2595.
Vad VB, Bhat AL, Lutz GE, Cammisa F.
Transforaminal epidural steroid injections in lumbosacral radiculopathy: A
prospective randomized study. Spine
(Phila Pa 1976) 2002; 27:11-16.
Manchikanti L, Singh V. Periradicular
infiltration for sciatica. Spine (Phila PA
1976) 2002; 27:335-336.
Belozer M, Wang G. Epidural adhesiolysis for the treatment of back pain.
Health Technol Assess 2004; 5:1-19.
Manchikanti L, Bakhit CE. Percutaneous lysis of epidural adhesions. Pain
Physician 2000; 3:46-64.
Chopra P, Smith HS, Deer TR, Bowman
RC. Systematic review of adhesiolysis in managing chronic low back pain.
Pain Physician 2005; 8:87-100.
Trescot AM, Chopra P, Abdi S, Datta S,
Schultz DM. Systematic review of effectiveness and complications of adhesiolysis in the management of chronic
spinal pain: An update. Pain Physician
2007; 10:129-146.
Racz GB, Heavner JE, Trescot A. Percutaneous lysis of epidural adhesions—
evidence for safety and efficacy. Pain

www.painphysicianjournal.com

Pract 2008; 8:277-286.
172. Racz GB, Heavner JE, Raj PP. Percutaneous epidural neuroplasty. Prospective
one-year follow up. Pain Digest 1999;
9:97-102.
173. Manchikanti L, Cash KA, McManus CD,
Pampati V, Singh V, Benyamin RM. The
preliminary results of a comparative effectiveness evaluation of adhesiolysis
and caudal epidural injections in managing chronic low back pain secondary to spinal stenosis: A randomized,
equivalence controlled trial. Pain Physician 2009; 12:E341-E354.
174. Manchikanti L, Singh V, Cash KA, Pampati V, Datta S. A comparative effectiveness evaluation of percutaneous adhesiolysis and epidural steroid injections in managing lumbar post surgery
syndrome: A randomized, equivalence
controlled trial. Pain Physician 2009;
12:E355-E368.
175. Veihelmann A, Devens C, Trouiller H,
Birkenmaier C, Gerdesmeyer L, Refior
HJ. Epidural neuroplasty versus physiotherapy to relieve pain in patients
with sciatica: A prospective randomized blinded clinical trial. J Orthop Science 2006; 11:365-369.
176. Heavner JE, Racz GB, Raj P. Percutaneous epidural neuroplasty. Prospective
evaluation of 0.9% NaCl versus 10%
NaCl with or without hyaluronidase.
Reg Anesth Pain Med 1999; 24:202207.
177. Manchikanti L, Boswell MV, Rivera JJ,
Pampati V, Damron KS, McManus CD,
Brandon DE, Wilson SR. A randomized,
controlled trial of spinal endoscopic
adhesiolysis in chronic refractory low
back and lower extremity pain. BMC
Anesthesiol 2005; 5:10.
178. Manchikanti L, Rivera JJ, Pampati V,
Damron KS, Beyer CD, Brandon DE, Wilson SR. Spinal endoscopic adhesiolysis
in the management of chronic low back
pain: A preliminary report of a randomized, double-blind trial. Pain Physician
2003; 6:259-267.
179. Manchikanti L, Singh V. Epidural lysis of adhesions and myeloscopy. Curr
Pain Headache Rep 2002; 6:427-435.
180. NICE (National Institute for Clinical Excellence). Interventional Procedure
Overview of Endoscopic Division of
Epidural Adhesions. IP Guidance Number IPG088. National Institute for Clinical Excellence; 2004.
181. Manchikanti L, Pampati V, Fellows B,

182.

183.

184.

185.

186.

187.

188.

189.

190.

Rivera JJ, Beyer CD, Damron KS. Role of
one day epidural adhesiolysis in management of chronic low back pain: A
randomized clinical trial. Pain Physician 2001; 4:153-166.
Manchikanti L, Singh V, Vilims BD, Hansen HC, Schultz DM, Kloth DS. Medial
branch neurotomy in management of
chronic spinal pain: Systematic review
of the evidence. Pain Physician 2002;
5:405-418.
Boswell MV, Colson JD, Spillane WF.
Therapeutic facet joint interventions
in chronic spinal pain: A systematic
review of effectiveness and complications. Pain Physician 2005; 8:101-114.
Geurts J, van Wijk R, Stolker R, Groen G.
Efficacy of radiofrequency procedures
for the treatment of spinal pain: A systematic review of randomized clinical trials. Reg Anesth Pain Med 2001;
26:394-400.
Boswell MV, Colson JD, Sehgal N, Dunbar EE, Epter R. A systematic review of
therapeutic facet joint interventions
in chronic spinal pain. Pain Physician
2007; 10:229-253.
Niemisto L, Kalso E, Malmivaara A, Seitsalo S, Hurri H. Radiofrequency denervation for neck and back pain: A systematic review within the framework
of the Cochrane collaboration back
review group. Spine (Phila Pa 1976)
2003; 28:1877-1888.
Manchikanti L, Manchikanti K, Manchukonda R, Cash KA, Damron KS, Pampati V, McManus CD. Evaluation of lumbar
facet joint nerve blocks in the management of chronic low back pain: A preliminary report of a randomized, double-blind controlled trial. Clinical Trial
NCT000355914. Pain Physician 2007;
10:425-440.
Mayer TG, Gatchel RJ, Keeley J, McGeary D, Dersh J, Anagnostis C. A randomized clinical trial of treatment for
lumbar segmental rigidity. Spine (Phila
Pa 1976) 2004; 29:2199-2205.
Carette S, Marcoux S, Truchon R, Grondin C, Gagnon J, Allard Y, Latulippe M.
A controlled trial of corticosteroid injections into facet joints for chronic low back pain. N Engl J Med 1991;
325:1002-1007.
Lilius G, Lassonen AM, Myllynen P,
Harilainen A, Salo L. The lumbar facet joint syndrome--significance of inappropriate signs. A randomized, placebo-controlled trial. French J Orthop

E261

Pain Physician: July/August 2010; 13:E215-E264

Surg 1989; 3:479-486.
191. Lilius G, Laasonen EM, Myllynen P,
Harilainen A, Gronlund G. Lumbar facet
joint syndrome. A randomized clinical
trial. J Bone Joint Surg Br 1989; 71:681684.
192. Fuchs S, Erbe T, Fischer HL, Tibesku
CO. Intraarticular hyaluronic acid versus glucocorticoid injections for nonradicular pain in the lumbar spine. J Vac
Interv Radiol 2005; 16:1493-1498.
193. Manchikanti L, Pampati V, Bakhit CE,
Rivera JJ, Beyer CD, Damron KS, Barnhill RC. Effectiveness of lumbar facet
joint nerve blocks in chronic low back
pain: A randomized clinical trial. Pain
Physician 2001; 4:101-117.
194. Marks RC, Houston T, Thulbourne T.
Facet joint injection and facet nerve
block: A randomised comparison in 86
patients with chronic low back pain.
Pain 1992; 49:325-328.
195. Nash TP. Facet joints - intra-articular
steroids or nerve block? Pain Clinic
1989; 3:77-82.
196. Nath S, Nath CA, Pettersson K. Percutaneous lumbar zygapophysial (facet)
joint neurotomy using radiofrequency
current, in the management of chronic low back pain. A randomized doubleblind trial. Spine (Phila Pa 1976) 2008;
33:1291-1297.
197. Gallagher J, Petriccione Di Vadi PL,
Wedley JR, Hamann W, Ryan P, Chikanza I, Kirkham B, Price R, Watson MS,
Grahame R, Wood S. Radiofrequency
facet joint denervation in the treatment
of low back pain: A prospective controlled double-blind study to assess its
efficacy. Pain Clinic 1994; 7:193-198.
198. van Wijk RM, Geurts JW, Wynne HJ,
Hammink E, Buskens E, Lousberg R,
Knape JT, Groen GJ. Radiofrequency denervation of lumbar facet joints in the
treatment of chronic low back pain: A
randomized, double-blind, sham lesion-controlled trial. Clin J Pain 2005;
21:335-344.
199. van Kleef M, Barendse GAM, Kessels A,
Voets HM, Weber WE, de Lange S. Randomized trial of radiofrequency lumbar facet denervation for chronic low
back pain. Spine (Phila Pa 1976) 1999;
24:1937-1942.
200. Tekin I, Mirzai H, Ok G, Erbuyun K,
Vatansever D. A comparison of conventional and pulsed radiofrequency denervation in the treatment of chronic facet joint pain. Clin J Pain 2007;
23:524-529.

E262

201. Leclaire R, Fortin L, Lambert R, Bergeron
YM, Rossignol M. Radiofrequency facet joint denervation in the treatment
of low back pain: A placebo-controlled
clinical trial to assess efficacy. Spine
(Phila Pa 1976) 2001; 26:1411-1416.
202. Slipman CW, Bhat AL, Gilchrist RV, Issac Z, Chou L, Lenrow DA. A critical review of the evidence for the use of zygapophysial injections and radiofrequency denervation in the treatment
of low back pain. Spine J 2003; 3:310316.
203. Manchikanti L, Singh V, Falco FJ, Cash
KA, Pampati V. Lumbar facet joint nerve
blocks in managing chronic facet joint
pain: One-year follow-up of a randomized, double-blind controlled trial: Clinical Trial NCT00355914. Pain Physician
2008; 11:121-132.
204. Manchikanti L, Singh V, Falco FJE, Cash
KA, Pampati V. Evaluation of lumbar
facet joint nerve blocks in managing
chronic low back pain: A randomized,
double-blind, controlled trial with a
2-year follow-up. Int J Med Sci 2010;
7:124-135.
205. Manchikanti L, Pampati V, Fellows B,
Bakhit CE. The diagnostic validity and
therapeutic value of medial branch
blocks with or without adjuvants. Curr
Rev Pain 2000; 4:337-344.
206. Sanders M, Zuurmond WWA. Percutaneous intraarticular lumbar facet joint
denervation in the treatment of low
back pain: A comparison with percutaneous extra-articular lumbar facet denervation Pain Clinic 1999; 11:329-335.
207. Manchikanti L, Singh V, Pampati V.
Are diagnostic lumbar medial branch
blocks valid? Results of 2-year follow
up. Pain Physician 2003; 6:147-153.
208. Manchikanti L, Pampati S, Cash KA.
Making sense of accuracy of diagnostic
lumbar facet joint nerve blocks: An assessment of implications of 50% relief,
80% relief, single block or controlled
diagnostic blocks. Pain Physician 2010;
13:133-143.
209. Pampati S, Cash KA, Manchikanti L. Accuracy of diagnostic lumbar facet joint
nerve blocks: A 2-year follow-up of 152
patients diagnosed with controlled diagnostic blocks. Pain Physician 2009;
12:855-866.
210. Manchikanti L, Singh V. Are the results
of a multicenter analysis of radiofrequency denervation success as a function of single diagnostic block reliable?
Spine J 2009; 9:704-705.

211. Indahl A, Kaigle AM, Reikeräs O, Holm
SH. Interaction between the porcine
lumbar intervertebral disc, zygapophysial joints, and paraspinal muscles.
Spine (Phila Pa 1976) 1997; 22:28342840.
212. Indahl A, Kaigle A, Reikeräs O, Holm
S. Electromyographic response of the
porcine multifidus musculature after nerve stimulation. Spine (Phila Pa
1976) 1995; 20:2652-2658.
213. Bogduk N. Point of View. Spine (Phila
Pa 1976) 2008; 33:1298.
214. Gauci C. Radiofrequency neurotomy for
chronic lumbar facet pain – interpreting
the evidence. Pain Pract 2010; 10:261.
215. Leclaire R, Bergeron Y, Lambert R, Rossignol M. In response to: Radiofrequency neurotomy for chronic lumbar
facet pain – interpreting the evidence.
Pain Pract 2010; 10:261-262.
216. Gofeld M. Radiofrequency facet denervation: A randomized control placebo versus sham procedure. Clin J Pain
2006; 22:410-411.
217. Bogduk N. Lumbar radiofrequency neurotomy. Clin J Pain 2006; 22:409.
218. van Wijk RM, Geurts JW, Lousberg R,
Wynne HJ, Hammink E, Knape JT, Groen
GJ. Psychological predictors of substantial pain reduction after minimally
invasive radiofrequency and injection
treatments for chronic low back pain.
Pain Med 2008; 9:212-221.
219. Taylor RS, Van Buyten JP, Buchser E.
Spinal cord stimulation for chronic
back and leg pain and failed back surgery syndrome: A systematic review
and analysis of prognostic factors.
Spine (Phila Pa 1976) 2005; 30:152160.
220. Turner J, Loeser J, Deyo R, Sanders SB.
Spinal cord stimulation for patients
with failed back surgery syndrome or
complex regional pain syndrome: A
systematic review of effectiveness and
complications. Pain 2004; 108:137147.
221. Mailis-Gagnon A, Furlan AD, Sandoval
JA, Taylor R. Spinal cord stimulation for
chronic pain. Cochrane Database Syst
Rev 2004; 3:CD003783.
222. Turner JA, Sears JM, Loeser JD. Programmable intrathecal opioid delivery systems for chronic non-malignant
pain: A systematic review of effectiveness and complications. Clin J Pain
2007; 23:180-195.
223. Turner JA, Loeser JD, Bell KG. Spinal

www.painphysicianjournal.com

Review of APS Clinical Practice Guidelines: Part 2. Therapeutic Interventions

224.

225.

226.

227.

228.

229.

230.

231.

232.

cord stimulation for chronic low back
pain. A systematic literature synthesis.
Neurosurgery 1995; 37:1088-1096.
Taylor RS. Spinal cord stimulation in
complex regional pain syndrome and
refractory neuropathic back and leg
pain/failed back surgery syndrome:
Results of a systematic review and
meta-analysis. J Pain Symptom Manage 2006; 31:S13-S19.
NICE (National Institute for Clinical Excellence). Spinal Cord Stimulation for
Chronic Pain of Neuropathic or Ischaemic Origin. NICE Technology Appraisal Guidance 159. National Institute for
Clinical Excellence; October 2008.
Taylor RS, Van Buyten JP, Buchser E.
Spinal cord stimulation for complex
regional pain syndrome: A systematic review of the clinical and cost-effectiveness literature and assessment
of prognostic factors. Eur J Pain 2006;
10:91-101.
Taylor RS, Taylor RJ, Van Buyten JP, Buchser E, North R, Bayliss S. The cost effectiveness of spinal cord stimulation
in the treatment of pain: A systematic
review of the literature. J Pain Symptom Manage 2004; 27:370-378.
Bala MM, Riemsma RP, Nixon J, Kleijnen
J. Systematic review of the (cost-) effectiveness of spinal cord stimulation for
people with failed back surgery syndrome. Clin J Pain 2008; 24:757-758.
Manca A, Kumar K, Taylor RS, Jacques
L, Eldabe S, Meglio M, Molet J, Thomson S, O’Callaghan J, Eisenberg E, Milbouw G, Buchser E, Fortini G, Richardson J, Taylor RJ, Goeree R, Sculpher MJ.
Quality of life, resource consumption
and costs of spinal cord stimulation
versus conventional medical management in neuropathic pain patients with
failed back surgery syndrome (PROCESS trial). Eur J Pain 2008; 12:10471058.
Kumar K, Malik S, Demeria D. Treatment of chronic pain with spinal cord
stimulation versus alternative therapies: Cost-effectiveness analysis. Neurosurgery 2002; 51:106-115.
North RB, Kidd D, Shipley J, Taylor RS.
Spinal cord stimulation versus reoperation for failed back surgery syndrome: A cost effectiveness and cost
utility analysis based on a randomized,
controlled trial. Neurosurgery 2007;
61:361-368.
Kumar K, Taylor RS, Jacques L, Eldabe
S, Meglio M, Molet J, Thomson S,

www.painphysicianjournal.com

233.

234.

235.

236.

237.

238.

239.

240.

241.

O’Callaghan J, Eisenberg E, Milbouw
G, Buchser E, Fortini G, Richardson J,
North RB. The effects of spinal cord
stimulation in neuropathic pain are
sustained: A 24-month follow-up of
the prospective randomized controlled
multicenter trial of the effectiveness of
spinal cord stimulation. Neurosurgery
2008; 63:762-770.
North RB, Kidd DH, Lee MS, Piantodosi S. Spinal cord stimulation versus reoperation for failed back surgery syndrome: A prospective, randomized
study design. Sterotact Funct Neurosurg 1994; 62:267-272.
North RB, Kidd DH, Petrucci L, Dorsi MJ.
Spinal cord stimulation electrode design: A prospective, randomized, controlled trial comparing percutaneous
with laminectomy electrodes: Part II clinical outcomes. Neurosurgery 2005;
57:990-995.
North RB, Kidd DH, Olin J, Sieracki JM,
Farrokhi F, Petrucci L, Cutchis PN. Spinal cord stimulation for axial low back
pain: A prospective, controlled trial
comparing dual with single percutaneous electrodes. Spine (Phila Pa 1976)
2005; 30:1412-1418.
North RB, Kidd DH, Farrokhi F, Piantadosi SA. Spinal cord stimulation versus
repeated lumbosacral spine surgery for
chronic pain: A randomized, controlled
trial. Neurosurgery 2005; 56:98-107.
Kumar K, Taylor RS, Jacques L, Eldabe
S, Meglio M, Molet J, Thomson S,
O’Callaghan J, Eisenberg E, Milbouw
G, Buchser E, Fortini G, Richardson J,
North RB. Spinal cord stimulation versus conventional medical management
for neuropathic pain: A multicentre
randomised controlled trial in patients
with failed back surgery syndrome.
Pain 2007; 132:179-188.
Kemler MA, Barendse GA, van Kleef M,
de Vet HC, Rijks CP, Furnee CA, van den
Wildenberg FA. Spinal cord stimulation
in patients with chronic reflex sympathetic dystrophy. N Engl J Med 2000;
343:618-624.
Boswell M, Abdi S, Manchikanti L. Misinterpretation of evidence synthesis
and ASIPP guidelines by Chou. Pain
Med 2009; 10:422-424.
Manchikanti L, Shah RV, Datta S, Singh
V. Critical evaluation of interventional
pain management literature provides
inaccurate conclusions. Spine J 2009;
9:706-708.
Smuck M, Levin JH. RE: Manchikanti

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

L, Singh V, Falco FJE, Cash KA, Fellows
B. Cervical medial branch blocks for
chronic cervical facet joint pain: A randomized double-blind, controlled trial
with one-year follow-up. Spine (Phila
Pa 1976) 2008; 33:1813-20. Spine (Phila Pa 1976) 2009; 34:1116.
Manchikanti L, Singh V, Falco FJE. In
response to Smuck M, Levin JH. RE:
Manchikanti L, Singh V, Falco FJE, Cash
KA, Fellows B. Cervical medial branch
blocks for chronic cervical facet joint
pain: A randomized double-blind, controlled trial with one-year follow-up.
Spine (Phila Pa 1976) 2009; 34:11161117.
Levin JH. Prospective, double-blind,
randomized placebo-controlled trials
in interventional spine: What the highest quality literature tells us. Spine J
2009; 9:690-703.
Pham Dang C, Lelong A, Guilley J, Nguyen JM, Volteau C, Venet G, Perrier C,
Lejus C, Blanloeil Y. Effect on neurostimulation of injectates used for perineural space expansion before placement of a stimulating catheter: Normal
saline versus dextrose 5% in water. Reg
Anesth Pain Med 2009; 34:398-403.
Tsui BC, Kropelin B, Ganapathy S, Finucane B. Dextrose 5% in water: Fluid
medium maintaining electrical stimulation of peripheral nerve during stimulating catheter placement. Acta Anaesthesiol Scand 2005; 49:1562-1565.
Bhatia MT, Parikh LCJ. Epidural saline
therapy in lumbo-sciatic syndrome. J
Indian Med Assoc 1966; 47:537-542.
Gupta AK, Mital VK, Azmi RU. Observations of the management of lumbosciatic syndromes (sciatica) by epidural saline. J Indian Med Assoc 1970;
54:194-196.
Wittenberg RH, Greskötter KR, Steffen
R, Schoenfeld BL. Is epidural injection
treatment with hypertonic saline solution in intervertebral disk displacement useful? (The effect of NaCl solution on intervertebral disk tissue). Z
Orthop Ihre Grenzgeb 1990; 128:223226.
Evans W. Intrasacral epidural injection
in treatment of sciatica. Lancet 1930;
216:1225-1229.
Kelman H. Epidural injection therapy for sciatic pain. Am J Surgery 1944;
64:185-195.
Davidson JT, Robin GC. Epidural injections in the lumbosciatic syndrome. Br

E263

Pain Physician: July/August 2010; 13:E215-E264

J Anaesth 1961; 33:595-598.
252. Mehrotra MP, Kumar P. Epidural saline
in sciatica. J Indian Med Assoc 1964;
43:234-236.
253. Valtonen EJ, Lilius HG. Double blind
study on the effect of diadynamic (Bernard’s) currents in various painful conditions. Zeitschrift fur Physiotherapie
1974; 26:133-136.
254. Valtonen EJ, Lilius HG, Malmio K. The
value of roentgen irradiation in the
treatment of painful degenerative and
inflammatory musculoskeletal conditions. A double-blind study. Scand J
Rheumatol 1975; 4:247-249.
255. Manchikanti L, Cash KA, Pampati V,
McManus CD, Damron KS. Evaluation
of fluoroscopically guided caudal epidural injections. Pain Physician 2004;
7:81-92.
256. Manchikanti L, Bakhit CE, Pampati V.
The role of epidurography in caudal
neuroplasty. Pain Digest 1998; 8:277281.
257. Stitz MY, Sommer HM. Accuracy of
blind versus fluoroscopically guided
caudal epidural injection. Spine (Phila
Pa 1976) 1999; 24:1371-1376.
258. White AH, Derby R, Wynne G. Epidural
injections for the treatment of low back
pain. Spine (Phila Pa 1976) 1980; 5:7886.
259. Renfrew DL, Moore TE, Kathol MH, elKhoury GY, Lemke JH, Walker CW. Correct placement of epidural steroid injections: Fluoroscopic guidance and
contrast administration. Am J Neuroradiology 1991; 12:1003-1007.
260. Fredman B, Nun MB, Zohar E, Iraqi G,
Shapiro M, Gepstein R, Jedeikin R. Epidural steroids for treating “failed back
surgery syndrome”: Is fluoroscopy really necessary? Anesth Analg 1999;
88:367-372.
261. Mehta M, Salmon N. Extradural block.
Confirmation of the injection site by
X-ray monitoring. Anaesthesia 1985;
40:1009-1012.

E264

262. Burn JM, Guyer PB, Langdon L. The
spread of solutions injected into the
epidural space: A study using epidurograms in patients with lumbosciatic
syndrome. Br J Anaesth 1973; 45:338345.
263. Bartynski WS, Grahovac SZ, Rothfus
WE. Incorrect needle position during
lumbar epidural steroid administration: Inaccuracy of loss of air pressure
resistance and requirement of fluoroscopy and epidurography during needle insertion. Am J Neuroradiol 2005;
26:502-505.
264. Manchikanti L, Bakhit CE, Pakanati RR, Fellows B. Fluoroscopy is medically necessary for the performance of
epidural steroids. Anesth Analg 1999;
89:1330-1331.
265. Nishimura N, Khahara T, Kusakabe T.
The spread of lidocaine and 1-131 solution in the epidural space. Anesthesiology 1959; 20:785-788.
266. Botwin KP, Natalicchio J, Hanna A. Fluoroscopic guided lumbar interlaminar epidural injections: A prospective
evaluation of epidurography contrast
patterns and anatomical review of the
epidural space. Pain Physician 2004;
7:77-80.
267. Weil L, Frauwirth NH, Amirdelfan K,
Grant D, Rosenberg JA. Fluoroscopic
analysis of lumbar epidural contrast
spread after lumbar interlaminar injection. Arch Phys Med Rehabil 2008;
89:413-416.
268. Manchikanti L, Dunbar EE. Correlation
of spinal canal dimensions to efficacy of epidural steroid injection in spinal stenosis. J Spinal Disord Tech 2007;
20:546-547.
269. Manchikanti L, Cash KA, Pampati V,
Wargo BW, Malla Y. The effectiveness
of fluoroscopic cervical interlaminar
epidural injections in managing chronic
cervical disc herniation and radiculitis:
Preliminary results of a randomized,
double-blind, controlled trial. Pain Physician 2010; 13:223-236.

270. Manchikanti L, Singh V, Cash KA, Pampati V. Evaluation of the effectiveness
of lumbar interlaminar epidural injections in managing chronic pain of lumbar disc herniation and radiculitis: A
randomized, double-blind, controlled
trial. Pain Physician 2010; in submission.
271. Manchikanti L, Cash KA, McManus CD,
Pampati V. Preliminary results of a randomized, double-blind, controlled trial of fluoroscopic lumbar interlaminar
epidural injections in managing chronic lumbar discogenic pain without disc
herniation or radiculitis. Pain Physician
2010; in submission.
272. Manchikanti L, Cash KA, Pampati V,
Wargo BW, Malla Y. Chronic discogenic neck pain without disc herniation or
radiculitis: Preliminary results of a randomized, double-blind, controlled trial
of fluoroscopic cervical epidural injections. Pain Physician 2010; in submission.
273. Birkenmaier C, Veihelmann A, Trouillier
HH, Hausdorf J, von Schulze Pellengahr
C. Medial branch blocks versus pericapsular blocks in selecting patients
for percutaneous cryodenervation of
lumbar facet joints. Reg Anesth Pain
Med 2007; 32:27-33.
274. Birkenmaier C, Veihelmann A, Trouillier
HH, Hausdorf J, von Schulze Pellengahr
C. Percutaneous cryodenervation of
lumbar facet joints: A prospective clinical trial. Int Orthop 2007; 31:525-530.
275. Bogduk N, Dreyfuss P, Govind J. A narrative review of lumbar medial branch
neurotomy for the treatment of back
pain. Pain Med 2009; 10:1035-1045.
276. Chou R. Generating evidence on spinal
cord stimulation for failed back surgery
syndrome: Not yet fully charged. Clin J
Pain 2008; 24:757-758.
277. North RB, Shipley J, Taylor RS. Chou
R. Generating evidence on spinal cord
stimulation for failed back surgery syndrome: Not yet fully charged. Clin J Pain
2009; 25:650.

www.painphysicianjournal.com

