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ABSTRACT

Background: Extensive research into potential
sources of neck pain and referred pain into the
upper extremities and head has shown that the
cervical facet joints can be a potential pain
source confirmed by precision, diagnostic
blocks.

Study Design: Systematic review and meta-
analysis utilizing the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) checklist, quality assessment of the
included studies, conventional and single-arm
meta-analysis, and best evidence synthesis.
Objective: The objective of this systematic
review and meta-analysis is to evaluate the
effectiveness of radiofrequency neurotomy as a
therapeutic cervical facet joint intervention in
managing chronic neck pain.
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Methods: Available literature was included.
Methodologic quality assessment of studies was
performed from 1996 to September 2021. The
level of evidence of effectiveness was
determined.
Results: Based on the qualitative and quanti-
tative analysis with single-arm meta-analysis
and Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) system
of appraisal, with inclusion of one randomized
controlled trial (RCT) of 12 patients in the
treatment group and eight positive observa-
tional studies with inclusion of 589 patients
showing positive outcomes with moderate to
high clinical applicability, the evidence is
level II in managing neck pain with cervical
radiofrequency neurotomy. The evidence for
managing cervicogenic headache was level III to
IV with qualitative analysis and single-arm

meta-analysis and GRADE system of appraisal,
with the inclusion of 15 patients in the treat-
ment group in a positive RCT and 134 patients
in observational studies. An overwhelming
majority of the studies produced multiple
lesions.
Limitations: There was a paucity of literature
and heterogeneity among the available studies.
Conclusion: This systematic review and meta-
analysis shows level II evidence with radiofre-
quency neurotomy on a long-term basis in
managing chronic neck pain with level III to IV
evidence in managing cervicogenic headaches.

Keywords: Cervical facet or zygapophysial
joint pain; Chronic spinal pain; Controlled
comparative local anesthetic blocks;
Diagnostic accuracy; Facet joint nerve blocks;
Radiofrequency neurotomy
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Key Summary Points

Chronic axial neck pain is one of the
major causes of disability and healthcare
costs, accounting for nearly half of the US
health care burden, with neck pain among
the top three causes

Cervical facet joints have been shown to
be potential sources of neck pain and
referred pain into upper extremities and
head

The present systematic review identified a
total of 5 RCTs and 15 observational
studies with 2 RCTs evaluating the role of
radiofrequency in managing facet joint
pain

The evidence is level II in managing neck
pain with cervical radiofrequency
neurotomy and level III to IV in managing
cervicogenic headache

There continues to be significant paucity
of literature and heterogeneity among the
available studies

INTRODUCTION

Chronic axial neck pain with or without head-
ache or upper extremity pain is one of the major
causes of disability and health care costs. The
widely published literature shows that morbid-
ity and chronic disability now account for
nearly half of the US health care burden, with
neck pain ranking as number three among the
30 leading diseases and injuries [1–6]. In addi-
tion, Dieleman et al. [7, 8] showed an estimated
spending of $134.5 billion in 2016, with a
53.5% increase from $87.6 billion spent in
2013, in managing low back and neck pain,
accounting for the highest amount of various
disease categories.

Bogduk and Marsland [9] described facet
joints as a source of idiopathic neck pain in
1988. Since then, numerous diagnostic accuracy

studies, systematic reviews, and guidelines have
been published [3, 10–20]. Multiple discussions
have continued to evolve in reference to the
diagnosis of facet joint pain and subsequent
therapy with either facet joint nerve blocks or
radiofrequency neurotomy [3, 21, 22]. The pre-
sent evidence shows that the prevalence and
false positive rates of diagnosis of facet joint
pain with controlled comparative local anes-
thetic blocks utilizing 80% criterion standard
ranges from 29% to 60% and 27% to 63%,
respectively, with high variability. The discus-
sion centers around the value and validity based
on the acute pain model or chronic pain model.
The group headed by Bogduk described that any
response longer than 2 h for short-acting local
anesthetic and 8 h for long-acting local anes-
thetic was a discordant response and judged it
as false positive [10, 11, 14–16, 23]. This theory
was tested with lumbar facet joint nerve blocks
with 100% pain relief as the criterion standard
[23]. The prevalence was shown to be 15% [23].
Manchikanti et al. [10] showed prevalence and
false positive rates of 49.3% and 25.6%, respec-
tively, in chronic neck pain using a chronic
pain model. They also showed that the duration
of relief of at least 80% was 6 days with lido-
caine and 12 days with bupivacaine, with a total
relief of at least 50% of 31 days and 55 days,
respectively. In addition to multiple publica-
tions by Manchikanti et al. [10, 18–22, 24], a
recent randomized controlled trial (RCT) by van
Eerd et al. [25] of the comparative value of local
anesthetic blocks with radiofrequency neuro-
tomy in patients with clinically diagnosed cer-
vical facet joint pain showed pain treatment
success of 61.1% in both groups, either with
local anesthetic alone or with local anesthetic
and radiofrequency neurotomy with a single
lesion at 3 months, 55.6% in the denervation
group and 51.3% in the bupivacaine alone
group at 6-month follow-up with no significant
difference among the groups, reinforcing long-
term relief of local anesthetic injections
[24, 26–31].

Among the therapeutic interventions,
radiofrequency has been considered as the
standard treatment to provide long-term
improvement; however, there has been only
one RCT and three observational studies
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assessed in the previous evaluations [3]. The first
systematic review by Geurts et al. [32] identified
only one RCT by Lord et al. [33]. A recent sys-
tematic review of the literature by Engel et al.
[34] published in 2020 evaluated the effective-
ness of cervical medial branch thermal
radiofrequency neurotomy stratified by selec-
tion criteria. They concluded that higher
degrees of relief from cervical medial branch
thermal radiofrequency neurotomy are more
often achieved, to a statistically significant
extent, if patients are selected on the basis of
the complete relief of index pain following
comparative diagnostic blocks and used a ran-
domized trial [33] and multiple nonrandomized
studies [33, 35–42]. They utilized selection cri-
teria as complete relief, with placebo-controlled
blocks, complete relief with comparative blocks,
75% relief with comparative blocks, or 50%
relief with comparative blocks. Thus, they
showed that on the basis of a lesser degree of
relief, patients are less likely to obtain complete
relief. In another review of best practice guide-
lines, Lee et al. [43] utilized one RCT [33] and
multiple clinical studies [33, 36, 38, 39, 41, 42]
like Engel et al. [34]. They concluded that the
efficacy of radiofrequency neurotomy was
directly related to the rigor of the diagnostic
blocks performed, as well as the use of proper
technique for both diagnostic and neurotomy
procedures. They also opined that utilizing
multiple passes and two separate approaches
may allow for neurotomy in a larger proportion
of the medial branch, resulting in improved
pain relief with longer duration. in a systematic
review in preparation of guidelines, Manchi-
kanti et al. [3] showed level II evidence for
short-term and long-term effectiveness utilizing
one RCT [33] and three observational studies
[35, 36, 41] and provided level II evidence with
moderate strength of recommendation when
performed after the diagnosis of cervical facet
joint pain with controlled comparative local
anesthetic blocks utilizing 80% pain relief of
criterion standard. However, there are also
other issues related to producing multiple
lesions at each nerve and needle sizes may be
variable, too. These can alter the responses and
also the side effect profile.

In a recent publication, Manchikanti et al.’s
[44] comparative effectiveness study of cervical
facet radiofrequency and cervical facet joint
nerve blocks in a similar group of population
showed that a significant proportion of the
radiofrequency-treated patients (29%) obtained
inadequate relief (less than minimum of
6 months) and 4% of patients also developed
side effects related to irritation, swelling, and
increased levels of pain, etc. In fact, this study
showed that cervical facet joint nerve blocks
may be better than radiofrequency neurotomy

Table 1 Qualitative modified approach to grading of
evidence of therapeutic effectiveness studies Modified
from: Manchikanti L et al. A modified approach to grading
of evidence. Pain Physician. 2014;17:E319–25 [67]

Level I Strong Evidence obtained from multiple

relevant high-quality

randomized controlled trials

Level II Moderate Evidence obtained from at least

one relevant high-quality

randomized controlled trial or

multiple relevant moderate or

low-quality randomized

controlled trials

Level III Fair Evidence obtained from at least

one relevant moderate or low-

quality randomized trial

or

Evidence obtained from at least

one relevant high-quality non-

randomized trial or

observational study with

multiple moderate or low-

quality observational studies

Level IV Limited Evidence obtained from multiple

moderate or low-quality

relevant observational studies

Level V Consensus

based

Opinion or consensus of large

group of clinicians and/or

scientists
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in reference to the tolerance and providing
relief as expected for 3 months and with a cost
utility of 1 year of quality-of-life improvement
($4994 vs. $5364).

Additionally, the COVID-19 pandemic and
the opioid epidemic have affected chronic pain
sufferers substantially with both access to

treatment and costs [45–52]. Recent analysis of
national health care spending in the USA
showed an increase of 9.7% to reach $4.1 tril-
lion in 2020, a much faster rate than the 4.3%
increase seen in 2019 [51]. The acceleration in
2020 was due to a 36% increase in federal
expenditures for health care that occurred

Fig. 1 Flow diagram illustrating the results of literature search conducted to evaluate cervical radiofrequency neurotomy
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largely in response to the COVID-19 pandemic.
These increases were reported despite health
care expenditures for health care unrelated to
the COVID-19 pandemic. Further, consolida-
tion of providers into an employment model by
health systems, which has increased substan-
tially, has been contributing to increasing
health care expenses [52]. Multiple effects due
to COVID-19 with increased psychological
stress and suffering may also have a significant
effect on outcomes. The use of interventional
techniques for the treatment of spinal pain
increased exponentially until 2009, at which
point utilization started decreasing [53–58]. A

recent analysis of utilization patterns and fee-
for-service (FFS) Medicare population, including
the impact of COVID-19, showed declining
interventional techniques with overall decrease
of interventional techniques at an annual rate
of 0.4% per 100,000 Medicare population from
2010 to 2019, with an annual increase of 2.1%
for facet joint interventions and sacroiliac joint
injections from 2010 to 2019. However, the
decrease from 2019 to 2020 due to the COVID-
19 pandemic was 18.7% for all interventions
compared to 17.5% for facet joint interventions
and sacroiliac joint blocks [59].

Table 2 Methodological quality assessment of randomized trials of cervical facet joint radiofrequency thermoneurolysis
utilizing Cochrane review criteria Source: Furlan AD et al.; Editorial Board of the Cochrane Back, Neck Group. 2015
updated method guideline for systematic reviews in the Cochrane Back and Neck Group. Spine (Phila Pa 1976)
2015;40:1660–73 [64]

Lord
et al. [33]

van Eerd
et al. [25]

Stovner
et al. [72]

Haspeslagh
et al. [73]

Wallis
et al. [71]

Randomization adequate Y Y U Y Y

Concealed treatment allocation Y Y U Y Y

Patient blinded Y Y Y N Y

Care provider blinded Y Y Y N Y

Outcome assessor blinded Y Y Y N Y

Dropout rate described Y Y Y Y Y

All randomized participants analyzed in the

group

Y Y N N Y

Reports of the study free of suggestion of

selective outcome reporting

Y Y N N Y

Groups similar at baseline regarding most

important prognostic indicators

Y Y N Y Y

Co-intervention avoided or similar in all groups Y Y Y Y Y

Compliance acceptable in all groups Y Y N N Y

Time of outcome assessment in all groups

similar

Y Y Y Y Y

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

Score 13/13 13/13 6/13 6/13 13/13

Y yes, N no, U unclear
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Table 3 Methodologic quality assessment of randomized trials of cervical facet joint radiofrequency thermoneurolysis
utilizing IPM-QRB criteria Source: Manchikanti L et al. Assessment of methodologic quality of randomized trials of
interventional techniques: development of an interventional pain management specific instrument. Pain Physician.
2014;17:E263–90 [65]

Lord
et al. [33]

van Eerd
et al. [25]

Stovner
et al. [72]

Haspeslagh
et al. [73]

Wallis
et al. [71]

I Trial design and guidance reporting

1 Consort or spirit 3 3 3 3 3

II Design factors

2 Type and design of trial 3 1 3 3 3

3 Setting/physician 2 2 2 2 2

4 Imaging 3 3 3 3 3

5 Sample size 1 2 0 0 0

6 Statistical methodology 1 1 1 1 1

III Patient factors

7 Inclusiveness of population

For facet or sacroiliac joint interventions 2 0 0 0 2

8 Duration of pain 2 2 2 2 2

9 Previous treatments 2 2 2 2 2

10 Duration of follow-up with appropriate

interventions

2 2 2 2 2

IV Outcomes

11 Outcomes assessment criteria for

significant improvement

4 0 2 1 4

12 Analysis of all randomized participants in

the groups

2 2 0 0 2

13 Description of dropout rate 2 2 0 0 2

14 Similarity of groups at baseline for

important prognostic indicators

2 2 0 2 2

15 Role of co-interventions 1 1 0 1 1

V Randomization

16 Method of randomization 2 2 1 1 2

VI Allocation concealment

17 Concealed treatment allocation 2 2 0 0 2

VII Blinding

18 Patient blinding 1 1 1 0 1

19 Care provider blinding 1 1 1 0 1
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Consequently, the debate in reference to
effectiveness and efficacy, utilization patterns,
and indications and medical necessity of cervi-
cal radiofrequency neurotomy procedures con-
tinues among patients, clinicians, researchers,
and payors [3, 44].

The present systematic review and meta-
analysis of RCTs and observational studies of
radiofrequency neurotomy in managing
chronic neck pain is sought to provide updated
evidence.

METHODS

A systematic review and meta-analysis were
performed on the basis of methodological and
reporting quality of systematic reviews as
described by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) [60, 61]. Methodology from other
reviews was also utilized [62, 63].

The objective of this systematic review and
meta-analysis was to assess the efficacy and
effectiveness of radiofrequency thermoneuroly-
sis in managing chronic neck pain of facet joint
origin.

Ethics Compliance

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Literature Search

A comprehensive literature search was con-
ducted to include RCTs published from all
countries and in all languages. Searches were
performed from the following sources without
language restrictions:

1. PubMed from 1966 https://pubmed.ncbi.
nlm.nih.gov/

2. Cochrane Library https://www.
cochranelibrary.com/

3. Google Scholar https://scholar.google.com/
4. US National Guideline Clearinghouse

(NGC) https://www.ahrq.gov/gam/index.
html

5. Clinical Trials https://www.clinicaltrials.
gov/

6. Previous systematic reviews and cross-
references

7. All other sources including non-indexed
journals and abstracts

The search period was from 1966 through
September 2021.

Search Strategy

The search strategy emphasized chronic neck
pain treated with cervical facet joint interven-
tions. The search terms included ((((((spinal
pain, chronic low back pain) OR chronic back
pain) OR facet joint pain) OR cervical surgery
syndrome) OR zygapophysial)) AND ((((facet
joint) OR zygapophyseal) OR zygapophysial) OR

Table 3 continued

Lord
et al. [33]

van Eerd
et al. [25]

Stovner
et al. [72]

Haspeslagh
et al. [73]

Wallis
et al. [71]

20 Outcome assessor blinding 1 1 1 0 1

VIII Conflicts of interest

21 Funding and sponsorship 3 3 1 1 3

22 Conflicts of interest 3 3 3 3 3

Total 45 38 28 27 44
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medial branch block OR intraarticular injection
OR radiofrequency neurotomy) OR radiofre-
quency ablation.

Inclusion and Exclusion Criteria

RCTs studying radiofrequency neurotomy with
at least 6 months of follow-up were included in
this study. The trials with appropriate diagnosis
established by diagnostic blocks or clinical
diagnosis were included.

All observational studies of radiofrequency
neurotomy with at least 6 months of follow-up
were also included meeting the criteria.

Studies without an appropriate diagnosis and
case reports were excluded.

Methodological Quality Assessment

RCTs were assessed for their quality or risk of
bias methodologically utilizing Cochrane
review criteria (Table 1 in the supplementary
material) [64], Interventional Pain Management
techniques–Quality Appraisal of reliability and
Risk of Bias Assessment (IPM-QRB) (Table 2 in
the supplementary material) [65], and Inter-
ventional Pain Management Techniques–Qual-
ity Appraisal of Reliability and Risk of Bias
Assessment for Nonrandomized Studies (IPM-
QRBNR) was utilized for observational studies,
as shown in Table 3 in the supplementary
material [66].

Risk of Bias of Individual Studies

Trials that met the inclusion criteria and scored
at least 9 of 13 using the Cochrane review cri-
teria [64] were considered high quality, while
trials scoring 5–8 were considered of moderate
quality. Trials that scored less than 5 were
considered of low quality and were excluded
from the analysis.

Trials meeting the inclusion criteria were
also assessed with IPM-QRB criteria [65]. Studies
scoring 32–48 were considered of high quality,
those scored 16–31 were of moderate quality,
and those that scored below 16 were considered
of low quality and were excluded from the
analysis.
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On the basis of IPM-QRBNR criteria [66],
studies meeting the inclusion criteria but scor-
ing less than 16 were considered low quality
and were excluded, studies scoring from 16 to
31 were considered moderate quality, and
studies scoring from 32 to 48 were considered
high quality and were included.

Methodological quality of the trials was
assessed by two authors, independently in an
unblinded manner. If a discrepancy occurred, a
third author was involved to resolve the con-
flict. When an issue of conflict of interest was
raised in reviewing the manuscript (regarding
authorship), the involved authors were not
allowed to review those manuscripts for quality
assessment.

Outcome Measures

An outcome is considered clinically significant
if a reduction of 2 points on the Visual Analog
Scale (VAS) or Numeric Rating Scale (NRS), or at
least 50% reduction in pain and improvement
in the functional status. A positive study is said
to be clinically significant and effective indi-
cating that the primary outcome should be
statistically significant at a P value B 0.05.

Analysis of Evidence

The evidence was analyzed utilizing qualitative
and quantitative evidence synthesis. Quantita-
tive evidence synthesis was performed utilizing
conventional meta-analysis and a single-arm
meta-analysis.

The qualitative analysis of the evidence was
performed on the basis of best-evidence syn-
thesis, modified, and collated using multiple
criteria, including the Cochrane Review criteria
and United States Preventive Services Task Force
(USPSTF) criteria as illustrated in Table 1 [67].
The analysis was conducted using five levels of
evidence ranging from strong to opinion- or
consensus-based. The results of best evidence as
per grading were utilized and Grading of Rec-
ommendations, Assessment, Development and
Evaluations (GRADE) system of appraisal for
determining the body of evidence [68]. Clinical
relevance and pragmatism of all studies were

assessed [69]. At least two of the review authors
independently, in a standardized manner, ana-
lyzed the evidence. Any disagreements between
reviewers were resolved by a third author and
consensus was attained. If there were any con-
flicts of interest (e.g., authorship), the reviewers
of interest were recused from assessment and
analysis.

RESULTS

Literature Search

The flow diagram illustrates the search results
and the final number of studies that were con-
sidered for inclusion (Fig. 1). The search criteria
started with a total of 1146 publications, with
28 studies [25, 33, 35–42, 44, 70–88] with dif-
ferent aspects considered for inclusion. The full
articles were reviewed for 23 studies
[25, 33, 35–42, 44, 70–78, 86–88]. Among the 23
studies considered for inclusion, two studies
were excluded because of lack of availability of
the full articles [78, 88]. An additional study
[37] was also excluded as it was reporting pre-
viously published data. Overall, 20 studies met
inclusion criteria
[25, 33, 35, 36, 38–42, 44, 70–77, 86, 87], out of
which five RCTs [25, 33, 71–73] were selected
(Fig. 1). Of the five RCTs, only one of them
assessed with a sham control [33] and one was
an active-control trial [25] studying efficacy for
neck pain, two RCTs evaluated the role of
radiofrequency in managing cervicogenic
headache [72, 73], and one assessed psycho-
logical distress [71]. Among the 15 observa-
tional studies [35, 36, 38–42,
44, 70, 74–77, 86, 87], there were eight studies
assessing neck pain [35, 36, 38, 39,
41, 70, 74, 77], five studies assessing cervico-
genic headache [40, 42, 77, 86, 87], and two
studies assessed psychological functioning
[75, 76]. Among the RCTs assessing neck pain,
only one study [33] utilized diagnostic blocks as
the criterion standard for inclusion, whereas the
second study was performed on the basis of
clinical examination [25]. Among the observa-
tional studies, all of them except one study
utilized diagnostic blocks prior to the

34 Pain Ther (2023) 12:19–66
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enrollment; however, van Eerd et al. [70], sim-
ilar to the RCT [25], based the inclusion on
clinical criteria. Only four studies in five publi-
cations [39, 75–77, 86] utilized 50% pain relief
with dual blocks, whereas the remaining studies
utilized 80% or greater pain relief for the
inclusion criteria; six studies
[33, 36, 42, 71, 74, 87] included 100% relief as
the inclusion criteria. Among the four RCTs, a
single lesion was applied in only one study,
whereas all others utilized multiple lesions
ranging from two to six. Among the observa-
tional studies, two studies [44, 70] utilized a
single lesion, whereas all others utilized multi-
ple lesions of more than two and up to six.
Needle cannula sizes varied from 22 to 18 gauge
and the exposed tip varied from 4 to 10 mm.
Where data is available, all studies utilized a
local anesthetic prior to lesioning, whereas one
study reported utilizing bupivacaine injection
after lesioning. Procedure time description was
provided in only a few studies; these included
90 min for three level radiofrequencies [72], and
3 h for a single lesion [33, 71].

Methodological Quality Assessment

The methodological quality assessment of the
RCTs meeting the inclusion criteria was carried
out using Cochrane review criteria and IPM-
QRB, and observational studies utilizing IMP-
QRBNR criteria and the results are illustrated in
Tables 2, 3, and 4.

According to the Cochrane quality assess-
ment and the previously established score ran-
ges in the ‘‘Methods’’ section of this study, three
trials [25, 33, 71] scored between 9 and 13, thus
meeting our criteria of high-quality studies,
while two trials [72, 73] scored between 5 and 8,
thus said to be studies of moderate quality.

On the basis of the IPM-QRB criteria for
randomized trials, five trials [25, 33, 71–73]
scored between 32 and 48, hence they are of
high quality. Thus, only three trials met the
criteria for high quality with both instruments
[25, 33, 71]. This indicates the importance of
IPM specific instruments in methodologic
quality assessments.
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On the basis of the IPM-QRBNR criteria for
observational studies, five studies
[35, 36, 41, 75, 76] scored between 32 and 48,
hence they are of high quality, while 10 studies
[38–40, 42, 44, 70, 74, 77, 86, 87] scored
between 16 and 31, thus are considered as
moderate quality.

Study Characteristics of RCTs
and Observational Studies

Among the total of five RCTs available, there
were two RCTs in the neck pain category
[25, 33], two trials for the treatment of head-
ache [72, 73], whereas one trial [71] evaluated
psychological distress from the partial data
derived from the neck effectiveness study [33].

Table 5 shows the study characteristics of all
the included randomized trials assessing cervi-
cal radiofrequency neurotomy in neck pain and
headache.

The study characteristics of observational
studies meeting inclusion criteria are described
in Table 6. There were a total of 15 observa-
tional studies included in the analysis
[35, 36, 38–42, 44, 70, 74–77, 86, 87] with eight
studies assessing neck pain
[35, 36, 38, 39, 41, 70, 74, 77], five studies
assessing cervicogenic headache
[40, 42, 77, 86, 87], and two studies assessing
psychological functioning [75, 76].

Analysis of Evidence

Table 5 shows the study characteristics of all the
studies meeting inclusion criteria for RCTs,
whereas Table 6 shows study characteristics of
observational studies assessing cervical
radiofrequency neurotomy. The analysis of
evidence was based on qualitative and quanti-
tative analysis.

Qualitative Analysis

As shown in Tables 7 and 8, qualitative analysis
was determined on the basis of multiple factors
including the application of diagnostic blocks,
number of patients, number of lesions, suc-
cessful outcomes, clinical utility, and pragma-
tism. In addition, GRADE criteria were also
applied with downgrading or no change or
upgrading of the study quality.

Overall, 11 studies were included in the
qualitative analysis of treatment of chronic
neck pain with radiofrequency neurotomy. Of
these, five studies utilized 100% pain relief as
the criterion standard for inclusion with inclu-
sion of 201 patients. In all studies
[33, 36, 38, 42] except one [74], 4–6 lesions were
performed. The results showed complete pain
relief variable from 58% to 74% of the patients
in three studies [33, 36, 38], whereas 70% was
reported in one study with similar 4–6 lesions
with at least 50% relief in 70% of the patients

Fig. 2 Single-arm meta-analysis for pain relief at 6-month follow-up: RFA
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with one study with twi lesions [74] reporting in
54% of the patients. Clinical utility of these
studies was judged as moderate for four studies
[33, 36, 38, 42] and high for one study [74].
There was no change in the GRADE criteria.

Three studies utilized at least 80% pain relief
as inclusion criterion [35, 41, 44] with con-
trolled diagnostic blocks with inclusion of 361
patients with three lesions produced in one
study [35] reporting 39% complete relief and
79% at least 50% relief at 1 year; a minimum of
two lesions were produced in one prospective
assessment [41] involving 30 litigant patients
and 30 nonlitigant patients with improvement
in 46% of the former and in 73% of the latter.
The study was judged to be positive in nonliti-
gant patients. Another clinical study [44] com-
paring radiofrequency neurotomy with cervical
medial branch blocks utilizing one lesion
reported at least 50% relief in 69% of the

patients at 6-month follow-up and 64% at
1-year follow-up with repeat radiofrequency
performed as needed. Clinical utility was mod-
erate in two studies [35, 41] and high in one
study [44]. There was no change in GRADE
criteria.

There was only one study [39] utilizing 50%
pain relief as the criterion standard producing
four lesions; it reported 100% pain relief in 42%
of the patients at 6-month follow-up and in
68% at least 50% pain relief at 6-month follow-
up. This was shown to be a positive study with
moderate clinical utility with no change in
GRADE criteria.

Two studies [25, 65], which included an RCT
[25], studied without diagnostic blocks based on
clinical criteria. The RCT utilized 30%
improvement as the pain relief criterion. Both
studies were shown to be negative with low
clinical applicability based on selection criteria

Fig. 3 Single-arm meta-analysis for pain relief at 6-month follow-up: control

Fig. 4 Single-arm meta-analysis for pain relief at 12-month follow-up: RFA
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with no change in GRADE criteria for the
observational study [70] and reduction of
GRADE criteria for the RCT [25].

Table 8 shows qualitative analysis for head-
ache. Seven studies met the inclusion criteria
[40, 42, 72, 73, 77, 86, 87]. Of these, only two
studies [42, 87] utilized complete pain relief as
the criterion standard producing multiple
lesions with positive results in both studies. In
one study [42] utilizing complete pain relief as
the criterion standard for diagnosis, nine
patients were included with headache produc-
ing 4–6 lesions; however, they reported at least
50% pain relief in only 40%. Consequently, this
study was shown as negative with absent clini-
cal applicability with reduced grading for
headache. The second study [87] evaluated 49
patients with complete pain relief utilizing 4–6
lesions and reported excellent results with 88%
of the patients reporting complete pain relief at
6-month follow-up shown to be positive results
with moderate clinical applicability due to
required 100% pain relief and 4–6 lesions,
which is a long duration of procedure. There
was no change in the GRADE criteria.

Only one study [40] utilized at least 80%
pain relief as the criterion standard and studied
11 patients with a single lesion reporting at least
50% pain relief in 68% at 6 months; this study
was shown to be positive with high clinical
applicability with no change in scoring based
on GRADE criteria.

Two other studies [77, 86] studied 30
patients and 49 patients utilizing 50% pain
relief as the criterion standard reporting at least
50% relief in 77% of the patients at 1 year [77]

and 70% of the patients at 6 months in the
second study [86]. Ironically, the study utilizing
a single lesion produced better results [77]
compared to 2–3 lesions produced in the second
study [86]. Consequently, the study by Lee et al.
[77] shows high clinical applicability with no
change in GRADE criteria.

Finally, two studies [72, 73] based their
treatments on clinical criteria with a small
number of patients with 6 plus 15 producing
3–4 lesions in one study [72] and only one
lesion in the second study [73]. The study with
3–4 lesions was shown to be negative with
absent clinical applicability with reduction in
grading criteria. The second study, however,
showed with a single lesion at least 50%
improvement in 53%of patients, once again
with low clinical applicability based on reduced
criteria on GRADE. Consequently, it appears
from the qualitative analysis that strict inclu-
sion criteria of 100% pain relief with controlled
diagnostic blocks and producing multiple
lesions are superior to other selection criteria in
managing neck pain with moderate to low
clinical applicability due to the rigorous criteria,
making this approach difficult to apply in the
USA, because of the long duration of the pro-
cedure, which may not be feasible in the USA.

Among the five studies included with com-
plete pain relief [33, 36, 38, 42, 74], only three
of them achieved superior results [33, 36, 38]
with complete pain relief, whereas the other
two [42, 74], despite 2 or 4–6 lesions, achieved
criteria similar to the 80% pain relief groups
with 54% and 70% of patients at 1-year follow-
up.

Fig. 5 Single-arm meta-analysis for pain relief at 12-month follow-up: control
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Comparatively, there were three studies
[35, 41, 44] utilizing 80% pain relief with the
controlled diagnostic blocks as the criterion
standard utilizing a large proportion of patients.
A total of 362 patients utilized either one [44],
two [41], or three [35] lesions. However, the
pain relief judged by the at least 50% criterion
was higher in the three-lesion group with 79%,
and two-lesion group, with 73% compared to
one-lesion study with 64%. Consequently,
clinical utility has been judged as moderate for
the first two studies with multiple lesions
[35, 41] and high with a single lesion [44],
which is the common practice without com-
promising the outcomes.

There was only one study utilizing at least
50% pain relief as the inclusion criterion with
inclusion of 28 patients producing four lesions,
and it showed at least 50% relief in 68% of the
patients similar to other categories with mod-
erate clinical utility based on four lesions
produced.

Thus, overall, on the basis of one RCT [33]
with 12 patients in the treatment group and
eight positive observational studies
[35, 36, 38, 39, 41, 42, 44, 74] with inclusion of
589 patients, the outcomes were positive with
moderate to high clinical applicability. Two
studies [25, 70] with inclusion of 106 patients
showed negative results, one of them being an
RCT with low clinical applicability and down-
grading as per GRADE criteria. Thus, the evi-
dence is level II with a moderate
recommendation for cervical radiofrequency
neurotomy in managing neck pain.

The evidence based on qualitative analysis in
managing cervicogenic or occipital headache is
inferior to managing neck pain with one RCT,
with inclusion of six patients in the treatment
group, showing negative results [72] and lack of
clinical utility; the second RCT [73], with
inclusion of 15 patients in the treatment group,
showing only borderline outcomes with low
clinical utility; and five observational studies
[40, 42, 77, 86, 87], with inclusion of 134
patients, showing positive results with moder-
ate to low clinical utility with multiple lesions
in every study except one [73], the evidence
being level III to IV, yielding a borderline
recommendation.

Quantitative Analysis

We sought to perform a quantitative analysis
utilizing conventional dual-arm meta-analysis
and single-arm meta-analysis. However, there
were only two RCTs evaluating radiofrequency
in the neck [25, 33] and two evaluating head-
ache [72, 73]. The methodologic quality was
highly variable among the two trials [25, 33]
performed in the cervical spine. Similarly,
methodologic quality and variations were sig-
nificant in the headache group with a small
number of patients included in two RCTs
[72, 73] in the headache trials. Consequently,
dual-arm analysis was not performed.

A single-arm meta-analysis was performed
for all observational studies in managing neck
pain and headache separately.

Single-Arm Meta-analysis

Figure 2 shows the results of a single-arm anal-
ysis utilizing the radiofrequency ablation
groups. Five studies [25, 40, 41, 66, 73] were
used to assess pain scores after 6 months using
pain scores in patients who underwent
radiofrequency neurotomy. As shown in Fig. 2,
the pooled mean difference of pain score from
baseline to 6 months of follow-up was decreased
by 4.157 points (95% CI - 4 .260 to - 4.053,
P\ 0.001).

Figure 3 shows the results of a single-arm
analysis utilizing the control treatment groups.
Three studies [25, 66, 73] were used to assess
pain scores after 6 months using pain scores in
patients who underwent the control treatment.
As shown in Fig. 3, the pooled mean difference
of pain scores from baseline to 6 months of
follow-up was decreased by 4.725 points
(95% CI - 4.835 to - 4.616, P\0.001).

Figure 4 shows the results of a single-arm
analysis utilizing the radiofrequency ablation
groups. Three studies [41, 66, 73] were used to
assess pain score after 12 months using pain
scores in patients who underwent radiofre-
quency neurotomy. As shown in Fig. 4, the
pooled mean difference of pain score from
baseline to 12 months of follow-up was
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decreased by 4.762 points (95% CI - 4.897 to -

4.628, P\0.001).
Figure 5 shows the results of a single-arm

analysis utilizing the control treatment groups.
Two studies [66, 73] were used to assess pain
scores after 12 months using pain scores in
patients who underwent the control treatment.
As shown in Fig. 5, the pooled mean difference
of pain scores from baseline to 12 months of
follow-up was decreased by 4.895 points
(95% CI - 5.010 to - 4.779, P\0.001).

Thus, quantitative analysis with single-arm
meta-analysis showed positive results at
6 months and 12 months both in treatment and
control groups. The differences were rather sig-
nificant from baseline to follow-up at 6 months
and 12 months with 4.2 points decrease in the
treatment group, and 4.7 points decrease in the
control group at 6-month follow-up, and 4.8
and 4.9 points in the treatment and control
groups at 12-month follow-up. The results are
similar to qualitative analysis with level II evi-
dence with moderate recommendation for cer-
vical radiofrequency neurotomy in managing
neck pain and level III to IV, and thus a bor-
derline recommendation of radiofrequency
neurotomy in managing headache with only
one study meeting eligibility criteria to be
included in single-arm analysis.

DISCUSSION

This systematic review of RCTs and observa-
tional studies and meta-analysis of observa-
tional studies of the effectiveness of cervical
radiofrequency neurotomy in managing
chronic neck pain showed level II evidence for
long-term effectiveness of 6 months or longer.
However, the evidence for neck pain and
headaches utilizing radiofrequency neurotomy
is level III–IV with only a borderline
recommendation.

For qualitative analysis in managing neck
pain, one RCT [33] with 12 patients in the
treatment group and eight positive observa-
tional studies [35, 36, 38, 39, 41, 42, 44, 74]
with inclusion of 589 patients showed positive
outcomes with moderate to high clinical appli-
cability. However, two studies [25, 70] with the

inclusion of 106 patients showed negative
results, one of them being an RCT with low
clinical applicability and the study was down-
graded by application of GRADE criteria.

For quantitative analysis, while conventional
meta-analysis was not feasible, single-arm
analysis showed positive results in all the
included studies [25, 40, 41, 66, 73] in the
treatment group, as well as control groups with
significant decreases in pain patterns from
baseline to the follow-up period of 4.2 and 4.8
points at 6- and 12-month follow-up, respec-
tively, in the treatment group, and 4.7 and 4.9
points in the control group at 6 and 12-month
follow-up, respectively. These relief patterns
were achieved in the majority of the cases with
repeat procedures in multiple studies. Overall
success rate ranged from 42% to 74% at
6 months and 58% to 76% at 1 year. These
results are based on studies utilizing high levels
of diagnostic criteria and many studies produc-
ing multiple lesions, often with large needles.

For managing cervicogenic headache these
results are poor. We included one RCT [72] with
only six patients with negative results and the
second RCT [73] with inclusion of 15 patients
showing only borderline outcomes with low
clinical utility. Further, there were five obser-
vational studies [40, 42, 77, 86, 87], with the
inclusion of 134 patients, that showed positive
results with moderate to low clinical utility with
multiple lesions in three studies [42, 86, 87] and
a single lesion in two studies [40, 77], the evi-
dence level is level III to IV, with borderline
recommendation. Of note, none of the studies
met criteria for conventional meta-analysis and
only one study met inclusion criteria for single-
arm analysis [73].

The results of the present analysis are similar
in some aspects, but significantly different in
other aspects from other previously published
systematic reviews and guidelines.

The guidelines for facet joint interventions
[3] showed level II evidence with moderate
strength of recommendations with inclusion of
one RCT with positive results, and two obser-
vational studies with long-term improvement
in managing neck pain. Engel et al.’s [34] sys-
tematic review of the literature with inclusion
of RCTs and observational studies showed
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variable results based on selection criteria,
including triple placebo-controlled medial
branch blocks, dual comparative medial branch
blocks, single medial branch blocks, intraartic-
ular blocks, and physical examination findings
or symptoms alone. Further, the data showed a
greater degree of pain relief more often in
patients selected by triple placebo controlled
medial branch blocks or dual comparative
medial branch blocks, producing 100% relief of
the index pain. However, the degree of pain
relief was similar when triple or dual compara-
tive blocks were used. It is also of importance to
note that Engel et al. [34] stratified the out-
comes, showing in patients with placebo con-
trolled or comparative blocks with 100% pain
relief a success rate of 52% in the placebo-con-
trolled blocks group with inclusion of 64
patients (94% CI 40–64) with 100% pain relief.
Similarly to the placebo-controlled blocks,
comparative dual blocks with inclusion of 125
patients showed a success rate of 61% (95% CI
52–70%). In contrast, with 75% relief with
comparative blocks the pooled results with
inclusion of 234 patients showed a success rate
of 31% (95% CI 25–37%) with complete relief;
however, there was a 44% success rate with 80%
relief (95% CI 37–51%), and a 59% success rate
with greater than 50% relief (95% CI 52–66%).
Only one study with only six patients studied
comparative blocks with a success rate of 50%
with greater than 50% relief, whereas with
complete relief it was only 17%. It is of impor-
tance to note that Engel et al. [34] showed
complete relief at the highest level of 61% and
70% at 95% CI at the upper end. However, they
have not provided data on 50% success rate.
Further, multiple lesions were performed, many
of them with several passes, which essentially
takes several hours to treat one patient.

Hurley et al. [31] in consensus practice
guidelines on interventions for cervical facet
joint pain concluded that cervical medial
branch radiofrequency ablation may provide
benefit to well-selected individuals, with medial
branch blocks being more predictive than
intraarticular injections. They also added that
the most stringent selection criteria are likely to
improve denervation outcomes, but at the

expense of false negatives with an overall lower
success rate.

Overall, the results show that radiofrequency
neurotomy is effective in 54–76% with multiple
passes providing multiple lesions taking several
hours to perform a single lesion, whereas cer-
vical facet joint nerve blocks with easy perfor-
mance except that the relief is half that of
radiofrequency neurotomy in duration with
success rate ranging from 85% to 92% at
12-month follow-up, showing level II evidence
with moderate strength of recommendation by
the American Society of Interventional Pain
Physicians (ASIPP) guidelines utilizing one RCT
[30] and three observational studies [89–91].

Multiple guidelines and systematic reviews
basically considered most of the studies inclu-
ded in the present systematic review and meta-
analysis. Consequently, it is crucial to review
the clinical characteristics of included random-
ized and observational studies.

Among the RCTs, van Eerd et al. [25] was the
only trial assessing the efficacy and long-term
effect of radiofrequency denervation in patients
with clinically diagnosed cervical facet joint
pain. They compared radiofrequency denerva-
tion plus an injection of bupivacaine with the
injection of bupivacaine alone, with a sham
radiofrequency neurotomy treatment in 76
patients. In this study, a single lesion was pro-
duced with a 5 cm needle with a 5 mm active
tip. The results were positive in the intervention
group showing 55.6% with greater than 30%
pain decrease versus 51.3% in the control group
with no significant difference. The Neck Dis-
ability Index was 15 ± 8.7% in the intervention
group compared with 16.5 ± 7.2% in the local
anesthetic group. However, the median time to
end of the treatment success for patients in the
radiofrequency group was 42 months compared
to 12 months in the bupivacaine group with
significant difference. This study illustrates the
importance of local anesthetic alone blockade
with significant improvement noted at
3 months, 6 months, and up to 1 year. This was
described extensively by Manchikanti et al.
[29, 30] in multiple studies with an average
relief of 14–16 weeks. However, this study [25] is
limited with assessment of 30% pain decrease
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instead of 50% or higher decrease in pain and
improvement in function.

Lord et al. [33] performed the first RCT uti-
lizing a sham control of percutaneous radiofre-
quency neurotomy producing multiple lesions
in patients with chronic zygapophysial joint
pain developing after whiplash injury. They
studied 12 patients in each group (n = 24) with
identification of the source of pain with the use
of a double-blind, placebo-controlled, local
anesthesia with 100% relief as the criterion
standard. The results showed that the median
time that elapsed before pain returned to at
least 50% of the preoperative level was 263 days
in the active treatment group and 8 days in the
control group (p = 0.04). They also showed that
at 27 weeks, seven patients (58%) in the active
treatment group were free of pain. The technical
details included use of a 10 cm, 22-gauge elec-
trode with a 4 mm exposed tip introduced in
two planes and producing 5–6 lesions to
accommodate possible variation in the course
of the nerve. The duration of the procedure has
been described as 3 h per patient [71]. They also
reported that six patients (50%) in the control
group and 3 (25%) in the active treatment
group had a return of their accustomed pain in
the period immediately after the procedure.
While major advantages of this trial include
meticulous selection of the patients and metic-
ulous technique, at the same time, multiple
disadvantages include the small sample, even
though justified by sample size calculations,
long duration for operation time of 3 h per
patient, and 5–6 lesions at each level, which is
not a clinically reliable practice.

Stovner et al. [72] assessed radiofrequency
denervation of facet joints at C2–C6 in cer-
vicogenic headache in a randomized, double-
blind, sham-controlled study, with randomiza-
tion of six patients into each group. The treat-
ment group received radiofrequency neurotomy
with 3–4 lesions with a 50 mm, 22-gauge nee-
dle. They injected 1 mL of local anesthetic, then
produced 3–4 lesions. Overall, two patients
showed greater than 50% improvement in each
group at 3 months. Multiple drawbacks in this
study include the lack of inclusion criteria for
diagnostic blocks, extremely small sample size,
and producing 3–4 lesions.

Haspeslagh et al. [73] also evaluated the
effectiveness of cervical radiofrequency lesion-
ing in an RCT. The authors included 30 patients
with cervicogenic headache according to the
Sjaastad diagnostic criteria. They randomized
30 patients into two equal groups receiving
either radiofrequency treatments with cervical
facet joint denervation followed by cervical
dorsal root ganglion lesions when necessary or
injection of local anesthetic with steroid of the
greater occipital nerve, followed by transcuta-
neous electrical nerve stimulation (TENS) when
necessary. Group 1 with radiofrequency neuro-
tomy and cervical dorsal root ganglion neuro-
tomy preceded by local anesthetic injection
showed improvement with reduction of the
mean VAS of at least 2 points and/or global
perceived effect of ? 2 or ? 3 with a success rate
of 66.7% at 16 weeks, while the success rate was
53.3% in the local anesthetic and TENS group.
Utilizing the same criteria, at 1-year follow-up,
the authors found the improvement was 53.3%
in group 1 and 46.7% in group 2. A large num-
ber of patients were withdrawn, or data was not
available. Consequently, this was judged to be a
negative trial.

Wallis et al. [71] evaluated the role of pain
relief and radiofrequency neurotomy in the
resolution of psychological distress of patients
with whiplash, 3 months after the procedure.
The study sample was derived from Lord et al.’s
[33] radiofrequency study. Of the 24 patients in
that study, they used 17 patients with a single
painful cervical zygapophysial joint. All patients
with complete pain relief exhibited resolution
of their preoperative psychological distress,
whereas all but one of the patients without pain
relief remained unrelieved and continued to
suffer from psychological distress.

Among the observational studies meeting
inclusion criteria, Speldewinde [35] evaluated
151 patients undergoing cervical radiofre-
quency neurotomy. This is a single-author,
single-practice data collection. The selection
criterion was at least 80% pain relief following
the controlled, comparative local anesthetic
blocks. Outcome assessment was appropriate.
Speldewinde assigned patients from 2001 to
2007 as cohort A and 2007 to 2009 as cohort B.
There were 104 patients in cohort A and 47 in
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cohort B, with a total of 151 patients. The basis
for the cohort was that a 22-gauge, 10 cm active
tip was used during the earlier periods and that
was then changed to an 18-gauge cannula. The
conventional radiofrequency neurotomy was
provided at 80 �C for 90 s in the early cohort
with 18-gauge cannula at 80 �C for 60 s in the
second cohort. Speldewinde also produced a
minimum of three contiguous burns to each
target nerve. Overall, Speldewinde reported
significant improvement of greater than 50% in
76% of the patients with 79% of patients in
cohort A and 85% of the patients in cohort B
with the large needle and shortened radiofre-
quency neurotomy time. Successful patients
were reported to have relief for more than
18 months, with an average duration of
27.5 months and a range of 18–68 months. The
author also assessed psychological and func-
tional status improvement which was signifi-
cantly improved in patients with successful
pain relief.

MacVicar et al. [36] studied a total of 104
patients selected from two separate practices.
Inclusion criteria were based on complete relief
of pain following controlled diagnostic medial
branch blocks. They included strict outcome
measures with successful outcome defined as
complete pain relief of pain or at least 80% relief
for at least 6 months, with complete restoration
of activities of daily living, with no need for any
further health care and return to work. They
utilized a 16-gauge cannula with 10 cm active
tip and produced at least three lesions at 80 �C
and 85 �C for 90 s with the time to complete the
operation of 2 h for a single facet joint and 1.5 h
to complete the treatment of the third occipital
nerve. Sixty-six percent of subjects met the
treatment objective at 6 months. The authors
have not reported any complications.

Sapir and Gorup [41] evaluated radiofre-
quency medial branch neurotomy in litigant
and nonlitigant patients with cervical whiplash.
The inclusion criteria were based on at least
80% pain relief following diagnostic medial
branch blocks. Overall, 50 patients met the
inclusion criteria, and 46 patients completed
the study. A total of 32 litigants and 18 nonlit-
igants were included. The overall reductions in
cervical whiplash symptoms and VAS pain

scores were significant, both immediately after
the treatment and after 1-year follow-up. The
improvement was better after 1 year post treat-
ment with NRS scores with nonlitigants vs. lit-
igants of 2.5 vs. 3.6. The authors postulated that
the difference between litigants and nonliti-
gants in the degree of symptomatology is
response to treatment; however, it did not reach
significance. Thirteen of the 32 litigant patients
settled their case after the treatments. However,
they also had pain recur 1 year after the treat-
ment. Overall, 21 patients reported recurrence
of pain within 1 year. Time to recurrence
defined as 50% return of pain was
8 ± 2 months.

Among other observational studies, Shin
et al. [39] studied 28 patients with conventional
radiofrequency neurotomy reporting improve-
ment in 68% of patients. Barnsley [38] assessed
the role of percutaneous radiofrequency neu-
rotomy for chronic neck pain with evaluation of
outcomes in a series of consecutive patients.
The results showed 36 of 45 assessable proce-
dures (80%) achieved significant pain relief with
36 weeks of mean relief; 74% of the patients
achieved 100% pain relief. Only one serious
adverse event with local infection was reported.

In a recent comparative effectiveness study
[44] clinical outcomes and cost utility of thera-
peutic medial branch blocks with radiofre-
quency neurotomy in managing chronic neck
pain of facet joint origin were published. In this
study with the main outcome being NRS, sig-
nificant improvement was defined as at least
50% improvement in pain relief. In this study,
132 patients receiving cervical medial branch
blocks and 163 patients with cervical radiofre-
quency neurotomy were included. One hun-
dred and seven patients in the cervical medial
branch group and 105 patients in the radiofre-
quency group completed 1-year follow-up.

The maximum number of procedures in the
medial branch blocks was four per year, whereas
that in the radiofrequency neurotomy group
was two per year administered at 3 or 6 months,
if medically needed with adequate relief of 3 or
6 months with each procedure. The results
showed significant improvement reported
in100%, 94%, and 81% of the patients in the
medial branch blocks group compared to 100%,
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69%, and 64% in the radiofrequency neuro-
tomy group at 3, 6, and 12-month follow-up,
respectively, with significant differences noted
at 6 and 12 months. They also performed cost
utility analysis showing an average cost per
quality-adjusted life-year (QALY) of $4994 for
cervical medial branch blocks compared to
$5364 for cervical radiofrequency neurotomy.
Interestingly, in this study, 6 of 132 patients (or
5%) in the cervical medial branch group and 53
of 163 (or 33%) of the patients in the cervical
radiofrequency neurotomy group were con-
verted to other treatments, either because of
side effects (6 patients or 4%) or inadequate
relief (47 patients or 29%).

Among the remaining studies meeting the
inclusion criteria, four of them studied head-
ache [40, 77, 86, 87] whereas one study included
patients with headache as well as neck pain
[42]. Two studies from the same group of
authors involving the same data focused on
modulation of facet joint nociception and
reduction of psychological features in individ-
uals with chronic whiplash syndrome in a
prospective assessment [75, 76].

Facet joint interventions showed an overall
2.9% annual increase from 2010 to 2019 com-
pared to annual increases of 14.2% from 2000 to
2010, with 19.3% COVID-19 pandemic-related
decline from 2019 to 2020. In addition, the
analysis of expenditures for facet joint inter-
ventions in the Medicare population [58] also
showed an increase in expenditures of 79%
from 2009 to 2018 in the form of total cost for
facet joint interventions. Inflation-adjusted
costs with 2018 US dollars, however, showed an
overall increase of 53% instead of 79% with an
annual increase of 4.9%. Further, cervical facet
joint injection procedures increased by 2%
annually from 2010 to 2019, whereas cervical
radiofrequency neurotomy procedures
increased by 8.9%. In comparison, lumbosacral
facet joint blocks increased at an annual rate of
0.8% from 2010 to 2019, whereas radiofre-
quency neurotomy procedures during the same
period increased 7.4%. During the COVID-19
pandemic overall facet joint interventions
decreased 19.3%, with cervical/thoracic facet
joint blocks decreasing 20.2%, lumbar/sacral
facet joint blocks decreasing 20.7%, with

cervical/thoracic facet neurolysis decreasing
14.1%, and lumbosacral facet neurolysis proce-
dures decreasing 7.3% [59]. In contrast, epidural
procedures showed an overall decrease of infla-
tion-adjusted costs of 2%, whereas prior to
inflation adjustment, total expenditures
increased by 14.6%, an annual increase of 1.5%
[54]. Spinal cord stimulation procedures also
increased in utilization and costs; however,
utilization of percutaneous adhesiolysis proce-
dures and vertebral augmentation procedures
have declined significantly [55, 57]. In addition,
recent evaluations assessing the impact of the
COVID-19 pandemic showed a 18.7% reduction
in overall interventional techniques from 2019
to 2020 [59].

With changes in policies in the USA and
emerging guidelines, it is conceivable that
radiofrequency neurotomy will increase much
faster while intraarticular injections and medial
branch blocks will continue to decline [92, 93].
As with very few systematic reviews available on
this cervical radiofrequency neurotomy proce-
dure and multiple other systematic reviews and
meta-analysis, the value and validity of this
publication is only as reliable as the validity of
the primary studies included. As described ear-
lier, the majority of the studies in this system-
atic review and meta-analysis are observational
studies with a single high-quality RCT [33] with
a small number of patients (12 in sham, 12 in
intervention), the remaining were observational
studies. Consequently, numerous issues have
been highlighted in reference to systematic
reviews in interventional pain management.
These have been discussed in guidelines and
multiple other systematic reviews extensively
[3, 5, 26–28, 31, 32, 34, 94–103]. Significant
discussions continue with descriptions of pla-
cebo and inappropriately converted placebo
analysis of active control trials. Manchikanti
et al. [98] have shown sodium chloride solution
injected into the epidural space is not a placebo.
Similarly, it has been widely publicized that
epidural injection of local anesthetic is an active
agent with only short-term differences in
improvement with local anesthetic alone com-
pared to local anesthetic with steroids [26–28].
Ironically, in contrast to numerous descrip-
tions, the manuscripts included in this analysis
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showed similar improvement with local anes-
thetic injection compared to radiofrequency
neurotomy, however, requiring early repeat
injections similar to a short-acting compared to
a long-acting drug or any other technique. It is
also crucial that real-world evidence be applied
in analysis of the evidence with higher clinical
relevancy. The majority of the trials and studies
included in this analysis showed only moderate
clinical relevance due to extensive lesioning
and time-consuming techniques. Dal-Ré et al.
[69] discussed the issues related to real-world
evidence focusing on pragmatic RCTs in con-
trast to explanatory RCTs, which are used to test
hypotheses on whether the intervention causes
an outcome of interest in ideal circumstances;
pragmatic RCTs aim to provide information on
the relative merits of real-world clinical alter-
natives in routine care. A critical aim of an
explanatory RCT is to ensure internal validity
(prevention of bias), in contrast to a pragmatic
RCT which focuses on maximizing external
validity (generalizability of the results to many
real-world settings), preserving internal validity
as much as possible. Dal-Ré et al. also noted that
a genuinely pragmatic RCT should fulfill at least
two fundamental features, including conduct of
the study resembling usual clinical practice and
the results being applicable clinically to multi-
ple other settings.

It is crucial in interventional pain manage-
ment to identify real-world trials with high
clinical applicability. This is the first systematic
review comparing cervical radiofrequency in
assessing cervical radiofrequency neurotomy
utilizing a single-arm meta-analysis. Single-arm
meta-analysis essentially showed significant
improvement with conventional radiofre-
quency neurotomy. Even though not well
appreciated, single-arm analysis should be made
a crucial part of meta-analysis in elucidating the
effectiveness of both groups and real-world
RCTs.

CONCLUSION

This systematic review provided level II evi-
dence for the short-term and long-term effec-
tiveness of radiofrequency neurotomy in

managing neck pain with a diagnosis of facet
joint pain with dual control diagnostic blocks
with at least 80% criterion standard for diag-
nosis. However, the evidence is level III–IV for
radiofrequency neurotomy in managing head-
aches. Further, the literature is extremely scant
in assessing efficacy or effectiveness of
radiofrequency neurotomy in the cervical spine
with extremely small sample sizes.
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69. Dal-Ré R, Janiaud P, Ioannidis JPA. Real-world evi-
dence: How pragmatic are randomized controlled
trials labeled as pragmatic? BMC Med. 2018;16(1):
49. https://doi.org/10.1186/s12916-018-1038-2.

70. van Eerd M, de Meij N, Dortangs E, et al. Long-term
follow-up of cervical facet medial branch radiofre-
quency treatment with the single posterior-lateral
approach: an exploratory study. Pain Pract.
2014(1);14:8–15. https://doi.org/10.1111/papr.
12043.

71. Wallis BJ, Lord SM, Bogduk N. Resolution of psy-
chological distress of whiplash patients following
treatment by radiofrequency neurotomy: a ran-
domised, double-blind, placebo-controlled trial.
Pain. 1997;73(1):15–22. https://doi.org/10.1016/
s0304-3959(97)00060-2.

72. Stovner LJ, Kolstad F, Helde G. Radiofrequency
denervation of facet joints C2–C6 in cervicogenic
headache: a randomized, double-blind, sham-con-
trolled study. Cephalalgia. 2004;24(10):821–30.
https://doi.org/10.1111/j.1468-2982.2004.00773.x.

73. Haspeslagh SR, Van Suijlekom HA, Lamé IE, Kessels
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