
Background: Chronic axial spinal pain is a major cause of disability. The literature shows that 
expenditures related to low back and neck pain and other musculoskeletal disorders continue 
to rise, not only due to disability but also due to increasing healthcare costs, accounting for 
the highest expenditure among various disease categories. Based on current evidence utilizing 
controlled diagnostic blocks, facet joints, nerve root dura, and sacroiliac joints have been identified 
as potential sources of spinal pain. Therapeutic facet joint interventional modalities for axial 
spinal pain include radiofrequency ablation, therapeutic facet joint nerve blocks, and therapeutic 
intraarticular injections.

Objective: The objective of this systematic review and meta-analysis is to evaluate the effectiveness 
of radiofrequency ablation as a therapeutic modality in managing chronic axial spinal pain of facet 
joint origin.

Study Design: A systematic review and meta-analysis of randomized controlled trials (RCTs) 
utilizing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
checklist.

Methods: The available literature on radiofrequency ablation in axial spinal pain was reviewed. 
The quality assessment criteria utilized included the Cochrane review criteria to assess risk of bias 
and the Interventional Pain Management Techniques – Quality Appraisal of Reliability and Risk of 
Bias Assessment (IPM-QRB) for randomized therapeutic trials. The evidence was graded according 
to the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) criteria. 
The level of evidence was determined based on best evidence synthesis with modified grading of 
qualitative evidence from Level I to Level V.

A comprehensive literature search of multiple databases from 1966 to June 2025, including manual 
searches of the bibliographies of relevant review articles, was performed. Quality assessment of 
the included studies and best evidence synthesis were incorporated into both qualitative and 
quantitative analyses.

Outcome Measures: The primary outcome measure was the proportion of patients achieving 
significant pain relief and functional improvement of greater than 50% for at least 6 months. 
Duration of relief was categorized as short-term (less than 6 months) and long-term (greater than 
6 months).

Results: This assessment identified 17 RCTs, including 14 high-quality and 3 moderate-quality 
studies based on Cochrane criteria, and 11 high-quality and 6 moderate-quality studies based 
on IPM-QRB criteria. Based on the GRADE assessment, 8 trials demonstrated at least moderate 
levels of impact and certainty, whereas 7 trials showed low impact with low certainty, and 2 trials 
demonstrated very low impact and certainty.
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A A 2024 report by the National Center for 
Health Statistics (NCHS) (1) on chronic and 
high-impact chronic pain in U.S. adults 

during 2023 found that these conditions were the 
primary reasons adults sought medical care. Chronic 
pain is associated with reduced quality of life, opioid 
misuse, increased anxiety and depression, and unmet 
mental health needs. According to the report, 24.3% of 
adults experienced chronic pain, while 8.5% reported 
high-impact chronic pain during the past 3 months in 
2023, an increase from 2019 figures of 20.4% and 7.4%, 
respectively (1).

Further, an evaluation by Zajacova et al (2) as-
sessing pain among U.S. adults before, during, and 
after the COVID-19 pandemic using 2019 to 2023 Na-
tional Health Interview Survey (NHIS) data showed that 
chronic pain prevalence increased from 20.5% in 2019 
to 24.3% in 2023, representing an 18% increase over 
the study period. In addition, high-impact chronic pain 
prevalence, which was 7.5% in 2019, increased to 8.5% 
in 2023, a 13% overall increase. The 2023 increases 
were widespread across all population subgroups. 
Long COVID accounted for approximately 13% of the 
observed increase in both chronic pain and high-impact 
chronic pain between 2019 and 2023. Thus, in 2023, an 
estimated 60 million Americans experienced chronic 
pain and 21 million experienced high-impact chronic 
pain, the highest prevalence recorded in NHIS.

Additional contributing factors include rising obe-
sity rates (3,4) and the adverse effects of nicotine use (5). 
Chronic pain remains one of the most prevalent health 
conditions associated with nicotine use. The prevalence 
of combustible nicotine product use among individuals 
with chronic pain is more than double that observed 
in the general population, ranging from 28% to 68%. 
Among those receiving treatment for chronic pain, 
dual users of cigarettes and e-cigarettes demonstrated 

higher levels of anxiety, depression, pain-related dis-
ability, and opioid medication use (5).

Chronic axial spinal pain, whether associated with 
extremity pain, chest wall pain, or headaches, remains 
one of the leading causes of disability and healthcare 
expenditures in the United States and worldwide (6-
27). Studies on U.S. health and disability trends (28), as 
well as cost analyses related to low back and neck pain 
and other musculoskeletal disorders (28,29), highlight 
the growing burden of disability and escalating health-
care costs. These conditions consistently rank among 
the highest in disease-related expenditures.

Pain prevalence varies by spinal region, with the 
lumbar spine most commonly affected (43%), followed 
by the cervical (32%) and thoracic spine (13%) (30). The 
one-year prevalence of low back and neck pain ranges 
from 22% to 65%, while lifetime prevalence reaches 
84% for low back pain and 67% for neck pain. Chronic 
spinal pain persists for more than one year in up to 
60% of patients, even after conservative treatment or 
surgery (8).

In a 2024 study, Williamson et al (31) evalu-
ated persistent back pain in community-dwelling older 
adults and found that 77% continued to report back 
pain after 2 years; 25% reported leg pain, and 14% 
experienced severe back pain that interfered with 
daily activities. These findings are consistent with the 
2023 NCHS survey data (1). Furthermore, 41.2% of 
participants reported no change in symptoms over 2 
years, and 17.1% reported worsening symptoms. Five 
key factors were associated with severe pain limitations 
at follow-up, including pain characteristics, confidence 
in walking, and attitudes toward activity in later life.

Individuals with chronic low back or neck pain are 
approximately 3 times more likely to have comorbid 
conditions compared to the general population (32). 
These spinal disorders are closely associated with 

Limitations: Despite the availability of multiple studies, the relative paucity of high-quality 
literature remains a major limitation.

Conclusion: Based on this systematic review and meta-analysis of 17 RCTs, the evidence is Level II 
with moderate certainty and a moderate strength of recommendation for the use of radiofrequency 
ablation in managing chronic axial spinal pain of facet joint origin.
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physical functional decline and increased mental health 
conditions, including depression, generalized anxiety 
disorder, and somatization (9,31,33).

Based on current literature, controlled diagnostic 
blocks have identified intervertebral discs, facet joints, 
nerve root dura, and sacroiliac joints as potential 
sources of spinal and extremity pain (9,34-36). Updated 
best evidence synthesis of the diagnostic utility of facet 
joint nerve blocks for facet joint interventions in the 
management of chronic spinal pain has shown that 
the prevalence of facet joint pain ranges from 16% 
to 45% with estimated false-positive rates of 25% to 
50% and 75% to 80% pain relief in the lumbar spine. 
In the cervical spine, prevalence ranges from 36% to 
67% with false-positive rates of 26% to 63% using ≥ 
80% pain relief as the standard. In the thoracic spine, 
prevalence ranges from 34% to 48% with false-positive 
rates of 42% to 58% using 80% or higher pain relief as 
the standard. Among interventional options for man-
aging axial spinal pain originating from facet joints, 3 
primary modalities are utilized: radiofrequency abla-
tion, intraarticular injections, and therapeutic facet 
joint nerve blocks (9). Of these, intraarticular injections 
are used occasionally, whereas facet joint nerve blocks 
are predominantly used for diagnostic evaluation with 
controlled blocks (9,34).

Despite advances in diagnostic understanding, 
the use of interventional techniques for diagnosing 
and treating facet joint pain remains controversial (7-
25,34-55). Several publications have reported a slowing 
of procedural growth trends across the United States 
(40-48). Multiple studies have evaluated diagnostic ac-
curacy, clinical effectiveness, and cost utility, with many 
demonstrating favorable outcomes (7-25,34-56).

Comprehensive guidelines (9) have systematically 
evaluated the evidence for interventional strategies 
in the management of facet joint pain, including ra-
diofrequency ablation. For radiofrequency ablation, 
the level of evidence ranges from Level II, represent-
ing moderate strength of recommendation, to Level 
V, representing weak strength of recommendation for 
long-term improvement.

In addition to these comprehensive guidelines (9), 
consensus guidelines have been published by Hurley et 
al (11) and Cohen et al (10). These consensus statements 
concluded that cervical medial branch radiofrequency 
ablation may provide benefit in well-selected patients, 
with medial branch blocks being more predictive than 
intraarticular injections. They also noted that stricter 
selection criteria may improve denervation outcomes, 

although at the expense of increased false negatives 
and lower overall success rates.

Multiple systematic reviews have also been 
published with discordant findings (8,10,13-26). Con-
sequently, a systematic review and meta-analysis of 
randomized controlled trials (RCTs) was conducted to 
evaluate the clinical effectiveness of facet joint nerve 
radiofrequency ablation in managing chronic axial 
spinal pain of facet joint origin, including the cervical, 
thoracic, and lumbar spine.

Methods

A systematic review and meta-analysis were con-
ducted in accordance with the methodological and 
reporting standards outlined by the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (57). Additional methodological 
approaches from previous reviews were also incorpo-
rated (7,13,58-64).

Objectives
The objective of this systematic review and meta-

analysis of RCTs was to evaluate the efficacy and effec-
tiveness of facet joint nerve radiofrequency ablation in 
the management of chronic axial spinal pain of facet 
joint origin, including the cervical, thoracic, and lumbar 
spine regions.

Eligibility Criteria
All RCTs evaluating radiofrequency ablation in the 

management of axial spinal pain with a minimum fol-
low-up period of 6 months were included. Studies were 
required to utilize either diagnostic blocks or clinical 
criteria to establish the diagnosis of facet joint pain.

Exclusion criteria included studies involving atlan-
tooccipital or atlantoaxial joints or headache only, as 
well as sacroiliac joint radiofrequency ablation. In addi-
tion, intraarticular and pulsed radiofrequency interven-
tions were excluded.

Information Sources
A comprehensive literature search was performed 

to identify relevant RCTs conducted in all countries 
and published in any language. The search was ex-
ecuted across multiple databases without language 
restrictions.
1.	 PubMed from 1966 https://pubmed.ncbi.nlm.nih.

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

com/
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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 October 
2025.

Search Strategy
The search strategy focused on chronic axial 

spinal pain treated with radiofrequency ablation of 
facet joints. The search terms included: ((((((spinal 
pain, chronic low back, neck, mid back, and upper 
back pain) OR chronic neck pain OR chronic low back 
pain OR chronic thoracic pain) OR facet joint pain) 
OR post lumbar surgery syndrome, post cervical sur-
gery syndrome, post thoracic surgery syndrome) OR 
zygapophysial)) AND ((((facet joint) OR zygapophy-
seal) OR zygapophysial) OR facet joint nerve block OR 
intraarticular injection OR radiofrequency ablation, 
neurolysis or neurotomy, randomized trials, systematic 
review, meta-analysis).

Data Selection
Two review authors (LM and ADK) independently 

developed the search criteria, conducted the literature 
search, and extracted data from the selected studies. 
Any disagreements between the two authors were 
resolved through consultation with a third author 
(MRS). To address potential conflicts of interest involv-
ing reviewers who are also co-authors of this article, 
such disagreements were reassigned to independent 
reviewers for resolution.

Study of Risk of Bias and Methodological 
Quality Assessment

The included RCTs were evaluated for method-
ological quality and risk of bias using 2 established 
criteria: the Cochrane Review Criteria (Appendix 
Table 1) (65) and the Interventional Pain Manage-
ment Techniques – Quality Appraisal of Reliability 
and Risk of Bias Assessment (IPM-QRB) (Appendix 
Table 2) (66).

Trials that met the inclusion criteria and received a 
score of 9 or higher out of 13 based on the Cochrane 
review criteria (65) were classified as high quality. Trials 
scoring between 5 and 8 were categorized as moderate 

quality, while those scoring below 5 were considered 
low quality and excluded from the analysis.

All included trials were also evaluated using the 
IPM-QRB criteria (66). Studies scoring between 32 and 
48 were considered high quality, those with scores from 
16 to 31 were rated as moderate quality, and studies 
scoring below 16 were classified as low quality and 
excluded from the analysis.

Assessment Utilizing Grading of 
Recommendations, Assessment, 
Development and Evaluation (GRADE) 
Criteria

The Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) framework is a 
transparent and systematic approach for summarizing 
evidence and formulating clinical practice recommen-
dations (67,68). It is the most widely adopted tool for 
assessing the quality of evidence and guiding recom-
mendations in healthcare.

GRADE categorizes evidence into 4 levels of cer-
tainty, also referred to as the quality of evidence: very 
low, low, moderate, and high, as outlined in Table 1. 
The certainty of evidence is determined by factors such 
as risk of bias, imprecision, inconsistency, indirectness, 
and publication bias. These factors may either increase 
or decrease confidence in the evidence. The reasons for 
upgrading or downgrading the certainty of evidence 
are summarized in Table 2.

The methodological quality of the trials and 
GRADE appraisal were independently conducted by 
two authors (LM and ADK) in an unblinded manner. 
In cases of disagreement, a third author (MRS) was 
consulted to resolve the conflict. When a conflict of 
interest related to study authorship was identified, 
the involved authors were excluded from the quality 
assessment of those specific studies.

Outcome Measures
An outcome was considered clinically significant if 

there was a reduction of 2 points on the Visual Analog 
Scale (VAS) or Numeric Rating Scale (NRS), or at least a 
50% reduction in pain accompanied by improvement 
in functional status. A study was considered positive 
and effective if the primary outcome was statistically 
significant, defined as P ≤ 0.05.

Table 3 presents the strength of recommendations 
based on the National Guideline Clearinghouse Extent 
of Adherence to Trustworthy Standards (NEATS) instru-
ment (69), as modified by the guideline panel (60-62).
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Analysis of Evidence
The evidence was evaluated using both qualita-

tive and quantitative synthesis methods. Quantitative 
synthesis was conducted through conventional meta-
analysis and single-arm meta-analysis approaches.

Qualitative Analysis
The qualitative analysis of the evidence was 

conducted using a modified best-evidence synthesis 
approach, incorporating multiple criteria, including 
the Cochrane Review criteria and the United States Pre-

Table 1. GRADE certainty ratings.

Certainty What it means

Very low The true effect is probably markedly different from 
the estimated effect

Low The true effect might be markedly different from the 
estimated effect

Moderate The authors believe that the true effect is probably 
close to the estimated effect

High The authors have a lot of confidence that the true 
effect is similar to the estimated effect

Source: BMJ Best Practice. Evidence-based medicine (EBM) toolkit. 
Learn EBM. What is GRADE? Accessed 1/27/2026. https://bestprac-
tice-bmj-com.bibliotheek.ehb.be/info/evidence/learn-ebm/what-is-
grade/ (68)

Certainty can be rated down 
for:

Certainty can be rated up 
for:

•	 Risk of bias
•	 Imprecision
•	 Inconsistency
•	 Indirectness
•	 Publication bias

•	 Large magnitude of effect
•	 Dose-response gradient
•	 All residual confounding 

would decrease magnitude 
of effect (in situations with 
an effect)

Table 2. Reasons rate certainty in evidence up or down.

Source: BMJ Best Practice. Evidence-based medicine (EBM) toolkit. 
Learn EBM. What is GRADE? Accessed 1/27/2026. https://bestprac-
tice-bmj-com.bibliotheek.ehb.be/info/evidence/learn-ebm/what-is-
grade/ (68)

Table 3. Guide for strength of  recommendations as modified for American Society of  Interventional Pain Physicians (ASIPP) 
guidelines.

Rating for Strength of  Recommendation

Strong

There is high confidence that the recommendation reflects best practice. This is based on: a) strong evidence for a true net effect 
(e.g., benefits exceed harms); b) consistent results, with no or minor exceptions; c) minor or no concerns about study quality; 
and/or d) the extent the panelists’ agreement. Other compelling considerations (discussed in the guideline’s literature review and 
analyses) may also warrant a strong recommendation. 

ASIPP Adaptation: Consensus was achieved that there is high certainty that the net benefit is substantial providing strong 
recommendation.

Recommendation: Strong

Moderate

There is moderate confidence that the recommendation reflects best practice. This is based on: a) good evidence for a true 
net effect (e.g., benefits exceed harms); b) consistent results, with minor and/or few exceptions; c) minor and/or few concerns 
about study quality; and/or d) the extent of panelists’ agreement. Other compelling considerations (discussed in the guideline’s 
literature review and analyses) may also warrant a moderate recommendation. 

ASIPP Adaptation: Consensus was achieved that there is high certainty that the net benefit is moderate or there is moderate 
certainty that the net benefit is moderate to substantial.

Recommendation: Moderate 

Weak

There is some confidence that the recommendation offers the best current guidance for practice. This is based on: a) limited 
evidence for a true net effect (e.g., benefits exceed harms); b) consistent results, but with important exceptions; c) concerns 
about study quality; and/or d) the extent of panelists’ agreement. Other considerations (discussed in the guideline’s literature 
review and analyses) may also warrant a weak recommendation. 

ASIPP Adaptation: The consensus achieved that there is potential improvement in certain individuals or groups of patients 
based on individual professional judgement and shared decision making.

Recommendation: Weak 

Adapted and modified from: Jue JJ, et al. Developing and Testing the Agency for Healthcare Research and Quality’s National Guideline Clearing-
house Extent of Adherence to Trustworthy Standards (NEATS) Instrument. Ann Intern Med 2019; 170:480-487 (69).
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ventive Services Task Force (USPSTF) criteria, as shown 
in Table 4 (70). The analysis categorized evidence into 
5 levels, ranging from strong evidence to opinion- or 
consensus-based evidence.

Quantitative Analysis

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

[Computer program], version 5.4, The Cochrane Collab-
oration, 2020, was used. Pain and functional improve-
ment outcomes were reported as standardized mean 
differences (SMD) with 95% confidence intervals (CI). 
Forest plots were generated to illustrate treatment ef-
fects using a random-effects model. Heterogeneity was 
assessed using the I² statistic.

Single-Arm Meta-Analysis
Software Comprehensive Meta-analysis ver-

sion 3.0 (Biostat Inc., Englewood, NJ) was used for 
single-arm meta-analysis. The SMD with 95% CI were 
reported for pain and improvement of function data. 
Data were plotted using forest plots to evaluate treat-
ment effects. Heterogeneity was interpreted using I2 
statistics.

Summary of Evidence
The evidence was synthesized using qualitative 

analysis and assessed according to GRADE criteria.
At least two review authors (LM and ADK) inde-

pendently analyzed the evidence in a standardized 
manner. Any disagreements were resolved by a third 
author (MRS) through consensus. In cases involving 
potential conflicts of interest, such as authorship, the 
reviewers in question were recused from the assess-
ment and analysis process. 

Results

Study Selection
Figure 1, based on 2020 PRISMA guidance (57), 

shows a flow diagram of the study selection using the 
PRISMA study selection process.

Based on the search criteria, 31 publications of 
RCTs (37,71-100) were identified, with inclusion of 17 
trials.

Methodologic Quality and Risk of Bias 
Assessment

Tables 5 and 6 present the methodological 
quality assessment and risk of bias of the 17 RCTs 
(37,72-77,81-85,87-91) meeting the inclusion criteria 
utilizing the Cochrane review criteria and the IPM-
QRB criteria. Assessment based on the Cochrane 
review criteria identified 14 RCTs as high-quality tri-
als, scoring at least 9 of 13 (72-77,81-85,87-89), and 
3 trials as moderate quality (37,90,91) with scores of 
5-8. However, based on the IPM-QRB instrument, 11 
(72,75-77,83-85,87-89,91) of 17 trials were rated as 
high quality with scores above 32 of 48, whereas 6 
trials (37,73,74,81,82,90) were categorized as moder-
ate quality with scores above 16.

Study Characteristics
Table 7 shows the characteristics and outcomes of 

the studies meeting inclusion criteria. 

Quantitative and Qualitative Analysis
Both quantitative and qualitative analyses were 

conducted for the studies that met the inclusion 
criteria.

Of the 17 RCTs (37,72-77,81-85,87-91), 5 were pla-
cebo-controlled (77,81-84) and 12 were active control 
(37,72-76,85,87-91).

Table 4. Qualitative modified approach to grading of  evidence of  therapeutic effectiveness studies.

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

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

Level III Fair

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

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

Level V Consensus based Opinion or consensus of large group of clinicians and/or scientists

Modified from: Manchikanti L, et al. A modified approach to grading of evidence. Pain Physician 2014; 17:E319-E325 (70).
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Quantitative Analysis

Dual-Arm Conventional Meta-Analysis

Six-Month Analysis
There were 6 trials (37,72-74,81,89) with 559 pa-

tients that compared radiofrequency ablation vs. con-
trol in a dual-arm meta-analysis at 6 months. Among 
these, one was a placebo or sham-controlled trial (81) 
with 40 patients. The results demonstrated a statisti-
cally significant difference in pain levels between the 
two groups [SMD -0.69 (-0.89, -0.50), P < 0.001] (Fig. 
2A).

There were 3 trials (37,72,73) with 339 patients 
that compared control vs. steroid group functionality 
in a dual-arm meta-analysis at 6 months. There were 
no placebo or sham control trials. The results did not 
show a statistically significant difference in functional 
outcomes between the two groups [SMD -0.28 (-0.50, 
-0.07), P = 0.90] (Fig. 2B).

Twelve-Month Analysis
There were 4 trials (37,73,74,89) with 463 patients 

that compared radiofrequency ablation vs. control in 
a dual-arm meta-analysis at 12 months. There were 
no placebo or sham control trials. The results demon-

Fig. 1. Flow diagram illustrating the literature used for evaluating radiofrequency ablation in managing spinal facet joint 
pain.



Pain Physician: May/June 2026; 29:205-240

212 	 www.painphysicianjournal.com

Ta
bl

e 
5.

 M
et

ho
do

lo
gi

ca
l q

ua
li

ty
 a

ss
es

sm
en

t o
f 

ra
nd

om
iz

ed
 tr

ia
ls

 o
f 

sp
in

al
 fa

ce
t j

oi
nt

 n
er

ve
 r

ad
io

fr
eq

ue
nc

y 
ab

la
ti

on
 u

ti
li

zi
ng

 C
oc

hr
an

e 
re

vi
ew

 c
ri

te
ri

a.
 

L
ak

em
ei

er
 

et
 a

l, 
20

13
 

(7
2)

M
cC

or
m

ic
k 

et
 a

l, 
20

23
 

(7
3)

Ci
ve

le
k 

et
 

al
, 2

01
2 

(7
4)

Jo
o 

et
 a

l, 
20

13
 (

76
)

Ju
ch

 e
t a

l, 
20

17
 (

37
)

N
at

h 
et

 a
l, 

20
08

 (
81

)

Te
ki

n 
et

 
al

, 2
00

7 
(8

2)

va
n 

W
ij

k 
et

, 2
00

5 
al

 
(8

3)

va
n 

K
le

ef
 

et
 a

l, 
19

99
 

(8
4)

Çe
ti

n 
&

 
Ye

kt
aş

, 
20

18
 (

85
)

M
cC

or
m

ic
k 

et
 a

l, 
20

19
 

(8
7)

Ra
nd

om
iz

at
io

n 
ad

eq
ua

te
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

C
on

ce
al

ed
 tr

ea
tm

en
t 

al
lo

ca
tio

n
Y

Y
Y

Y
N

Y
Y

Y
Y

Y
Y

Pa
tie

nt
 b

lin
de

d
Y

Y
N

Y
N

Y
Y

Y
Y

Y
Y

C
ar

e 
pr

ov
id

er
 

bl
in

de
d

N
N

N
N

N
Y

Y
Y

Y
N

N

O
ut

co
m

e 
as

se
ss

or
 

bl
in

de
d

N
N

U
Y

N
Y

Y
Y

Y
Y

Y

D
ro

p-
ou

t r
at

e 
de

sc
rib

ed
Y

Y
Y

Y
N

Y
Y

Y
Y

Y
Y

A
ll 

ra
nd

om
iz

ed
 

pa
rt

ic
ip

an
ts

 a
na

ly
ze

d 
in

 th
e 

gr
ou

p
Y

Y
Y

Y
N

Y
Y

Y
Y

Y
N

Re
po

rt
s o

f t
he

 st
ud

y 
fr

ee
 o

f s
ug

ge
st

io
n 

of
 

se
le

ct
iv

e 
ou

tc
om

e 
re

po
rt

in
g

Y
Y

Y
Y

N
Y

Y
Y

Y
Y

Y

G
ro

up
s s

im
ila

r a
t 

ba
se

lin
e 

re
ga

rd
in

g 
m

os
t i

m
po

rt
an

t 
pr

og
no

st
ic

 in
di

ca
to

rs

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y

C
o-

in
te

rv
en

tio
n 

av
oi

de
d 

or
 si

m
ila

r i
n 

al
l g

ro
up

s
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

C
om

pl
ia

nc
e 

ac
ce

pt
ab

le
 in

 a
ll 

gr
ou

ps
N

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Ti
m

e 
of

 o
ut

co
m

e 
as

se
ss

m
en

t i
n 

al
l 

gr
ou

ps
 si

m
ila

r
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

A
re

 o
th

er
 so

ur
ce

s 
of

 p
ot

en
tia

l b
ia

s n
ot

 
lik

el
y

U
Y

U
Y

Y
Y

U
Y

Y
Y

U

SC
O

RE
9/

13
11

/1
3

9/
13

12
/1

3
6/

13
13

/1
3

12
/1

3
13

/1
3

13
/1

3
12

/1
3

10
/1

3

Y 
= 

ye
s; 

N
 =

 n
o;

 U
 =

 n
uc

le
ar

So
ur

ce
: F

ur
la

n 
A

D
, e

t a
l; 

Ed
ito

ria
l B

oa
rd

 o
f t

he
 C

oc
hr

an
e 

Ba
ck

, N
ec

k 
G

ro
up

. 2
01

5 
U

pd
at

ed
 M

et
ho

d 
G

ui
de

lin
e 

fo
r S

ys
te

m
at

ic
 R

ev
ie

w
s i

n 
th

e 
C

oc
hr

an
e 

Ba
ck

 a
nd

 N
ec

k 
G

ro
up

. S
pi

ne
 (P

hi
la

 P
a 

19
76

) 2
01

5;
 4

0:
16

60
-1

67
3 

(6
5)

.



www.painphysicianjournal.com 	 213

RFA for Facet Joint Axial Spinal Pain

strated a statistically significant difference in pain levels 
between the two groups [SMD -0.46 (-0.69, -0.23), P < 
0.001] (Fig. 3).

Single-Arm Conventional Meta-Analysis 

Six-Month Analysis
Figure 4 shows the results of a single-arm meta-

analysis utilizing conventional radiofrequency ablation. 
There were 7 studies (37,72,74,82,85,87,88) used to as-
sess pain scores at 6 months using NRS. Among these, 
one was a placebo or sham-controlled trial (82) with 60 
patients. As shown in Fig. 4, the pooled mean differ-
ence in pain scores from baseline to 6-month follow-up 
was a decrease of 3.419 points (95% CI: -4.736 to -2.101, 
P < 0.0001).

Twelve-Month Analysis
Figure 5 shows the results of a single-arm meta-

analysis utilizing conventional radiofrequency abla-
tion. There were 4 studies (37,74,82,85) used to assess 
pain scores at 12 months using NRS. Among these, one 
was a placebo or sham-controlled trial (82) with 60 pa-
tients. As shown in Fig. 5, the pooled mean difference 

in pain scores from baseline to 12-month follow-up was 
a decrease of 4.190 points (95% CI: -5.748 to -2.632, P 
< 0.0001).

Assessment Utilizing GRADE Criteria 
Table 8 shows the assessment of GRADE criteria 

utilizing 5 levels of evidence and evaluating 5 factors: 
methodologic limitation, consistency, indirectness, im-
precision, and publication bias, with grading as high, 
moderate, low, or very low. Overall, 2 studies (77,81) 
demonstrated high-level evidence according to GRADE 
assessment, whereas 6 studies (72,82,84,85,88,89) 
were graded as moderate, and 9 studies (37,73-
76,83,87,90,91) were graded as low or very low.

Qualitative Analysis 
The evidence in this study was analyzed quali-

tatively using a best-evidence synthesis approach, 
incorporating multiple criteria, including the Cochrane 
Review and the USPSTF criteria outlined in Table 4. 
The analysis utilized 5 levels of evidence, ranging from 
strong to opinion or consensus based.

Qualitative analysis was based on the number of 
studies performed and their outcomes.

Moon et al, 
2013 (88)

Moussa 
& Khedr, 
2016 (89)

Song et al, 
2019 (90)

van Eerd 
et al, 2021 

(75)

Lord et al, 
1996 (77)

Xue et al, 
2020 (91)

Randomization adequate Y Y U Y Y Y

Concealed treatment allocation Y Y U Y Y N

Patient blinded Y Y N Y Y N

Care provider blinded Y N N Y Y N

Outcome assessor blinded Y Y Y Y Y N

Drop-out rate described Y Y N Y Y Y

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

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

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

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

Compliance acceptable in all groups N U Y Y Y Y

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

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

SCORE 9/13 10/13 6/13 13/13 13/13 7/13

Table 5 cont. Methodological quality assessment of  randomized trials of  spinal facet joint nerve radiofrequency ablation utilizing 
Cochrane review criteria. 

Y = yes; N = no; U = nuclear
Source: Furlan AD, et al; Editorial Board of the Cochrane Back, Neck Group. 2015 Updated Method Guideline for Systematic Reviews in the Co-
chrane Back and Neck Group. Spine (Phila Pa 1976) 2015; 40:1660-1673 (65).
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Based on GRADE criteria and results from the 
meta-analysis, the evidence is moderate, with a moder-
ate recommendation.

Summary of Evidence 
Based on qualitative and quantitative analyses 

with grading, the evidence is Level II with moder-
ate evidence, moderate certainty, and a moderate 
recommendation.

Discussion

In the present analysis, a total of 17 RCTs of radio-
frequency met the inclusion criteria (37,72-75,81-85,87-
89). All studies underwent quality assessment using 

both the Cochrane review criteria and the IPM-QRB in-
strument. Applying a best-evidence synthesis approach, 
incorporating both qualitative and quantitative analy-
ses along with the GRADE framework and clinical ap-
plicability criteria, the resulting evidence was found to 
be valuable, relevant, and clinically applicable.

Based on Cochrane review criteria, 14 trials were 
identified as high quality (72-77,81-85,87-89) and 3 as 
moderate quality (37,90,91). Using IPM-QRB criteria, 
11 trials were rated as high quality (72,75-77,83-85,87-
89,91) and 6 as moderate quality (37,73,74,81,82,91). 
The summary of evidence based on qualitative and 
quantitative analyses with GRADE assessment was 
Level II, representing moderate evidence with moder-

Fig. 3. Results of  12-month outcomes of  radiofrequency with pain relief.

Fig. 2. Outcome results of  radiofrequency ablation at 6-month follow-up with functionality.  A. 6 Months NRS radiofrequency 
ablation vs. control.  B. 6 Months Functionality (ODI) radiofrequency ablation vs. control.
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ate recommendation. These results are consistent with 
some previous analyses while differing from others. 
Numerous systematic reviews and meta-analyses have 
been published with varying conclusions. According 
to GRADE assessment, one trial demonstrated high 
impact with high certainty (77), one trial demonstrated 
moderate impact with high certainty (81), 6 trials 
were graded as moderate impact with moderate cer-
tainty (72,82,84,85,88,89), 7 trials showed low impact 

with low certainty (73,75,76,83,87,90,91), and 2 trials 
demonstrated very low impact with very low certainty 
(37,74). Based on qualitative and quantitative grading, 
the overall evidence is Level II with moderate evidence, 
moderate certainty, and a moderate recommendation.

Among the systematic reviews, the majority have 
focused on the lumbar spine, with relatively few stud-
ies addressing the cervical and thoracic spine.

Xu et al (20) compared radiofrequency ablation 

Fig. 5. Outcomes assess with single-arm meta-analysis on NRS at 12 months.

Fig. 4. Outcomes assessed with single-arm meta-analysis on NRS at 6 months.
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and corticosteroid injections for spinal facet and sac-
roiliac joint pain in a meta-analysis of 33 studies. Their 
findings demonstrated greater pain relief with radio-
frequency at 3 and 6 months, although no significant 
difference was observed at 12 months. For cervical facet 
pain, patients treated with corticosteroids had higher 
functional disability scores compared to those receiving 
radiofrequency ablation at 3 months, although the dif-
ference was not statistically significant.

Park et al (14) performed a systematic review and 
network meta-analysis of radiofrequency treatments 
for lumbar facet joint syndrome. Treatments were 
ranked using surface under the cumulative ranking 
curve (SUCRA) values. This analysis included 25 RCTs 
with 1,969 patients and demonstrated mixed quality 
regarding risk of bias, although most studies showed 
low risk in several domains. The results supported the 
effectiveness of medial branch thermal radiofrequency; 
however, endoscopic neurotomy ranked highest for 
pain reduction and Oswestry Disability Index (ODI) 
improvement at 1, 3, 6, and 12 months. At 1 and 6 
months, endoscopic ablation showed the highest 
SUCRA values for pain reduction, followed by medial 
branch thermal radiofrequency. However, only 2 stud-
ies (90,91) evaluated endoscopic ablation, with a total 
of 50 patients. Both studies were small, single-blinded, 
and single-center, and one study (90) utilized only a 
single diagnostic block.

Mazmudar et al (52) provided an economic evalu-
ation of lumbar spine facet interventions, including 
intraarticular injections, medial branch blocks, and 
radiofrequency ablation. Their 2020 review concluded 
that while evidence for intraarticular injections was 
limited, moderate evidence supported the use of me-
dial branch blocks and radiofrequency neurotomies.

Janapala et al (13) conducted a systematic review 
and meta-analysis of randomized trials evaluating the 
efficacy of lumbar facet joint radiofrequency ablation 
procedures in managing chronic low back pain and re-
ported Level II evidence for both short-term effective-
ness of 6 months or less and long-term effectiveness 
of 6 months or longer. Of the 12 trials (37,72,81-90) 
included in this analysis, 6 trials (81,82,84,85,89,90) 
demonstrated both short- and long-term effectiveness, 
4 trials (72,86-88) showed short-term effectiveness only, 
and 2 trials (83,88) demonstrated lack of effectiveness. 
The evidence analysis for efficacy was based on 5 pla-
cebo or sham-controlled trials (81-84,89), with one trial 
assessing short-term outcomes (81) and 4 trials assessing 
long-term outcomes (82-84,89). Among these, 3 trials 

demonstrated positive long-term outcomes (82,84,89), 
while one trial showed only short-term benefit (81). 
However, one trial (83) demonstrated negative results 
for both short-term and long-term outcomes. Con-
sequently, among the 5 studies, 3 showed long-term 
improvement and 4 showed short-term improvement. 
These findings were further supported by active-con-
trolled trials with single-arm meta-analysis.

However, among the studies with negative results, 
Juch et al (37) included 251 patients, with 126 pa-
tients in the control group. Despite several limitations 
(38,101-107), this study remains one of the important 
contributions in the literature. A second high-quality 
trial also demonstrated lack of significant improvement 
with radiofrequency ablation (83). Although positive 
outcomes were observed in 10 trials, the total number 
of patients undergoing conventional radiofrequency 
ablation in these studies was 296 of 717. In contrast, 
among the 2 negative trials (37,83), 162 of 332 patients 
underwent radiofrequency ablation. The negative tri-
als included larger patient populations than any of the 
individual positive studies. Consequently, the evidence 
is Level II, with positive results in 10 of the 12 trials and 
2 trials demonstrating negative findings.

There are additional systematic reviews with dis-
cordant conclusions. Maas et al (17) reported lack of 
effectiveness. Schneider et al (18) demonstrated ef-
fectiveness in patients achieving 100% pain relief using 
parallel needle placement, with improvement observed 
in approximately 57% of patients. Lee et al (19), in a 
meta-analysis, concluded that conventional radiofre-
quency denervation resulted in significant reduction in 
low back pain compared with sham procedures over a 
one-year period, based on analysis of 231 patients from 
multiple studies undergoing denervation procedures. 
Leggett et al (108), in an earlier systematic review, 
analyzed 6 sham-controlled RCTs conducted between 
1994 and 2008 and reported high variability in selec-
tion criteria and outcomes, leading to inconclusive ef-
fectiveness. In contrast, Poetscher et al (109) evaluated 
9 RCTs comparing radiofrequency treatment with other 
modalities and placebo and found that radiofrequency 
denervation was more effective than placebo and 
steroid injections, although they emphasized that the 
evidence should be interpreted with caution.

In the review by Janapala et al (13), 40% of the 
trials (5 of 12) compared cooled radiofrequency abla-
tion (CRFA) to sham procedures. The majority of the 
trials (7 of 12) compared CRFA to other interventions or 
different modes of radiofrequency ablation. Lakemeier 
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et al (72) compared CRFA with intraarticular facet joint 
steroid injections but evaluated only short-term ef-
fectiveness. This trial demonstrated positive results for 
both conventional radiofrequency and intraarticular 
steroid injections in the short term. Two trials (82,85) 
compared conventional radiofrequency with pulsed 
radiofrequency ablation, and in both studies conven-
tional radiofrequency showed positive results, whereas 
pulsed radiofrequency demonstrated limited effective-
ness. One trial (90) compared CRFA with endoscopic ab-
lation. In this study, both groups demonstrated positive 
outcomes in the short term and long term according 
to established criteria; however, the effectiveness of 
endoscopic ablation persisted beyond 2 years, whereas 
this was not observed in the CRFA group. Overall, CRFA 
appears to be effective in both short-term and long-
term management of chronic low back pain of facet 
joint origin.

From the meta-analysis, although there was no 
statistically significant difference in pain VAS scores be-
tween CRFA and sham procedures at 6-month follow-
up, there was a trend toward CRFA being more effec-
tive than sham. These findings may, in part, be related 
to the small sample sizes of the RCTs, with a cumulative 
sample size of only 160 patients, including 80 in each 
arm. Therefore, additional studies with larger patient 
populations are needed to establish the effectiveness 
of lumbar radiofrequency ablation. However, in single-
arm analysis, radiofrequency ablation using CRFA dem-
onstrated a statistically significant reduction in pain 
VAS scores at both 6-month and 12-month follow-up 
compared to baseline.

The comprehensive evidence-based guidelines for 
facet joint interventions (9) incorporated both random-
ized controlled trials and observational studies. In the 
lumbar spine, 11 trials (37,72,74,81-86,88,110) met in-
clusion criteria, with 9 trials (72,74,81,82,84-86,88,110) 
demonstrating positive evidence and 2 trials (37,83) 
showing lack of effectiveness, yielding Level II evidence 
with a moderate recommendation.

With respect to cervical radiofrequency ablation, 
the number of systematic reviews is limited to 2, along 
with 2 guidelines (9-11,16,27).

With respect to thoracic radiofrequency ablation, 
the number of systematic reviews is limited to one, 
along with one guideline (8,9).

Manchikanti et al (27) conducted a systematic 
review of RCTs and observational studies, along with 
meta-analysis of observational studies, evaluating the 
effectiveness of cervical radiofrequency ablation in 

managing chronic neck pain, and reported Level II evi-
dence for long-term effectiveness of 6 months or longer. 
For qualitative analysis, one RCT (77) with 12 patients 
in the treatment group and 8 positive observational 
studies (111-118) including 589 patients demonstrated 
positive outcomes with moderate to high clinical ap-
plicability. However, 2 studies (75,119) including 106 
patients showed negative results, one of which was an 
RCT with low clinical applicability and was downgraded 
based on GRADE criteria.

For quantitative analysis, while conventional 
meta-analysis was not feasible, single-arm analysis 
demonstrated positive results across all included stud-
ies (75,79,115,120,121) in both treatment and control 
groups, with significant reductions in pain scores from 
baseline to follow-up. Pain reduction ranged from 4.2 
and 4.8 points at 6 and 12 months, respectively, in the 
treatment group, and 4.7 and 4.9 points at 6 and 12 
months, respectively, in the control group. These im-
provements were achieved in most cases with repeat 
procedures across multiple studies. Overall success rates 
ranged from 42% to 74% at 6 months and 58% to 76% 
at 12 months. These findings were derived from stud-
ies utilizing stringent diagnostic criteria and multiple 
lesion techniques, often performed with large needles.

Engel et al (16), in a systematic review including 
RCTs and observational studies, reported variable out-
comes depending on selection criteria, including triple 
placebo-controlled medial branch blocks, dual com-
parative medial branch blocks, single medial branch 
blocks, intraarticular blocks, and clinical assessment 
alone. Greater pain relief was observed in patients se-
lected using triple placebo-controlled or dual compara-
tive medial branch blocks with 100% relief of index 
pain. The degree of relief was similar between triple 
and dual comparative blocks. Engel et al (16) reported 
a success rate of 52% (95% CI: 40 to 64) in patients 
selected using placebo-controlled blocks with inclusion 
of 64 patients, and 61% (95% CI: 52 to 70) in those se-
lected using comparative dual blocks with inclusion of 
125 patients, both achieving 100% pain relief. In con-
trast, with 75% relief using comparative blocks, pooled 
results from 234 patients showed a success rate of 31% 
(95% CI: 25 to 37) for complete relief, 44% (95% CI: 37 
to 51) for 80% relief, and 59% (95% CI: 52 to 66) for 
greater than 50% relief. Only one small study with 6 
patients evaluated comparative blocks, demonstrating 
a 50% success rate for greater than 50% relief and 17% 
for complete relief. Engel et al (16) reported complete 
relief rates up to 61% with an upper 95% CI of 70%, 
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but did not provide data on 50% success rates. Ad-
ditionally, multiple lesions were performed in several 
studies, often requiring multiple passes and extended 
procedural times.

Hurley et al (11), in consensus practice guidelines 
on cervical facet joint interventions, concluded that 
cervical medial branch radiofrequency ablation may 
provide benefit in well-selected patients, with medial 
branch blocks being more predictive than intraarticular 
injections. They also noted that more stringent selec-
tion criteria may improve denervation outcomes, 
although at the cost of increased false negatives and 
lower overall success rates.

Manchikanti et al (42) evaluated clinical outcomes 
and cost utility of therapeutic lumbar facet joint nerve 
blocks compared with radiofrequency ablation in 
managing chronic low back pain of facet joint origin. 
Clinical utility was higher with lumbar facet joint nerve 
blocks, with 96% and 79% achieving significant pain 
relief of ≥ 50% at 6 months, compared to 74% and 69% 
in the radiofrequency ablation group. Cost utility was 
similar between the two interventions, with $4,664 vs. 
$5,446 per quality-adjusted life year (QALY) for lumbar 
facet joint nerve blocks vs. radiofrequency ablation.

Overall, radiofrequency ablation demonstrates ef-
fectiveness in approximately 54% to 76% of patients, 
often requiring multiple passes and lesions with pro-
longed procedural time. In contrast, cervical facet joint 
nerve blocks are easier to perform, although the dura-
tion of relief is shorter, with success rates ranging from 
85% to 92% at 12-month follow-up. These findings 
correspond to Level II evidence with moderate strength 
of recommendation according to American Society of 
Interventional Pain Physicians (ASIPP) guidelines, based 
on one RCT (122) and 3 observational studies (123-125).

Manchikanti et al (8) conducted a systematic review 
evaluating medial branch blocks and radiofrequency 
ablation in managing chronic thoracic pain. With inclu-
sion of one RCT involving 20 patients in the treatment 
group and 5 observational studies, the evidence for 
radiofrequency ablation was Level III for thoracic pain. 
They concluded that there is Level II evidence for me-
dial branch blocks and Level III evidence for radiofre-
quency ablation for long-term management of chronic 
thoracic pain.

Among cervical RCTs, Lord et al (77) conducted a 
landmark RCT utilizing a sham-controlled design of 
percutaneous radiofrequency ablation with multiple 
lesions in patients with chronic zygapophysial joint 
pain following whiplash injury. The study included 12 

patients in each group (n = 24) and identified the pain 
source using double-blind, placebo-controlled local 
anesthetic blocks with 100% relief as the criterion stan-
dard. The results showed that the median time to return 
of pain to at least 50% of preoperative levels was 263 
days in the treatment group compared to 8 days in the 
control group (P = 0.04). At 27 weeks, 7 patients (58%) 
in the treatment group were pain-free. The technique 
involved a 10 cm, 22-gauge electrode with a 4 mm ex-
posed tip, placed in 2 planes to produce 5 to 6 lesions to 
account for anatomical variation. The procedure dura-
tion was approximately 3 hours per patient (80). The 
authors also reported that 6 patients (50%) in the con-
trol group and 3 patients (25%) in the treatment group 
experienced recurrence of pain immediately after the 
procedure. While the study’s strengths include rigorous 
patient selection and technical precision, limitations 
include small sample size, prolonged procedural time, 
and the requirement of multiple lesions at each level, 
which may not be practical in routine clinical settings.

van Eerd et al (75) conducted the second trial 
assessing the efficacy and long-term effects of ra-
diofrequency denervation in patients with clinically 
diagnosed cervical facet joint pain. They compared ra-
diofrequency denervation combined with bupivacaine 
injection to bupivacaine injection alone with sham 
radiofrequency ablation in 76 patients. In this study, a 
single lesion was created using a 5 cm needle with a 5 
mm active tip. The results were positive in the interven-
tion group, with 55.6% achieving greater than 30% 
pain reduction compared to 51.3% in the control group, 
without a statistically significant difference. The Neck 
Disability Index (NDI) was 15 ± 8.7% in the intervention 
group compared to 16.5 ± 7.2 in the local anesthetic 
group. However, the median duration of treatment 
success was 42 months in the radiofrequency group 
compared to 12 months in the bupivacaine group, 
which was statistically significant. This study highlights 
the importance of local anesthetic blockade alone, 
with significant improvement observed at 3 months, 6 
months, and up to one year. This has been described 
extensively by Manchikanti et al (122,126) in multiple 
studies, with an average duration of relief of 14 to 16 
weeks. However, this study (75) is limited by the use of 
a 30% pain reduction threshold rather than the more 
clinically meaningful 50% or greater improvement in 
pain and function.

A prospective evaluation by Sapir and Gorup (115) 
assessed radiofrequency medial branch ablation in 
litigant and nonlitigant patients with cervical whiplash. 
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Inclusion criteria required ≥ 80% pain relief following 
diagnostic medial branch blocks. A total of 50 patients 
met the inclusion criteria, and 46 completed the study, 
including 32 litigants and 18 nonlitigants. There was 
a significant reduction in cervical whiplash symptoms 
and VAS pain scores both immediately after treatment 
and at one-year follow-up. Improvement was greater 
at one year, with NRS scores of 2.5 in nonlitigants and 
3.6 in litigants. The authors suggested differences in 
symptomatology and treatment response between liti-
gants and nonlitigants, although this did not reach sta-
tistical significance. Thirteen of the 32 litigant patients 
settled their cases after treatment; however, recurrence 
of pain occurred within one year. Overall, 21 patients 
reported recurrence of pain within one year, with time 
to recurrence defined as 50% return of pain at 8 ± 2 
months.

In a comparative effectiveness study, Manchikanti 
et al (117) published clinical outcomes and cost utility 
of therapeutic medial branch blocks compared with 
radiofrequency ablation in managing chronic neck 
pain of facet joint origin were evaluated. The primary 
outcome was NRS, with significant improvement de-
fined as ≥ 50% pain relief. The study included 132 pa-
tients receiving cervical medial branch blocks and 163 
patients undergoing cervical radiofrequency ablation. 
One hundred seven patients in the medial branch block 
group and 105 patients in the radiofrequency group 
completed one-year follow-up.

Among observational studies meeting inclusion cri-
teria, Speldewinde (111) evaluated 151 patients under-
going cervical radiofrequency ablation in a single-author, 
single-practice setting. The selection criterion required 
at least 80% pain relief following controlled compara-
tive local anesthetic blocks. Outcome assessment was 
appropriate. Patients treated from 2001 to 2007 were 
designated as cohort A and those treated from 2007 to 
2009 as cohort B, with 104 patients in cohort A and 47 
in cohort B. The distinction between cohorts was based 
on technique, with cohort A utilizing a 22-gauge, 10 cm 
active tip and cohort B utilizing an 18-gauge cannula. 
Conventional radiofrequency ablation was performed 
at 80° for 90 seconds in the earlier cohort and at 80° for 
60 seconds in the later cohort. A minimum of 3 contigu-
ous lesions were produced at each target nerve. Overall, 
greater than 50% pain relief was achieved in 76% of 
patients, with 79% in cohort A and 85% in cohort B. 
Patients with successful outcomes experienced relief for 
more than 18 months, with an average duration of 27.5 
months and a range of 18 to 68 months. Psychological 

and functional status also improved significantly in pa-
tients with successful pain relief.

MacVicar et al (112) evaluated 104 patients from 
two separate practices. Inclusion criteria required com-
plete pain relief following controlled diagnostic medial 
branch blocks. Strict outcome measures were applied, 
with success defined as complete or at least 80% pain 
relief for at least 6 months, full restoration of activities 
of daily living, no need for additional healthcare, and 
return to work. The procedure utilized a 16-gauge can-
nula with a 10 cm active tip, producing at least 3 lesions 
at 80° and 85°C for 90 seconds. The procedure duration 
was approximately 2 hours for a single facet joint and 
1.5 hours for treatment of the third occipital nerve. 
Sixty-six percent of patients achieved the treatment 
objective at 6 months. No complications were reported.

Among other observational studies, Shin et al 
(114) evaluated 28 patients undergoing conventional 
radiofrequency ablation and reported improvement in 
68% of patients. Barnsley (113) assessed percutaneous 
radiofrequency ablation for chronic neck pain in a con-
secutive patient series. The results showed that 36 of 45 
assessable procedures (80%) achieved significant pain 
relief, with a mean duration of 36 weeks. Seventy-four 
percent of patients achieved 100% pain relief. Only one 
serious adverse event, a local infection, was reported.

McCormick et al (73) compared lumbar medial 
branch RFA with intraarticular facet steroid injections 
and concluded that lumbar medial branch RFA dem-
onstrated superior success rates across both pain and 
functional outcome domains.

Civelek et al (74) compared the clinical effective-
ness of facet joint injections and facet joint RFA in pa-
tients with chronic low back pain and concluded that 
facet joint injections should be the initial treatment, 
with RFA reserved for cases in which pain recurs or in-
jections are ineffective.

Nath et al (81) evaluated the efficacy of percuta-
neous radiofrequency zygapophysial joint neurotomy 
in reducing pain and physical impairment in patients 
with lumbar zygapophysial joint pain confirmed by 
repeated diagnostic blocks. They demonstrated statisti-
cally significant improvement in back and leg pain, as 
well as back and hip movement, and concluded that 
radiofrequency is not a placebo and may be effective in 
carefully selected patients with chronic low back pain.

One randomized trial (84) comparing perpendicu-
lar electrode positioning with sham demonstrated im-
provement in pain and ODI at 2 months and sustained 
treatment success at 3, 6, and 12 months.
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McCormick et al (87) evaluated 6-month outcomes 
of cooled RFA compared with traditional RFA. Both 
treatments resulted in approximately 50% success rates 
when defined by improvement in pain and physical 
function at 6 months. Although success rates were 
higher in the cooled RFA group, the difference was not 
statistically significant.

Moon et al (88) described an alternative “distal 
approach” technique for lumbar medial branch RFA 
and compared it with the conventional tunnel vision 
approach, concluding that the distal approach may 
provide an improved option for lumbar medial branch 
RFA.

Moussa and Khedr (89) evaluated 120 patients 
divided into 3 groups: percutaneous radiofrequency 
coagulation of the facet joint capsule, percutaneous 
denervation of the medial dorsal branch, and a control 
group without radiofrequency lesioning. All groups 
received local injections of a mixture of local anesthetic 
and steroid. The results showed that targeting the facet 
joint capsule provided a technically simpler approach 
with prolonged pain relief compared to medial dorsal 
branch denervation.

Xue et al (91) randomized 30 patients to traditional 
percutaneous radiofrequency ablation and 30 patients 
to endoscopic-guided RFA. The endoscopic RFA group 
demonstrated significant benefit at 3 and 6 months.

Joo et al (76) compared alcohol ablation with re-
peated thermal RFA and concluded that alcohol abla-
tion of the medial branch provided longer pain relief 
and improved quality of life compared to repeated 
radiofrequency medial branch neurotomy in patients 
with recurrent thoracolumbar facet joint pain after suc-
cessful thermal RFA, without significant complications 
during 24-month follow-up.

The maximum number of procedures for medial 
branch blocks was 4 per year, whereas the radiofre-
quency ablation group underwent up to 2 procedures 
per year, administered at 3- or 6-month intervals if 
medically indicated and associated with adequate 
relief. The results demonstrated significant improve-
ment in 100%, 94%, and 81% of patients in the me-
dial branch block group compared to 100%, 69%, and 
64% in the radiofrequency ablation group at 3-, 6-, 
and 12-month follow-up, respectively, with significant 
differences at 6 and 12 months. Cost utility analysis 
showed an average QALY cost of $4,994 for cervical 
medial branch blocks compared to $5,364 for cervical 
radiofrequency ablation. In this study, 6 of 132 pa-
tients (5%) in the medial branch block group and 53 

of 163 patients (33%) in the radiofrequency ablation 
group required conversion to alternative treatments 
due to side effects (6 patients, 4%) or inadequate re-
lief (47 patients, 29%).

Multiple issues have been highlighted in systematic 
reviews related to interventional pain management 
(9,127-132). Significant controversy exists regarding 
placebo definitions and methodological challenges in 
meta-analysis of active control trials. Manchikanti et al 
(129) demonstrated that sodium chloride injected into 
the epidural space is not a true placebo. Similarly, epi-
dural lidocaine has also been shown not to function as 
a placebo (133). In this assessment, local anesthetic was 
utilized during sham control, which may itself provide 
significant pain relief (9). Consequently, in dual-arm 
meta-analysis, it is difficult to isolate the effectiveness 
of conventional radiofrequency ablation when local 
anesthetic is administered prior to sham neurolysis or 
when active control interventions are used. This limi-
tation applies to placebo-controlled, sham-controlled, 
and active control trials.

None of the previous reviews performed single-
arm analysis. It has been shown that single-arm analy-
sis is essential in multiple studies, as demonstrated in 
this systematic review and meta-analysis (9,127,129-
134). Qualitative analysis demonstrated positive 
results with Level II evidence. Quantitative analysis 
also demonstrated Level II evidence in dual-arm com-
parisons. However, single-arm meta-analysis showed 
clear superiority of conventional radiofrequency 
ablation compared to local anesthetic injections and 
other interventions, including pulsed radiofrequency. 
Although often underappreciated, single-arm analysis 
is critical in clarifying treatment effectiveness in both 
groups, particularly when local anesthetic is used as 
part of sham or control interventions. Consequently, 
differences in conclusions across studies may reflect 
methodological variations among investigators 
(9,127,129-133,135-143).

Conclusion

In conclusion, this systematic review and meta-
analysis of 17 RCTs demonstrates that radiofrequency 
ablation provides a clinically meaningful therapeutic 
option for patients with chronic axial spinal pain of 
facet joint origin. The findings indicate moderate-level 
(Level II) evidence with moderate certainty, supporting 
its role in achieving significant pain relief and func-
tional improvement in a substantial proportion of pa-
tients. While variability in study quality and the relative 
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scarcity of uniformly high-quality trials remain impor-
tant limitations, the overall body of evidence suggests 
that radiofrequency ablation is an effective and viable 
intervention within a multimodal pain management 
strategy. Future well-designed, high-quality studies are 
warranted to further refine patient selection, optimize 
procedural techniques, and strengthen the evidence 
base.
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Appendix Table 1. Sources of  risk of  bias and Cochrane Review rating system.

Bias 
Domain

Source of  Bias
Possible 
Answers

Selection
(1) Was the method 
of randomization 
adequate?

A random (unpredictable) assignment sequence. Examples of adequate methods are coin toss 
(for studies with 2 groups), rolling a dice (for studies with 2 or more groups), drawing of balls 
of different colors, drawing of ballots with the study group labels from a dark bag, computer-
generated random sequence, preordered sealed envelopes, sequentially-ordered vials, telephone 
call to a central office, and preordered list of treatment assignments.

Yes/No/
Unsure

Examples of inadequate methods are: alternation, birth date, social insurance/security number, 
date in which they are invited to participate in the study, and hospital registration number.

Selection
(2) 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/
Unsure

Performance
(3) Was the patient 
blinded to the 
intervention?

Index and control groups are indistinguishable for the patients or if the success of blinding was 
tested among the patients and it was successful.

Yes/No/
Unsure

Performance
(4) Was the care 
provider blinded to 
the intervention?

Index and control groups are indistinguishable for the care providers or if the success of blinding 
was tested among the care providers and it was successful.

Yes/No/
Unsure

Detection

(5) Was the 
outcome assessor 
blinded to the 
intervention?

Adequacy of blinding should be assessed for each primary outcome separately. This item should 
be scored ‘‘yes’’ if the success of blinding was tested among the outcome assessors and it was 
successful or:

Yes/No/
Unsure

•	 for patient-reported outcomes in which the patient is the outcome assessor (e.g., pain, 
disability): the blinding procedure is adequate for outcome assessors if participant blinding 
is scored ‘‘yes’’

•	 for outcome criteria assessed during scheduled visit and that supposes a contact between 
participants and outcome assessors (e.g., clinical examination): the blinding procedure is 
adequate if patients are blinded, and the treatment or adverse effects of the treatment cannot 
be noticed during clinical examination

•	 for outcome criteria that do not suppose a contact with participants (e.g., radiography, 
magnetic resonance imaging): the blinding procedure is adequate if the treatment or adverse 
effects of the treatment cannot be noticed when assessing the main outcome

•	 for outcome criteria that are clinical or therapeutic events that will be determined by the 
interaction between patients and care providers (e.g., cointerventions, hospitalization 
length, treatment failure), in which the care provider is the outcome assessor: the blinding 
procedure is adequate for outcome assessors if item ‘‘4’’ (caregivers) is scored ‘‘yes’’

•	 for outcome criteria that are assessed from data of the medical forms: the blinding 
procedure is adequate if the treatment or adverse effects of the treatment cannot be noticed 
on the extracted data

Attrition
(6) Was the drop-
out rate described 
and acceptable?

The number of participants who were 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 20% for short-term follow-up and 30% for long-
term follow-up and does not lead to substantial bias a ‘‘yes’’ is scored (N.B. these percentages are 
arbitrary, not supported by literature).

Yes/No/
Unsure

Attrition

(7) Were all 
randomized 
participants 
analyzed in the 
group to which they 
were allocated?

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/
Unsure

Reporting

(8) Are reports 
of the study free 
of suggestion of 
selective outcome 
reporting?

All the results from all prespecified outcomes have been adequately reported in the published 
report of the trial. This information is either obtained by comparing the protocol and the report, 
or in the absence of the protocol, assessing that the published report includes enough information 
to make this judgment.

Yes/No/
Unsure

Selection

(9) Were the groups 
similar at baseline 
regarding the 
most important 
prognostic 
indicators?

Groups have to be similar at baseline regarding demographic factors, duration and severity of 
complaints, percentage of patients with neurological symptoms, and value of main outcome 
measure(s).

Yes/No/
Unsure



Appendix Table 1 cont. Sources of  risk of  bias and Cochrane Review rating system.

Bias 
Domain

Source of  Bias
Possible 
Answers

Performance
(10) Were 
cointerventions 
avoided or similar?

If there were no cointerventions or they were similar between the index and control groups. Yes/No/
Unsure

Performance

(11) Was the 
compliance 
acceptable in all 
groups?

The reviewer determines if the compliance with the interventions is acceptable, based on the 
reported intensity, duration, number and frequency of sessions for both the index intervention 
and control intervention(s). For example, physiotherapy treatment is usually administered for 
several sessions; therefore it is necessary to assess how many sessions each patient attended. For 
single-session interventions (e.g., surgery), this item is irrelevant.

Yes/No/
Unsure

Detection

(12) Was the timing 
of the outcome 
assessment similar 
in all groups?

Timing of outcome assessment should be identical for all intervention groups and for all primary 
outcome measures.

Yes/No/
Unsure

Other
(13) Are other 
sources of potential 
bias unlikely?

Other types of biases. For example:

Yes/No/
Unsure

•	 When the outcome measures were not valid. There should be evidence from a previous or 
present scientific study that the primary outcome can be considered valid in the context of 
the present.

•	 Industry-sponsored trials. The conflict of interest (COI) statement should explicitly state 
that the researchers have had full possession of the trial process from planning to reporting 
without funders with potential COI having any possibility to interfere in the process. If, for 
example, the statistical analyses have been done by a funder with a potential COI, usually 
‘‘unsure’’ is scored.

Adapted and modified from: 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; 40:1660-1673 (65).



Appendix Table 2. Item checklist for assessment of  randomized controlled trials of  interventional pain management techniques 
utilizing IPM – QRB.

Scoring

I. TRIAL DESIGN AND GUIDANCE REPORTING 

1. CONSORT or SPIRIT

Trial designed and reported without any guidance 0

Trial designed and reported utilizing minimum criteria other than CONSORT or SPIRIT criteria or trial was 
conducted prior to 2005 1

Trial implies it was based on CONSORT or SPIRIT without clear description with moderately significant criteria for 
randomized trials or the trial was conducted before 2005 2

Explicit use of CONSORT or SPIRIT with identification of criteria or trial conducted with high level reporting and 
criteria or conducted before 2005 3

II. DESIGN FACTORS

2. Type and Design of Trial

Poorly designed control group (quasi selection, convenient sampling) 0

Proper active-control or sham procedure with injection of active agent 2

Proper placebo control (no active solutions into active structures) 3

3. Setting/Physician

General setting with no specialty affiliation and general physician 0

Specialty of anesthesia/PMR/neurology/radiology/ortho, etc. 1

Interventional pain management with interventional pain management physician 2

4. Imaging

Blind procedures 0

Ultrasound 1

CT 2

Fluoro 3

5. Sample Size

Less than 50 participants in the study without appropriate sample size determination 0

Sample size calculation with less than 25 patients in each group 1

Appropriate sample size calculation with at least 25 patients in each group 2

Appropriate sample size calculation with 50 patients in each group 3

6. Statistical Methodology

None or inappropriate 0

Appropriate 1

III. PATIENT FACTORS

7. Inclusiveness of Population

7a. For epidural procedures:

Poorly identified mixed population 0

Clearly identified mixed population 1

Disorders specific trials  (i.e. well defined spinal stenosis and disc herniation, disorder specific, disc herniation or spinal 
stenosis or post surgery syndrome) 2

7b. For facet or sacroiliac joint interventions:

No diagnostic blocks 0

Selection with single diagnostic blocks 1

Selection with placebo or dual diagnostic blocks 2

8. Duration of Pain

Less than 3 months 0

3 to 6 months 1

> 6 months 2

9. Previous Treatments 



Appendix Table 2 cont. Item checklist for assessment of  randomized controlled trials of  interventional pain management techniques 
utilizing IPM – QRB.

Scoring

Conservative management including drug therapy, exercise therapy, physical therapy, etc. 

Were not utilized 0

Were utilized sporadically in some patients 1

Were utilized in all patients 2

10. Duration of Follow-up with Appropriate Interventions

Less than 3 months or 12 weeks for epidural or facet joint procedures, etc. and 6 months for intradiscal procedures and 
implantables 0

3 to 6 months for epidural or facet joint procedures, etc., or 1 year for intradiscal procedures or implantables 1

6 months to 17 months for epidurals or facet joint procedures, etc., and 2 years or longer for discal procedures and 
implantables 2

18 months or longer for epidurals and facet joint procedures, etc., or 5 years or longer for discal procedures and 
implantables 3

IV. OUTCOMES

11. Outcomes Assessment Criteria for Significant Improvement 

No descriptions of outcomes 
OR
 < 20% change in pain rating or functional status

0

Pain rating with a decrease of 2 or more points or more than 20% reduction 
OR
functional status improvement of more than 20% 

1

Pain rating with decrease of ≥ 2 points 
AND
 20% change or functional status improvement of ≥ 20%

2

Pain rating with a decrease of  3 or more points or more than 50% reduction 
OR
functional status improvement with a 50% or 40% reduction in disability score 

2

Significant improvement with pain and function ≥ 50% or 3 points and 40% reduction in disability scores 4

12. Analysis of all Randomized Participants in the Groups

Not performed 0

Performed without intent-to-treat analysis without inclusion of all randomized participants 1

All participants included with or without intent-to-treat analysis 2

13. Description of Drop Out Rate 

No description of dropouts, despite reporting of incomplete data or ≥ 20% withdrawal 0

Less than 20% withdrawal in one year in any group 1

Less than 30% withdrawal at 2 years in any group 2

14. Similarity of Groups at Baseline for Important Prognostic Indicators

Groups dissimilar with significant influence on outcomes with or without appropriate randomization and allocation 0

Groups dissimilar without influence on outcomes despite appropriate randomization and allocation 1

Groups similar with appropriate randomization and allocation 2

15. Role of Co-Interventions

Co-interventions were provided but were not similar in the majority of participants 0

No co-interventions or similar co-interventions were provided in the majority of the participants 1

V. RANDOMIZATION

16. Method of Randomization

Quasi randomized or poorly randomized or not described 0

Adequate randomization (coin toss, drawing of balls of different colors, drawing of ballots) 1



Appendix Table 2 cont. Item checklist for assessment of  randomized controlled trials of  interventional pain management techniques 
utilizing IPM – QRB.

Scoring

High quality randomization (Computer generated random sequence, pre-ordered sealed envelopes, sequentially 
ordered vials, telephone call,  pre-ordered list of treatment assignments, etc.) 2

VI. ALLOCATION CONCEALMENT

17. Concealed Treatment Allocation

Poor concealment of allocation (open enrollment) or inadequate description of concealment 0

Concealment of allocation with borderline or good description of the process with probability of failure of concealment 1

High quality concealment with strict controls (independent assignment without influence on the assignment sequence) 2

VII. BLINDING

18. Patient Blinding 

Patients not blinded 0

Patients blinded adequately 1

19. Care Provider Blinding

Care provider not blinded 0

Care provider blinded adequately 1

20. Outcome Assessor Blinding

Outcome assessor not blinded or was able to identify the groups 0

Performed by a blinded independent assessor with inability to identify the assignment-based provider intervention (i.e., 
subcutaneous injection, intramuscular distant injection, difference in preparation or equipment use, numbness and 
weakness, etc.) 

1

VIII. CONFLICTS OF INTEREST 

21. Funding and Sponsorship

Trial included industry employees -3

Industry employees involved; high levels of funding with remunerations by industry or an organization funded with 
conflicts -3

Industry or organizational funding with reimbursement of expenses with some involvement 0

Industry or organization funding of expenses without involvement 1

Funding by internal resources only with supporting entity unrelated to industry 2

Governmental funding without conflict such as NIH, NHS, AHRQ 3

22. Conflicts of Interest 

None disclosed with potential implied conflict 0

Marginally disclosed with potential conflict 1

Well disclosed with minor conflicts 2

Well disclosed with no conflicts 3

Hidden conflicts with poor disclosure –1

Misleading disclosure with conflicts –2

Major impact related to conflicts –3

TOTAL 48

Source: Manchikanti L, et al. Assessment of methodologic quality of randomized trials of interventional techniques: Development of an interven-
tional pain management specific instrument. Pain Physician 2014; 17:E263-E290 (66).


