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Abstract

Purpose of review The purpose of this paper is to review the evidence for radiofrequency ablation (RFA) as a treatment modality
for facet-mediated low back pain. This review also evaluates gaps in evidence for RFA including optimal eligibility criteria and
technique and safety concerns.

Recent findings There is a lack of high quality evidence supporting RFA for facet-mediated low back pain. Six randomized
control studies and multiple observational studies have been carried out, with mixed results for the efficacy of RFA for pain relief.
There is a high rate of variability in the eligibility criteria and technique used for RFA and little evidence to support the
appropriate inclusion and procedure. There remain safety questions about RFA, especially with regard to long-term effects of
denervating the multifidus muscle.

Summary Radiofrequency ablation is an interventional technique performed with the goal of reducing facet-mediated low back

pain, but evidence to support it as an effective treatment modality is lacking.

Keywords Low back pain - Zygapophyseal joint - Pain management - Treatment outcome

Introduction

Low back pain is a complex biopsychosocial condition
with a global prevalence estimated at 31% [1]. Despite
its prevalence, the pathophysiology of acute and chronic
low back pain, defined as pain lasting longer than
3 months, often remains unclear, even after appropriate
and detailed clinical and radiographic evaluation [2-5].
There are a number of proposed nociceptive contributors
to chronic low back pain including intervertebral disc de-
generation, spondylolisthesis, injury of paraspinal muscles
and tendons, and facet joint degeneration, and treatment
efforts are often directed at these proposed pathologic
contributors [6]. Lumbar radiofrequency ablation (RFA)
is an increasingly used treatment designed to interrupt
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afferent input from facet joints, with the goal of reducing
chronic low back pain [7, 8].

Despite its common use in clinical practice, lumbar RFA
is an intervention with a dearth of evidence to support and
guide its use. There remain many unanswered questions
about the appropriate eligibility criteria for RFA, optimal
RFA technique, appropriate use of repeated RFA, and long-
term safety issues. In addition, the role of lumbar RFA
within the context of a comprehensive, biopsychosocial
model for chronic low back pain treatment remains un-
clear. The purpose of this narrative review is to evaluate
the evidence as it relates to these gaps in knowledge and to
consider this procedure in the broader context of chronic
low back pain management.

The Role of Facet Joints in Chronic Low Back Pain

Facet joints are formed by the articulation of the superior
articular process of one vertebra with the inferior articular
process of the above vertebra. This synovial joint is ex-
posed to multidirectional mechanical stress and can un-
dergo degenerative changes such as the development of
facet joint edema, osteophytes, cysts or synovitis, carti-
lage degeneration, and joint capsule injury [9-14].
Changes in the height of the contiguous intervertebral disc
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may also alter the articulation of the facet joint, increase
joint loading, and cause further degeneration.

These degenerative changes of the facet joints have
been proposed to account for 15-45% of the back pain
[15-19], and, since more than 80% of the people suffer
from low back pain in their lifetime, lumbar facet pain
may impact a substantial population. RFA was first de-
scribed as an interventional treatment for this facet-
mediated low back pain by Shealy in 1975 [20]. Shealy
proposed that lesion of nerves responsible for innervation
of the degenerated joint via application of a heat generat-
ing electrical current would lead to relief of pain, as had
been demonstrated after surgical severing of facet inner-
vating nerves. RFA is performed by inserting an electrode
between the superior articulating process and the trans-
verse process of an involved level, resulting in a small
lesion of adjacent nerves and subsequent disruption of
pain signals (Fig. 1) [20-22].

However, degenerative facet changes are also commonly
noted on imaging of asymptomatic individuals and are not
specific as a contributor to back pain [19, 23]. Consequently,
facet-mediated pain is commonly identified in practice by me-
dial branch blocks (MBBs), diagnostic local anesthetic blocks
of the nerves innervating the facet joint at a painful spinal
level, rather than imaging alone [12, 24-27]. Each facet joint
is innervated by the medial branch of the dorsal ramus with
contributions from the two vertebrae superior (e.g., the L3-L4
joint is innervated by branches from L2 to L3), and so, full
anesthetic block of the sensory nerves to a single facet joint
requires targeting of both nerve branches [14] (Fig. 2). fMBB

Fig.1 Right RFA of the L2-3, L3-4, and L4-5 facet joints on anterior (a),
lateral oblique (b), and lateral views (c). The tips of RFA electrodes at the
junction of the superior articulating process and transverse process where

results in an immediate reduction in the patient’s typical low
back pain, and pain relief continues through the expected du-
ration of the injected local anesthetic, the facet is posited to be
the source of pain. At this point, RFA of the involved medial
branch nerve for longer lasting pain relief can be considered
[28-33]. However, the criteria for the amount of pain relief
that defines a successful MBB and the number of repeat con-
firmatory blocks that should be performed before moving for-
ward with RFA varies between practitioners [34].

Summary of Evidence Related to Lumbar RFA
Effectiveness

The effectiveness of lumbar RFA with regard to pain and
function for patients with facet-mediated pain remains unclear
[35¢¢]. There are both observational studies and randomized
trials that have attempted to answer important questions about
the effectiveness of lumbar RFA, with resultant mixed out-
comes [36]. Additionally, several systematic reviews about
lumbar RFA have been published. Most evidence-based sys-
tematic reviews and guidelines use only data from randomized
controlled trials to account for regression to the mean, the
natural history of disease, and the high rate of non-specific
effects, including placebo response, associated with interven-
tional pain treatments [32, 33]. The consequence of these high
rates of non-specific effects, which are thought to be of greater
magnitude for invasive procedures, is that even ineffective or
sham procedures will produce an apparent effect when com-
parisons are not made with an appropriate control group.

il
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the medial branch of the dorsal ramus lies can be best seen on the lateral
oblique image
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Zygaphopyseal Joints and Their Innervation

Descending Medial Branch

of the Dorsal Ramus

Ascending Medial Branch

Zygapophysial Joints

of the Dorsal Ramus

Fig.2 Structure and innervation of the zygapophysial (facet) joint is shown, with each joint innervated by the medial branch of the two vertebrae superior

to the joint

Therefore, randomized trials that use a sham comparison, and
the systematic reviews that incorporate them, are the most
direct source of evidence for clinical efficacy for an interven-
tional treatment such as RFA.

Randomized Trials of Lumbar RFA

There have been seven randomized control trials where lum-
bar RFA is compared to a sham procedure in which the RFA
device is inserted but no heating or ablation of the medial
branch nerve occurs. These seven trials demonstrated substan-
tial heterogeneity in the methods used for diagnosing facet-
mediated pain, the procedural technique, and the outcomes
assessed (Table 1). In general, the quality of these trials is very
low to moderate [35¢°]. Of these seven studies, three reported
statistically significant differences favoring RFA, although the
magnitude of the differences was not clinically meaningful in
two of these studies [37-39]. Although it can be difficult to
determine the minimally important difference between treat-
ment groups, differences of less than 1.5 on the 0—10 pain
VAS or 15 on the 0—100 pain VAS are typically not considered
to be clinically important [40, 41]. Only the Van Kleef trial
reported a difference of 1.9 points on the 0—10 VAS between
RFA and sham at 8 weeks (no long-term results reported).
Several other trials have compared lumbar RFA to either no
treatment [50e¢] or to another treatment such as intra-articular
facet joint injections [45—47]. The recent randomized trial by
Juch et al. indicated no significant differences in pain
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improvement at durations up to 1 year between patients who
had >50% relief with a positive single MBB who were ran-
domized to receive RFA versus a standardized exercise pro-
gram without RFA [50e¢]. Since no sham RFA was provided
for patients in the control arm of this trial, patients and clini-
cians were not blinded. Although lack of blinding would be
expected to favor the interventional arm, such a tendency was
not noted in this study.

Observational Trials

A number of observational studies without comparison to
control interventions suggest benefit of lumbar RFA [32, 36,
51-53]. One of the most widely cited uncontrolled studies of
lumbar RFA was conducted in 2000 by Dreyfuss et al. [31]. In
this study, 15 patients who had > 80% improvement in pain
after dual medial branch blocks underwent lumbar RFA and
were followed for 1 year. A variety of outcomes were collect-
ed, most of which demonstrated a statistically significant and
clinically meaningful improvement from baseline, including
average pain VAS reduction from 5.1 to 0.2 at 3 months and
from 5.1 to 1.0 at 12 months. The magnitude of these im-
provements was much greater than that seen in most random-
ized controlled trials and likely reflects the combination of
placebo effect, regression to the mean, natural history, treat-
ment effect, and highly selective eligibility criteria.
Additionally, those 15 patients were identified through strin-
gent inclusion criteria, with only 2% of the initially surveyed
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patients achieving sustained reduction of 90% of their baseline
pain score. Taken in the context of other research, these results
suggest that in highly selective populations there may be a
benefit of lumbar RFA but that, given the full scope of the
data, the magnitude of benefit experienced in typical clinical
practice is low.

Systematic Reviews

The inconsistent findings of recent studies reflect the chal-
lenge of synthesizing this existing evidence for lumbar RFA.
There have been three recent systematic reviews on this topic,
including a Cochrane review, with similar findings but vary-
ing conclusions [35¢¢, 54, 55]. The 2015 Cochrane review by
Maas et al. concluded that there was low to moderate quality
evidence that RFA of the facet joint could offer greater pain
relief and improvement in function than placebo or steroid
injections, but that there is no high-quality evidence of effec-
tiveness of lumbar RFA for facet-mediated pain. Two addi-
tional reviews had similar findings but came to different over-
all conclusions about the efficacy of lumbar RFA, although all
reviews agreed that additional large, high-quality randomized
trials were needed to determine the true efficacy of lumbar
RFA. Most recently, Juch et al., in the multicenter unblinded
randomized Mint study, conducted a large, high-quality trial
but this study has not yet been included in any systemic re-
views [50ee].

Eligibility Criteria

One of the critical evidence gaps relates to determining eligi-
bility criteria for lumbar RFA. There is currently no gold stan-
dard diagnostic test for facet-mediated pain and strategies for
diagnosis include varying combinations of clinical history,
physical examination findings, imaging findings [56-58],
and response to diagnostic MBBs with local anesthetic [14,
25, 59, 60]. In clinical trials, eligibility criteria for RFA range
from physical exam findings consistent with facet joint pain to
single diagnostic MBBs with local anesthetic [37, 38] to dual
diagnostic MBBs using different local anesthetics in each
block [31, 61] with requirements for pain improvement rang-
ing from 50 to 100%. This variability reflects the uncertainty
in diagnostic criteria for RFA, has led to disagreement as to the
best methods to study its effectiveness [28, 62], and makes it
challenging to compare study results.

Some studies have demonstrated a high false-positive rate
of single diagnostic medial branch blocks for diagnosing
facet-mediated pain when compared to actual pain relief
post-RFA [31, 32, 47, 63, 64]. Two studies also suggested
against overall improvements in outcomes when using more
stringent criteria, either according to percentage cutoffs for
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pain improvement (e.g., 50 vs. 80%) or number of blocks (2
vs. 1) [61, 65].

The lack of consensus on the appropriate diagnostic criteria
for lumbar RFA leads to high variability in actual clinical
practice and inconsistencies in patient outcomes. Loosening
eligibility criteria may result in higher false positive rates of
diagnostic MBBs, with increased use of RFA and decreased
rates of effectiveness, increased cost, and increased rates of
adverse procedure effects. However, there are substantial lo-
gistical barriers to performing the most stringent eligibility
criteria of dual MBBs with documented > 80% improvement
in pain, concordant with the length of duration of action of the
local anesthetic, including need for two separate additional
procedures with associated cost, time use, and risk [61].
Nevertheless, the null finding from the largest RCT of lumbar
RFA to date by Juch et al., which used one set of MBBs with
>50% pain relief for selection of RFA candidates, suggests
that more stringent selection, either by percentage pain relief
or number of MBBs, may be necessary [50e°].

Additionally, there is no standardized method of asking
patients about pain relief after diagnostic MBBs. There are
inherent biases in determining actual amount of pain relief
from MBBs when patients are aware of the thresholds of relief
necessary to obtain RFA, an intervention that they may be-
lieve is the best treatment option for them. For example, there
may be large differences in response if patients are asked what
percentage of pain relief they obtained versus measuring cur-
rent pain on a numeric rating scale before and after a proce-
dure [40, 41, 66]. Given these challenges, it is imperative that
future research is directed towards identifying the optimal
eligibility criteria for lumbar RFA that selects patients who
are likely to experience a reduction in their pain, while
balancing costs and patient experience during the selection
process.

Optimal RFA Technique

RFA can be performed using different techniques that vary by
method used to localize involved branches and the extent of
heat ablation with regard to the number of sites ablated, size of
the area ablated, and duration of heat applied [6, 20, 21]. One
recommended technique to localize the involved branches of
the medial nerve is to stimulate the sensory nerve to elicit
paresthesias and to observe a multifidus twitch with stimula-
tion of the motor nerve [22]. However, the techniques de-
scribed to localize involved branches varies in the clinical
trials vary from positive sensory stimulation only [34, 42],
stimulation of the sensory nerve solely to rule out spinal nerve
root localization [64], no sensory stimulation of the medial
branch nerve [44], to positive responses to both sensory and
motor stimulation [31, 47].
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Some also argue that RFA techniques that use a needle
approach parallel to the medial branch nerve will allow for a
wider surface area of ablation of the nerve as compared to an
older technique that approaches the medial branch nerve using
a perpendicular approach [29]. From a biological plausibility
standpoint increasing the size of the lesion of the nerve
through needle placement alongside the nerve, using a larger
diameter needle probe, creating multiple lesions, and using
adequate probe temperature should all improve the efficacy
of the procedure to ablate the targeted pain generator, the
medial branch nerve. However, there are few studies that have
directly compared these different procedural techniques and
subsequent clinical outcomes for patients with facet-mediated
pain receiving lumbar RFA. One recent retrospective compar-
ative study attempted to determine whether or not the needle
approach and subsequent area of nerve ablation impacts clin-
ical outcomes [64]. In this study, the authors reported that
patients in the parallel or advanced technique obtained similar
pain relief post-ablation compared to patients who received
the perpendicular or early technique in terms of mean reduc-
tion in pain on a 0—10 numerical rating scale from baseline to
1 month post-procedure (2.82 vs. 2.28, p=0.08). Although
this study found a modestly higher percentage of people in
the parallel or advanced technique group reported “benefit”
from the procedure (85.4 vs. 70.5%, p =0.012), benefit was
not clearly defined. They also reported that the median dura-
tion of pain relief was higher in the advanced technique group
compared to the early technique group (4 vs. 1.5 months, p=
0.022). Based on these two findings, the authors concluded
that the advanced technique demonstrated greater magnitude
and duration of pain relief. However, given that there was no
difference between the two groups in terms of mean pain
reduction and that this was an uncontrolled retrospective
study, the clinical implications of these findings are still un-
clear and are yet to be replicated in a controlled, prospective
randomized trial.

Safety Questions

Although safety data is limited to randomized controlled
trials, which are not designed to determine the frequency
of adverse events, there have been relatively few reported
short-term complications associated with lumbar RFA.
The most commonly reported complication is transiently
increased pain immediately after the procedure [35¢¢].
Other reported complications include transient paresthe-
sias [34], lower limb weakness [67], and superficial burns
[68]. There is even less data on potential long-term con-
sequences of RFA to the facet joints and intervertebral
discs [69]. However, there is growing concern that dener-
vating the multifidus, a core stabilizing muscle that is also
innervated by medial branch nerves, may have negative

long-term effects on low back pain and potentially could
worsen spondylolisthesis with or without pars defects [6,
42, 54, 55, 63, 70-73]. Multifidus atrophy has been asso-
ciated with chronic low back pain, and multilevel
multifidus denervation, as can be confirmed with EMG
after RFA [74, 75], may result in weakening and atrophy
of these muscles and worsened low back pain [76-81].
One small study of five patients who had undergone only
unilateral lumbar RFA showed widespread, bilateral atro-
phy of the multifidus muscles at 17-21 months post-
procedure [82]. In another retrospective study of 27 pa-
tients who underwent lumbar RFA, the pre and post-
procedure MRIs revealed no significant difference in
multifidus atrophy [72]. However, there was evidence of
statistically greater disc degeneration at levels where RFA
was performed compared to unaffected levels (14.9 vs.
4.6%, p=0.049). Given these preliminary studies, it is
difficult to determine the long-term clinical impact of de-
nervating the multifidus muscle or the effects of repeat
RFA over time, but further studies are needed to address
these questions.

RFA in the Context of Overall Treatment
of Chronic Low Back Pain

Often lost in the debate over the technical aspects and
idealized efficacy of RFA is the actual clinical utility of
the procedure. The ultimate goal of treating patients with
chronic LBP is to improve their function and quality of
life. As is evidenced by a wealth of literature on both
surgical and non-surgical care for chronic pain, true reso-
lution of pain is often an elusive goal. Using lumbar fu-
sion as an example, Carragee and Cheng surveyed pa-
tients undergoing lumbar fusion for spondylolisthesis to
ascertain what the patients felt would be minimally ac-
ceptable outcomes for the surgery [83]. The majority of
patients wanted to achieve pain levels of 3/10 or less, a
reduction in their ODI score of at least 20 points, cessa-
tion of opioid pain medication, and return to work.
Unfortunately, these expectations far exceed the benefits
of either operative or non-operative care for chronic LBP
in the major RCTs of lumbar fusion [84, 85]. In the sem-
inal, non-controlled, non-blinded study by Dreyfuss et al.,
only 2% of the 460 initially considered patients actually
obtained 90% pain relief for 12 months [74].
Extrapolating this proportion of response to all individ-
uals with chronic LBP would seem to imply that clinically
meaningful relief from RFA is doubtful for most people
with chronic back pain.

Chronic LBP is a complex, biopsychosocial problem,
and psychological factors including depression, anxiety,
poor coping skills, somatization, and personality disorders
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are strongly correlated to poor outcomes from interven-
tions intended to treat LBP [86—88]. Clinicians and pa-
tients also need to balance the risk of one or multiple
invasive procedures against the unknown benefit of
short-term pain relief of chronic pain, especially in pa-
tients identified as less likely to benefit from intervention-
al procedures. For these patients, more active treatment
strategies including goal-directed paced activity, exercise,
cognitive-behavioral therapy, and redefining of expecta-
tions that may allow patients to take charge of their own
pain control and enhance their quality of life, independent
of a short-term reduction in pain offered by RFA, may be
more beneficial [86—89].

Discussion/Conclusions

Lumbar RFA is commonly used in clinical practice to treat
pain thought to originate from nociceptive input from the
lumbar facet joints. Research over the last several decades
has attempted to quantify the benefits and risks associated
with this treatment, but there are many lingering questions that
need to be answered to fully understand how to responsibly
use this procedure for the treatment of facet-mediated low
back pain. First, we must clarify the appropriate eligibility
criteria for lumbar RFA and balance the depth of the diagnos-
tic workup with the likelihood of successful RFA, the patient
experience, and the risk of inappropriate patients undergoing
the procedure. We must also determine if there is an optimal
RFA technique to maximize outcomes while minimizing risk
of the procedure, and we need to better understand the long-
term effectiveness of RFA and its impact on physical, psycho-
logical, and social functioning. The cost effectiveness of lum-
bar RFA, particularly relative to other evidence-based treat-
ment approaches to back pain, will benefit from more inves-
tigation. The long-term ramifications of denervating the
multifidus muscle need to be further investigated, as do the
impacts of repeated RFAs at the same or at multiple levels.
Future trials of lumbar RFA should adhere to commonly ac-
cepted standards for clinical trial conduct to raise the quality
and transparency of the evidence [90, 91]. These standards
include registering the trials according to the International
Committee of Medical Journal Editors policy [92], publishing
protocols including detailed descriptions of the interventions
and outcomes in advance, blinding of providers, and
conducting multicenter trials to enhance generalizability
whenever possible [93-95].

Clinicians, researchers, and patients need to consider the
risks and benefits of lumbar RFA compared with other
available treatment strategies that address the broader
biopsychosocial complex of chronic low back pain and
are directed at enhancing long-term quality of life and im-
proving function. In the absence of definitive answers to
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these questions, we should exercise caution and restraint
with the use of lumbar RFA and should fully disclose these
uncertainties to patients when discussing risks, costs, and ben-
efits of available treatments for their chronic low back pain.
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