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Figure 1  Representational drawing depicting the lumbosacral facet joints and accompanying neural anatomy. Insets illustrate closeup views of the 
bony and neural anatomical landmarks and a schematic representation of the effect electrode orientation has on nerve ablation. Artistic renditions 
by Joe Kanasz (joekanasz@att.net). (A) Parallel insertion of electrodes. Parallel placement may result in a higher likelihood of missing the nerve than 
with near-parallel orientation. (B) Near-parallel insertion of electrodes. This may result in the highest likelihood of medial branch nerve ablation. (C) 
Perpendicular insertion of electrodes. This theoretically results in the highest chance of missing the nerve, which may be more likely when the medial 
branch is entrapped beneath the mammilo-accessory ligament.

History and preclinical studies
The concept of denervation of facet joints has undergone 
much evolution since it originated from the neurosurgeon 
Rees’s technique that described severing the articular nerves 
supplying the zygapophysial joints through surgical inci-
sions.256 A less traumatic approach, using RF electrodes, was 
subsequently described by another neurosurgeon, Norman 
Shealy.257 He recommended placing the electrodes lateral to 
the articular processes with the tip of the electrode reaching 
the intertransverse ligament. Subsequently, a cadaveric study 
by Bogduk and Long258 found that it was the medial branches 
of lumbar dorsal rami and not articular branches that should 
be targeted, which led to major changes in electrode positions.

In the early days of RFA, it was common practice to place 
electrodes perpendicular to the target nerve(s). However, 
further investigations were prompted by varying degrees of 
success and short-lived pain relief.257 Experimental lesions 
were created in egg white and meat using 18-gauge electrodes 
heated to temperatures of 80° and 90°C. In egg white, lesions 
extend slightly proximal to the active tip, but never distal. 
Lesion expansion occurs in the radial direction, circumfer-
entially around the electrode in an oblate spheroid shape. In 
meat, the tissue surrounding the active tip is denatured longi-
tudinally in an elliptical shape, with the lesions extending for a 
short distance distal to the electrode tip. Such observations were 
confirmed by other independent investigators.230 238 259 260 This 
led researchers to conclude that electrodes inserted parallel to 

the course of the nerve were more likely to envelop the target, 
and that inserting the electrodes in a perpendicular trajectory 
can lead to non-capture and clinical failure (partial relief or 
limited duration of benefit).

Eckmann et al237 reported that lesions created ex vivo in 
muscle, and especially egg white, do not represent physiolog-
ical conditions during in vivo medial branch ablation, whereby 
the electrode is placed adjacent to bone and surrounding soft 
tissue. The authors conducted an experiment by placing the 
electrodes either apposed to bone with muscle on the other 
side or fully embedded in muscle. In the bone-muscle model, 
they found that the lesions remained elliptical with the long 
axis aligned with that of the electrode. Yet the lesions expanded 
to a greater extent perpendicularly from the needle axis when 
compared with those created in pure muscle. The authors did 
not draw conclusions about how their findings could be used 
to optimize lesion size in vivo, although they suggested that 
placing an electrode perpendicular to the nerve would result 
in a larger horizontal lesion on bone than would be expected 
in a pure muscle model.

In a cadaveric study, Lau et al261 placed electrodes either 
parallel or perpendicular onto the L4 medial branch and L5 
dorsal ramus nerves in situ under direct vision. Radiographs of 
anteroposterior, lateral and declined views were taken. Ellipses 
were drawn based on the average size of lesions generated and 
expressed as electrode-widths. Investigators observed that the 
nerves might not be captured by lesions produced by electrodes 
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oriented perpendicular to the targets, because the nerves were 
situated at the tapering end of the elliptical lesions. To improve 
the likelihood that the nerves are incorporated into RF lesions, 
they recommended that electrodes be placed parallel to the 
nerves, against the neck of the superior articular process.

Theoretical issues
Transecting a nerve anywhere results in Wallerian degeneration 
distal to the lesion location.262 Similar to cutting down a tree 
trunk or branch with a chainsaw, orienting the instrument used 
to cut the nerve perpendicular to the target in the same plane 
should theoretically maximize the chance of a complete transec-
tion (which may or may not be necessary for analgesia). However, 
the distance between the area of needle insertion (ie, skin) and 
the bony target (ie, the junction between the superior articular 
and transverse processes), and the posteriorly concave curvature 
of the transverse processes, preclude this. Theoretically, if an 
electrode could be inserted in the same plane as a target nerve, 
and a lesion extended circumferentially around the electrode 
tip, then positioning the electrode parallel to the nerve would 
actually minimize the likelihood of nerve ablation. In order to 
maximize lesion area on bone, where the medial branches reside, 
the electrode should ideally be inserted in a medial-cephalad 
direction, obliquely parallel to the nerve course. This could also 
result in a higher likelihood of nerve ablation in cases where the 
medial branch is trapped beneath a calcified mamillo-accessory 
ligament.184

The use of curved electrodes has recently gained popularity 
for lumbar medial branch RFA, whereby the depth from skin 
to the transverse process precludes positioning the electrode 
juxtaposed on bone, unlike with a posterior approach in the 
cervical spine. In order to maximize the lesion area on bone 
where the medial branches reside, practitioners typically posi-
tion the convex surface of the curved active tip anteriorly on the 
transverse process.18 To further enhance the lesion area, many 
doctors will then advance the cannula and rotate it 180°, such 
that the concave surface hugs the inferior part of the posterior 
foraminal wall. Although this makes intuitive sense, there are no 
studies to support or refute this practice.

Comparison of parallel versus perpendicular electrode 
orientation on RFA outcome in clinical practice
Only one study to date has addressed the effect of electrode 
placement on the outcome of lumbar medial branch ablation. 
Loh et al263 performed a single-center, retrospective chart 
review in 323 patients comparing two different techniques used 
by multiple practitioners over a 4-year period. A perpendicular 
approach, in which cannulas were inserted perpendicular to 
the medial branch in a different plane targeting a point on the 
transverse process just caudal to the supero-medial edge of the 
transverse process, was used in 241 patients. A later technique, 
which used near-parallel electrode insertion, was employed in 82 
patients. The authors reported lower pain scores (mean 3.64 vs 
4.27; p=0.06) at 1-month postprocedure and a longer duration 
of relief (median duration 4 vs 1.5 months; p=0.02) in patients 
who received near-parallel electrode placement. However, 
differences in selection criteria, technical parameters and patient 
expectations (ie, different physicians use different approaches) 
limit the generalizability of these results.

In another retrospective study performed in the cervical 
spine, Cheng et al264 found no difference in pain reduction 
at 1 and 3 months following RFA between individuals treated 
using perpendicular (ie, lateral approach) electrode insertion 

(n=38) and those who were treated using a parallel (ie, from 
the posterior neck) approach (n=44), but those treated using the 
lateral approach fared better at 6 and 12 months. Along with the 
anatomical differences between the cervical and lumbar spine 
regions, the same limitations in the study by Loh et al263 under-
mine external validity in this study which was never published in 
a peer-reviewed journal.

Indirect comparisons of outcomes in studies using different 
approaches
The two placebo-controlled trials that used parallel electrode 
insertion both yielded positive results,82 83 while only one81 
of three19 81 84 that inserted the electrodes perpendicular to 
the targeted nerves reported positive findings. The negative, 
randomized MINT study17 was also widely criticized for using a 
perpendicular needle approach.25–27 However, the heterogeneity 
of the patient populations, and differences in selection criteria, 
other technical aspects of RFA (eg, fluid modulation, cannula 
size, lesioning temperature and duration) and outcome measures 
preclude any meaningful conclusions from indirect comparisons 
of electrode insertion.

Recommendation
Based on anatomical descriptions and the available literature, 
near-parallel placement of traditional (eg, non-internally cooled 
and variations designed to increase lesion area) electrodes is 
recommended to increase the likelihood of medial branch nerve 
RFA by increasing the margin of error; grade B evidence, low 
level of certainty (figure 1).

Question 14: should sensory and/or motor 
stimulation be performed before radiofrequency 
ablation?
Rationale for sensory stimulation and evidence
The success of RFA of lumbar medial branch nerves is depen-
dent on correctly identifying patients whose pain is mediated via 
the medial branch nerves and by providing a thermal lesion that 
adequately coagulates the nerves, thereby preventing conduc-
tion of nociceptive information along the nerves. Integral to this 
second point is that the RF cannula must be in close enough 
proximity to the intended target nerves to result in ablation. 
Additionally, to avoid or minimize complications, the procedure 
should avoid coagulation of the ventral ramus or other unin-
tended structures. Although some physicians believe that these 
goals can be accomplished through appropriate needle place-
ment to the intended anatomical target based on fluoroscopic 
landmarks, others advocate for the use of sensory and/or motor 
testing in addition to anatomic landmarks to achieve optimal 
placement. The justification for this is based on anatomical vari-
ations in the location of the medial branches and the multiple 
articular branches emanating from each nerve.261 265–267

Sensory stimulation is typically carried out at 50 Hz. Patients 
are asked to inform the treating physician when they identify 
a sensory change (eg, tingling, buzzing, vibration, pain). Tradi-
tionally, an acceptable threshold is <0.5 V.7 18 81 84 If sensory 
threshold is in fact being used to determine optimal placement, 
however, the cannula should be advanced in all three dimen-
sions (anterior-posterior, cephalad-caudal and medial-lateral) to 
determine exactly where the stimulation threshold is lowest. In 
clinical practice, most physicians do not modify placement once 
an acceptable threshold is reached. Additionally, sensation may 
be evoked by local muscle stimulation even when the nerve is 
not close enough to be incorporated into a thermal RF lesion. 
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This is particularly true since the shape of the lesion is known 
to extend circumferentially along the active tip. In this regard, 
suboptimal needle placement technique (perpendicular rather 
than parallel trajectory) can result in adequate sensory stimu-
lation while the lesion may be insufficient for coagulation of 
the nerve and relief of pain. A prospective study in 61 patients 
who underwent lumbar facet RFA after a positive block found 
no correlation between average sensory threshold and treat-
ment results.268 However, the authors concluded that because 
sensory testing was optimized for each patient by adjusting the 
electrode in multiple planes before lesioning, the results should 
not be misinterpreted as meaning sensory testing should not be 
done. Rather, sensory testing is just one of many factors that 
include age, gender, genetics, sedation and baseline analgesics 
and comorbidities (eg diabetes) that could affect medial branch 
sensory perception. In a small observational study by Dreyfuss 
et al,147 the authors found no correlation between the degree 
of multifidus muscle atrophy and treatment outcome or levels 
treated 17–26 months after denervation. In two small placebo-
controlled studies performed in the cervical and lumbar spine 
that yielded positive results, the investigators did not use sensory 
testing, instead creating four to six empirical lesions per level 
based on anatomic landmarks.82 212

Rationale for motor stimulation and evidence
Improvement of efficacy
Motor stimulation is usually performed at a 2 Hz frequency. 
There are two potential uses for motor testing: (1) to identify 
multifidus or other paraspinal muscle stimulation indicating 
proper placement23 and (2) to identify distal muscle contraction 
when the needle is in dangerous proximity to the ventral ramus 
or spinal nerve. In a prospective audit by Dreyfuss et al,23 multif-
idus muscle stimulation without sensory stimulation resulted 
in a success rate of 87% 12 months post-RFA. A retrospective 
study by Koh et al269 provides guarded support for the asser-
tion that motor stimulation may be used to ensure proximity to 
the targeted nerve. They stratified 68 patients who underwent 
lumbar medial branch RFA into three groups: complete twitching 
elicited (observation of paravertebral muscle contraction at all 
levels), partial twitching elicited (paravertebral muscle contrac-
tions observed at one or two levels) or no twitching elicited. 
In the ‘no-twitch’, ‘partial twitch’ and ‘complete twitch’ groups, 
the mean durations of benefit were 4.6, 5.8 and 7.0 months, 
respectively, with the proportion of successful procedures at 
6 months being statistically greater in the ‘complete twitch’ than 
the ‘no-twitch’ group.

It is important to recognize that at L5, it is the dorsal ramus 
itself that is targeted, so motor stimulation should elicit visible 
contractions of the spinalis, longissimus and iliocostalis muscles. 
However, in practice, the elicitation of paravertebral muscle 
contractions is typically less prominent at L5. There are several 
explanations for this, including that at L5 it may be the medial 
branch (rather than the dorsal ramus) that is being denervated in 
some patients, that at higher lumbar levels it may be the dorsal 
ramus itself (rather than the medial branch) being lesioned 
in some patients, or that other factors are at play (eg, greater 
adipose tissue obscuring contraction, or greater atrophy at L5).

Enhanced safety
In some cases, eliciting muscle contraction may provide false 
confidence in needle placement when the motor nerve being 
stimulated does not actually innervate the facet joint (ie, cases of 
aberrant, non-medial branch innervation).127 For the purposes 

of enhancing safety, practitioners typically increase the voltage 
to 1.5–2 V, or three times the sensory stimulation threshold 
for motor testing.270 The motor stimulation threshold may 
be important in preventing complications, as one case report 
described a patient who suffered an L5 sensory radiculopathy 
following L3–L5 dorsal ramus denervation whereby motor 
testing was not conducted above 1 V.249 If no muscle contrac-
tion in the appropriate myotome is identified, most practitioners 
believe it is safe to proceed. After motor stimulation testing is 
completed, some systems require the electrode to be removed 
while LA is administered, which can result in inadvertent needle 
movement. In these cases, comparative images before and after 
anesthetic injection should be obtained to ensure the electrode 
position is identical. Additionally, many newer systems have 
a separate port that allows for the injection of LA without 
removing and replacing the electrode, which should obviate the 
need for additional images or testing. It is noteworthy that the 
SIS guidelines250 on RF neurotomy do not endorse motor stim-
ulation before lumbar facet RFA, asserting that multiple fluo-
roscopic views and monitoring patients for lower leg pain are 
sufficient to prevent nerve root injury. However, there is at least 
one reported case of permanent dropped head syndrome occur-
ring weeks after cervical RFA when motor stimulation was not 
performed, although the etiology and causal relationship to the 
procedure remain unclear.271

Recommendations
In summary, we recommend sensory stimulation when single 
lesions are anticipated; grade C, low level of certainty. When 
multiple lesions are planned, the evidence for sensory stimu-
lation is inconclusive; grade I, moderate level of certainty. For 
motor stimulation, we find that it may be beneficial for both 
safety and effectiveness purposes; grade B, low level of certainty.

Question 15: what are the most common 
complications of facet interventions, and how can 
they be minimized?
Background
Diagnostic MBB and RFA of the nerve supply to the lumbar 
facet joints require placement of needles or RFA cannulas on 
the posterior elements of the lumbar vertebral column under 
image-guidance. The needles (22-gauge to 25-gauge) or RF 
cannulas (16-gauge to 22-gauge) are placed at the junction of the 
superior articular and the transverse processes of the vertebra. 
The temperature generated at the tip of the cannula is usually 
between 80°C and 90°C and heating is generally performed for 1 
to 3 min. The risks from this procedure can be broadly classified 
as: vascular penetration and injury, procedure-related pain and 
dysesthesias, injury to non-target neural structures in proximity 
to the RFA probe, consequences of denervating surrounding 
muscles and impact on implanted electrical devices including 
pacemakers, cardioverter defibrillators, deep brain and spinal 
cord stimulators and spinal instrumentation.

Vascular penetration and injury
Vascular penetration and injury are possible during lumbar 
MBB and RFA procedures. The incidence of intravascular 
positioning of the needle tip during lumbar MBB varies from 
3.7% to upward of 20%.106 127 143 272–274 In a study of 1433 
lumbar MBBs performed in 456 patients, an incidence of 6.1% 
for vascular uptake was noted.272 Approximately one-third of 
these were identified by aspiration prior to injection, with the 
rest recognized on fluoroscopy following injection of contrast 
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agent. Vascular penetration with or without the injection of LA 
is likely to result in a false-negative diagnostic block because of 
washout of the LA. In a study by Kaplan et al127 conducted in 
18 volunteers, 6 subjects experienced vascular uptake during 
MBB (5 at one nerve, 1 at two nerves), with half of these indi-
viduals retaining the ability to perceive subsequent capsular 
distention (ie, possible false-negative block). Intravascular injec-
tion of LA is unlikely to cause harm because of the low volume 
administered, and the low probability of the presence of radic-
ular ‘feeder’ vessels in the vicinity. Aspirating for blood prior to 
injection has high specificity (97%; 95% CI 95.6% to 98.4%) 
but low sensitivity (41%; 95% CI 29.2% to 53.7%), making it 
a poor screening tool.274 When contrast is injected, it should 
ideally be performed using real-time fluoroscopy, as spot radio-
graphs have a 59% sensitivity compared with live contrast injec-
tion.272 However, digital subtraction angiography is considered 
the reference standard for vascular uptake. In a study involving 
344 diagnostic MBBs, the authors found a 19% incidence of 
vascular uptake with digital subtraction, compared with 11% 
with real-time contrast administration and 6.7% with aspira-
tion.106 The type of needle can also affect intravascular uptake 
during MBB, with one study showing a lower incidence with 
a pencil-point than a cutting needle (pencil-point needles may 
also carry a lower incidence of backache, which could result in a 
lower false-negative rate).274 275 Guidelines endorsed by SIS also 
recommend pre-injection of contrast with low volumes, between 
0.1 and 0.3 mL, in order to detect venous uptake and ensure the 
adequacy of spread.16

A study that reported on complications from 3162 MBBs 
found superficial bleeding or hematomas in 0.1%–0.4% of the 
patients.273 Lumbar MBB and RFA are currently classified as 
‘low-risk’ procedures in the guidelines on spinal procedures in 
patients on anticoagulant and antiplatelet medications formu-
lated collaboratively by the American Society of Regional Anes-
thesia and Pain Medicine (ASRA) and other societies.276 This 
risk classification was based on a study by Endres et al277 that 
reported a 0% complication rate in 1836 patients who continued 
their anticoagulant therapy. Whereas no bleeding complications 
were observed among individuals who continued their antico-
agulant therapy, a total of nine adverse events were reported 
among the 2296 patients who discontinued their anticoagulant 
therapy. An earlier survey study conducted among 325 members 
of ASIPP found that thromboembolic events were three times 
more likely than bleeding complications after interventional 
spine procedures. These events were more severe and common 
when anticoagulants were discontinued, while there was no 
difference in the reported occurrence of bleeding complications 
stratified by whether or not anticoagulants were continued.273 
Based on the literature, the ASRA anticoagulation guidelines 
committee placed thoracic and lumbar MBB and RFA in the low-
risk procedure category, especially in patients who are at a high 
risk of thromboembolic events. This is consistent with guidelines 
from the SIS,278 279 and represented a change from the previous 
version of the ASRA guidelines issued in 2015, in which thora-
columbar procedures were classified as ‘intermediate risk’.280 
However, the SIS guidelines acknowledged the limited data on 
bleeding complications when large-bore cannulas are employed 
for denervation. The ASRA and SIS committees further recom-
mended that MBB and RFA procedures be performed with 
imaging guidance in multiple planes, with special attention to 
lateral views to ensure that the needle is not advanced into the 
vicinity of the vascular structures in the neuroforamen.

In 2019, ASIPP published anticoagulation guidelines that 
placed lumbar facet IA injections, MBB and RFA in the moderate 

risk category.281 ASIPP’s guidelines allow for continuation of 
aspirin, antiplatelet agents and platelet aggregation inhibitors 
for moderate-risk procedures, although they recommend discon-
tinuing vitamin K antagonists, thrombin inhibitors, heparin and 
antifactor Xa medications.

Recommendations
The committee recommends checking for intravascular place-
ment of the needle tip by aspirating and visualizing the spread of 
contrast on fluoroscopy in real-time prior to performing MBB 
to reduce false-negative results. This should ideally be done in 
a manner such that the total injectate dose (LA and contrast) is 
kept as low as possible to minimize the effect on LA dispersion; 
grade C recommendation, low level of certainty.

The committee also recommends that non-heparin anticoag-
ulants be continued in the peri-procedure period for patients 
undergoing MBB or RFA, especially in patients at high risk of 
thromboembolic complications. Healthcare providers consid-
ering discontinuation of anticoagulants should consult with the 
physician prescribing these medications, and discuss these recom-
mendations with the patient (ie, shared decision model) prior to 
making any changes; grade B recommendation, moderate level 
of certainty.

RFA-related pain and numbness
RFA of the lumbar MBB can be associated with tenderness, pain, 
hypoesthesia or dysesthesia and limitations of movement due 
to the thermal lesion around the target nerves. Release of pro-
inflammatory cytokines is one postulated mechanism for post-
procedural discomfort. Neuropathic pain in the skin overlying 
the lumbar paraspinal muscles possibly resulting from transec-
tion of the lateral branches of the lumbar dorsal rami during 
lumbar facet RFA was first reported in 1981.282 A retrospective 
chart review of 116 RFA procedures performed in 92 patients 
reported an incidence of 3.3% for localized back pain lasting 
>3 weeks.283 In an observational study of 34 patients, localized 
pain lasting up to 1 week after the procedure was reported in all 
patients, with 6 reporting back numbness for up to 3 weeks.284 
In a prospective study comparing two approaches with cannula 
placement for lumbar medial branch RFA in 68 patients, 6 
patients (8.8%) reported persistent back pain after the RFA, with 
3 having features of neuropathic pain that lasted longer than 
3 months.285

These adverse effects are usually minor and self-limiting, 
although several studies have sought to identify ways to prevent 
them. Dobrogowski et al286 performed an RCT comparing the 
impact of administering 10 mg of pentoxifylline, 10 mg of meth-
ylprednisolone acetate (MPA) or saline following RFA of the 
lumbar medial branches but prior to removal of the RFA cannula 
in 45 patients. The authors reported a significant decrease in 
local tenderness and postprocedure soreness in patients who 
received pentoxifylline or MPA, but not in those receiving saline. 
In the saline group, 26.7% of patients had severe local tender-
ness 1 week after the procedure which disappeared in three of 
four individuals by 1 month. No patients in the MPA or pentoxi-
fylline groups reported severe tenderness after the procedure.286 
However, a more recent retrospective study performed in 164 
patients who underwent lumbar medial branch RFA found no 
difference in the incidence of postprocedure neuritis between 
individuals who received postneurotomy steroids (6.4%) 
compared with those who did not (6.9%).287 Of note, an ex vivo 
study found that injecting steroids with LA prior to RFA can 
reduce lesion size.246
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Recommendations
The committee recommends that physicians inform patients 
about the common adverse effects of RFA including pain, dyes-
thesias and numbness lasting from a few days to a few weeks 
following lumbar facet joint denervation. Injection of steroid 
through the cannula after ablation but prior to its removal may 
reduce pain and discomfort following RFA; grade C recommen-
dation, low level of certainty.

Injury to spinal cord or nerve roots
Injury to the spinal cord (upper lumbar procedures) or nerve 
roots after lumbar facet RFA is possible but rare. The spinal 
nerve, and especially the dorsal root ganglion, is in proximity to 
the target site for medial branch neurotomy. Anterior misplace-
ment of the electrode into the neuroforamen can result in the 
active tip of the RF electrode being situated near the nerve root. 
A case report described new sensory symptoms in the derma-
tomal distribution of the fifth lumbar nerve following RFA of 
the third to fifth lumbar medial branches and dorsal rami.249 
Another study that reported on complications from 3162 MBBs 
found irritation of the nerve roots occurred in 0.1% of the 
patients, but found no long-term neural deficits.273 Sensory and 
motor stimulation to reduce the probability of proximity of the 
RF cannula tip to the spinal nerve root traversing in the foramen 
have been advocated for preventing injury to the spinal nerves, 
but the evidence is inconclusive.

Recommendations
The committee recommends the use of true anteroposterior, 
ipsilateral oblique (‘Scotty-dog’) and true lateral views on fluo-
roscopy during placement of RFA cannulas to ensure that the 
tips are outside of the neural foramina. Absence of sensorimotor 
responses in a radicular distribution in response to test stimula-
tion prior to RFA may also reduce the probability of injury to 
the spinal cord and spinal nerve roots; grade B recommendation, 
low level of certainty.

RFA-related degeneration of spinal anatomy and musculature
The multifidus muscle, the most medial of the deep intrinsic 
spinal muscles, contributes to segmental stability in the lumbar 
spine.288 RFA of the medial branches innervating the lumbar 
facet joints results in denervation of this muscle, but the physi-
ological implications of this phenomenon are unclear. Dreyfuss 
et al147 conducted a study on five patients who had undergone 
unilateral lumbar RFA. MRI of the lumbar spine was performed 
17–26 months after denervation. Diffuse atrophy of the lumbar 
multifidus was noted in all patients, but was not limited to the 
levels of RFA even though post-RFA electromyography indi-
cated denervation of multifidus muscles only at the levels where 
RFA was performed. None of the patients had recurrence of 
pain or evidence of spinal instability.147 In a larger case series 
of 27 patients, MRI was done prior to and following lumbar 
RFA to assess the bulk of the multifidus, and for evidence of disc 
and facet joint degeneration.289 No change in muscle mass or 
degeneration of the facet joints was observed, although a greater 
amount of disc degeneration was noted compared with unaf-
fected levels (14.9% vs 4.6%).

It is important to note that at the level of the fifth lumbar 
vertebra, it is the dorsal ramus itself that is targeted. Based on 
characteristic innervation patterns, this should result in segmental 
denervation of the iliocostalis (a component of the erector 
spinae muscle), which is involved in back extension through 
lateral branch innervation, and the longissimus muscle (another 

component of the erector spinae muscle), which helps maintain 
an erect spine and contributes to lateral flexion, and is innervated 
by the intermediate branch. However, the stronger contractions 
that are typically observed at the second to the fourth lumbar 
vertebral levels suggest that, at least in some people, the ilio-
costalis and longissimus muscles may also be stimulated during 
motor testing, and denervated during ablation. This hypothesis 
is supported by unpublished data showing that it is the contrac-
tion of the longissimus and iliocostalis muscles during facet joint 
nerve motor stimulation that is most prominent (unpublished 
data from Avanos, personal communication from Jeffrey Peter-
sohn), and a case report demonstrating denervation of both the 
multifidus muscle and erector spinae muscle groups after lumbar 
facet RFA.290 Finally, loss of paraspinal extensor muscle action 
has been reported following multilevel, unilateral RFA for dener-
vation of the upper cervical facet joints. This patient required 
surgical stabilization of the cervical spine.271

Recommendations
The committee recommends a comprehensive discussion with 
patients about the potential short-term and long-term impact of 
lumbar facet joint RFA on spinal anatomy. It should be explained 
to patients that morphological changes to spinal muscles will not 
result in adverse clinical outcomes in most patients. However, 
recommending PT regimens aimed at restoring the function 
of paraspinal muscles prior to and after RFA may improve 
outcomes; grade C recommendation, low level of certainty.

Impact of RFA on existing implanted devices
Monopolar RFA of innervation to lumbar facet joints involves 
the use of electrical current that emerges from the tip of the 
RF cannula and flows through the body before exiting through 
the grounding pad. Magnetic fields created from use of short-
wave diathermy can result in interference with functioning of 
implanted electric devices such as deep brain291 or spinal cord 
stimulators. There is some evidence that bipolar RFA may be 
safer than monopolar.292 However, safe use of monopolar 
RFA has been reported in a patient with deep brain stimula-
tors with one of the implanted pulse generators located in the 
anterior abdominal wall.150 Safe and successful bipolar RFA to 
treat cervical and lumbar facetogenic pain in two patients with 
automated implantable cardioverter defibrillators has also been 
reported.292 When the grounding pad is placed on the lower 
extremity, lumbar RFA should theoretically carry a lower risk of 
device interference than for procedures performed in the neck. 
The American Society of Anesthesiology recommends that the 
grounding electrode be placed at least 15 cm away from pacing 
leads for both permanent pacemakers and implantable cardiac 
defibrillators.293

Use of bipolar RF mode may be preferable to unipolar for risk 
minimization because of the smaller induced electromagnetic 
field. If using unipolar RF, placing the grounding pad close to the 
neurotomy site will reduce the size of the induced electromag-
netic field. This will minimize the risk of heating the neurostim-
ulator battery and electrodes. However, placing the grounding 
pad too close to the neurotomy site can increase the risk of tissue 
burns, particularly when using high current, long activation 
times, and the use of conductive fluid, since the energy has less 
tissue through which to dissipate.

Recommendations
Healthcare teams responsible for managing the implanted device 
(eg, neurology, cardiology, pain medicine) should be consulted 
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regarding the planned RFA procedure. If RFA is performed, 
implanted electrical devices such as neurostimulators should be 
programed to an output of zero volts and turned off before the 
procedure, and the risks of device damage discussed with the 
patient. For pacemakers and defibrillators, the cardiology team 
and device manufacturer should be consulted prior to facet joint 
medial branch RFA, and their recommendations followed (eg, 
program pacemaker to asynchronous mode). Using no or judi-
cious sedation will allow the physician to communicate effec-
tively with the patient and to detect any potential injury to the 
central nervous system or cardiovascular decompensation at an 
early stage. A deactivated neurostimulator should be turned on 
following the RFA procedure and reprogrammed to preproce-
dural settings; grade C recommendation, low level of certainty.

Tissue burns
Skin burns from either extension of the lesion into the dermis 
or equipment malfunction (eg, electrical faults, insulation breaks 
in the electrodes, generator malfunction or incorrect appli-
cation of the electrical dispersive (aka grounding pad)), have 
been reported.294–297 Skin burns resulting from direct extension 
have been described in areas such as the knee where there is 
less tissue between the target nerve and the skin, and may be 
more likely to occur with larger lesions.294 Although RFA in the 
back is extremely unlikely to result in skin burns in even the 
thinnest patients, lesion extension into paraspinal muscles may 
manifest as increased procedure-related pain. As noted above, 
placing a grounding pad too close to neurotomy site can increase 
the risk of skin burns, especially with aggressive lesioning tech-
niques. Strategies to reduce the potential for skin burns during 
RFA have previously been published and include the use of a 
large electrical dispersive pad constructed with conductive metal 
and adhesive polymer gel, positioning the grounding pad with 
the longest side facing the RF electrode, and for high-risk proce-
dures, consideration of the use of dual grounding pads.298

Recommendations
We recommend checking all equipment to ensure that it is prop-
erly functioning, and positioning monopolar RF grounding pads 
in an optimal location and orientation. Applying a large, prop-
erly positioned grounding pad on a lower extremity that is dry, 
clean shaven and devoid of scars or tattoos may minimize the 
risk of tissue burns; grade B recommendation, moderate-to-high 
level of certainty.

Impact of RFA on spinal instrumentation in proximity of the 
procedure
Cadaver studies have shown that anterior lumbar interbody 
spinal fixation is associated with less facet joint capsular strain 
at the level of fixation plate.299 Previous spine surgery is also 
associated with a higher false-positive rate of MBB, and a lower 
success RFA rate.54 133 It should also be noted that during place-
ment of pedicle screws, many surgeons intentionally or uninten-
tionally also sever the medial branches. Yet, it is not uncommon 
for patients who have had spine surgery with instrumentation 
to undergo lumbar facet joint RF denervation at levels adjacent 
to the operated segments. Concerns have been expressed that 
the use of RFA in patients with existing posterior spinal instru-
mentation can cause thermal injury to surrounding structures 
through heating of the hardware.300 301 However, an observa-
tional study of 44 lumbar facet joint RFA procedures in patients 
with posterior spinal instrumentation did not find any evidence 

of superficial or deep burns, denervation of the lateral branches 
or ventral rami, or coagulation of blood vessels.302

Recommendations
Multiplanar fluoroscopic imaging-guided RFA technique should 
be used to ensure that the RF cannula is not in contact with 
the pedicle screw to avoid thermal injury to tissues surrounding 
implanted spinal hardware; grade C recommendation, low level 
of certainty.

Question 16: should there be different standards 
in selecting patients for radiofrequency ablation 
in clinical trials and clinical practice?
Key concepts of clinical trial design and disparities in 
interpretation
Clinical trials are the reference standard to determine the effi-
cacy and effectiveness of novel therapeutics to treat pain. Early 
phase clinical trials employ strict selection criteria in order to 
reduce variables that may affect outcomes, and maximize the 
chance of establishing efficacy. As the therapy moves through the 
different phases of development, selection criteria are loosened 
in order to evaluate outcomes in ‘real-world’ patient populations 
that better reflect effectiveness. Trying to estimate real-world 
effectiveness based on rigorously performed efficacy studies 
is challenging, as increasing exclusiveness undermines gener-
alizability.303 It is difficult to determine where diagnostic facet 
blocks and RFA fall on this continuum since there is abundant 
(yet often conflicting) literature evaluating nearly every aspect of 
the treatment, as discussed in this review. Therefore, some vari-
ables may require more stringent selection criteria to evaluate in 
clinical trials while others may warrant more liberal criteria that 
aim to maximize generalizability.36

A key concept of clinical trials is that methodology should be 
contingent on the question being answered (eg, animal studies 
to determine safety, dosing or treatment parameters; phase III 
to determine efficacy).304 Consequently, the design of facet joint 
studies, including selection criteria, should be tailored to the 
study’s purpose. Studies generally seek to extend our knowledge 
in a given area (ie, they do not seek to re-test or re-litigate estab-
lished facts), but a gray area of contention in the interventional 
pain treatment theater is that there is disagreement on what is 
established. For example, whereas most interventional physi-
cians agree on the efficacy of facet joint RFA, there is no such 
consensus in the general medical community. This can lead to 
differences in interpretation of the extant interventional litera-
ture, and for pain physicians to eschew performing pure efficacy 
studies later in a procedure’s lifespan, with that gap being filled 
by non-interventionalists who are not as attuned to nuances 
that could improve treatment outcomes. This is highlighted 
in a review on epidural steroid injections that found that both 
clinical trials and evidence-based reviews led by physicians who 
perform the procedure are much more likely to yield positive 
conclusions than those conducted by non-interventionalists.305 
There is widespread agreement on designing studies to optimize 
the likelihood of answering the question being asked, and that 
studies designed for one purpose should not be used to draw 
conclusions on others (ie, comparative-effectiveness studies 
with liberal selection criteria should not be used to assess effi-
cacy).24 25 27

It is important to recognize that what may be best for an 
individual person and justifiable in a clinical trial may not be 
in the best interest of society, or even for an individual practi-
tioner. For example, interventions that are incredibly costly and 
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time-consuming, but provide only a marginal increase in effi-
cacy may be not be cost-effective on a macrolevel. However, the 
conduct of early phase clinical trials does not usually reflect clin-
ical practice. Inclusion and exclusion criteria tend to be longer 
and more rigorous in clinical trials, and the additional costs 
incurred by being more selective in enrollment and meticulous 
in performance often pale in comparison to the overall cost of 
product or drug development.

Patient selection
Similar to all treatments, patient selection for diagnostic facet 
blocks plays a critical role in determining the likelihood of a posi-
tive outcome. There is consensus that failure of at least 3 months 
of conservative therapy is a reasonable threshold that should be 
implemented in both clinical trials and practice, although practice 
guidelines could allow flexibility in cases of extenuating circum-
stances. The cut-off for clinical trials is similar to what was advo-
cated by an international panel of experts for epidural steroid 
injection studies, and is predicated on the observation that the 
natural prognosis is favorable for back pain in individuals with 
acute pain, even without treatment.306 There is scant evidence 
supporting specific physical examination signs or imaging to 
diagnose facetogenic pain or predict treatment outcomes, so 
selection should be adapted according to the specific question 
being addressed.

Patient selection in clinical trials designed to determine effi-
cacy must employ stringent selection criteria to eliminate likely 
non-responders (eg, individuals with depression, those on high 
doses of opioids), ensure that participants have the index condi-
tion being studied (ie, reduce false-positive rates for MBB), and 
maximize the chances for technical success even when doing so 
may not be cost-effective (ie, performing sensory stimulation, 
creating multiple lesions, utilizing relatively expensive systems 
that enhance lesion size). However, practitioners on the front-
lines treating pain often have different goals. For example, 
although patients who are depressed and sleep poorly, or are on 
temporary disability or opioids because of back pain, may not be 
candidates for a clinical trial aimed at determining efficacy, the 
upside of treatment in these patients is substantial.

Technique for diagnostic facet block
The goal of the diagnostic block is for the LA to be delivered to 
the target without extraneous flow to non-targeted structures. 
There is little controversy over the volume of the injectate, as 
low volumes have been shown to enhance specificity for MBB 
and positive predictive value for RF procedures.98 99 172 The use 
of contrast, and its ability to detect spread patterns for a less 
viscous LA solution, is more controversial. For epidural injec-
tions, the results are mixed regarding the correlation between 
the spread of contrast dye, and the spread of LA and sensory 
blockade.307 308 The incidence of vascular uptake may be high 
enough to affect outcomes in small clinical trials that aim to 
determine efficacy (false-negative blocks) and therefore low 
volumes (<0.3 mL) of contrast are recommended. However, 
the injection of contrast, especially gadolinium in those with 
allergies to iodinated contrast, is not without risk.309 310 Since 
the anticipated effect will be much smaller on larger pragmatic 
trials and in individual patients, its use may not be necessary 
in all circumstances (ie, the risks and costs may exceed bene-
fits). The use of fluoroscopy is the reference standard for MBBs 
in both clinical trials and practice, as correct needle position is 
integral for validity and is unlikely without direct visualization. 
However, we recommend using CT guidance for IA injections 

in clinical trials due to the high failure rate of IA injections with 
fluoroscopy.18 Sedation has been shown to result in high false-
positive rates for diagnostic spinal injections,160 and individuals 
who require sedation for MBB should be excluded from clinical 
trials.

Patient-reported outcomes for diagnostic MBB
The cut-off for designating an MBB as positive is one of the most 
controversial areas in pain medicine. The studies demonstrating 
no difference in the predictive value of ≥50% to <80% pain 
reduction vs ≥80% pain reduction are of higher quality than 
studies that reported a higher predictive value for an ≥80% 
cut-off, including the only prospective study to examine this 
question6; hence we recommend using ≥50% for clinical trials, 
with planned subgroup analyses stratified by per cent pain relief. 
Given the significant false-positive rate of uncontrolled MBB, 
it is advantageous that multiple blocks, preferably placebo-
controlled, be used to enhance diagnostic accuracy in clinical 
trials whose aim is to determine efficacy.209

Technique for RFA
The goal of RFA is to interrupt as much of the innervation to the 
facet joint as possible. This is achieved by aligning the exposed 
needle tip as close to the target innervation and creating as large 
a lesion as possible, while minimizing damage to non-targeted 
tissues. The workgroup agrees that visualizing the anatomic loca-
tion of the needle tip is the most important step. Motor stimu-
lation should be used for safety and can provide confirmation 
of correct placement by the elicitation of spinal muscle contrac-
tions, but may be difficult to discern in patients with obesity, 
at lower lumbar levels, and in individuals with muscle atrophy. 
Similarly, sensory stimulation can provide assurance of proximity 
to the targeted nerve(s), but may be difficult to distinguish from 
local tissue stimulation, is affected by multiple other factors and 
was not shown to correlate with RFA outcomes in a prospective 
study.268 Therefore, the use of sensory stimulation is not always 
necessary in clinical practice, but should be used in clinical trials 
in the absence of an aggressive lesion strategy. The workgroup 
agrees that larger lesions are relatively easy to effect and may 
increase the chance of a successful outcome; for this reason, the 
standards should not differ between clinical trials and practice 
(use of large-gauge electrodes, temperature ≥80°C, longer lesion 
times to reduce lesion variability).

Recommendations
This committee interprets the literature to date as demonstrating 
that lumbar medial branch RFA is efficacious for those patients 
selected through rigorous methods. Therefore, by relaxing these 
stringent criteria and performing planned subgroup analyses 
stratified by percent pain relief, we can further clarify expected 
outcomes. Studies with the objective of proving efficacy should 
use the most rigorous selection criteria possible, which may entail 
multiple blocks with cut-off thresholds exceeding 50% pain relief.

We believe that employing different standards for clinical prac-
tice and clinical trials, particularly those that purport to show 
efficacy, is reasonable (table  11). These differences reflect the 
different goals for investigators, patients and physicians. Specific 
areas in which criteria may differ include patient selection (with 
clinical practice erring on the side of enhanced access to care) for 
facet blocks and RFA. For RF technique, strategies to maximize 
lesion size that carry minimal additional risks and costs should 
ideally be similar between clinical trials and practice; grade A 
evidence, moderate level of certainty.
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Table 11  Guidelines for clinical trials vs clinical practice
Factor Clinical trial Clinical practice

Patient selection

Failure of conservative 
treatment

At least 3 months Preferably 3 months, but may 
be less in certain circumstances 
(eg, incapacitating pain with 
strong suspicion of facetogenic 
origin, competitive athlete, 
military deployment)

Physical examination No recommendation No recommendation

Diagnostic imaging No recommendation No recommendation

Facet block technique

Injectate volume:

 � Medial branch block ≤0.5 mL ≤0.5 mL

 � Intra-articular block <1.5 mL <1.5 mL

Imaging:

 � Medial branch block Fluoroscopy Fluoroscopy

 � Intra-articular block CT Fluoroscopy or CT

Contrast 0.1–0.3 mL With or without contrast

Sedation None Not routinely

Patient-reported outcomes

Pain relief cut-off ≥50%, consider subgroup 
analysis for higher thresholds 
in efficacy studies

≥50%, with lower cut-
offs considered in certain 
circumstances (eg, other 
metrics of improvement 
achieved)

Multiple blocks Strongly consider for efficacy 
studies

Not routinely

Repeat diagnostic MBB for 
repeat RFA

No No

RFA techniqueRFA technique

Stimulation Motor necessary; sensory 
recommended in the absence 
of multiple lesions

Motor strongly recommended; 
sensory at discretion of 
practitioner

Needle size Large (preferably at least 
18-gauge)

Large

Temperature 80°C–90°C 80°C–90°C

Duration Preferably at least 2 min At least 1.5 min

Multiple lesions and/ or other 
techniques to increase lesion 
size

Necessary in the absence 
of clear-cut stimulation 
benchmarks

Depends on circumstances

MBB, medial branch block; RFA, radiofrequency ablation.

Question 17: in which patients should repeat 
radiofrequency ablation be considered, and what 
is the likelihood for success? Do repeat diagnostic 
blocks need to be repeated?
Rationale for repeating RFA and likelihood of success
Pain relief after RFA of the facet joint nerves is durable compared 
with steroid injections, but still time-limited.18 23 311–313 As a 
result, in current clinical practice RFA is commonly repeated 
on recurrence of pain. Educating patients about the possibility 
of temporary relief and the potential for repeated treatment is 
a part of the informed consent process for this treatment, and 
information about the likelihood of success with repeated treat-
ment is central to this discussion. A 2012 systematic review by 
Smuck et al examined the literature on the success of repeat 
lumbar RFA.314 From seven qualifying studies that provided data 
on repeat RF outcomes, the unweighted average success rate of 
repeat RFA was approximately 80% in patients who experienced 
a good outcome from the first RFA procedure, typically defined 
as at least 50% relief of pain at 3 months. The 3-month cut-off 
for designating an RFA procedure as a success is based on a study 
by Cohen et al in which 15 patients and 5 pain physicians were 
surveyed in preparation for a randomized trial of RF outcomes.7 
These repeat RFA results differed somewhat between lumbar and 
cervical RFA studies, with a 59% success rate based on the two 

qualifying lumbar studies (n=29) and an 88% success rate based 
on the five qualifying cervical studies (n=114). The average 
duration of pain relief was also similar following repeat RFA 
compared with the initial RFA response (10 months). Alterna-
tively, when response to the first RFA did not meet the 3-month 
cut-off for a positive outcome, repeat RFA was less successful 
(38% based on data from the five cervical spine studies, lumbar 
data not available).

Additional studies that were not included in the above-
mentioned systematic review, because of publication date or not 
meeting selection criteria, shed further light on the effectiveness 
of repeat RFA. A prospective cohort study by Rambaransingh et 
al315 examined outcomes in patients with successful response to 
an initial lumbar medial branch RFA who underwent a second 
(n=58) and third (n=29) RFA treatment, demonstrating the 
repeatability of treatment success. Clinically meaningful mean 
improvements in pain and disability were observed after each of 
the RFA treatments, and without statistical differences in treat-
ment duration or effect size between the first, second and third 
RFAs (mean pain score reductions of 3.2, 3.3 and 4.1, respec-
tively). Son et al performed a retrospective analysis in 60 patients 
who received one or two repeat lumbar medial branch RFAs after 
an earlier successful treatment.316 The first and second repeat 
RFAs were successful in 91% and 80% of cases, respectively, 
with no statistical differences in the duration of relief (mean 
duration 10.9 and 10.2 months after the initial and repeat proce-
dures, respectively). Similar results were reported by Kim et al 
(95% success rate with repeat RFA) in a retrospective cohort 
study evaluating 56 patients with facet joint pain following 
lumbar microdiscectomy who were treated with a repeat RFA 
when pain returned following a previously successful RFA.317 
In this study, the proportion of patients with >50% pain relief 
was 91% for the second procedure (mean duration of relief 10.2 
months) and 80% after the third procedure (mean duration 9.8 
months). More recently, MacVicar et al216 described outcomes 
from a prospective consecutive cohort (n=106) treated with 
lumbar RFA whereby 56% experienced complete relief of pain, 
full restoration of function and no need for analgesic medica-
tions or other back pain treatments for a median duration of 15 
months. Fifty-six per cent of these patients received repeat RFA 
(between one and five treatments) with all experiencing similar 
robust treatment effects and durations of benefit (median 13 
months) following the repeat procedures.

In summary, there is good evidence to support repeat medial 
branch RFA, with a high likelihood of success (at least 80%) in 
patients who experience at least 50% pain relief for a period 
of 3 months or longer following their initial RFA treatment. 
According to multiple studies, improvements in pain and func-
tion and duration of benefits are similar between repeat and 
initial lumbar facet RFA treatments.

Rationale for durability and repeatability of RFA
The mechanisms that underlie the durability of RFA outcomes 
remain under debate. The electrode temperature and duration of 
the RF delivery are intentionally chosen to cause axonal destruc-
tion and Wallerian degeneration of the medial branch nerve, but 
are not sufficient to injure the collagenous tissues that form the 
nerve sheath (ie, third-degree peripheral nerve injury based on 
the Sunderland nerve injury classification).248 318 As a result, the 
proximal surviving axons can regenerate via the intact neural 
tube and re-establish facet joint innervation and pain percep-
tion. This is the most likely reason that some patients experi-
ence return of pain and need to repeat the procedure. What is 
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less clear is the reason for the observed durability of RFA treat-
ment effects, lasting 10 months or more based on a systematic 
review.314 Injured axons regenerate at a rate of 1–2 mm/day, 
although the rate depends on many factors and can vary signifi-
cantly from individual to individual.319 Since the length of nerve 
from the axonal lesion to the lumbar facet joint is approximately 
30–40 mm, reinnervation could occur within 3–6 weeks. Regen-
eration is the primary form of nerve repair when >90% of the 
axons are injured. In partial nerve injuries when only 20%–30% 
of the axons are affected, collateral sprouting from preserved 
axons can contribute to reinnervation.248 Some researchers have 
suggested that the prolonged pain relief observed from RFA 
results from the heat lesioning slowing nerve regeneration, or 
reinnervation.248 320 321

Rationale for not repeating prognostic blocks before repeat 
RFA
Despite the known durability of RFA treatment outcomes, a 
substantial number of patients who respond to RFA will expe-
rience a return of pain. The pathophysiological mechanisms 
behind this are described in the preceding paragraph. Each study 
included in the systematic review by Smuck et al,314 and all of the 
individual studies discussed previously specified that a positive 
response to prognostic blocks was the criterion used to select 
patients for the initial RFA treatment. None comment about the 
role of repeat prognostic blocks in the decisions to repeat RFA, 
suggesting that repeat prognostic blocks did not play a role in 
the decision to repeat the denervation procedures, and thus are 
not necessary.

From a practical standpoint, when pain returns it may not be 
clear that it stems from the previous source. This can be partic-
ularly challenging when relief from the prior RFA lasts consid-
erably longer than expected, as some patients have reported 
benefit lasting >5 years from a single RF treatment.216 As a 
result, physicians sometimes choose to repeat the prognostic 
blocks before repeating RFA. This may be more useful when a 
patient’s description of the index pain has changed, or if the 
patient or physician is uncertain if the current pain is the same or 
similar to previous pain. To our knowledge, no studies provide 
data to help guide when repeat prognostic blocks are needed 
prior to repeating a previously successful RFA.

Period of waiting
Studies have demonstrated that patients with shorter duration 
of pain respond better to an initial RFA of the lumbar medial 
branches for facet joint pain,54 and sacral lateral branches for 
SI joint pain,200 than those with a longer duration. Whereas 
there are no data evaluating the effect that the duration of pain 
following a recurrence has on repeat RFA outcomes, based 
on this information, the relatively high success rate for repeat 
lumbar medial branch RFA, and the disability associated with 
lumbar facetogenic pain, one might reasonably surmise that 
repeat RFA should be performed shortly after symptoms recur. 
However, repeating RFA may have irreversible consequences 
if performed too early. Denervation of the paraspinal muscu-
lature including the multifidus muscle has been demonstrated 
to last over 12 months in some patients.147 When a muscle is 
denervated, it proceeds through several well-documented stages 
that are measured in months in most laboratory animals, but can 
take several years to denouement in humans. Immediately after 
denervation, immediate loss of function and microscopic muscle 
atrophy ensue. The second stage is characterized by increas-
ingly severe muscle atrophy, which includes the loss of most 

sarcomeric organization. The final phase consists of irreversible, 
interstitial fibrosis, whereby muscle tissue is replaced by adipo-
cytes.322 323 Since there are reports of patients getting multiple 
repeat RFA procedures over a period of years, and motor units 
may be more susceptible to irrevocable long-term sequelae than 
nociceptors, performing repeat RFA multiple times preemptively 
(ie, before pain recurs) has the potential to result in irreversible 
damage to the paraspinal musculature.

Recommendations
The committee recommends repeating lumbar medial branch 
RFA on recurrence of pain in patients who experience a minimum 
of 3 months of improvement (and preferably 6 months improve-
ment for multiple procedures) following a previous RFA. Given 
the drop-off in success rates reported in some studies and the 
mean duration of benefit, we recommend repeating the proce-
dure no more than two times per year; grade B recommenda-
tion, moderate level of certainty.

The committee does not recommend routine use of repeat 
prognostic blocks before repeat lumbar medial branch RFA 
in patients who experience a recurrence of their baseline pain 
in a physiological time frame, but we recognize that they may 
be useful when it is unclear if the current pain is the same or 
similar to the pain experienced before the previous RFA; grade 
C recommendation, low level of certainty.

Discussion
Perspective and bias
Facet-related procedures have become a deep-seated source of 
controversy in the pain medicine and general medical commu-
nities. An analysis of clinical trials and evidence-based reviews 
reveals that those performed by non-interventionalists are 
most likely to generate negative findings85 90 324 compared with 
those performed by individuals who perform facet blocks and 
RFA,81 217 325 which is similar to what has been found for epidural 
steroid injections.305 326 In the Analgesic, Anesthetic, and Addic-
tion Clinical Trial Translations, Innovations, Opportunities, and 
Networks (ACTTION) guidelines on unique considerations for 
interventional studies, the authors attributed this discrepancy 
to better selection and technique for interventionalists, differ-
ences in interpretation that reflect differences in background and 
understanding, and bias on both sides of the debate (table 12).36

Balancing access to care against maximizing success rates
A major point of contention in developing our guidelines revolved 
around disparities in the perceived objectives. Whereas it was 
charged from the outset that these guidelines should be designed 
to inform care in clinical practice, creating a balance between 
maximizing access to care for a minimally invasive procedure 
with a low complication rate for which there are no reliable 
evidence-based treatment alternatives (ie, formulating guidelines 
with liberal selection criteria to minimize false-negative results) 
and devising more stringent criteria which would promote 
higher RFA success rates (ie, minimizing false-positive results) 
proved to be a formidable task. In the end, we opted to err on 
the side of greater access to care, relying on education, peer-
review and regulatory bodies to limit and prevent overuse.

Overuse is not limited to facet interventions, as studies 
have shown significant geographic variations in spine surgery 
and epidural steroid injection rates, with minimal correlation 
between the number of procedures performed and disability 
rates.327–329 Overuse may be an inevitable byproduct of a fee-
for-service payment system, although the incentives for high 
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Table 12  Summary of recommendations
Topic Recommendation/Findings Level of evidence and certainty

Value of history and physical examination to select 
patients for blocks

There are no examination or historical signs that reliably predict response to lumbar facet blocks. Paraspinal tenderness 
and radicular symptomatology may be weakly predictive of positive and negative blocks, respectively. The levels targeted 
should be based on clinical presentation (eg, tenderness, pain patterns, imaging if available).

Grade C, low level of certainty

Correlation between imaging and facet block and 
RFA outcomes, and whether imaging is necessary 
before blocks

There is moderate evidence for SPECT before MBB.
There is weak evidence for SPECT before IA blocks.
There is weak evidence for MRI, CT and scintigraphy before MBB and IA blocks.

Grade C, moderate level of certainty
Grade D, low level of certainty
Grade D, low level of certainty

Requirement of conservative treatment including 
physical therapy before facet blocks

Consistent with clinical practice guidelines, we recommend a 3-month trial of different conservative treatments before 
facet joint interventions.

Grade C, low level of certainty

Necessity of image guidance for lumbar facet blocks 
and RFA

We recommend CT or preferably fluoroscopy be used for lumbar MBB, although ultrasound may be considered in certain 
contexts. For IA injections, we recommend CT, although fluoroscopy can be considered in some cases.

Grade C, low level of certainty

For RFA, we recommend using fluoroscopy. Grade B, low level of certainty

Diagnostic and prognostic value of facet blocks IA injections are theoretically more diagnostic than MBB, although they are characterized by a high technical failure rate 
and poorer predictive value before RFA. Both MBB and IA injections are better than saline injections as prognostic tools 
before RFA.

Grade B, low level of certainty

MBB vs IA injections before RFA MBB should be the prognostic injection of choice before RFA. IA injections may be used for both diagnostic and therapeutic 
purposes in some individuals (eg, young people with inflammatory pain, people at risk of RFA complications).

Grade C, moderate level of certainty.

Effect of sedation on diagnostic and prognostic utility Consistent with guidelines, sedation should not be routinely used in the absence of individual indications. Grade B, low-to-moderate level of 
certainty

Ideal volume for facet blocks Lumbar MBB should be performed with a volume <0.5 mL to prevent spread to adjacent structures, and IA injections 
should be done with a volume <1.5 mL to prevent aberrant spread and capsular rupture.

Grade C, low level of certainty

Therapeutic benefit from MBB and IA injections We recommend against the routine use of both therapeutic MBB and IA injections, although we acknowledge there may be 
some contexts in which these can be useful (eg, prolonged relief from prognostic blocks, contraindications to RFA).

Grade D, moderate level of certainty

Cut-off for designating a prognostic block as positive 
and use of non-pain score outcome measures

We recommend that >50% pain relief be used as the threshold for designating a prognostic block as positive, but recognize 
that using higher cut-off values may result in higher RFA success rates. Secondary outcomes such as activity levels may also 
be considered when deciding whether to proceed with RFA.

Grade B, moderate level of certainty

Number of prognostic blocks performed before RFA We recommend a single block. Although using multiple blocks may improve RFA success rates, it will also result in patients 
who might benefit from RFA being denied treatment.

Grade C, low-to-moderate level of 
certainty

Evidence for large RF lesions There is indirect evidence, and limited direct evidence, that techniques that result in larger lesions (eg, larger electrodes, 
higher temperatures, longer heating times, proper electrode orientation, fluid modulation) improve outcomes.

Grade C, low level of certainty that larger 
lesions increase the chance of capturing 
nerves.
Grade I, low level of certainty that larger 
lesions increase duration of pain relief.

Electrode orientation We recommend positioning the electrode in an orientation near-parallel to the nerve. Grade B, low level of certainty

Use of sensory and motor stimulation before RFA Sensory stimulation should be used when single lesions are anticipated.
When multiple lesions are planned, the evidence for sensory stimulation is inconclusive.
Motor stimulation may be beneficial for safety and effectiveness purposes.

Grade C, low level of certainty
Grade I, moderate level of certainty
Grade B, low level of certainty

Mitigating complications Intravascular uptake can adversely affect the validity of MBB and we recommend aspiration and real-time contrast 
injection.

Grade C, low levelof certainty

Anticoagulation medications should be continued for facet blocks and RFA, and cases that might warrant discontinuation 
should be discussed with relevant healthcare providers.

Grade B, moderate level of certainty

Injection of steroid after RFA may prevent neuritis. Grade C, low levelof certainty

Confirming electrode placement in multiple views andusing sensorimotor testing may reduce the risk of nerveroot injury. Grade B, low levelof certainty

RFA can result in paraspinal muscle degeneration andpossibly disc degeneration, though the clinical relevanceof this is 
unclear. We recommend a discussion of thispossibility with patients, and consideration of physicaltherapy before and after 
RFA to reduce the risk.

Grade C, low levelof certainty

Interference with implanted electrical devices can occur,and physicians should consult with relevant healthcareteams 
regarding recommendations (eg, programmingpacemakers to asynchronous mode, turning offneurostimulators). Bipolar 
modes may be safer thanmonopolar, and grounding pads should be placed awayfrom implanted cardiac devices, but not 
too close to theneurotomy site (risk of tissue burn). Avoid excessivesedation.

Grade C, low levelof certainty

Burns may occur from equipment malfunction or lesionextension to the skin (less likely). Checking equipment,and properly 
positioning the grounding on a dry, cleanshaven lower extremity devoid of scars may minimize thisrisk.

Grade B,moderate-to-highlevel of 
certainty

Spine surgery is associated with lower RFA success rates,and physicians should check placement of RF probes inmultiple 
fluoroscopic views and avoid contact withhardware to prevent thermal injury.

Grade C, low levelof certainty

Difference in standards between clinical trials and 
clinical practice

Providers involved in clinical trials and clinical practice may have different goals that warrant different selection and 
performance criteria. Areas that might warrant discrepancies include the use of contrast during MBB, number of blocks 
performed, prognostic block cut-off for identifying an RFA candidate and use of sensorimotor stimulation.

Grade A, moderate level of certainty

Repeating RFA We recommend repeating RFA in individuals who obtained at least 3 (and preferably 6) months of relief, up to two times 
per year. The success rate for repeat RFA decreases for successive procedures but remains above 50%.

Grade B, moderate level of certainty

Repeating prognostic blocks is not routinely necessary in patients who experience a recurrence of their baseline pain in a 
physiological timeframe.

Grade C, low level of certainty

online supplementary figure 1
IA, intra-articular; LA, local anesthetic; MBB, medial branch block; RF, radiofrequency; RFA, radiofrequency ablation; SPECT, single photon emission computed tomography.

procedure utilization are multifarious. For example, a depressed, 
overweight patient with marital problems and sleep abnormali-
ties who is on disability and opioids for back pain may be a great 
candidate for facet interventions because of the huge upside of 
the minimally invasive treatment, but from a payer’s perspective 
the same patient may be a poor candidate because they are statis-
tically unlikely to benefit.305 330–332 Increases in utilization alter 
the risk-to-benefit ratio for procedures, as laxer selection tends 
to reduce the likelihood of benefit. This is complicated by the 
fact that an insurer is unlikely to reap the financial benefits for a 
patient who returns to work, or staves off an impending divorce. 

For pain medicine procedures, utilization is not uniformly 
distributed. One study found the top 10% of pain medicine 
proceduralists perform 36.6% of all spinal procedures, which is 
ninefold higher than the lowest 10%.333

Recommendations in the absence of high-quality evidence
The requirements for FDA approval of devices differ from those 
of medications in that they are less rigorous. This fact, along 
with the inherent challenges in performing randomized trials 
for procedures (eg, recruitment, blinding, funding for expensive 
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procedures), has led to a relative paucity of evidence. However, 
as Altman and Bland so eloquently stated nearly 25 years ago, 
the absence of evidence does not equate to the evidence of 
absence.334

The United States Preventive Services Task Force guidelines 
have previously been adapted for pain medicine procedures,30–33 
and are flexible enough to allow for recommendations based 
on evidence outside the realm of traditional clinical trials. This 
holds particularly true for fundamental concepts (ie, the use of 
imaging to perform a procedure that nearly everyone acknowl-
edges requires visualization), technical aspects (ie, electrode 
orientation) and reducing complications. Regarding technical 
aspects, if one operates under the premise that RFA exerts its 
beneficial effects from interrupting the neural pathway from 
the facet joints, and that failure to capture the neural target is 
a potential source of treatment failure, then it becomes axiom-
atic that strategies to enhance lesion size have the potential to 
reduce technical failures. This is the same argument that was 
used for decades to justify selective nerve blocks and electrodi-
agnostic testing before decompression surgery, which only later 
were shown in clinical trials to be predictive for outcome.171 335 
For complications, it is nearly impossible to power a random-
ized trial to detect rare events such as serious complications, so 
that other tools such as case-control studies and registries must 
be used to draw conclusions.336 As an example, in the multi-
specialty working group guidelines on epidural steroid injec-
tions, the authors unanimously concluded that imaging be used 
for cervical injections and that only non-particulate steroids be 
administered for cervical transforaminal injections, despite the 
absence of any randomized trials demonstrating safety.337 In fact, 
concluding safety based on non-significant differences in adverse 
events between groups in randomized trials is considered to be 
evidence of ‘spin’.338

Guideline limitations
Unlike standards which generally come from an undisputed 
authority and are limited in application, guidelines tend to 
be more flexible, providing recommendations on areas of 
uncertainty. However, what may be an appropriate treatment 
approach for one patient may not work for another. An example 
might be proceeding straight to RFA without a diagnostic block 
in an elderly person with pronounced facet joint degeneration 
on imaging, who is on anticoagulants for a high-risk condition, 
and is from out of state or country.

These guidelines should thus serve as a framework to guide 
care, not as immutable standards. Similar to the US Centers for 
Disease Control and Prevention opioid guidelines,339 which have 
been criticized for being taken out of context by some insur-
ance carriers and limiting access to care, payers should consider 
context, unique clinical considerations and provider and patient 
input, rather than mandating inflexible application.340 341

A second limitation was the high number of participants in 
our workgroup representing multiple countries and profes-
sional organizations, which is more than what is typically 
recommended to achieve consensus, but was necessary to ensure 
the participation of multiple stakeholder organizations. This 
led to the creation of subcommittees for individual questions, 
which were sent to the entire committee after editing by the 
Committee Chair. The use of small subcommittees to develop 
recommendations can result in an inability to come up with the 
best answer, while the large number of participants in the main 
committee can lead to inefficiency and failure to consider every-
one’s opinion.

Third, we did not grade the studies we included, as current 
grading scales focus on methodological shortcomings of clinical 
trials, but fail to consider the more important aspects of selection 
and technique.342 For grading scales involving non-randomized 
studies, there is no consensus on which instruments are the most 
valid, and the same limitations apply.343 Grading studies also 
requires considerable time and involves reconciling discrepan-
cies. A major downside of guidelines that have taken years to 
assemble is that they are often out-of-date on some subjects by 
the time they are published.

Fourth, recommendations by nature are influenced by the 
opinions and clinical experience of the group, which in our case 
contained only academically accomplished interventional pain 
physicians. This was done because the questions we considered 
were mostly technical, rather than overarching ones such as 
effectiveness. It is therefore possible that including more private 
practitioners, non-pain physicians and even patients may have 
led to different conclusions.

Finally, our guidelines were designed to prioritize patients’ 
needs, but patients’ needs may not be the only consideration 
for policy recommendations. Practices that are suboptimal from 
an individual patient’s perspective (or even the entire popula-
tion of lumbar facet joint pain sufferers) may be utilitarian from 
society’s standpoint in order to prevent overuse, preserve confi-
dence from payers and regulators, and control costs. An example 
of this might be requiring a cut-off threshold for designating a 
prognostic block as positive, rather than leaving it up to patients 
as to whether they achieved enough benefit to proceed with RFA.

Literature gaps and areas for future research
We chose 17 questions to address in these guidelines, but this 
list is by no means exhaustive. In many cases, the answers to the 
questions we addressed will be controversial precisely because 
there are gaps in the literature. Areas of controversy include all 
aspects of lumbar facet joint arthropathy, such as the value of 
history, physical examination and imaging to select block candi-
dates, how to perform and interpret diagnostic injections, tech-
nical aspects of neuroablation and how to synthesize the existing 
evidence on RFA. Table 13 outlines some areas ripe for future 
research.

Consensus
The presubmission version of these guidelines was sent to partic-
ipating organizations on 9 October 2019, and approved by 
all who voted by 8 November 2019, except for the American 
Society of Anesthesiologists, who requested a 3-week extension. 
There was 100% consensus among the committee members 
(coauthors) for each recommendation. Nine of the 13 organiza-
tions approved every recommendation, with one (SIS) dissenting 
on questions 10 (cut-off for designating a facet block as posi-
tive) and 11 (number of blocks that should be performed before 
RF ablation). Specifically, SIS believes the cut-off for a positive 
block should be 80% rather than 50%, and that two positive 
blocks should be routinely required in the absence of mitigating 
circumstances. The American Pain Society disbanded during the 
development of the guidelines and did not vote. These guidelines 
were approved en bloc by the American Society of Anesthesiolo-
gists’ Administrative Council and Committee on Pain Medicine, 
but were not voted on by their Board of Directors or House 
of Delegates. The Departments of Defense and Veteran Affairs 
did not vote on the document per internal regulations (ie, these 
guidelines were not solicited and funded by those organizations), 
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Table 13  Major and minor areas for future research

Minor areas Major areas

Refine the means to identify target nerves (eg, real-time electromyography, more reliable stimulation technique). Develop safer and more efficient means for medial branch RFA (eg, laser 
therapy, high-intensity focused ultrasound).

Determine the best way to prevent major and minor complications (eg, nerve injury, neuritis). Identify ways to prolong benefit from RFA (eg, by injecting factors that 
inhibit nerve regeneration).

Identify non-ablative treatments for lumbar facet arthropathy (eg, tools to identify responders to IA steroids or to 
prolong benefit from steroids, pharmacotherapy, integrative treatments).

Develop tools (eg, imaging, biomarkers, questionnaires) to identify painful 
facet joints.

Perform comparative-effectiveness studies to determine the optimal selection criteria and technique. Develop predictive modeling tools (ie, the use of history, examination 
findings, psychosocial metrics and imaging) to improve prognosis and 
better foretell outcomes.

Enhance precision of diagnostic blocks (eg, identify optimal injection volumes, number and types of blocks, amount 
of LA, needle location, needle size).

Investigate role of regenerative therapies in reducing or reversing pain 
from arthritic facet joints.

IA, intra-articular; LA, local anesthetic; RFA, radiofrequency ablation

but sent representatives (the US Army Pain Medicine Consultant 
to the Surgeon General and the Director of Interventional Pain 
Management) to participate in guideline development, and they 
concurred with all recommendations.

Conclusions
In summary, these multiorganizational facet intervention guide-
lines are meant to serve as a blueprint to guide care in an era 
characterized by increasingly polarized views, where there is 
often a lack of communication between parties with different 
opinions. These guidelines should not be misconstrued as 
unalterable standards, nor can they account for every possible 
variation in presentation or treatment circumstance. Similar to 
all facets of medicine, the decision about when to implement 
treatment, how to interpret treatment outcomes and how best 
to weigh risks and benefits based on unique patient consider-
ations should be made on an individualized basis (ie, personal-
ized medicine) after sufficient discussion with the patient. As has 
been alluded to previously, evidence-based pain medicine should 
include consideration of the best-available research, and take 
into account clinical experience and expertise, as well as patient 
values and preferences.344
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