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Abstract Low back pain (LBP) is a common source of

discomfort and disability. A majority of the US adult popu-

lation will experience and seek medical attention for the

treatment of LBP at some point in their lives. The zyga-

pophysial (facet) joint is a commonly accepted source of

LBP and directed interventions exist to address facet-medi-

ated LBP. Hoping to provide longer pain relief, the practice

of medial branch denervation utilizing either pulsed or

conventional thermal radiofrequency ablation (RFA) can be

undertaken. While conventional thermal RFA is widely

acknowledged as a viable method to denervate the medial

branches for pain relief, pulsed radiofrequency (pRFA) has

yet to gain widespread acceptance due to lack of evidence.

However, pRFA for facet joint dysfunction may have a role

in specific clinical situations.
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Introduction

Low back pain (LBP) is one of the most common reasons

adult patients seek medical evaluation in the United States.

An epidemiological study by Rubin [1] estimated that

between 50 and 80 % of adults will experience at least one

episode of back pain during their lifetime. Additionally,

LBP is often a frequent cause of disability and dysfunction.

In fact, LBP is the leading cause of disability in people

younger than 45 years [2]. While the majority of acute LBP

episodes will resolve within 3 months, a smaller proportion

will go on to develop chronic LBP.

As causality may prove elusive, treatment of chronic

LBP is often difficult. LBP can be caused by experiencing

traumatic or degenerative disease processes to anatomic

structures with somatic innervation [3]. These structures

may include the intervertebral disc, sacroiliac joints, lum-

bar zygapophyseal (facet) joints, bones, nerve roots, liga-

ments, and muscles [2, 3]. While intervertebral disc

pathology is traditionally thought to be the most common

source of LBP, lumbar facet joint dysfunction has been

estimated to account for 15–45 % of all causes of back pain

[2–5]. The emphasis of this review will be to compare two

different methods of radiofrequency ablation (RFA) for the

treatment of lumbar facet-mediated LBP.

The lumbar facet joints are true synovial joints that

provide articulation between adjacent vertebral levels and

allow for bending and protection from shear forces [6].

They are made up of the inferior and superior articular

processes of adjacent vertebral bodies (Fig. 1). The lumbar

facet joints have an arcuate shape with the posterior portion

of the joint oriented in an oblique sagittal plane [6, 7]. Each

joint receives dual innervation by the medial branches of

the dorsal primary rami from the level above the joint and

the level of the joint, for example, the L4–5 facet joint is

innervated by L3 and L4 (Fig. 2).

Interventional techniques aimed at treating facet-medi-

ated pain consist of blocking the nociceptive medial

branches at their respective levels or intra-articular injec-

tion into the joint itself (Fig. 3). While there is limited
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evidence for the use of intra-articular facet injections,

medial branch RFA has shown more favorable outcomes

[8]. When pain is satisfactorily relieved with medial branch

blocks, RFA of the medial branches can be undertaken in

the hope of providing longer lasting effects.

Radiofrequency Ablation

The first description of fluoroscopic percutaneous RFA to

treat spinal facet pain was by Shealy in 1975 [9, 10]. While

advances in safety and technology have been made, the

technique has largely remained unchanged. The patient is

placed in a prone position with a pillow under the abdomen

to reduce lumbar lordosis and to position the lumbosacral

junction away from the iliac crests. The C-arm is then

positioned over the lumbar spine with approximately 25�–

30� of oblique angulation to the axial plane. Traditionally,

10-cm Sluijter-Metha cannulae (SMK) with 5-mm active

Fig. 1 Oblique view X-ray

outlining the fluoroscopic

anatomy of the L4–5 facet joint.

(Source: Fig. 2 in [32], with

kind permission from Springer

Science?Business Media)

Fig. 2 Posterior view showing the course of the medial branches of

the dorsal primary rami as they innervate the facet joint. (Source:

Fig. 1 in [33], with kind permission from Springer Science?Business

Media)

Fig. 3 Posterior view with needles on the left in position for L3 (L4

transverse process) and L4 (L5 transverse process) medial branch

blocks. (Source: Fig. 11.3 in [34], with kind permission from Springer

Science?Business Media)
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tips, ranging from 16 to 22 gauge, are then directed to the

junction between the superior articulating process and

transverse process at each level. The cannula is advanced

superiorly to position the active tip along the course of the

nerve. Testing is then performed with the patient awake,

using sensory stimulation at 50 Hz at less than 0.5 V to

produce pain or paresthesia in the area involved. Motor

stimulation is then performed at 2 Hz, usually at an output

three times the necessary sensory stimulation level, to

ensure proper placement and to avoid lesioning of spinal

motor nerves.

The RFA lesion is then applied at a temperature of

60–90 �C for 60–90 s. Traditional RFA for lumbar medial

branch nerves is performed at 80 �C for 90 s after each

level has been adequately anesthetized. The primary risk

with conventional thermal RFA is inadvertent damage to

motor nerves secondary to the thermocoagulation effect.

Thermocoagulation of a spinal nerve root can also lead to

deafferentation pain.

The proposed mechanism of action for RFA is two-fold.

First, there is heat generation leading to thermo-coagula-

tion and destruction of neural tissue [11]. It has been shown

that 45 �C is the threshold for damaging neural tissue [12].

RFA produces heat by current flow and not through heat

transfer from the tip, which creates a well-demarcated

lesion related to the gauge of the needle and length of the

active tip. Secondly, there is formation of an electrical field

in the surrounding tissue [12, 13]. This mechanism is not

entirely understood but thought to be secondary to neuro-

modulation [14]. It has been proposed that this occurs from

inhibition of the excitatory c-fiber response or by modu-

lation of dorsal horn cells [14].

Some studies have shown limited benefit between pla-

cebo and conventional thermal RFA for the treatment of

facet-mediated LBP [15, 16]. Leclaire et al. [15] showed no

benefit for pain relief or improvement in functional dis-

ability beyond 4 weeks. Van Wijk et al. [16] showed

improvement in VAS in both sham and radiofrequency

groups and only favored radiofrequency in perceived

effect. In carefully selected patients, however, there is good

evidence to support the use of RFA [8, 17–19, 20•]. These

studies have demonstrated reduction in pain for up to

12 months with conventional RFA. In a systematic litera-

ture review in 2013, Manchikanti et al. [8] concluded from

6 randomized controlled trials and 10 observational studies

that the evidence is good for RFA for short- and long-term

relief of facet-mediated LBP. In a similar systematic

review in 2012 by Falco et al. [20•], their conclusions were

similar with 11 randomized trials and 14 observational

studies showing good evidence for both short- and long-

term relief of pain from facet joint dysfunction. In another

systematic review, Geurts et al. [17] examined randomized

controlled trials and concluded that the evidence is

moderate and in favor of RFA versus placebo. In a 2008

randomized double-blind trial with 40 participants, Nath

et al. [18] showed statistically significant improvements in

pain with RFA compared to placebo using strict inclusion

criteria of three positive medial branch blocks. In a pro-

spective study, Dreyfuss et al. [19] showed at least 90 %

pain relief was obtained in 60 % of 15 patients included in

the study at 12-month follow-up. Facet joint denervation

should provide up to 6 months of pain relief based on two

RCTs [21, 22].

Pulsed Radiofrequency Ablation (pRFA)

pRFA is carried out at similar output intensity as conven-

tional RFA; however, it is performed in short pulses to

reduce target temperature by allowing for cooling of tissues

[13]. The procedure for pRFA is almost identical to con-

ventional RFA, except that the current is typically carried

out in 20-ms pulses every 0.5 s at a temperature that does

not exceed 42 �C [13]. Additionally, the cannula placement

for lumbar pRFA requires that the active tip be directed

along the course of the medial branch nerve, as the energy

produced is released from the needle tip. In conventional

RFA, the lesion produced is along the shaft of the needle

surrounding the active tip.

As mentioned previously, the threshold for damaging

neural tissue occurs at 45 �C and pRFA avoids reaching

this tissue temperature [11]. Even though higher tempera-

tures are not reached, Slappendal showed RFA tempera-

tures of 40 versus 67 �C provided identical pain relief

when using RFA to treat the cervical dorsal root ganglion

(DRG) [14]. The risk of damaging nerve structures is thus

greatly reduced with pRFA due to lower tissue tempera-

tures being maintained. The primary advantage of pRFA is

to reduce lumbar facet-mediated pain while avoiding

destruction of neural tissue from thermal injury. The

mechanism of action for pRFA is theorized to be neuro-

modulation from the radiofrequency electrostatic field [13].

Van Zundert et al. [23, 24] showed induction of activity in

cells in the dorsal horn of spinal cords of rats treated with

pRFA, supporting the theory of neuromodulation. How-

ever, other studies have found contradictory findings that

do not support this mechanism of action [25].

The use of pRFA for the treatment of facet-mediated

pain has shown mixed results and remains controversial

due to lack of evidence. For this reason, it is also not

covered by most insurance carriers. While the evidence

continues to grow, its limited use may be in part due to the

limited number of studies evaluating pRFA for the treat-

ment of facet-mediated pain. In a retrospective study, Mi-

keladze et al. [26] showed adequate pain relief lasting on

average 4 months in 58 % of patients treated for both

lumbar and cervical facet-mediated pain with pRFA. In
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another retrospective study, Lindner et al. [27] demon-

strated that 72 % of patients had favorable results at

4 months post-treatment with pRFA for lumbar facet pain.

This study was limited, however, by small sample size and

patients selected without prior surgery.

Comparison of Conventional RFA Versus pRFA

Few randomized controlled trials have been done directly

comparing the effectiveness of conventional RFA versus

pRFA in the treatment of facet joint dysfunction. Tekin

et al. [28] showed positive results for both conventional

and pRFA for short-term relief; however, at 6-month and

1-year follow-up, the pRFA group did not show lasting

benefit. Knoll et al. [29] noted similar results in a 2008

study, with 3-month follow-up demonstrating greater

improvement in pain relief with conventional RFA com-

pared to the pRFA group. Table 1 provides a further

breakdown of disadvantages and advantages between

conventional versus pRFA.

Conclusion

We conclude that the evidence for effective pain relief for

treatment of facet joint dysfunction with conventional RFA

is good, while the use of pRFA is limited. In certain clinical

circumstances, however, pRFA may be a viable alternative

to conventional RFA. The primary indication for pRFA in

lumbar spondylosis would be to avoid the unwanted side

effects of conventional RFA, such as the denervation of the

multifidus muscles, leading to atrophy and associated

lumbar instability. This concept is controversial, as some

studies have suggested the denervation to be insignificant

[30]. However, the prior studies did not delineate whether

patients had pre-existing instabilities, such as those with

spondylolisthesis. Patients with facet arthropathy could

already be at risk for this instability, especially if they

underwent treatment with RFA bilaterally. There has yet to

be research to explore whether pulsed RFA lesions lead to

multifidus atrophy and whether this could be a potential

benefit over conventional thermal RFA. In general, the use

of pRFA for the treatment of lumbar facet-mediated pain

has been found to have shorter duration and to be less

effective than conventional RFA [31]. Given the paucity of

evidence, further research is warranted in the arena of

pRFA for the treatment of facet joint dysfunction.
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