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Background: Radiofrequency ablation (RFA) of the medial branches of the dorsal rami
has been reported to relieve facet joint–related back pain for 6 months to 1 year in 60% of
patients. Although providing benefit in a significant proportion of patients, there remains a
group of patients who do not experience any pain relief from RFA or experience only benefit
from the ablation for a short period. Failure of RFA has been attributed to technical failure
of coagulating the nerve or coagulation of a minimal section of the nerve, allowing for early
reinnervation. Increasing the success rate and duration of relief may require techniques that
increase the likelihood of successful nerve ablation over a relevant distance by maximizing
lesion size.
Objectives: The aim of this technical note is to detail a modification to the current
commonly used lumbar medial branch radiofrequency (RF) denervation approach to
increase lesion size.
Study Design: This is a technical report describing a novel two-needle approach to
lumbar RF medial branch denervation.
Setting: Large private interventional pain management institute.
Methods: A dual needle placement of two 10-mm active tip RF cannulas separated by
6 mm is used to optimally contact the superior articular process (SAP) from its ventral to
dorsal borders, which encompasses the anticipated course of the medial branch nerves.
Results: The described technique creates a lesion that we estimate to be 11.0-mm wide
and 11.6-mm long along the course of the medial branch adjacent to the SAP ensuring
adequate coverage and treatment.
Limitations: This report does not encompass a systematic evaluation of the clinical safety
and efficacy of the two-needle RFA approach. Future studies will have to assess the longterm efficacy and safety of the approach.
Conclusions: The detailed two-needle approach to lumbar RF medial branch denervation
appears to be promising in terms of projected treatment success by coagulating a large
volume of tissue, in a cost- and time-efficient manner.
Key words: Radiofrequency ablation, RFA, lumbar, medial branch, facet joint, pain,
rhizotomy
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ow back pain is the second most common cause
of disability in United States (U.S.) adults (1) and
a common reason for lost work days (2). It is

estimated that an average of 149 million days of work
per year are lost due to low back pain (3). Low back
pain is associated with an estimated total cost of $100
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to $200 billion annually, two-thirds of which are due to
decreased wages and productivity (4).
Low back pain can arise from multiple anatomic locations: the intervertebral discs that are positioned between the vertebral bodies of the spine, the facet joint,
but also nonbony structures such as the paravertebral
muscles, ligaments, and fascia (5,6). Postmortem studies
have revealed that intervertebral discs and facet joints
exhibit the greatest degree of degeneration within the
spine, thus indicating the potential role of these structures in causing low back pain (7). In patients with a
structural cause of low back pain, up to 40% of cases
likely arise from the lumbar facet joints (8,9). The etiology of lumbar facet-joint pain is thought to be stress
and trauma to the joint, which subsequently leads to
inflammation of the joint capsule (9). Treatment options for facet arthropathy range from conservative
management with medications and physical therapy to
interventional management, including facet-joint injections and radiofrequency ablation (RFA) of the medial
branches of the posterior rami to the facet joints (9-11).
RFA of the medial branches of the dorsal rami is
thought to be the most effective interventional treatment for facet joint pain and has been reported to relieve pain for 6 months to 1 year in 60% of patients (12).
Although providing benefit in a significant proportion
of patients, there remains a group of patients who do
not experience any pain relief from RFA or experience
only benefit from the ablation for a short period (13-16).
Failure of RFA has been attributed to technical failure
of coagulating the nerve or coagulation of a minimal
section of the nerve, allowing for early reinnervation
(12-16). Consequently, increasing the success rate and
duration of relief may require techniques that increase
the likelihood of successful nerve ablation over a relevant distance by maximizing lesion size (12). The aim
of this technical note is to detail a two-needle approach
to lumbar medial branch RF denervation to maximize
lesion size along the course of the medial branch nerve.

Methods

ary to synovial joint inflammation and adhesions (17).
After the spinal nerve exits the intervertebral foramen,
it divides into the meningeal branch, communicating
branch, ventral and dorsal ramus. The dorsal ramus
divides into the lateral and medial branches. Each facet
joint is innervated by medial branch nerves that arise
from the spinal nerve roots above and below the target
facet joint. For example, the L4-5 facet joint is targeted
at the L5 vertebral level but is innervated not only by
the L5 medial branch nerve and the caudad branches
of the L4 medial branch nerve. This necessitates the
treatment of 2 medial branch nerves for optimal neural
interruption from signals arising from one facet joint.

Bony Structures
On a macroscopic level, location and orientation
of the medial branch nerve in the lumbar spine vary
significantly from level to level. At the L1-L5 vertebral
levels, the distance between the junction of the superior articular process (SAP) and transverse process (TP)
from the spinous process is 24 to 33 mm on average at
a needle depth of 31 to 46 mm (21). At the different
L1-L5 levels, the midpoint of the fibro-osseous canal is
roughly 21 to 29 mm lateral to the spinous process at a
needle depth of 22 to 40 mm. The average distance of
the bifurcation of the dorsal ramus into the medial and
lateral branch nerves and the superior border of the TP
root is 1.9 to 3.6 mm in the lumbar vertebral levels (21).
These variations in distances at the different vertebral
levels are secondary to multiple factors including vertebral body size, lordosis, and facet orientation.
The dimensions of the SAP in the lumbar spine
range from 13.4 mm width x 14.8 mm height at L5
to 10.3 mm width x 11.6 mm height at L1. Facet joint
orientation of L1-2 to L5-S1 rotates from the saggital
to oblique planes increasing from 18° to 38° oblique.
Lumbar lordosis is responsible for craniocaudal angulation of the vertebral bodies and ranges from roughly
an average of 5 to –5° at the L2-3 level to an average of
10° to 15° at the L5-S1 level (22,23). Figures 1, 2, and 3
illustrate these dimensions.

Relevant Anatomy

Medial Branch Nerve Location

The lumbar facet joints are formed by the articulations of the superior and inferior articular facets of adjacent vertebrae. The capsule of the facet joint is highly
innervated, which makes it a possible source of pain
(17-20). Damage to the joint occurs through arthritic
changes and trauma caused by flexion-extension and
torsion injuries. Such damage results in pain second-

The L1-L4 medial branch nerves consistently cross
the root of the SAP and the TP and are fixed at this location by the intertransverse ligament. The medial branch
nerve then travels caudally and dorsally and travels
under the mamillo-accessory ligament with minimal
variation. The L5 dorsal primary rami travel along the
sacral ala and S1 SAP root and run into fibrous tissue,
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Fig. 1. Facet joint orientation in relation to the sagittal plane. The fluoroscopic unit can compensate for this angulation to
maximize placement of the active tip of the cannula against the SAP.

which is analogous to the mamillo-accesory ligament
at this level (24). Eventually the medial branch nerves
will enter the fibro-osseous canal that is formed by the
mamillo-accessory ligament, mammillary process, and
accessory process. When the medial branch exits this
canal, it innervates the facet joint by giving rise to small
articular branches (21,24-27).

Approach
Conventional Approach
Several approaches to medial branch ablation have
been detailed, and the nerve has traditionally been
targeted either along its course from the point where
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the nerve emerges under the mamillo-accessory ligament with a single needle along the bone, or a “gun
barrel” approach at the colloquial “eye of the Scotty
dog” (28-30). Because RF lesioning is maximal near the
midportion of the active tip, with little coagulation at
or distal to the tip of the needle (31), the “Scotty dog,”
“bullseye” approach appears illogical from an anatomic
standpoint, but is still widely practiced. Although other
single needle techniques have proved to be effective,
malpositioning of a needle by several millimeters may
lead to an inadequate lesion (32).
The technique we developed focuses on maximizing RF lesion size on the desired target by separating
our needles by 6 mm, with one needle placed 2 mm
below the junction of the SAP and TP and one 5 to 6
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Fig. 2. Orientation of facet joint alignment in the
cephalocaudal axis required to compensate for lumbar
lordosis.

mm rostral to this point with the active tip in the plane
of the nerve. We include a review of the normal angles
and orientations of the lumbar spine, which is required
to have the appropriate starting point for needle entry
for this technique. The objective is to have the 10-mm
active tip contacting the SAP from its ventral to dorsal
borders creating an 11 x 11 mm lesion, which encompasses the anticipated course of the medial branch
nerves.

Two-Needle Technique
The patient is placed in the prone position and
prepped and draped in the normal sterile fashion. Anatomic variations, such as postsurgical changes, spondylolisthesis, sacralized vertebrae, and scoliosis, should
be evaluated prior to initiation of the procedure. As
previously mentioned, the normal lumbar lordosis and
rotation of the facet joints requires special consideration per level.
Initial fluoroscopic positioning for needle placement requires alignment of the superior endplate of
the vertebral level of the target SAP. An oblique rotation of the fluoroscopic unit to the ipsilateral side of
approximately 25° is used to compensate for lordosis
at the L4-5 and L5-S1 levels, a cephalad angulation of
the fluoroscopic unit of approximately 10° is required
(Fig. 2). After the skin is prepared with chlorhexidine
solution (3M Infection Prevention Division, London,
Ontario, Canada), a skin wheal of local anesthetic is
raised. A 20-gauge, curved-tip RF needle with a 10-mm
active tip is then inserted at an entry point 2 mm below
the junction of the TP and the SAP. Using a gun bar-
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Fig. 3. The height and width of the SAP with two-needle
RF cannula placement and potential lesion size (red dashed
line).

rel approach, the bevel is rotated with small succinct
movements with the endpoint of the needle at the
superior margin of the TP at the junction of the SAP of
the facet. The skin entry point of the second needle is
6 mm cephalad to the initial needle along the lateral
border of the SAP and should be approximately at the
rostrocaudal midpoint of the border of the SAP. The
RF needle hub can be used to approximate the second
needle placement as it measures 5 mm in diameter.
Again, using a gun barrel technique, the lateral border
of the SAP is contacted. At this point the oblique angle
of the fluoroscopic unit is increased to approximately
35° to optimize the view of the “face” of the SAP and
the ventral border of the SAP. Utilizing the hub of the
curved-tip cannula, the bevel is rotated away from the
SAP, advanced, and rotated back to contact the SAP
with the endpoint of the needle being slightly dorsal to
its ventral border. The caudad needle will likely need to
be maneuvered slightly rostrally to lie in the groove of
the neck of the SAP. If the appropriate oblique angle on
skin entry is not taken, it may not be possible to rotate
the bevel back onto the SAP. With a firm endpoint of
the needle dorsal to the ventral border of the SAP, the
risk of nerve root injury is minimal (Fig. 3).
To establish the required view for the needle entry
point at the L4 vertebral level, for the L3 medial branch
nerve, the fluoroscopy unit will typically require a 5°
cephalad tilt in combination with a 10° oblique rotation
to the ipsilateral side. Given the difference in cephalocaudad tilt at the L2-3 and L3-4 levels, these levels are
typically performed individually. The L2 medial branch
nerve at the L3 vertebral level requires approximately
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Fig. 4. AP and oblique
views of needle
placement at the
L2-L5 medial branch
levels. Note that the
L4 and L5 (C & D)
medial branch nerves
can be performed at
approximately the
same view, however,
the L2 and L3 (A
& B) medial branch
requires a caudad
angulation to correct
for lordosis. Inset
images B1 and B2
demonstrate needle
location in correct
view.

a 0° to 5° cephalad tilt and an oblique rotation of between 5° and 10° (33-35).
Using a 4-lesion generator, the 2 facet joint levels
can be ablated simultaneously. Once final needle positions are achieved and are confirmed in the anteroposterior (AP), oblique, and lateral fluoroscopic views, motor stimulation is performed at each needle individually
at 2 Hz and 1.5 V. The motor stimulation is performed
to rule out that an exiting nerve root falls within the
electrical field of the RF needles. A motor stimulation
pattern suggests improper needle placement in proximity to the segmental spinal nerve. Stimulation of the
L2 and occasionally L3 medial branch nerves at the L3
and L4 vertebral levels may result in fasciculation of
the multifidus muscle, without motor stimulation in
the lower extremities. The medial branch of the dorsal
ramus innervates the multifidus attaching to the same
spinal level spinous process. Multifidus muscle stimulation does not require needle repositioning; however,
close attention must be paid to not overlook motor
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stimulation of the segmental nerves. After negative
motor testing, each level is then anesthetized with 0.5
mL of 2% lidocaine and lesions are created at 80°C for
90 seconds. After ablation is performed, 0.5 mL of 0.5%
bupivacaine and 2.5 mg dexamethasone is injected at
each vertebral level. The cannulae are then removed.
Final needle positioning can be seen in Fig. 4.

Discussion
Medial branch neurotomy is an effective treatment
for patients with a confirmed etiology of facet joint
pain (36-38). However, in a subset of patients, ablation provides no relief or only a reduced time-limited
alleviation of pain, which has been attributed to incomplete coagulation and early regrowth of the nerves
(13-15,39). The aim of this report was to describe a
technique to heat a wider volume of tissue to minimize
technical failure due to incomplete coagulation. More
complete coagulation may ultimately also increase the
duration of relief.
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Prior Two-Needle Studies

Fig. 5. Needle placement on the SAP of L5 for the L4 medial branch
with superimposed nerve and lesion size. Fluoroscopy in the 35° oblique
view with needle tips posterior to the anterior border of the SAP creating
a 10- x 10-mm lesion against the base of the SAP and TP.

Factors for Ablation Success
There are multiple factors that need to be considered to
increase the likelihood of a successful ablation. First, the coagulation caused by the electrical contact is in a radial direction,
with a 1-mm lesion distal to the tip of the electrode (16,31,40).
Moreover, the coagulation occurs in an ovoid shape parallel
to the cannula (Fig. 5), thus placement of the active tip of the
needle parallel to the nerve would be the most effective way to
cause coagulation of the nerve (40,41). This is the main limitation
pertaining to the conventional bullseye or Scotty dog approach
when performing RFA. Previous techniques applied coagulation
more than once, which enhances the success of the procedure
(24,40,42). Lord et al (40) used percutaneous RFA of the medial
branches with repeated lesioning in the cervical region resulting
in long-lasting pain relief. In their study, small 22-gauge needles
were used; a smaller gauge in turn creates a smaller lesion radius
necessitating accurate placement close to the nerve (40,43,44).
Applying multiple lesions (40) increases the chance that the nerve
is ablated and likely increases the length of nerve that is ablated.
However, a current trend in practice is to replace repeated application with extending the duration of a single ablation (31,45).
Third, the course of the medial branch can be variable and can be
affected by osteoarthritis (20,21,25), which makes it uncertain if
the coagulation procedure was actually performed in the correct
location and caused sufficient coagulation of the medial branch
nerve.
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Derby and Lee (39) used two 20-gauge
needles with a 10-mm active tip at 80⁰C for 70
seconds with a separation of 6 mm to assess
success of ablation at that distance. In the ex
vivo experiment in chicken tissue, the simultaneous heating of 2 monopolar needles resulted in a temperature of 66ºC at the midpoint
of the 2 needles. With the same needles and
configuration, consecutive rather than simultaneous monopolar ablation of tissue around
each active tip, however, resulted in heating
at the midpoint of the 2 needles not elevated
above 40ºC, which led the authors to conclude
there is an “additive effect” when heat is coming from both directions (39). This evidence
underscores that using a single needle repositioning technique may be less effective than a
simultaneous 2 needle technique.
In another ex vivo study Cosman et al
showed that the use of 2 monopolar needles
in the configuration we used results in a tissue lesion that is 11.0-mm wide and 11.6-mm
long, considering a single monopolar needle
produces a width of 5.3 to 5.5 mm and 11.3
to 11.6 in length (45,46). Because the 6-mm
needle separation we employed is measured
from the medial aspect of each needle and
each needle is 0.91 mm in diameter, a 2.2-mm
lesion is created medially from both needles
equaling 4.5 mm (Fig. 5). With the additive
effect of simultaneous heating as mentioned
earlier, the 1.5-mm “gap” that remains with
6-mm needle separation still undergoes significant heating as explained by Derby and
Lee (39). This implies that by using 2 cannulas compared with 1, we are able to get
a tissue lesion slightly more than double in
size needed to coagulate the medial branch
(Fig. 6) (41,46). A thorough lesion along the
course of the medial branch adjacent to the
SAP ensures adequate coverage.

Alternatives to Present Two-Needle
Technique
Variations in needle diameter, tip shape,
duration of lesioning, temperature, changes
in RF mode, (using monopolar vs. bipolar),
and cooled RF have been used in hopes of
improving outcomes.

www.painphysicianjournal.com

Two-Needle Technique for Lumbar Medial Branch RFA

Bipolar RFA
We decided to use a two-needle
technique with monopolar RF energy. With bipolar RFA, electrical
current is passed from one needle to
the other, which has the advantage
of a contained electrical current.
This is an obvious benefit if there are
concerns of electrical interference
with implantable devices. With the
electrical current passing between
the 2 active tips, less heat will be
generated lateral to the probes
resulting in a smaller lesion size
laterally when compared with monopolar lesioning, and the length of
the lesion size at the midpoint of the
cannulas will also be smaller when
using the same lesioning parameters
(46). Achieving an equivalent lesion
size using bipolar RF typically requires an ablation duration of up to
3 minutes or greater. An even longer
ablation time is required to compensate for misalignment of the active
tips because needle placement is
rarely exactly equidistant, and the
alignment of the active tips of the
cannulas may be off in the vertical
and/or horizontal planes (46). The
bony structures that are used for
positioning are typically uneven
in nature, leading to the potential
for poor conductance, and thus a
smaller, uneven lesion.

Fig. 6. Single RF lesion and two-needle simultaneous monopolar RF lesion sizes.

Cooled RFA
Cooled RFA electrodes include
a thermocouple at the active electrode tip to provide temperaturecontrolled lesion formation. Watercooling of the active electrode tip
during ablation prevents tissue
charring at the electrode tip (the
local temperature is usually 60°C for
cooled RFA, compared with 80°C to
90°C for conventional/monopolar
RFA). Typical cooled RFA cannulas
are 18 gauge with a 4-mm active
tip. Cooled RF ablative lesion size is
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Fig. 7. Protruding electrode RF and cooled RF lesion sizes in the AP and lateral
views. Potential lesion size with cannulas contacting bone.
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focused anterior to the active tip, with greater than
half of the volume of the lesion distal to the active tip.
Cooled RFA for lumbar facet joint denervation is typically applied using the Scotty dog, bullseye approach,
with the active tip placed against the junction of the
TP and the SAP. Because of the large needle size and
connected tubing, continued manual pressure is often
necessary to maintain position throughout the 150 to
180 second ablation. Considering the 4-mm active tip is
held against the bony structure, more than half of the
active lesion area is directed into the TP, in turn potentially decreasing the lesion size by half. Thus the diameter of the lesion at the level of the active tip would
be expected to be approximately the same dimension
as with our two-needle technique, 10 to 11 mm. Compared with the two-needle technique, the coagulation
of tissue away from the bone at the maximal radius of
the “dome” of ablation is 4.2 mm. Given these dimensions, cooled RF would provide approximately the same
width and only a marginal increase at the dome of the
ablative field. A summary of these points is presented
in Fig. 7.

Protruding Electrode Needle
A protruding electrode needle (Venom; Stryker,
Kalamazoo, MI) is an RFA needle in which the electrode
forks off from the active tip and creates a V shape
whose purpose is to create a larger lesion size. As demonstrated by Cedeño et al (31), using equivalent settings when compared with standard RFA needles, the
lesion created by a protruding 20-gauge needle with a
10-mm active tip at 80ºC for 90 seconds is 11.6 x 5.9 mm,
which provides an additional 0.6 x 0.6 mm lesion size
when compared with standard RFA needles. A more
significant lesion size of 6.3 mm with the 20-gauge
protruding needle was demonstrated at 150-second lesion time (31). A technical limitation is that to get the
maximum lesion generated at the target location, the
protruding electrode needs to be placed in the correct
plane horizontal to the bone.

Pharmaceutical “Excipients” for RFA
The most common side effect of RFA of the medial
branch is transient neuritis (47). Local dexamethasone
injection after RFA has been investigated in a retrospective study for its potential to prevent neuritis with
inconclusive findings (48). A large ongoing randomized clinical trial is aiming to address the question if
dexamethasone administration is helpful in preventing
neuritis (49). In the absence of conclusive evidence on
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its efficacy, concerns of low bone density and risk of
vertebral fractures associated with repeated steroid
injections would seem to argue against consistently administering local dexamethasone after medial branch
RFA (50).
Additionally, recent works have demonstrated the
possible benefit of 8% hypertonic saline (51), however,
given the lack of definitive data on clinical efficacy and
safety at this time, it is beyond the scope of the present
discussion.

Limitations of Two-Needle Technique
A limitation of the described two-needle technique
is the time for the operator to place the needles accurately. Other limitations are similar to that of a conventional one-needle technique. As with any approach
to RF medial branch denervation, the proximity to the
spinal cord and the exiting nerve roots makes technical
precision imperative. As described by Gupta et al (52),
bifurcation of the dorsal ramus in the medial and lateral
branch occurs at a 3-mm distance of the ventral border
of the TP. The dorsal ramus travels with its blood vessel
and it is important that the RF heat not approach this
bifurcation point or the dorsal ramus because it may
cause bleeding or damage to the dorsal ramus or even
ventral root, which is positioned approximately 1 cm
from of the dorsal ramus (21). Improper needle placement may lead to permanent lower extremity weakness,
persistent neuritis, including the genitofemoral nerve,
and potentially permanent sensory deficit. Although
the presented technique increases lesion size, these
complications may be avoided if the aforementioned
description is followed. Sensory testing can be used to
confirm proximity to the medial branch nerve (53) and
has also been (unsuccessfully) explored as a predictor
of medial branch RFA efficacy (54). Sensory testing can
be added to the described technique dependent on the
physician’s comfort level with the anatomy involved.
However, considering the lesion size of the described
technique in this report and the lack of demonstrated
benefit of sensory testing, we chose not to perform
sensory testing. Additionally, foregoing sensory testing
may improve patient comfort and reduce procedural
time.

Conclusions
We detailed a two-needle approach to lumbar RF
medial branch denervation that appears to be promising in terms of projected treatment success by coagulating a large volume of tissue, in a cost- and time-efficient
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manner. Future studies need to clarify whether this
approach can increase treatment success rate and duration of relief from facet joint pain.
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