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T

he largest axial joint in the body is the
sacroiliac (SI) joint. The average surface area is
approximately 17.5 cm2,1 with variability in size,

shape, and surface contour among individuals.2,3 A

complex ligamentous network supports the synovial
joint anteriorly and posteriorly.4
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exists a potential for shearing that
contributes to the acute angulation
of the short horizontal articulating
component.5
The SI joint is perhaps best conceptualized as complex, with both
intra- and extraarticular elements.
Injury to either of these components
can produce the clinical picture of
“SI joint pain.” Animal and human
cadaveric studies have demonstrated nociceptors both within the
joint capsule and in the surrounding

d.
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The primary function of this ligamentous system is to bolster stability while allowing for adequate
range of motion in multiple planes
of movement. The SI joint is further
supported by a network of muscles
that generate stabilizing forces
across the pelvic bones. These
muscles include the gluteus maximus, piriformis, and biceps femoris. Their connection to the SI joint
ligaments enables effective joint
mobility. In 30% of SI joints, there
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ligaments.6,7 Additionally, clinical studies performed in
asymptomatic volunteers and patients with low back
pain have documented pain provocation with both capsular distension and ligamentous stimulation.8-11
Understanding the innervation of the SI joint is essential when contemplating denervation procedures. The
lateral branches of the S1-S3 dorsal rami comprise the
primary innervation to the posterior SI joint in humans,
with contribution from the L5 dorsal ramus in most
individuals.12-16 In a cadaveric study, McGrath reported
afferent input from S4 to the long posterior sacroiliac
ligament in more than 50% of SI joints.17 Although some
literature refers to contributions from L4—the obturator
nerve—and the superior gluteal nerve, the sources for
these references are older and ambiguous.
The posterior lateral branch nerves are inconsistent
in their anatomic locations, varying in number and location from patient to patient, side to side, and level to
level. The nerves also run their anatomic courses at different depths, with some situated on bone and others
embedded in soft tissue. These wide and unpredictable anatomical variations have significant implications
when contemplating denervation treatments because
small, single-plane lesions are unlikely to interrupt all
afferent nociceptive information.13-18
The innervation of the ventral aspect of the SI joint
complex similarly has not been well illuminated. However, because the nerve supply is not amenable to
denervation, the ambiguity is less clinically relevant.
The ventral rami of L4-S2 are cited most frequently
as the main innervation to the ventral aspect of the
joint,15,19-22 although some sources report contributions
from cephalad at L2.1

PATIENT SELECTION
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Patient selection is critical for any interventional
spine procedure,18,35-39 especially in the application of
new innovations, as negative results may threaten to
undermine the very concept behind treatment. In view
of the wide variability in pain referral zones, the ambiguity of innervation, and the overriding controversy
surrounding RF denervation in general, one might reasonably argue that proper patient selection criteria is
even more critical for SI joint denervation.40-42 There are
considerable differences in the reported pain referral
patterns from the SI joint. In uncontrolled studies evaluating SI joint denervation, investigators have used disparate referral maps in their selection criteria.30,43,44

Diagnosis and Clinical Presentation

Pain generated in the SI joint or surrounding structures can present as low back pain, leg pain, sacral
pain, pelvic pain, or gluteal pain. Patterns of somatically
referred SI joint pain have been identified and can vary
significantly.23 Numbness, popping, clicking, or groin
pain24 can occur.25 Unilateral pain is more common than
bilateral by a ratio as high as 4 to 1 ratio.1

Radiofrequency Treatments

2
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Pulsed RF is a novel technique in which a relatively
high voltage is applied near neural tissue in short pulses,
which avoids a significant rise in temperature to neurolytic
thresholds (45oC). Hence, pulsed RF ablation is essentially a non-neurolytic procedure. Due to the large electromagnetic field created, the affected target area may
be greater in scope than that associated with conventional RF. However, there is limited evidence supporting
the efficacy of this procedure, and the evidence that does
exist suggests that the benefit may be shorter in duration
than that obtained with conventional RF. In the only published study on pulsed RF for SI joint pain, Vallejo and colleagues reported the results of a prospective case series
conducted in patients with intractable SI joint dysfunction who were treated with pulsed RF denervation of the
lateral branches from L4-S2. One hundred and twenty-six
patients with presumptive SI joint dysfunction based on
history and physical examination underwent fluoroscopically guided intraarticular SI joint injections. Among the
52 patients with a positive response (41.3%), 22 failed to
obtain long-term relief and proceeded to pulsed RF. Sixteen (73%) of these individuals experienced either “good”
or “excellent” pain relief lasting at least 6 months. In positive responders, the mean duration of analgesia was 20
weeks. In addition to pain scores, quality-of-life scores
also improved in all measured categories.34

Approaches to Radiofrequency Ablation
And Technique

The principal purpose for RF denervation procedures
is to provide prolonged pain relief compared with more
conservative measures in patients suffering from injection-confirmed SI joint pain. For SI joint pain, the most
common indication is significant but transient relief with
diagnostic SI joint injections. The RF techniques used
have ranged from ablating the nerves supplying the SI
joint,13,30,32 creating lesions in the joint itself,43 and using
a combination of ligamentous and neural RF ablation.44
Few previous studies have described RF lesion within
the SI (or other) joint(s). Among these, the results have
been inconsistent and mostly disappointing.43,45
In contrast, the success rates in studies targeting the
nerve supply are higher than in those focusing on the

d.

In randomized studies evaluating periarticular and
intraarticular corticosteroid injections in patients suspected of having SI joint pain, the results are divided
regarding affording any long-term benefit.26-29 Studies
evaluating conservative therapies are flawed by the lack
of adequate control subjects and inappropriate diagnostic workups.12
Radiofrequency (RF) denervation has emerged as
a promising treatment alternative for refractory cases
of SI joint pain.30,31 Since lateral branch RF denervation
was first described in the early 2000s,13,30 numerous
uncontrolled32-34 and controlled31 studies have universally reported positive results. However, these studies
are characterized by wide variations in technique, selection criteria, and standards of success.

PULSED RADIOFREQUENCY

joint itself, with approximately two-thirds of patients
reporting significant pain relief. Following is a review
of the various approaches to RF ablation, including
intraarticular approach, extraarticular approach, cooled
RF ablation, bipolar RF ablation, and a combination of
ligamentous and neural RF ablation.

INTRAARTICULAR APPROACH
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In 2001, Ferrante et al described the intraarticular
approach for RF ablation for SI joint pain (Figure 1).43
The authors reported the results of a series of 50 SI joint
RF denervations performed in 33 patients with SI joint
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pain. All patients underwent diagnostic SI joint injections with local anesthetic before denervation. Changes
in visual analog scale (VAS) scores, pain diagrams, physical examination (eg, palpation tenderness over the joint,
myofascial trigger points overlying the joint, SI joint
pain provocation tests, and range of motion of the lumbar spine), and opioid use were assessed pre- and postdenervation. The criterion for a successful procedure
was at least a 50% decrease in VAS scores for no less
than 6 months; 36.4% of patients (12 of 33) met this criterion. This study demonstrated that intraarticular RF
lesioning of the SI joint can significantly reduce pain in
only a minority of patients with SI syndrome. The main
disadvantage of this approach is that it only denervates
the posterior–inferior one-third of the joint.
As with all interventional techniques, lateral branch
RF ablation must be performed under sterile conditions,
with the patient positioned prone and a C-arm present
to optimize visualization of the target sites. For lesioning of the L5 and L4 dorsal rami (if targeted), RF cannula
with active tips are inserted parallel to the course of the
nerve until bone is contacted just superior and medial to
the junction between the superior border of the transverse and superior articular processes for procedures
done at L4, and at the junction of the ala and articular process of the sacrum for L5 procedures, similar to
previously published studies (Figure 2).18,46 Inserting the
electrode parallel to the course of the nerve has been
shown to increase lesion size, minimizing the chance of
inadvertently missing the target nerve.47 Because it is
not possible to discern electrostimulation between the
various (eg, medial, lateral, and intermediate) branches
of the primary dorsal rami, the targeted nerve at this
level is referred to as the parent branch. At each level,
placement of the electrode in close proximity to the
nerve is confirmed using electrostimulation at 50 Hz,
with concordant sensation achieved at 0.5 V or less.
Before lesioning, the absence of leg contractions is verified with stimulation at 2 Hz up to 2 V. After satisfactory
electrode placement, 0.5 mL lidocaine, 2% mixed with
corticosteroid, can be injected through each cannula
to reduce procedure-related pain and the subsequent
risk for neuritis.48 By enhancing electrical conductivity,
the preablation injection of local anesthetic also may
increase lesion size. Once sufficient time has elapsed
for the local anesthetic to take effect, the RF probe is
reinserted, and a 90-second, 80°C lesion is made using
an RF generator.
For S1–S3 lateral branch procedures, conventional
electrodes may be inserted between 3 and 5 mm from
the lateral border of the foramina at predesignated
positions (Figure 3).
Generally a pure antero–posterior view is used to
optimize visualization of S2-S4, although occasionally the image intensifier must be angled cephalad to
properly visualize the posterior opening. For S1, either
slight cephalad or ipsilateral oblique angulation often
is needed to discern the foramen. In certain patients, it
may not be possible to definitively visualize all of the

Figure 1. Leapfrog technique of sacroiliac joint radiofrequency denervation43

d.

Figure 2. Radiograph demonstrating
single electrode placement for S1-S3 lateral branch radiofrequency denervation.
Also pictured is a separate electrode for
L5 dorsal ramus lesioning.
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Figure 3. Antero–posterior radiograph
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depicting electrode placement for L4 and
L5 primary dorsal ramus, and S1-S3 lateral
branch blocks.

foramina, in which case inserting a 25-gauge needle into
the obscured foramina may be helpful to conceptualize
the anatomy. In obese patients on high-dose opioids, a
bowel prep can be used to maximize visualization.49
For right-sided S1 and S2 procedures, the electrode
target sites correspond approximately to the 1, 3, and
5:30 positions on the face of a clock; on the left, the
target sites were at 7, 9, and 10:30 (Figures 3-5). At S3,
needles are placed at 1:30 and 4:30 on the right side,
and 7:30 and 10:30 on the left side. We currently target S4 only when the foramen is at a level parallel or
cephalad to the inferior border of the SI joint.
It is our practice to perform sensory stimulation at
each level only for the first needle placement, provided
concordant sensation is elicited at 0.5 V or less. Before
lesioning, 0.5 mL lidocaine, 2%, is administered per spinal level. To ensure that anesthetic spread to adjacent
foramina does not impede sensory testing, electrodes
are generally placed and stimulated at contiguous levels before denervation is commenced. When all needles are properly positioned, monopolar electrodes are
sequentially inserted into the cannulae, and 90-second
lesions are created.13

COOLED-PROBE RADIOFREQUENCY ABLATION
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demonstrating S1 electrode placement at 7
on the face of a clock. The smaller needles
delineate the location of the foramina.

Figure 5. Antero–posterior radiograph
demonstrating S2 electrode placement
at 10 on the face of a clock. The smaller
needles delineate the location of the
foramina.

within the foramen does not exceed 45oC. Because of
the 8-fold increase in lesion volume, most clinicians
choose not to perform sensory stimulation provided
the locations of the foramina are clearly demarcated.
An additional advantage of cooled RF is that the needles are placed using a perpendicular rather than parallel trajectory, which is technically easier and causes less
tissue trauma.
In the only placebo-controlled study evaluating SI
joint denervation, Cohen et al31 compared sham and
cooled RF denervation of the L4-S3 lateral branches
in 28 subjects with injection-confirmed pathology.
For 6 months postprocedure, the treatment group
obtained significant improvement in pain scores, functional capacity, and medication usage compared with
the control group. Of patients in the RF group, 57%

d.

Cooled-probe RF ablation is a new modality of treatment for SI joint pain. Using cooling-probe technology,
the tissue temperature immediately adjacent to the
cooled electrode is maintained at 60°C, while the target
tissue is heated to 75°C, resulting in a lesion diameter
ranging between 8 and 10 mm (Figures 7-8).31 The main
advantages of cooled-tip probes are the larger heating
distance (up to 3 cm from the active tip), and greater
depth of lesioning, which should theoretically improve
success rates. In contrast, conventional RF ablation creates lesions approximately 3 to 4 mm in diameter, which
is less likely to interrupt all afferent nociceptive input
from the SI joint. This is an important consideration in
light of the individual anatomic variations in location
and quantity of nerves. When using cooled-probe technology, inserting the electrodes at least 5 mm from the
foramen is necessary to ensure that the temperature

Figure 4. Antero–posterior radiograph
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Figure 6. Schematic diagram illustrating: (A) Target points for right-sided
conventional (L4 and L5) and cooled
(S1–S3) radiofrequency denervation at the
junction of the L5 superior articular and
transverse processes (L4 primary dorsal
ramus), the sacral ala (L5 primary dorsal ramus), and S1–S3 foramina (lateral
branches). (B) Anticipated lesions at each
of the target points.31

B

Figure 8. Depiction of lesion dimensions

Figure 7. Adjacent photographs demonstrating the difference in lesion size
between cooled (A) and conventional
(B) radiofrequency probes in chicken
meat. Each small line represents a distance of 1 mm.31

BIPOLAR RADIOFREQUENCY ABLATION

In 2007, Burham and Yasui33 performed a prospective, open-label study evaluating the effectiveness of
bipolar RF ablation on pain, analgesic usage, and disability in 9 patients with injection-confirmed chronic,
mechanical SI joint pain. Subjects were treated with a
series of bipolar RF strip lesions performed adjacent
to the lateral dorsal foraminal aperture plus conventional monopolar lesioning at the L5 dorsal ramus.
Overall, 8 of 9 subjects were satisfied with the procedure, with two-thirds experiencing significant pain
relief 1 year after treatment. The primary concern with
this approach is that tissue impedances are highly
variable in the SI joint complex, which may result in
asymmetrical, nonconfluent lesions, or even technical failure.

d.

continued to report pain relief 6 months after treatment, compared with none in the placebo group. In
those patients with a successful procedure, the median
duration of relief was 7.9 months.
The main disadvantages of cooled RF are the greater
electrode diameter, which may increase the risk for
bleeding, and the longer lesioning time (2.5 minutes
vs. 60-90 seconds for conventional RF). For safety reasons, the aggressive lesion size may increase the risk for
motor nerve injury when targeting lumbar dorsal rami,
and at present cannot be recommended at these levels
(Figures 8-10).31

for single electrode sacral lateral branch
radiofrequency technique. A 10-minute,
90°C lesion measures (A) 13 mm in diameter and (B) 52 mm in length.
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Table. Summary of Clinical Studies Evaluating Radiofrequency Procedures in
Treatment of Sacroiliac Joint Pain
Author,
Year
Cohen et
al, 200949

Study
Design
Retrospective

N
77

Treatment
Multiple, 80°C, 90-s
lesions of the L4
and L5 dorsal rami
and S1-S3 lateral
branches
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Primary Outcomes
Comments
Patients had >50% pain
Forty patients (52%)
relief after at least 1 lowobtained a positive outvolume (<2 mL) local anescome. Among the entire
thetic intraarticular SI joint
study cohort, both NRS
and ODI scores declined an block. Age >65, high preprocedure pain score, opioid
average of 40%.
use, and pain below knee
were associated with negative outcome. Cooled RF
weakly associated with
positive outcome.

Cohen et
al, 200831

Random- 28
ized placebocontrolled

Single conventional lesions at L4 and
L5; 3 cooled-probe
lesions at S1 and
S2 and 2 at S3 and
sometimes S4.

In the treatment group,
pain scores were reduced
by 60%, 60%, and 57% at 1,
3, and 6 mo, respectively

Pain relief of >75% calculated from a pain diary after
a single SI joint injection
required for inclusion.

26

1 cooled-probe
lesion at L5 and 2
to 3 cooled-probe
lesions at S1-S3.

3 to 4 mo after treatment, 50% of patients had
achieved the primary outcome of >50% reduction in
VAS pain scores

Patients included in study
had 2 diagnostic SI joint
blocks with >50% of pain
relief.

Burnham Prospecand Yasui, tive
200733

9

3 conventional
lesions at L5 and 3
bipolar strip lesions
at S1-S3.

The percentages of those
very satisfied at 1, 3, 6, 9,
and 12 mo postprocedure
were 78%, 67%, 67%, 89%,
and 67%, respectively.

Patients included had >50%
relief of index pain on at
least 1 SI joint block and 1
prognostic lateral branch
block.

22

Multiple, 39°C to
42°C, 120-s pulsed
RF lesions of the
L4 and L5 medial
branches and S1-S2
lateral branches

Confirmation of SI joint pain
16 patients (73%) experirequired >75% pain relief folenced >50% reduction in
pain. Duration of pain relief lowing >2 SI joint injections
range was 6 to 9 wk in
4 patients, 10 to 16 wk in
5 patients, and 17 to 32 wk
in 7 patients.

38 (43
joints)

80°C 60-s lesions
of the S1-S3 dorsalrami in all patients
and L4–L5 dorsal
rami in about half
of patients

At 12-wk follow-up, 34.9%
of procedures (26.3%
of patients) resulted in
complete pain relief and
another 32.6% (34.2% of
patients) reported ≥50%
pain relief.

Inclusion criteriain cluded
>50% pain relief with SI joint
blocks. Outcomes of patients
receiving additional L4-L5
dorsal rami lesions no different than those undergoing
only S1-S3 denervation.

14 (4
underwentprevious
spinesurgery)

80°C, 60-s lesions
of the L5 dorsal
ramus sensory
branch and S1-S3
dorsal rami lateral
branches depending
on stimulation
results.
All patients had L5
and S1 branches
lesioned; 11 had a
lateral branch at
S2 and 6 at S3 that
were lesioned.

Of patients, 64% obtained
>50% consistent pain relief
at 6 mo, 36% obtained
complete relief; 5 patients
reported <50% pain relief,
and 2 reported no relief.

Inclusion criteria was >70%
pain relief after 2 separate SI
joint deep interosseous ligament injections.

Vallejo et
al,
200634

Prospective

Buijs et al, Prospective
200432
observational

Yin et al,
200313

6

Retrospective
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Kapural et Retroal, 200851 spective case
series

Table. Summary of Clinical Studies Evaluating Radiofrequency Procedures in
Treatment of Sacroiliac Joint Pain (continued)
Author,
Year
Gevargez
et al,
200244

Study
Design
Prospective
observational

Primary Outcomes
3 mo after treatment,
34.2% of patients were
pain-free, 31.6% reported a substantial decrease
in pain, 18.4% obtained
a slight decrease in pain,
and 7.9% reported no pain
reduction.
Retro80°C, 90-s lesions
Of 18 patients with SI joint
Cohen
of the L4 and
pain, 13 obtained 50% pain
and Abdi, spective
L5 dorsal rami
relief with L4 and L5 dor200330
and S1-S3 lateral
sal rami and S1-S3 lateralbranches.
branch blocks, with 2 deriving long-term relief; 8 of
9 patients who underwent
RF denervation obtained
>50% pain relief 9 mo
postprocedure.
Retro33 (50
Multiple, 90°C, 90-s Of patients, 36.4%
Ferrante
spective joints)
lesions made at
obtained >50% pain relief
et al,
<1 cm intervals as
6 mo postprocedure. Aver200143
high in the postero- age duration of pain relief
inferior joint as
was 12 ± 1.2 mo.
possible.
NRS, numerical rating scale; ODI, Oswestry Disability Index; RF, radiofrequency; SI,
analog scale

ll
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Treatment
Three 90°C, 90-s
lesions in the posterior interosseous
SI ligaments and
1 lesion of the L5
dorsal ramus.

Comments
Did not specify % pain relief
required during diagnostic SI
joint injections for inclusion.

Inclusion criteria was >50%
pain relief with SI joint
blocks. In 6 patients, empirical lesions were made at the
S3 lateral branch because of
failure to obtain concordant
stimulation.
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N
38
patients
(13 who
underwentbilateral treatment)
18

COMBINATION

OF

LIGAMENTOUS

AND

NEURAL RF ABLATION

Gervagez et al44 performed a study to evaluate computed tomography (CT)-guided percutaneous RF denervation of the SI joint in patients with low back pain.
The procedure was performed on 38 patients who only
temporarily responded to CT-guided SI joint blocks. The
RF lesioning was performed in 3 locations in the posterior interosseous SI ligaments, and once on the dorsal ramus of the fifth spinal nerve. Three months after
therapy, 13 patients (34.2%) were completely free of
pain. Twelve patients (31.6%) also reported substantial
pain reduction, 7 (18.4%) obtained slight benefit, and 3
(7.9%) reported no pain relief. The principal drawback of
this procedure is that it targets only a small portion of
the ligamentous connections of the SI joint, and leaves
most of the nerve supply intact.

Conclusions and Future Research

sacroiliac; VAS, visual

nor prognostic lateral branch blocks have proved to
enhance outcomes. Studies conducted in cadavers have
demonstrated that the L5-S3 levels should be targeted
in most people, although some individuals may benefit from lesioning L4 and S4 as well. Indirect evidence
has shown that cooled-probe technology can enhance
lesion size, and may thus improve treatment outcomes.
However, randomized comparative trials are needed to
definitively establish superiority.
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