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Background: Opioids can present intolerable adverse side-effects to patients who
use these analgesics to mitigate chronic pain. In this retrospective analysis, cooled
radiofrequency (CRF) denervation was evaluated to provide pain and disability relief
and reduce opioid use in patients with sacroiliac joint (SIJ) derived low back pain
(LBP).

Methods: Twenty-seven patients with pain from SlJ refractory to conservative treat-
ments, and taking opioids chronically (> 3 mo), were included. Numeric rating scale
(NRS) and Oswestry disability index (ODI) scores were collected at 1, 6, and 12
months post-procedure. Opioid use between baseline and each follow-up visit was
compared for the entire group and for those who experienced successful (pain re-
duction > 50% of baseline value) or unsuccessful CRF denervation.

Results: Severe initial mean pain (NRS score: 7.7 + 1.0) and disability (ODI score:
50.1 + 9.0), and median opioid use (morphine equivalent daily dose: 40 + 37 mg)
were significantly reduced up to 12 months post-intervention. CRF denervation was
successful in 44.4% of the patients at 12 months. Regardless of procedure suc-
cess, patients demonstrated similar opioid reductions and changes in opioid use at
12 months. Two patients (7.4%) experienced neuritis following CRF denervation.
Conclusions: CRF denervation of the SlJ can safely elicit pain and disability relief,
and reduce opioid use, regardless of intervention success. Future studies may sup-
port CRF denervation as a dependable therapy to alleviate opioid use in patients
with SlJ-derived LBP and show that opioid use measurements can be a surrogate
indicator of pain.

Key Words: Analgesics, Opioid; Chronic Pain; Conservative Treatment; Denervation;
Low Back Pain; Opioid-Related Disorders; Retrospective Studies; Rhizotomy; Sacro-
iliac Joint.

INTRODUCTION

The sacroiliac joint (SIJ) is a common origin of chronic low
back pain (LBP) [1,2]. To combat this ailment, patients may
engage in conservative therapies, which are non-invasive,
but have limited effectiveness. Indeed, the utility of intra-
articular joint steroid (IAS) injections or prolotherapy is

equivocal [3-5], nonsteroidal anti-inflammatory drugs
(NSAIDs) have short-term effectiveness but present ad-
verse effects [6], while in patients with chronic non-spe-
cific LBP, the McKenzie physical therapy method was just
slightly more effective than a placebo for pain [7]. Surgical
fusion is an invasive intervention that may or may not
resolve patients SIJ-derived LBP [8]. In contrast to these
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approaches, patients may use opioids on a daily basis to
facilitate sustained analgesia. However, this strategy can
be limited by gradual insensitivity to initial consumption,
resulting in dependence as a consequence of progressively
higher doses required to provide analgesia [9].

The United States’ (US) National Institute on Drug Abuse
has summarized the gravity of the ongoing opioid crisis
[10], which was born from widespread use of opioids initi-
ated in the 1990s to ease chronic pain [11,12]. Overdosing
on opioids is responsible for nearly 100 deaths daily in the
US [13]. The US Centers for Disease Control and Prevention
estimates prescription opioid misuse in the US costs $78.5
billion annually, including the costs of healthcare, lost
productivity, addiction treatment, and criminal justice in-
volvement [14]. The opioid crisis is defined by 1) up to one-
third of patients prescribed opioids for chronic pain mis-
use them [15], 2) approximately 10% of those prescribed
opioids develop an opioid misuse disorder [16-18], and 3)
approximately 5% of those who misuse prescription opi-
oids use heroin instead [16-18]. Whereas use of opioids for
chronic pain can promote collateral morbidities, and on
occasion, mortality, and the traditional non-pharmaco-
logical therapies outlined above have limited effectiveness
and associated complications, it is clinically imperative
that a different treatment be made available for chronic
LBP thatis different from these interventions.

Cooled radiofrequency (CRF) denervation of nociceptive
nerves can be an effective means by which patients can
enjoy relief of their SIJ-derived LBP and enhanced quality
of life [19-24]. In particular, our previous retrospective ob-
servational study illustrated that CRF denervation affords
greater analgesia and function than its counterpart con-
ventional RF technique up to 12 months post-intervention
[24]. Other examinations have shown that dissipation in
opioid use can accompany CRF denervation-facilitated
pain relief [19,20,22], and included a case report [19], 3-,
4-month follow-up [20], and follow-up periods of 6-12
months and more than 12 months [22]. While the latter
outcomes especially can help to inform healthcare work-
ers of the generalized durability of CRF for treating SIJ-de-
rived LBP [22], the findings may be subject to under- and/
or overestimations, given that such relatively wide follow-
up time-frames can lend themselves to skewed results.

Thus, in addition to another report that retrospectively
evaluated the relationship between CRF denervation and
opioid use specifically at 12 months [23], here we report the
results of our retrospective examination aimed at deter-
mining the influence of CRF denervation on opioid use at 1,
6, and 12 months following CRF treatment for SIJ-derived
LBP.
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MATERIALS AND METHODS

This was a retrospective analysis of patients treated with
CRF denervation for SIJ-derived LBP from January 2013 to
May 2016. The study was approved by the Ethical Commit-
tee of Azienda Socio Sanitaria Territoriale della Francia-
corta (IRB No. NP 2306; Comitato Etico Provinciale, Bres-
cia, Italy), and all patients were provided written informed
consent to use their outcomes in a report. This study was
conducted in an Italian National Health Service Public
Hospital.

1. Patients

The patients considered for inclusion in this study were
consecutively admitted to the pain management unit of
Azienda Socio Sanitaria Territoriale della Franciacorta for
chronic LBP lasting for at least 6 months. Only patients
taking opioids at the time of the CRF denervation proce-
dure were included in our analysis. As such, while 31 pa-
tients received CRF denervation, 27 of these were included
in the analyses of this study, because the remaining four
were not using opioids at the time of CRF treatment. Fol-
lowing denervation, patients were instructed to reduce
opioid medication intake according to their perceived
health status (dosage reduction was monitored by patients’
general practitioners in order to prevent adverse effects
from sudden withdrawal).

2. Diagnosis of SIJ-derived LBP

The diagnosis of SIJ-derived LBP was made as follows:
1) the patient had pain in the buttock or low back below
L5, with radiation to the groin and/or thigh [25,26], 2)
positivity on at least three out of six provocation tests for
SIJ pain, specifically a thigh thrust test, distraction test,
a Gaenslen’s test on both sides, a compression test, and
sacral thrust test [26], and 3) pain relieved by joint injec-
tion with an anesthetic [27]. An intra-articular test block
by 0.75% ropivacaine (2 mL) was performed under fluo-
roscopic guidance using a 22-G, 100 mm spinal needle
positioned in the lower third of the joint [24]. The intra-ar-
ticular spread of injected contrast medium was observed
to confirm correct positioning of the needle. Patients who
experienced pain relief of 50% or greater within five hours
of the test block were diagnosed with SIJ pain.

Patients excluded from the study included those with 1)
pain radiating below the knee or above L5, 2) other pos-
sible sources of LBP (determined by means of physical
exam, medical history, and magnetic resonance imaging/
computed tomography/X-ray, as well as rheumatology
screening, as required), including, but not limited to, bone
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fractures, the hip joint, symptomatic spondylolisthesis,
tumor, and other regional soft tissue structures [28]. Also
excluded from SIJ denervation were those who were 1)
younger than age 18 years old, 2) pregnant, 3) mentally
handicapped, or had 1) a blood coagulation disorder, 2) an
infection at the intended site of the intervention, or 3) an
allergy to local anesthetics that were used.

Previous conservative therapies for patients diagnosed
with SIJ-derived pain included multiple (up to three times)
injections (n = 2.2 + 0.5 per patient; mean + standard de-
viation [SD]) in the SIJ with a local anesthetic (ropivacaine,
2 mg/injection), a steroid (methylprednisolone, 40 mg/
injection), and regularly-prescribed opioids and NSAIDs.
Patients who failed conservative treatments were sched-
uled for CRF denervation.

3. CRF denervation

Each prone-positioned, lightly sedated patient had a pil-
low placed beneath their abdomen, and the skin at the
intervention site was numbed with 2% lidocaine. The
S1, S2, and S3 foramina were identified by fluoroscopic
guidance on the treatment side of the spine, and a 17-G
introducer needle was inserted lateral to each target fora-
men until contact with the bone was achieved. Sensory
stimulation in the SIJ at 50 Hz was performed to elicit par-
esthesia under 0.8 V, while to verify no motor recruitment
in the ipsilateral lower extremity, motor stimulation was
conducted at 2 Hz and at up to 1.5 V. Denervation by CRF
(Avanos Medical Inc., Alpharetta, GA) was performed for
150 seconds at 60°C, with three lesions created at S1 and
S2, and two at S3 [24]. The needle was positioned between
the junction of the sacral ala and the S1 superior articular
process to lesion the L5 dorsal ramus [24,29-31]. After each
procedure, the patient was observed for at least four hours
before being discharged.

4, Outcomes

The primary outcome was the reduction in opioid con-
sumption after CRF. Secondary outcomes were the reduc-
tions in pain and disability. Primary and secondary out-
comes were measured at 1, 6, and 12 months after the CRF
procedure. Baseline values were recorded on the day of the
CRF procedure.

Opioid consumption, measured as the oral morphine
equivalent daily dose (MEDD) in mg, was captured for
each patient in the study. The MEDD was calculated using
the calculator provided in the Agency Medical Directors’
Group 2015 Guidelines [32].

The numeric rating scale (NRS) was used to assess pain
(0 = ‘no pain’ and 10 = ‘worst pain’) [33]. The CRF denerva-
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tion was considered a ‘treatment success’ if the patient-
reported a follow-up NRS score relative to the respective
baseline score that was reduced by > 50% [34]. The Oswes-
try disability index (ODI) was used to assess the extent of
disability associated with SIJ pain (0 = ‘no disability’ and
100 = ‘worst disability’) [35]. Adverse events that occurred
throughout the study were recorded.

5. Statistics

Statistical analysis was performed using Excel (Microsoft,
Redmond, WA). Means or medians (calculated to accom-
modate the small patient population and corresponding
wide data variation with respect to the MEDD data) and
SDs were calculated for continuous demographic and
outcome data, and after absence of normal distribution
was detected by the Kolmogorov-Smirnov test, means or
medians were compared by the Wilcoxon test with P < 0.05
indicating significant differences. Demographic categori-
cal data (e.g., sex and subgroups defined as having previ-
ous back surgery) are expressed as the number of patients.
Outcome categorical data (e.g., subgroups defined by
treatment success) are reported as percentages.

RESULTS
1. Demographics

Twenty-seven (27/31, 87.1%) patients had been chronically
taking opioids (tapentadol = 15/27 patients [55.6%]|, oxyco-
done/naloxone = 10/27 [37.0%], codeine = 1/27 [3.7%], and
transdermal fentanyl = 1/27 [3.7%]) when the CRF dener-
vations were performed. Table 1 shows the demographic
profile of the study population. The majority (85%) of those
studied were females, the mean body mass index was
slightly in the ‘overweight’ range [36], 15% of the group had
had previous back surgery, and the mean duration of pain
was between 1 and 2 years.

Table 1. Demographics of Study Population

Variable Value
Age (y) 65.8+12.8
Sex (M/F) 4/23
Body mass index (kg/m?) 252+ 4.6
Previous back surgery 4

Duration of pain (yr) 1.60+0.75

Values are presented as mean + standard deviation or number only.
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Fig. 1. Mean pain scores (NRS) experienced by the study group over
time. Exact mean and standard deviation values are indicated within
each bar and adjacent to each whisker, respectively. NRS: numeric rating
scale. *Significantly different (P < 0.05) mean value compared to that at
baseline.

2. Pain

Patients presented with severe pain (baseline NRS score
= 7.7 £ 1.0; mean + SD), which was significantly reduced
up to 12 months following CRF denervation (P < 0.05; Fig.
1). The mean * SD NRS score reductions at 1, 6, and 12
months were 5.6 + 1.6, and 4.1 + 1.7 and 3.2 £ 1.6, respec-
tively. The CRF procedure was successful in 92.6% (25/27),
63.0% (17/27), and 44.4% (12/27) of the study group at 1,
6, and 12 months, respectively, post-CRF. None of the pa-
tients reported worsening pain at any of the follow-up vis-
its, and 1 month following CRF, four patients experienced
no pain from a baseline NRS of 8, 8, 7, and 7, respectively.
For these four patients, at the 12-month follow-up, 62.5%
(NRS score = 5), 50% (NRS score = 4), 57.1% (NRS score = 4),
and 57.1% (NRS score = 4) of their original pain returned,
respectively.

3. Disability

The severe disability in the study group at baseline (mean
ODI score = 50.1 + 9.0) was significantly reduced for up
to 12 months after CRF denervation (P < 0.05, n = 27; Fig.
2). Mean disability in the study group decreased by 30.7 +
12.6 points at 1 month, while at 6 and 12 months, by 24.6 +
12.1 and 20.2 + 11.6 points, respectively. At 6 months, one
patient reported 100% disability relief, of which 95% was
sustained at 12 months.

4. Opioid use
1) Entire study group
Median MEDD was decreased significantly (P < 0.05, n =
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Fig. 2. Mean disability scores (ODI) experienced by the study group over
time. Exact mean and standard deviation values are indicated within
each bar and adjacent to each whisker, respectively. ODI: Oswestry dis-
ability index. *Significantly different (P < 0.05) mean value compared to
that at baseline.
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Fig. 3. Mean MEDD used by the study group over time. Exact mean and
standard deviation values are indicated within each bar and adjacent to
each whisker, respectively. MEDD: morphine equivalent daily dose. *Sig-
nificantly different (P < 0.05) median value compared to that at baseline.

27) at each follow-up compared to baseline (Fig. 3). At 1,
6, and 12 months following treatment, 29.6% (8/27), and
40.7% (11/27) and 25.9% (7/27) of the study group were
not taking opioids, respectively. Five patients (18.5%) did
not take opioids at all during the follow-up period. But
there were another five patients, who did not use opioids
at one and/or six months, then returned to use them at
12 months. The dose of the opioids that these patients re-
turned to using was as follows: tapentadol 50% (2 patients),
tapentadol 37.5% (1 patient), tapentadol 25% (1 patient),
and oxycodone/naloxone 33.3% of their baseline dose.
Two patients (7.4%) who used opioids (tapentadol and oxy-
codone/naloxone) at 1 month did not use them at 6 and 12
months.
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Opioid intake after cooled radiofrequency

187

A B C
—— Successful treatment —— Successful treatment —— Successful treatment
1209 ---- Unsuccessful treatment 609 ---- Unsuccessful treatment 607 .—-- Unsuccessful treatment
100 A 100%~ 50 A 50 %, 50 50%+_
(283)  T>o_ (36.2) \\ (36.4) >
. 80- — 40+ — 40+
o S~ o o
E 70° E £
O 60 A (70.7) o 30 A a 30 A
[a) [a) [a)
L L i}
= 404 = 20 = 20
(36.0)
20 A 10 A 10
15
(29.7)
0 T 1 0 1 O T 1
Baseline 1 mo Baseline 6 mo Baseline 12 mo

Fig. 4. Median MEDD of patients (n) who had successful or unsuccessful treatments at each follow-up visit. Exact median and standard deviation values
are indicated without and within parentheses, respectively. MEDD: morphine equivalent daily dose.

2) Successful vs. unsuccessful treatments

Fig. 4 describes the mean opioid consumption in pa-
tients from baseline to different follow-ups, dividing the
population between patients who had a successful treat-
ment (more than 50% pain relief) and those who didn’t
experience such a reduction in pain score. Interestingly,
the MEDD was reduced at 1 month (Fig. 4A; successful
treatments: n = 25, unsuccessful: n = 2), 6 months (Fig. 4B;
successful: n = 17, unsuccessful: n = 10), and 12 months
(Fig. 4C; successful: n = 12, unsuccessful: n = 15) post-CRF
denervation, not only for patients who had successful CRF
denervation treatments, but also for those who had unsuc-
cessful treatments. Moreover, at each follow-up visit, the
extent of MEDD declines was similar for patients who had
these respective outcomes.

Further analyses demonstrated that, at 12 months, the
study population experienced changes in the MEDD de-
fined as ‘more’ (n = 2), ‘no change’ (n = 4), ‘reduced < 50%’
(n=4), ‘reduced > 50%’ (n = 10), or ‘eliminated’ (n = 7), and
interestingly reveal that, in most cases, equivalent or near-
ly equivalent fractions of patients who had successful or
unsuccessful CRF denervation experienced each of these
MEDD modifications (Fig. 5).

5. Adverse events

Two patients (7.4% [2/27]) developed neuritis during the
first week following the CRF denervation procedure with
severe burning pain radiating down their leg. These pa-
tients were managed with a short course of oral steroid
(prednisone, 25 mg/day for 5 days) with a complete reso-
lution of their symptoms. Each of these patients reported
treatment success (in regards to pain) and less disability at
each follow-up visit compared to their respective baseline
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Fig. 5. Changes at 12 months from baseline in MEDD for patients (n)
who had successful or unsuccessful CRF denervation treatments. Ex-
act percentage values are indicated within each bar. MEDD: morphine
equivalent daily dose, CRF: cooled radiofrequency.

values for these outcomes.

DISCUSSION

CRF denervation of the SIJ significantly decreased SIJ-
derived LBP and its associated disability at each follow-
up visit up to 12 months. In addition, mean opioid use
in the entire study group was significantly reduced from
baseline at each follow-up visit. Reductions in opioid use
were not observed selectively in patients who had success-
ful treatments, as those who had unsuccessful treatments
also reported less opioid use at each time-point compared
to when the study began. By 12 months post-CRF denerva-
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tion, alterations in opioid use were, in most cases, evenly
distributed among patients who experienced successful
and unsuccessful treatments. Two instances of neuritis, a
minor adverse event, occurred following CRF denervation.

While other investigators have also analyzed the influ-
ence of CRF denervation in the SIJ on opioid use [19,20,
22,23], this current report uniquely evaluated differential
opioid use among patients who had successful or unsuc-
cessful CRF denervation treatments, as determined by
NRS score results. As expected, those who experienced
the former outcome reduced their opioid intake. Remark-
ably, those who did not have a successful treatment also
reduced their opioid consumption, and as demonstrated
in Figs. 4, 5, to a similar extent as those in which CRF de-
nervation was successful. This revelation may be due to
the subjective nature of the pain scale, and suggests that
monitored opioid use may serve as a useful surrogate to
measure pain in studies of this kind and others that ex-
amine the relationship between opioid use and analgesic
interventions. Randomized controlled studies are needed
to further investigate the observations made in this report
regarding opioid use among those who received successful
and unsuccessful CRF denervation treatment of the SIJ.

Conservative therapeutic options such as IAS injections,
NSAIDs, physical therapy, and opioids are commonly used
to manage chronic LBP emanating from the SIJ region.
These therapies are fraught with performance limitations,
[3-7,9] and may promote adverse events for patients [6,9].
Surgical fusion is highly invasive, may not be efficacious
[8], and can be accompanied by complications such as
infection [37-39], non-union [38-41], further surgery (hard-
ware removal, scar tissue excision, second fusion) [38,40],
and intraoperative fracture [40]. Furthermore, in their sys-
tematic review that indirectly compared surgical fusion (6
studies) to RF-mediated denervation (5 studies) for treat-
ing SIJ-derived LBP, Ashman et al. [42] found that each
technique can reduce such pain, but fusion had a higher
complication rate, with infection being uniquely included
among the adverse events reported for this intervention
(infections-excluded complication rates: fusion, 13.7% [95
patients]; denervation, 7.3% [68 patients]). Taken together,
clinical evidence suggests that non-invasive conservative
therapies have limited efficacy, while at the other inter-
vention extreme, invasive surgical fusion may be effective
at the expense of an intolerable risk-to-benefit profile. The
latter could exclude some patients, especially those who
have comorbidities or are elderly, from surgical fusion.
Thus, RF-facilitated denervation for SIJ-derived LBP may
be a sensible intermediate therapy for patients.

Both conventional and cooled RF denervation options
are available to treat SIJ-derived LBP. Technical and clini-
cal findings infer an advantage to CRF compared to con-
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ventional RF for this ailment. The cooled probe tip of the
CRF device permits a relatively larger lesion to be created
compared to that of conventional RF, as demonstrated on
the canine heart [43]. This comparative advantage of CRF
makes it more likely that this denervation technique can
ablate the variable nerve courses assumed by nociceptive
nerves in the SIJ [44,45]. We provided evidence to support
such the favorability of CRF versus conventional RF when
we directly compared two RF devices specifically designed
to treat SIJ-derived LBP, SInergy” (Avanos Medical Inc.,
Alpharetta, GA) and Simplicity I1I® (NeuroTherm Inc.,
Wilmington, MA) [24]. In this retrospective analysis, pain
relief and functional improvements were significantly
greater up to 12 months for patients treated with SInergy
(n = 22) than with Simplicity III (n = 21). Extending these
findings to those in this current report suggests that CRF
denervation provides patients with longer relief from use
of opioids than conventional RF as an analgesic strategy
for SIJ-derived LBP.

It is an important clinical goal to decrease or remove
use of opioids for those afflicted with chronic SIJ-derived
LBP. Generally speaking, there is an increasing concern
that individuals who use opioids for chronic pain are at
risk of their misuse, addiction, and death [13-15]. Deyo et
al. [46] reviewed the use of opioids specifically for LBP.
These authors reported that opioids have short-term (e.g.,
< 4 mo) pain relief effects, possibly due to drug tolerance
and subsequent hyperalgesia, and associations with poor
functioning and work disability. Short-term complications
include constipation, nausea, sedation, and increased risk
of falls and fractures, while long-term adversities include
depression and sexual dysfunction. A systematic review
conducted by Chaparro et al. [47] demonstrated no advan-
tage of opioids compared to NSAIDs or antidepressants
with respect to pain and function for those who suffer from
chronic LBP. A single CRF denervation of the SIJ can pro-
vide analgesia for up to 12 months and may have a more
benign adverse event profile than opioid use over time [10-
24]. In addition, opioid use may portend less than optimal
effectiveness for RF denervation of the SIJ [21]. The results
of this present report suggest that CRF denervation would
reduce or eliminate opioid use in patients with SIJ-derived
LBP, regardless of pain relief outcome, thereby mitigating
or obviating opioid side-effects. In addition, CRF denerva-
tion may provide more durable analgesia than opioid use
for such patients.

This was not a prospective randomized controlled clini-
cal trial. This examination included a relatively small
population pool, with considerable variation in the MEDD
outcome. Despite such limitations, the effect of CRF de-
nervation on opioid consumption was significant up to 12
months. Without a control group in the study, patients may
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have artificially made their outcome tool responses to CRF
denervation more positive than if a placebo treatment was
also included in the study. Given the strong interest among
healthcare workers and patients to reduce opioid use for
chronic LBP, the focus of this study on that outcome is
clinically-relevant. Adding to such relevance would be
a direct comparison between CRF and conventional RF
denervation to understand more clearly which may more
effectively reduce opioid use among patients with SIJ-de-
rived chronic LBP.

Statistically-significant analgesia and disability relief
were manifested by CRF denervation in patients afflicted
with SIJ-derived LBP for up to 12 months following the in-
tervention. Moreover, opioid use was significantly reduced
at each time-point following denervation for up to 12
months, and patients who reported successful or unsuc-
cessful CRF denervation treatments reduced their use of
opioids, and to similar extents.

This study provides further evidence that CRF denerva-
tion of the nociceptive nerves of the SIJ can safely provide
meaningful pain and disability relief coupled with signifi-
cantly less dependence on opioids. The latter benefit of
CRF denervation may facilitate a means for patients who
suffer from SIJ-derived LBP to escape use of opioids and
the side-effects that can accompany their consumption.
Future randomized controlled studies may provide further
evidence that CRF denervation can reduce or eliminate
opioid use in patients with SIJ-derived LBP, and buttress
the notion suggested in this report that measuring opioid
use may be a purposeful surrogate indicator of pain sta-
tus.
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