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Abstract

Purpose of Review Chronic pain of the lower extremity remains challenging to manage. Radiofrequency ablation procedure
applies heat to nerve fibers with the goal of mitigating chronic pain conditions of the knee. However, the clinical efficacy has not
yet been adequately established. The goal of this review paper is to report the use of radiofrequency ablations in the treatment of
osteoarthritis of the knee.

Recent Findings PubMed and the Cochrane Controlled Trials Register were searched (final search 28 February 2018) using the
MeSH terms “radiofrequency ablation,” “neurolysis,” “radiofrequency therapy,” “pain syndrome,” “analgesia,” and “pain” in the
English literature. Bibliographies of the published papers were screened for relevance to lower extremity radiofrequency ablation
therapies. The quality of selected publications was assessed using the Cochrane risk of bias instrument.

Of the 923 papers screened, 317 were further investigated for relevance. Our final search methodology yielded 19 studies that
investigated the use of radiofrequency ablation at the knee. Of these 19 studies, there were four randomized control trials, two
non-randomized control trials, three prospective studies, two retrospective studies, one case-control study, one technical report,
and seven case reports.

Summary In summary, the data available suggests radiofrequency ablation as a promising and efficacious with all 19 studies
revealing significant short- and long-term pain reductions in patients with knee pain.
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Introduction

Osteoarthritis is one of the most common debilitating joint
disorders worldwide [1]. Ten percent of patients who are
60 years and older are significantly impacted by their symp-
toms [2]. In particular, osteoarthritis of the knee is a leading
cause of chronic disability in the developed world [3-5].
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Among all adults in the USA, 37% have radiographic evi-
dence of knee osteoarthritis and 12% report painful symptoms
[6]. Osteoarthritis is a complex condition with a heteroge-
neous complement of clinical features and presentations.
Moreover, multiple phenotypes have been identified, charac-
terized by varying biochemical, biomechanical, and clinical
pathology [7]. Though patients who experience the most sig-
nificant pain have supporting radiographic evidence of knee
osteoarthritis, many experience symptoms despite an absence
of radiographic findings [2, 8].

Multiple factors are implicated in causing pain and subse-
quent activity limitation, including local tissue pathology,
joint biomechanics, psychological distress, and clinical co-
morbidities [7]. Hyaline loss is pathognomonic for osteoar-
thritis; however, disease progression includes bone remodel-
ing, fibrocartilage degeneration, chondro-osteophytes, syno-
vial hyperplasia, and muscle atrophy. Together, these changes
invoke local inflammation, triggering a nociceptive response
in the peripheral nervous system [9]. Clinically, patients pres-
ent with complaints of pain, effusion, crepitus, and decreased

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11916-019-0792-y&domain=pdf
mailto:alaaawny@hotmail.com

55 Page2of 13

Curr Pain Headache Rep (2019) 23: 55

knee range of motion. Typically, the pain caused by osteoar-
thritis is related to activity: difficulty with ascending and de-
scending stairs for instance, though some patients may also
experience a dull constant ache. Together, these symptoms
lead to significantly worsened mobility, mood, and sleep.
Ultimately, this impacts social, recreational, and daily inde-
pendent activities of living [10].

The disease course of osteoarthritis is unremitting and pro-
gressive in nature, with a predictable worsening of symptoms
and pain overtime. Though there is no cure for the disease,
therapeutic modalities aim to slow the progression of disease
pathology focusing on conservative treatment: physical ther-
apy, weight loss, and pharmacologic pain management. The
refractory pain caused by knee osteoarthritis is difficult to
adequately manage and leads to 24% of patients resorting to
surgical management [11]. Though total knee arthroplasty
may be an effective treatment for osteoarthritis providing
long-term cost effective results, 15-20% of patients have been
found to be dissatisfied with the results of their surgery [12].
Moreover, patient comorbidities including obesity and de-
creased physical activity have been shown to worsen surgical
outcomes [13]. These patients may thus benefit most from
minimally invasive techniques such as radiofrequency abla-
tion, after failing conservative medical management and phys-
ical therapy.

Radiofrequency ablation is a commonly performed therapy
for various musculoskeletal chronic pain conditions including,
radicular pain, sacroiliac joint pain, post-surgical pain, and
myofascial pain [13—15]. Recently, the application of radio-
frequency therapy to target peripheral nerves innervating the
knee joint has garnered increased attention [ 16—20]. Both con-
ventional (CRF) and pulsed radiofrequency therapy (PRF)
have been utilized in this application.

Conventional radiofrequency ablation (CRF) applies a
continuous radiofrequency to targeted tissue, achieving a
temperature of 60—80 °C. These high temperatures result in
neural ablation by causing coagulative necrosis, collagen
destruction, and axonal degeneration [21-23]. As per
Sunderland’s classification of nerve injury, third or even
fourth degree peripheral nerve injury is achieved via this
method. As this process does not entirely disrupt the nerve
cell and preserves the fascicular arrangement of the peri and
epineurium, progressive axonal regeneration ultimately re-
sults in a return of pain [22, 24].

In contrast to CRF, which relies on high temperatures to
cause local tissue destruction, pulsed radiofrequency modu-
lation creates an electromagnetic field which functionally
disrupts the neuronal membrane, modulates gene expression,
and affects cytokine release [23, 25, 26]. These changes are
selective for small unmyelinated and lightly myelinated
nerve fibers, thus eliciting a motor-sparing effect [25, 26].
Histologically, PRF results in transient endoneurial edema
which may persist for up to 1 week following treatment
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[27]. Despite the absence of overt neurodegeneration, in
some applications, clinical pain relief following PRF can last
up to several years [28]. Common limitations of radiofre-
quency ablative or modulative techniques are failure to
completely denervate the targeted nerve or disrupt nocicep-
tive sensation. Moreover, radiofrequency therapy may wors-
en symptoms through aberrant neuronal regeneration
resulting in adverse effects including neuroma formation,
reduced motor function, deafferentation pain syndrome, neu-
ritis, and paresthesias [24].

The use of radiofrequency therapy to target the peripheral
nerves innervating the knee may be effective in the treatment
of refractory chronic knee pain. Patients with chronic knee
pain who may most benefit from radiofrequency ablation in-
clude those who are non-surgical candidates, have failed total
knee arthroplasty, or have chronic pain following trauma to
the knee. In this review, we highlight the use of radiofrequen-
cy therapy in the treatment of chronic knee pain and examine
the long- and short-term efficacy of both ablative and
modulative techniques.

Materials and Methods
Systematic Literature Search

Authors searched Medline, PubMed, Cochrane Database of
Systematic Reviews, PROSPERO, and Cochrane Central
Register of Controlled Trials for relevant publications. We
also searched google scholar and the clinical trial registry
(clinicaltrials.gov) for additional publications. These
database search were completed on 28 February 2018. Our
EMBASE and MEDLINE included both controlled terms
(MeSH, EMBASE, Emtree, MEDLINE) and free text that
included the following: “radiofrequency ablation,” “radio-
frequency,” “RF,” “ablation,” “neurolysis,” “radiofrequency
therapy,” “pain syndrome,” “knee pain,” “chronic pain,”
“knee osteoarthritis,” “analgesia,” and “pain” in the English
literature. Bibliographies of the published papers were
screened for various chronic pain pathologies that received
lower extremity radiofrequency ablations.

EEINT3

Inclusion and Exclusion Criteria

We included RCTs, open non-randomized control studies,
prospective studies, retrospective studied, case series, and case
reports for this systematic review. We limited our search to
publications that investigated patients with chronic knee pain
lasting for at least 1 month or patients with a diagnosis of
osteoarthritis of the knee. We also included publications that
investigated the application of various RF treatments (conven-
tional or pulsed/cooled technique), original studies, and all
adult population. We excluded research that was only
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available in abstract or poster forms, animal studies, non-
English papers, non-radiofrequency ablation technology, and
pediatric population.

Data Extraction

Our final evaluation included case reports, retrospective, pro-
spective, and randomized controlled studies. The reference
population, diagnostic group, and outcomes were extracted
from these articles using a prespecified standardized extrac-
tion form. The information extracted from each study includes
author’s last name, publication year, study design, number of
arms, sample size, ablation technique (pulse vs conventional),
temperature range and duration, duration of pain relief, sec-
ondary outcomes, side effects, and conclusion. We also ex-
tracted the mean and standard deviations for the pain scores
when reported. If not reported, we included the paper for thor-
ough analysis and additional discussion purposes.

Quality of Evidence

The quality of evidence was assessed using oxford quality
scoring system and GRADEpro risk of bias methodology
[29, 30]. The oxford quality of evidence was classified as
“high range quality score” and “low range quality score”
[29]. The GRADEpro approach was used to assess for selec-
tion bias, performance bias, detection bias, attrition bias, and
reporting bias for each outcome. A summary figure was con-
structed with the GRADEpro guideline development tool [30]
(http://www.guidelinedevelopment.org/; Evidence Prime Inc.,
Hamilton, Ontario, Canada) [34].

Result
Search Result

Our final search methodology yielded 19 studies that investi-
gated the use of radiofrequency ablation at the knee [19,
31-48]. The search and study selection flow chart is displayed
atFig. 1. We identified 317 publications after duplication were
removed. These studies were screened based on our inclusion
and exclusion criteria. The details of the 19 studies are de-
scribed in Table 1. These 19 studies were made up of four
RCTs [32-34, 37], two non-randomized controlled trials [35,
36], four prospective [19, 38-40], two retrospective [41, 42],
two case series [43, 44], one technical [48] report, and four
case reports [31, 45-47], which are summarized in Table 1.
Fourteen [19, 31-37, 39-42, 44, 48] of these 19 studies were
thoroughly discussed in our systematic review.

Targeted Nerves

Eighteen of the 19 publication included in this review had
subjects with a diagnosis of chronic knee osteoarthritis. Only
one publication included subjects with knee pain after total
knee replacements [45]. The genicular nerve was the most
commonly targeted nerve for with continuous or pulsed RF
ablation [19, 31, 34, 40, 45-47]. Another group of nerves
identified as “composite nerves” were also ablated in four of
the publications included in this review [32, 37, 42, 48]. The
sciatic nerve was a target in one study [38].

Quality of Evidence

Two [32, 37] of the four randomized controlled trials did not
adequately blind the participants and personnel of their re-
spective studies. The oxford quality score for Alcidi et al.
and Takahashi et al. was considered low (Table 2). The re-
maining two RCTs were considered high quality with scores
at4/5 [33] and 5/5 [34] (Table 2). The overall risk of bias was
low in studies that were considered to provide instantaneous
pain relief (Fig. 2). Two [19, 35] of the studies that provided
short-term pain relief were considered to be high risk for bias
(Fig. 3) and five [36, 4042, 48] of the six studies that showed
evidence for long-term pain relief suggested high risk of bias
(Fig. 4).

Outcome

Pain outcomes were reported as VAS or NRS by most of the
publications included in this review. Simultaneously, the func-
tional outcome measures were also reported by most publica-
tions. The most commonly reported secondary measures used
to assess function of the knee include Lequesne’s index [32,
37], WOMAC [36, 41, 44, 47], and oxford knee score (OKS)
[34, 45], and patient satisfaction [34, 40].

Discussion

Our review of 18 publications that investigated the use of
pulsed or continuous RF treatments on patients with knee
osteoarthritis suggests that RF treatments can provide imme-
diate, short-term, and long-term pain relief. This pain relief
could last as long as 12 months after the RF ablation treatment.
Our review also suggests that improvement in function after
RF treatments can be observed without any serious adverse
events.

The overall quality of evidence of the use of RF treatment
in patients with knee osteoarthritis seems to have a slight
improvement. A similar review conducted by Bhatia et al.
[49] assigned a low quality of evidence in 2016. This was
partly due to the small number of RCTs performed at that
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Full-text articles
excluded for clinical

relevancy (n = 442)

Full-text articles excluded (n=21)

Reasons for exclusion:

- Performed RF of the hip

- Performed RF of the ankle

- Animal studies

- Non-specific region of the lower

- Failure to report pain score and
duration of pain relief

Fig. 1 Flow chart demonstrating
the identification and selection of
the articles for the systematic 5 Potentially relevant Additional relevant
review = publications identified publications identified
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point in time. In our review, we were able to identify four
RCTs [32-34, 37] that showed a reduction in pain after RF
treatment with a low to high quality of evidence (Table 2).
Two of the four studies were able to randomize and blind
the participants but the remaining two studies were uncertain.

Our search methodology yielded four randomized control
trials, two non-randomized control trials, three prospective
studies, two retrospective studies, one case-control study,
one technical report, and seven case reports investigating the
efficacy of radiofrequency ablation in the treatment of knee
pain. These studies suggest that radiofrequency ablation has
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both short- and long-term analgesic efficacies in the manage-
ment of lower extremity chronic pain syndromes. We summa-
rize the details of these findings in the following sections.

Pain Relief and Functional Outcome: Efficacy of RF
Ablation in Randomized Control Trials

The randomized studies included in our review were per-
formed by Choi et al., Taverner et al., Alcidi et al., and
Takahashi et al. [32—-34, 37]. The study by Choi et al. revealed
that patients with chronic osteoarthritis of the knee that were
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treated with radiofrequency ablation of the genicular nerve
had a significant reduction in VAS (p <0.001) compared to
control group [34]. Functional outcome was investigated by
reporting oxford knee scores. The oxford knee scores showed
that the RF group, 10/17 (59%), 11/17 (65%), and 10/17
(59%), achieved at least 50% knee pain relief. This study
further concluded that RF ablation of genicular nerves can
result to pain reduction and functional improvement in pa-
tients with chronic knee OA pain.

In another randomized controlled trial by Taverer et al.,
patients referred for total knee joint replacement were treated
with transcutaneous pulsed radiofrequency ablation [33]. The
VAS metric was used to evaluate pain outcome and this study
showed a reduction in VAS with radiofrequency treatment
when compared to baseline. These authors also noted that
the reduction in VAS was more significant at week 4 com-
pared to week 1. The maximum improvement observed in this
study cohort was 19/100 VAS. There was not functional out-
come assessment in this study.

Study by Alcidi et al. investigated the role of continuous
ablation in reducing pain as well as improving function [32].
Pain scores were significantly reduced from 60/100
preprocedure to 40/100 after the procedure. The functional
outcomes were evaluated with Lequesne’s index, a marker
for functional impairment. Before treatment, Lequesne’s in-
dex score was at 11/2. Immediately after treatment, the scores
were significantly improved and this lasted for 30 days after
the procedure. Similar to Alcidi et al., another randomized
control trial by Takahashi et al. found a reduction in pain score
with baseline pain scores remaining lower than post-
procedural pain scores [37]. They also evaluated functional
outcome with Lequesne’s index and found significant func-
tional improvement at weeks 1 and 3.

Because of the diffuse

effects of the
inflammation, multiple

Conclusion
nerves must be
targeted

Side effect

continued difficulty with

Secondary outcome
steps

scores significantly up to

It also improves pain
6 months after

Improved joint contours
after PRF.

Duration of pain relief

extremity

Lower
region

Ablated nerve
motor
nerves)

Duration of Analgesic Effect: Instantaneous Pain
Relief

Ablation technique

Two studies reported instantaneous pain relief after continu-
ous radiofrequency ablation was applied to unspecified nerves
around the knee [32, 39]. In the case-control study by Shen
et al., patients with chronic knee osteoarthritis had a reduction
in VAS scores immediately after RF ablation [39]. VAS scores
went from 7/10 before treatment to 3/10 immediately after
treatment. In the randomized control study by Alcidi et al.,
pain scores were instantaneously reduced from roughly 60/
100 before the procedure to 40/100 immediately after the pro-
cedure [32].

Study  Study design

size

Duration of Analgesic Effect: Short-Term Pain Relief

Clinical
diagnosis

Short-term pain relief was defined pain reduction lasting for as
long as 12 weeks. Six of the 20 studies showed evidence of
short-term pain relief after radiofrequency ablation [19,

Table 1 (continued)

Author
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Table 2 Quality assessment of randomized controlled trials investigating the role radiofrequency ablation in patients with chronic knee pain or
osteoarthritis
Grading

Questions Alcidi et al. Taverner et al. Choi et al. Takahashi et al.
1. Study described as random? 1 1 1 1

2. Randomization described and appropriate? 1 1 1 1

3. Study described as double-blind? 1 1 1 0

4. Method of double blinding described? -1 1 1 -1

5. Dropouts and withdrawals described? 0 0 1 0

Total 2 4 5 1

32-35, 37]. There were three studies that showed pain relief at
3—4 weeks [32, 33, 37]. The studies by Takahashi et al. [37]
and Taverner et al. [33] applied pulsatile ablation technique to
either a composite or unspecified nerve around the knee.
These studies reported pain relief that lasted for 3 weeks
[37] and 4 weeks [33]. The third study that showed short-
term pain relief was performed by Alcidi et al. [32]. This study
showed that patient with continuous ablation of composite
nerves of the knee will result to a significant pain relief that
lasted for 30 days. The functional outcome measures for all
three studies suggested radiofrequency ablation could result to
improvement of functional impairment at 3—4 weeks [32, 33,
37].

In addition, there were three studies that reported analgesic
effect at 12 weeks [19, 34, 35]. Studies by Choi et al. and
Ikeuchi et al. investigated analgesic effect after continuous
radiofrequency ablation at the genicular and medial
retinacular nerve, respectively [34, 35]. Both studies showed
a significant reduction in VAS among patient patients with
radiofrequency ablation compared to the control group. The
improvement in VAS was statistically significant at 4 and
12 weeks. A single-arm prospective study by Kesikburun

Alcidi, 2007
Shen, 2016

Random sequence generation (selection bias)

Allocation sequence generation (selection bias)

Blinding participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

®
Incomplete outcome data (attrition bias) ®
Selective reporting (reporting bias) ®

Other bias
Overall bias |®|@®
Fig. 2 Risk of bias summary for instantaneous pain relief studies. Green

circles with “+” sign indicate low risk, red circles with “-” sign indicate
high risk, and blank boxes indicate unclear risk

@ Springer

et al. investigated the analgesic effect of pulsatile radiofre-
quency ablation on the genicular nerve of patients with chron-
ic knee osteoarthritis [19]. Similarly, this study found a reduc-
tion in VAS at 12 weeks.

Duration of Analgesic Effect: Long-Term Pain Relief

Long-term pain relief was defined as pain reduction lasting for
more than 12 weeks. Eight of the 20 studies clearly suggested
that radiofrequency ablation of the knee had a long-term pain
relief [31, 36, 39-42, 44, 48]. Two studies reported analgesic
effect that lasted for 3 months [31, 39]. In the case-control
study by Shen et al., a continuous radiofrequency ablation
was applied to non-specified nerve group. VAS scores de-
creased significantly at the end of 3-month follow-up and
functional assessment measured with SF-36 suggested im-
provement in quality of life at 3-month follow-up. The second
study was a case report that showed an analgesic effect that
lasted for 3 months after continuous ablation was applied to
the genicular nerves of the knee. This study also reported
improved range of motion and strength in the extremity.

Furthermore, we identified three studies that provided an-
algesic effect for as long as 6 months [41, 42, 48]. A retro-
spective study by Akbas et al. investigated the analgesic effect
from using pulsatile RF ablation of the saphenous vein. This
study showed that 84% of the patients showed improvement
in VAS scores that lasted for as long as 6 months. Similarly,
another retrospective study by Karaman et al. also looked at
continuous RF ablation of composite nerve and found pain
relieve that continued to last at 6 months follow-up. This ev-
idence was also supported by a technical report by Vas et al.
This study applied continuous RF ablation to composite
nerves of the knee (all sensory and motor) with results show-
ing improved pain score that lasted for 6 months.

The third category of studies that reported long-term anal-
gesic efficacy reported pain relief lasting for as long as
12 months [36, 40, 44]. All three studies used varying
methods of RF ablation to achieve the same goal. In a non-
randomized controlled trial by Masala et al., pulsatile RF
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Fig. 3 Risk of bias summary for
short-term pain relief studies.
Green circles with “+” sign
indicate low risk, red circles with
“-” sign indicate high risk, and
blank boxes indicate unclear risk
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ablation was applied the various pericapsular nerve endings.
This study showed a reduction in VAS scores that lasted for as
long as 12 months. In another prospective study by Pineda
et al., a continuous RF ablation was applied to the genicular
nerves of the knee and significant improvement in pain was
shown to last for as long as 12 months. This study also showed
a reduction in analgesic consumption. The last study that
showed analgesic efficacy at 12 months was performed by
Bellini et al. This case series applied cooled radiofrequency
to the genicular nerve and improvement in both VAS and
WOMAC scores were observed at 12 months.

Safety Profile and Complications

Very few side effect was reported with the use of RF ablation
of the knee. Of the 20 studies that were evaluated, only two
studies reported side effect [19, 34]. Choi performed a

Fig. 4 Risk of bias summary for
long-term pain relief studies.
Green circles with “+” sign
indicate low risk, red circles with
“-” sign indicate high risk, and
blank boxes indicate unclear risk
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continuous RF ablation and some of the patients complained
of temporary periosteum pain that eventually resolved [34].
The second side effect was reported by Keikburun et al., who
used pulsatile RF ablation. In this study, 13 of 29 patients had
recurrent pain that was difficult to manage [19]. There were no
reported adverse events.

Limitations

There are a few findings that arise when evaluating the data
and conclusions from the selected studies. There is a lack of
consistency in the procedural approach and characteristics,
making difficult to make a comparison to other standard of
care treatment protocols. In addition, there is also a lack of
prolonged follow-up for the pain and disability scores for the
patients that were treated with radiofrequency ablation.

@ Springer
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Conclusion

Our review reports the numerous studies that suggest the ef-
ficacy of radiofrequency ablation in the treatment of chronic
knee pain. The approach (continuous vs pulsatile), tempera-
ture, and duration of administration need more thorough eval-
uation. Several studies report a very strong evidence for the
use of RFA in treating chronic knee pain [32-34, 37] but a few
need to be interpreted with caution. In addition, the majority of
the studies indicate benefit of RFA or PRF over a short period
of time but very few studies have investigated the long-term
implications.
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