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Background: Patients suffering from osteoarthritis of the knee and patients post total knee arthroplasty
often develop refractory, disabling chronic knee pain. Radiofrequency ablation, including conventional,
pulsed, and cooled, has recently become more accepted as an interventional technique to manage
chronic knee pain in patients who have failed conservative treatment or who are not suitable candidates
for surgical treatment.

Objective: This systematic review aimed to analyze published studies on radiofrequency ablation to
provide an overview of the current knowledge regarding variations in procedures, nerve targets, adverse
events, and temporal extent of clinical benefit.

Study Design: A systematic review of published studies investigating conventional, pulsed, or cooled
radiofrequency ablation in the setting of chronic knee pain.

Methods: Medline, Google Scholar, and the Cochrane Central Register of Controlled Trials (CENTRAL)
databases were reviewed for studies on radiofrequency ablation for patients with chronic knee pain
through July 29, 2016. From the studies, the procedural details, outcomes after treatment, follow-up
points, and complications were compiled and analyzed in this literature review. Included studies were
analyzed for clinical relevance and strength of evidence was graded using either the NHLBI Quality
assessment of controlled intervention studies or the NHLBI quality assessment for before-after (pre-post)

studies with no control group.

Results: Seventeen total publications were identified in the search, including articles investigating
conventional, pulsed, or cooled radiofrequency ablation. These studies primarily targeted either the
genicular nerves or used an intraarticular approach. Of the studies, 5 were small-sized randomized
controlled trials, although one involved diathermy radiofrequency ablation. There were 8 retrospective
or prospective case series and 4 case reports. Utilizing the strength of evidence grading, there is a low
level of certainty to suggest a superior benefit between targeting the genicular nerve, an intraarticular
approach, or targeting the larger nerves such as femoral and tibial nerves. Utilizing the strength of
evidence grading, there is a low level of certainty in supporting the superiority of any specific RFA
procedure modality. The majority of the studies report positive patient outcomes, but the inconsistent
procedural methodology, inconsistent patient assessment measures, and small study sizes limit the
applicability of any specific study to clinical practice.

Limitations: While the wide search strategy included a variety of articles, broad conclusions and
pooled data could not be obtained based on the studies analyzed.

Conclusions: Overall, the studies showed promising results for the treatment of severe chronic
knee pain by radiofrequency ablation at up to one year with minimal complications. Numerous
studies, however, yielded concerns about procedural protocols, study quality, and patient follow-up.
Radiofrequency ablation can offer substantial clinical and functional benefit to patients with chronic
knee pain due to osteoarthritis or post total knee arthroplasty.

Key words: Radiofrequency ablation, knee osteoarthritis, knee pain, genicular nerve, total knee
arthroplasty (TKA), cooled radiofrequency ablation, pulsed radiofrequency ablation
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steoarthritis (OA) is one of the most prevalent
chronic diseases in the United States with
an estimated nearly 40 million Americans
impacted (1). OA of the knee is a leading cause of
disability in the United States, affecting nearly one in 10
older adults with an annual prevalence of radiographic
evidence of knee OA of greater than 37% (2). OA of the
knee is one of the top 5 leading causes of impairment
among adults — an estimated 80% of patients with knee
OA have some movement limitation, while 25% are
unable to perform major activities of daily living (3).
Clinically, patients with knee OA typically present with
a chief complaint of pain, often associated with limited
range of motion, stiffness, osteophytes, crepitus, and
effusions. Due to the progressive degenerative nature
of OA and the associated pain, patients become more
physically impaired through the course of the disease.
Unfortunately, because no cure has been established
for OA, treatment currently focuses on improving
the quality of life for patients through pain control,
decreasing physical impairment, and slowing the
progression of the disease (4). Treatment options for
patients with OA include conservative approaches, such
as weight loss, physical therapy, and pharmacological
interventions, while the more invasive approaches
include intraarticular injections, joint preserving surgical
treatment, and total knee arthroplasty (TKA). Despite
these treatment options, patients with severe OA of
the knee often suffer from refractory pain and look for
other modalities besides surgical interventions (5,6).
Radiofrequency ablation (RFA) is a novel technique
used to treat a wide variety of cancers, cardiac arrhyth-
mias, and other numerous conditions, but it has also
recently gained popularity in alleviating chronic pain in
patients with musculoskeletal disorders such as OA (7).
The minimally invasive conventional technique involves
a high temperature probe that targets specific nerves
innervating the tissue of interest. In the case of knee
OA, RFA was first introduced in 2010 by Choi et al and
further explored in subsequent years (8,9). In addition
to the conventional method, other methods of RFA for
knee OA include pulsed and cooled RFA.

Relevant Anatomy

Neuronal innervation of the knee is substan-
tially intricate. The knee is innervated by the articular
branches, known as the genicular nerves, of several
major nerves, including the femoral, tibial, common
peroneal (fibular), saphenous, and obturator nerves
(10,11). More specifically, the tibial nerve provides

branches that innervate the articular capsule as they
follow the superior medial and superior lateral vascular
supplies (11,12). In the same way, the common peroneal
nerve provides 2 articular branches that innervate the
inferolateral articular capsule, while another common
peroneal branch innervates the anterolateral as it fol-
lows the interior lateral genicular vasculature (11,12).
A study of 8 cadaver knee dissections showed similar
findings, the superolateral branch from the vastus late-
ralis, superomedial branch from the vastus medialis,
middle branch from the vastus intermedius, infero-
lateral (recurrent) branch from the common peroneal
nerve, inferomedial branch from the saphenous nerve,
and a lateral articular nerve branch from the common
peroneal nerve (13). Thus, RFA requires identification
of anatomical landmarks around the knee to locate the
various genicular nerve branches that innervate the
joint. As a result, the superomedial, superolateral, and
inferomedial genicular nerve branches are commonly
targeted by their proximal relation to bony landmarks
(8,12).

MEeTHODS

The current literature review was conducted
through a PubMed search up to July 29, 2016, using
the following terms: “radiofrequency,” "osteoarthri-
tis,” “knee,” and “pain.” The year of the study, study
design, size, mean age of patients, RFA methodology,
nerve target, follow-up time, outcome scoring method,
study results, and adverse events were reported. A
Medline search using “radiofrequency,” “knee,” and
“pain” returned 23 results. A Medline search of “radio-
frequency,” “osteoarthritis,” and “knee” returned 34
results. A Cochrane Central Register of Controlled Tri-
als (CENTRAL) search of “radiofrequency” and “knee”
returned 26 trials, including 4 relevant trials and 2 new
relevant ones, but no peer-reviewed publications were
found for these 2 new trials.

The references of every publication were reviewed
in order to identify any additional articles that were not
found in the original search. With the Medline and CEN-
TRAL searches and review of references, a total of 17
studies were considered for this review. The degree of
evidence regarding the efficacy of radiofrequency abla-
tion in the literature was not substantially high — only
5 small-sized randomized controlled trials were identi-
fied with size ranging from 17 to 54 patients (6,8,14-
16). The remaining studies were retrospective (17-20)
and prospective (21-24) observational case series and
case reports (12,25-27). Studies were included in this re-
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view if they met the following inclusion criteria: studies
should define criteria for qualifying for RFA treatment
procedures such that analogous patients can be identi-
fied in other practice environments; specific interven-
tion should be described in enough detail to replicate
in relevant patients or to allow comparison to similarly
described interventions, including nerve target, imag-
ing modality used, and RFA strategy; if a comparator
treatment is utilized in the study, it should be described
in enough detail as to be replicated in a relevant popu-
lation and it should be a clinically acceptable choice for
the level of pain targeted by the intervention; study
should include relevant outcomes, including duration
of follow-up, pain scores before and after interven-
tion, quality of life measures, and any adverse events
reported. The complete list of studies analyzed for this
review is outlined in Table 1. Included studies were
analyzed first for clinical relevance, with the grading
scale shown in Table 2 and the results shown in Table
3. Individual studies were then graded for strength.
Controlled intervention studies were graded according
to criteria in Table 4, while case and case series studies
were graded according to criteria in Table 5. Both sets
of criteria were based on methodology developed by
the National Heart, Lung, and Blood Institute (NHLBI).
Results of this grading process is reported in Table 6
and Table 7. The overall strength of evidence for the
RFA procedures analyzed is reported according to the
United States Preventive Services Task Force levels of
certainty regarding net benefit (Table 8).

Conservative Treatment Modalities

The primary objective in clinically managing pa-
tients with OA of the knee involves controlling pain and
swelling, improving quality of life, improving physical
capacity, and preventing progression of the arthritis.
Initially, patients should be treated with more conserva-
tive approaches, such as physical therapy, orthoses, ex-
ercise programs, or weight loss, before pharmacological
intervention is initiated. Obesity has a strong correlation
to the development of OA and weight loss programs
have significant impacts on the development and pro-
gression of OA (28-30). One study found that the prob-
ability of developing OA of the knee was decreased by
50%, in a linear fashion, with a 10 pound weight loss
over 10 years (30). Diet and exercise regimens are even
more beneficial; several trials demonstrated that the
combination of diet and exercise improved quality of
life, knee pain, and mobility among patients with knee
OA (31,32). Weight loss goals, however, may take a sig-

nificant amount of time to achieve, and patients with
severe pain require approaches that provide immedi-
ate relief in order to improve their quality of life.

Physical therapy, which aims to strengthen sup-
porting muscle groups and improve flexibility, is a
mainstay therapy for OA, as it has demonstrated sig-
nificant symptomatic relief for patients and improved
clinical outcomes. Patients report pain relief, decreased
stiffness, and improved mobility through physical
therapy (33-36). Furthermore, physical therapy may
delay the need for surgical intervention — one study
found a 15% decrease in one year rates of TKA for
patients with OA who participated in physical therapy
(37). Studies support an integrated exercise program
approach as part of the multimodal treatment for knee
OA (38,39). Tai chi, which is a traditional Chinese tech-
nigue combining awareness exercises, deep breathing
exercises, movement, and meditation, is another thera-
peutic option that can be designed specifically for OA
patients to provide symptomatic relief (40). Patients
with moderate to severe OA of the knee, however,
may experience minimal benefit from physical therapy
and exercise programs compared to patients with
mild OA, as shown in a study of patients undergoing
short-term, high-intensity exercise programs (41). For
patients with severe OA, aquatic exercise can provide
benefit as the water’s buoyancy decreases joint com-
pression and permits exercises that would otherwise be
limited (42,43). Unsurprisingly, another concern for the
efficacy of physical therapy and exercise programs is
patient compliance; consequently, supervised settings
increase the likelihood of patient benefit (44). Never-
theless, exercise and physical activity has clearly been
shown to be beneficial to the patient and reduces all-
cause mortality, justifying its implementation in every
patient’s treatment plan if possible (45).

Patients who have not responded appropriately
from nonpharmacological treatment are candidates for
medical management of their knee OA. Medications
used in the pharmacological approach primarily in-
clude analgesics, nonsteroidal anti-inflammatory drugs
(NSAIDS), and intraarticular glucocorticoids. Initial drug
treatment with acetaminophen is recommended as
the first-line approach, followed by NSAIDS (46). One
study, however, found no role for paracetamol (acet-
aminophen) in the treatment of OA (47). Non-selective
NSAIDS (e.g., ibuprofen, diclofenac, or naproxen) and
COX-2 specific NSAIDS (celecoxib) have demonstrated
efficacy through numerous studies in their treatment
of knee OA (47-49). NSAIDS should be used with cau-
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Table 2. Clinical relevance scale (adapted from 86 and 87).

Yes (+) /No (-)/
Uncertain (U)

A.) Are the patients described in detail to allow comparison to patients seen in similar interventional pain practices?
B.) Are the interventions and treatment settings described with enough clarity to replicate in a similar practice?
C.) Were clinically relevant outcomes measured and reported?
D.) Is the size of the effect clinically important?
E.) Do the benefits of treatment outweigh potential and reported harm?

Table 3. Clinical relevance grading of included studies.
Manuscript A) Patient | B) Interventions | C) Outcomes | D) Effect size | E) Benefit vs harm Grade
Shen et al, 2016 (6) + + + + U 4/5
Clendenen et al, 2015 (20) + + + + U 4/5
Protzman et al, 2014 (12) + + + - + 3/5
Choi et al, 2011 (8) + + + + + 5/5
Alcidi et al, 2007 (15) - + + + U 3/5
Tkeuchi et al, 2011 (14) + + + + + 5/5
Bellini and Barbieri, 2015 (19) + + + + + 5/5
Menzies and Hawkins, 2015 (26) + + + + + 5/5
Rojhani et al, 2016 (27) + + + + + 5/5
Takahashi et al, 2016 (16) + + + + U 4/5
Kesikburun et al, 2016 (24) + + + + + 5/5
Masala et al, 2014 (23) + + + + + 5/5
Vas et al, 2014 (22) + + + + + 5/5
Fucci et al, 2013 (21) + + + + + 5/5
Akbas et al, 2011(18) + + + + + 5/5
Karaman et al, 2011 (17) + + + + + 5/5
Sluijter et al, 2008 (25) + + - U U 2/5

Yes (+) / No (-) / Uncertain (U)

Table 4. NHLBI quality assessment of controlled intervention studies (88).

. Other (CD
Criteria Yes | No NR, NS&) .

1. Was the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT?

2. Was the method of randomization adequate (i.e., use of randomly generated assignment)?

3. Was the treatment allocation concealed (so that assignments could not be predicted)?

4. Were study participants and providers blinded to treatment group assignment?

5. Were the people assessing the outcomes blinded to the participants' group assignments?

6. Were the groups similar at baseline on important characteristics that could affect outcomes (e.g.,
demographics, risk factors, co-morbid conditions)?

7. Was the overall drop-out rate from the study at endpoint 20% or lower of the number allocated to treatment?

8. Was the differential drop-out rate (between treatment groups) at endpoint 15 percentage points or lower?

9. Was there high adherence to the intervention protocols for each treatment group?

10. Were other interventions avoided or similar in the groups (e.g., similar background treatments)?

11. Were outcomes assessed using valid and reliable measures, implemented consistently across all study participants?

12. Did the authors report that the sample size was sufficiently large to be able to detect a difference in the main
outcome between groups with at least 80% power?

13. Were outcomes reported or subgroups analyzed prespecified (i.e., identified before analyses were conducted)?

14. Were all randomized participants analyzed in the group to which they were originally assigned, i.e., did they
use an intention-to-treat analysis?

*CD, cannot determine; NA, not applicable; NR, not reported
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Table 5. NHLBI quality assessment for before-afier (pre-post) studies with no control group (89).

- Other
Criteria Yes | No (CD, NR, NA)*
1. Was the study question or objective clearly stated?

2. Were eligibility/selection criteria for the study population prespecified and clearly described?
3. Were the participants in the study representative of those who would be eligible for the test/service/
intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled?
5. Was the sample size sufficiently large to provide confidence in the findings?
6. Was the test/service/intervention clearly described and delivered consistently across the study population?
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across
all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions?
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis?
10. Did the statistical methods examine changes in outcome measures from before to after the intervention?
Were statistical tests done that provided p values for the pre-to-post changes?
11. Were outcome measures of interest taken multiple times before the intervention and multiple times after
the intervention (i.e., did they use an interrupted time-series design)?
12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the
statistical analysis take into account the use of individual-level data to determine effects at the group level?
*CD, cannot determine; NA, not applicable; NR, not reported
Table 6. Methodological quality assessment of conirolled intervention studies.
1 2 3 415 6 7 8 9 10 11 12 13 14 Score
Shen et al, 2016 (25) + |[NR| NR [ - | NR | + + + + + + - NA + 8/14
Choi et al, 2011 (8) + + + - + + + + + + + + NA + 12/14
Alcidi et al, 2007 (15) + | NR | NR - | NR | + NR NR A + + = NA + 6/14
Tkeuchi et al, 2011 (14) - - - - - + + + + + + - NA + 7/14
Takahashi et al, 2016 (16) + + + - | NR | + + + + NR + - NA + 9/14
*CD, cannot determine; NA, not applicable; NR, not reported
Table 7. Methodological quality assessment of case and case series studies.
1 2 3 4 5 6 7 8 9 10 11 12 Score
Clendenen et al, 2015 (20) + + + + - - + - - - NA 6/12
Protzman et al, 2014 (12) + NA | + NA - + + - NA NA - NA 4/12
Bellini and Barbieri, 2015 (19) + + + - - + + - + + - NA 7112
Menzies and Hawkins, 2015 (26) | + NA | + NA - + + - NA NA - NA 4/12
Rojhani et al, 2016 (27) + NA | + NA = A A = NA NA = NA 4/12
Kesikburun et al, 2016 (24) + + + + - + + - + + - NA 8/12
Masala et al, 2014 (23) + + + + + + + - + + - NA 9/12
Vas et al, 2014 (22) + + + + - + + - + + - NA 8/12
Fucci et al, 2013 (21) + + + + - + + - + + - NA 8/12
Akbas et al, 2011 (18) + + + + + + + - + + - NA 9/12
Karaman et al, 2011 (17) + + + - - + + - - + - NA 6/12
Sluijter et al, 2008 (25) + - + NA - + - - NA NA - NA 3/12
*CD, cannot determine; NA, not applicable; NR, not reported
www.painphysicianjournal.com 161
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Table 8. USPSTF levels of certainty regarding net benefit (90).

Level of Certainty

Description

High

The available evidence usually includes consistent results from well-designed, well-conducted studies in representative
primary care populations. These studies assess the effects of the preventive service on health outcomes. This
conclusion is therefore unlikely to be strongly affected by the results of future studies.

Moderate

The available evidence is sufficient to determine the effects of the preventive service on health outcomes, but confidence
in the estimate is constrained by such factors as:

The number, size, or quality of individual studies.

Inconsistency of findings across individual studies.

Limited generalizability of findings to routine primary care practice.

Lack of coherence in the chain of evidence.

As more information becomes available, the magnitude or direction of the observed effect could change, and this change
may be large enough to alter the conclusion.

The limited number or size of studies.
Important flaws in study design or methods.

Low Gaps in the chain of evidence.

The available evidence is insufficient to assess effects on health outcomes. Evidence is insufficient because of:

Inconsistency of findings across individual studies.

Findings not generalizable to routine primary care practice.
Lack of information on important health outcomes.
More information may allow estimation of effects on health outcomes.

tion due to the potential for significant adverse effects,
such as Gl bleeding, renal impairment, hypersensitivity
reactions, and NSAIDS are contraindicated in patients
with certain comorbidities, like a history of peptic ulcer
disease (50).

For patients unresponsive to oral pharmacologic
therapy, intraarticular glucocorticoid injections are the
next option in management as they have demonstrated
efficacy in numerous clinical trials (49,51). Synthetic
glucocorticoid suspensions, such as methylprednisolone
or triamcinolone, are the most commonly employed
agents for intraarticular injections. A meta-analysis of
28 trials showed that steroid injections of the knee were
effective in providing relief from pain at up to 3 weeks
post-injection when compared to placebo (51). The
symptomatic relief from injections is temporary, often
only providing maximal benefit for 2 weeks (51,52). To
maintain symptomatic relief, steroid injections are typi-
cally repeated at intervals as often as every 3 months;
however, the clinical benefits tend to diminish after 2
years of repeated injections (51). Moreover, steroid in-
jections have been associated with numerous long-term
complications, such as crystal-induced synovitis, fat ne-
crosis, deterioration of the cartilage, and sepsis (53-56).
In short, steroid injections provide immediate, clinically
significant relief, but are not a long-term solution for
symptomatic control in patients with OA of the knee.

The use of chondroitin and glucosamine, given
orally, is another approach, thought to reduce cartilage
loss and improve pain, but their efficacy is largely con-

troversial (57). Numerous large study trials have shown
minimal or no evidence of meaningful benefit, while
other trials that suggest benefit have been considerably
criticized on their methodologies (57-62).

Invasive Treatment Modalities

Surgical intervention is reserved for patients with
knee OA who have failed conservative treatment ap-
proaches. More invasive therapies primarily include
arthroscopic debridement and TKA. Even though
arthroscopic debridement is used as a means for
symptomatic relief of knee OA, it is not supported by
the literature. Several randomized trials have demon-
strated no significant clinical improvement in patients
with knee OA undergoing arthroscopic debridement
compared to placebo or compared to physical therapy
and medical therapy (63-65). A systematic review of 9
randomized trials compared the benefit of arthroscopic
debridement to controls (sham surgery, exercise, medi-
cal treatment) and found no clinically significant ben-
efit, but reported a significant occurrence of adverse
events like deep venous thrombosis (DVT), pulmonary
embolism (PE), infection, and death (65).

Total joint replacement surgery currently remains
the definitive treatment for refractory OA of the knee.
Patients typically expect to have improved physical
utility and decreased pain after undergoing a TKA;
however, studies have shown that results are far from
perfect. One systematic review showed that 20% of
patients who underwent TKA reported persistent or
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recurrent pain during the following year post-operative
(66). A study following patients post-operatively inves-
tigated functionality, finding that only 23% of knees (N
= 223) were rated as functionally excellent; however,
clinically 91% of the knees were rated as excellent (67).
The same study found complications in 5% of patients
and revisions were required in 4%. Complications are
a feared part of TKA, most notably DVT, PE, and infec-
tion. Without prophylaxis, incidence of DVT ranges
from 40% to 88%; however, with prophylaxis, venous
thromboembolic events and PE occurred at rates of 1%
and 0.3%, respectively (68). Infection is another grave
complication of knee replacement surgery, and even
though the incidence is not high (1.6%), it has been
increasing with the growing diabetic population un-
dergoing TKA (69,70). Other adverse events associated
with TKA include prosthetic failure, wound problems,
arterial injury, and nerve injury. Furthermore, with a
major surgery like TKA, recovery time and physical re-
habilitation typically lasts at least 8 months, with the
most difficult recovery time occurring during the first
3 months (71).

Radiofrequency Ablation

RFA was first introduced in the 1970s, which
evolved as a mechanism to combat chronic pain (7). RFA
was originally used to treat trigeminal neuralgia but
expanded to address vertebral radiculopathic pain, and
is now used in treating conditions ranging from sympa-
thetic derived nerve pain to chronic knee pain (72). RFA
of the knee can be performed under fluoroscopic, or
other imaging, guidance, with a cannula advanced into
the joint towards the area connecting the shaft to the
epicondyle. The area is stimulated to identify the nerve
position and to ensure that no motor nerves are acti-
vated, as evidenced by absence of fasciculations. The
RF electrode is then advanced through the cannula to
the target area (8). The electrode tip heats up targeted
local tissue within a few millimeters to a temperature
typically greater than 47°C (ranging from 70°C to 90°C)
for 120 - 130 seconds, generated through an electro-
magnetic field with a frequency of 250 kHz (7,8).

The mechanism of action of the therapy is that
the RF lesion is believed to stop nociceptive (A-6 and
C-fibers) pain input from the periphery to the central
nervous system without destroying the motor or sen-
sory (A-B) fibers (7). More specifically, the postulated
mechanism of action for clinical benefit of RFA involves
the heat generation resulting in thermocoagulation
and localized neuronal tissue destruction. These lesions

have been shown to demonstrate the characteristics
of scar formation, including an acute inflammatory
response, cell necrosis, and fibrosis with collagen fi-
ber deposition, occurring over 3 weeks following the
procedure. It has been shown that the basal lamina of
Schwann cells may be preserved after RFA, which would
allow nerve regeneration. The threshold for neuronal
tissue destruction has been shown to be 45°C in several
studies (7,73,74).

The ablative heat is provided via flow of electrical
current, generating a well-delineated lesion (73). Ad-
ditionally, RFA produces a local electrical field, which is
thought to promote neuromodulation by inhibition of
the excitatory c-fibers (74,75).

Pulsed Radiofrequency Ablation

Pulsed RFA (PRF) was introduced in 1998 as an alter-
native to conventional RFA influenced by a study that
showed similar patient outcomes with RFA performed
at 67°C and 40°C (72). In this method, the tissue tem-
perature reaches a maximum of 42°C, which prevents
the unwanted adverse effect of irreversible tissue dam-
age (17,72). In PRF, the pulse generator produces pulses
with an amplitude of 45 V lasting 20 milliseconds every
500 milliseconds (twice per second) (76). The genera-
tor may modify the parameters in real time to achieve
the desired local tissue temperature. Both PRF and RFA
have been demonstrated to have similar effects on
neuronal conduction, the disruption of which is often
reversible (23,72,76). Studies have shown that PRF does
not cause irreversible tissue damage or long-lasting
structural effects (77,78). The advantages of PRF com-
pared to conventional RFA are that PRF tends to be less
neuro-destructive, patients experience less pain with
the procedure, and there is minimized tissue destruc-
tion. The benefits of PRF are believed to derive from
the neuromodulation effects of the local electric field
also seen in RFA, but without the tissue damage that is
characteristic of the higher localized heat application in
RFA. Furthermore, PRF poses less risk for development
of deafferentation pain (79). Deafferentation pain is
a dreaded, clinically difficult to manage complication
that results from injury to nerve bundles, classically seen
in patients of orthopedic surgery, limb amputations,
spinal cord injuries, and peripheral nerve injuries. These
patients experience pain that is severe, unrelenting,
and spontaneous in nature in their body distal to the
initial nerve insult despite minimal or nonexistent sensi-
tivity to external noxious stimuli. Deafferentation pain
probably results from reorganization of the neuronal
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tissue after injury via the pain matrix (80). Essentially,
the loss of afferent pain signals to the central nervous
system via spinothalamic tracts (deafferentation) causes
the pain syndrome. The primary disadvantage of PRF
compared to RFA is that PRF produces a shorter dura-
tion of relief for patients, requiring the procedure to
be performed more frequently to achieve a similar level
of pain relief (79).

Cooled Radiofrequency Ablation

Similar to conventional RFA, water-cooled radio-
frequency (CRF) ablation is a novel technology that uti-
lizes thermal ablative mechanisms; however, CRF gives
the ability to create a greater local neuronal lesion to
increase the changes of effective denervation (27). In
CRF, water circulates inside the probe to remove heat,
modulating the thermal heat in the tissue to around
60°C, and alters the overall size, shape, and projections
of lesions compared to conventional RFA. It is postu-
lated that the greater sized CRF lesions may reduce the
number of technical failures in the setting of a complex
and variable neuronal innervation to the knee. The
ability to target a greater amount of neuronal tissue is
believed to produce long-term pain relief at least to the
duration of relief produced by conventional RFA (26).

Discussion

These 17 studies provide support for the practice
of conventional, pulsed, or cooled radiofrequency abla-
tion therapies for the treatment of chronic knee pain in
the setting of either OA or post-TKA. Concerns about
the application of the findings from these studies arise
from many of the common major limitations, includ-
ing variable or unclear procedural characteristics, lack
of head-to-head comparison to other standard treat-
ments, and lack of prolonged follow-up outcomes of
treated patients.

Nerve Targets

Given that the knee has a complex innervation, it
is expected to be technically difficult to locate specific
nerves and to achieve a desired clinical outcome of pain
relief. In 9 out of the 17 studies analyzed (8,12,17,19,23-
25,27,81), procedural guidelines specifically targeted
the genicular nerve or intraarticular nerves during
the RFA procedure. For example, Choi et al (8) and
Protzman et al (12) each utilized a conventional RFA ap-
proach involving 3 genicular branches: superior lateral
(SLGN), superior medial (SMGN), and inferior medial
(IMGN). These approaches targeted the connection of

the femur shaft to the bilateral femur epicondyles and
the connection of the shaft of the tibia to the medial
epicondyle, as justified by the close proximity of the
nerves to bony landmarks (the metaphyseal to epiphy-
seal junctions at the epicondyles of the femur and tibia)
and a recent recommendation from an anatomic study
of cadaver knees (13). As discussed earlier, the anterior
aspect of the joint is innervated by branches of the
femoral, common peroneal, and saphenous nerves,
while the posterior aspect is innervated by branches of
the sciatic, tibial, and obturator nerves (11,12). The pre-
viously mentioned cadaver knee study (13) also found
variable proximal trajectories but consistent distal prox-
imities with the femur and tibia, while suggesting that
the inferolateral peroneal nerve branch was inappro-
priate for RFA due to its close proximity to the common
peroneal nerve. Likely for the same reasoning, none of
the studies specifically targeted the inferolateral pero-
neal nerve branch to avoid loss of motor function.

Choi et al (8) investigated conventional RFA of the
genicular nerve branches through a randomized, dou-
ble-blind trial utilizing a sham control procedure, report-
ing on 17 cases and 18 controls (3 patients were lost to
follow-up). Outcomes were evaluated using Visual Ana-
log Scale (VAS) scores and Oxford Knee Score (OKS) at
one, 4, and 12 weeks post-procedure and showed 59%,
65%, and 59% knee pain relief, respectively. Although
the follow-up period was brief, the patients experienced
significant knee pain relief and functional improvement.
Prior to performing the procedures, the authors con-
firmed the anatomical locations of the genicular nerve
branches on 2 cadavers (with supplemental cadaver dis-
section pictures). Protzman et al (12) also used a conven-
tional RFA approach to target genicular nerve branches
to treat a patient experiencing chronic knee pain post-
TKA. Although the follow-up time was only 3 months,
the patient showed significant improvement in knee
pain and functionality through the VAS and Knee Injury
and Osteoarthritis Outcome Score (KIOOS) ratings. Three
other studies (19,26,27) also targeted the genicular nerve
with good outcomes in knee pain and functionality, 2
case reports (26,27) and one retrospective case series
(19); however, these studies utilized a novel approach,
cooled RFA. Bellini and Barbieri (19) analyzed 6 patients
who had each received a cooled RFA procedure targeted
to the genicular nerves, assessing with VAS scores and
the Western Ontario McMaster Universities OA index
(WOMACQ) at one month, 3 months, 6 months, and 12
months post-procedure. Both scales showed statistically
and clinically significant patient improvement out to
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the 12 month follow-up time point. Rojhani et al (27)
discussed the case of a bilateral knee OA patient who
received cooled RFA targeted to the bilateral superior
lateral, superior medial, and inferior medial geniculate
nerves. Up to 3 months after the procedure, the patient
reported clinical and functional improvement as mea-
sured by the Numerical Rating Scale (NRS), Medical Out-
comes Study 36-ltem Short-Form Health Survey (SF-36),
and the WOMAC. Menzies and Hawkins (26) reported
on a patient who suffered chronic knee pain despite
bilateral TKA and underwent cooled RFA of the bilat-
eral superior lateral, superior medial, and inferior medial
genicular nerves. As assessed with the OKS, the patient
demonstrated marked clinical and functional improve-
ment up to 6 months post-procedure in the right knee
and 9 months post-procedure in the left knee. Of these 5
studies targeting the genicular nerve, only Choi et al (8)
was a controlled intervention study and scored 12/14 by
our scale, suggesting it was well designed. The remain-
ing 4 studies were case or case series studies, scoring 4/12
(Protzman et al [12]), 7/12 (Bellini and Barbieri [19]), 4/12
(Menzies and Hawkins [26]), and 4/12 (Rojhani et al [27]).
These studies were often limited by small sample sizes
and a limited amount of pre-intervention data report-
ing. Based on the evidence analyzed, targeting of the
genicular nerve is likely a low level of certainty; however,
Choi et al (8) suggests that this nerve target could be
promising in future, larger randomized controlled trials.

Three studies (17,23,25) utilized PRF via an
intraarticular approach under fluoroscopic guidance
and applied the PRF probe for either 5, 10, or 15
minutes. The patients in these studies experienced sig-
nificant relief of pain (VAS or NRS) and improvement
in quality of life (WOMAC score) at all follow-ups from
one month to 10 months. The prospective case series of
40 patients in Masala et al (23) showed 73% improve-
ment after only one week from assessment by outcome
scores (VAS, WOMAC, painDETECT), which is quickest
and greatest improvement shown by any studies. None
of these 3 studies were controlled trials, and scored 6/12
(Karaman et al [17]), 9/12 (Masala et al [23]), and 3/12
(Sluijter et al [25]). While well-designed overall, there
is a low level of certainty for the nerve targets empha-
sized in these trials.

A non-randomized, prospective controlled open
label trial by lkeuchi et al (14) with 35 patients targeted
the medial retinacular nerve and the infrapatellar
branch of the saphenous nerve (IPSN) with a 2-treat-
ment conventional RFA for anteromedial knee OA pain.
The study provided explicit description of the technical

details for the anteromedial approach and delineated
anatomical landmarks with a diagram, but the study
procedure used a palpation-based technique rather
than fluoroscopic or ultrasound guidance. The results
showed that RFA significantly improved knee pain at
all follow-up time points to 12 weeks compared to
the control group of nerve block only. The RF group,
however, averaged lower on the WOMAC total score
(indicating less disability) throughout the treatment
cycle, including at baseline, with no significant differ-
ence found between the groups. The percentage of re-
sponders in the RFA group according to VAS score was
approximately 30% at 12 weeks and less than 10% at
the 6-month follow-up. The paper noted a concern that
there was no proof that the target nerves were truly
responsible for the patients’ clinical symptoms. Despite
this concern, their rationale in choosing the nerve tar-
gets for RFA outlines that these nerves innervate the
anteromedial aspect of intraarticular structures, which
is thought to be largely responsible for knee pain in
OA (14,81). Overall, the study by lkeuchi et al (14)
contains concerns about the efficacy of the approach
to the nerve targets using a palpation-based technique
and highlights the possibility of a placebo effect for the
procedure versus the control nerve block procedure.
The retrospective case series of 2 patients by Clendenen
et al (20) also targeted the infrapatellar branch of the
saphenous nerve (IPSN) using conventional RFA. In this
series, 2 post-TKA patients with recurrent symptoms
despite hydrodissection of the nerve with local steroid
injection were then treated by RFA of the IPSN under ul-
trasound guidance. After the RFA (2 — 4 sessions at 80°C
for 90 seconds each), 4 mg dexamethasone (more po-
tent than the 20 mg of methylprednisolone used in the
first treatment) was injected before removing the RFA
needle. At 12-months post-procedure, one patient had
complete resolution (VAS score 0) of knee pain while
the other still experienced symptoms. The confounding
variable of steroid injection should not be overlooked
in these outcomes of Clendenen et al (20). Furthermore,
the authors noted that their experience with RFA was
very limited. Ikeuchi et al (14) was a controlled trial that
scored a 7/14 while Clendenen et al (20) was a case
series that scored a 6/12. While these results suggest
targeting the infrapatellar branch of the saphenous
nerve may not be the most effective RFA target, there
is a low level of certainty in this recommendation.
Three case series studies (18,21,22) used PRF tar-
geted to large nerves, such as the femoral, saphenous,
tibial, and sciatic nerves. Akbas et al (18) studied 115
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patients in a retrospective case series targeting the
saphenous nerve, and thus targeting the IPSN at the
tibial tuberosity. Benefit from the PRF was shown on
the tenth day for 100% of patients with VAS decreased
by > 83% (> 81% total reduction score at 6 months).
All patients in this study, however, continued their
medication regimen for pain control during the trial;
the study did not clarify which medications the pa-
tients were taking for analgesia. The prospective case
series of 25 patients (OA, post-TKA, or posttraumatic
knee pain) by Fucci et al (21) targeted the sciatic nerve
with PRF under ultrasound guidance. The sciatic nerve
was approached posterior just prior to the division
into tibial and peroneal nerves. Patients improved an
average of only 27/100 millimeters on the VAS scale
4-weeks post-procedure, although this was statisti-
cally significant. The follow-up period was limited to
4 weeks, one of the shortest in all the studies. Only 5
patients had achieved a 20% improvement in walking
distance. Most surprisingly, out of the 47 knee PRF pro-
cedures performed, 10 failed (same pre and post VAS
scores), which meant that these patients experienced a
total absence of pain relief. Although the rationale in
targeting the sciatic nerve was to increase efficacy by
covering a larger intra-capsular sensory area, the study
failed to match the efficacy of Choi et al (8), which av-
eraged 45/100 millimeters VAS score improvement by
ablating the genicular nerves. Vas et al (22) looked at
10 patients in a prospective case series treating their
knee pain by targeting the entire nerve supply of the
knee with ultrasound-guided PRF. Both sensory and
motor nerves, the femoral, saphenous, tibial, common
peroneal nerves and peripatellar, subsartorial, and
popliteal plexuses, were targeted in attempt to address
nociception and stiffness leading to peripheral and
central sensitization in knee OA. All patients showed
significant improvement in outcome sores — NRS, pain-
Detect, and WOMAC - at 3 and 6 months post-PRF.
X-ray finding post-PRF showed a reduction of inflam-
mation and swelling, which the authors reasoned was
a result of decreased joint pain and reflex spasms. This
premise is thought to involve reduction of afferent
nociceptive input to the neuraxis in conjunction with
muscle relaxation by reduction of efferent outflow of
motor response to pain and inflammation. Patients
reported muscle relaxation and decreased stiffness,
which enabled them to optimize physical therapy. The
publication detailed the pre-procedural pain profiles of
the knees bilaterally, limits of activities, x-ray findings,
and specific conservative treatments taken. Compre-

hensive descriptions of the targeted nerve innervation
of the knee with associated diagrams and ultrasound
snapshots from the study were provided, which could
prove useful for reproduction of the procedure. With
the ultrasound-guided approach, the time to ablate all
nerves for one knee typically took only 45 — 50 minutes.
Additionally, post-procedure patients received custom-
ized physiotherapy programs. Albeit a small study of
only 10 patients, Vas et al (22) showed promising results
in extensive PRF of the knee through a comprehensive
publication. All 3 of these studies were well-designed,
Akbas et al scoring 9/12 (18), Fucci et al scoring 8/12
(21), and Vas et al scoring 8/12 (22). Despite being well-
designed, all 3 trials were case series and provide a low
level of certainty that targeting the larger nerves of the
knee is not an effective RFA approach.

Two studies (6,15) did not sufficiently specify the
nerve target for RFA. In a randomized controlled trial
of 54 patients, Shen et al (6) investigated RFA plus in-
jection of platelet-rich plasma and sodium hyaluronate
compared to injection alone. The authors described
their approach as “we applied RFTC to the peripheral
nerve of the knee joint.” The technical details of the
procedure were unclear, and the rationale in compar-
ing RFA with injection of platelet-rich plasma and
hyaluronate was not discussed. Patient outcomes
showed significant improvement in VAS scores and QoL
assessments at the short 3-month follow-up time when
compared to controls. The strongest possible conclusion
from this study is that RFA with injection has a clinical
advantage to injection alone; unfortunately, this study
cannot be reproduced due to the lack of procedural de-
tails. Another randomized controlled trial by Alcidi et al
(15) investigated the efficacy of low power RFA versus
transcutaneous electrical nerve stimulation (TENS) in a
study of 40 patients. The patients received treatment
sessions of 20 minutes each for 5 consecutive days. The
study, however, did not clarify the targeted nerve of the
knee, or if there were any specifically targeted nerves.
The trial outcomes from VAS score and Lequesne’s in-
dex, which measures disability, showed significant im-
provement of knee pain and function in the case group
receiving RFA. With the absence of a placebo control
group, the only conclusion that can be drawn from this
study is that low frequency RFA may be have a clinically
significant edge over TENS for treatment of knee OA.
Without a specific nerve target, it is difficult to make
a concrete statement about the efficacy of RFA from
these 2 trials, despite both being controlled trials that
scored 8/14 (Shen et al [6]) and 6/14 (Alcidi et al [15]).
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Imaging Modality

For imaging modalities in the reviewed studies,
fluoroscopy, ultrasonography, or a combination of
both were used during the procedures to visualize
anatomical structures. Seven studies performed the
procedure under fluoroscopic guidance, including
3 CRF studies (19,26, 27), 3 PRF (17,23,25), and one
conventional approach (8). Four publications utilized
ultrasound guidance during the ablation procedure, 3
of which utilized PRF (21,22,24) while Clendenen et al
(20) utilized conventional RFA and Protzman et al (12)
applied both methodologies during a conventional RFA
procedure. Meanwhile, the other 5 studies (6,14-16,18)
did not use any imaging, but simply used physical exam
landmarks or failed to clearly specify whether imaging
was or was not used. Kesikburun et al (24) performed
ultrasound-guided PRF targeting the genicular nerves
on 9 patients. Ultrasound-guided genicular nerve block
was performed in the initial 49 patients of the study,
and those patients who had initial pain relief that
faded over time were candidates for ultrasound-guided
PRF genicular nerve ablation. The superior medial and
inferior medial genicular nerves were targeted by ap-
plying the probe at 42°C for 4 minutes at each target.
The authors’ reasoning for only targeting 2 of the ge-
nicular nerve branches was the thought that these are
the only 2 nerves clinically relevant in pain from knee
OA of the medial compartment. This study described
the ultrasound approach and technique in great detail
with several figures for clarity of the neurovascular
bundles at the anatomical landmarks, which may be
exceptionally valuable for physicians desiring to utilize
the same technique with their patients. A significant
reduction in VAS and WOMAC scores was detected at
one, 4, and 12 week follow-up points in all the patients
who underwent ultrasound-guided PRF.

Yasar et al (82) employed the anatomical approach
proven to be accurate by a recent cadaver study from
2015 investigating ultrasound-guided genicular nerve
blocks. Furthermore, Fucci et al (21) and Vas et al (22)
applied ultrasound-guided PRF, finding significant
improvement in their patient’s reported knee pain
and functionality at follow-up. Protzman et al (12)
applied fluoroscopy to identify bony landmarks with
subsequent ultrasound to find the genicular nerve
branches in patients with chronic knee pain post-TKA.
Since ultrasound-guided approaches are inexpensive,
easily reproduced, and are without exposure to ion-
izing radiation, this imaging modality has advantages
over traditional fluoroscopy. Thus, ultrasonography has

recently become more prevalent in pain management
and peripheral nerve blocks (83).

Of the 5 studies analyzed that were controlled in-
tervention studies, 4 did not utilize any imaging modal-
ity (Shen et al [6], Alcidi et al [15], Ikeuchi et al [14], and
Takahashi et al [16]). While the studies that report using
imaging guidance, whether fluoroscopy or ultrasound,
tend to report positive outcomes, it is difficult to make
a statement about the necessity of imaging in RFA.

Comparing Methodologies

These currently published studies make it difficult
to compare the effectiveness of radiofrequency abla-
tion between the 3 different procedure types. All of the
published studies (6,8,12,14-27) in this review report
positive patient outcomes regardless of the type of
ablation procedure used. Clendenen et al (20) were the
only authors to report a result of less than significant
pain relief following a conventional RFA procedure,
which occurred in one of the 2 patients receiving ab-
lation in the study. The details of this patient are not
discussed, other than a modest VAS improvement from
7/10 at baseline to 4/10 at a 12-month follow-up.

There is also a lack of consistent evidence regarding
the adverse events experienced by the patients receiv-
ing procedures in these studies. Of the 6 studies analyz-
ing conventional RFA (6,8,12,14,15,20), 4 studies do not
mention any adverse event reporting (6,12,15,20), one
study mentions that no adverse events were reported
(8), and one study (with an N = 35) reports that 67% of
patients experienced minor subcutaneous bleeding at
the injection site and 78% reported prolonged hypoes-
thesia (14). Of the 4 studies analyzing CRF (16,19,26,27),
3 studies mentioned that there were no adverse events
reported (19,26,27) and one study did not mention any
adverse event reporting (16). Of the 7 studies analyzing
PRF (17,18,21-25), 6 studies mentioned that no adverse
events were reported (17,18,21-24) and one study did
not mention any adverse event reporting (25). While
the only reported adverse events in these studies oc-
curred following conventional RFA procedures (14), the
low severity of these adverse events suggests that this
may not be a strong reason to definitively separate the
procedure types.

Unfortunately, it is difficult to make a specific
statement about CRF at this time. While a commercially
available CRF prove is available, many studies utilize a
cooled procedure with conventional probes. Until more
research is done comparing a cooled procedure using a
conventional probe versus the marketed cooled probe,
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a conclusion about the effectiveness of CRF cannot be
made at this time.

Overall, all 3 RFA procedures appear to have similar
safety and benefit profiles. While the body of evidence
as a whole may be enough to support a moderate level
of certainty for the benefits of RFA for treatment of
knee pain, the wide variety of procedures, nerve target-
ing, imaging modality, and patient follow-up suggests
that there is a low level of certainty that there is a ben-
efit from any specific RFA procedure.

Future Directions

Currently, a randomized controlled open label
clinical trial of CRF sponsored by Halyard Health
(Nerve Ablation by Cooled Radiofrequency Compared
to Corticosteroid Injection for Management of Knee
Pain - NCT02343003) (84) is underway at 11 institutions
with an estimated enrollment of 144 patients. The
study plans to evaluate outcomes using NRS, OKS, and
WOMAC scoring systems at 6 and 12 month follow-up
time points. The study should substantiate the small
body of literature of case reports and retrospective case
series on CRF.

To determine the role of imaging modalities, there
is a need for larger trials to assess which modalities
carry advantages for reducing technical failures and
reducing risk of adverse events. The current body of evi-
dence suggests that ultrasound-guided approaches are
safe and effective, and this evidence could prompt the
adoption of this imaging modality in most procedures
performed in clinical settings.

It is also important to note that many of the stud-
ies analyzed in this review do not discuss the impact of
opioid therapy on enrolled patients. All of the studies

provide a rationale to support ablation as a clinical op-
tion following failure of conventional drug treatment
(steroids and analgesics) and/or knee replacement, but
there is no evidence provided for the impact of ablation
treatment on patients who rely on opioid therapy for
pain relief. The promise of ablation therapy as a meth-
od of opioid-sparing pain control should be a target for
future research.

ConcLusiOoN

Even though the literature regarding the efficacy
of RFA is limited, there is strong evidence that sup-
ports RFA in treating chronic knee pain due to OA
or post-TKA pain syndrome. Two of the randomized
clinical trials should be taken cautiously (6,15), while
other studies, such as Choi et al (8), Protzman et al (12),
Vas et al (22), Sluijter et al (25), and lkeuchi et al (14),
show encouraging results and delineate several solid
approaches in radiofrequency therapy. Targeting the
genicular nerve branches has had a profound clinical
benefit (8,12,19,24,26,27), as well as treating the entire
nerve and motor supply to the knee, although this ap-
proach can be excessive and less cost-effective (22).

Patients with moderate to severe OA of the knee
who are refractory to conservative treatment modali-
ties are left with TKA as a terminal treatment option.
Even with an established treatment such as TKA with
mostly satisfactory results, there still remains a substan-
tial percentage, up to 7%, of patients who experience
debilitating knee pain after TKA (26,66,85). Thus, it is
imperative to educate patients and physicians about
novel promising treatment alternatives, such as RFA
and CRF, to treat chronic pain patients who may have
limited options.
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