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•	 Radiofrequency (RF) is a minimally invasive technique for disrupting or altering nociceptive 
pathways to treat musculoskeletal neuropathic and nociplastic pain.

•	 RF has been employed to treat painful shoulder, lateral epicondylitis, knee and hip 
osteoarthritis, chronic knee pain, Perthes disease, greater trochanteric pain syndrome, 
plantar fasciitis, and painful stump neuromas; it has also been employed before and after 
painful total knee arthroplasty and after anterior cruciate ligament reconstruction.

•	 The benefits of RF include the following:it is safer than surgery; there is no need for general 
anaesthesia, thereby reducing adverse effects; it alleviates pain for a minimum of 3–4 
months; it can be repeatable if necessary; and it improves joint function and minimizes the 
need for oral pain medication.

•	 RF is contraindicated for pregnant women; unstable joints (hip, knee, and shoulder); 
uncontrolled diabetes mellitus; presence of an implanted defibrillator; and chronic joint 
infection (hip, knee, and shoulder).

•	 Although adverse events from RF are unusual, potential complications can include infection, 
bleeding, numbness or dysesthesia, increased pain at the procedural site, deafferentation 
effect, and Charcot joint neuropathy.

•	 Although there is a risk of damaging non-targeted neural tissue and other structures, this 
can be mitigated by performing the technique under imaging guidance (fluoroscopy, 
ultrasonography, and computed tomography).

•	 RF appears to be a valuable technique for alleviating chronic pain syndromes; however, firm 
proof of the technique’s efficacy is still required.

•	 RF is a promising technique for managing chronic musculoskeletal of the limbs pain, 
particularly when other techniques are futile or not possible.

Introduction

The use of radiofrequency (RF, also known as rhizotomy 
or neurotomy) for managing chronic pain was first 
reported in 1931 when Kirschner described the 
management of trigeminal neuralgia by applying RF to 
the Gasserian ganglion (1). However, it was not until 
the 1950s that the first commercial RF generator was 
developed by Cosman and Arnoff (2). Reports of other 
RF techniques emerged in 1998, when pulsed RF was 
created to produce a less ‘aggressive’ method (3). The 
precise mechanism of action by which pulsed RF relieves 
pain remains unclear. A third type of RF, known as 

‘cooled’ RF, began to be used in the mid-1990s (4, 5, 6, 
7, 8) and consists of applying cold saline solution to the 
tip of the RF probe, which generates larger, controlled 
lesions; however, it was not until 2008 that the first 
studies describing the use of cooled RF were published 
(9, 10, 11, 12). Since then, cooled RF has been shown to 
be helpful for numerous indications (13, 14, 15, 16, 17, 
18, 19, 20, 21, 22).

The purpose of this article is to conduct a narrative 
review of recent literature on the role of RF in treating 
pain in various orthopaedic conditions in upper and lower 
limbs, shoulder, elbow, hip, knee and foot, as well as in 
managing pain in amputation stumps.
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For this purpose, a search was performed in PubMed 
on February 28, 2023, using ‘radiofrequency orthopedics’ 
as key words. We found 1086 articles, 65 of which were 
selected because, in our opinion, they were the most 
important and were strictly related to the title of this 
article. The remaining 1021 were therefore excluded. 
In addition, three chapters from two important books 
published on the subject were studied, amounting to 
a total of 68 references. This article is therefore not a 
systematic literature review but rather a narrative review.

RF mechanism of action

According to Filippiadis et  al., energy in the 
electromagnetic field causes charged particles (ions 
and polar molecules) to move. This motion is conveyed 
to the surrounding molecules via friction, thereby 
transforming electromagnetic energy into kinetic energy 
at the molecular level, leading to heat production. 
Heating produces protein coagulation and consequent 
necrosis (23).

Wave frequency is the main attribute that defines energy. 
RF energy, in particular, is characterized by a frequency 
between 3 Hz and 300 GHz. In clinical practice, RF energy 
is employed as a continuous sinusoidal waveform at a 
frequency of 400–500 kHz. The RF current passes into 
tissues via an active electrode tip (which is uninsulated), 
causing ions such as sodium, chloride, and potassium to 
oscillate at a frequency of 400–500 kHz. This rapid ionic 
motion causes friction and consequent heating, with 
coagulation necrosis as the end result. The created heat is 
mainly produced in the tissue around the active electrode 
tip and passes inward (to the cannula lumen) and outward 
(producing concentric tissue injuries of lower temperature 
as the distance increases) (23).

RF waves ablate the neural tissue that transmits pain 
impulses to the brain (24). An RF circuit is formed by 
an RF generator producing the energy, a needle that 
is inserted into the patient, and a ground pad that is 
attached to dissipate the energy while connected to the 
RF generator. RF energy is applied and transmitted to 
the patient, which causes the ions in the conducting 
tissues to oscillate, releasing heat energy at the needle 
tip but without heating the needle itself. The oscillations 
of the ions heat the tissue surrounding the needle tip. 
There is typically a thermocouple at the needle tip to 
measure the tissue temperature. Heat isotherms are 
formed around the exposed needle tip secondary to the 
electrical field. Figure 1 shows the basic components of 
the RF technique.

Choosing the appropriate location is essential for 
this technique. RF-induced interactions result in heat 
generation, which produces coagulation necrosis and 
tissue destruction, therefore alleviating pain by burning 

the painful nerve (25). There are three main types of RF: 
conventional, pulsed, and cooled (26).

Conventional RF

In conventional (continuous or thermal) RF, a high-
frequency (500 kHz) current produces a high temperature, 
causing stimulation and ablation in the target tissue. 
Most conventional RF systems use high temperatures 
of 60ºC and 90ºC for 90–120 s for clinical procedures, 
temperatures at which tissue destruction occurs, the 
objective of conventional RF (27, 28). In pain treatment, 
this heat produces a neurodestructive lesion in the small 
nerve and alleviates the pain. The RF generator produces 
coagulation necrosis around the tip of the cannula by 
generating an alternating current (29). Given that the 
lesion is round and its long axis is along the cannula tip, 
the cannula must be parallel to the target nerve (30).

Pulsed RF

Pulsed RF, in contrast, is a non-destructive technique that 
has been widely used to treat pain due to its minimal 
tissue damage. A high-frequency current is employed in 
pulsed RF but in short pulses, applying it to sensory nerves 
and joints (24). The duration of the pulsed RF current 
is typically short (20 ms) and has a high-voltage burst 
(amplitude of 45 V or more), after which there is a silent 
phase (480 ms) (31). During the pulse, the oscillating 
frequency is 420 kHz. Discontinuous pulses and a long 
silent phase between pulses result in heat reduction, 
keeping the temperature below 42ºC (32). Therefore, 
tissue destruction does not occur, and adverse events 
such as neuritis, motor dysfunction, and deafferentation 
pain are less likely (33, 34). Although some mild damage 
around the pulsed RF electrode has been found, its impact 
is not clinically substantial and appreciable; overall, pulsed 
RF appears to be safe.

Cooled RF

Cooled RF resolves some of the problems of its 
predecessors, has a higher safety profile, and possesses 

Figure 1
Schematic diagram showing the three basic components of the 
radiofrequency (RF) technique (RF generator, needle inserted 
into the patient, and ground pad placed on the patient to 
dissipate the energy, connected to the RF generator).
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long-term effectiveness. The difference between cooled 
RF and other types of RF (pulsed and conventional) is that 
it produces a larger local tissue lesion (35).

Larger lesions augment the probability of successful 
management, particularly if there is physiological 
variability in the nerve location or complex innervation 
(such as the knee joint). The reason for the dissimilarity 
in the magnitude of the lesion is that classical RF probes 
function at a set temperature of 80ºC; higher temperatures 
produce fast burning of adjacent tissue and not enough 
energy transfer to other tissues for larger ablation areas. 
In cooled RF, however, water circulates around the RF 
probe and diminishes its heat. Thus, these internally 
cooled probes function at a set 60°C (20°C lower than 
classical types), bringing the surrounding tissue heat 
to approximately 80ºC. Consequently, this technique 
causes more energy to be transferred to the tissue. The 
lesion’s magnitude will be larger and deeper, and the pain 
alleviation will last longer (36). The greatest advantage, 
however, is that to create a destructive lesion the probe 
does not need to be placed perpendicular to the target 
neural tissue.

When RF (thermal or cooled) is performed on neural 
tissue, nerve ablation is produced, which interferes with 
axonal continuity. As a result of ablation, the nerve fibres 
distal to the lesion degenerate, a phenomenon called 
Wallerian degeneration, which produces a transient 
interruption in a nerve cell, leading to a nociceptive 
block (37).

General concepts

In a systematic review and meta-analysis, Fari et  al. 
assessed the effectiveness of RF for treating musculoskeletal 
pain. The authors’ conclusion was that RF represents 
an encouraging technique for managing chronic 
musculoskeletal pain, particularly when other techniques 
are futile or not possible (38).

Indications, contraindications, and benefits

RF is recommended for managing pain arising from diverse 
musculoskeletal sources only if conservative treatment 
(analgesics, nonsteroidal anti-inflammatory drugs 
(NSAIDs), weight loss, and physical and rehabilitation 
medicine) has failed to provide alleviation and the patient 
is not a candidate for surgery. RF is contraindicated for 
pregnant women, patients with unstable joints (hip, 
knee, and shoulder), those with uncontrolled diabetes 
mellitus, and in the presence of an internal defibrillator, 
and infection at the target area (hip, knee, and shoulder). 
RF is a safer alternative to surgery, does not require general 
anaesthesia (thereby diminishing adverse effects), provides 
pain relief for a minimum of 3–4 months, can be repeated 

if needed, improves joint function, and minimizes the need 
for oral pain medication. Although adverse events from RF 
are unusual, potential complications can include infection, 
bleeding, numbness or dysesthesia, increased pain at the 
procedural site, deafferentation effect, and Charcot joint 
neuropathy. Although there is a risk of damaging non-
targeted neural tissue and other structures, this can be 
mitigated by performing the technique under imaging 
guidance (fluoroscopy, ultrasonography, and computed 
tomography) (39, 40, 41, 42, 43, 44, 45, 46, 47).

Upper limb RF treatments

RF in shoulder osteoarthritis

Tran et  al. employed image-guided axillary, lateral 
pectoral, and suprascapular nerve cooled RF as an 
alternative to managing symptomatically moderate-to-
severe glenohumeral osteoarthritis (OA) in individuals 
who did not respond to other conservative treatments and 
who were not surgical candidates or who refused surgery 
(48). The prospective pilot study included 12 individuals 
experiencing chronic shoulder pain with moderate-to-
severe glenohumeral OA. The participants underwent 
anaesthetic blocks of the axillary, lateral pectoral, and 
suprascapular nerves to determine candidacy for cooled 
RF treatment. The appropriate response after anaesthetic 
block was over 50% immediate pain alleviation. Once 
the patients were deemed candidates, they underwent 
cooled RF of the three nerves 2–3 weeks later. Treatment 
response was assessed by the American Shoulder and 
Elbow Surgeons (ASES) score and visual analogue scale 
(VAS) to evaluate pain, stiffness, and functional activities 
of daily living (ADL). Follow-up scores were collected 
up to 6 months after cooled RF. In the 12 patients who 
underwent cooled RF for shoulder OA, the VAS scores 
improved significantly (from 8.8 to 2.2) a few months 
after undergoing cooled RF (P < 0.001). The participants’ 
total ASES scores significantly improved from 17.2 to 
65.7 (P < 0.0005), and there were no major adverse 
events. None of the participants underwent re-treatment 
or shoulder arthroplasty. Image-guided axillary, lateral 
pectoral, and suprascapular nerve cooled RF had minimal 
adverse events and was found to be an promising option 
for treating chronic shoulder pain and stiffness from 
glenohumeral OA (48).

Mermekli et  al. retrospectively assessed the use of 
ultrasound-guided RF of the suprascapular nerve for 
treating chronic shoulder pain due to OA (49). The authors 
used a modified distal and selective ablation technique 
in the spinoglenoid notch with motor and sensory 
stimulation, which protected the motor branch of the 
nerve from ablation. A retrospective study was performed 
of the patients who underwent ultrasound-guided RF 
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of the suprascapular nerve. During the procedure, the 
conventional RF electrode was placed in the spinoglenoid 
notch, at the distal branch of the suprascapular nerve. 
Motor and sensory stimulations were employed to confirm 
the position. Ultrasound-guided RF was applied up to 
three times, at three different points, at least once each 
time, at 80°C. In total, 127 ultrasound-guided RFs of the 
suprascapular nerve were performed on 101 individuals 
with chronic shoulder pain secondary to OA. One hundred 
and nineteen diagnostic ultrasound-guided suprascapular 
nerve corticosteroid injections were performed before RF. 
The mean pre-injection VAS was 8.3, with a post-injection 
VAS score of 4.4 at 24 h and 4.5 at 2 weeks. The mean 
pre-RF VAS pain score was 7.7, with a post-RF VAS score of 
4.4 at 24 h and 4.5 at 2 weeks. Ultrasound-guided RF of the 
suprascapular nerve in the spinoglenoid notch was found 
to be a safe treatment for chronic osteoarthritic shoulder 
pain, with repeat treatments infrequently needed. The 
technique was associated with significant improvement in 
VAS pain scores (49).

Kallas et al. claimed that shoulder OA is a significant 
cause of physical disability and mental distress. Classical 
nonsurgical treatment alone is frequently unable to 
entirely relieve the associated chronic articular pain. 
Furthermore, many individuals are unsuitable for shoulder 
arthroplasty due to comorbidities and costs. RF of articular 
sensory nerve fibres can interrupt the transmission of 
nociceptive signals by neurolysis, thereby producing long-
term pain alleviation. Cooled RF uses internally cooled 
electrodes to create larger ablative areas compared with 
standard RF. Given the intricate variable innervation of the 
glenohumeral joint, a larger ablative management area, 
such as that given by cooled RF, is preferred to capture 
a greater amount of afferent nociceptive fibres. The 
targets of cooled RF are the suprascapular, axillary, and 
lateral pectoral nerve articular sensory branches of the 
glenohumeral joint. Cooled RF appears to be a promising 
tool for treating OA-related pain, especially in individuals 
who cannot undergo shoulder arthroplasty, have long wait 
times, or have persistent pain after shoulder arthroplasty 
(50). Figure 2 shows a case of shoulder pain due to OA 
treated with pulsed RF.

RF in lateral epicondylitis

In 2016, Oh et al. stated that although lateral elbow pain 
is generally self-limiting, in a minority of people symptoms 
persist for a long time. When various conservative 
treatments fail, surgical approach is advised. Surgical 
denervation of several nerves that innervate the lateral 
humeral epicondyle could be considered in patients with 
refractory pain because it denervates the region of pain. 
The radial nerve can be identified as a target for pulsed 
RF lesioning in lateral epicondylitis. Oh et al. reported on 
two patients with intractable lateral epicondylitis suffering 

from elbow pain who did not respond to nonoperative 
treatments, but in whom the ultrasound-guided pulsed 
RF neuromodulation of the radial nerve induced symptom 
improvement. After a successful diagnostic nerve block, 
RF probe adjustment around the radial nerve was carried 
out on the lateral aspect of the distal upper arm under 
ultrasound guidance, and multiple pulsed treatments 
were applied. A significant reduction in pain was found 
over the follow-up period of 3 months (51).

In 2018, Hamlin et al. compared standard open release 
(SOR) vs radiofrequency microtenotomy (RFMT) in the 
treatment of lateral epicondylitis. Both groups showed 
significant improvements and similar benefit to the 
patient. The results of the study did not show any benefit 
of RFMT over the SOR. As a result of the extra expense of 
RFMT, Hamlin et al. recommended SOR as the standard 
surgical management (52).

In 2022, Viswanathan and Shanker assessed the 
therapeutic effectiveness and reported long-run 
outcomes and recurrences in patients treated with RFMT. 
They presented long-run outcomes with a mean 8-year 
follow-up in a case series of 19 patients. All patients 
had a minimum of 6 months (mean 23.25 months and 
range 6–36 months) of conservative management which 
included steroid injections prior to being offered RFMT. 
This was a retrospective case series of 20 elbows (in 19 
patients) who underwent RFMT. The majority of patients 
(65%) were females. The operation was performed in the 
dominant arm in 55% of patients. Results were analysed 
by comparing preoperative and postoperative QuickDASH 
scores (Disabilities of the Arm, Shoulder, and Hand Score) 
obtained at 1 year and 8 years postoperatively. They 
found an improvement in QuickDASH scores from a 
mean of 61.7 preoperatively to 18.9 and 8.5, respectively, 

Figure 2
Pulsed radiofrequency in shoulder osteoarthritis.
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at 1 year and 8 years postoperatively. The mean pain 
component of the QuickDASH scores decreased from 4.8 
preoperatively to 2.0 and 1.5, respectively, at 1 year and 
8 years postoperatively. More than 83% of the patients 
had excellent to good functional improvement. RFMT 
was a dependable modality for managing recalcitrant 
lateral epicondylitis of the elbow with excellent long-run 
outcomes (53).

Lower limb RF treatments

RF in knee OA

According to Tran and Gonzalez, degenerative knee OA is 
a progressive debilitating disease that affects millions of 
people worldwide. Most patients experience limited range 
of motion, swelling, and pain. Various treatments can 
lead to short- and long-term pain alleviation. Short-term 
pain alleviation commonly involves conservative medical 
treatments such as analgesics, NSAIDs, weight loss, 
physical and rehabilitation medicine, and intra-articular 
injections (e.g. corticosteroids, hyaluronic acid, and 
platelet-rich plasma). Ultimate long-term pain alleviation 
treatment involves total knee arthroplasty (TKA). The 
management algorithm for knee OA also includes treating 
pain until an individual is suitable for TKA. Moreover, 
approximately 20% of individuals experience chronic 
pain following TKA without adverse events such as 
hardware loosening and infection with limited treatment 
alternatives. Cooled RF has been shown to be clinically 
efficacious by interrupting the integrity of deep sensory 
nerves and therefore interfering with transmission of the 
pain signal. The analgesic effect after cooled RF has been 
reported to last up to 2 years (54).

Ghai et al. compared ultrasound-guided pulsed RF of 
the genicular nerve with a genicular nerve block using 
a local anaesthetic and steroid for the treatment of knee 
OA pain (55). Thirty individuals with knee OA were 
randomly assigned to undergo either ultrasound-guided 
RF of the genicular nerve (RF group) or nerve block 
with bupivacaine and methylprednisolone acetate (local 
anaesthetic steroid group). The verbal numeric rating 
scale (VNRS) and Western Ontario McMaster Universities 
Osteoarthritis Index (WOMAC) scores were measured 
before the procedure and at 1, 4, and 12 weeks after the 
procedure. The VNRS scores diminished significantly in 
both the groups at 12 weeks and at the other follow-up 
times compared to baseline. Seventy-three per cent 
of individuals in the RF group and 66% in the local 
anaesthetic steroid group achieved efficacious pain 
relief (≥50% pain decrease) at 12 weeks. A statistically 
significant improvement in WOMAC scores was observed 
in both groups at all follow-up times. However, there 
was no intergroup difference between the VNRS and 

WOMAC scores. No adverse events were encountered. 
Both ultrasound-guided RF of the genicular nerve and 
blocks of the genicular nerve with local anaesthetic and 
a steroid gave similar pain alleviation without any adverse 
events. RF of the genicular nerve took much more time 
and equipment than the genicular nerve block (55).

In a systematic review, Fogarty et  al. analysed the 
efficacy of fluoroscopically guided genicular nerve RF 
for painful knee OA. The primary outcome measure was 
improvement in pain after 6 months. Secondary outcomes 
included the Oxford Knee Score (OKS) and WOMAC. Six-
month success rates for 50% or greater pain relief following 
RF ranged from 49% to 74%. When compared with intra-
articular steroid injection, the likelihood of success was 
4.5 times higher for RF. When RF was compared with 
hyaluronic acid injection, the likelihood of management 
success was 1.8 times higher. The group mean OKS and 
WOMAC scores improved in the individuals experiencing 
genicular RF compared with intra-articular steroid 
injection and hyaluronic acid injection. This study showed 
moderate-quality evidence that fluoroscopically guided 
genicular RF was effective for relieving pain associated 
with knee OA at a minimum of 6 months (56).

In a systematic review and meta-analysis of level I and II 
studies reported in 2022 (grade 2 of evidence), Wu et al. 
assessed various RF treatments for knee OA. The authors’ 
goal was to determine the best modality, target, number of 
electrodes, and image guidance for improving knee pain 
and function (47). Twenty-one suitable RCTs (from 2011 to 
2021, involving 1818 individuals) with eight RF treatments, 
six intra-articular injections, NSAIDs, exercise, and placebo 
were evaluated. Conventional bipolar genicular nerve 
RF had the greatest net benefit on the VAS at 6 months; 
cooled monopolar genicular nerve RF had the greatest net 
benefit on the WOMAC at 6 months. In conventional and 
pulsed modalities, bipolar RF was associated with a more 
significant reduction in VAS and WOMAC than monopolar 
RF. Combining pulsed intra-articular RF and platelet-rich 
plasma injections had no additional positive effects on VAS 
or WOMAC at 3 months. RF was efficacious in improving 
both knee pain and function in individuals with OA, at 
least in the short term (6 months). Individuals responded 
better to the cooled modality than to the conventional 
and pulsed modalities. Bipolar was more efficacious 
than monopolar for improving pain and function in 
conventional and pulsed modalities. Fluoroscopy and 
ultrasound guidance demonstrated no differences in 
improving pain and function (47).

In 2022, Lyman et al. evaluated the long-term results 
of cooled RF of genicular nerves for chronic knee pain 
due to OA (46). A prospective, observational extension of 
an RCT was conducted on adults randomized to cooled 
RF. The participants were part of a 12-month clinical trial 
comparing cooled RF of genicular nerves with a single 
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hyaluronic injection for treatment of chronic OA knee 
pain. The participants then agreed to visits at 18 and 24 
months after the procedure and had since not undergone 
another knee procedure. The participants were assessed 
for pain using the VNRS, for function using the WOMAC, 
for subjective benefit using the Global Perceived Effect 
(GPE) scale, for quality of life (QoL) using the EuroQol-
5-Dimensions-5 Level (EQ-5D-5L) questionnaire, and 
for safety. Of the 57 suitable individuals, 36 enrolled; 32 
participants completed the 18-month visit with a mean 
VNRS score of 2.4, and 22 (69%) reported a ≥50% decrease 
in pain from baseline (primary endpoint); 27 completed 
the 24-month visit, with a mean VNRS of 3.4, and 17 
(63%) reported a ≥50% pain alleviation. Functional and 
QoL improvements continued the same way, with mean 
changes from baseline of 53.5% and 34.9% in WOMAC 
total scores and 24.8% and 10.7% in EQ-5D-5L index 
scores, at 18 months and 2 years, respectively. Cooled 
RF of genicular nerves provided lasting pain alleviation, 
improved function, and improved QoL extending to 
2 years after the procedure, with no significant safety 
concerns (46).

In 2022, Kaya et  al. reported the 1-year results of 
the impact of thermal genicular nerve RF on pain and 
functional results in individuals with advanced knee OA 
(57). Forty-nine knees (35 patients) that had undergone 
thermal RF of the superior medial, superior lateral, and 
inferior medial branches of the genicular nerve under 
fluoroscopic guidance were analysed. Twenty-five of 
the participants were women, and 10 were men, with a 
mean age of 77.3 years (range 61–92 years). The mean 
VAS score was 8.4 prior to radiofrequency ablation (RFA), 
1.7 immediately after the procedure, 2.4 at 1 month, 
3.4 at 6 months, and 4.4 at 12 months (P < 0.01). The 
mean WOMAC score was 69.7 prior to RFA and 36.1 at 
the final 12-month follow-up (P < 0.01). There were no 
adverse events in any individual during the treatment 
or follow-up. Nonsurgical thermal genicular nerve RF 
therapy of knee OA rendered significant results in terms of 
pain and functionality, with no significant systemic or local 
complications. According to the authors, the procedure 
could be considered an alternative to other methods when 
managing advanced knee OA (57). Figure 3 shows a case 
of fluoroscopically guided genicular nerve RF for treating 
chronic knee pain due to OA.

RF in chronic knee pain

Genicular nerve RF is a minimally invasive intervention 
for individuals with chronic knee pain not responding 
to conservative treatments. Few investigations have 
compared treatment results of cooled RF and conventional 
RF. Wu et  al. compared the results, including the 
likelihood of treatment success, between cooled RF and 
conventional RF in individuals with chronic knee pain 

(58). The authors analysed a total of 208 propensity 
score-matched individuals, including 104 who underwent 
cooled RF and 104 who underwent conventional RF. The 
primary outcome was likelihood of pain relief following 
the procedure, defined as a reduction in the VNRS pain 
score of 2 or more. The secondary outcomes were the 
decrease in VNRS pain scores, duration of relief, and the 
likelihood of individuals undergoing TKA within 1 year of 
treatment. Conventional RF was associated with a higher 
likelihood of pain relief within 1, 3, and 6 months after 
the procedure compared with cooled RF. The likelihood 
of pain relief from conventional RF and cooled RF were 
62% and 43% (P = 0.01) within 1 month, 78% and 55% 
within 3 months, and 79% and 59% (P < 0.01) within 6 
months, respectively. Conventional RF was also associated 
with higher mean VNRS pain score reductions at 1 month 
after the procedure (−4.71 vs −3.59 (P = 0.02) from 
cooled RF). Conventional RF and cooled RF were similar 
in the pain score decrease at 3, 6, 9, and 12 months after 
the procedure. Both groups showed similar duration of 
relief and likelihood of individuals undergoing TKA within 
1 year. Both conventional RF and cooled RF efficaciously 
diminished VNRS pain scores in most individuals with 
chronic knee pain within the 1-year follow-up. Genicular 
nerve conventional RF was associated with a higher 
likelihood of management success and a greater grade of 
pain relief at 1 month after the procedure compared with 
cooled RF in propensity score-matched individuals with 
chronic knee pain (58).

The Retrospective Study on Patients with Chronic Knee 
Pain Treated with Ultrasound-Guided Radiofrequency of the 
Genicular Nerves reported by Belba et al. was a retrospective 
single-centre cohort study of individuals treated with 
ultrasound-guided conventional RF of the genicular nerves 
for chronic knee pain (59). The outcome parameters were 
GPE, VNRS for pain, consumption of strong opioids, and 
safety of management at 6 weeks and cross-sectionally at 
a variable time point. Management success was defined as 
GPE ≥50%. Sixty-eight patients were screened, of whom 
59 were included (46 diagnosed with postoperative pain 

Figure 3
(A–C) Fluoroscopically guided genicular nerve radiofrequency 
for treating chronic knee pain due to osteoarthritis: (A) clinical 
view; (B) anteroposterior fluoroscopic view; and (C) lateral 
fluoroscopic image.
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and 13 with OA knee pain). Treatment success at 6 weeks 
was accomplished in 19 (32.2%) of the 59 interventions 
and was similar in both groups. Seventeen responders 
were assessed at follow-up. Some 45.1% (8/17) reported 
the treatment continuing to have a positive impact at the 
second time point. The mean RF duration of effect was 8.3 
months. A safety analysis at 6 weeks and at the second time 
point demonstrated a good safety profile of the treatment. 
Conventional RF of the genicular nerves was clinically 
successful in more than 30% of the individuals refractory 
to conventional medical treatment. Overall, RF was well 
tolerated. The mean duration of effect was 8.3 months (59).

RF in TKA

Tran and Gonzalez reported that cooled RF was effective 
in managing pain in the setting of symptomatic TKA (54). 
Stake et al. compared 2-year postoperative complication 
rates and rates of prolonged postoperative opioid usage 
between individuals undergoing TKA after previous 
genicular nerve RF and those undergoing TKA alone. 
Individuals who underwent primary TKA after prior 
genicular nerve RF (RF–TKA) of the ipsilateral knee were 
identified in national all-payer claims (60). In total, 675 
individuals in the genicular nerve RF–TKA group were 
compared with a control group of 255 351 individuals. 
The RF–TKA group had a lower likelihood of prolonged 
postoperative opioid use (P < 0.001). No notable 
difference was found in the 2-year surgical results between 
the groups. The RF–TKA group had a lower likelihood of 
needing blood transfusions and having postoperative 
anaemia, arrhythmia, and urinary infection compared with 
the primary TKA control group. Preoperative genicular 
nerve RF led to a lower rate of prolonged postoperative 
opioid use in the individuals who underwent TKA, with 
no increased risk of adverse events. However, future 
prospective studies are required to validate the conclusions 
of this database study (60).

RF after anterior cruciate ligament reconstruction

Deviandri et al. reported twocases of ultrasound-guided 
genicular nerve RF for pain control following anterior 
cruciate ligament reconstruction (ACLR). At postoperative 
days 1, 3, and 7, the mean VAS was lower after performing 
the procedure (from 8 to 5, 2, and 1, respectively). The 
mean EQ-5D-5L improved from 0.48 to 0.52, 0.56, and 
0.66, respectively. Genicular nerve RF appeared to be an 
appropriate and safe technique for treating postoperative 
pain after ACLR and could improve the postoperative 
rehabilitation programme (61).

RF in hip OA

RF of the obturator and femoral nerve articular sensory 
branches has shown promising results in the management 

of hip OA-related pain, especially in individuals who cannot 
undergo, have long wait times until, or have persistent 
pain following total hip arthroplasty (THA) (50). In 2022, 
Tran et  al. established the effectiveness of cooled RF in 
managing hip pain from OA at 6 months after treatment 
in individuals whose conservative treatments failed and 
were not surgical candidates due to comorbidities or 
unwillingness to undergo THA through targeting of 
the obturator and femoral nerve branches. The authors 
analysed 11 individuals experiencing persistent chronic hip 
pain in the setting of advanced OA (62). The participants 
initially underwent anaesthetic blocks of the obturator and 
femoral nerve branches to determine cooled RF candidacy. 
After appropriate response to the anaesthetic blocks (>50% 
immediate pain alleviation), the participants underwent 
the procedures 2–3 weeks later. Treatment response was 
assessed using clinically validated questionnaires and 
VAS to evaluate the effect on pain intensity, stiffness, and 
functional ADL. Follow-up outcome scores were collected 
up to 6 months after the cooled RF was administered. The 
mean patient age was 61.4 years, and eight of the patients 
were men and three were women. The mean total hip 
disability and OA outcome score significantly ameliorated 
from baseline at 17 to 52.9 at a mean of 6.2 months 
following RF (P < 0.0001), with significant improvement 
in the mean pain score from 16.1 to 53.4 (P < 0.0001) 
and mean stiffness score from 15.0 to 53.6 (P < 0.0001). 
No major adverse events were observed. No participant 
required re-treatment, surgery, or other intervention. 
Image-guided obturator and femoral nerve cooled RF 
was efficacious and safe for managing chronic hip pain/
stiffness in the setting of advanced OA (62).

RF in Perthes disease

Tee et al. claimed that Perthes disease is a rare paediatric 
condition involving idiopathic avascular necrosis of the 
femoral head, leading to degenerative hip joint disease. 
Although THA is considered the definitive surgical choice 
for managing degenerative hip disease, alternative 
pain relief methods are available (particularly for young 
individuals) to delay THA. One technique for reducing 
pain for 18–24 months is cooled RF. The authors published 
the first case report describing the successful use of cooled 
RF in the nonsurgical treatment of Perthes disease-related 
osteoarthritic hip pain in a man in his 40s. Cooled RF led 
to a reported subjective improvement in pain of 60–70%, 
with a documented objective improvement in the OKS 
from 18 to 40 within 6 weeks of the procedure (63).

RF in greater trochanter pain syndrome

Abd-Elsayed et  al. indicated that greater trochanter 
pain syndrome was a frequent source of lateral hip 
pain. Corticosteroid injections are frequently employed 
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as nonsurgical interventions; however, they are not 
effective for all individuals. The authors described two 
cases of cooled RF for treating greater trochanteric pain 
syndrome. The trochanteric branch of the femoral nerve 
was identified as providing sensory innervation to the 
greater trochanter and its surrounding structures. The 
authors identified fluoroscopic targets to block the 
nerve and perform cooled RF. The technique provides a 
possible steroid-sparing interventional treatment based 
on reproducible fluoroscopic reference points (64). Figure 
4 shows fluoroscopically guided conventional RF for the 
treatment of greater trochanter pain syndrome.

RF in plantar fasciitis

According to Koh et  al., plantar fasciitis is the most 
frequent source of plantar heel pain. Although most 
cases are self-limiting, recalcitrant conditions can be 
debilitating, substantially diminishing the patient’s QoL. 
There are numerous surgical techniques for managing 
recalcitrant plantar fasciitis with little consensus on the 
best practice. The authors evaluated the effectiveness 
of RF with and without gastrocnemius release on the 
surgical management of recalcitrant plantar fasciitis (65). 
They analysed 128 individuals with recalcitrant plantar 
fasciitis and tight gastrocnemius treated surgically. The 
presence of tight gastrocnemius was clinically determined 
by a positive Silfverskiold test. Group A (n = 73) consisted 
of individuals who underwent RF alone; group B 
(n = 55) consisted of individuals who underwent RF 
and endoscopic gastrocnemius recession. The primary 

outcome measure was the VAS score. Secondary outcome 
measures were the American Orthopaedic Foot & Ankle 
Society (AOFAS) hindfoot score; the physical component 
summary (PCS) and mental component summary 
(MCS) of the 36-Item Short Form Health Survey; overall 
evaluation of improvement, expectation fulfilment, and 
satisfaction; and percentages of adverse events. Both 
groups reported significant improvement in VAS, AOFAS, 
and PCS scores postoperatively at 6 months and 2 years. 
Group B (RF with gastrocnemius recession) was associated 
with better VAS at 6 months (3 vs 1.7, P < 0.05) and 2 
years (1.9 vs 0.8, P < 0.05) postoperatively compared 
with group A (RF without gastrocnemius recession). At 
2 years postoperatively, no differences were observed in 
AOFAS, PCS, and MCS scores, expectation fulfilment, or 
overall satisfaction. No wound complications were found 
in either group. One individual (group B) had continuous 
pain consistent with tarsal tunnel syndrome. In this 
retrospective cohort comparative study with level 3 of 
evidence, treatment of recalcitrant plantar fasciitis with RF 
alone was associated with slightly inferior outcomes than 
RF combined with endoscopic gastrocnemius recession in 
terms of pain relief with no increase in complication rates. 
However, at 2 years, no significant difference in other 
outcome measures were found (65).

Kurtoglu et  al. retrospectively assessed 261 patients 
with plantar fasciitis (378 feet) treated with RF (66). All of the 
patients had plantar heel pain for at least 6 months. Based 
on their body mass index (BMI), the enrolled individuals 
were divided into obese (BMI ≥30 kg/m2) and non-obese 
(BMI <30 kg/m2) groups. The BNS Radiofrequency Lesion 
Generator was employed during a single session. The VAS 
and AOFAS scores of all the participants were assessed 
before RF, in the first month after the procedure, and during 
the final follow-up (8–24 months). There was a statistically 
significant difference between the pre-procedure and post-
procedure VAS scores (P < 0.001); however, there was no 
statistically significant difference between the VAS scores 
in the first month post-procedure and during the final 
follow-up. There was a statistically significant difference 
between the pre-procedure and post-procedure AOFAS 
scores (P < 0.001); however, there was no statistically 
significant difference between the AOFAS scores in the first 
month post-procedure and during the final follow-up. The 
authors claimed that RF can be used as an alternative to 
surgical procedures for treating plantar fasciitis due to its 
safety and efficaciousness. The advantages of RF are that 
patients can rapidly return to work and resume weight-
bearing activities (66).

Thor et  al. performed an evidence-based systematic 
review and meta-analysis (level 2 of evidence) of the 
results of RFMT for managing plantar fasciitis (67), 
identifying 11 relevant articles evaluating the effectiveness 
of plantar fascia RFMT. The studies were then assigned 

Figure 4
Fluoroscopically guided conventional radiofrequency (RF) for 
greater trochanter pain syndrome.
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to a level of evidence (I–IV). Each study was reviewed to 
provide a degree of recommendation (A–C, I) according 
to the Wright classification in support of or against the 
procedure. A meta-analysis was performed for seven of 
the studies that measured AOFAS scores. Based on the 
results of this study, there was fair (grade B) evidence 
to support plantar fascia RFMT. There was a statistically 
significant mean increase of 40.9 in the AOFAS scores after 
the procedure and fair (grade B) evidence to advise RF 
microtenotomy for plantar fasciitis. The authors indicated 
that there was a need for more high-quality level I RCTs 
with validated outcome measures to permit for stronger 
recommendations to be made (67).

RF in painful stump neuromas of the 
upper and lower limbs

Pu et  al. analysed the immediate and long-term effects 
of ultrasonography-guided RFA on postamputation pain. 
Eighteen patients with painful peripheral neuromas were 
treated with ultrasonography-guided RF (68). Of the 17 
patients with residual limb pain, 14 (82.4%) had successful 
results. Nine (69.2%) of the 13 individuals with phantom 
limb pain also had successful results. There were no 
significant associations between symptom alleviation and 
sex, age, or pain duration. There were no severe adverse 
events. Ultrasonography-guided RF for painful stump 
neuromas effectively alleviated stump pain and phantom 
limb pain in amputees with postamputation pain (1-year 
follow-up) (68).

Conclusions

RF is a minimally invasive technique used to disrupt or 
alter nociceptive pathways for treating musculoskeletal 
pain. Encouraging results have been reported in shoulder 
OA using RF of suprascapular, axillary, and lateral pectoral 
nerve articular sensory branches of the glenohumeral 
joint, as well as in painful knee OA; chronic knee pain, 
before and after painful TKA; and after ACLR using RF 
of the genicular nerve. Promising results have also been 
reported in hip OA and Perthes disease by means of RF 
of the obturator and femoral nerve articular sensory 
branches, as well as in greater trochanteric pain syndrome 
by means of RF of the trochanteric branch of the femoral 
nerve. Satisfactory results have also been observed in 
plantar fasciitis by means of plantar fascia RFMT. RF 
has also been employed for treating coccydynia, and 
ultrasonography-guided RF has been employed for 
treating painful stump neuromas. RF appears a valuable 
technique for alleviating chronic pain syndromes of the 
limbs, even if, to date, firm proof is still required on the 
efficacy of this technique. RF represents an encouraging 

technique for managing chronic musculoskeletal pain of 
the limbs, particularly when other techniques are futile or 
not possible.

ICMJE conflict of interest statement
The authors declare that there is no conflict of interest that could be perceived 
as prejudicing the impartiality of the research reported.

Funding
This work did not receive any specific grant from any funding agency in the 
public, commercial, or not-for-profit sector.

References
1. Hagedorn JM, Golovac S, Deer TR & Azeem N. History and development of 
radiofrequency ablation for chronic pain. In Essentials of Radiofrequency Ablation 
of the Spine and Joints, pp. 3–6. TR Deer & N Azeem, Eds. Cham, Switzerland: Springer 
Nature Switzerland AG: Cham, Switzerland 2021.

2. Aranow S. The use of radiofrequency power in making lesions in the brain. Journal of 
Neurosurgery 1960 17 431–438. (https://doi.org/10.3171/jns.1960.17.3.0431)

3. van Suijlekom  HA, Weber WE, van Kleef  M, Barendse  GA & Sluijter  ME. 
Radiofrequency cervical zygapophyseal joint neurotomy for cervicogenic headache: a short 
term follow-up study. Functional Neurology 1998 13 82–83.

4. Nakagawa  H, Yamanashi  WS, Pitha  JV, Arruda  M, Wang  X, Ohtomo  K, 
Beckman  KJ, McClelland  JH, Lazzara  R & Jackman WM. Comparison of in vivo 
tissue temperature profile and lesion geometry for radiofrequency ablation with a saline-
irrigated electrode versus temperature control in a canine thigh muscle preparation. 
Circulation 1995 91 2264–2273. (https://doi.org/10.1161/01.cir.91.8.2264)

5. Ruffy  R, Imran  MA, Santel  DJ & Wharton  JM. Radiofrequency delivery 
through a cooled catheter tip allows the creation of larger endomyocardial lesions in the 
ovine heart. Journal of Cardiovascular Electrophysiology 1995 6 1089–1096. (https://doi.
org/10.1111/j.1540-8167.1995.tb00386.x)

6. Buscarini  L & Rossi  S. Technology for radiofrequency thermal ablation of liver 
tumors. Seminars in Laparoscopic Surgery 1997 4 96–101. (https://doi.org/10.1053/
SLAS00400096)

7. Solbiati  L, Goldberg  SN, Ierace  T, Livraghi  T, Meloni  F, Dellanoce  M, 
Sironi  S & Gazelle  GS. Hepatic metastases: percutaneous radio-frequency ablation 
with cooled-tip electrodes. Radiology 1997 205 367–373. (https://doi.org/10.1148/
radiology.205.2.9356616)

8. Petersen HH, Chen X, Pietersen A, Svendsen JH & Haunsø S. Lesion size in 
relation to ablation site during radiofrequency ablation. Pacing and Clinical Electrophysiology 
1998 21 322–326. (https://doi.org/10.1111/j.1540-8159.1998.tb01114.x)

9. Cohen  SP, Hurley  RW, Buckenmaier  CC, Kurihara  C, Morlando  B & 
Dragovich  A. Randomized placebo-controlled study evaluating lateral branch 
radiofrequency denervation for sacroiliac joint pain. Anesthesiology 2008 109 279–288. 
(https://doi.org/10.1097/ALN.0b013e31817f4c7c)

10. Kapural L, Nageeb F, Kapural M, Cata JP, Narouze S & Mekhail N. Cooled 
radiofrequency system for the treatment of chronic pain from sacroiliitis: the first case-series. 
Pain Practice 2008 8 348–354. (https://doi.org/10.1111/j.1533-2500.2008.00231.x)

11. Kapural  L, Ng  A, Dalton  J, Mascha  E, Kapural  M, de la Garza  M & 
Mekhail  N. Intervertebral disc biacuplasty for the treatment of lumbar discogenic pain: 

https://doi.org/10.3171/jns.1960.17.3.0431
https://doi.org/10.1161/01.cir.91.8.2264
https://doi.org/10.1111/j.1540-8167.1995.tb00386.x
https://doi.org/10.1111/j.1540-8167.1995.tb00386.x
https://doi.org/10.1053/SLAS00400096
https://doi.org/10.1053/SLAS00400096
https://doi.org/10.1148/radiology.205.2.9356616
https://doi.org/10.1148/radiology.205.2.9356616
https://doi.org/10.1111/j.1540-8159.1998.tb01114.x
https://doi.org/10.1097/ALN.0b013e31817f4c7c
https://doi.org/10.1111/j.1533-2500.2008.00231.x


www.efortopenreviews.org

8:6GENERAL ORTHOPAEDICS 433

results of a six-month follow-up. Pain Medicine 2008 9 60–67. (https://doi.org/10.1111/
j.1526-4637.2007.00407.x)

12. Kapural L. Intervertebral disk cooled bipolar radiofrequency (intradiskal biacuplasty) 
for the treatment of lumbar diskogenic pain: a 12-month follow-up of the pilot study. Pain 
Medicine 2008 9 407–408. (https://doi.org/10.1111/j.1526-4637.2008.00464.x)

13. Vu  T & Chhatre  A. Cooled radiofrequency ablation for bilateral greater occipital 
neuralgia. Case Reports in Neurological Medicine 2014 2014 257373. (https://doi.
org/10.1155/2014/257373)

14. McCormick  ZL, Walker  J, Marshall  B, McCarthy  R & Walega  DR. A novel 
modality for facet joint denervation: cooled radiofrequency ablation for lumbar facet 
syndrome. A Case Series. Physical Medicine and Rehabilitation International 2014 1 5.

15. Walega  D & Roussis  C. Third-degree burn from cooled radiofrequency ablation 
of medial branch nerves for treatment of thoracic facet syndrome. Pain Practice 2014 14 
e154–e158. (https://doi.org/10.1111/papr.12222)

16. Bellini  M & Barbieri  M. Cooled radiofrequency system relieves chronic knee 
osteoarthritis pain: the first case-series. Anaesthesiology Intensive Therapy 2015 47 30–33. 
(https://doi.org/10.5603/AIT.2015.0003)

17. Menzies RD & Hawkins JK. Analgesia and improved performance in a patient treated 
by cooled radiofrequency for pain and dysfunction postbilateral total knee replacement. Pain 
Practice 2015 15 E54–E58. (https://doi.org/10.1111/papr.12292)

18. Bajaj  PS, Napolitano  J, Wang  W, Cheng  J & Singh  JR. Cooled versus 
conventional thermal radiofrequency Neurotomy for the treatment of lumbar facet-mediated 
pain. PM and R 2015 7 1095–1101. (https://doi.org/10.1016/j.pmrj.2015.09.001)

19. Reddy  RD, McCormick  ZL, Marshall  B, Mattie  R & Walega  DR. Cooled 
radiofrequency ablation of genicular nerves for knee osteoarthritis pain: a protocol for patient 
selection and case series. Anesthesiology and Pain Medicine 2016 6 e39696. (https://doi.
org/10.5812/aapm.39696)

20. Kapural L, Jolly S, Mantoan J, Badhey H & Ptacek T. Cooled radiofrequency 
Neurotomy of the articular sensory branches of the obturator and femoral nerves - combined 
approach using fluoroscopy and ultrasound guidance: technical report. Pain Physician 2018 
21 279–284.

21. McCormick ZL, Choi H, Reddy R, Syed RH, Bhave M, Kendall MC, Khan D, 
Nagpal G, Teramoto M & Walega DR. Randomized prospective trial of cooled versus 
traditional radiofrequency ablation of the medial branch nerves for the treatment of lumbar 
facet joint pain. Regional Anesthesia and Pain Medicine 2019 44 389–397. (https://doi.
org/10.1136/rapm-2018-000035)

22. Naber J, Lee N & Kapural L. Clinical efficacy assessment of cooled radiofrequency 
ablation of the hip in patients with avascular necrosis. Pain Management 2019 9 355–359. 
(https://doi.org/10.2217/pmt-2018-0083)

23. Filippiadis  DK, Mazioti  A, Tutton  S & Kelekis  A. Principle of RF in 
medicine. In Radiofrequency Treatments on the Spine 6330, pp. 11–17. S Marcia & 
L Saba, Eds. Cham, Switzerland: Springer International Publishing AG 2017.

24. Choi  EJ, Choi  YM, Jang  EJ, Kim  JY, Kim  TK & Kim  KH. Neural ablation 
and regeneration in pain practice. Korean Journal of Pain 2016 29 3–11. (https://doi.
org/10.3344/kjp.2016.29.1.3)

25. Martin DC, Willis ML, Mullinax LA, Clarke NL, Homburger JA & Berger IH. 
Pulsed radiofrequency application in the treatment of chronic pain. Pain Practice 2007 7 
31–35. (https://doi.org/10.1111/j.1533-2500.2007.00107.x)

26. Vahedifard  F, Malinowski  M & Chakravarthy  K. Mechanism of action 
of radiofrequency ablation. In Essentials of Radiofrequency Ablation of the Spine 

and Joints, pp. 7–29. TR Deer & N Azeem, Eds. Cham, Switzerland: Springer Nature 
Switzerland AG 2021.

27. Shanthanna  H, Chan  P, McChesney  J, Paul  J & Thabane  L. Assessing the 
effectiveness of ‘pulse radiofrequency treatment of dorsal root ganglion’ in patients with 
chronic lumbar radicular pain: study protocol for a randomized control trial. Trials 2012 13 
52. (https://doi.org/10.1186/1745-6215-13-52)

28. Byrd  D & Mackey  S. Pulsed radiofrequency for chronic pain. Current Pain and 
Headache Reports 2008 12 37–41. (https://doi.org/10.1007/s11916-008-0008-3)

29. Hong K & Georgiades C. Radiofrequency ablation: mechanism of action and devices. 
Journal of Vascular and Interventional Radiology 2010 21(8)(Supplement) S179–S186. 
(https://doi.org/10.1016/j.jvir.2010.04.008)

30. Filippiadis  D, Velonakis  G, Mazioti  A, Konstantos  C, Brountzos  E, 
Kelekis N & Kelekis A. Intraarticular application of pulsed radiofrequency combined with 
viscosupplementation for improvement of knee osteoarthritis symptoms: a single centre 
prospective study. International Journal of Hyperthermia 2018 34 1265–1269. (https://doi.
org/10.1080/02656736.2017.1409910)

31. Mata  J, Valentí  P, Hernández  B, Mir  B & Aguilar  JL. Study protocol for a 
randomised controlled trial of ultrasound-guided pulsed radiofrequency of the genicular 
nerves in the treatment of patients with osteoarthritis knee pain. BMJ Open 2017 7 e016377. 
(https://doi.org/10.1136/bmjopen-2017-016377)

32. Ding Y, Li H, Hong T, Zhao R, Yao P & Zhao G. Efficacy and safety of computed 
tomographyguided pulsed radiofrequency modulation of thoracic dorsal root ganglion on 
herpes zoster neuralgia. Neuromodulation 2019 22 108–114. (https://doi.org/10.1111/
ner.12858)

33. Tun  K, Cemil  B, Gurcay  AG, Kaptanoglu  E, Sargon  MF, Tekdemir  I, 
Comert  A & Kanpolat  Y. Ultrastructural evaluation of pulsed radiofrequency and 
conventional radiofrequency lesions in rat sciatic nerve. Surgical Neurology 2009 72 496–
500; discussion 501. (https://doi.org/10.1016/j.surneu.2008.11.016)

34. Abbott  Z, Smuck  M, Haig  A & Sagher  O. Irreversible spinal nerve injury from 
dorsal ramus radiofrequency neurotomy: a case report. Archives of Physical Medicine and 
Rehabilitation 2007 88 1350–1352. (https://doi.org/10.1016/j.apmr.2007.07.006)

35. Malik K, Benzon HT & Walega D. Water-cooled radiofrequency: a neuroablative or 
a neuromodulatory modality with broader applications? Case Reports in Anesthesiology 2011 
2011 263101. (https://doi.org/10.1155/2011/263101)

36. Oladeji  LO & Cook  JL. Cooled radio frequency ablation for the treatment of 
osteoarthritis related knee pain: evidence, indications, and outcomes. Journal of Knee Surgery 
2019 32 65–71. (https://doi.org/10.1055/s-0038-1675418)

37. Vargas  ME & Barres  BA. Why is Wallerian degeneration in the CNS so slow? 
Annual Review of Neuroscience 2007 30 153–179. (https://doi.org/10.1146/annurev.
neuro.30.051606.094354)

38. Farì  G, de Sire  A, Fallea  C, Albano  M, Grossi  G, Bettoni  E, Di Paolo  S, 
Agostini  F, Bernetti  A, Puntillo  F, et  al. Efficacy of radiofrequency as therapy 
and diagnostic support in the management of musculoskeletal pain: a systematic 
review and meta-analysis. Diagnostics (Basel) 2022 12 600. (https://doi.org/10.3390/
diagnostics12030600)

39. Suarez-Ahedo C, Pavan Vemula S, Stake CE, Finley ZA, Martin TJ, Gui C 
& Domb  BG. What are the current indications for use of radiofrequency devices in hip 
arthroscopy? A systematic review. Journal of Hip Preservation Surgery 2015 2 323–331. 
(https://doi.org/10.1093/jhps/hnv055)

https://doi.org/10.1111/j.1526-4637.2007.00407.x
https://doi.org/10.1111/j.1526-4637.2007.00407.x
https://doi.org/10.1111/j.1526-4637.2008.00464.x
https://doi.org/10.1155/2014/257373
https://doi.org/10.1155/2014/257373
https://doi.org/10.1111/papr.12222
https://doi.org/10.5603/AIT.2015.0003
https://doi.org/10.1111/papr.12292
https://doi.org/10.1016/j.pmrj.2015.09.001
https://doi.org/10.5812/aapm.39696
https://doi.org/10.5812/aapm.39696
https://doi.org/10.1136/rapm-2018-000035
https://doi.org/10.1136/rapm-2018-000035
https://doi.org/10.2217/pmt-2018-0083
https://doi.org/10.3344/kjp.2016.29.1.3
https://doi.org/10.3344/kjp.2016.29.1.3
https://doi.org/10.1111/j.1533-2500.2007.00107.x
https://doi.org/10.1186/1745-6215-13-52
https://doi.org/10.1007/s11916-008-0008-3
https://doi.org/10.1016/j.jvir.2010.04.008
https://doi.org/10.1080/02656736.2017.1409910
https://doi.org/10.1080/02656736.2017.1409910
https://doi.org/10.1136/bmjopen-2017-016377
https://doi.org/10.1111/ner.12858
https://doi.org/10.1111/ner.12858
https://doi.org/10.1016/j.surneu.2008.11.016
https://doi.org/10.1016/j.apmr.2007.07.006
https://doi.org/10.1155/2011/263101
https://doi.org/10.1055/s-0038-1675418
https://doi.org/10.1146/annurev.neuro.30.051606.094354
https://doi.org/10.1146/annurev.neuro.30.051606.094354
https://doi.org/10.3390/diagnostics12030600
https://doi.org/10.3390/diagnostics12030600
https://doi.org/10.1093/jhps/hnv055


www.efortopenreviews.org

8:6GENERAL ORTHOPAEDICS 434

40. Conger  A, Gililland  J, Anderson  L, Pelt  CE, Peters  C & McCormick  ZL. 
Genicular nerve radiofrequency ablation for the treatment of painful knee osteoarthritis: 
current evidence and future directions. Pain Medicine 2021 22(Supplement 1) S20–S23. 
(https://doi.org/10.1093/pm/pnab129)

41. Orhurhu V, Urits  I, Orman S, Viswanath O & Abd-Elsayed A. A systematic 
review of radiofrequency treatment of the ankle for the management of chronic foot and 
ankle pain. Current Pain and Headache Reports 2019 23 4. (https://doi.org/10.1007/
s11916-019-0745-5)

42. Tran  A, Reiter  DA, Prologo  JD, Cristescu  M & Gonzalez  FM. Review of 
extraosseous applications of thermal ablation in the treatment of moderate to severe large 
joint osteoarthritis. Seminars in Musculoskeletal Radiology 2021 25 745–755. (https://doi.
org/10.1055/s-0041-1735474)

43. Cheney CW, Ahmadian A, Brennick C, Zheng P, Mattie R, McCormick ZL & 
Nagpal A. Radiofrequency ablation for chronic hip pain: a comprehensive, narrative review. 
Pain Medicine 2021 22(Supplement 1) S14–S19. (https://doi.org/10.1093/pm/pnab043)

44. Pavão  DM, Rocha Faria  JL, Mandarino  M, Maia  PAV, Mozella  AP, 
Vinagre G, Dallo I, Werneck FC, Bonfante V, Salim R, et al. Pulsed radiofrequency 
rhizotomy of the genicular nerves of the knee guided by radioscopy and ultrasonography: 
step-by-step technique. Arthroscopy Techniques 2022 11 e391–e396. (https://doi.
org/10.1016/j.eats.2021.11.006)

45. Tran  A, Reiter  DA, Cruz  AR & Gonzalez  FM. Genicular nerve ablation review 
using cooled-radiofrequency nerve ablation. Seminars in Interventional Radiology 2022 39 
130–137. (https://doi.org/10.1055/s-0042-1745797)

46. Lyman  J, Khalouf  F, Zora  K, DePalma  M, Loudermilk  E, Guiguis  M, 
Beall  D, Kohan  L & Chen  AF. Cooled radiofrequency ablation of genicular nerves 
provides 24-month durability in the management of osteoarthritic knee pain: outcomes 
from a prospective, multicenter, randomized trial. Pain Practice 2022 22 571–581. (https://
doi.org/10.1111/papr.13139)

47. Wu L, Li Y, Si H, Zeng Y, Li M, Liu Y & Shen B. Radiofrequency ablation in cooled 
monopolar or conventional bipolar modality yields more beneficial short-term clinical 
outcomes versus other treatments for knee osteoarthritis: a systematic review and network 
meta-analysis of randomized controlled trials. Arthroscopy 2022 38 2287–2302. (https://
doi.org/10.1016/j.arthro.2022.01.048)

48. Tran A, Reiter DA, Fritz J, Cruz AR, Reimer NB, Lamplot JD & Gonzalez FM. 
Pilot study for treatment of symptomatic shoulder arthritis utilizing cooled radiofrequency 
ablation: a novel technique. Skeletal Radiology 2022 51 1563–1570. (https://doi.
org/10.1007/s00256-022-03993-y)

49. Mermekli  A, Reddy  P, McKean  D, Abdelsalam  H, Teh  J & Mansour  R. 
Ultrasound-guided continuous radiofrequency ablation of the suprascapular nerve for 
chronic shoulder pain secondary to osteoarthritis: a retrospective cohort study. European 
Radiology 2022 32 6230–6237. (https://doi.org/10.1007/s00330-022-08763-x)

50. Kallas  ON, Nezami  N, Singer  AD, Wong  P, Kokabi  N, Bercu  ZL, 
Umpierrez M, Tran A, Reimer NB, Oskouei SV, et al. Cooled radiofrequency ablation 
for chronic joint pain secondary to hip and shoulder osteoarthritis. RadioGraphics 2022 42 
594–608. (https://doi.org/10.1148/rg.210074)

51. Oh DS, Kang TH & Kim HJ. Pulsed radiofrequency on radial nerve under ultrasound 
guidance for treatment of intractable lateral epicondylitis. Journal of Anesthesia 2016 30 
498–502. (https://doi.org/10.1007/s00540-016-2146-9)

52. Hamlin K, Munro C, Barker SL, McKenna S & Kumar K. Open release versus 
radiofrequency microtenotomy in the treatment of lateral epicondylitis: a prospective 

randomized controlled trial. Shoulder and Elbow 2018 10 45–51. (https://doi.
org/10.1177/1758573217715255)

53. Viswanathan  S & Shanker  HK. Long-term functional outcomes following 
radiofrequency microtenotomy for lateral epicondylitis of elbow. Cureus 2022 14 e30317. 
(https://doi.org/10.7759/cureus.30317)

54. Tran  A & Gonzalez  FM. Review of cooled radiofrequency ablation utilization for 
the treatment of symptomatic advanced knee arthritis and total knee arthroplasty. Skeletal 
Radiology 2023 52 941–949. (https://doi.org/10.1007/s00256-022-04058-w)

55. Ghai B, Kumar M, Makkar JK & Goni V. Comparison of ultrasound guided pulsed 
radiofrequency of genicular nerve with local anesthetic and steroid block for management 
of osteoarthritis knee pain. Korean Journal of Pain 2022 35 183–190. (https://doi.
org/10.3344/kjp.2022.35.2.183)

56. Fogarty AE, Burnham T, Kuo K, Tate Q, Sperry BP, Cheney C, Walega DR, 
Kohan L, Cohen SP, Cushman DM, et al. The effectiveness of fluoroscopically guided 
genicular nerve radiofrequency ablation for the treatment of chronic knee pain due to 
osteoarthritis: a systematic review. American Journal of Physical Medicine and Rehabilitation 
2022 101 482–492. (https://doi.org/10.1097/PHM.0000000000001813)

57. Kaya O, Şenel A, Batur ÖC, Gönder N, Ergen E & Peker B. Effectiveness of the 
thermal genicular nerve radiofrequency ablation therapy under fluoroscopy in patients with 
non-operative advanced stage knee osteoarthritis: 1-year follow-up results. Indian Journal of 
Orthopaedics 2022 56 1033–1039. (https://doi.org/10.1007/s43465-022-00642-3)

58. Wu BP, Grits D, Foorsov V, Xu J, Tankha P & Bolash RB. Cooled and traditional 
thermal radiofrequency ablation of genicular nerves in patients with chronic knee pain: a 
comparative outcomes analysis. Regional Anesthesia and Pain Medicine 2022 rapm-2022. 
(https://doi.org/10.1136/rapm-2022-103693)

59. Belba  A, Vanneste  T, Van Kuijk  SMJ, Mesotten  D, Mestrum  R, Van 
Boxem K, Van Lantschoot A, Bellemans J, Van de Velde M & Van Zundert J. 
A retrospective study on patients with chronic knee pain treated with ultrasound-guided 
radiofrequency of the genicular nerves (RECORGEN trial). Pain Practice 2022 22 340–348. 
(https://doi.org/10.1111/papr.13088)

60. Stake  S, Agarwal  AR, Coombs  S, Cohen  JS, Golladay  GJ, Campbell  JC 
& Thakkar  SC. Total knee arthroplasty after genicular nerve radiofrequency ablation: 
reduction in prolonged opioid use without increased postsurgical complications. Journal 
of the American Academy of Orthopaedic Surgeons. Global Research and Reviews 2022 6 
e22.00125. (https://doi.org/10.5435/JAAOSGlobal-D-22-00125)

61. Deviandri R, Yuliana V, Irawan D & Rahman AN. Genicular nerve radiofrequency 
ablation for pain control following anterior cruciate ligament reconstruction - A case report. 
Trauma Case Reports 2022 40 100661. (https://doi.org/10.1016/j.tcr.2022.100661)

62. Tran  A, Reiter  D, Wong  PK, Fritz  J, Cruz  AR, Oskouei  S & Gonzalez  FM. 
Alternative treatment of hip pain from advanced hip osteoarthritis utilizing cooled 
radiofrequency ablation: single institution pilot study. Skeletal Radiology 2022 51  
1047–1054. (https://doi.org/10.1007/s00256-021-03927-0)

63. Tee QX, Nambiar M, Mahendru G & Singh P. Cooled radiofrequency ablation for 
pain related to Perthes' disease: a novel application. BMJ Case Reports 2022 15 e247916. 
(https://doi.org/10.1136/bcr-2021-247916)

64. Abd-Elsayed  A, Cui  C & Eckmann  MS. Cooled radiofrequency ablation of the 
trochanteric branch of the Nervus femoralis to treat greater trochanteric pain syndrome. Pain 
Medicine 2022 23 1375–1378. (https://doi.org/10.1093/pm/pnab207)

65. Koh  DTS, Yeo  W, Koo  KOT, Yeo  NEM, Yeo  NEM. Radiofrequency plantar fascia 
coblation with and without gastrocnemius recession in the management of recalcitrant 

https://doi.org/10.1093/pm/pnab129
https://doi.org/10.1007/s11916-019-0745-5
https://doi.org/10.1007/s11916-019-0745-5
https://doi.org/10.1055/s-0041-1735474
https://doi.org/10.1055/s-0041-1735474
https://doi.org/10.1093/pm/pnab043
https://doi.org/10.1016/j.eats.2021.11.006
https://doi.org/10.1016/j.eats.2021.11.006
https://doi.org/10.1055/s-0042-1745797
https://doi.org/10.1111/papr.13139
https://doi.org/10.1111/papr.13139
https://doi.org/10.1016/j.arthro.2022.01.048
https://doi.org/10.1016/j.arthro.2022.01.048
https://doi.org/10.1007/s00256-022-03993-y
https://doi.org/10.1007/s00256-022-03993-y
https://doi.org/10.1007/s00330-022-08763-x
https://doi.org/10.1148/rg.210074
https://doi.org/10.1007/s00540-016-2146-9
https://doi.org/10.1177/1758573217715255
https://doi.org/10.1177/1758573217715255
https://doi.org/10.7759/cureus.30317
https://doi.org/10.1007/s00256-022-04058-w
https://doi.org/10.3344/kjp.2022.35.2.183
https://doi.org/10.3344/kjp.2022.35.2.183
https://doi.org/10.1097/PHM.0000000000001813
https://doi.org/10.1007/s43465-022-00642-3
https://doi.org/10.1136/rapm-2022-103693
https://doi.org/10.1111/papr.13088
https://doi.org/10.5435/JAAOSGlobal-D-22-00125
https://doi.org/10.1016/j.tcr.2022.100661
https://doi.org/10.1007/s00256-021-03927-0
https://doi.org/10.1136/bcr-2021-247916
https://doi.org/10.1093/pm/pnab207


www.efortopenreviews.org

8:6GENERAL ORTHOPAEDICS 435

plantar fasciitis. Foot and Ankle International 2022 43 1167–1173. (https://doi.
org/10.1177/10711007221091807)

66. Kurtoglu  A, Kochai  A, Inanmaz  ME, Sukur  E, Keskin  D, Türker  M, 
Sen  Z, Daldal  I & Avan  LY. Effectiveness of radiofrequency ablation for treatment of 
plantar fasciitis. Medicine (Baltimore) 2022 101 e29142. (https://doi.org/10.1097/
MD.0000000000029142)

67. Thor J, Mao DW, Chandrakumara D, Zheng Q, Yoo TW & Kon Kam King C. 
Radiofrequency microtenotomy for plantar fasciitis: a systematic review and meta-analysis. 
Foot (Edinb) 2022 50 101869. (https://doi.org/10.1016/j.foot.2021.101869)

68. Pu S, Wu J, Han Q, Zhang X, Lv Y, Xu Y, Li C & Du D. Ultrasonography-guided 
radiofrequency ablation for painful stump neuromas to relieve postamputation pain: a pilot 
study. Journal of Pain Research 2020 13 3437–3445. (https://doi.org/10.2147/JPR.S283986)

GENERAL ORTHOPAEDICSGENERAL ORTHOPAEDICS

https://doi.org/10.1177/10711007221091807
https://doi.org/10.1177/10711007221091807
https://doi.org/10.1097/MD.0000000000029142
https://doi.org/10.1097/MD.0000000000029142
https://doi.org/10.1016/j.foot.2021.101869
https://doi.org/10.2147/JPR.S283986

	Introduction
	RF mechanism of action
	Conventional RF
	Pulsed RF
	Cooled RF

	General concepts
	Indications, contraindications, and benefits

	Upper limb RF treatments
	RF in shoulder osteoarthritis
	RF in lateral epicondylitis

	Lower limb RF treatments
	RF in knee OA
	RF in chronic knee pain
	RF in TKA
	RF after anterior cruciate ligament reconstruction
	RF in hip OA
	RF in Perthes disease
	RF in greater trochanter pain syndrome
	RF in plantar fasciitis

	RF in painful stump neuromas of the upper and lower limbs
	Conclusions
	ICMJE conflict of interest statement
	Funding
	References

