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Abstract

Objective: To evaluate the efficacy and safety of radiofrequency ablation for the treatment of

knee osteoarthritis.

Methods: A literature review was conducted using the PubMed, Cochrane Review, Embase, and

Google Scholar databases. Two reviewers independently assessed the eligibility of all retrieved

studies. The research was reported based on the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines to ensure the reliability and verity of the results.

The statistical analysis was performed using STATA version 13.0.

Results: Nine randomized controlled trials were collected for the data extraction and meta-

analysis. Significant differences in the pain score at 4, 12, and 24 weeks were found between

patients treated with radiofrequency ablation and those treated with placebo. Furthermore, the

use of radiofrequency ablation was associated with an improved outcome of the Western

Ontario and McMaster Universities Arthritis Index at 4, 12, and 24 weeks. No serious adverse

events were observed in any patients who underwent radiofrequency ablation.

Conclusion: Radiofrequency ablation is efficacious and safe for reducing pain and improving

knee function in patients with knee osteoarthritis, without increasing the risk of adverse effects.

Department of Anesthesiology and Pain Management, The

Third People’s Hospital of Hangzhou, Hangzhou, Zhejiang,

China

Corresponding author:

Zhongju Du, Department of Anesthesiology and Pain

Management, The Third People’s Hospital of Hangzhou,

No. 38 West Lake Avenue, Shangcheng District,

Hangzhou City, Zhejiang Province 310009, China.

Email: young180914@163.com

Journal of International Medical Research

49(4) 1–15

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/03000605211006647

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits

non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed

as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-4586-6169
mailto:young180914@163.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03000605211006647
journals.sagepub.com/home/imr


Keywords

Knee osteoarthritis, radiofrequency ablation, pain, meta-analysis, knee function, adverse event

Date received: 4 March 2021; accepted: 10 March 2021

Introduction

Knee osteoarthritis (OA) is a slowly pro-
gressive, disabling joint disorder that may
cause damage to the hyaline cartilage and
subchondral bone.1 It is most frequently
found in the elderly, with a relatively high
prevalence of about 40% among people
aged 70 to 74 years.2 The number of
patients with knee OA has increased in
tandem with the aging of the general popu-
lation. Total knee arthroplasty is consid-
ered the treatment of choice for end-stage
knee OA and can provide excellent postop-
erative pain relief, remarkable deformity
correction, and satisfactory functional
recovery.3,4 However, not all patients are
appropriate candidates for this treatment
because of age, comorbidities, or other
factors.

Current treatments concentrate on
symptom remission with the aim of pain
relief and functional recovery. Various non-
surgical treatments have been used for knee
OA, including oral nonsteroidal anti-
inflammatory drugs, intraarticular injections
of hyaluronic acid and platelet-rich plasma,
extracorporeal shockwave therapy, and local
infiltration of analgesics.5–8 However, most
patients experience continuing knee pain
and undesirable side effects of these
treatments.

Radiofrequency ablation (RFA) was
first described in 1891.9 The pulse generator
of RFA creates an electromagnetic field
surrounding the electrode tip that activates
adjacent molecules, thus generating fric-
tional heat.10 It is currently used to improve
joint function and relieve pain by

destroying nerves that innervate painful

tissue or by disturbing the transmission of

pain signals. RFA is reportedly a reliable

method for the management of chronic

knee pain related to knee OA. Its noninva-

sive nature and low complication rate

make it a more advantageous technique

than other conservative treatments.

However, despite the popularization

of RFA, there is a lack of reliable

evidence to support its use. Therefore, we

performed a meta-analysis of randomized

controlled trials (RCTs) to determine

the efficacy and safety of RFA in treating

knee OA.

Materials and methods

Study selection

A literature review was conducted using the

PubMed, Cochrane Review, Embase, and

Google Scholar databases. The articles

identified as relevant to our study were sub-

sequently reported in line with the Preferred

Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) guidelines,

and the meta-analysis was registered at

Research Registry (identification no.

researchregistry1099). The search was inde-

pendently performed by two researchers

using the following key words:

“radiofrequency ablation,” “neurotomy,”

“knee,” and “osteoarthritis.” The reference

lists of reviews and selected studies were

also manually searched to identify addition-

al articles.
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The requirement for ethics approval was
waived because of the nature of this study
(literature review).

Eligibility criteria and study selection

Two independent reviewers assessed the eli-
gibility of all of studies retrieved from the
databases. Any disagreement between the
reviewers was resolved through discussion
or by consultation with a third reviewer.
A study was included if it (1) was an
RCT, (2) compared RFA with placebo for
the treatment of knee OA, and (3) included
outcome measurements such as pain scores,
the Western Ontario and McMaster
Universities Arthritis Index (WOMAC)
score, range of motion, Lequesne index
score, and adverse effects. The exclusion
criteria were as follows: (1) randomized
studies without a control group; (2) incom-
plete data and an unclear outcome; (3)
abstracts, case reports, conference presenta-
tions, editorials, and expert opinions; and
(4) studies without available data.

Data extraction

All data were extracted from article texts,
tables, and figures by two independent
investigators. The following data were
obtained: first author, publication year,
country of origin, study design, sample
size, patients’ demographics, intervention
methods, length of follow-up, and clinical
outcomes. The clinical outcomes included
the pain scores at different time points,
WOMAC score, Lequesne index score,
and adverse effects. The corresponding
author was contacted to request any miss-
ing data. Any disagreement between the
reviewers was resolved by a third reviewer.

Quality assessment

Two independent reviewers used the
Cochrane risk-of-bias tool to evaluate the
risk of bias of the included RCTs.11

The quality of each RCT was assessed
using the following seven items: random
sequence generation, allocation conceal-
ment, blinding of participants and person-
nel, blinding of outcome assessment,
incomplete outcome data, selective report-
ing, and other bias. Disagreement was
resolved through discussion and consensus
between the reviewers. Based on the infor-
mation obtained from the included studies,
each item was recorded as low risk of bias,
high risk of bias, or unclear (lack of infor-
mation or unknown risk of bias). A funnel
plot was used to assess publication bias. If
publication bias was present, the funnel plot
was asymmetric. The evidence grade was
assessed using the guidelines of the
Grading of Recommendations Assessment,
Development and Evaluation (GRADE)
system.12 The evidence grades were divided
into the following categories: (1) high: fur-
ther research is very unlikely to change con-
fidence in the estimate of effect, (2)
moderate: further research is likely to have
an important impact on confidence in the
estimate of effect and may change the esti-
mate, (3) low: further research is very likely
to have an important impact on confidence
in the estimate of effect and is likely to
change the estimate, and (4) very low: any
estimate of effect is very uncertain.

Statistical analysis

The risk difference with 95% confidence
interval (95% CIs) was calculated for
dichotomous data, and the weighted mean
difference (WMD) with 95% CI was calcu-
lated for continuous data. Heterogeneity
between the studies was assessed by the v2

test (significance level of P< 0.10) and the
I2 statistic (I2> 50% indicating significant
heterogeneity). The results were pooled
using a fixed-effects model for P> 0.10
and I2< 50% or a random-effects model
for P< 0.10 and I2> 50%. Publication
bias was assessed using the symmetric
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construction of a funnel plot. The statistical

analysis was performed using STATA ver-

sion 13.0 (Nordic Cochrane Center,

Cochrane Collaboration, Copenhagen,

Denmark).

Results

Search results

In total, 226 relevant citations were identi-

fied from the databases and another 4 pub-

lications were found through an additional

manual search of the reference lists. Of

these 226 articles, 197 were excluded
because of duplication and 24 were exclud-
ed because they met the exclusion criteria.

Finally, nine articles published from 2010
to 2020 were included in the meta-
analysis.13–21 The detailed collection pro-
cess is shown in Figure 1.

Characteristics of included RCTs

A total of 802 patients took part in this
meta-analysis (404 treated with RFA and

398 treated with placebo). The patients in
the intervention group underwent RFA for
pain management, and the patients in the

Records identified through database 

search

(n = 226)
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Additional records identified 

through other sources 

(n = 4)

Records after duplicates removed 

(n = 33)

Records screened 

(n = 33)

Irrelevant studies (n = 20)

Non-RCTs (n = 2)

Full-text articles assessed 

for eligibility 

(n = 11)

Full-text articles excluded:

Unsuitable control (n = 1)

Non-human study (n = 1)

Studies included in 

qualitative synthesis 

(n = 9)

Studies included in 

quantitative synthesis 

(meta-analysis) 

(n = 9)

Figure 1. Flow diagram of study selection.
RCT, randomized controlled trial.
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placebo group were treated with traditional

analgesics. The patients’ average ages

ranged from 57 to 70 years, and the

follow-up period ranged from 12 to 24

weeks. Details of the included studies are

presented in Table 1.

Quality assessment

Figure 2 shows the details of the risk-

of-bias assessment for all studies. All

articles stated the specific way in which

the random allocation was applied. The

allocation concealment of two studies was

not adequately illustrated. Three RCTs

used double-blinding of participants and

surgeons, and two RCTs attempted to

blind clinical assessors. All studies demon-

strated a low risk of selective reporting and

incomplete outcomes. Selective reporting

and incomplete outcomes were identified

as a low risk of bias. The risk of bias for

each item was expressed in terms of the per-

centage across all of the included articles,

which indicated the proportion of risk

levels for each item (Figure 3).

Outcomes of meta-analysis

Pain score at 4 weeks. Six RCTs provided

data on the pain score at 4 weeks. There

was no significant heterogeneity, and a

fixed-effects model was applied (I2¼ 0%).

The studies showed a significant difference

in the pain score at 4 weeks between the two

groups (WMD, �0.503; 95% CI, �0.670 to

�0.335; P< 0.001) (Figure 4).

Pain score at 12 weeks. Eight RCTs reported

the pain score at 12 weeks. Based on the

available data, the pooled results exhibited

no significant heterogeneity (I2¼ 0%), and

a fixed-effects model was used. The present

meta-analysis indicated that the use of RFA

was associated with improved pain relief at

12 weeks (WMD, �0.348; 95% CI, �0.511

to �0184; P< 0.001) (Figure 4).

Pain score at 24 weeks. Six RCTs provided
data for the pain score at 24 weeks. There
was no significant heterogeneity
(I2¼ 42.4%), and a fixed-effects model
was used. The pooled results showed a sig-
nificant difference between the two groups
(WMD, �0.545; 95% CI, �0.708 to
�0.382; P< 0.001) (Figure 4).

WOMAC score at 4 weeks. Five RCTs
reported the mean change from baseline in
the WOMAC score at 4 weeks. The pooled
results indicated that the mean change in
the WOMAC score was significantly supe-
rior in the RFA group than in the control
group (WMD, �3.231; 95% CI, �5.741 to
�0.721; P¼ 0.012) (Figure 5). No statistical
heterogeneity was found in the mean
change in the WOMAC score at 4 weeks
(I2¼ 0%).

WOMAC score at 12 weeks. Five RCTs eval-
uated the mean change from baseline in the
WOMAC score at 12 weeks. Significant dif-
ferences were found between the RFA and
control groups (WMD, �4.526; 95% CI,
�7.100 to �1.953; P¼ 0.001) (Figure 5). A
fixed-effects model was used because of the
lack of statistical heterogeneity identified
through the meta-analysis (I2¼ 0%).

WOMAC score at 24 weeks. Five RCTs pro-
vided data on the WOMAC score at 24
weeks. There was no significant heterogene-
ity, and a fixed-effects model was applied
(I2¼ 0%). The studies indicated a signifi-
cant difference in the WOMAC index at
24 weeks between the two groups (WMD,
�2.986; 95% CI, �5.125 to �0.847;
P¼ 0.006) (Figure 5).

Lequesne index. The Lequesne index score
was available in three studies. Based on
the available data, the pooled results exhib-
ited significant heterogeneity (I2¼ 84.8%,
P¼ 0.001), and a random-effects model
was used. The present meta-analysis

Zhang et al. 5



Table 1. Characteristics of the included studies.

First author

(year) Design

Mean

age (years)

RFA/Control

Sample

size (n)

RFA/

Control

Sex (female, n)

RFA / Placebo Intervention Follow-up

Choi (2011) RCT 68/67 17/18 15/15 RFA: The RF electrode was inserted

through the canula, and the elec-

trode tip temperature was raised

to 70� for 90 s.

Control: Same procedure without

effective neurotomy.

12 weeks

Rahimzadeh

(2014)

RCT 57/61 24/26 13/16 RFA: The patients underwent pulsed

radiofrequency (20 ms, 2 Hz, 45 V,

15 minutes, 42�C, two cycles).

Control: Fluoroscopically guided

intra-articular injection of 5 mL of

0.5% ropivacaine together with

5mL of 25% dextrose.

24 weeks

Sari (2018) RCT 64/64 37/34 30/25 RFA: RF thermocoagulation was

performed by raising the elec-

trode tip temperature to 80�C for

90 s, and the procedure was

repeated for each cannula.

Control: 6 mL of fluid (2.5 mLof

bupivacaine, 2.5 mg of morphine,

and 1 mL of betamethasone) was

injected via the intra-articular

route.

12 weeks

Shen (2016) RCT 60/61 30/30 24/25 RFA: RF thermocoagulation was

performed at 70�C for 120 s.

Control: Injection of platelet-rich

plasma and sodium hyaluronate.

12 weeks

Yuan (2016) RCT 70/67 22/20 15/13 RFA: The RF needle was connected

to the RF instrument, and the

temperature was set at 42�C;
pulsed RF (2 Hz and pulse width of

20 ms) was applied for 120 s

(three cycles).

Control: Injection of 2 mL of 2%

lidocaine and 0.5 mL of compound

betamethasone.

12 weeks

El-Hakeim

(2018)

RCT 62/57 30/30 21/18 RFA: The electrode was inserted

through the cannula, and the tip

temperature was increased to

80�C for 270 s (three cycles of

90 s each).

Control: Oral paracetamol (maximal

dose of 1 g every 6 hours) and a

nonsteroidal anti-inflammatory

drug (diclofenac sodium, 75 mg

twice a day).

24 weeks

(continued)
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indicated that the use of RFA was associat-

ed with an improved Lequesne index score

(WMD, �2.064; 95% CI, �3.466 to

�0.663; P¼ 0.004) (Figure 6).

Adverse effects. Five RCTs reported the

adverse events after completion of the treat-

ment. There was no significant heterogene-

ity among the studies (I2¼ 0%), and a

fixed-effects model was adopted. No signif-

icant differences in terms of adverse events

were found between the two groups (risk

difference, �0.010; 95% CI, �0.036 to

0.016) (Figure 7).

Quality of evidence and recommendation

strengths. The quality of evidence for each

of the outcomes was high to moderate.

Therefore, we concluded that the overall

quality of evidence was moderate. This indi-

cates that the true effect is likely to be close

to the estimate of the effect, but there is a

possibility that it could be substantially dif-

ferent (Table 2).

Publication bias. As illustrated by the funnel

plots of the pain score at 24 weeks, the scat-

ter points were basically symmetrical

(Figure 8). However, publication bias in lit-

erature reviews is unavoidable and difficult

to overcome. This should be taken into con-

sideration when analyzing the results.

Discussion

To the best of our knowledge, this is the

first meta-analysis of RCTs to evaluate

the efficacy and safety of RFA for treating

knee OA. The most important finding of

the study is that the use of RFA was asso-

ciated with improvements in pain relief and

the WOMAC score. There were significant

differences in the Lequesne index score

between the two groups. Furthermore, no

serious adverse effects were observed in any

of the patients who underwent RFA

treatment.
Knee OA is a major cause of pain and

locomotor disability worldwide; the pain is

chronic and restricts the function of the

knee joints. Age is a major risk factor for

Table 1. Continued.

First author

(year) Design

Mean

age (years)

RFA/Control

Sample

size (n)

RFA/

Control

Sex (female, n)

RFA / Placebo Intervention Follow-up

Xiao (2018) RCT 57/62 49/47 37/36 RFA: Thermocoagulation ablation

was performed with settings of 60,

70, and 80�C as the temperature

cycle and 90 s as the RFA time

cycle.

Control: Intra-articular injection of

sodium hyaluronate (specification,

25 mg/bottle).

12 weeks

Davis (2018) RCT 63/66 76/75 50/49 RFA: 60�C for 150 s.

Control: Intra-articular steroid

injection.

24 weeks

Chen (2020) RCT 63/63 89/88 52/54 RFA: 60�C for 150 s.

Control: A single intra-articular

injection of hyaluronic acid (6 mL).

24 weeks

RCT, randomized controlled trial; RFA, radiofrequency ablation; RF, radiofrequency.
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knee OA. Given the increasing prevalence
and incidence of OA, it is now considered a
major worldwide public health problem. It
is predicted that 67 million people in
the United States will have been
diagnosed with OA by the year 2030.22

The weight-bearing joints, such as the
knees and hips, are the most frequently
affected. Effective pain management plays
a vital role in treating OA and improving
the prognosis. Conservative treatment is the
first choice for early-stage OA and may
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

Figure 3. Risk-of-bias graph.
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Figure 4. Meta-analysis of pain score.
WMD, weighted mean difference; CI, confidence interval.
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involve physical therapy, intra-articular

injections (platelet-rich plasma, glucocorti-

coids, glucosamine, and hyaluronic acid),

and oral anti-inflammatory drugs.
The concept of RFA was introduced in

1891, and the technique has since been used

to treat cancer, cardiac arrhythmia, vari-

cose veins, and other diseases.23,24 In

recent years, its use has been extended to

the treatment of chronic pain, such as

degenerative facet joints, sacroiliac pain,

trigeminal neuralgia, chronic plantar fascii-

tis, and refractory shoulder pain. The pulse

generator of the RFA creates an electro-

magnetic field surrounding the electrode

tip that activates adjacent molecules, thus

generating frictional heat. After reaching

the temperature threshold, the sensory

nerve is partially denervated, relieving the

refractory pain. Leggett et al.25 found that

RFA significantly reduced chronic low

back pain associated with the lumbar facet

joints and sacroiliac joints, discogenic low

back pain, and coccygeal pain in short-term

follow-ups. Amr et al.26 reported that RFA

intervention acted faster, provided a longer

duration of analgesia, worked in a higher

proportion of patients, and had a better

safety profile in the management of refrac-

tory cancer pain. However, few studies have
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Figure 5. Meta-analysis of Western Ontario and McMaster Universities Arthritis Index.
WMD, weighted mean difference; CI, confidence interval.
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NOTE: Weights are from random effects analysis
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Figure 6. Meta-analysis of Lequesne index.
WMD, weighted mean difference; CI, confidence interval.
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Figure 7. Meta-analysis of adverse effects.
RD, risk difference; CI, confidence interval.
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determined whether RFA can actually
relieve knee OA pain. The present meta-

analysis indicated that the use of RFA is

associated with improved pain relief

within 24 weeks. However, because of the
limited number of available studies, the evi-

dence does not clarify the effectiveness of

different types of RFA. Further research

in this important field is required.
Intra-articular injections reduce osteoar-

thritic pain through several pathways,

including lubrication, anti-inflammation,
an anabolic effect, and chondroprotection.

However, the long-term benefit and cost-

effectiveness of these treatments are still

being debated. Published studies have
shown that intra-articular injections are

associated with accelerated degeneration

of articular cartilage, which may change

the underlying subchondral bone struc-
tures.27,28 The destruction of the articular

cartilage renders it less capable to distribute

large loads, making it more susceptible to
stress and less capable to reduce friction

within the joint space. As a consequence,

knee motions are limited. With respect to

outcome measures, the WOMAC has been
used to evaluate functional restoration.

El-Hakeim et al.18 reported significant
changes in the pretreatment WOMAC

scores and the WOMAC scores during the

entire follow-up period in both groups.

However, Yuan et al.17 found no statistical-
ly significant differences in the WOMAC

scores. Four RCTs provided data regarding

the WOMAC scores, and the present meta-

analysis indicated that the use of RFA can
significantly improve the WOMAC score.

The effect of RFA generally lasts from 1

month to 2 years after treatment; however,
this is dependent upon on the type of

RFA and the target nerve. Long-term

follow-ups are still required to determine

the efficacy of RFA.
Although the outcome of RFA is current-

ly considered satisfactory, there are potential

concerns with this treatment, including local

hemorrhage, hematoma formation, dyses-
thesias, thermal injury, and infection.

Therefore, the use of RFA will hold less clin-

ical value if there is a higher risk of adverse
effects. Conger et al.29 reported the develop-

ment of a pes anserinus injury following

RFA of the inferior medial genicular nerve.

Kim et al.30 reported the risk of genicular
vascular complications under fluoroscopic

Figure 8. Publication bias.
SE, standard error; MD, mean difference.
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guidance. Four RCTs reported adverse

events, and no significant differences in

terms of adverse events were found between

the two groups that were the focus of this

study. All adverse effects were mild, and no

further treatment was required.
The results of the present study should

be interpreted in light of the study limita-

tions. First, the included studies and sample

sizes were relatively small, which may affect

the overall results. Second, the possibility of

other confounding factors affecting the

results could not be completely ruled out,

such as the types of RFA and the character-

istics and health of the patients. Third, the

overall quality of evidence was moderate.

Future high-quality research that explores

the effects of RFA on larger samples is

required to confirm the findings of this

study. Finally, publication bias that is

derived from a literature review is limiting

and difficult to avoid.

Conclusion

RFA is efficacious and safe for reducing

pain and improving knee function in

patients with knee OA, without increasing

the risk of adverse effects.
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