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Abstract

Background: The clinical utility of radiofrequency (RF) in patients with knee osteoarthritis (OA) remains unclear. We
conducted a meta-analysis to systematically evaluate the efficacy and safety of RF treatment in patients with knee OA.

Methods: Searches of the PubMed, Web of Science, EMBASE, Cochrane Library, China National Knowledge Infrastruc-
ture, and Wanfang Data databases were performed through August 30, 2021. The major outcomes from published
randomized controlled trials (RCTs) involving patients with knee OA were compared between RF and control groups,
including Visual Analogue Scale (VAS) or Numerical Rating Scale (NRS) scores, the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), Oxford Knee Score (OKS), Global Perceived Effect (GPE) scale, and adverse
effects at available follow-up times.

Results: Fifteen RCTs involving 1009 patients were included in this meta-analysis, and the results demonstrated that
RF treatment correlated with improvements in pain relief (VAS/NRS score, all P<0.001) and knee function (WOMAC, all
P<0.001) at 1-2,4, 12, and 24 weeks after treatment as well as patients’ degree of satisfaction with treatment effec-
tiveness (GPE scale, 12 weeks, P<0.001). OKSs did not differ significantly between the two groups. Moreover, treat-
ment with RF did not significantly increase adverse effects. Subgroup analysis of knee pain indicated that the efficacy
of RF treatment targeting the genicular nerve was significantly better than intra-articular RF at 12 weeks after treat-
ment (P=0.03).

Conclusions: This meta-analysis showed that RF is an efficacious and safe treatment for relieving knee pain and
improving knee function in patients with knee OA.
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Background

Knee osteoarthritis (OA), a degenerative joint disease of
the knee, typically results in progressive loss of articular
cartilage elasticity and erosion of the articular surface [1,

*Correspondence: zhenhua787@163.com; artherking123@163.com
*Jian Liu and Ting Wang have contributed equally to this work
Department of Emergency, The First Hospital of Hunan University

of Chinese Medicine, No. 95 Shaoshan Middle Road, Changsha 410007,
Hunan Province, China

B BMC

2]. Knee OA is most common in the elderly (>70 years
of age) with a prevalence as high as 40%, which will con-
tinue to increase as obesity rises and life expectancy is
extended [3, 4]. Knee pain is the main clinical symptom
of knee OA and causes functional limitations, fatigue,
depressed mood, and loss of independence, which wors-
ens over time and eventually leads to disability [5]. As
the candidate treatment regimen for end-stage knee OA,
arthroscopic surgery or total knee arthroplasty (TKA)
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provides satisfactory functional recovery [6]. However,
persistent pain is not relieved effectively in approximately
20-53% of the patients undergoing arthroscopic surgery
or TKA [7, 8]. In addition, some patients have contraindi-
cations or are not good candidates for surgery due to age
or severe comorbidities.

Current treatments for knee OA concentrate on reliev-
ing pain, slowing cartilage destruction, and improv-
ing quality of life [9]. Various nonsurgical modalities,
including physical therapy, weight loss, oral nonsteroi-
dal anti-inflammatory drugs (NSAIDs), intra-articular
corticosteroid or hyaluronic acid (HA) injections, and
extracorporeal shockwave therapy, have been used for
the treatment of knee OA [10, 11]. These noninvasive
therapies may substantially relief pain but do not reverse
the underlying disease process [12, 13]. Recently, radi-
ofrequency (RF) treatments, including radiofrequency
ablation (RFA), cooled radiofrequency ablation (CRF),
and pulsed radiofrequency ablation (PRF), have been
extensively used in patients with severe joint pain who
refuse to undergo TKA and have provided convincing
therapeutic benefits. RFA is thermally mediated to cause
tissue injury within a relatively discrete homogeneous
lesion [14]. The advantage of RFA is precise heating in
a narrow rim (<1 mm) of tissue that is in direct contact
with the ablation electrode (>45-50 °C) [15, 16]. Thus,
RF treatment can improve joint function and relieve
pain by delivering targeted thermal damage to genicular
nerves that innervate painful tissue, thereby disrupting
the transmission of pain signals [17, 18].

In recent years, several small and large randomized
controlled trials (RCTs) of RF treatment for knee OA
were conducted to evaluate the clinical efficiency of such
treatments. Most of the obtained evidence suggests that
RFA can be a safe and effective treatment for both knee
pain reduction and knee functional improvement lasting
between 3 and 12 months. The advent of CRF ablation
and nonablative PRF therapy has further broadened the
clinical utility of RF for chronic pain states, expanding
beyond facet-joint-mediated pain to peripherally inner-
vated targets [19]. Although knee RF has been the sub-
ject of numerous publications, high-quality RCTs remain
sparse, and the clinical utility of RF remains ambiguous
due to confounding factors from different studies. There-
fore, we conducted a systematic review and meta-analy-
sis of RCTs to evaluate RF-induced effects and safety in
patients with knee OA.

Methods

Data sources and searches

The meta-analysis was performed in accordance with
PRISMA (Preferred Reporting Items for System-
atic review and Meta-Analysis) guidelines [20]. It was
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registered with PROSPERO (CRD42021292558). We
searched the PubMed, Web of Science, EMBASE,
Cochrane Library, China National Knowledge Infra-
structure, and Wanfang Data databases until August 30,
2021. The following medical subject heading terms were
used: “knee,” “osteoarthritis,” “radiofrequency,’” “genicu-
lar nerve,” “intra-articular,” “randomized controlled trial,
“controlled clinical trial” and “humans” No language or
country limitations were applied to our meta-analysis. All
RCTs in the search results were screened by two authors
according to the inclusion criteria. If the article title and
abstract description were ambiguous with respect to
the inclusion criteria, the full text was downloaded and
reviewed carefully.

Inclusion criteria

Reported outcomes in published RCTs were recorded
for RF and control groups of knee OA patients. Stud-
ies were eligible for inclusion if they met all of the fol-
lowing criteria: (i) patients were diagnosed with knee
OA; (ii) patients in the experimental group received RF
therapy (RFA, PRF, CRE, and other form); (iii) the clini-
cal trial was designed with a control group; (iv) the study
included the following outcome measurements: the
Visual Analogue Scale (VAS) or Numerical Rating Scale
(NRS), the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), Oxford Knee Score
(OKS), Global Perceived Effect (GPE) scale, and adverse
effects at different time points after treatment; and (v)
studies were RCTs.

Exclusion criteria

The exclusion criteria for the meta-analysis were as
follows: (i) patients underwent knee arthroplasty or
arthroscopic surgery; (ii) full text was not available; (iii)
provided unextractable or insufficient data; and (iv) case
reports, abstracts, conference presentations, editorials,
and expert opinions.

Data extraction and quality assessment

Two experienced researchers independently assessed
the quality of the included RCTs with the Cochrane
Handbook for Systematic Reviews of Interventions,
which includes 10 specific domains consisting of ran-
dom sequence generation, allocation concealment
(selection bias), blinding of participants and personnel
(performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data/intention-
to-treat analysis/loss to follow-up (attrition bias),
compliance, and selective reporting (selection bias).
Disagreements were resolved by a third person who
served as an intermediary and made the final decision.
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Each included study was graded as having a high risk,
low risk, or unclear risk of bias.

Two reviewers independently extracted relevant
data from the original studies using a standardized
data extraction form and clarified discrepancies by re-
evaluation and discussion with the other authors. The
following data were extracted for analysis: name of the
first author, year of publication, country, study design,
sample size, age, sex, Kellgren—Lawrence classification,
mode of RF, ultrasound transducer parameters, pri-
mary outcomes such as VAS/NRS, OKS, WOMAC, and
GPE scale at baseline and at available follow-up times,
and adverse effects. The corresponding authors of RCTs
were contacted to request missing data or clarification
regarding unclear data.

Statistical analysis

The statistical analysis was performed according to the
recommendations from the Cochrane Collaboration.
Weighted mean difference (WMD) and correspond-
ing 95% confidence interval (CI) values for the differ-
ence in means were used to evaluate continuous data,
and the risk difference with 95% CI was calculated
for dichotomous data. Heterogeneity across studies
was assessed by the Cochran Q test (significance level
of P<0.05) and the I? statistic. For the I? statistic, we
considered I?<25% as low heterogeneity and I*>75%
as high heterogeneity. Data were also analyzed with a
fixed-effects model for P>0.05 and I?<50% or a ran-
dom-effects model for P<0.05 and I?>>50%. Based on
the differences in variables such as RF modes, location,
intervention target, diagnosed nerve block (DNB), sex
ratio among cases, and body mass index (BMI), sub-
group analyses were performed. Sensitivity analysis was
conducted to observe the impact of any single study on
the pooled WMD. Review Manager Version 5.3 (The
Nordic Cochrane Center, The Cochrane Collaboration,
2014, Copenhagen) software was used to analyze the
pooled data. A two-tailed P value <0.05 was considered
statistically significant.

Results

A total of 267 articles were identified by searching six
electronic databases. After electronically removing 142
duplicated articles and manually excluding 91 obviously
irrelevant studies upon reading the title and abstract,
34 publications were assessed in detail. From these, 19
articles were excluded for various reasons and 15 eligi-
ble trials were ultimately included for further qualitative
and quantitative analysis [21-35]. The detailed screening
method and results are shown in Fig. 1.
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Basic characteristics and quality assessment

The primary characteristics of the included RCTs are
presented in Table 1. We included 15 studies in our
meta-analysis, of which 13 were single-center studies
and 2 were multi-center studies. The included RCTs
were conducted in eight countries and were published
between 2011 and 2021. A total of 1009 patients were
enrolled from the 15 eligible trials. Of these, 503 recipi-
ents had been assigned to receive RF and were included
in the RF group, and the remaining patients who were
not treated with RF were assigned to the control group.
The patients ranged in age from 47.8 to 70.9 years.

For RF therapy, RFA was applied in 7 trials, PRF in 4
trials, CRF in 2 trials, and CRMRF and RF thermoco-
agulation in 1 trial, respectively. Regarding to the inter-
vention targets, eight studies focused on the genicular
nerve, and seven studies applied an intra-articular pro-
cedure. Moreover, five studies applied DNB to obtain
the source of pain and position of targets for RF ther-
apy. In addition, VAS/NRS scores were available in 12
studies for comparing the pain improvement between
the two groups at different follow-up time points. The
OKS and WOMAC scores were available in 4 and 5
studies, respectively, for evaluation of knee functional
improvement. GPE scale data were available in 3 stud-
ies for assessing the patients’ degree of satisfaction
regarding treatment effectiveness. The detailed inter-
vention procedural parameters, results, and adverse
effects are presented in Table 2.

Two authors independently assessed the quality of each
RCT. Among the 15 RCTs, 12 trials had relatively high
methodological quality and met allocation concealment
criteria. The overall details of quality assessment are
shown in Figs. 2 and 3.

Pain score

Twelve trials with 706 patients reported the outcome of
pain score on VAS or NRS, with 10 RCTs reporting scores
at 1-2 weeks, 9 RCTs reporting scores at 4 weeks, 11
RCTs reporting scores at 12 weeks, and 6 RCTs report-
ing scores at 24 weeks (Fig. 4). Because the pooled results
from data at four time points exhibited significant het-
erogeneity, the random-effects model was used to obtain
WMDs and the corresponding 95% Cls (all P>50%,
P<0.05). Meta-analysis indicated that significant pain
relief was achieved at four follow-up time points by the
application of RF compared with that of patients in the
control group (1-2 weeks, WMD = —1.72, 95% CI —3.96
to —0.1.44, P<0.001; 4 weeks, WMD =—1.49, 95% CI
—1.76 to —1.21, P<0.001; 12 weeks, WMD = —1.83, 95%
CI —2.39 to —1.26, P<0.001; 24 weeks, WMD = —1.96,
95% CI —2.89 to — 1.04, P<0.001).
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Fig. 1 Flowchart of study selection. RCTs =randomized controlled trials

OKS/WOMAC scores

Due to significant between-study heterogeneity for OKS,
the random-effects model was applied, except that the
fixed-effects model was used at 1-2 weeks after treatment
(Additional file 1: Fig. S1). Notably, the majority of results
for OKS indicated insignificant knee function improve-
ment with RF treatment (1-2 weeks, WMD = —2.73, 95%
CI —5.10 to —0.37, P=0.02; 4 weeks, WMD=—2.15,
95% CI —9.51 to 5.21, P=0.57; 12 weeks, WMD = —0.23,
95% CI —11.24 to 10.77, P=0.97). However, the pooled
results for WOMAC score at three time points exhib-
ited no significant heterogeneity, and the fixed-effects
model was used to obtain WMDs and the corresponding

95% Cls (all I?<50%, P> 0.05; Fig. 5). The pooled results
showed that RF treatment significantly improved knee
function (4 weeks, WMD=-10.64, 95% CI —13.11
to —8.17, P<0.001; 12 weeks, WMD=—6.12, 95% CI
—7.67 to —4.57, P<0.001; 24 weeks, WMD = —10.89,
95% CI —12.28 to —9.51, P<0.001, respectively).

GPE scale

Three studies reported the outcome of GPE scale,
which also showed significant heterogeneity (4 weeks,
FP=93%, P<0.001; 12 weeks, F=78%, P=0.01,
respectively). Therefore, the random-effects model
was used (Fig. 6). The pooled results indicated no
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Table 2 Details of intervention procedure parameters, results, adverse effects, and follow-up time of the 15 RCTs included in the
current meta-analysis

References

Intervention

Control

Treatment
target

Intervention
parameters

Diagnostic

Scoring

nerve block methods

Adverse effects

Follow-up
time
(weeks)

[35]

(33]

(34]

RFA
RFA

PRF

RFA

RFA

PRF

RFA

PRF
RFA

RFA
CRF

CRMRF
CRF

RF thermocoagu-
lation

PRF

Shame-RFA

Intra-articular
injection of
sodium hyaluro-
nate

Intra-articular
injection of
dextrose

Intra-articular
injection of
sodium hyaluro-
nate

Intra-articular
injection of plate-
let-rich plasma
and sodium
hyaluronate

Intra-articular
injection of
lidocaine and
betamethasone

Intra-articular
injection of
bupivacaine,
morphine, and
betamethasone

Oral celecoxib
Intra-articular
injection of
sodium hyaluro-
nate

Oral paracetamol
and NAIDS

Intra-articular
steroid
Shame-CRMRF
Intra-articular
injection of
sodium hyaluro-
nate
Intra-articular
steroid

Shame-PRF

GN
GN

1A

GN

IA

1A

GN

IA
GN

GN

IA

GN

1A

70°C,90s
70°C,120s

42 °C, 15 min

70°C,120s

70°C,120s

42°C,120s

80°C,90s

42°C,120s

60, 70,and 80°C,
N0s

80°C,270s

60°C, 150's

15 min
60°C, 150s

70°C,120s

42°C,120s

Yes
No

No

No

No

Yes

No

No
No

No

Yes

No
Yes

No

Yes

VAS, GPE, OKS
VAS

VAS

VAS, OKS

VAS

VAS, WOMAC

WOMAC

VAS, WOMAC
VAS

VAS, WOMAC

NRS, OKS

VAS
GPE, WOMAC

GPE

NRS, OKS

None reported
None reported

None reported

None reported

NA

None reported

NA

NA
NA

None reported
34/30

None reported
18/9

None reported

None reported

1,412
1,4,12

1,412

1,412

1,4,12,24

4,24
1,12,24

1,12,24

4,12,24

1,412
4,12,24

1,4,12,24

1,4,12,24

RFA, radiofrequency ablation; PRF, pulsed radiofrequency ablation; CRF, cooled radiofrequency ablation; CRMRF, capacitive resistive monopolar radiofrequency;
NSAIDs, nonsteroidal anti-inflammatory drugs; GN, genicular nerve; IA, intra-articular; VAS, Visual Analogue Scale; GPE, Global Perceived Effect; WOMAC, Western
Ontario and McMaster Universities; OKS, Oxford Knee Scores; NA, not applicable

significant difference at 4 weeks after treatment and
a significant difference at 12 weeks between the two
groups (4 weeks, WMD=—-0.63, 95% CI —0.15 to
1.42, P=0.12; 12 weeks, WMD =1.12, 95% CI 0.61 to

1.63, P<0.001).

Adverse effects
Adverse events induced by RF were reported in 91
patients in two RCTs and were not serious (Fig. 7). The
majority of these adverse events were deemed unre-

lated to the study intervention. Davis et al. reported
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that three patients in the CRF group experienced four
severe adverse events (SAEs), whereas seven patients
in the control group experienced eight SAEs. However,
they illustrated that none of the SAEs were related to the
study treatments. In addition, no adverse events were
reported in 9 studies. There was no significant hetero-
geneity among the 12 studies (I 2=17%, P=0.28), and a
fixed-effects model was used. Based on the available data,
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the use of RF treatment did not significantly increase
adverse effects (risk difference 0.03, 95% CI —0.01 to
0.06, P=0.14).

Subgroup analysis

Subgroup analysis was conducted to find the sources of
heterogeneity for pain score associated with the pooled
results. The following subgroup analyses were performed:
1) with or without RFA treatment; 2) location (Asia vs.
others); 3) application of DNB before treatment or not;
4) treatment target of genicular nerve or other; 5) ratio
of females/males>2 or not; and 6) patient BMI>30
or<30 kg/m? Summarized quantitative data for these
subgroups at 1-2 weeks, 4 weeks, and 12 weeks after
treatment are presented in Table 3 and Additional file 1:
Tables S1 and S2. The data at 1-2 weeks after treat-
ment showed that RF mode (RFA, WMD=-1.76,
95% CI —2.30 to —1.22, P<0.001), location (Asia,
WMD =—1.63, 95% CI —2.07 to —1.20, P<0.001), site
of radiofrequency (genicular nerve, WMD = —1.64, 95%
CI —2.19 to — 1.09, P<0.001), DNB (no, WMD = —1.81,
95% CI —2.27 to —1.35, P<0.001), sex ratio (>2,
WMD=-1.59, 95% CI —2.15 to —1.02, P<0.001),
and BMI (<30 kg/m? WMD =—1.80, 95% CI —3.29 to
—0.31, P=0.02) were potential sources of heterogeneity
(all P<0.05).

Sensitivity analysis

Due to the significant between-study heterogeneity and
results from subgroup analysis, we performed a sensitiv-
ity analysis to assess the stability of the pooled WMDs
regarding pain score. After excluding each individual
study separately, the WMDs were recalculated to identify
any significant change in our results. The results of sen-
sitivity analysis showed that the elimination of any single
study was unlikely to overturn our findings (Additional
file 1: Fig. S2).

Discussion

Main finding

Osteoarthritis is a considerable cause of disability due to
the increasing prevalence of obesity and current aging of
the global population [36, 37]. As a result, the develop-
ment of innovative therapeutic strategies for knee OA
to relieve the persistent pain and improve knee function
is an important challenge. RF therapy has emerged as
one of the most investigated and effective approaches in
modern knee OA treatment [38]. In the present study, a
meta-analysis was performed to comprehensively assess
the efficacy and safety of RF in patients with knee OA.
Our results suggest that the use of RF correlated with
improvements in pain relief (VAS/NRS score) and knee
function (WOMAC score) at four follow-up time points
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after treatment, but did not lead to significant improve-
ment in the OKS. Moreover, adverse effects showed no
statistically significant difference between the RF and
control groups.

Comparison with previous studies

In 2018, Hong et al. [39] performed a systematic review
and meta-analysis that included 12 RCTs with 841
patients and suggested that the use of RF could decrease
the pain scores (VAS) of patients at 1 week, 1 month,
and 3 months after treatment, but revealed no signifi-
cant improvement in knee function, which is inconsistent
with the results of our meta-analysis and those of Zhang
et al. [40]. Differently from our study, the negative effect
on knee function in the previous systematic review by
Hong et al. was evaluated by OKS, while the WOMAC
score was not considered. The WOMAC score is widely
applied in the evaluation of hip and knee OA for assess-
ment of the activities of gait, daily living, general health,
functional mobility, and quality of life, and has been
identified as one of the highest performing outcome
measures in terms of validity, reliability, interpretability,
and responsiveness [41-43]. Furthermore, although the
results for the effectiveness and safety of RF treatment
were consistent between the current meta-analysis and
previous meta-analyses by Zhang et al. [40] and Li et al.
[44], the heterogeneity requires further analysis. In the
present study, subgroup and sensitivity analyses were
performed on RCTs to test the robustness of the pooled
results and explore the potential sources of heterogeneity
in our meta-analysis.

New findings from our meta-analysis

The present meta-analysis including 1009 patients
from 15 RCTs demonstrated that the use of RF treat-
ment seemed to be effective at increasing the patient’s

degree of satisfaction with the treatment effectiveness
after 12-week treatment, although no statistical signifi-
cance was seen at the 4-week follow-up after treatment.
In addition, no SAEs were observed in any patients who
received RF therapy. From our results, RF shows a seem-
ingly excellent curative effect in patients with knee OA.

The pulse generator of RF is a simple electrode struc-
ture that generates an electromagnetic field when an
electric current is passed through. RF pulse generators
are able to generate frictional heat in the surrounding tis-
sue through ionic (Na*, K™ and CI7) oscillating motion
repeatedly in the presence of an electromagnetic field,
which in turn causes thermal destruction of the nerves
and interruption of the pain impulses [45]. Meanwhile,
the use of fluoroscopic or ultrasonographic guidance
could ensure smooth, painless, and precise introduc-
tion of the RF cannula into the joint. This characteristic
explains the immediate pain relief effect of RF therapy.
However, rehabilitation training should be conducted
after alleviation of the pain to increase muscle strength in
the lower extremities. Patients with long-term knee joint
pain may be afraid of the recurrence of pain and, thus,
limit activities involving the knee joint in their daily lives
[33]. Such limitation of activity may influence the meas-
urement of patient-rated recovery, leading to a response
of no significant difference in GPE scales in the short-
term follow-up period. As the knee pain eases and the
amount of functional activity increases, such as going up
and down stairs, patients are more likely to consider their
disease condition improved and report high life-satisfac-
tion in the long-term follow-up period [33].

Our results indicated that RF treatment significantly
improved knee function as assessed by the WOMAC
at 4, 12, and 24 weeks after treatment, rather than the
OKS. The OKS is a 12-item patient-reported outcome
questionnaire regarding an individual’s level of function,
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A Radiofrequency Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight |1V, Random, 95% CI 1V. Random, 95% CI

Carpenedo R (2021) 4.93 1.8 8 6.9 17 8 4.4% -1.97 [-3.69, -0.25]

Choi WJ (2011) 3.71 176 17 432 1.37 18 8.0% -0.61[-1.66, 0.44] I

El-Hakeim EH (2018) 2.47 0.3 30 3.63 0.27 30 15.5% -1.16 [-1.30, -1.02] -

Kumaran B (2019) 2 1.2 15 47 21 14 6.5% -2.70 [-3.96, -1.44] -

Rahimzadeh P (2014) 3.25 2 24 45 1.36 24  86%  -1.25[-2.22,-0.28] -

Shen WS (2016) 3.36  1.09 27 569 1.21 27 11.8% -2.33[-2.94, -1.72] -

Xiao L (2018) 3.38 1.02 49 511 1.13 47  13.5% -1.73[-2.16, -1.30] -

Yang GQ (2015) 3.26 1.39 31 559 142 31 11.0% -2.33[-3.03, -1.63] -

YiYS (2012) 327 1.38 27 556 1.43 30 10.7% -2.29 [-3.02, -1.56] -

Yuan'Y (2016) 23 1.3 22 34 13 20 10.1% -1.10[-1.89, -0.31] -

Total (95% Cl) 250 249 100.0% -1.72[-2.14, -1.30] . 4

Heterogeneity: Tau? = 0.29; Chi? = 40.56, df = 9 (P < 0.00001); I2 = 78% 4 2 0 2 j‘

Test for overall effect: Z = 8.00 (P < 0.00001) Favours [Radiofrequency] Favours [Control]
B Radiofrequency Control Mean Difference Mean Difference

r r Mean D Total Mean D Total Weigh 1V, Fix: % Cl Year IV, Fixed, 95% CI

Choi WJ (2011) 335 165 17 7.26 1.76 18 5.9% -3.91[-5.04,-2.78] 2011 -

YiYS (2012) 341 1.67 27 472 1.64 30 10.2% -1.31[-2.17,-0.45] 2012 -

Rahimzadeh P (2014) 3.87 1.7 24 465 1.38 24 9.8% -0.78[-1.66,0.10] 2014 -

Yang GQ (2015) 326 1.39 31 471 163 31 13.3% -1.45[-2.20,-0.70] 2015 -

Yuan'Y (2016) 2.1 1.4 22 36 1.6 20 9.0% -1.50[-2.41,-0.59] 2016 -

HuY (2016) 247 0.92 45 3.94 1.37 47 33.4% -1.47[-1.95,-0.99] 2016 -

Davis T (2018) 3 23 67 39 22 69 13.2% -0.90[-1.66,-0.14] 2018 -

Kumaran B (2019) 25 17 15 44 23 14  34% -1.90[-3.38,-0.42] 2019 E—

Carpenedo R (2021) 462 244 8 7 18 8 1.7% -2.38[4.48,-0.28] 2021

Total (95% Cl) 256 261 100.0% -1.49 [-1.76, -1.21] 4

Heterogeneity: Chi? = 23.65, df = 8 (P = 0.003); 12 = 66% 4 2 p 2 jl

Test for overall effect: Z = 10.60 (P < 0.00001) Favours [Radiofrequency] Favours [Control]
C Radiofrequency Control Mean Difference Mean Difference

udy or Subgrol Mean D _Total Mean D Total Weight IV, Random, 95% CI IV, Random, 95% CI

Carpenedo R (2021) 6 29 8 75 1.9 8 3.8% -1.50 [-3.90, 0.90] I

Choi WJ (2011) 424 254 17 7.79 0.98 18 7.6% -3.55[-4.84, -2.26] -

Davis T (2018) 28 22 65 52 2 68 10.5%  -2.40[-3.12,-1.68] -

El-Hakeim EH (2018) 2.47 0.3 30 493 02 30 12.5% -2.46 [-2.59, -2.33] -

Kumaran B (2019) 3.5 22 15 45 28 14 5.4% -1.00 [-2.84, 0.84] - |

Rahimzadeh P (2014 ) 55 1.93 24 553 16 24 9.0% -0.03 [-1.03, 0.97] A

Shen WS (2016) 428 112 27 6.32 1.18 27 10.9% -2.04 [-2.65, -1.43] -

Xiao L (2018) 1.89 1.12 49 517 1.07 47  11.7% -3.28 [-3.72, -2.84] -

Yang GQ (2015) 459 1.97 31 6.57 1.02 31 10.1% -1.98 [-2.76, -1.20] -

YiYS (2012) 458 198 27 472 164 30 9.3% -0.14 [-1.09, 0.81] I

Yuan'Y (2016) 2.6 1.4 22 33 17 20 9.3% -0.70 [-1.65, 0.25] - I

Total (95% Cl) 315 317 100.0%  -1.83 [-2.39, -1.26] S 2

Heterogeneity: Tau? = 0.66; Chi? = 80.15, df = 10 (P < 0.00001); I> = 88% 4 2 5 2 j‘

Test for overall effect: Z = 6.34 (P < 0.00001) Favours [Radiofrequency] Favours [Control]
D Radiofrequency Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI

Carpenedo R (2021) 6.9 1.7 8 76 1.7 8 11.7% -0.70 [-2.37, 0.97] I

Davis T (2018) 25 23 58 59 22 68 16.7% -3.40 [-4.19, -2.61] -

El-Hakeim EH (2018) 3.13 0.3 30 5.73 0.26 30 18.9% -2.60 [-2.74, -2.46] -

HuY (2016) 222 0.82 45 296 0.55 47  18.6% -0.74 [-1.083, -0.45] -

Xiao L (2018) 241 1.06 49 513 1.12 47  18.2% -2.72 [-3.16, -2.28] -

Yuan'Y (2016) 23 1.6 22 35 15 20 15.9% -1.20 [-2.14, -0.26] -

Total (95% CI) 212 220 100.0%  -1.96 [-2.89, -1.04] -

Heterogeneity: Tau? = 1.17; Chi? = 150.59, df = 5 (P < 0.00001); I> = 97% 4 2 5 2 i

Test for overall effect: Z = 4.17 (P < 0.0001)

Favours [Radiofrequency] Favours [Control]

Fig. 4 Forest plots for the assessment of pain scores between the radiofrequency group and control group. At A 1-2 weeks, B 4 weeks, C 12 weeks,
and D 24 weeks. SD, standard deviation; Cl, confidence interval
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A Radiofrequency Control
r r Mean D Total Mean D Total Weigh
Chen A (2020) 36.6 23.1 87 444 214 84 13.7%
HuY (2016) 2191 7.03 45 34.81 10.91 47 43.9%
Sari S (2016) 29.16 8.66 37 37.53 11.46 36 28.1%
YuanY (2016) 304 10.3 22 413 112 20 14.4%
Total (95% CI) 191 187 100.0%

Heterogeneity: Chi? = 3.02, df =3 (P =0.39); I’ =1%
Test for overall effect: Z = 8.43 (P < 0.00001)

B Radiofrequency Control
r r Mean D _Total Mean D Total Weigh
Chen A (2020) 322 231 84 375 153 85 6.9%
El-Hakeim EH (2018) 2423 4.3 30 3093 25 30 76.1%
Sari S (2016) 39.7 8.89 37 42.33 10.95 36 11.5%
Yuan'Y (2016) 334 99 22 398 117 20 5.6%
Total (95% CI) 173 171 100.0%

Heterogeneity: Chi? = 2.72, df = 3 (P = 0.44); I?= 0%
Test for overall effect: Z=7.73 (P < 0.00001)

Mean Difference Mean Difference
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-6.40 [-12.99, 0.19] '
-6.12 [-7.67, -4.57] <&
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Favours [Radiofrequency] Favours [Control]

Test for overall effect: Z = 15.43 (P < 0.00001)

C Radiofrequency Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
Chen A (2020) 336 229 76 536 229 82  3.7% -20.00[-27.15, -12.85] T
El-Hakeim EH (2018) 3313 441 30 435 2 30 719% -10.37 [-12.00, -8.74] L 3
Hu Y (2016) 20.87 5.85 45 32.36 9.36 47  19.0% -11.49[-14.67,-8.31] -
Yuan'Y (2016) 316 103 22 41 94 20 54%  -9.40[-15.36, -3.44]
Total (95% Cl) 173 179 100.0% -10.89 [-12.28, -9.51] 2
it Chi2 = - = .12 = 579 + + T + t
Heterogeneity: Chi? =7.01, df =3 (P = 0.07); I?=57% 20 10 0 10 20

Fig. 5 Forest plots for the assessment of WOMAC index between the radiofrequency group and control group. At A 4 weeks, B 12 weeks, and C
24 weeks. WOMAC, Western Ontario and McMaster Universities Arthritis Osteoarthritis Index; SD, standard deviation; Cl, confidence interval

Favours [Radiofrequency] Favours [Control]

Test for overall effect: Z = 1.58 (P = 0.12)

Test for overall effect: Z = 4.29 (P < 0.0001)

Global Perceived Effect; SD, standard deviation; Cl, confidence interval

A Radiofrequency Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV. Random, 95% Cl IV, Random, 95% CI
Chen A (2020) 528 1.08 87 479 097 84 34.5% 0.4910.18, 0.80] B
Choi WJ (2011) 59 09 17 43 08 18  30.7% 1.60[1.03, 2.17] —
Hong T (2020) 596 0.6 26 6.04 0.44 27 34.8% -0.08 [-0.36, 0.20] -
Total (95% CI) 130 129 100.0% 0.63 [-0.15, 1.42] >
Heterogeneity: Tau? = 0.44; Chiz = 28.37, df = 2 (P < 0.00001); I2 = 93% . 2 0 2 4‘

B Radiofrequency Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chen A (2020) 533 1.12 84 454 117 85 36.2% 0.79[0.44, 1.14] &
Choi WJ (2011) 55 1.1 17 37 05 18  28.2% 1.80[1.23, 2.37] —
Hong T (2020) 5.73 0.67 26 4.81 0.68 27 35.6% 0.92[0.56, 1.28] —&
Total (95% CI) 127 130 100.0% 1.12[0.61, 1.63] -
Heterogeneity: Tau? = 0.16; Chi? = 9.13, df = 2 (P = 0.01); 12 = 78% . 2 p 2 4’

Fig. 6 Forest plots for the assessment of GPE scale between the radiofrequency group and control group. At A 4 weeks and B 12 weeks. GPE,

Favours [Radiofrequency] Favours [Control]

Favours [Radiofrequency] Favours [Control]

activities of daily living, and how they have been affected
by pain over the preceding 4 weeks. The OKS was spe-
cifically designed and developed to assess function and
pain after total knee replacement (TKR) surgery or TKA

[46, 47]. The WOMAC is a widely used, proprietary set
of standardized questionnaires for evaluating the condi-
tion of patients with osteoarthritis of the knee and hip,
including pain, stiffness, and physical functioning of the
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interval

Radiofrequency Control

Study or Subgroup Events Total Events Total Weight
YuanY (2016) 0 22 0 20 4.5%
YiYS (2012) 0 17 0 19 3.8%
Yang GQ (2015) 0 31 0 31 6.6%
Tabasco M (2019) 1 12 0 16 2.9%
Rahimzadeh P (2014 ) 0 24 0 26 5.3%
Kumaran B (2019) 0 15 0 14 3.1%
Hong T (2020) 0 26 0 27 5.6%
Elawamy A 2021) 0 100 1 100 21.3%
El-Hakeim EH (2018) 0 30 0 30 6.4%
Davis T (2018) 34 76 30 75 16.1%
Choi WJ (2011) 0 17 0 18 3.7%
Chen A (2020) 18 89 9 88 18.9%
Carpenedo R (2021) 0 8 0 8 1.7%
Total (95% CI) 467 472 100.0%
Total events 53 40

Heterogeneity: Chiz = 12.87, df = 12 (P = 0.38); I? = 7%
Test for overall effect: Z = 1.48 (P = 0.14)

Risk Difference
M-H, Fixed, 95% CI

Risk Difference
M-H, Fixed, 95% CI

0.00 [-0.09, 0.09]
0.00 [-0.10, 0.10]
0.00 [-0.06, 0.06]
0.08 [-0.11, 0.27]
0.00 [-0.07, 0.07]
0.00 [-0.12, 0.12]
0.00 [-0.07, 0.07]

-0.01[-0.04, 0.02]
0.00 [-0.06, 0.06]
0.05[-0.11, 0.20]
0.00 [-0.10, 0.10]
0.10 [-0.00, 0.20]
0.00 [-0.21, 0.21]

0.03 [-0.01, 0.06]

0.

5 025

Favours [Radiofrequency]
Fig. 7 Forest plots for the assessment of adverse effects between the radiofrequency group and control group. RD, risk difference; Cl, confidence

Favours [Control]

0.25 05

Table 3 Subgroup analysis of the WMD of pain scores between two groups at 1-2 weeks after treatment

Outcomes No. of trials WMD (95% Cl) Z-value P Heterogeneity
1%(%) P
RF mode
RFA 6 —1.76 [— 230, —1.22] 6.39 <0.001 86 <0.001
Others 4 —1.61[—-232,—-0.89] 4.39 <0.001 40 0.17
Location
Asia 8 —1.63[—207,—1.20] 731 <0.001 80 <0.001
Others 2 —245[—3.46, —143] 4.73 <0.001 0 0.50
Site of radiofrequency
Genicular nerve 5 —1.64[—219,—1.09] 5.83 <0.001 84 <0.001
Intra-articular 5 —1.83[—248,—1.17] 547 <0.001 56 0.06
Diagnosed nerve block
Yes 2 —1.11[-240,—-0.17] 1.70 0.09 43 0.19
No 8 —181[—227,—135] 7.71 <0.001 82 <0.001
Sex ratio (female/male)
<2 5 —151[—=227,—0.75] 391 <0.001 65 0.06
>2 5 —159[-215,-1.02] 5.50 <0.001 62 003
BMI
<30 2 —1.80[—3.29, —0.31] 237 0.02 82 0.02
>30 2 —1.11[—240,0.17] 1.70 0.09 43 0.19

WMD, weighted mean difference; RF, radiofrequency; RFA, radiofrequency ablation; BMI, body mass index

joints [48, 49]. The WOMAC is more sensitive to changes
than the OKS following nonsurgical interventions for
knee OA, including the effects of physical therapy, weight
loss, electrotherapy corticosteroid injection, intra-artic-
ular hyaluronic acid injection, and autologous chondro-
cyte implantation [50-52]. In the present study, RCTs
with patients who had undergone knee arthroplasty or
arthroscopic surgery were excluded. Thus, it was better

to apply the WOMAC to assess knee function in patients
with knee OA.

Our meta-analysis suggested that pain and knee func-
tion might be alleviated by RF therapy, but the results
for these curative effects were highly heterogeneous.
Although subgroup analysis and sensitivity testing were
performed on the pooled results, the heterogeneity was
not effectively improved, which may be attributed to the
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following factors: (1) the inclusion criteria of Kellgren-
Lawrence OA grade: the K-L grades of participants in
each RCT, which ranged from 1 to 4, were relatively dif-
ferent. Some studies only included patients with rela-
tively severe OA (K-L grade III-IV), while some studies
included patients with relatively mild OA (K-L grade
I-1IT). This difference in the degree of progression of knee
OA will inevitably affect the difference in the efficacy of
RF across the studies; (2) the intervention parameters for
RF: when we re-examined the included trials, we found
considerable differences in terms of RF protocols related
to cycles, total operation time, and temperature, for
example. Above all, differences existed even within RFA
or PFA procedures [53]; (3) DNB prior to the RF proce-
dure: innervation of the knee joint is complex and a DNB
may have a role in predicting response to a RF procedure.
Most of the included studies did not describe the use of
DNB prior to the RF procedure. In addition, the cutoff
values for the duration and amount of pain relief fol-
lowing DNB were not standardized within the five RCTs
that reported DNB; and (4) others: the effects of RF may
also be affected by the presence of local anesthetic, gen-
der, mental health disorders, diabetes mellitus, and other
conditions [54, 55].

Limitations

Several limitations of our meta-analysis should be
acknowledged. First, the data were extracted from 15
RCTs that included patients with different baseline char-
acteristics and involved different study protocols, causing
some between-study heterogeneity. Thus, further studies
are needed to confirm the advantages and disadvantages
of different RF protocols for patients with knee OA. Sec-
ond, different follow-up time periods, multiple evalu-
ation indices for knee function, and the lack of patient
and investigator blinding among the RCTs may have
caused measurement and responder biases in terms of
outcomes. Third, many included studies were proof-of-
concept trials with a relatively small sample size, which
could decrease the statistical power. Finally, the follow-
up period was relatively short in most trials, making it
difficult to elucidate whether the effectiveness observed
in the short- to mid-term follow-up periods could con-
tinue in the long term. Therefore, double-blind, multi-
central RCTs with large sample sizes and a universally
accepted RF protocol are still needed to acquire more
reliable results for evaluating the efficacy and safety of RF
treatment in patients with knee OA.

Conclusion

In summary, our meta-analysis suggests that the use of RF
treatment is efficacious and safe for relieving knee pain
and improving knee function in patients with knee OA.
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However, the clinical utility of RF treatment remains poorly
defined, and thus, further double-blind, multi-center RCTs
of RF therapy that have large sample sizes are still needed.
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