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Abstract: Background: Increasing evidence supporting the clinical effectiveness of cooled radiofre-
quency ablation (RFA) therapy for genicular nerves in patients with chronic knee osteoarthritis (OA)
exists. However, no study has been conducted to eliminate the potential influence of a placebo effect
associated with this procedure. Therefore, we evaluated the efficacy of cooled RFA compared with a
sham procedure in patients with painful knees due to OA. Methods: In this double-blind, randomized,
controlled study, participants were randomly assigned to receive cooled RFA of the knee (cooled RFA
group, n = 20) or a sham procedure (sham group, n = 20). The primary outcome was the proportion
of successful responders at the three-month follow-up. The secondary outcomes were successful
responders at one and six months; pain intensity of the knee; functional status; medication; and
satisfaction at one, three, and six months after the procedures. Results: For the primary outcome,
the successful responder rate was significantly higher in the cooled RFA group (76.5%) than in
the sham group (33.3%) (p = 0.018). For the secondary outcome, more successful responders were
observed in the cooled RFA group than in the sham group at one and six months after the procedure
(p = 0.041 and 0.007, respectively). The decreased knee pain intensity was maintained throughout the
six-month follow-up period in the cooled RFA group. No differences were observed in functional
status, medication change, or satisfaction in both groups. Conclusions: The cooled RFA of genicular
nerves offers significant pain relief and surpasses the effects attributable to a placebo.

Keywords: arthralgia; chronic pain; denervation; knee; osteoarthritis; radiofrequency ablation;
random allocation

1. Introduction

Knee osteoarthritis (OA) is a progressive degenerative disease of the knee joints and is
commonly diagnosed in adults aged 50 or older [1]. The lifetime prevalence of knee OA
is on the rise because of the aging population; therefore, it affects millions worldwide [2].
Moreover, knee OA is a leading cause of knee pain, which can significantly diminish an
individual’s quality of life and can lead to physical activity reduction, disability, impaired
sleep, and depression [1].

Conservative treatments are predominantly utilized to address knee pain due to
OA before resorting to total knee arthroplasty. These conservative treatments encompass
non-pharmacological approaches such as exercise programs and weight management and
pharmacological options such as topical non-steroidal anti-inflammatory drugs, oral anal-
gesics, and intra-articular injections with a steroid or hyaluronic acid [1,3]. Nevertheless,
these measures are frequently insufficient for alleviating knee pain or cannot be used
because of adverse effects [3].
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Radiofrequency ablation (RFA) therapy for genicular nerves was introduced in 2010
and has proven effective as an alternative to conservative therapy [4,5]. Recently, the
cooled RFA of genicular nerves, which is an advanced technique that uses a controlled
cooling system, has been developed. The cooling mechanism is designed to minimize
damage to adjacent structures and increase the size of lesions, which may enhance the
safety and efficacy of the RFA treatment; these features have led to the growing application
of cooled RFA on genicular neurotomy [6,7]. Furthermore, there is increasing evidence
that supports the clinical efficacy of cooled RFA targeting genicular nerves for knee OA [8].
Nevertheless, no study has been conducted to eliminate the potential influence of a placebo
effect associated with this procedure. Therefore, this study aimed to evaluate the efficacy of
the cooled RFA of genicular nerves compared with the sham procedure in patients with
chronic knee pain due to OA.

2. Materials and Methods
2.1. Study Design and Participants

This randomized, double-blind, sham-controlled study was conducted at the pain
management clinic of our center. Approval to conduct this study was granted by our
institutional review board (IRB approval number: 2020-0114), and written informed consent
was obtained from each patient who participated in this study. All aspects of participant
privacy and confidentiality were preserved. This study was registered with the Clinical
Research Information Service (cris.nih.go.kr/KCT0004732) and was conducted following
the Declaration of Helsinki. We followed the CONSORT guidelines in reporting this study.

2.2. Participants

Patients with unilateral chronic knee pain due to OA who visited the pain management
clinic of our center between January 2023 and August 2023 were examined to ascertain
their eligibility.

The inclusion criteria were as follows: degenerative knee OA of Kallgren-Lawrence
grades II-IV confirmed using radiographic examination; persistent knee pain even after
6 months of conservative treatment such as physiotherapy, exercise therapy, or analgesics;
the age of >50 or <80 years; pain intensity > 6 (out of 10) on the numerical rating scale
(NRS) (0 = no pain, 10 = unbearable pain); pain relief of at least 50% for more than
24 h after diagnostic genicular nerve block with local anesthetics under fluoroscopy or
ultrasound guidance [4,9]; and patients who voluntarily agreed in writing to participate in
this clinical trial.

The exclusion criteria were as follows: acute knee pain for less than six months;
bilateral knee pain; prior knee surgery; other connective tissue disease affecting the knee;
sciatica affecting the knee; hypersensitivity to local anesthetics or steroids; knee injection
with steroids or hyaluronic acids within three months; coagulopathy, use of anticoagulants,
or infection; and refusal to participate in this clinical trial.

2.3. Randomization and Blinding

Patients were randomly assigned to receive cooled RFA of the knee (cooled RFA group,
n = 20) or genicular nerve block with a cooled radiofrequency (RF) cannula (sham group,
n = 20) with a computer-generated randomization sequence. The randomization sequence
was made using web-based randomization (http://www.randomizer.org, accessed on
22 October 2022) with a random block size of four and an allocation ratio of 1:1. The ran-
domization sequence was concealed throughout the study from both the study participants
and the outcome assessor, except for the physician who was responsible for pain treatment
during the procedure.

2.4. Intervention

The patient was placed in a supine position on a fluoroscopy table, and a pillow
was placed under the popliteal fossa of the affected knee to achieve a flexion of 10-15°.
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The patient was routinely monitored, and the procedure was performed under sterile
conditions. The nerves targeted for treatment encompassed the superomedial, superolateral,
and inferomedial genicular nerves in both groups, with the three target points following
a standardized approach as outlined in the previously published literature [4]. The true
anteroposterior fluoroscopic view of the tibiofemoral joint was obtained to show an open
tibiofemoral joint space with equal-width interspaces on both sides. After identifying the
target point, the skin and subcutaneous tissues were anesthetized with 2 mL of 2% lidocaine.
The COOLIEF* Cooled Radiofrequency Kit (Avanos Medical Inc., Alpharetta, GA, USA),
which has a 100 mm-long, 17-gauge straight RF introducer with a 4 mm active tip and
an 18-gauge cooled RF probe with saline circuit, was employed for the technique. The
cannula was advanced percutaneously toward the junction between the femoral or tibial
shaft and the epicondyle under fluoroscopic guidance until contact was made with the
bony cortex (Figure 1). Sensory stimulation < 0.6 V at 50 Hz was performed to identify
the nerve position. A motor simulation of 2.0 V at 2 Hz was performed to test for the
absence of fasciculation in the corresponding area of the lower extremity. Then, to provide
anesthesia for the denervation, 2% lidocaine was injected through each introducer cannula.
In the cooled RFA group, the cooled RF electrode was inserted through the cannula, and
the RF generator (Baylis Medical Company, Inc., Montreal, QC, Canada) was activated.
The electrode tip temperature was increased to 60 °C for 90 s. One RFA lesion was made
for each genicular nerve. Sham participants underwent the same procedure without the
activation of the RF generator, and the temperature of the electrode tip was not increased. A
recorded mechanical sound of the RF generator was played for the same period. After the
allocated procedure, 2 mL of 1% lidocaine and 5 mg of triamcinolone were injected into each
treated site. Following the procedure, all patients were instructed to maintain their current
medications for knee OA; minimal modifications to their medications and physiotherapy
were allowed during the follow-up periods. The procedures were conducted by four pain
physicians, and the patients remained unaware of the type of treatment administered.

2.5. Outcome Measures and Data Collection

The baseline characteristics, including age, sex, height, weight, body mass index,
and coexisting medical conditions such as hypertension, diabetes, and depression, were
assessed using the Patient Health Questionnaire-9 and recorded. Additionally, data on the
target knee side were collected.

The blinded assessor conducted outcome assessments at baseline and one, three, and
six months following the procedure (Figure 2). The pain intensity of the affected knee
was measured by the NRS. Physical function was assessed using the Western Ontario and
McMaster Universities Arthritis Index (WOMACQC) [10]. The Medication Quantification
Scale III (MQS) was used to measure and quantify analgesic usage [11]. The Global
Perceived Effect of Satisfaction (GPES) was measured according to the seven-point Likert
scale (one = worst ever, two = much worse, three = worse, four = not improved but not
worse, five = improved, six = much improved, and seven = best ever) to assess patient
satisfaction and improvement [12].

The primary outcome was the proportion of successful responders three months after
the procedure. Successful responders were defined as participants who experienced at least
a 50% or four-point reduction in NRS for pain in the affected knee three months after the
procedure [13]. The secondary outcomes were the proportion of participants who achieved
at least a 50% or four-point reduction in knee pain at one and six months and in the pain
intensity of the knee (NRS), WOMAC, MQS, and GPES at one, three, and six months. Any
adverse effects (e.g., abnormal proprioception, numbness, paresthesia, neuralgia, motor
weakness, and burns) were recorded during the follow-up period. All outcomes were
evaluated during each outpatient visit or telephone consultation.
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Figure 1. Representative fluoroscopic images of cooled RFA for the superomedial (A,D), superolateral
(B,E), and inferomedial (C,F) genicular nerves of the left knee. Anteroposterior fluoroscopic view after
cannula insertion for the placement of cooled radiofrequency electrodes into the junction between
the shaft and epicondyle of the tibia and femur (A-C). Location of electrodes for the cooled RFA of
genicular nerves in the lateral fluoroscopic image (D-F). RFA, radiofrequency ablation.

Follow-up 0 1 3 6
(months)
Sham ‘ >
group

Cooled RFA
group ‘

‘ : Procedure

Figure 2. Study timeline diagram. Outcome assessments were conducted at baseline and one, three,
and six months following the procedure. RFA, radiofrequency ablation.
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2.6. Statistical Analysis

To calculate the sample size of the trial, a pilot study was conducted by assigning
10 participants per group. Successful response was defined as a >50% or four-point
decrease in NRS at three months after the procedure. Results showed that 60% of patients
exhibited a successful response, whereas only 10% showed a successful response in the
sham group. Accordingly, each group required 17 participants with a desired power of
0.8 and a two-tailed alpha error of 0.05. Considering a dropout rate of 15%, a total of
40 participants were required (20 in the sham group and 20 in the cooled RFA group).

The continuous variables of the baseline and procedural characteristics were summa-
rized as mean with standard deviation or median with interquartile range. Categorical
variables were represented as frequency (percentage). Between-group comparisons were
evaluated using the Student’s t-test or the Mann—-Whitney U-test for continuous vari-
ables and the chi-square test or Fisher’s exact test for categorical variables. All statistical
analyses were conducted in the modified intention-to-treat population, which comprised
patients who received the allocated intervention. Outcome values were analyzed by
repeated-measures analysis of variance (ANOVA) with a Bonferroni post hoc test. Statisti-
cal significance was set at p < 0.05. Data manipulation and analyses were performed using
MedCalc version 15.8 (MedCalc Software Ltd., Ostend, Belgium) and IBM SPSS version 22
(IBM Corp., Armonk, NY, USA).

3. Results
3.1. Study Population

Between January 2023 and August 2023, a total of 46 patients with chronic knee pain
due to OA were screened for eligibility. Among them, 40 patients who satisfied the inclusion
and exclusion criteria consented to participate in the trial. After randomization, 20 patients
were allocated to each group (Figure 3). Five patients in both groups did not receive the
allocated intervention because they did not visit again. Thus, a total of 35 patients (18 in
the sham group and 17 in the cooled RFA group) were included in the modified intention-
to-treat analysis. As shown in Table 1, the baseline characteristics were not significantly
different between the two groups.

Table 1. Baseline characteristics of the study participants.

Variables Sham (n = 20) Cooled RFA (n = 20) p Value
Age (years) 719 £ 6.0 69.1 +11.8 0.354
Sex 0.716
Male 4 (20%) 6 (30%)
Female 16 (80%) 14 (70%)
Height (cm) 1572+ 6.5 156.7 £ 7.6 0.824
Weight (kg) 66.2 +11.3 62.4+ 8.6 0.243
BMI (kg/m?) 26.7 +£4.0 254 +33 0.271
Hypertension 8 (40%) 6 (30%) 0.741
Diabetes 4 (20%) 7 (35%) 0.480
PHQ-9 3.5 (1.5-13.5) 3.5 (1.5-10.5) 0.883
Target knee 0.205
Right 7 (35%) 12 (60%)
Left 13 (65%) 8 (40%)
Pain intensity (NRS) 63+ 1.6 6.8+ 1.6 0.283
WOMAC 56.2 +20.4 55.6 +21.1 0.922
MQS 4.6 (0.0-8.0) 3.9 (0.0-7.6) 0.638

Values are represented as mean + SD, median (interquartile range), or number (%). BMI, body mass index;
MQS, Medication Quantification Scale III; NRS, numerical rating scale of pain intensity; PHQ-9, Patient Health
Questionnaire-9; RFA, radiofrequency ablation; WOMAC, Western Ontario and McMaster Universities Arthri-
tis Index.
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[ Enrollment ] Assessed for eligibility (n = 46)

Excluded (n =6)
» Age>80(n=2)
Declined to participate (n = 4)

Randomized (n =40)

r [ Allocation ] x
Allocated to sham group (n =20 ) Allocated to cooled RFA group (n =20)
Received allocated management (n = 18) Received allocated management (n = 17)
Did not receive allocated intervention (n = 2) Did not receive allocated intervention (n = 3)

¥ [ Follow-Up ] ¥
Data collected (Lost on further follow-up) Data collected (Lost on further follow-up)
1 month: n=18 (n =0) 1 month: n =17 (n =0)
3 months: n =18 (n = 0) 3 months: n =17 (n=0)
6 months: n =18 (n = 0) 6 months: n =17 (n=0)
¥ [ Analysis ] ¥
Modified intention-to-treat analysis (n = 18) Modified intention-to-treat analysis (n = 17)

Figure 3. Study flow diagram. CONSORT flow diagram of patients included in the study. RFA,
radiofrequency ablation.

3.2. Primary and Secondary Outcomes

For the primary outcome, 13 participants in the cooled RFA group (76.5%) obtained a
successful response 3 months after the procedure, whereas 6 participants in the sham group
(33.3%) obtained a successful response 3 months after the procedure (Table 2, Figure 4).
The successful responder rate was significantly higher in the cooled RFA group than in the
sham group (p = 0.018).

Table 2. Proportion of successful responders in the cooled RFA and sham groups in patients with
knee OA who do not respond to conservative treatment.

Responder * Sham (n = 18) Cooled RFA (n =17) p Value
1 month 7 (38.9%) 13 (76.5%) 0.041
3 months 6 (33.3%) 13 (76.5%) 0.018
6 months 5 (27.8%) 13 (76.5%) 0.007

* Successful response was defined as >50% or a four-point reduction in the numerical rating scale of knee pain
intensity. RFA, radiofrequency ablation; OA, osteoarthritis.
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Proportion of responder (%)

[J sham
B cooled RFA

P=0.041 _
P=0.018 -

] ]

o

1 month 3 months 6 months

Figure 4. Proportions of successful responders one, three, and six months after sham or cooled RFA for
genicular nerves in patients with knee osteoarthritis who do not respond to conservative treatment. A
successful response was defined as a reduction of >50% from the baseline pain intensity or a reduction
of >4 points from the baseline numerical rating scale for pain intensity. RFA, radiofrequency ablation.

For the secondary outcome, the proportion of successful responders was significantly
higher in the cooled RFA group than in the sham group at one and six months after the
procedure (p = 0.041 and 0.007, respectively) (Table 2, Figure 3). Table 3 shows the results
of the modified intention-to-treat analysis. The mean pain intensity (NRS) in the sham
group was significantly improved only one month after the procedure compared with the
baseline (p = 0.003). By contrast, the mean pain intensity (NRS) in the cooled RFA group
was significantly improved at all post-procedure assessment points (one, three, and six
months) compared with the baseline (p < 0.001). The group difference in pain intensity
was not observed one and three months after the procedures, but the pain intensity was
significantly lower in the cooled RFA group than in the sham group at six months (p = 0.041)
(Table 3). Furthermore, the repeated-measures ANOVA revealed a significant interaction
between time and group in terms of knee pain intensity (F = 4.5, df = 3.0, p = 0.005). As
shown in Table 3, there were no significant improvements in WOMAC, MQS, and GPES
at all post-procedure assessment points compared with the baseline, except WOMAC
at one month (p = 0.047). No significant group differences were observed in WOMAC,
MQS, and GPES at any period during the follow-up. In addition, there was no significant
group-by-time interaction between the two groups over time in WOMAC, MQS, and GPES
(Table 3).
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Table 3. Changes in the means of pain scores, physical function, Medication Quantification Scale,
and GPES in the cooled RFA and sham groups in patients with knee OA who do not respond to
conservative treatment.

Mean (95% CI)

Variabl Ti Diff 95% CI Value

ariables ime Sham Cooled RFA ifference ( ) 4
Baseline 6.3 (5.6-7.1) 6.9 (6.0-7.8) —0.5 (1.7 t0 0.6) 0.327

- *% X% _

Pain (NRS) 1 month 3.9(2.8-5.1) 3.7 (2.8-4.6) . 02(—12to 1.6) 0.733
3 months 4.8 (3.7-5.9) 3.5 (2.7-4.4)** 1.2 (—0.1to 2.6) 0.063
6 months 4.8 (3.8-5.8) 3.5 (2.6-4.4) *** 1.4 (0.1 to 2.7) 0.041
Baseline 55.3 (45.2-65.4) 59.0 (49.0-69.0) —3.7(-1741t09.9) 0.583

WOMAC 1 month 37.6 (26.9-48.3) * 45.4 (35.1-55.7) —7.9(—22.2t06.5) 0.273
3 months 45.4 (36.3-54.5) 47.6 (39.0-56.3) —23(—14.4t09.9) 0.707
6 months 41.9 (31.8-52.1) 49.1 (38.4-59.8) —72(—21.3t07.0) 0.311
Baseline 4.7 (2.4-7.0) 5.8 (2.0-9.6) —-1.1(-5.3t03.1) 0.599

MQS 1 month 5.0 (2.6-7.4) 5.3 (1.8-8.8) —0.3 (—4.3t03.7) 0.889
3 months 5.1(2.8-7.3) 4.3 (1.0-7.5) 0.8 (—3.0t0 4.6) 0.666
6 months 5.1(2.8-7.3) 3.7 (0.8-6.6) 1.4 (—2.2t04.9) 0.431
1 month 5.1(44-5.7) 5.0 (4.2-5.9) 0.1(—-1.0to1.1) 0.914

GPES 3 months 5.0 (4.3-5.7) 5.4 (4.8-5.9) —0.4(—1.2t00.5) 0.428
6 months 5.1 (4.3-5.9) 4.9 (4.1-5.7) 0.2 (—09to0 1.3) 0.677

Values are represented as the mean (95% CI) or mean difference (95% CI). NRS was used to assess the intensity of
knee pain. WOMAC was used to assess physical function. MQS was used to quantify changes in analgesics. GPES
was used to assess overall patient satisfaction. A repeated-measures ANOVA was used for the statistical analysis.
*p <0.05 ** p <0.01, and ** p < 0.001 vs. baseline in each group, respectively. The p values for interactions
between groups and time for knee pain, WOMAC, MQS, and GPES are 0.005, 0.744, 0.382, and 0.276, respectively.
CI, confidence interval; GPES, Global Perceived Effect of Satisfaction; MQS, Medication Quantification Scale III;
NRS, numerical rating scale of pain intensity; OA, osteoarthritis; RFA, radiofrequency ablation; WOMAC, Western
Ontario and McMaster Universities Arthritis Index.

Any serious complications were not observed during the procedure. Although a few
patients complained of transient pain during cannula insertion, none required additional
medication or the discontinuation of the procedure. Furthermore, abnormal proprioception,
numbness, paresthesia, neuralgia, or skin burns were not observed during the follow-up
period. None of the patients complained of motor weakness.

4. Discussion

In patients with chronic knee pain due to OA, the proportion of patients with at least
a 50% or four-point reduction in pain was significantly higher after the cooled RFA of
genicular nerves than after the sham procedure for up to six months after the procedure.
Furthermore, the decreased pain intensity of the affected knee was maintained throughout
the six-month follow-up period in the cooled RFA group.

Since the first case report on the effectiveness of cooled RFA in patients with chronic
knee pain [14], prospective and retrospective studies have been conducted to confirm the
efficacy of the cooled RFA of genicular nerves in patients with chronic knee pain due to
OA [8]. These studies have demonstrated that the cooled RFA of genicular nerves provides
notable pain relief, improved functional outcomes, and positive patient-reported experi-
ences in patients with chronic knee pain [8]. Moreover, recent prospective studies observed
sustained significant pain relief for up to two years in approximately half of the patients
who underwent this procedure [15,16]. Furthermore, there have been several comparative
studies that demonstrated the superior effectiveness of cooled RFA to traditional treat-
ments such as intra-articular steroid and hyaluronic acid injections and conventional RFA;
however, further prospective studies are needed to corroborate these findings [3,17-20].
Meanwhile, no research has specifically addressed the placebo effect of this new technology.
The possibility of a placebo effect should be considered because the power of expectations
for innovative treatments is formidable and can significantly affect treatment results. [21]
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Accordingly, this study revealed that the cooled RFA of genicular nerves offers significant
pain relief and surpasses the effects attributable to the placebo.

Conventional RFA operates by inducing thermal lesions within the targeted area,
thus leading to the localized destruction of neuronal tissue and thermocoagulation. This
disrupts the transmission of nociceptive pain signals from the peripheral nervous system to
the central nervous system by trapping the targeted nerves within lesions [22]. Cooled RFA,
which is an advancement in RFA technology, incorporates cooling mechanisms into the
conventional technique. These cooling mechanisms involve circulating a cooling medium,
such as saline, through electrodes to prevent the excessive heating of the surrounding tissue.
Consequently, cooled RFA enables more precise and controlled applications of thermal
energy [19]. Therefore, cooled RFA selectively disrupts the function of sensory nerve fibers
without causing significant thermal damage to surrounding tissues [6,18,23,24]. Moreover,
by maintaining a temperature-controlled environment throughout the ablation process [24],
cooled RFA generates larger lesions than in conventional RFA, thus increasing the likeli-
hood of intercepting aberrant pain pathways [6]. Due to the numerous neuroanatomical
variations in the knee that make it difficult to accurately target nerves, cooled RFA may
be more effective for pain relief by creating relatively large lesions [25]. Due to these
mechanisms, the effectiveness and safety of the treatment could be optimized, thus making
the cooled RFA of genicular nerves an effective and safe approach for relieving chronic
knee pain due to OA.

This study has several limitations. First, this study has a relatively small sample size
for observing potential adverse effects. Further research with a larger sample size and
higher power would be beneficial for generalizing the study results. Second, the six-month
follow-up period may be inadequate for assessing the long-term clinical effects of the cooled
RFA of genicular nerves. Thus, all participants in this study are intended to be followed up
for up to 12 months. Third, the protocol of the cooled RFA in this study did not incorporate
the updated anatomical targets recommended in recent studies [25-27], but instead utilized
traditional target sites. Furthermore, incorporating recent findings on anatomy may yield
even better results. Lastly, higher mean 95% CI baseline NRS, WOMAC, and MQS scores
in the cooled RFA group might potentially affect the outcomes, resulting in insignificant
differences between the groups.

5. Conclusions

The cooled RFA of genicular nerves is regarded as an effective treatment option for
chronic knee pain due to OA that does not respond to conservative treatment. The efficacy
of this method cannot solely be attributed to the placebo effect and helps improve RFA
treatment outcomes for chronic knee pain. Further prospective studies with longer follow-
up periods are needed to better understand its efficacy and long-term effects, which may
ascertain the usefulness of this new advanced treatment.

Author Contributions: Conceptualization, ].-W.S. and S.-5.C.; methodology, S.-S.C.; software, D.-H.K,;
validation, H.-J.K. and C.-S.K.; formal analysis, D.-H.K.; investigation, H.-] K., C.-S.K,, D.-H.K,, J.-W.S.
and S.-S.C.; resources, C.-S.K.; data curation, H.-] K.; writing—original draft preparation, S.-S.C.;
writing—review and editing, D.C.; visualization, S.-5.C.; supervision, S.-S.C.; project administration,
S.-5.C.; funding acquisition, J.-W.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by Medipia Inc. (2023). However, the funding source did
not participate in the study design and implementation; data collection, management, analysis, or
interpretation; manuscript preparation, approval, or review; or the decision to submit the manuscript
for publication.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Asan Medical Center (protocol code
2020-0114, date of approval: 20 December 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Medicina 2024, 60, 857 10 of 11

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy.

Acknowledgments: The authors would like to thank Seong-Sik Cho, from the Department of
Occupational and Environmental Medicine, College of Medicine, Dong-A University, Busan, Republic
of Korea, for the statistical support. The authors would like to thank the clinical fellows from the
Department of Anesthesiology and Pain Medicine at Asan Medical Center for their assistance in the
data collection for this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sharma, L. Osteoarthritis of the Knee. N. Engl. ]. Med. 2021, 384, 51-59. [CrossRef] [PubMed]

Nguyen, U.S.; Zhang, Y.; Zhu, Y,; Niu, J.; Zhang, B.; Felson, D.T. Increasing prevalence of knee pain and symptomatic knee
osteoarthritis: Survey and cohort data. Ann. Intern. Med. 2011, 155, 725-732. [CrossRef] [PubMed]

Vanneste, T.; Belba, A.; Kallewaard, ] W.; van Kuijk, S.M.].; Gelissen, M.; Emans, P; Bellemans, ]J.; Smeets, K.; Terwiel, C.; Van
Boxem, K_; et al. Comparison of cooled versus conventional radiofrequency treatment of the genicular nerves for chronic knee
pain: A multicenter non-inferiority randomized pilot trial (COCOGEN trial). Reg. Anesth. Pain Med. 2023, 48, 197-204. [CrossRef]
[PubMed]

Choi, W.J.; Hwang, S.J.; Song, ].G.; Leem, ].G.; Kang, Y.U.; Park, PH.; Shin, ].W. Radiofrequency treatment relieves chronic knee
osteoarthritis pain: A double-blind randomized controlled trial. Pain 2011, 152, 481-487. [CrossRef] [PubMed]

Hagedorn, ].M.; Wooster, B.M.; Hunt, C.L.; Moeschler, S.M.; Orhurhu, V.; Trousdale, R.T. Beyond Revision Surgery: Work-Up and
Interventional Treatments for the Painful Total Knee Arthroplasty. Pain Pract. 2020, 20, 929-936. [CrossRef] [PubMed]

Kapural, L.; Deering, ].P. A technological overview of cooled radiofrequency ablation and its effectiveness in the management of
chronic knee pain. Pain Manag. 2020, 10, 133-140. [CrossRef] [PubMed]

Oladeji, L.O.; Cook, J.L. Cooled Radio Frequency Ablation for the Treatment of Osteoarthritis-Related Knee Pain: Evidence,
Indications, and Outcomes. J. Knee Surg. 2019, 32, 65-71. [CrossRef] [PubMed]

Karm, M.-H.; Kwon, H.-].; Kim, C.-S.; Kim, D.-H.; Shin, ].-W.; Choi, S.-S. Cooled radiofrequency ablation of genicular nerves for
knee osteoarthritis. Korean J. Pain 2024, 37, 13-25. [CrossRef]

Kim, D.H.; Choi, S.S.; Yoon, S.H.; Lee, S.H.; Seo, D.K,; Lee, I.G.; Choi, W.]J.; Shin, J.W. Ultrasound-Guided Genicular Nerve
Block for Knee Osteoarthritis: A Double-Blind, Randomized Controlled Trial of Local Anesthetic Alone or in Combination with
Corticosteroid. Pain Physician 2018, 21, 41-51.

Bellamy, N.; Buchanan, WW.; Goldsmith, C.H.; Campbell, J.; Stitt, L.W. Validation study of WOMAC: A health status instrument
for measuring clinically important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of the
hip or knee. J. Rheumatol. 1988, 15, 1833-1840.

Gallizzi, M.; Gagnon, C.; Harden, R.N.; Stanos, S.; Khan, A. Medication Quantification Scale Version III: Internal validation of
detriment weights using a chronic pain population. Pain Pract. 2008, 8, 1-4. [CrossRef] [PubMed]

Kwon, H.J.; Kim, D.H.; Cho, S.S.; Jeon, B.; Karm, M.H.; Choi, S.S. Comparison of Adjuvant Hypertonic Saline and Normal
Saline for Epidural Block in Patients with Postherpetic Neuralgia: A Double-Blind, Randomized Trial. Pain Res. Manag. 2022,
2022,8081443. [CrossRef] [PubMed]

Dworkin, RH.; Turk, D.C.; Wyrwich, K.W.; Beaton, D.; Cleeland, C.S.; Farrar, J.T.; Haythornthwaite, J.A.; Jensen, M.P; Kerns, R.D;
Ader, D.N,; et al. Interpreting the clinical importance of treatment outcomes in chronic pain clinical trials: IMMPACT recommen-
dations. J. Pain 2008, 9, 105-121. [CrossRef] [PubMed]

Menzies, R.D.; Hawkins, ] K. Analgesia and Improved Performance in a Patient Treated by Cooled Radiofrequency for Pain and
Dysfunction Postbilateral Total Knee Replacement. Pain Pract. 2015, 15, E54-E58. [CrossRef] [PubMed]

Davis, T.; Loudermilk, E.; DePalma, M.; Hunter, C.; Lindley, D.A.; Patel, N.; Choi, D.; Soloman, M.; Gupta, A.; Desai, M.; et al.
Twelve-month analgesia and rescue, by cooled radiofrequency ablation treatment of osteoarthritic knee pain: Results from a
prospective, multicenter, randomized, cross-over trial. Reg. Anesth. Pain Med. 2019, 44, 499-506. [CrossRef] [PubMed]

Caragea, M.; Woodworth, T.; Curtis, T.; Blatt, M.; Cheney, C.; Brown, T.; Carson, D.; Kuo, K.T.; Randall, D.; Huang, E.Y.; et al.
Genicular Nerve Radiofrequency Ablation for the Treatment of Chronic Knee Joint Pain: A Real-world Cohort Study with
Evaluation of Prognostic Factors. Pain Med. 2023, 24, 1332-1340. [CrossRef] [PubMed]

Davis, T.; Loudermilk, E.; DePalma, M.; Hunter, C.; Lindley, D.; Patel, N.; Choi, D.; Soloman, M.; Gupta, A.; Desai, M.; et al.
Prospective, Multicenter, Randomized, Crossover Clinical Trial Comparing the Safety and Effectiveness of Cooled Radiofrequency
Ablation with Corticosteroid Injection in the Management of Knee Pain From Osteoarthritis. Reg. Anesth. Pain Med. 2018, 43,
84-91. [CrossRef] [PubMed]

Chen, A.F,; Khalouf, E; Zora, K.; DePalma, M.; Kohan, L.; Guirguis, M.; Beall, D.; Loudermilk, E.; Pingree, M.; Badiola, I.; et al.
Cooled Radiofrequency Ablation Compared with a Single Injection of Hyaluronic Acid for Chronic Knee Pain A Multicenter,
Randomized Clinical Trial Demonstrating Greater Efficacy and Equivalent Safety for Cooled Radiofrequency Ablation. J. Bone Jt.
Surg. Am. Vol. 2020, 102, 1501-1510. [CrossRef] [PubMed]


https://doi.org/10.1056/NEJMcp1903768
https://www.ncbi.nlm.nih.gov/pubmed/33406330
https://doi.org/10.7326/0003-4819-155-11-201112060-00004
https://www.ncbi.nlm.nih.gov/pubmed/22147711
https://doi.org/10.1136/rapm-2022-104054
https://www.ncbi.nlm.nih.gov/pubmed/36653065
https://doi.org/10.1016/j.pain.2010.09.029
https://www.ncbi.nlm.nih.gov/pubmed/21055873
https://doi.org/10.1111/papr.12924
https://www.ncbi.nlm.nih.gov/pubmed/32515912
https://doi.org/10.2217/pmt-2019-0066
https://www.ncbi.nlm.nih.gov/pubmed/32167418
https://doi.org/10.1055/s-0038-1675418
https://www.ncbi.nlm.nih.gov/pubmed/30396206
https://doi.org/10.3344/kjp.23344
https://doi.org/10.1111/j.1533-2500.2007.00163.x
https://www.ncbi.nlm.nih.gov/pubmed/18211588
https://doi.org/10.1155/2022/8081443
https://www.ncbi.nlm.nih.gov/pubmed/36451915
https://doi.org/10.1016/j.jpain.2007.09.005
https://www.ncbi.nlm.nih.gov/pubmed/18055266
https://doi.org/10.1111/papr.12292
https://www.ncbi.nlm.nih.gov/pubmed/25857719
https://doi.org/10.1136/rapm-2018-100051
https://www.ncbi.nlm.nih.gov/pubmed/30772821
https://doi.org/10.1093/pm/pnad095
https://www.ncbi.nlm.nih.gov/pubmed/37428157
https://doi.org/10.1097/AAP.0000000000000690
https://www.ncbi.nlm.nih.gov/pubmed/29095245
https://doi.org/10.2106/JBJS.19.00935
https://www.ncbi.nlm.nih.gov/pubmed/32898379

Medicina 2024, 60, 857 11 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wu, B.P; Grits, D.; Foorsov, V.; Xu, J.J.; Tankha, P; Bolash, R.B. Cooled and traditional thermal radiofrequency ablation of
genicular nerves in patients with chronic knee pain: A comparative outcomes analysis. Reg. Anesth. Pain Med. 2022, 47, 685-690.
[CrossRef] [PubMed]

Kapural, L.; Minerali, A.; Sanders, M.; Matea, M.; Dua, S. Cooled Radiofrequency Ablation Provides Prolonged Pain Relief
Compared to Traditional Radiofrequency Ablation: A Real-World, Large Retrospective Clinical Comparison from a Single Practice.
J. Pain Res. 2022, 15, 2577-2586. [CrossRef]

Tuttle, A.H.; Tohyama, S.; Ramsay, T.; Kimmelman, J.; Schweinhardt, P.; Bennett, G.J.; Mogil, ].S. Increasing placebo responses
over time in U.S. clinical trials of neuropathic pain. Pain 2015, 156, 2616-2626. [CrossRef] [PubMed]

Kapural, L.; Mekhail, N. Radiofrequency ablation for chronic pain control. Curr. Pain Headache Rep. 2001, 5, 517-525. [CrossRef]
[PubMed]

Lee, D.W.,; Pritzlaff, S.; Jung, M.].; Ghosh, P.; Hagedorn, ].M.; Tate, J.; Scarfo, K.; Strand, N.; Chakravarthy, K.; Sayed, D.; et al.
Latest Evidence-Based Application for Radiofrequency Neurotomy (LEARN): Best Practice Guidelines from the American Society
of Pain and Neuroscience (ASPN). . Pain Res. 2021, 14, 2807-2831. [CrossRef] [PubMed]

Gupta, A.; Huettner, D.P,; Dukewich, M. Comparative Effectiveness Review of Cooled Versus Pulsed Radiofrequency Ablation
for the Treatment of Knee Osteoarthritis: A Systematic Review. Pain Physician 2017, 20, 155-171. [CrossRef] [PubMed]

Tran, J.; Peng, PW.H.; Lam, K.; Baig, E.; Agur, A M.R.; Gofeld, M. Anatomical Study of the Innervation of Anterior Knee Joint
Capsule: Implication for Image-Guided Intervention. Reg. Anesth. Pain Med. 2018, 43, 407-414. [CrossRef] [PubMed]

Conger, A.; Cushman, D.M.; Walker, K.; Petersen, R.; Walega, D.R.; Kendall, R.; McCormick, Z.L. A Novel Technical Protocol for
Improved Capture of the Genicular Nerves by Radiofrequency Ablation. Pain Med. 2019, 20, 2208-2212. [CrossRef]
McCormick, Z.L.; Cohen, S.P.; Walega, D.R.; Kohan, L. Technical considerations for genicular nerve radiofrequency ablation:
Optimizing outcomes. Reg. Anesth. Pain Med. 2021, 46, 518-523. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1136/rapm-2022-103693
https://www.ncbi.nlm.nih.gov/pubmed/35922077
https://doi.org/10.2147/JPR.S373877
https://doi.org/10.1097/j.pain.0000000000000333
https://www.ncbi.nlm.nih.gov/pubmed/26307858
https://doi.org/10.1007/s11916-001-0069-z
https://www.ncbi.nlm.nih.gov/pubmed/11676886
https://doi.org/10.2147/JPR.S325665
https://www.ncbi.nlm.nih.gov/pubmed/34526815
https://doi.org/10.36076/ppj.2017.171
https://www.ncbi.nlm.nih.gov/pubmed/28339430
https://doi.org/10.1097/AAP.0000000000000778
https://www.ncbi.nlm.nih.gov/pubmed/29557887
https://doi.org/10.1093/pm/pnz124
https://doi.org/10.1136/rapm-2020-102117

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Participants 
	Randomization and Blinding 
	Intervention 
	Outcome Measures and Data Collection 
	Statistical Analysis 

	Results 
	Study Population 
	Primary and Secondary Outcomes 

	Discussion 
	Conclusions 
	References

