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Background: Radiofrequency ablation is an effective treatment modality in the symptomatic treatment of knee 
osteoarthritis. Our aim was to compare the efficacy of radiofrequency ablation of the superomedial and inferomedial 
genicular nerves (2 branches) with the superolateral, superomedial, and inferomedial genicular nerves (3 branches) 
and to show whether the 2-branch procedure is inferior to the 3-branch procedure.
Methods: This study is a prospective, randomized, single-blind clinical study. Eligible participants were randomized 
into 2 groups: group A, which applied the procedure to the superomedial and inferomedial genicular nerves, and 
group B, which applied it to the superomedial, superolateral and inferomedial genicular nerves. Pain was evaluated 
with the numerical rating scale, quality of life with the Short Form-36 (SF-36), and disability with the Western Ontario 
and McMaster Universities (WOMAC) Osteoarthritis Index before, and at 1 and 3 months after the procedure.
Results: A total of 41 patients were included. There were no differences between the groups except for the SF-
36 physical health sub-score at baseline. A significant improvement was seen in the numeric rating scale (NRS) 
score, SF-36 sub-scores, WOMAC Index total, as well as pain and physical function scores in both groups, though no 
significant difference was detected between the groups during follow-up.
Conclusions: Although we were unable to establish the noninferiority of conventional radiofrequency ablation (CRFA) 
applied to 2 branches to CRFA applied to 3 branches, in this trial, significant and similar improvement was observed 
in NRS, WOMAC total, pain, and physical function and SF-36 scores in both groups.

Keywords: Chronic Pain; Denervation; Fluoroscopy; Knee Osteoarthritis; Pain Management; Radiofrequency 
Ablation.

   A
BS

TR
A

CT
   

http://crossmark.crossref.org/dialog/?doi=10.3344/kjp.24098&domain=pdf&date_stamp=2024-07-01


2 vs. 3-branch RF ablation in knee OA

265www.epain.org

INTRODUCTION

Osteoarthritis is a degenerative joint disease character-
ized by articular cartilage erosion, subchondral bone and 
joint margin changes, capsular thickening, and synovial 
inflammation [1]. The goals of treatment are to reduce 
pain, improve patient function and quality of life, and 
halt or slow the progression of cartilage damage. To this 
end, patient education, diet, exercise, physical therapy 
modalities, and topical/systemic medications are recom-
mended as conservative treatment. Interventional proce-
dures such as intra-articular injections, nerve blocks, and 
radiofrequency ablation (RFA) are used in patients who 
do not respond to conservative treatments. Conventional 
radiofrequency ablation (CRFA) is one of the interven-
tional procedures used in the symptomatic treatment of 
eligible patients. The purpose of the CRFA procedure is 
to reduce pain associated with osteoarthritis by partially 
denervating the anterior knee capsule [2]. Although the 
neural stimulation of the anterior knee region has not 
been clearly elucidated, the nerves to which CRFA is stan-
dardly applied in this region are the superolateral (SLGN), 
superomedial (SMGN), and inferomedial (IMGN) genic-
ular nerves. These nerves are named after the area of the 
anterior knee for which they are responsible for sensa-
tion. The first study demonstrating that CRFA treatment 
of the SLGN, SMGN, and IMGN by targeting anatomical 
landmarks under fluoroscopy as an alternative method 
in the treatment of knee osteoarthritis and significant 
pain reduction was published by Choi et al. [2] in 2011. 
In the following years, many studies have been published 
reporting that CRFA procedure performed under fluo-
roscopy or ultrasonography on these 3 genicular nerves 
is effective, due to providing improvement in pain and 
function [3–6].

In knee osteoarthritis, the medial tibiofemoral and 
patellofemoral joints are more commonly affected, and 
isolated lateral tibiofemoral joint involvement is rare. 
The painful area of the knee can give an indication of the 
affected area. In medial tibiofemoral joint involvement, 
pain is more common in the anteromedial or medial part 
of the knee, while in patellofemoral joint involvement, 
pain is more likely to be in the anterior part of the knee [7]. 
In a study conducted in patients with medial tibiofemoral 
compartment involvement, a significant improvement 
in pain and function was demonstrated after application 
of pulsed radiofrequency treatment to the SMGN and 
IMGN, which receive sensation from the medial part of 
the anterior capsule of the knee joint. This study suggest-
ed that these 2 nerves are predominantly responsible for 

pain in medial compartment osteoarthritis of the knee [8]. 
On the other hand, to the best of the authors’ knowledge, 
there is no study in the literature on the effect of not ap-
plying CRFA to the SLGN, one of the 3 standard targeted 
branches in medial compartment knee osteoarthritis, on 
treatment outcomes. At the same time, although minor 
side effects are generally mentioned in genicular CRFA 
treatment, considering the occurrence of serious side ef-
fects such as septic arthritis, hemarthrosis, third-degree 
skin burns (albeit at the case report level), increased radi-
ation exposure, and prolonged procedure time, it would 
be easier and safer to perform CRFA on fewer nerves 
[9–13].

Considering all these data, the primary aim of this 
study was to show whether CRFA applied to the SMGN 
and IMGN (2 branches), which is less invasive and safer, 
can be used instead of CRFA applied to the SLGN, SMGN, 
and IMGN (3 branches), and whether it is non-inferior 
to CRFA applied to all 3 branches. Our secondary objec-
tive was to evaluate both groups in terms of quality of 
life, functional outcomes, and the presence of possible 
procedure-related side effects.

MATERIALS AND METHODS

This prospective, randomized, single-blind clinical trial 
was conducted between January 2022 and August 2022 in 
patients who were admitted to the Division of Pain Medi-
cine, Department of Physical Medicine and Rehabilita-
tion in the Marmara University Faculty of Medicine with 
complaints of knee pain and were diagnosed with knee 
osteoarthritis after clinical, laboratory, and radiologi-
cal evaluation. Inclusion criteria were age 50–80 years, 
knee pain due to osteoarthritis for at least 3 months, non-
response to weight control recommendations, exercise 
program, medical treatment, and other conservative 
treatment methods (physical therapy or intra-articular 
injections), pain scored 6 or more points on the numeri-
cal rating scale (NRS), Kellgren–Lawrence stage 3 or 4 
osteoarthritis, and predominantly medial tibiofemoral 
compartment involvement on plain radiography. Patients 
with a history of knee surgery, uncontrolled diabetes mel-
litus, a pacemaker or defibrillator, a history of allergic re-
action to the drugs to be administered, lumbar radicular 
pain, active local or systemic infection, bleeding diathe-
sis, history of intra-articular injection in the knee within 
3 months, secondary causes of knee osteoarthritis, genu 
valgum deformity, chronic widespread pain syndrome 
(fibromyalgia syndrome, chronic fatigue syndrome, etc.), 
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and uncontrolled psychiatric diseases were excluded. 
All patients gave written informed consent to participate 
in the study, and all procedures conformed to the 1975 
Declaration of Helsinki. The clinical trial was approved 
by the Research Ethics Review Committee of the Mar-
mara University Faculty of Medicine (approval number: 
09.2021.654) and was registered at http://www.clinicaltri-
als.gov (NCT05447624) before the start of patient enroll-
ment.

1. Randomization and blinding

Patients were randomized into 2 groups using a comput-
erized randomization program. In the first group (group 
A), CRFA was performed on 2 genicular nerves (the 
SMGN and IMGN), while in the second group (group B), 
CRFA was performed on 3 genicular nerves (the SMGN, 
IMGN, and SLGN). The randomization numbers were 
kept in sealed envelopes and the envelopes were opened 
on the day of the procedure by the clinician (C1) who 
performed the CRFA. Randomization was performed by a 
clinician (C2) independent of the study period. The clini-
cian (C3) who evaluated the outcome measures during 
patient follow-up was blinded to the groups in which the 
patients were enrolled.

2. CRFA procedure

The CRFA procedure was performed under fluoroscopic 
guidance (Ziehm Vision R; Ziehm) by a pain medicine 
specialist with at least 10 years of experience in this field. 
Patients were placed in the supine position on the fluo-
roscopy table and monitored with intravenous access. 
The knee was flexed 25˚–30˚ with a pillow placed under 
the knee joint. The surgical site was cleaned 3 times 
with antiseptic solution (povidone-iodine solution) and 
covered with a sterile drape. The knee joint was then vi-
sualized in an anteroposterior view with a fluoroscope. 
A cranial angle of 5˚–10˚ was given to the fluoroscope for 
the SLGN and SMGN, and a caudal angle of 5˚–10˚ for the 
IMGN. Then, the entry points of the CRFA cannula into 
the skin were determined for each nerve, and 1 mL of 
2% lidocaine was applied to the skin and subcutaneous 
tissue at these points. The femoral condyle-shaft junc-
tion for the SMGN and SLGN and the tibial condyle-shaft 
junction for the IMGN were then targeted with a 20-gauge 
RF cannula (UnifiedTM EchoRFTM; Boston Scientific 
Neuromodulation Corporation) with a total length of 6 
cm and a 5-mm active tip using a coaxial technique. Lat-
eral images were taken and the cannula tip was advanced 

to approximately mid-femoral width for the SMGN and 
the SLGN and mid-tibial width for the IMGN. Prior to 
initiating RFA, stimulation was performed at a frequency 
of 50 Hz and less than 0.6 V to verify the proximity of the 
cannula to the sensory nerve. Sensory stimulation was 
successfully terminated after the patient confirmed the 
occurrence of sensory complaints such as numbness, 
tingling, or pain in a manner and location similar to knee 
pain. To verify that the cannula was away from the motor 
nerve fibers, a 2 V stimulation at a frequency of 2 Hz was 
performed and it was confirmed that the patient had no 
fasciculation of the lower limb muscles. Before starting 
the CRFA procedure, 1 mL of 2% lidocaine was applied 
to the lesion area to reduce the pain the patient would 
feel during the procedure. The CRFA procedure was then 
performed at 80°C for 90 seconds. At the end of the time, 
one-third of a mixture of 1 mL of triamcinolone (40 mg) 
and 2 mL of 0.5% bupivacaine (1 mL mixture per lesion) 
was applied to the lesion area to reduce the risk of post-
procedure neuralgia/neuritis. These procedures were 
performed on 2 (the SMGN and IMGN) or 3 (the SMGN, 
IMGN, and SLGN) genicular nerve branches, depending 
on the patient group. After the procedure, the patients 
were taken to the observation room and observed for 2 
hours for possible complications.

3. Assessment methods

Demographic data such as age, sex, body mass index, 
marital status, educational status, and occupation; clini-
cal data such as duration of pain, history of treatment for 
knee osteoarthritis, number and type of analgesics used, 
side of the knee with pain (right, left, or both), and co-
morbidities; and stages of knee osteoarthritis according 
to the Kellgren–Lawrence staging system were recorded. 
At baseline, before the CRFA procedure, pain was as-
sessed with the NRS, quality of life with the Short Form-
36 (SF-36), and functionality with the Western Ontario 
and McMaster Universities (WOMAC) Osteoarthritis 
Index. No changes were made to the patients' existing an-
algesic treatment, and no additional analgesic treatment 
was initiated during the follow-up period. Patients with 
severe pain in both knees (NRS ≥ 6) underwent CRFA of 
both knees if they met the criteria. At baseline, these pa-
tients completed the WOMAC Osteoarthritis Index and 
SF-36 forms separately for each knee. The worse knee, 
in terms of pain and function, was identified, and the 
WOMAC Osteoarthritis Index and SF-36 were assessed 
on that knee during follow-up. Pain (NRS) was assessed 
separately for each knee [14,15].

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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All assessment methods were repeated 1 and 3 months 
after the CRFA. Patients were asked about possible side 
effects during and after the procedure and at all follow-
up visits. The proportion of knees with a decrease in NRS 
score of ≥ 2 points from the pretreatment value was con-
sidered a clinically significant change (CSC) [15–17]. A 
decrease of ≥ 12% in WOMAC total score was considered 
a minimally clinically significant change (MCSC) [14,18]. 
The primary outcome measures of the study were the 
change in NRS scores after treatment and the proportion 
of knees with a CSC. Secondary outcome measures were 
post-treatment changes in functional status and quality 
of life, development of adverse events, and the proportion 
of knees with a 50% improvement in NRS scores.

4. Sample size determination

The power analysis required to determine the number of 
patients to be included in the study was performed using 
the G Power 3.1 program. In a study evaluating changes 
in NRS score, a MCSC was defined as 1 point and a CSC 
(much better) was defined as 2 points [16]. Our study 
was planned with a non-inferior design and our aim was 
to investigate whether 2 genicular nerve ablations (the 
SMGN, IMGN) are non-inferior to 3 genicular nerve abla-
tions (the SMGN, IMGN, SLGN) in terms of pain relief. In 
this context, the non-inferiority margin for the NRS score 
was set at 1 and the standard deviation at 1.3, taking into 
account the MCSC, to show that there is no difference 
between these two methods [17]. Since the minimal clini-
cally important difference (MCID) is considered to be an 
important parameter for noninferiority studies to deter-
mine the margin that can be declared noninferior, the 
noninferiority margin in this study was determined based 
on the MCID value determined in the literature and the 
clinical judgment of expert opinions [19]. A sample size 
of 44 knees was determined to be sufficient to detect non-
inferiority between the two treatment groups with α = 
0.05 and 80% power. Assuming a dropout rate of 20%, the 
sample size was calculated to be 27 knees per group for a 
total of 54 knees.

5. Statistical analysis

SPSS version 23 (IBM Corp.) was used for statistical 
analysis. The Shapiro–Wilk normality test was used to 
evaluate the normal distribution of the data. In descrip-
tive statistical analysis, for continuous variables, data 
that fit the normal distribution were expressed as mean ± 
standard deviation (SD), and data that did not fit were ex-

pressed as median (interquartile range [IR]). Categorical 
variables were expressed as numbers (percentages). For 
comparison between groups, the chi-squared test was 
used for categorical data, and for independent variables, 
the independent samples t-test was used if the data were 
normally distributed, and the Mann–Whitney U-test if 
not. For within-group comparisons, normally distributed 
data were evaluated using the one-way repeated mea-
sures analysis of variance test, and non-normally distrib-
uted data were evaluated using the Friedman test. When 
statistical significance was determined with the Bonfer-
roni correction for multiple comparisons, the Wilcoxon 
signed-rank test and the t-test for dependent samples 
were used for pairwise comparisons. For the between-
group difference, non-inferiority was considered met if 
the lower bound of the one-sided 95% confidence interval 
(CI) in NRS change scores compared with pretreatment 
was greater than 1 at 1 and 3 months.

A P value of < 0.017 was considered statistically signifi-
cant with Bonferroni correction, and a P value of < 0.05 
was considered statistically significant for all other analy-
ses.

RESULTS

Of the 76 patients evaluated for knee pain, 49 patients 
who met the inclusion criteria were included in the 
study. Patients were randomized into group A (n = 24) 
and group B (n = 25). In group A, 19 patients (17 females, 
2 males) completed the follow-up period at 1 and 3 
months, while in group B, 23 patients completed the fol-
low-up period at 1 month and 22 patients completed the 
follow-up period at 3 months (21 females, 1 male) (Fig. 1). 
The mean age was 63.42 ± 9.90 in group A and 63.54 ± 6.29 
in group B. There was no significant difference in age, sex, 
body mass index, duration of symptoms, or clinical and 
demographic data between the groups. There was no sta-
tistically significant difference between the groups except 
for the physical health score of SF-36 at baseline (Table 1).

Patients were taking acetaminophen or nonsteroidal 
anti-inflammatory drugs for knee pain before CRFA 
procedure, but none were taking opioid analgesics or 
disease-modifying osteoarthritis drugs. There was no 
difference in the median weekly medication use before 
CRFA procedure between the two groups.

In the study, pain was assessed separately for 47 knees 
using the NRS. A significant decrease in NRS scores was 
observed in both groups at month 1 and month 3 com-
pared to baseline. There was no significant difference 



Osman Albayrak, et al

https://doi.org/10.3344/kjp.24098268

in baseline, 1st and 3rd month NRS scores between the 
groups (Table 2). However, the non-inferiority of group A 
to B was not established because the mean difference in 
NRS change scores (95% CI) between the groups was 0.65 
(–1.10 to 2.41) and 0.73 (–1.10 to 2.56) at 1 and 3 months, 
respectively, and the 95% CI exceeded the non-inferiority 
margin of 1 (Table 3 and Fig. 2).

The number of knees with CSC (≥ 2 points) on the 
NRS during follow-up was 18 (78.3%) at 1 month and 
15 (65.2%) at 3 months in group A, and 19 (79.2%) at 1 
month and 17 (70.8%) at 3 months in group B. There was 
no statistical difference between the groups. And the 
number of knees with 50% improvement in NRS scores 
was 9 (39.1%) at 1 month and 6 (26.1%) at 3 months in 
group A and 14 (58.3%) at 1 and 3 months in group B, 
with a statistical difference between groups at 3 months 
(Table 4).

At baseline, the SF-36 emotional health score was simi-
lar in both groups, whereas the physical health score was 
significantly lower in group A than in group B (P = 0.005). 
In the within-group assessments, a significant decrease 
in the physical and emotional health scores was observed 
in both groups at the 1st and 3rd month follow-up com-
pared to baseline (group A and B, P < 0.001, P = 0.002; P 
= 0.005, P < 0.001, respectively). There was no difference 
between groups in either of the SF-36 subgroup scores at 
months 1 and 3 (Table 5).

In the within-group analysis of the WOMAC scale, sta-
tistically significant improvements in total score, pain 
score, and physical function score were found in both 
groups at months 1 and 3 compared to pre-treatment 

data. While there was no significant difference in the joint 
stiffness score in group A, a significant improvement 
was observed in group B only at month 1 compared to 
baseline (P = 0.013). There was no significant difference 
between the groups in any of the WOMAC subscores at 
1 and 3 months (Table 6). The number of patients who 
achieved MCSC in the WOMAC total score was 14 (73.7%) 
at month 1 and 12 (63.2%) at month 3 in group A, while 
in group B it was 16 (72.7%) at month 1 and 17 (77.3%) at 
month 3. It was found that there was no significant differ-
ence between the groups (P values at month 1 and 3 were 
0.945 and 0.322, respectively).

No significant complications were observed in any of 
the patients. In group B, 1 patient developed sudden hy-
potension during the procedure, which was resolved with 
clinical monitoring without further intervention, but the 
patient was not included in the final analysis because the 
procedure was not completed. Approximately 2 weeks 
after the procedure, 1 patient in group B developed mild 
(NRS 3/10) "lightning-like" pain in brief episodes that be-
gan deep to the skin entry points of the CRFA electrodes 
and radiated to the anterior aspect of the knee. No ad-
ditional treatment was planned for the patient, and the 
pain completely resolved at the 1-month follow-up.

DISCUSSION

The purpose of this study was to evaluate the effect of ex-
cluding the SLGN, one of the 3 standard targeted genicu-
late nerve branches in the CRFA procedure, on treatment 

Follow-up

Analysed (n = 19)
(Knees n = 23)

Excluded during follow-up (n = 3)
Lost to follow-up (n = 1)
Discontinued intervention (n = 1)
Knee surgery (n = 1)

Excluded during follow-up (n = 5)
Lost to follow-up (n = 5)

Randomized (n = 49)

Group A (n = 24)
(Knees n = 29)

Assessed for eligibility (n = 76)

Excluded (n = 27)
Refused to participate (n = 6)
Not meeting inclusion criteria (n = 6)
Meeting exclusion criteria (n = 15)

Analysed (n = 22)
(Knees n = 24)

Analysis

Group B (n = 25)
(Knees n = 27)CRFA

Fig. 1. CONSORT diagram. CRFA: 
conventional radiofrequency abla-
tion.
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outcomes in patients with knee osteoarthritis. Although 
the authors were unable to demonstrate the non-infe-
riority of excluding the SLGN from the CRFA procedure 
in this study, significant improvements in NRS, WOMAC 
total, pain and physical function, and SF-36 scores were 
observed after treatment in both patient groups (group 
A; SMGN, IMGN, group B; SMGN, IMGN, SLGN). The 
proportion of knees with CSC (NRS ≥ 2 reduction) at 3 
months was 65.2% in group A and 70.8% in group B, with 
no statistically significant difference between the groups. 
Similarly, no difference was observed between groups in 
terms of post-treatment change in NRS scores, number of 
patients achieving a MCSC (≥ 12% reduction) in WOMAC 
total score, SF-36 score, and presence of adverse events.

Table 1. Comparison of demographic data and baseline assessment measures

Variable Group A (n = 19) Group B (n = 22) P value
Sex
      Female
      Male

17 (89.5)
2 (10.5)

21 (95.5)
1 (4.5)

0.463

Age (yr)a 63.42 ± 9.90 63.54 ± 6.29 0.960
Kellgren–Lawrence stage
      Stage 3
      Stage 4

9 (47.4)
10 (52.6)

13 (59.1)
9 (40.9)

0.453

Procedure side
      Right
      Left
      Bilateral

12 (63.2)
3 (15.8)
4 (21.1)

11 (50.0)
9 (40.9)
2 (9.1)

0.175

Body mass index (kg/m2)a 33.38 ± 3.45 31.41 ± 5.07 0.160
Marital status
      Married
      Single

17 (89.5)
2 (10.5)

19 (86.4)
3 (13.6)

0.762

Education level
      Illiterate
      Primary school
      Secondary school
      High school
      University

5 (26.3)
13 (68.4)

1 (5.3)
0 (0)
0 (0)

4 (18.2)
11 (50.0)

3 (13.6)
3 (13.6)
1 (4.5)

0.355

Symptom duration (mo)b 120 (60–180) 66 (24–120) 0.058
NRSb 8 (8–9) 8 (7–9) 0.500
WOMACa

      Pain
      Stiffnessb

      Function
      Total      

11.51 ± 3.98
2.08 (0–4.16)
40.07 ± 10.63
53.83 ± 14.64

11.07 ± 3.37
3.64 (0.78–5.47)
39.06 ± 8.88
53.26 ± 13.09

0.700
0.161
0.740
0.896

SF-36a

      Physical health
      Emotional health

106.97 ± 37.30
150.83 ± 54.33

150.68 ± 53.03
177.27 ± 72.78

0.005
0.201

Analgesic drugs useb 4 (2–7) 3 (2–7) 0.850

Values are presented as number (%), mean ± standard deviation, or median (interquartile range).
NRS: numeric rating scale, P: level of the statistical significance, WOMAC: Western Ontario and McMaster Universities, SF-36: Short Form-36.
aParametric data, bNon-parametric data.

Table 2. Intragroup and intergroup evaluation of NRS scores

NRS score Group A Group B P value
Baseline 8 (8–9) 8 (7–9) 0.634
1 mo 5 (2–6) 3.5 (2–5.75) 0.260
3 mo 5 (1–8) 4 (2–6) 0.345

P value
Baseline & 1 mo & 3 mo < 0.001 < 0.001
Baseline & 1 mo < 0.001 < 0.001
Baseline & 3 mo < 0.001 < 0.001
1 mo & 3 mo 0.832 0.709

NRS: numeric rating scale, P: level of the statistical significance.
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This study is consistent with the results of many stud-
ies in the literature that reported a decrease in pain and 
an increase in functionality and quality of life in patients 
treated with CRFA targeting 3 standard genicular nerves 
(the SMGN, IMGN, and SLGN) [5,15,20]. In addition, the 
results of this study were found to be consistent with the 
results of studies in the literature that treated the nerves 
innervating the medial knee [8,21].

When the treatment results were compared between 
the groups, the number of knees with CSC at 3 months 
was found to be 65.2% in group A and 70.8% in group 
B, but no significant difference was found between the 
groups. In the study by Choi et al. [2], this rate was re-
ported to be 59% at 3 months. The fact that this rate was 
lower compared to our study may be explained by the 
fact that an NRS ≥ 50% reduction was considered the 
primary treatment outcome criterion in that study. In 
our study, when the proportion of patients with 50% im-
provement in NRS score was examined, it was observed 
that the proportion of patients in group B was similar to 
the literature, while the proportion in group A was lower, 
and although this suggests that CRFA treatment applied 
to the 3 genicular nerves seems to be more effective, it 
has been clearly demonstrated in studies that a 2-point 
change in NRS score is a CSC, and this rate is similar be-
tween the two groups. Although SF-36 scores increased 
after treatment in both groups, no significant difference 
was found between the groups. In the WOMAC scores, 

a significant improvement in all subscores except joint 
stiffness was observed in both groups after treatment, but 
no significant difference was found between the groups. 
Improvement in the joint stiffness score was observed 
only in group B at the first month of follow-up, while 
no significant difference was found at the third month. 
Reviewing 2 studies in the literature that evaluated joint 
stiffness after radiofrequency procedure, the joint stiff-
ness score decreased during all follow-ups in the study by 
El-Hakeim et al. [3], while in the study by Santana-Pineda 
et al. [22] the joint stiffness score decreased significantly 
only at month 1. The high initial joint stiffness score in 
the study by El-Hakeim et al. [3] may have facilitated the 
statistical detection of clinical improvement (baseline 
joint stiffness scores were 2.08 and 3.64 in the groups in 
the current study, 3.05 in the study by Santana-Pineda 
et al. [22] and 7.87 in the study by El-Hakeim et al. [3]). 
However, the fact that conventional RFA treatment, which 
aims to reduce pain by ablating sensory nerves, does not 
target different biomolecular pathways that may be the 
cause of joint stiffness may underlie this situation.

There are few studies in the literature evaluating the 
results of radiofrequency treatment of only the genicular 
nerve branches innervating the medial knee in a group 
of patients with osteoarthritis diagnosed with antero-
medial knee pain. One study with a non-randomized 
design targeted the medial retinacular nerve and the 
infrapatellar branch of the saphenous nerve [23]. A sig-
nificant decrease in visual analog scale (VAS) score was 
observed in the CRFA group during the 3-month follow-

Table 3. Comparison of changes in NRS scores between groups

NRS change Group A Group B P value Mean difference (95% CI)
Baseline & 1 mo 3.93 (2.69) 4.04 (3.25) 0.745 0.65 (–1.10 to 2.41)
Baseline & 3 mo 3.39 (3.31) 4.13 (2.91) 0.808 0.73 (–1.10 to 2.56)

NRS: numeric rating scale, CI: confidence interval, P: level of the statistical significance.

Table 4. Number of knees with clinically significant change (≥ 2 
point improvement) and 50% improvement in NRS score

NRS improvement Group A Group B P value
CSC
      Baseline & 1 mo
      Baseline & 3 mo

18 (78.3)
15 (65.2)

19 (79.2)
17 (70.8)

0.940
0.608

50% improvement
      Baseline & 1 mo
      Baseline & 3 mo

9 (39.1)
6 (26.1)

14 (58.3)
14 (58.3)

0.180
0.025

Values are presented as number (%).
NRS: numeric rating scale, CSC: clinically signicifant change, P: level of 
statistical significance.
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Fig. 2. Between-group difference in NRS score change (group 
B - group A) at 1 and 3 months compared with pretreatment. 
NRS: numeric rating scale, CI: confidence interval.
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up period compared to the control group that underwent 
the genicular block. In another study, Kesikburun et al. [8] 
applied ultrasound-guided pulsed RF to the SMGN and 
IMGN and observed a significant decrease in VAS and 
WOMAC scores at the 3-month follow-up. These studies, 
similar to our study, suggest that targeting only the nerves 
innervating the medial capsule in patients with antero-
medial knee pain may result in a decrease in pain and an 
increase in function.

Regardless of the quadrant in which the knee pain oc-
curs, it is highly likely that targeting more nerves will 
result in a greater improvement in clinical outcomes. 
However, due to the complex and variable anatomy of 
the anterior knee capsule innervation, many studies have 
emphasized that a procedure to completely cover this 
area should include all 10 genicular nerve branches [24–
26]. As the number of nerves treated increases, it is a nat-
ural consequence that the procedure time is prolonged 
and the possibility of side effects increases. In addition, it 
would not be wrong to assume that the radiation dose to 
patients, physicians, and other health care personnel will 
also increase for procedures performed under fluoros-
copy. Considering all these limitations, a more reason-
able approach would be to select the nerves to be treated 
according to the patient's symptoms and radiographic 
findings and perform an individualized procedure. In the 
present study, in patients with anteromedial knee pain 
and medial compartment involvement on plain radio-
graphs, similar treatment results were obtained by ablat-
ing the SMGN and IMGN, which are only responsible 
for the medial innervation of the knee, as opposed to the 
standard approach, supporting our hypothesis.

The treatment results obtained in the current study 
were discussed above. However, the advantages and 
disadvantages of the groups over each other should also 
be mentioned. Although there are no data on procedure 
time and radiation doses in the current study, less radia-
tion exposure as a natural consequence of CRFA applica-
tion to fewer nerves, shorter procedure time, and reduced 
complication rate are important advantages for group A. 
In contrast, the higher proportion of patients with ≥ 50% 
improvement in NRS scores is an important advantage 
in favor of group B. However, similar results in terms of 
other treatment outcomes suggest that it may be a good 
idea to select genicular nerves associated with pain local-
ization.

To the authors’ knowledge, this is the first study in the 
literature to investigate the effects of excluding the SLGN 
genicular nerve from the CRFA procedure in patients with 
anteromedial knee pain. However, the study has several Ta
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limitations. First, the non-inferiority margin was not de-
termined on the basis of statistical grounds, but clinically 
based on the results of studies in the literature and the 
opinions of experts with more than 15 years of experience 
in this field. Secondly, prognostic blocks were not used 
to predict treatment success prior to ablation. However, 
the role of prognostic blocks in predicting RFA treatment 
success is controversial, and there is still no clear consen-
sus in the literature on which critical threshold should be 
used (NRS ≥ 50% or 80%). Thirdly, radiation doses and 
procedure times were not recorded, but it is easy to es-
timate that the group with fewer nerves ablated had less 
radiation dose and a shorter procedure time. Although 
patients were enrolled according to the sample size cal-
culated by the noninferiority margin, the study may still 
be underpowered, suggesting that this may be associ-
ated with inconclusive results. Further studies including 
larger numbers of patients are needed to demonstrate 
noninferiority. Other limitations of the study are that the 
follow-up period was limited to 3 months and most of the 
patients were female. Finally, the lack of a control group 
without CRFA makes it difficult to assess treatment effi-
cacy.

In conclusion, this study suggests that in patients with 
osteoarthritis of the knee with anteromedial knee pain 
and medial tibofemoral compartment involvement, ex-
clusion of the SLGN from the CRFA procedure is neither 
non-inferior nor inferior to the standard approach in 
terms of treatment outcomes. Genicular CRFA is a safe 
treatment option for patients with anteromedial knee 
pain and osteoarthritis with medial tibiofemoral joint 
involvement, providing pain relief and improving qual-
ity of life and functionality, and when selecting genicular 
nerves for CRFA, it may be a more appropriate option to 
opt for individualized approaches that specifically target 
the genicular nerves thought to be responsible for the pa-
tient's knee pain. Further multicenter, long-term, double-
blind studies are needed to determine the exact impact of 
this approach on treatment outcomes.
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