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Background: Genicular nerve radiofrequency ablation (GNRFA) is an effective treatment for refractory knee pain.
However, refinements of GNRFA protocols are ongoing as new technologies emerge amidst accumulating evi-
dence supporting expanded lesioning strategies.

Objectives: Describe a novel, comprehensive GNRFA protocol utilizing dual-tined electrodes to target six genicular
nerves and report clinical outcomes in a cross-sectional cohort. This technique incorporates both bipolar and
monopolar ablation for precise, effective lesioning.

Methods: Consecutive patients who underwent GNRFA with the described protocol at a tertiary academic center
were contacted for follow-up. Baseline demographic and clinical data were collected from electronic medical
records, and outcomes were assessed via standardized telephone survey. The primary outcome was the pro-
portion of participants with >50 % numerical rating scale (NRS) pain score reduction. Secondary outcomes
included the respective proportions of participants with >2-point NRS reduction and Patient Global Impression
of Change (PGIC) scores >6, reflecting a “much improved” or better status.

Results: Fourteen patients (16 GNRFA procedures) were included. At a mean follow-up of 9.0 + 1.5 months, 50.0
% (95 %CI:28.0-72.0 %) of participants reported >50 % NRS reduction, 62.5 % (95 %CI:38.6-81.5 %) expe-
rienced >2-point NRS reduction, and 56.3 % (95 %CI:33.2-76.9 %) reported PGIC scores >6. No new opioid use,
arthroplasties, or procedural complications were reported at follow-up.

Conclusion: Our expanded, 6-nerve GNRFA protocol using dual-tined electrodes provided clinically significant
pain relief in most patients with no associated complications. This technique shows promise as a safe, effective
treatment option for refractory knee pain due to knee osteoarthritis in patients selected by single genicular nerve
blocks requiring >50 % pain relief. Larger prospective studies with longer follow-up are needed to confirm these
findings.

Dual-tined electrode

1. Introduction

Chronic knee pain, particularly in individuals with osteoarthritis
(OA), is a prevalent cause of disability worldwide [1,2]. Genicular nerve
radiofrequency ablation (GNRFA) is a minimally invasive treatment for
alleviating chronic knee pain in patients with knee osteoarthritis [3].
However, the optimal GNRFA technique and target sites for denervation
remain uncertain as knowledge of genicular nerve anatomy and its

variability continues to evolve [3-9].

The original technique introduced by Choi et al. [10] described
anatomical landmarks for targeting three genicular nerves (the super-
omedial [SMGN], superolateral [SLGN], and inferomedial genicular
[IMGN] nerves). While numerous randomized controlled trials [10-19]
used this traditional protocol demonstrated the relative safety and
effectiveness of GNRFA, other studies failed to outperform sham pro-
cedures or comparative therapies when only targeting these three nerves
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[20-22]. These inconsistent results suggest that clinical success may be
dependent on the ablation technique and targeting, technology
employed, and operator experience, highlighting the need for refine-
ment of the original approach to optimize patient outcomes.

Expanded protocols involving five or more neural targets have
shown promising outcomes in observational cohort studies with real-
world populations [23-27]. In addition to increasing the number of
denervation sites, utilizing more recent technologies that create larger
lesion volumes, such as multi-tined RFA electrodes, may also improve
outcomes by increasing the likelihood of successfully capturing targeted
nerves. The use of dual-tined electrodes (Nimbus®), combined with a
bipolar RFA technique, allows for expanded coverage of tissue territory
when ablating multiple genicular nerves and may enhance the effec-
tiveness of the procedure. Importantly, bipolar lesioning must be per-
formed in a manner that maximizes neural capture to achieve optimal
outcomes.

We previously conducted a study in which five or more genicular
nerves were targeted with dual-tined electrodes advanced parallel to
periosteum. This initial method yielded suboptimal outcomes, with a
responder rate of only 33 % for >50 % pain relief [28]. As such, we
adapted our technique by directing electrodes along a more perpen-
dicular path to the femoral epicondyle periosteum (Fig. 1). As a result of
their unique elongated spheroid lesion morphology [29,30], dual-tined
electrodes produce greater thermal lesion heights superficial to perios-
teum as the angle of approach increases towards 90° (perpendicular)
[31]. We posited that utilizing a more perpendicular approach to the
periosteum of the femoral epicondyle to create bipolar strip lesions may
increase the likelihood of capturing the target genicular nerves (SMGN,
nerve to vastus medialis [NVM], SLGN, and terminal articular branch of
the common fibular nerve [TABCFN]), as they are known to travel su-
perficially to the periosteal surface at certain locations along their
known courses (Fig. 2) [4]. We continued to utilize the original, rela-
tively parallel approach for monopolar lesioning of the inferior ablation
targets of IMGN and the recurrent fibular nerve [RFN], as these nerves
are consistently located close to the tibial periosteal surface [4].

The aim of this study was to (1) provide a technical description of a
comprehensive GNRFA protocol using dual-tined electrodes (Nimbus®)
to target six genicular nerves (SMGN, NVM, SLGN, TABCFN, IMGN,
RFN) and (2) report clinical outcomes for a cohort that underwent this
procedure at our institution.

2. Methods
2.1. Data collection
This cross-sectional cohort study was conducted at a single tertiary

academic center with local Institutional Review Board approval (IRB
00138414). The electronic medical records of consecutive patients with
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chronic knee pain who underwent GNRFA using dual-tined electrodes
with targeting of 6 genicular nerves between April and December 2024
were reviewed. Inclusion criteria were (1) minimum of 3 months since
the GNRFA procedure; (2) response to contact by telephone, email, or
paper mail and willingness to complete a standardized outcomes survey
related to the GNRFA procedure; and (3) lack of involvement in litiga-
tion (including worker’s compensation claims) related in any way to the
index knee pain.

Baseline data were collected via chart review included the following:
(1) age at the time of GNRFA; (2) sex; (3) BMI; (4) smoking status; (5)
duration of index knee pain; (6) Kelgren-Lawrence scores specific to
each compartment of the knee (medial, lateral, patellofemoral); (7)
history of total or partial arthroplasty in index knee; (8) highest recorded
numeric rating scale (NRS) pain score within three months before
GNRFA; (9) baseline opioid analgesic use for index knee pain specif-
ically; (10) baseline anxiety or depression medication use; (11) percent
pain relief with prognostic genicular nerve block; (12) number of
GNRFA procedures prior to the index procedure; (13) date of GNRFA;
and (14) GNRFA laterality. Patients were contacted via a letter sent on
behalf of their treating physician regarding the research project. Patients
who agreed to participate in the study completed a post-GNRFA phone
call survey which captured current NRS pain score, self-reported
improvement by the Patient Global Impression of Change (PGIC), self-
reported satisfaction with the procedure, current use of daily opioid
analgesics for index knee pain, total or partial TKA surgery since
GNRFA, and any adverse events associated with GNRFA.

2.2. Procedures

All procedures were performed by Physical Medicine and Rehabili-
tation physicians with subspecialty fellowship training in Pain Medicine
or Interventional Spine and Musculoskeletal Medicine.

2.2.1. Genicular nerve blocks

Genicular nerve blocks were performed under multiplanar fluoro-
scopic guidance with use of contrast medium to rule out intravascular
uptake, as described previously [27]. Target sites were based on the
known anatomic locations of the genicular nerves [9,32]. Prognostic
genicular blocks were classified as positive if they were associated with a
pain reduction of 50 % or more during movements or activities that
typically provoked pain, concordant with the duration of the local
anesthetic used.

2.2.2. Radiofrequency ablation

Patients were positioned supine on a standard fluoroscopy table,
with the knee bolstered and flexed at approximately 30°. The knee was
exposed, cleaned, and draped in a sterile manner. Moderate sedation
with midazolam and fentanyl was used on an as-needed basis at the

1N

Fig. 1. Images of a cadaveric right knee specimen demonstrating GNRFA targeting the SMGN, NVM, SLGN, and TABCFN using bipolar techniques with dual-tined
electrodes advanced towards the periosteal surface of the femoral shaft to epicondyle junction with a relatively (A) parallel versus (B) perpendicular angle of
approach. GNRFA = genicular nerve radiofrequency ablation; NVM = nerve to vastus medialis; SLGN = superior lateral genicular nerve; SMGN = superior medial

genicular nerve; TABCFN = terminal articular branch of the common fibular nerve.



H. Sen et al. Interventional Pain Medicine 4 (2025) 100656

Fig. 2. Fluoroscopic anterior-posterior (AP) views of electrode positions for (A) monopolar lesioning targeting the SMGN and SLGN using 22-gauge conventional RF
electrodes with 10-mm active tips, according to the original GNRFA protocol introduced by Choi et al. [10], (B) bipolar lesioning targeting the SMGN, NVM, SLGN,
and TABCFN using dual-tined electrodes advanced along a relatively parallel trajectory towards the periosteal surface of the femoral shaft to epicondyle junction, and
(C) bipolar lesioning targeting the SMGN, NVM, SLGN, and TABCFN using dual-tined electrodes advanced perpendicularly towards the periosteal surface of the
femoral shaft to epicondyle junction. Schematic representations of anticipated lesion geometries with each technique are shown in yellow. White dashed lines
represent potential variations of the SMGN, NVM, SLGN, and TABCFN based on neuroanatomical descriptions. Note the genicular nerve variations coursing most
superfically to the femoral periosteal surface, which are captured only with technique (C). GNRFA = genicular nerve radiofrequency ablation; NVM = nerve to vastus
medialis; RF = radiofrequency; SLGN = superior lateral genicular nerve; SMGN = superior medial genicular nerve; TABCFN = terminal articular branch of the
common fibular nerve. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

discretion of the treating physician. To anesthetize the skin and subcu- 2.2.3. SMGN and NVM electrode placements

taneous tissues superficial to the targeted genicular nerve, 1 % lidocaine In an AP fluoroscopic view, two dual-tined electrode RFA needles
was used. GNRFA was performed under multiplanar fluoroscopic guid- were inserted at approximately 45-degree angles relative to the medial
ance to ensure accurate needle placement (Fig. 3). aspect of the knee, at the level of the transition from the medial femoral

shaft to the medial femoral epicondyle (Fig. 3A). In a lateral fluoroscopic

Fig. 3. (A) Anterior-posterior (AP) view of electrode positions with tines deployed in the goal position for bipolar lesioning, targeting the SMGN, NVM, SLGN, and
TABCEFN; note the relatively perpendicular angle of approach towards the periosteal surface of the femoral shaft to epicondyle junction, such that the radiofrequency
lesions extend into tissue more superficial to periosteum when compared to a relatively parallel approach that may miss genicular nerve variations that “float”
superficial to the periosteum. (B) Lateral view of electrode positions with tines deployed in the goal posterior positions for bipolar lesioning, targeting posterior
variations of the SMGN, NVM, SLGN, and TABCFN. (C) Lateral view of electrode positions with tines deployed in the goal anterior position relative to the goal
posterior position for bipolar lesioning targeting more anterior variations of the SMGN, NVM, SLGN, and TABCFN. (D) AP view of electrode positions with tines
deployed in the goal position for monopolar lesioning, targeting the IMGN and RFN. (E) Lateral view of electrode positions with tines deployed in the goal position
for monopolar lesioning, targeting the IMGN and RFN.

IMGN = inferior medial genicular nerve; NVM = nerve to vastus medialis; SLGN = superior lateral genicular nerve; SMGN = superior medial genicular nerve; RFN =
recurrent fibular nerve; TABCFN = terminal articular branch of the common fibular nerve.
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view, these needles were advanced in parallel until they contacted the
periosteum of the medial femoral epicondyle such that the more pos-
terior electrode was positioned at the posterior aspect of the medial
femoral condyle, and the second was positioned approximately 15 mm
anterior to the first. The electrode tines were deployed, 1-1.5 mL of 1 %
lidocaine was administered through each RFA needle cannula, and a
bipolar lesion was placed in this position (Fig. 3B) after confirming
appropriate electrode position in the AP fluoroscopic view (Fig. 3A).
Subsequently, the tines were retracted, and in a lateral fluoroscopic
view, the RFA needles were redirected such that the needle originally
located at the posterior aspect of the medial femoral epicondyle was
positioned approximately 15 mm anterior to its original location. The
second needle was then repositioned approximately 15 mm anterior to
the more posterior needle (approximately 30 mm anterior to the pos-
terior aspect of the medial femoral epicondyle), thus creating a contig-
uous ablation zone covering the posterior 40-50 % of the medial femoral
epicondyle. The electrode tines were deployed, 1-1.5 mL of 1 % lido-
caine was administered through the more anterior RFA cannula, and a
bipolar lesion was placed in this position (Fig. 3C) after confirming
appropriate electrode position in the AP fluoroscopic view (Fig. 3A).

2.2.4. SLGN and TABCEFN electrode placements

In an AP fluoroscopic view, two dual-tined electrode RFA needles
were inserted at approximately 45-degree angles relative to the lateral
aspect of the knee, at the level of the transition from the lateral femoral
shaft to the lateral femoral epicondyle (Fig. 3A). In a lateral fluoroscopic
view, these needles were advanced in parallel until they contacted the
periosteum of the lateral femoral epicondyle such that the more poste-
rior electrode was positioned at the posterior aspect of the lateral
femoral condyle, and the second was positioned approximately 15 mm
anterior to the first. The electrode tines were deployed, 1-1.5 mL of 1 %
lidocaine was administered through each RFA needle cannula, and a
bipolar lesion was placed in this position (Fig. 3B) after confirming
appropriate electrode position in the AP fluoroscopic view (Fig. 3A).

Subsequently, the tines were retracted, and in a lateral fluoroscopic
view, the RFA needles were redirected such that the needle originally
located at the posterior aspect of the lateral femoral epicondyle was
positioned approximately 15 mm anterior to its original location. The
second needle was then repositioned approximately 15 mm anterior to
the more posterior needle (approximately 30 mm anterior to the pos-
terior aspect of the lateral femoral epicondyle), thus creating a contig-
uous ablation zone covering the posterior 40-50 % of the transition from
the lateral femoral shaft to the lateral femoral epicondyle. The electrode
tines were deployed, 1-1.5 mL of 1 % lidocaine was administered
through the more anterior RFA cannula, and a bipolar lesion was placed
in this position (Fig. 3C) after confirming appropriate electrode position
in the AP fluoroscopic view (Fig. 3A).

In our practice, we commonly perform needle placements to target
the SLGN and TABCFN concurrently with the SMGN and NVM (Fig. 3).

2.2.5. IMGN electrode placement

In an AP fluoroscopic view, a dual-tined electrode RFA needle was
inserted at the level of the transition from the medial tibial shaft to the
medial tibial epicondyle starting from a position on the skin approxi-
mately 1 cm medial to periosteum and advanced to periosteum
(Fig. 3D). In a lateral fluoroscopic view, this needle was then advanced
to a point approximately 75 % of the diameter of the tibia (closer to the
posterior aspect of the medial tibial epicondyle). The electrode tines
were deployed, 1-1.5 mL of 1 % lidocaine was administered through the
RFA needle cannula, and a monopolar lesion was placed in this position
(Fig. 3E) after confirming appropriate electrode position in the AP
fluoroscopic view (Fig. 3D).

2.2.6. REN electrode placement
In an AP fluoroscopic view, a dual-tined electrode RFA needle was
inserted at the level of the transition from the lateral tibial shaft to the
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lateral tibial epicondyle starting from a position on the skin approxi-
mately 1 cm lateral to periosteum and advanced to periosteum (Fig. 3D).
In a lateral fluoroscopic view, this needle was then advanced to a point
approximately 75 % of the diameter of the tibia (closer to the posterior
aspect of the lateral tibial epicondyle). The electrode tines were
deployed, 1-1.5 mL of 1 % lidocaine was administered through the RFA
needle cannula, and a monopolar lesion was placed in this position
(Fig. 3E) after confirming appropriate electrode position in the AP
fluoroscopic view (Fig. 3D).

2.2.7. RFA generator settings and post-procedural care

For all bipolar lesions, an RFA generator time of 2 min and 30 s was
used at a temperature of 85 °C. These generators settings create com-
plete bipolar lesions in chicken breast tissue with an intra-electrode
distance of 20 mm when using dual-tined Nimbus® electrodes
(Fig. 4). For all monopolar lesions, an RFA generator time of 90 s was
used at a temperature of 90 °C. After lesions were completed, the RFA
needles were removed and the skin dressed. Patients were monitored for
post-procedure complications for 30 min in the recovery area.

2.3. Outcomes

The primary study outcome was the proportion of patients with >50
% NRS pain score reduction from baseline in the index knee. Secondary
outcomes included mean NRS pain score reduction, as well as the
respective proportions of patients with >2-point NRS reduction and
PGIC scores of 6 or 7 (consistent with “much improved” or “very much
improved”) and patient self-reported satisfaction with the procedure (on
a 5-point Likert scale, with 1 corresponding to “very dissatisfied” and 5
to “very satisfied”). We also examined post-procedure opioid analgesic
use, the number of patients who went on to receive partial or total knee
arthroplasty (TKA), and adverse events associated with the GNRFA
procedure.

2.4. Statistical analysis

Data were analyzed using descriptive statistics for baseline de-
mographic, clinical, and procedural characteristics, with calculations of
frequencies/proportions for categorical variables and means/standard
deviations for continuous variables. Additionally, 95 % confidence in-
tervals (CIs) were calculated along with responder rates for categorical

Mitutoyo

Fig. 4. Image showing the zone of coagulation within chicken breast tissue
following bipolar lesioning using dual-tined Nimbus® electrodes with an intra-
electrode distance of 20 mm, a radiofrequency generator time of 2 min and 30 s
(30-s ramp time), and a temperature setting of 85 °C. The length of the zone of
coagulation is approximately 32 mm as measured by digital calipers.
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study outcomes.

3. Results

Fourteen patients (69.1 + 12.6 years of age; 71.4 % female) under-
went 16 GNRFA procedures as treatment for native knee pain due to
osteoarthritis using the described protocol between April and December
2024 and agreed to complete the standardized follow-up outcomes
survey. Baseline demographic and clinical characteristics of participants
are presented in Table 1. In this cohort, the average time to follow-up
was 9.0 + 1.5 months post-GNRFA. Mean NRS pain scores at follow-
up decreased by 2.9 + 3.1 points from a baseline average of 6.7 + 1.6
points. At follow-up, 50.0 % (n = 8/16; 95 % CI: 28.0, 72.0) and 62.5 %
(n=10/16; 95 % CI: 38.6, 81.5) of participants reported >50 % and >2-
point NRS score reductions from baseline, respectively (Table 2). Simi-
larly, 56.3 % (n = 9/16; 95 % CI: 33.2, 76.9) of participants met the
responder definition on PGIC by reporting scores consistent with “much
improved” or “very much improved” (Table 3).

Approximately half (n = 9/16; 56.3 %) of participants had a prior
history of GNRFA treatment in the index knee. An additional exploratory
analysis revealed no significant differences in responder rates for any
categorical outcome measure between first-time versus repeat GNRFA
procedures (p > 0.05; Table S1).

The mean score for patient-reported satisfaction with the procedure
(on a 1-5 scale where 1 = “very dissatisfied” and 5 = “very satisfied”)
was 3.9 + 1.2 points (range: 2-5) at average follow-up. Of the two
participants using opioid analgesics at baseline, one individual had
ceased opioid medication use at mean follow-up. No participants

Table 1
Participant demographics, clinical, and procedure-related variables.
Categorical variable No. (%)
Gender (n = 14)
Male 4 (28.6)
Female 10 (71.4)
Current smoker (n = 14)
Yes 0 (0.0)
No 13 (100.0)
Unknown 1
Opioid use at baseline (n = 16)
Yes 2(12.5)
No 14 (87.5)
Antidepressant/anxiolytic medication use at baseline (n = 14)
Yes 5 (35.7)
No 9 (64.3)
Duration of pain (n = 14)
<1 year 1(7.7)
2-5 years 6 (46.2)
> 6 years 6 (46.2)
Unknown 1
Worst compartment KL grade (n = 16)
1 3(18.8)
2 1(6.3)
3 3(18.8)
4 9 (56.3)
History of knee replacement in index knee (n = 16)
Yes 0 (0.0)
No 16 (100.0)
GNRFA laterality (n = 16)
Left 8 (50.0)
Right 8 (50.0)
Number of GNRFAs prior to the index procedure (n = 16)
0 7 (43.8)
1 4 (25.0)
>2 5(31.2)
Age in years (n = 14; mean =+ SD) 69.1 (12.6)
BMI in kg/m? (n = 14; mean + SD) 31.6 (7.4)
Baseline NRS score (n = 16; mean + SD) 6.7 (1.6)
Follow-up time in months (n = 16; mean + SD) 9.0 (1.5)

GNRFA = genicular nerve radiofrequency ablation; NRS = numerical rating
scale; SD = standard deviation.
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Table 2
Pain score reduction.

Outcome Yes No 95 % CI (yes)
>50 % NRS reduction 8 (50.0) 8 (50.0) 28.0,72.0
>2-point NRS reduction 10 (62.5) 6 (37.5) 38.6, 81.5

CI = confidence interval; NRS = numerical rating scale.

Table 3
Patient global impression of change.

Outcome Yes No 95 % CI (yes)

>6 on PGIC 9 (56.3) 7 (43.8) 33.2,76.9

CI = confidence interval; PGIC = Patient Global Impression of Change.
Note: PGIC scores >6 indicate at least “much improved”.

initiated opioid medication use or went on to receive TKA by the time of
follow-up survey. No adverse events occurred during the procedures,
and no complications were reported at follow-up.

4. Discussion

This cross-sectional cohort study evaluated clinical outcomes of a
novel comprehensive GNRFA protocol using dual-tined electrodes to 6
genicular nerves. The approach, which expands upon traditional GNRFA
protocols by increasing the number of treated nerves and incorporating
larger volume lesions, may offer more thorough interruption of noci-
ceptive signaling from the knee joint. Our findings suggest that this
technique is associated with meaningful reductions in pain and high
patient-reported satisfaction in a real-world clinical setting. At an
average follow-up time of approximately 9 months, 50.0 % and 62.5 %
of participants had >50 % and >2-point NRS pain score reductions from
baseline, respectively, while 56.3 % reported PGIC scores >6 indicating
they were at least “much improved”.

These findings are comparable to results of a prior cross-sectional
cohort study by our research group evaluating outcomes of GNRFA at
the same institution [27]. In an analogous real-world population, Car-
agea et al. observed that 47.8 % and 59.0 % of 134 study participants
reported >50 % and >2-point NRS reductions, respectively, at an
average follow-up of nearly two years post-procedure [27]. Almost all
(96.3 %) of the procedures included in that study utilized internally
cooled (versus conventional) RFA technology, which is also capable of
producing large lesions with a perpendicular approach. Five or more
genicular nerves were targeted in a majority (61.2 %) of cases. Addi-
tional investigation is necessary to establish the long-term durability of
treatment effects with the novel GNRFA protocol we have described
here.

To our knowledge, this study is the first to specifically report on the
effectiveness of GNRFA using dual-tined electrodes to target genicular
nerves. A recent anatomical study by Fonkoué et al. revealed that the
knee joint receives sensory innervation from 14 distinct nerves, with 10
of these supplying the anterior capsule [5]. This finding indicates a more
complex innervation pattern than previously understood, which has
piqued interest in targeting additional nerves to improve GNRFA
outcomes.

We developed the described GNRFA technique in response to the
observation of suboptimal outcomes in a prior cohort using electrode
placement relatively parallel to the femoral epicondyle periosteal sur-
face with the same probe type [28]. In that initial study, the responder
rate for >50 % pain relief was 33 % at an average follow-up of 10.6 +
4.0 months. Those results were consistent with findings reported by
Malaithong et al., who also used a bipolar technique with parallel
approach to the femoral epicondyle periosteal surface and reported
similarly limited effectiveness that did not significantly differ from sham
RFA followed by steroid injection [22]. These findings highlight the
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importance of electrode orientation, as genicular nerves that innervate
the superior-anterior knee joint are often situated within soft tissue su-
perficial to the periosteum [32]. By advancing electrodes along a more
perpendicular trajectory towards the femoral epicondyles, we observed
a higher responder rate (50 %), supporting this method as the preferred
approach when using dual-tined technology, pending larger confirma-
tory comparative study.

Our findings are also consistent with studies employing expanded
lesioning strategies. A pragmatic RCT by Chen et al. evaluated a four-
nerve GNRFA protocol utilizing cooled RF technology [17]. In that
study, 68 % and 65 % of participants reported >50 % pain reduction at 6
and 12 months, respectively. Similarly, a retrospective cross-sectional
study by Shi et al. using conventional monopolar GNRFA to target an
average of 5 nerves per patient found that 56 % of patients went on to
experience >50 % pain reduction at 6 months [26]. Although these
studies did not utilize a dual-tined RFA electrode, they still align with
our results, suggesting that protocols targeting five or more nerves may
be more effective, particularly when used with RFA technologies
capable of producing larger lesion volumes.

4.1. Limitations

The primary limitation of this study is its cross-sectional design,
which, while reflective of real-world clinical practice, lacks the control
and randomization necessary to establish the effect attributable to RFA
compared to a sham procedure or alternative RFA targeting. This design
also introduces potential recall, information, and response bias due to
reliance on patient-reported outcomes collected via telephone follow-
up. The use of phone-based follow-up further limits post-procedure
evaluation to subjective measures such as pain and PGIC, without
objective assessment of functional outcomes. Follow-up was limited to a
single cross-sectional timepoint, so longitudinal outcome trends could
not be assessed. Additionally, the sample size of 14 patients limits the
statistical power and generalizability of the findings. Lastly, external
validity may be constrained by the fact that the study cohort was
comprised of patients treated at a single academic medical center, and
the influence of unmeasured confounding factors cannot be entirely
ruled out. However, given the relatively limited data in the literature
regarding using dual-tined RFA electrodes with targeting of >5 gen-
icular nerves, our results provide additional insights. Future randomized
controlled trials with larger sample sizes and extended follow-up periods
are warranted to validate these preliminary findings and better inform
clinical decision-making.

5. Conclusion

This study provides preliminary data that GNRFA using dual-tined
electrodes targeting 6 genicular nerves provides meaningful pain relief
and high patient satisfaction. Our findings align with recent anatomical
insights and clinical studies, which highlight the complexity of knee
joint innervation and the importance of comprehensive nerve targeting
to optimize outcomes. Further randomized controlled trials with larger
cohorts are warranted to confirm these results and optimize procedural
protocols for long-term efficacy and safety.
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