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Introduction: Conventional approaches targeting the superior medial genicular nerve (SMGN), superior lateral genicular nerve
(SLGN), and inferior medial genicular nerve (IMGN) have demonstrated favourable outcomes in knee joint. However, because the
inferior lateral genicular nerve (ILGN) and the joint capsule branch are not intervened, radiofrequency ablation of the knee joint cannot
completely alleviate knee pain. Our research team has developed an innovative three-in-one puncture technique for the knee, by
altering the puncture entry point, simultaneous intervention of three nerves—the SLGN, the inferior lateral genicular nerve, and the
joint capsule branch—is enabled. The three-in-one puncture technique has shown preliminarily promising results in patients with knee
osteoarthritis (OA).

Methods: We included 57 patients for retrospective analysis. All patients underwent knee nerve radiofrequency ablation(RFA) at the
Pain Department of Taihe Hospital, from March 2021 to March 2023. Among them, 30 patients received treatment using the
innovative three-in-one method, and 27 received treatment using the traditional method. Follow-up assessments were performed
preoperatively and at postoperative Day 1, week 1, month 1, month 3, and month 6 using the numerical rating scale (NRS) for pain,
surgical complications, and patient satisfaction.

Results: NRS scores significantly decreased in both groups at all postoperative time points. Intergroup comparisons revealed
statistically significant differences in the NRS scores between the three-in-one group and the traditional group at postoperative months
1, 3, and 6 (P<0.05). No severe adverse events were observed in either group. At 6 months postsurgery, 93.3% of patients in the three-
in-one group were satisfied with the outcomes, compared to 74.1% satisfaction in the traditional group.

Conclusion: The three-in-one method significantly reduced chronic peri-knee pain intensity. Long-term follow-up demonstrates its
longer-lasting analgesic effects and higher patient satisfaction, indicating substantial clinical applicability.

Plain Language Summary: Traditional treatments targeting the superior medial genicular nerve (SMGN), superior lateral genicular
nerve (SLGN), and inferior medial genicular nerve (IMGN) have demonstrated favorable outcomes. However, in our clinical practice,
we have observed that pain relief in patients remains incomplete, as the inferior lateral genicular nerve (ILGN) and the joint capsule
branch are not addressed. The innovative three-in-one approach enables the simultaneous intervention of three nerves—the SLGN, the
inferior lateral genicular nerve, and the joint capsule branch—with a single puncture. This method ensures more thorough and safer
radiofrequency management of pain caused by knee osteoarthritis. We hope this minor technical improvement can become the new
standard for knee joint radiofrequency.
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Introduction

Knee osteoarthritis (KOA) is a degenerative whole-joint disease involving progressive articular cartilage wear alongside
subchondral bone remodeling, meniscal degeneration, and biomechanical and biochemical changes of the infrapatellar fat
pad. KOA-related degeneration leads to bone-on-bone friction and inflammatory reactions, accompanied by cartilage
destruction and osteophyte formation, and may even affect the entire joint.' > The most common clinical manifestation of
KOA is chronic pain in and around the knee joint, with symptoms prone to recurrence. Functional limitations gradually
progress to a loss in independent living ability, and patients with moderate to severe KOA may ultimately become
disabled.* Studies have shown that globally, prevalent cases of OA increased by 113.25%, from 247.51 million in 1990 to
527.81 million in 2019. Among individuals older than 60 years, approximately 10% of men and 13% of women suffer
from symptomatic KOA, imaging is an important method for confirming the diagnosis.””’

Depending on disease severity, treatment options for knee osteoarthritis (KOA) range from lifestyle modifications to
surgery.® Currently, non-pharmacological interventions for knee osteoarthritis (KOA), including therapeutic exercise,
weight management, and self-management programs, are strongly recommended. Pharmacological interventions, includ-
ing topical and oral non-steroidal anti-inflammatory drugs (NSAIDs), are also strongly recommended.® '* It should be
noted that although NSAIDs can provide rapid symptom relief, their duration of action is short and attention should be
paid to their potential cardiovascular and gastrointestinal side effects.'' Intra-articular corticosteroid injections are also
a relatively recommended treatment option, providing relief for 2 to 10 weeks.* ' Evidence suggests that genicular nerve
block may provide pain relief for approximately 6 weeks,'? studies have shown that radiofrequency ablation (RFA) has
the potential to become the preferred conservative treatment for patients with KOA, and an ongoing multicenter
randomized controlled trial will further elucidate its clinical value.'*"'*

RFA achieves long-term pain relief by thermally ablating nociceptive afferent nerves through localised coagulation.
In accordance with the approach proposed by Choi et al'® in 2011, targeting three primary nerves innervating the knee
joint—the superior medial genicular nerve (SMGN), superior lateral genicular nerve (SLGN), and inferior medial
genicular nerve (IMGN). However, because the traditional knee joint radiofrequency method does not intervene in the
inferior lateral genicular nerve (ILGN) and the joint capsule branch, knee pain relief remains incomplete, not only
because of safety concerns regarding the common fibular nerve injury, but also due to historical limitations in anatomical
understanding at the time the conventional approach was established. Our research team improved upon the traditional
three-in-one method after studying the anatomical review by Roberts et al'® and conducting clinical practice. The key
innovation involves shifting the traditional lateral superior puncture entry point in a posterior manner to target the main
articular branch of the common fibular nerve (CFN) via RFA, thereby blocking signal transmission from the SLGN,
terminal articular branches, and ILGN. This modification provides more comprehensive pain relief for patients with
KOA. We hypothesized that the modified three-in-one method is an accurate, safe, and effective treatment for
refractory KOA.

Materials and Methods
This retrospective clinical analysis was approved by the Ethics Committee of Taihe Hospital (Approval No.
WZ2025034). All patient data were anonymised, and personal information remained confidential.

Participants

The sample size of this retrospective study was determined based on previous similar clinical studies. Specifically,
studies by Wang XC et al'” reported sample sizes ranging from 20 patients per group for comparable KOA treatment
outcomes, and we therefore aimed for a similar range, a total of 70 hospitalised patients with chronic knee pain who
underwent RFA at the Pain Department of Taihe Hospital from March 2021 to March 2023 were included (Figure 1). All
patients exhibited typical signs of KOA, with exclusion criteria including infection, lumbar disc herniation compressing
nerves, trauma, or surgical indications. Symptomatology, physical examinations, and imaging findings were consistent

with the diagnosis of KOA. All patients signed informed consent forms prior to surgery.
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Assessed for
Enrollment eligibility(n=70)

Exclusion due to incomplete follow-up (n=13)
Allocation Three-in-one group(n=8)
Traditional group(n=5)

Three-in-one Traditional
group(n=30) group(n=27)

Analysis

Figure | Flow chart of patient selection. After excluding patients with incomplete medical records (making follow-up impossible) or other reasons for loss to follow-up, 57
patients were included in the final analysis (30 in the traditional group, 27 in the triple combination group).

The inclusion criteria were a diagnosis consistent with KOA, the diagnosis of KOA was confirmed by reviewing
radiology reports from weight-bearing knee radiographs. Only patients with a documented Kellgren-Lawrence grade of 2
or 3 (moderate osteoarthritis) were included. disease duration >3 months. the patients received only radiofrequency
treatment and did not undergo total knee arthroplasty (TKA).

The exclusion criteria were knee pain unexplained by osteoarthritis alone. inability to complete follow-up.

Procedure
Ultrasound-guided localisation of the SMGN, SLGN, and IMGN via a high-frequency linear ultrasound probe (8—12
MHz, Mindray L15-3WU, China) was used to identify the SMGN, SLGN and IMGN near the branches of the knee joint
arteries. The SMGN and SLGN are located at the junction between the femoral shaft and the medial/lateral femoral
condyles (MFC and LFC), and the IMGN is situated at the junction between the tibial shaft and the medial tibial condyle
(MTC). During ultrasound examination, the MFC, MTC, and LFC were first identified in the sagittal plane, after which
the corresponding arterial branches were localised to pinpoint the target nerves. Ultrasound-guided conventional scanning
method for the SLGN is demonstrated in (Figure 2A and B).

Equipment ultrasound system: Mindray L15-3WU (China) with a high-frequency linear probe (§—12 MHz). RFA
device: Cosman RFG-4 (Cosman Medical, USA).

Operative Steps
Patient Preparation: The patient was placed supine on the operating table Intravenous access was established with 0.9%
isotonic saline. Electrocardiogram (ECG), pulse rate, oxygen saturation, and noninvasive blood pressure were continu-
ously monitored. Mild sedation was induced with 2 mg midazolam via intravenous injection, and the patient maintained
consciousness. Oxygen was administered via nasal cannula at 2-3 L/min. The affected knee was flexed at 20° with
a pillow placed under the popliteal fossa.

Puncture Path Design and Sterilisation: The treatment area was disinfected with iodophor and covered with sterile
drapes. Local anaesthesia was administered subcutaneously using a mixture of 2.5 mL 2% lidocaine hydrochloride and
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Figure 2 The conventional method involves ultrasound imaging of the SLGN (A and B), whereas the three-in-one approach involves ultrasound visualisation of the ABCFN
(C and D). Red lines represent the puncture routes; dashed lines represent the safe distance from the puncture target to the common fibular nerve.

2.5 mL 0.9% saline (Xuzhou Lion Pharmaceutical Co., Ltd., China), followed by 2 mL lidocaine (10 mL/vial;
Guangzhou Baiyunshan Mingxing Pharmaceutical Co., Ltd., China) to avoid interference with subsequent electrical
stimulation. Needle Insertion: A 16-gauge radiofrequency cannula (10 cm long, 2 mm active tip; Beijing Neo Science
Co., Ltd., China) was inserted approximately 5 cm lateral to the ultrasound probe, ensuring that the target nerve was
centred in the visual field while the visibility of surrounding vascular structures was maintained.

SMGN Localisation and Ablation: The ultrasound probe was positioned sagittally over the MFC to locate the
transition zone between the femoral shaft and the MFC. The probe was then rotated to the horizontal plane, and colour
Doppler was used to identify the pulsating superior medial genicular artery as the SMGN target. After superficial
anaesthesia via 1 mL 1% lidocaine (25G needle), needle insertion was advanced in-plane to the SMGN. Motor
stimulation (2 Hz, 1.0-1.5 V) confirmed that no muscle twitching occurred, whereas sensory stimulation (50 Hz, <0.5
V) elicited pain or paraesthesia in the target area. Following stimulation, the needle stylet was removed, and 1 mL 2%
lidocaine was injected. RFA was initiated using the following parameters: 45 °C (60 s), 60 °C (60 s), 70 °C (60 s), and 80
°C (120 s). The same protocol was applied for the IMGN. This section covers the conventional puncture technique for the
medial genicular nerves (SMGN and IMGN). Next, the conventional technique for SLGN puncture is described,
followed by our innovative three-in-one modified technique. Based on the conventional method but with an altered
puncture location, our modified technique allows for simultancous and safe treatment of the SLGN, ILGN, and the
articular branch of the anterior branch of the common fibular nerve (ABCFN) in a single puncture, providing more
comprehensive pain control around the knee joint.

SLGN localisation and modified technique: The traditional approach targeted the SLGN at the midpoint at the
junction of the femoral shaft and LFC by identifying the superior lateral genicular artery. However, anatomical variations
in the SLGN and failure to address the ILGN often reduce treatment efficacy. In the modified method, the ultrasound
probe was moved laterally, parallel to the femoral shaft to locate the ABCFN at the transition between the lateral and
posterior femoral cortices (Figure 2C and D) (Figure 3A—C). Direct visualisation of the nerve structure eliminated the
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Figure 3 (A) Superolateral conventional RFA targets (arrow symbols) and three-in-one RFA ablation sites (triangle symbols) of the knee. (B and C) Probe positioning:
conventional vs. three-in-one techniques.

reliance on arterial pulsations, which are often undetectable in peripheral vessels. Sensory stimulation (50 Hz, <0.5 V)
confirmed target accuracy by eliciting pain or paraesthesia, whereas motor stimulation (2 Hz, 1.5-2.0 V) ensured no
muscle contraction. This was done to ensure a safe distance between the puncture target and the CPN, thereby avoiding
CPN injury during radiofrequency treatment. After validation, pulsed radiofrequency (PRF) was applied to reconfirm the
target, followed by application of the following RFA parameters: 60 °C (60 s), 70 °C (60 s), and 80 °C (120 s). This
approach simultaneously ablated the SLGN, terminal articular branches, and ILGN of the CFN, enhancing analgesic
precision and efficacy.

Postablation Management: Post-RFA, 5 mL anti-inflammatory analgesic solution containing methylprednisolone
(40 mg each; Pfizer, Dalian, China) was injected after confirmation of no blood aspiration. The puncture site was
covered with sterile dressing and packed with ice to promote closure.

Observation Indicators and Follow-Up

Patient baseline data were collected via the hospital’s electronic medical records system, while outcome data were
obtained through telephone and outpatient follow-ups. Follow-up assessments were conducted at the following time
points: preoperatively, and at postoperative Day 1, week 1, month 1, month 3, and month 6. The primary outcome
measure was the change in pain intensity via NRS assessment, in which pain severity was quantified from 0 to 10 (0: no
pain; 1-3: mild pain [no sleep disturbance]; 4-6: moderate pain; 7—10: severe pain [inability to sleep or pain-induced
awakening]).'®!'? Secondary outcome measures included surgical complications such as postoperative puncture site pain,
aggravated pain, hypoaesthesia, localised numbness, bleeding, and infection. Patient satisfaction was evaluated using
a 5-point Likert scale: very satisfied, satisfied, neutral, dissatisfied, and very dissatisfied.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism (USA).?’ Continuous data are presented as means + standard
deviations (x + SD) if normally distributed or medians (interquartile ranges) for skewed distributions. Categorical data
are expressed as counts and percentages. Normality was assessed using the Shapiro—Wilk test. For continuous variables,
an independent samples ¢ test was used for normally distributed data. The Mann—Whitney-U test was applied to skewed
data. Pretreatment and posttreatment. For the baseline characteristics table, the statistical test results (P values) for
between-group comparisons should be provided to demonstrate comparability of key variables between the two groups.
Comparisons employed repeated-measures ANOVA or the Friedman test. For categorical variables, differences were
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analysed using the chi-square test or Fisher’s exact test. A two-tailed P < 0.05 was considered to indicate statistical
significance.

Results

Participants and Clinical Characteristics of the Two Groups
Among them, 38 patients received treatment using the innovative three-in-one method, and 32 received treatment using
the traditional approach. Because follow-up data could not be obtained, 8 patients in the three-in-one group and 5 patients
in the traditional group were excluded from the analysis.

An analysis of demographic characteristics (eg., sex, age, body mass index [BMI]), disease duration and preoperative
NRS scores revealed no statistically significant differences between the two groups (Table 1).

Primary Outcome

Compared with the preoperative baseline scores, both the three-in-one group and the traditional group exhibited
significant reductions in NRS scores at postoperative Day 1, week 1, month 1, month 3, and month 6. Notably, the
magnitude of the reduction in NRS score was significantly greater in the three-in-one group than in the traditional group
at postoperative week 1, month 1, month 3, and month 6 (P<0.05; Figure 4).

Table 1 Demographic and Clinical Characteristics of the Two Groups

Characteristics Modified Procedure | Routine Surgical Procedure | Total P-value
n= 30 n=27 n =57
Gender (n)
Male 6(20.0) 7 (25.9) 13(22.8) 0.594
Female 24(80.0) 20(74.1) 44(77.2)
Mean age (Years) 57.249.5 59.7+10.2 58.4+9.8 0.340
Median duration of Pain (months) | 51.2(44.0, 58.0) 52.3(45.5, 59.5) 51.7 (445, 58.5) | 0.603
Side affected (n, %)
Bilateral 15(50.0) 13(48.4) 28(49.1)
Left 8(26.7) 9(33.3) 17(29.8) 0.854
Right 7(23.3) 5(18.5) 12(21.1)
Pre-operative |D-pain scale (n, %)
22 8(26.7) 7(25.9) 15(26.3) 0.949
22 22 (73.3) 20(71.1) 42(73.7)
KL stage pre-operative (n, %)
Stage 3 10(33.3) 7(25.9) 17(29.8) 0.542
Stage 4 20(66.7) 20(74.1) 40(70.2)
BMI (kg/m”2) 24.6%2.5 25.1£2.8 249 0.434
Mean ADPS 5.6%1.1 5.5%1.2 5.5%1.2 0.744
Opioid assisted analgesia 1(3.3) 3(11) 4(7.1) 0.340
Basic disease (n)
Diabetes 12 (40.0) 11 (40.7) 22 (38.6) 0.956
Coronary heart disease 6 (20.0) 5(18.5) 11(19.3) 0.887
Hypertension 10 (33.3) 7(25.9) 17 (29.8) 0.542
Habitations
Country 11(36.7) 9(33.3) 20 (35.1) 0.790
Rural area 19(63.3) 18(66.7) 37(64.9)

Notes: Continuous variables with normal distribution are presented as mean * SD (t-test) and those with non-normal distribution as median (Q1-Q3)
(Mann-Whitney U-test). Categorical variables are presented as n (%) (chi-square or Fisher’s exact test). A two-sided P-value < 0.05 was considered
statistically significant.

6 htps: Journal of Pain Research 2026:19



Lai et al

10+
8=
0
)
5 67
o
n
o0 * * *
¢ 47
4
2_
0 1 | I | 1 |
BL 1day 1week 1month 3month 6month
Time point

Figure 4 Progression of NRS scores over six months illustrating differences between groups. Blue: traditional group; red: three-in-one group. P < 0.05.

Secondary Outcomes

In the three-in-one group, 2 cases of puncture site pain and 1 case of localised skin ecchymosis were observed
postoperatively. No adverse reactions, such as lower limb numbness, weakness, hypoaesthesia, paraesthesia, or neuro-
pathic pain, were reported. In the traditional group, 4 cases of puncture site pain and 3 cases of skin ecchymosis were
noted, with no other complications observed. The comparison of complications between the two groups revealed no
statistically significant differences (Table 2).

At 6 months post-operatively, 28 patients (93.3%) in the three-in-one group reported being “satisfied” or “very
satisfied” with the outcomes, while 2 patients (6.7%) considered the effects equivocal. In the traditional group, 20
patients (74.1%) expressed satisfaction, and 7 patients (25.9%) reported equivocal results. The difference in satisfaction
rates between the two groups was statistically significant (P<0.05; Table 3).

Discussion

Pain in patients with KOA can occur in any region of the knee joint. Neuropathic pain accounts for approximately
23-40% of pain types and is characterised by limitations in stair climbing, morning stiffness, and discomfort during
walking, which can severely impair daily activities.*'** With the widespread adoption of minimally invasive interven-
tions in chronic pain management, RFA has emerged as an effective solution for refractory or end-stage KOA patients
who fail to see results from conventional therapies or are ineligible for surgery."* RFA delivers controlled electrical
currents to nociceptive nerve fibres, inducing thermal coagulation to disrupt pain signal transmission to the central
nervous system, thereby achieving long-term pain relief.>>**> Notably, these targeted nerve fibres are typically not

involved in somatic motor functions.

Table 2 The Comparison of Complications Between the Two Groups

Post-Operative Complications (n, %) | Total | Three-in-One Group (n = 30) | Traditional Group (n = 27)

Puncture point pain 6 2 4

Skin ecchymosis 4 |

Table 3 The Difference in Satisfaction Rates Between the Two Groups

Group Satisfied/Very Satisfied | Uncertain | Dissatisfied/Very Dissatisfied
Three-in-one group (n = 30) | 28 (93.3) 1 (3.3) I 3.3)
Traditional group (n = 27) 20 (74.1) * 6(222) * I (3.7)

Note: *P < 0.05, Compared to the three-in-one group.
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Precise identification of knee joint innervation is critical for preoperative planning and prognostic evaluation.
According to Hilton’s law, nerves innervating a joint also supply the muscles that move the joint and the overlying
skin. Sensory innervation of the knee involves the articular branches of the FN, CFN, saphenous nerve (a branch of the
FN), tibial nerve, and obturator nerve. Traditional RFA for treating KOA focuses on three primary nerves—SMGN,
SLGN, and IMGN—which have been shown to provide short-term pain and functional improvement.>*** Roberts et al'®
identified the terminal articular branches of the ABCFN innervating the joint capsule, along with the SLGN and ILGN,
during cadaveric dissection. Building on these findings, our team improved the three-in-one technique by modifying the
lateral superior puncture approach. The target site was shifted posteriorly to the transition zone between the lateral and
posterior femoral cortices, allowing ultrasound-guided precise ablation of the main articular branch of the CFN. This
simultaneously blocks pain transmission from the SLGN, ILGN, and terminal articular branches.

Our retrospective analysis of patients treated with the three-in-one method (2021-2023) showed significantly greater
improvements in NRS scores at all postoperative follow-up intervals (from postoperative day 1 to month 6) compared
with the traditional method. This finding suggests that the three-in-one technique provides more effective and sustained
pain relief after knee radiofrequency treatment.

The superior efficacy may be explained by the more comprehensive blockade of sensory nerves innervating the knee
joint. Given the complex innervation of the knee, the traditional technique does not adequately address pain in the
inferolateral region or the joint itself, which likely contributes to its inferior pain control. In contrast, the three-in-one
technique targets the main articular branch of the common fibular nerve (ABCFN), thereby simultaneously blocking the
joint capsule branch, the ILGN, and the SLGN.

The three-in-one technique offers distinct advantages: . precision: direct ablation of the main articular branch of the
CFN achieves simultaneous targeting of the joint capsule branch, ILGN, and SLGN, surpassing the fragmented approach
of traditional methods. technical refinement: High-resolution ultrasound visualisation and operator expertise minimise
procedural failure risks. Safety: Intraoperative adjustments (eg., anteroposterior scanning of the lateral knee) ensure real-
time visualisation of the CFN, maintaining a safe distance (~1.56 cm) from the ablation site. Combined with sensory/
motor stimulation tests, this also prevents CFN injury.

Throughout follow-up, the three-in-one group exhibited significantly greater pain reduction than the traditional group
did, with no severe adverse events (eg., lower limb numbness, weakness, or neuropathic pain) in either group. The higher
patient satisfaction in the three-in-one group (93.3% vs. 74.1%, P<0.05) suggests that this approach may offer clinical
advantages in terms of patient-reported outcomes, warranting further investigation.

This study has several limitations. First, the exclusive use of NRS may not fully capture functional outcomes;
inclusion of more comprehensive scores, such as KOOS, would strengthen the evaluation. Second, the proposed
mechanism of action does not fully incorporate the anatomical variability of knee innervation. Third, the clinical
applicability of the technique is not clearly defined, particularly regarding patient selection and its role relative to
established treatment strategies. Fourth, this was a retrospective, single-center study, which may introduce selection
bias and limit the generalizability of the findings. Fifth, multivariate regression analysis was not performed, which
may limit the ability to control for potential confounding factors. Additionally, the small sample size and short
follow-up further limit the generalizability of the results. Future prospective, multicenter studies with larger sample
sizes, longer follow-up periods, standardized assessments, and multivariate analyses are warranted to address these
limitations.

Conclusion

Compared with traditional radiofrequency methods for the knee, the modified triple-one puncture technique enables more
comprehensive RFA of the sensory nerves around the knee joint under full ultrasound guidance. Compared with
conventional radiofrequency methods, this novel approach demonstrates superior long-term analgesic efficacy and
enhanced procedural safety. We preliminarily validated the advantages and efficacy of this method, and no significant
complications were observed. Therefore, this innovative three-in-one approach holds promise as a prospective method
for pain management in patients with chronic knee pain.
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