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Introduction

Chronic knee osteoarthritis (OA) is a disabling and costly 
healthcare condition in the United States. One study esti-
mated the average lifetime costs for persons diagnosed with 
knee OA to be as high as $140,300, $129,600 attributed to 
the medical cost alone [10]. Furthermore, the prevalence of 
knee OA is increasing. A 2017 study of cadaver-derived 
skeletons of people 50 years or older (n = 2516) and the 
Framingham Osteoarthritis Study showed that the preva-
lence of knee OA doubled since the mid-20th century, con-
trolling for age, body mass index (BMI), and other variables 
[12,15].

Unfortunately, the current treatments for knee OA vary 
in their level of supporting evidence. There were as many as 

23 guidelines for recommendations on the management of 
hip and knee OA in a systematic review of the available 
literature that found the overall quality of evidence is lim-
ited [16]. Although total knee replacement is one of the 
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Abstract
Background: The current treatments for chronic knee osteoarthritis (OA), a disabling and costly healthcare condition 
in the United States, vary in their level of supporting evidence. Although total knee replacement is one of the best-
supported interventions, its associated risks should not be taken lightly, especially in older patients with comorbidities. 
Genicular nerve block with subsequent genicular nerve radiofrequency neurotomy (GN-RFN) has emerged as a 
promising intervention for refractory pain in knee OA. Purposes/Questions: We sought to assess the pain and functional 
outcomes of genicular nerve bipolar radiofrequency neurotomy (B-RFN) for the treatment of chronic pain due to knee 
OA. Methods: A total of 21 patients who underwent unilateral genicular nerve B-RFN after positive diagnostic genicular 
nerve block (50% or greater pain relief) treated between July 2018 to December 2018 were included. Pain numeric 
rating scale (NRS) and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores were 
collected at baseline, 3 months, and 6 months post-B-RFN. Changes at each time point were compared to baseline 
scores using paired sample t tests. Results: At 3 months, 62% of patients had a greater than 50% improvement in NRS 
scores and 57% of patients had a greater than 50% improvement in WOMAC scores. At 6 months, 81% of patients had 
a greater than 50% improvement in NRS scores and 67% had a greater than 50% improvement in WOMAC scores. 
The absolute change in mean NRS (± standard deviation) at 6 months went from 7.5 ± 1.9 to 2.5 ± 1.2. The absolute 
change in mean WOMAC scores at 6 months went from 46.9 ± 8.0 to 19.0 ± 6.2. Conclusion: Of 21 patients, 14 (67%) 
saw greater than 50% improvements in both NRS and WOMAC scores at 6 months after genicular nerve B-RFN. 
Further prospective studies are needed to determine the selection criteria of patients most likely to benefit from this 
procedure.
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best-supported interventions, the risks associated with pro-
cedure should not be taken lightly, especially for older 
patients with comorbidities. In a cohort study of 83,756 pro-
cedures performed between 1997 and 2011, 3% of patients 
who underwent total joint replacements experienced a 
venous thromboembolism (VTE), myocardial infarction 
(MI), stroke, or bleeding [13].

Genicular nerve block and subsequent genicular nerve 
radiofrequency neurotomy (GN-RFN), a novel intervention 
for refractory pain in knee OA, has shown promise in short- 
and long-term follow-ups. In a 2011 double-blind random-
ized trial of 38 patients, Choi et al demonstrated the 
effectiveness of GN-RFN in short-term pain relief at 4 and 
12 weeks [3]. Similarly, in 2017 a non-controlled longitudi-
nal study, Pineda et al demonstrated the effectiveness of 
GN-RFN in long-term pain relief (greater than 50% 
improvement) at 6 months based on visual analogue pain 
scale and disability scores (Western Ontario and McMaster 
Universities Osteoarthritis) [14]. Even more promising, a 
systemic review of GN-RFN concluded that the procedure 
provided optimal results for up to 1 year with minimal com-
plications [7].

There are different techniques for performing GN-RFN: 
conventional, pulsed, cooled, and bipolar. Each method var-
ies on the number of RFN electrodes, gauge of the needle, 
duration of the burn, maximal temperature, size of the burn 
diameter, and cost. One downside of the conventional 
GN-RFN, which is the oldest and more commonly per-
formed technique, is that the burn diameter is limited. The 
minimal burn diameter of the largest size needle available 
commercially (16 gauge) is only 2.4 mm, requiring extreme 
precision with each needle placement [1]. Hence, tech-
niques such as cooled and bipolar GN-RFN (B-GN-RFN) 
have emerged to increase the size of the burn diameter and 
ultimately the success of GN-RFN.

Our study aimed to evaluate patient reported functional 
outcomes and improvement in pain after B-GN-RFN for the 
treatment of chronic knee pain due to OA.

Methods

This retrospective chart review conducted at an urban aca-
demic outpatient physiatry clinic was approved by our insti-
tutional review board. Patients treated between July 2018 to 
December 2018 were included. Inclusion criteria were (1) 
ages 18 to 99 years; (2) radiographic evidence of knee OA, 
using a Kellgren-Lawrence classification; (3) completion of 
a physical therapy program; (4) 50% or greater concordant 
pain relief of typical knee pain during walking and weight 
bearing following a set of diagnostic superomedial (SM), 
superolateral (SL), and inferomedial (IM) genicular nerve 
blocks with 1 mL of 2% lidocaine at each location; (5) 
B-GN-RFN of the SM, SL, and IM genicular nerves; and 

(6) at least 6 months of follow-up after the B-GN-RFN 
procedure.

Patients were positioned supine, with the affected knee 
placed in 30° to 40° flexion. Local anesthesia was provided 
superficially with 1 to 2 mL 1% lidocaine using a 25-G 
needle. We targeted the SM, SL, and IM genicular nerves 
with 2 20 G 100 mm with 10 mm active tip introducer nee-
dle cannulas (EPIMED, Dallas, Texas). The 2 cannulas 
were separated by approximately 1 cm. The SM genicular 
nerve site was identified at the confluence of the medial 
femoral shaft and medial femoral condyle on anteroposte-
rior (AP) view and at the midpoint of the femur on the lat-
eral view. The SL genicular nerve site was identified at the 
confluence of the lateral femoral shaft and the lateral femo-
ral condyle on AP view and at the midpoint of the femur on 
the lateral view. The IM genicular nerve site was identified 
at the confluence of the medial tibial shaft and the tibial 
flare on AP view and at the midpoint of the tibia on lateral 
view (Fig. 1). The femoral condyle was superimposed by 
adjusting the fluoroscope obliquity on all lateral views. In 
addition, the tibial plateau was squared off by adjusting the 
fluoroscope “wig-wag.” With the introducer needles in 
place, a radiofrequency electrode was placed into each 
introducer. Needle positioning was confirmed using AP and 
lateral fluoroscopic views (Fig. 2 and Fig. 3). Motor nerve 
activity was ruled out with 2 Hz stimulation at 1 mA. Then, 
1 mL 2% lidocaine was injected through all 6 introducer 
needles at each of the 3 sites. Each nerve then underwent a 
bipolar lesion for 150 seconds at a temperature of 80°C, 
which imparts a tissue temperature of 77°C to 80°C sur-
rounding the electrode [6].

We retrospectively reviewed and collected the following 
data from charts: demographics (age, sex), weight, BMI, 
numeric rating scale (NRS) pain score prior to B-GN-RFN, 
WOMAC Physical Function score (WOMAC score) prior 
to B-GN-RFN, and laterality of B-GN-RFN procedure. All 
participants completed patient reported outcomes that 
included their current NRS score for knee pain, and their 
WOMAC score, at 3 months and 6 months following 
B-GN-RFN.

The primary outcome, defined as complete responders, 
were patients reporting a combination of greater than 50% 
improvement in the NRS score and greater than 50% 
improvement in the WOMAC score. Secondary measures, 
defined as partial responders, included a greater than 50% 
improvement in the NRS score or a greater than 50% 
improvement in the WOMAC score, as well as absolute 
changes in the NRS and WOMAC scores.

Statistical Analysis

Normality of these data was assessed using the Shapiro–
Wilk normality test. Binomial confidence intervals were 
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Fig. 1.  Illustration of the genicular nerve trajectory (superior 
lateral, superior medial, and inferior medial branches). 
Illustration by Susie S. Kwon, MD.

Fig. 2.  Anterior-posterior view: fluoroscopic image 
of a right-sided bipolar genicular nerve radiofrequency 
neurotomy.

calculated using the classic Clopper–Pearson method. P 
value of less than 0.05 was required to reject the null 
hypothesis. Data analysis was performed using Microsoft 
Excel for Mac 2011 Version 14.0.0 (Microsoft, Redmond, 
Washington)

Results

A total of 21 patients met the inclusion criteria. Table 1 
reflects the baseline demographic, clinical, and procedural 
characteristics of the patients included in the study, as well 
as their baseline NRS and WOMAC scores: 7.5 ± 1.9 and 
46.9 ± 8.0, respectively.

In addition, 14 of the 21 patients (67%) were complete 
responders at 6 months post-procedure. There were no 
reported serious adverse events. Partial responders (those 
who achieved >50% improvement in either NRS or 
WOMAC scores) at 3 and 6 months post-procedure are 
listed in Table 2.

At 3 months, 62% of patients showed >50% improve-
ment in NRS and 57% of patients showed >50% improve-
ment in WOMAC score. At 6 months, 81% of patients 
showed >50% improvement in NRS and 67% of patients 
showed >50% improvement in WOMAC scores. The num-
ber of partial responders increased from 3 to 6 months by 
19% in NRS and 10% in WOMAC scores, suggesting dura-
bility of the results.

The overall change in NRS scores at 3 and 6 months 
post-procedure (Table 3) documented that patients improved 
from 7.5 ± 1.9 at baseline to 3.3 ± 2.0 at 3 months and then 
2.5 ± 1.2 at 6 months showing no significant change at 3 
months (P = .14) but significant improvement at 6 months 
(P = .03). The overall change in WOMAC scores at base-
line, 3, and 6 months post-procedure went from 46.9 ± 8.0 
to 24.6 ± 8.6 to 19.0 ± 6.2, respectively (Table 4). The 
change in WOMAC scores progressively improved from 
baseline to 6 months. Based on previous work, the minimal 
clinically important differences for changes in WOMAC 
pain and function scores was set at 20%. We used 50% 
improvement in function to determine responders for cate-
gorical analysis.

The primary outcome, a greater than 50% improve-
ment in both the NRS AND WOMAC scores, was 
achieved in 9 of 21 patients (43%) at 3 months post-pro-
cedure (Table 5).

Discussion

This study investigated pain and functional outcomes of 
patients who underwent B-GN-RFN to address chronic 
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knee pain secondary to OA. The success rate (when suc-
cess was defined as greater than 50% improvement in 
both NRS and WOMAC scores) at 3 and 6 months was 43 
and 67%, respectively. Of note, 3 patients had 100% pain 
relief (NRS score of 0) at 3 months post-procedure. In 2 
of these 3 patients, the 100% pain relief was sustained 
through 6 months. Most important, none of the 21 patients 
underwent knee arthroplasty by the 6-month follow-up.

The current study is limited by its retrospective design 
and lack of a control/comparison group. Given the natural 
history of the knee and progression of knee OA, 6-month 
follow-up is short and therefore a limitation of this study. 
Furthermore, other factors shown to affect patient pain out-
comes (including anxiety, depression, other psychological 
comorbidities, and level of function) were not assessed or 
controlled for. Future trials will aim to include a prospec-
tive design, use sham groups, and control for factors shown 
to affect patient pain outcomes.

Other nonoperative treatments for knee OA such as 
intraarticular cortisone injections have not been shown to 
have long term clinical benefit. A 2015 Cochrane review 
found that corticosteroid injections into the knee had no 
clear benefit at 1 to 6 weeks and no evidence of benefit up 

Table 1.  Demographic data.

N = 21  

Age 67.5 ± 9.0a

Gender (Female) 9 (43%)
BMI 31.1 ± 4.6
Left 10 (47%)
Right 8 (36%)
Bilateral 3 (14%
Baseline NRS 7.5 ± 1.9a

Baseline WOMAC 46.9 ± 8.0a

BMI body mass index, NRS numeric rating scale, WOMAC Western 
Ontario and McMaster Universities Osteoarthritis Index.
aMean ± standard deviation.

Table 2.  Partial responders (>50% improvement in either NRS 
or WOMAC).

N = 21 3 months 6 months

>50% improvement in NRS 13 (62%) 17 (81%)
>50% improvement in WOMAC 12 (57%) 14 (67%)

NRS numeric rating scale, WOMAC Western Ontario and McMaster 
Universities Osteoarthritis Index.

Table 3.  Numerical Rating Scale Scores.

N = 21 P value (CI)

Baseline 7.5 ± 1.9  
3 months 3.3 ± 2.0 P = .14 (-1.4 to 9.8)
6 months 2.5 ± 1.2 P = .03 (0.5 to 9.5)

CI confidence interval.
Paired t test to calculate statistical significance (P < .05).
Data reported as mean ± standard deviation.

Table 5.  Complete responders (>50% improvement in both 
NRS or WOMAC).

N = 21 3 months 6 months

>50% improvement in 
NRS and WOMAC

9 (43%) 14 (67%)

NRS numeric rating scale, WOMAC Western Ontario and McMaster 
Universities Osteoarthritis Index.

Table 4.  Change in WOMAC.

N = 21 P value (CI)

Baseline 46.9 ± 8.0  
3 months 24.6 ± 8.6 P = .06 (-1.4 to 46.0)
6 months 19.0 ± 6.2 P = .01 (7.4 to 48.4)

WOMAC Western Ontario and McMaster Universities Osteoarthritis 
Index, CI confidence interval.
Paired t test to calculate statistical significance (P < .05).
Data reported as mean ± standard deviation.

Fig. 3.  Lateral view: fluoroscopic image of a right-sided bipolar 
genicular nerve radiofrequency neurotomy.
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to 6 months. The authors graded this quality of evidence as 
“low” [9].

Also, a systematic review performed to determine the 
clinical significance of injectable hyaluronic acid (HA) for 
knee OA did not show clinically important differences of 
HA treatment over placebo [8].

It is notable to mention that this B-GN-RFN study found 
62% of patients had greater than 50% improvement in NRS 
score alone at 3 months post-procedure. However, this study’s 
long-term benefit at 6 months is notable for 67% success rate, 
which again, is defined as greater than 50% improvement in 
both NRS and WOMAC scores. This is higher than that of 
35% success rate mentioned in the McCormick et al study, 
which defined their success rate as greater than 50% improve-
ment in NRS and reduction of 3.4 or more points in Medication 
Quantification Scale III, utilizing cooled genicular nerve RFN 
(C-GN-RFN) [11]. This finding may suggest the superiority 
of B-GN-RFN over C-GN-RFN in terms of pain control and 
functional outcome over long-term.

Current literature lacks direct comparison of B-GN-RFN 
to C-GN-RFN. However, the Cheng et al study successfully 
showed the superiority of B-RFN over C-RFN in targeting 
sacroiliac joint. It showed that the percentage of patients 
with greater than 50% reduction in pain was higher in 
B-RFN compared to C-RFN in sacroiliac joint at 3 months, 
6 months, and 12 months follow-up [2]. This significant dif-
ference may be attributable to the larger lesion size bipolar 
technique can produce compared to that of the C-RFN. 
Cosman et al quantified lesion volume stratified by various 
metrics for different RFN’s. They found that a 20G bipolar 
probe, 10 mm tip length, with 10 mm spacing at a 150 sec-
ond burn duration resulted in a 15.8 ± 0.2 mm lesion width, 
which is much larger than the 9.9 ± 0.7 mm lesion width 

produced by C-RFN using 18G, 4 mm tip length for the 
same duration [4] (Fig. 4). This study suggested that the 
bigger lesion using B-RFN compared to C-RFN technique 
may increase the likelihood of a more effective neurolysis 
and improved pain outcomes.

In addition, B-RFN may offer its superiority to C-RFN 
in time and cost efficiency. Cheng et al found a 50% reduc-
tion in operating room time, 80% less X-ray/fluoroscopy 
time, and at least $1,000 in cost savings when performing 
B-RFN compared to C-RFN for the sacroiliac joint [2].

In terms of time efficiency, our B-GN-RFN treatment 
time using the conventional radiofrequency generator was 
300 seconds total as compared to 450 seconds total required 
for C-RFN. For our B-GN-RFN, 4 lesions surrounding the 
SL and SM genicular nerves can be performed simultane-
ously for 150 seconds followed by 2 lesions surrounding IM 
genicular nerve for additional 150 seconds. On the other 
hand, C-RFN requires each genicular nerve to be lesioned 
for 150 seconds, for a total of 450 seconds.

The setting (office vs. ambulatory/hospital surgery cen-
ter) the procedure is performed at also bears consideration 
when recommending GN-RFN to patients. Due to regula-
tory and compliance issues, C-RFN is currently only per-
formed in ambulatory/hospital surgery centers, while 
B-RFN can be performed in office-based setting [5]. This 
directly impacts healthcare costs and in some cases out of 
pocket expenses to the patient. Looking at costs according 
to the Centers for Medicare and Medicaid Services fee- 
for-service payments (https://www.cms.gov/Medicare/
Medicare-Fee-for-Service-Payment/PhysicianFeeSched), 
performing an office based bipolar genicular ablation costs 
on average $136.00 per nerve for a total of $408.00 com-
pared to a total cost of $1719.00 if done in the hospital 

Fig. 4.  Illustration of lesion size utilizing bipolar radiofrequency neurotomy (RFN) done with 20-gauge probe compared to that of 
cooled RFN done with an 18-gauge probe.

https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched
https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched
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outpatient or ambulatory surgery center settings. Further, 
the cost of other conventional treatments such as viscosup-
plementation injections average $1500.00 for a series of 3 
injections.

In conclusion, this retrospective, cross-sectional survey 
of patients who underwent B-GN-RFN to address chronic 
knee pain due to primary OA documented that 14 of 21 
patients (67%) saw more than 50% improvements in both 
NRS and WOMAC scores 6 months after genicular B-RFN. 
The data suggest a clinically important long-term improve-
ment in pain scores at 6 months, comparable to and possibly 
superior to outcomes after conventional and C-RFN of the 
genicular nerves. Nearly 10% of patients experienced 100% 
pain relief at 6 months. Furthermore, B-GN-RFN can be per-
formed in an office setting, which can decrease healthcare 
costs as well as improve accessibility for patients. Prospective 
studies are needed to determine the selection criteria of 
patients most likely to benefit from this procedure.
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