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Abstract
Purpose To analyze the safety and efficacy of image-guided genicular nerve cooled radiofrequency ablation (C-RFA) for the
treatment of pain in non-surgical candidates with moderate to severe knee osteoarthritis (OA) and to compare three- vs four-
needle technique.
Method This retrospective study included 50 consecutive patients with pain frommoderate to severe knee OA refractory to anti-
inflammatory analgesia that failed multiple intra-articular lidocaine-steroid injections and who were non-surgical total knee
arthroplasty candidates because of comorbidities. Patients initially underwent anesthetic blocks of the superior medial/lateral
femoral and inferior medial tibial genicular nerve branches and in some cases the suprapatellar genicular nerve branch.
Radiofrequency ablations of the same nerve branches were performed 1–2 weeks after the nerve blocks. Follow-up outcome
was collected at approximately 2 weeks, 1, 3, and 6 months after the C-RFA procedure utilizing VAS and clinically validated
questionnaires.
Results A total of 77 knees were treated. The mean total KOOS score improved significantly from baseline at 24.7 ± 14.1 to 59.4
± 26.5 at 6 months after treatment (p < 0.0001), with significant improvement in mean pain score from 25.5 ± 15.2 to 64.5 ± 25.2
(p < 0.0001) andmean stiffness score from 35.1 ± 21.9 to 65.8 ± 24.9 (p < 0.0001). At 6 months, 65% of all patients demonstrated
decreased opiate medication usage, 79% of patients in the four-needle, and 45% of patients in the three-needle arms (p = 0.03).
No complications were reported.
Conclusions The four-needle treatment approach offers an advantage in the overall efficacy in treating stiffness and pain in
patients with moderate-to-severe OA refractory to conservative treatments leading to decreased opiate usage without
complications.
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Introduction

Osteoarthritis is the most common form of arthritis affecting
approximately 30 million people in the USA. Around 10 mil-
lion of those people have advanced symptomatic OA,
resulting in a significant impact on the quality of life and
functional independence related to the disabling pain [1]. In
2013, medical care costs and earning losses among adults with
arthritis amounted to over $300 billion, with OA being the
second most costly health condition treated in US hospitals
and accounting for over $16.5 billion dollars [2–4].

Knee OA accounts for more than 80% of the overall
arthritis-related disease burden [5]. Currently, the treatment
algorithm for knee osteoarthritis includes weight loss, physi-
cal therapy, and pharmacological therapy such as non-
steroidal anti-inflammatory drugs, followed by non-surgical
interventions like intra-articular corticosteroid injections and
viscosupplementation [5, 6]. These therapies are often not
effective in providing patients with chronic severe OA long-
term pain relief and have recently been called into question in
terms of accelerating cartilage damage in the joint [2].
Ultimately, long-lasting treatments may require arthroplasty,
whichmay precludemany patients who are not candidates due
to medical comorbidities or those who are undesiring of sur-
gery. Patients are frequently prescribed opioids for treatment
for chronic knee pain. With the continual rise of health care
costs and the opioid crisis, the impact of chronic pain and its
treatment options is difficult to understate [6].

Cooled radiofrequency ablation (C-RFA) of the genicular
nerves has been introduced as an alternative, FDA approved,
minimally invasive, non-surgical treatment option for patients
who suffer from chronic knee osteoarthritis pain refractory to
conservative management and who are unwilling or unable to
undergo surgery [7–12]. The technique involves using radio-
frequency ablation to disrupt the sensory pathways of the
genicular nerves. C-RFA differs from standard radiofrequen-
cy ablation in that it utilizes a water-based coolant system that
allows for a larger spherical-shaped ablation zone, thereby
increasing the area for neurolysis and prolonging the duration
of pain relief. While some outcome studies have shown the
effectiveness of ablation of primarily three genicular nerves—
superolateral (SL), superomedial (SM), and inferomedial
(IM)—recent cadaveric and anatomic studies have demon-
strated that the sensory pathways of the knee are quite com-
plex, with multiple additional sensory nerves innervating the
joint capsule [13, 14]. One of such nerves is the medial
retinacular branch (MR), which originates from nerve
branches supplying the vastus intermedius and contributes to
the subpatellar plexus (Figs. 1 and 2) [13, 14]. This nerve
branch can be targeted for radiofrequency ablation in patients
with anterior knee pain with the potential to improve patient
outcomes. To our knowledge, no studies have reported the
clinical outcome of radiofrequency ablation of four nerves—

SL, SM, IM, and MR—compared with the more commonly
performed three-nerve technique. Thus, we compared the ef-
fectiveness of three- vs four-needle approach in improving
pain, stiffness, and functional daily living after 6 months of
follow-up in patients with moderate-to-severe primary knee
osteoarthritis refractory to anti-inflammatory analgesia and
multiple intra-articular lidocaine-corticosteroid injections.

Materials and methods

This was a longitudinal-retrospective study conducted at a
tertiary academic medical center between July 2018 and
April 2019. Institutional review board approval was obtained
prior to commencing the study. All patients were referred to
interventional musculoskeletal radiology after thorough eval-
uation by the orthopedic surgical service. Standing knee ra-
diographs were acquired of the affected knee or knees and
assessed for the degree of arthritis. Inclusion criteria included
patients > 45 years of age able to provide written and verbal
consent, presence of moderate to severe knee osteoarthrosis
based upon Kellgren and Lawrence classification and knee
radiographs, refractory to anti-inflammatory analgesia and
previously failed intra-articular lidocaine-steroid injections,
50% or greater pain relief of typical knee pain following di-
agnostic genicular nerve blocks with 1 mL of 2% lidocaine at
each location, and no history of knee arthroplasty. Patients
were selected randomly for the three- or four-needle nerve
blocks and RFA. The radiofrequency ablation procedures
were done approximately 3–4 weeks after the initial anesthetic
nerve blocks.

Diagnostic genicular nerve block procedure

The patient was placed supine on a fluoroscopy table with the
symptomatic knee(s) at 30° of flexion. After a skin wheal was
created with 1–2 mL of 2% lidocaine for superficial local
anesthesia, 22-gauge 3.5-in. Whitacre spinal needles were in-
troduced at three locations to block the superolateral,
superomedial, and inferomedial genicular nerves. The
superolateral and superomedial genicular nerves course
through the respective concave transitions of the femoral
metadiaphysis and femoral condyles. The inferomedial
genicular nerve site is found at the concave transition between
the tibial plateau and adjacent metadiaphyseal shaft. If the
patient underwent the four genicular nerve procedure block
technique, an additional needle was placed at the midline an-
terior distal femoral diaphysis 3 cm cephalad to the superior
aspect of the patella (Figs. 1 and 2). At each genicular nerve
site, 1.0 mL of 2% lidocaine was injected in order to anesthe-
tize each genicular nerve. Patients were assessed within
15 min of the nerve blocks by physical examination and
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ambulation. A positive response was considered as at least
50% of pain reduction.

Genicular nerve radiofrequency ablation procedure

Similar initial steps utilized for the diagnostic genicular nerve
procedures were followed for the ablation sections. Patients

were continuously monitored and given conscious sedation
(1–2 mg IV and/or fentanyl (25–100 mcg IV)) and supple-
mental oxygen. One to 2 mL of 2% of lidocaine was used to
provide soft tissue and skin anesthesia at each of the nerve
sites (three vs four). A 50–150-mm 17-gauge introducer
needles were placed to ablate the SL, SM, and IM genicular
nerves. If the patient underwent the four genicular nerve

Fig. 2 Schematic representation
of the respective genicular nerves
about the knee

Fig. 1 Comparison of the three-
needle (left) vs four-needle (right)
technique for genicular nerve ab-
lation. The three-needle technique
demonstrates the introducer
needles targeting the
superomedial (SM), superolateral
(SL), and inferomedial (IM)
genicular nerves. In the four-
needle technique, an additional
needle is located approximately
3 cm proximal to the patella to
target the medial retinacular nerve
(MR)

741Skeletal Radiol (2021) 50:739–750



blocks, then an additional introducer needle was placed to
ablate the MR genicular nerve. After placement of the intro-
ducer needle, the 18 gauge internally cooled 4-mm active tip
RFA electrode (Coolief, Halyard Health, Alpharetta, GA
USA) was placed into the introducer needle. Positioning again
was confirmed with AP and lateral (covering at least 60% of
the bone shaft width) fluoroscopic views.Motor nerve activity
was excluded with testing 2 Hz at 1 mA. One milliliter of 2%
lidocaine was injected through the introducer needles to anes-
thetize the area prior to ablation. Each target was lesioned for
180 s at a set temperature of 60 °C.

Data collection

An initial search in the electronic medical record system was
performed to review demographic data of each patient
pertaining to age, gender, body mass index (BMI), recent
and ongoing analgesic medication use, laterality of symptom
presentation, and whether the patient underwent three (SL,
SM, IM) or four (SL, SM, IM, MR) genicular nerve block/
ablations. With verbal consent, the participants were adminis-
tered a standardized survey by telephone to assess the efficacy
of treatment using the Knee Injury and Osteoarthritis Outcome
Score (KOOS), the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), and visual ana-
log scale (VAS), which are clinically validated surveys to
assess knee functional states [15, 16]. Procedure-related com-
plications such as bleeding and infection were also assessed.
Follow-up surveys were acquired at approximately 2 weeks,
1 month, 3 months, and 6 months post-treatment. In addition,
information about opioid medication usage before the RFA
treatments and at 6 months were assessed by looking into
the electronic medical records and asking patients about their
medication usage.

Study outcomes

Primary outcomes measured included pain and functional
scores assessed using the KOOS, WOMAC, and VAS scores.
KOOS is an extension ofWOMAC and is a 48-item question-
naire to evaluate overall pain and function of the subject’s
knee with 5 separately scored subscales including pain, func-
tion in daily living, function in sports and recreation, and
quality of life [15]. WOMAC is a 24-item questionnaire that
is used to assess hip and knee osteoarthritis and is divided into
3 subscales: pain, stiffness, and function [16]. Item responses
on the WOMAC were added to yield subscale scores (pain 0–
20, stiffness 0–8, physical function 0–68) with higher scores
representing worst health. WOMAC osteoarthritis index
scores were then transformed to a 0–100 scale, with zero
representing worst knee conditions and 100 representing best
knee conditions as common in orthopedic scales such as the
KOOS scoring system. Presenting the data in a similar fashion

across the KOOS and WOMAC questionnaires utilizing a
similar 0–100 scale would make it easier to understand and
compare the results. In order to calculate percentage scores in
accordance with the KOOS, the following formula provided
below can be used to convert the original WOMAC scores
following previously proposed guidance (http://www.koos.
nu/):

Transformed scale ¼ 100� actual raw score� 100ð Þ

& Possible maximum raw scores: pain, 20; stiffness, 8; func-
tion, 68.

VAS score is a single item pain scale. Each knee that
underwent the ablation procedure was treated separately;
thus, each knee, even if the procedure was performed on
the same patient, has a unique score. In addition, to sim-
plify the analysis of opioid medication usage and change
over time, each of these medications was assigned a full
unit value and any changes before and after the interven-
tion was quantify. For example, if a patient was taking two
opioid medications before the procedure and 1 at 6 months,
that patient would receive a − 1 score and so on.

Statistical analysis

Patient characteristics in each treatment arm were com-
pared using Wilcoxon rank sum test for continuous var-
iables and chi-squared test (or Fisher exact test) for
categorical variables. The Wilcoxon signed rank test
was used for average score comparisons between time
points of baseline and 6 months regardless of the num-
ber of needles used. Wilcoxon rank sum test was con-
ducted for score comparisons between 3- and 4-needle
treatments at each time period (2 weeks, 1 month,
3 months, and 6 months) post-treatment. Subgroup anal-
yses including score comparisons based upon laterality,
BMI > 30, age > 65 years old, and degree of osteoar-
thritis (grade 4) were also obtained. We further investi-
gated the effect of treatment on each score over time
using generalized linear mixed models with subject-
specific random intercepts without and with controlling
for age, BMI, pain location, relief after nerve blocks,
and medication change. The base model included fixed
effects of treatment (3 vs 4 needles), time, and
treatment-by-time interaction. p values were all two
sided and considered as statistically significant when
p < 0.05. All analyses were performed based on avail-
able cases and conducted in the SAS version 9.4
software.
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Results

Patient demographics

Overall, a total of fifty patients met the inclusion criteria with
77 total C-RFA procedures on discrete knees. Of the fifty
patients, 30 patients underwent the four-needle technique
(47 total knees) and 20 patients underwent the three-needle
technique (30 total knees). Baseline demographic, clinical,
and procedural characteristics between the two treatment arms
are shown in Table 1. Mean follow-up time after intervention
was 6.1 months. There was a statistically significant difference
in age (p = 0.028), with the four-needle group average age of
63.9 ± 13.6 years vs 72.5 ± 14.4 in the three-needle group.
Ethnicity was also statistically significant with a higher
African American demographic in the 4-needle treatment
group. There was no statistically significant difference in sex
or BMI between the treatment arms (Table 1). Most patients
were females, African Americans, and 67 years of age with a
mean BMI of approximately 38. Based on Kellgren and
Lawrence classification system, most patients had grade 4
arthritis (grade 4 N = 38; grade 3 N = 12). Patients suffer of
knee pain for an average of 2.5 years prior to the procedure.
There was no statistically significant difference in duration of

knee pain or number of anesthetic-corticosteroid injection
with most patients receiving at least one injection within the
last year prior to C-RFA (Table 1). There were no reported
serious adverse events related to the ablation procedure.

Primary outcomes

KOOS, WOMAC, and VAS

Regardless of the number of needles utilized, there was a
statistically significant improvement in overall KOOS,
WOMAC, and VAS scores at 2 weeks and 1, 3, and 6 months
after genicular nerve ablation (Table 2). Themean total KOOS
score (out of 100) progressed positively from baseline at 24.7
to 59.5 at 6 months post-treatment (p < 0.0001). Sub-analysis
of the pain component of the KOOS questionnaire demon-
strated significant improvement in the mean overall symptoms
score from 25.5 to 64.5 (p < 0.0001). There was also signifi-
cant decrease in mean stiffness score and improved functional
daily living. The mean total WOMAC score improved signif-
icantly from baseline at 25.2 to 60.5 at 6 months post-treat-
ment. Perceived pain VAS scores changed from 8.4 at base-
line to 3.3 at 6 months post-treatment. These improvements

Table 1 Patient characteristics (3
vs 4 needles) Characteristics Overall (N = 50) a 3 needles (N = 20) 4 needles (N = 30) p value

Age 67.3 ± 14.4 72.5 ± 14.4 63.9 ± 13.6 0.028*

Sex 0.33

Female 37 (74%) 13 (65%) 24 (80%)

Male 13 (26%) 7 (35%) 6 (20%)

Ethnicity 0.029*

White 15 (30%) 8 (40%) 7 (23%)

Black 32 (64%) 9 (45%) 23 (77%)

Asian 1 (2%) 1 (5%) 0 (0%)

Hispanic 2 (4%) 2 (10%) 0 (0%)

BMI 37.8 ± 10.4 35.5 ± 11.5 39.3 ± 9.5 0.05

Duration of knee pain prior (years) 2.5 ± 1.3 3.0 ± 1.5 2.2 ± 1.1 0.10

Pain location 1.00

Anterior and others 42 (84%) 17 (85%) 25 (83%)

Medical and lateral 8 (16%) 3 (15%) 5 (17%)

# of lidocaine-corticosteroid injections within the last year prior to procedure 0.41

0 5 (10%) 2 (10%) 3 (10%)

− 1 20 (41%) 6 (30%) 14 (48%)

≥ 2 24 (49%) 12 (60%) 12 (41%)

Relief after nerve blocks (weeks) 2.9 ± 0.8 2.5 ± 0.8 3.3 ± 0.6 0.002*

Medication change 0.031*

Yes 31 (65%) 9 (45%) 22 (79%)

No 17 (35%) 11 (55%) 6 (21%)

a 47 knees treated with 4 needles and 30 knees treated with 3 needles
* A p < 0.05 is considered as statistically significant
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remained significant when controlling for laterality with no
substantial dissimilarity between the overall scores between
right and left knees (p < 0.001).

Three- vs four-needle C-RFA technique (Fig. 3)

The mean total and individual KOOS scores at 2 weeks and
1 month in patients treated with 4 needles were consistently
higher, however not statistically significant compared with the
three-needle treatment arm. Similar findings were seen in the
WOMAC scores (Fig. 3). At 6 months, subgroup KOOS and
WOMAC scores of symptoms and stiffness demonstrated sta-
tistically significant better scores favoring the four-needle
technique. The VAS score was statistically different for the
two treatment arms at each time point, favoring the four-
needle technique.

Sub-analysis

Sub-analyses were also done to compare four-needle vs three-
needle approach in obese patients with BMI > 30, age >
65 years, and osteoarthritis severity, grade 4. Regardless of
the number of needles utilized, there was an overall statistical-
ly significant improvement in all KOOS, WOMAC, and VAS
scores at each time point. In obese patients, there was a statis-
tically significant difference in VAS scores in favor of the
patients treated with 4 needles over time. At baseline, the
patients treated with 3 needles reported a mean baseline scores
of 8.3 ± 1.1 in comparison with the 4-needle arm’s score of
8.5 ± 0.9; p = 0.51. At 2 weeks, patients treated with 3 needles
reported a VAS score of 5.2 ± 1.9 vs 3.9 ± 1.4 in 4-needle
patients (p = 0.002). Scores at 1, 3, and 6 months were similar.
As a reference, 3-needle patients reported a score of 4.8 ± 2.2
vs 2.4 ± 1.9 among 4-needle patients (p < 0.001).

There was also significant improvement in symptom and
stiffness at 6 months in patients who underwent four-needle
treatment based on the KOOS and WOMAC scores (KOOS,
52.3 ± 27.8 in 3-needle patients vs 73.3 ± 23.5 in 4-needle
patients; p = 0.004; WOMAC, 4.2 ± 2.2 in 3-needle patients
vs 5.9 ± 1.9 in 4-needle patients; p = 0.004). In patients youn-
ger than 65 years of age, there was a significant improvement
in VAS scores at 2 weeks, 1 months, 3 months, and 6 months
(mean values for 4-needle patients 8.3 ± 1.0 at baseline; 3.8 ±
1.4 at 2 weeks; 3.0 ± 1.5 at 1 month; 2.8 ± 1.4 at 3 months; and
2.3 ± 1.6 at 6 months). The KOOS and WOMAC scores did
not show statistically significant difference (p > 0.05) compar-
ing patients treated with 3 vs 4 needles in each subscoring;
however, over time, there was an overall improvement similar
to information shown on Tables 3, 4, 5, 6, and 7. In patients
older than 65 years of age, there was also significant improve-
ment in VAS scores as well as stiffness at 2 weeks (KOOS, 3-
needle arm 60.7 ± 21.8 vs 4-needle arm 74.4 ± 26.4; p =
0.018), 1 month (KOOS, 3-needle arm 62.7 ± 21.6 vs 4-
needle arm 74.7 ± 26.6; p = 0.027), and 6 months (KOOS, 3-
needle arm 51.2 ± 24.8 vs 4-needle arm 72.0 ± 24.5; p =
0.008) with a greater degree of improvement seen in patients
treated with a 4-needle approach.

In patients with grade 4 osteoarthritis, again, there was
statistical difference of VAS scores at 2 weeks, 1 month,
3 months, and 6 months in a fashion similar to already
discussed, as well as stiffness at 6 months (KOOS, 3-needle
arm 52.4 ± 25.3 vs 4-needle arm 66.5 ± 26.6; p = 0.024). The
remaining scores did not show significant differences
(p > 0.05).

Opiate use (Table 8)

Chart review of the opiate medication usage was also per-
formed to determine if four-needle treatment resulted in lower

Table 2 Overall KOOS, WOMAC, and VAS scores regardless of number of needles used

Scores Baseline (N = 50) 2 weeks (N = 50) 1 month (N = 50) 3 months (N = 50) 6 months (N = 50) p valuea

KOOS: symptoms and stiffness 35.1 ± 21.9 67.4 ± 23.3 69.4 ± 22.5 67.1 ± 23.9 65.8 ± 24.9 < 0.0001*

KOOS: pain 25.5 ± 15.2 65.6 ± 24.9 67.6 ± 23.3 66.0 ± 24.4 64.5 ± 25.2 < 0.0001*

KOOS: function daily living 25.5 ± 16.2 60.5 ± 26.3 62.1 ± 25.6 61.1 ± 25.9 62.4 ± 27.0 < 0.0001*

KOOS: function sports 10.6 ± 13.1 34.6 ± 31.6 36.2 ± 31.0 44.4 ± 32.2 47.8 ± 30.8 < 0.0001*

KOOS: quality of life 15.9 ± 11.1 50.1 ± 29.9 50.7 ± 30.4 52.4 ± 30.9 54.3 ± 30.7 < 0.0001*

KOOS: overall score 24.7 ± 14.2 59.9 ± 23.9 60.9 ± 23.3 61.0 ± 24.4 59.5 ± 26.5 < 0.0001*

WOMAC: pain score 5.1 ± 3.0 13.1 ± 5.0 13.5 ± 4.7 13.2 ± 4.9 12.9 ± 5.0 < 0.0001*

WOMAC: stiffness 2.8 ± 1.7 5.8 ± 3.3 5.6 ± 1.8 5.4 ± 1.9 5.3 ± 2.0 < 0.0001*

WOMAC: best to worst 17.3 ± 11.0 41.1 ± 17.9 42.3 ± 17.4 41.5 ± 17.6 42.4 ± 18.3 < 0.0001*

WOMAC: overall score 25.2 ± 14.8 59.6 ± 23.8 61.3 ± 23.1 60.0 ± 23.7 60.5 ± 24.7 < 0.0001*

VAS score 8.4 ± 0.9 4.4 ± 1.7 3.8 ± 1.9 3.5 ± 2.0 3.3 ± 2.2 < 0.0001*

aWilcoxon signed rank test was conducted between baseline and 6 months points within score
* A p value < 0.05 is considered as statistically significant
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opiate medication usage compared with three-needle tech-
nique at 6 months compared with baseline (Table 8).

Decrease in medication usage was quantified as a positive
result if the patient was able to eliminate at least one opiate from
their medication regiment. In our patient population, 43 out of
50 patients were taking opioid medication at the time of referral
to our clinical service (Table 8). Overall, approximately 65% of
patients demonstrated decreased opiate medication usage at
6 months with 79% of patients in the four-needle and 45% of
patients in the three-needle technique able to reduce opiate med-
ication usage (p = 0.03). Overall, 22 patients went from using 1
medication to none; 12 patients went from 2 to 0; 4 patients went
from 2 to 1; 3 patients went from 3 to 0, and 2 from 5 to 3.

Complications

No complications such as hematoma, allergic reactions, or
infections were reported during this study.

Generalized linear mixed model

A generalized linear mixed model regression was used to in-
vestigate the influence of time, the number of needles used,
and the interaction between time and the number of needles
used (time * needles in Tables 5, 6, and 7) on the treatment
effect (KOOS, WOMAC, VAS scores).

These values were then adjusted for risk factors after con-
trolling variables such as age, BMI, pain location, relief after
nerve blocks (weeks), and medication change in order to bet-
ter assess the effects of the number of needles used. For in-
stance, in the KOOS overall score, there was a statistically
significant difference in the scores with time, regardless of
the number of needles used (p = 0.029). When adjusting for
treatment group factors such as age, BMI, pain location, relief
after nerve blocks, and medication change (Table 1), this ef-
fect with time was reduced although the trend was still appar-
ent (p = 0.06). The KOOS overall score and subscores of
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function daily living (p = 0.035), quality of life (p = 0.008),
and sports (p = 0.002) demonstrated statistically significant
improvement over time. When adjusting for treatment group
factors, quality of life and sports function remained statistical-
ly significant (p = 0.027 and p = 0.005, respectively). KOOS
symptoms and stiffness as well as the WOMAC stiffness
subscores demonstrated statistically significant improvement
in the time * needle interaction when adjusting for treatment
group factors (p = 0.028 and p = 0.03, respectively). This sug-
gests that the stiffness subscore improved at a faster rate in the
four-needle treatment group compared with the three-needle
group, even after adjusting for other confounding factors. The
VAS scores demonstrated statistically significant

improvement in scores over time, regardless of the number
of needles used (p = 0.0005). The VAS scores also demon-
strated more rapid improvement in scores in the four-needle
group (p = 0.016), after adjusting for treatment group factors.

Discussion

There is growing evidence that radiofrequency ablation of the
genicular nerves is an effective treatment for patients who
suffer from pain related to chronic moderate to severe osteo-
arthritis. Compared with conventional RFA, cooled radiofre-
quency ablation (C-RFA) utilizes a water-cooling mechanism

Table 3 Overall KOOS, WOMAC, and VAS for patients at baseline and at 2 weeks point treated with 3 and 4 needles

Average scores at baseline Average scores at 1 month

3 4 3 4
Scores (N = 20) (N = 30) p value (N = 20) (N = 30) p value

KOOS: symptoms and stiffness 38.1 ± 26.2 33.2 ± 18.6 0.77 64.1 ± 23.8 72.9 ± 21.2 0.12

KOOS: pain 30.7 ± 16.4 22.0 ± 13.6 0.074 63.7 ± 26.4 70.2 ± 21.1 0.44

KOOS: function daily living 29.0 ± 19.2 23.1 ± 13.6 0.61 60.7 ± 26.0 63.1 ± 25.8 0.73

KOOS: function sports 15.3 ± 16.6 7.5 ± 9.3 0.046* 35.9 ± 26.6 36.4 ± 34.1 0.8

KOOS: quality of life 15.5 ± 8.7 16.1 ± 12.6 0.86 47.0 ± 30.3 53.2 ± 30.7 0.44

KOOS: overall score 27.5 ± 18.2 22.8 ± 10.8 0.49 58.5 ± 23.1 62.5 ± 23.6 0.55

WOMAC: pain score 6.1 ± 3.3 4.4 ± 2.7 0.071 12.7 ± 5.3 14.0 ± 4.2 0.44

WOMAC: stiffness 3.0 ± 2.1 2.7 ± 1.5 0.76 5.1 ± 1.9 5.8 ± 1.7 0.12

WOMAC: best to worst 19.7 ± 13.1 15.7 ± 9.3 0.61 41.3 ± 17.7 42.9 ± 17.6 0.73

WOMAC: overall score 28.9 ± 17.8 22.8 ± 12.1 0.39 59.2 ± 24.0 62.8 ± 22.8 0.66

VAS score 8.3 ± 1.1 8.5 ± 0.8 0.40 4.8 ± 2.0 3.1 ± 1.5 0.0025*

*A p value < 0.05 is considered as statistically significant

Table 4 Overall KOOS, WOMAC, and VAS for patients at 1 month and at 3 months point treated with 3 and 4 needles

Average scores at 3 months Average scores at 6 months

3 4 3 4
Scores (N = 20) (N = 30) p value (N = 20) (N = 30) p value

KOOS: symptoms and stiffness 60.7 ± 25.0 71.3 ± 22.6 0.084 55.7 ± 25.8 72.5 ± 22.2 0.018*

KOOS: pain 62.2 ± 25.7 68.6 ± 23.5 0.37 57.8 ± 26.7 68.9 ± 23.5 0.13

KOOS: function daily living 57.2 ± 25.1 63.6 ± 26.5 0.32 56.7 ± 26.8 66.1 ± 26.9 0.17

KOOS: function sports 40.4 ± 28.6 47 ± 34.5 0.51 43.3 ± 29.3 50.9 ± 31.9 0.32

KOOS: quality of life 44.2 ± 29.1 57.8 ± 31.3 0.11 47.8 ± 30.2 58.6 ± 30.8 0.16

KOOS: overall score 56.3 ± 23.1 64.1 ± 25.2 0.2 54.7 ± 24.9 62.7 ± 27.4 0.2

WOMAC: pain score 12.4 ± 5.1 13.7 ± 4.7 0.37 11.6 ± 5.3 13.8 ± 4.7 0.13

WOMAC: stiffness 4.9 ± 2.0 5.7 ± 1.8 0.081 4.5 ± 2.1 5.8 ± 1.8 0.017*

WOMAC: best to worst 38.9 ± 17.1 43.3 ± 18.0 0.32 38.6 ± 18.2 45.0 ± 18.3 0.17

WOMAC: overall score 56.1 ± 23.4 62.7 ± 23.9 0.28 54.4 ± 25.0 64.5 ± 24.0 0.11

VAS score 4.7 ± 2.1 2.8 ± 1.6 0.0013* 4.7 ± 2.2 2.4 ± 1.8 0.0005*

*A p value < 0.05 is considered as statistically significant
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to provide an ablation zone that is approximately five times
larger, improving the ability to target a greater neuronal tissue.
This can provide a treatment advantage given the complexity
and variability of the neural anatomy of the knee [10–12, 14].
Our study compared the effectiveness of four-needle treatment
vs three-needle treatment. Various anatomic dissections have
shown the complexity of the sensory neural anatomy of the

knee, with branches arising from the femoral, sciatic, obtura-
tor, and saphenous nerves. The study by Franco et al. demon-
strated that an additional nerve branch—known as the medial
retinacular branch—is consistently found in the prefemoral-
suprapatellar space and can be targeted for ablation [13]. In
ablating this nerve, we had hypothesized that targeting four
nerve branches would provide improved outcomes compared

Table 5 Estimated effects on
KOOS scores Treatment and time effect Adjusting for risk factorsa

Needles Estimate SE p value Needles Estimate SE p value

KOOS: overall score

Timeb 0.52 0.23 0.029* 0.47 0.25 0.06

Needles 3 Reference 3 Reference

4 0.60 5.92 0.92 4 − 3.79 7.20 0.60

Time * needles 3 Reference 3 Reference

4 0.38 0.30 0.21 4 0.46 0.33 0.16

KOOS: symptoms and stiffness

Time 0.23 0.22 0.30 0.20 0.23 0.38

Needles 3 Reference 3 Reference

4 2.60 6.05 0.67 4 − 2.09 7.70 0.79

Time * needles 3 Reference 3 Reference

4 0.64 0.28 0.024* 4 0.66 0.30 0.028*

KOOS: pain

Time 0.49 0.26 0.062 0.44 0.28 0.11

Needles 3 Reference 3 Reference

4 − 0.29 5.87 0.96 4 − 6.32 6.99 0.37

Time * needles 3 Reference 3 Reference

4 0.53 0.33 0.11 4 0.60 0.36 0.10

KOOS: function daily living

Time 0.51 0.24 0.035* 0.44 0.26 0.09

Needles 3 Reference 3 Reference

4 − 1.62 6.34 0.80 4 − 7.69 7.47 0.30

Time * needles 3 Reference 3 Reference

4 0.52 0.31 0.10 4 0.66 0.34 0.05

KOOS: quality of life

Time 0.69 0.26 0.008* 0.60 0.27 0.027*

Needles 3 Reference 3 Reference

4 3.88 6.99 0.58 4 1.44 8.19 0.86

Time * needles 3 Reference 3 Reference

4 0.40 0.33 0.24 4 0.53 0.35 0.14

KOOS: function sports

Time 0.79 0.25 0.002* 0.76 0.26 0.005*

Needles 3 Reference 3 Reference

4 − 3.66 7.07 0.61 4 − 6.42 8.85 0.47

Time * needles 3 Reference 3 Reference

4 0.56 0.32 0.083 4 0.66 0.34 0.06

*A p value < 0.05 was considered as statistically significant
a Risk factors were age, BMI, pain location, relief after nerve blocks (weeks), and medication change
b Time: unit in weeks
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with the three main nerve targets which have been studied
previously allowing for symptomatic relief from the
patellofemoral compartment arthritis. In our patient popula-
tion, most of the subjects (84%) described anterior knee pain
with documented arthritic changes on the radiographs.

In agreement with previous studies, approximately 80% of
patients demonstrated improvement in symptoms at 6 months
after C-RFA, with significant improvement in mean overall
KOOS, WOMAC, and VAS scores (7, 8, 10–12, 17).
Irrespective of the number of needles utilized, there was

Table 6 Estimated effects on
WOMAC scores Treatment and time effect Adjusting for risk factorsa

Needles Estimate SE p value Needles Estimate SE p value

WOMAC: overall score

Timeb 0.45 0.23 0.047* 0.40 0.24 0.10

Needles 3 Reference 3 Reference

4 − 0.97 5.79 0.87 4 − 6.65 6.86 0.33

Time * needles 3 Reference 3 Reference

4 0.52 0.29 0.080 4 0.63 0.32 0.05

WOMAC: pain score

Time 0.10 0.05 0.062 0.09 0.06 0.11

Needles 3 Reference 3 Reference

4 − 0.06 1.17 0.96 4 − 1.26 1.40 0.37

Time * needles 3 Reference 3 Reference

4 0.11 0.07 0.11 4 0.12 0.07 0.10

WOMAC: stiffness

Time 0.001 0.023 0.96 − 0.002 0.03 0.94

Needles 3 Reference 3 Reference

4 − 0.14 0.53 0.79 4 − 0.43 0.67 0.52

Time * needles 3 Reference 3 Reference

4 0.068 0.030 0.024* 4 0.07 0.03 0.03*

WOMAC: best to worst

Time 0.35 0.16 0.035* 0.30 0.18 0.09

Needles 3 Reference 3 Reference

4 − 1.10 4.31 0.80 4 − 5.23 5.08 0.30

Time * needles 3 Reference 3 Reference

4 0.35 0.21 0.096 4 0.45 0.23 0.05

*A p value < 0.05 was considered as statistically significant
a Risk factors were age, BMI, pain location, relief after nerve blocks (weeks), and medication change
b Time: unit in weeks

Table 7 Estimated effects on
VAS score Treatment and time effect Adjusting for risk factorsa

Needles Estimate SE p value Needles Estimate SE p value

VAS score

Time − 0.086 0.023 0.0003* − 0.09 0.02 0.0005*

Needles 3 Reference 3 Reference

4 − 0.71 0.45 0.12 4 − 0.66 0.51 0.20

Time * needles 3 Reference 3 Reference

4 − 0.076 0.030 0.012* 4 − 0.08 0.03 0.015*

*A p value < 0.05 was considered as statistically significant
a Risk factors were age, BMI, pain location, relief after nerve blocks (weeks), and medication change
b Time: unit in weeks
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statistically significant improvement in the subscores related
to stiffness, pain, functional daily living, and quality of life. At
the time points of 2 weeks, 1 month, and 3 months after the
procedure, the KOOS and WOMAC scores were consistently
higher in the four-needle treatment arm; however, this differ-
ence was not statistically significant. As patients reached the
6-month time point, there was a statistically significant differ-
ence in the WOMAC and KOOS stiffness subgroup scores
favoring the four-needle treatment arm. The four-needle treat-
ment arm also tended to have more rapid improvement in the
stiffness subgroup scores even when adjusting for the other
risk factors. A possible explanation for the absent difference in
early KOOS and WOMAC outcomes may be that both treat-
ment groups have had adequate neurotomy. It is not until the
6-month time point that patients may begin to have nerve
recovery and diminished effect of the nerve ablation, thus
manifesting the potential advantage of ablating a fourth target
to provide longer duration of relief. The medial retinacular
nerve in particular may help patients who suffer from anterior
knee pain as it provides contributions to the subpatellar plexus
and patellofemoral compartment. In addition, no patients re-
ported any adverse effects or complications directly related to
genicular nerve ablation. There does not appear to be an added
risk to targeting an additional nerve for genicular nerve abla-
tion. The results of this study suggest that targeting an addi-
tional nerve for ablation can provide longer-term relief, thus
extending the “bridge” that C-RFA genicular nerve ablation
can be for patients with osteoarthritis who have failed conser-
vative measures and are unwilling or unable to undergo sur-
gery. Further investigations with randomized controlled trials
and larger patient samples are needed.

The VAS scores consistently favored the four-needle treat-
ment group, even after accounting for the other risk factors
despite the KOOS and WOMAC pain subscores did not show
statistical significance. A possible explanation for the differ-
ence in results may be the individual components of the sur-
vey. The KOOS andWOMAC pain subscore consists of mul-
tiple questions regarding pain related to range of motion, am-
bulation, and position, whereas the VAS score is a more gen-
eral, global perceived score. Patients may have difficulty

discerning their pain level with different movements and po-
sitions or in some cases, may not have even attempted certain
movements, however, are better able to characterize their pain
on a numeric scale [1–9, 18].

The data presented here also demonstrated that more pa-
tients were able to reduce their opiate medication usage in the
four-needle treatment group as compared with the three-
needle group (79 compared with 45%, p value 0.03). Most
patients were treated with opioid to ameliorate their pain prior
to the intervention. The most common pain medication regi-
mens used by our patients prior to C-RFA included
hydrocodone bitartrate-acetaminophen 10 mg/325 mg every
6 h, tramadol 100 mg every 6 h, trazodone 100 mg BID, and
oxycodone 5 to 15 mg orally every 4 to 6 h. A major contri-
bution of this work is that approximately 65% of all patients
experienced decreased opiate medication usage at 6 months.
Approximately, 400,000 people died from an opioid-related
overdose from 1999 to 2017 emphasizing the relevance of
interventions that can lead to decrease in the utilization of
adjunctive pain analgesics [19].

There are several limitations to our study. The study includ-
ed a retrospective component with chart review followed by
prospective follow-up at a single academic institution.
Additionally, the unblinded nature of the study also introduces
the potential for bias. There was also a significant difference in
the baseline ages between the four-needle (63.9) and three-
needle (72.5) treatment groups. However, this difference did
not significantly change our results in our linear regression
model, when controlling for age as a risk factor; thus, this
difference in age is not likely to introduce a confounding risk
factor. We recognized that the high incidence of opioid con-
sumption among the patients in our cohort may be unique to
our large clinical referral setting reflecting a subset of the
overall knee arthritis symptomatic patient population that do
not qualify for surgical intervention with a chronic disease
history. The high prevalence of opioid use reported in this
study may not reflect national trends, and a selection bias
may have been unintentionally introduced. Furthermore, the
process of self-reporting about the usage of opiates is chal-
lenging as pain medication may be acquired from multiple

Table 8 Patients prescribed
opioid at baseline and 6 months
post C-RFA treatment

# subjects (N = 43) # opioids before treatment # opioids 6 months after treatment

22 (44%) 1* 0

12 (24%) 2** 0

4 (8%) 2* 1

3 (6%) 3* 1

2 (4%) 3** 2

* These patients were all taking short-acting opiates
** These patients were taking short-acting opiates except for one who was taking a combination of a short- and
long-acting opiate. In total, only two patients were taking a long- and short-acting opioid agonist conjunctively.
The rest of the patients were taking short-acting formulations
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providers and that all prescriptions may not be documented in
the medical record. Lastly, the change in the consumption of
opiate medication was recorded whereas the total opiate con-
sumption was not measured.

Cooled radiofrequency ablation of genicular nerves is a
safe, alternative, non-surgical treatment option for patients
with chronic knee osteoarthritis pain. In patients with moder-
ate to severe OA refractory to conservative treatments, cooled
radiofrequency ablation of genicular nerves is a safe and ef-
fective technique in improving pain, stiffness, and functional
daily living. Although there are three main nerve targets for
ablation, the complex neural anatomy of the knee provides
additional targets for treatment. The four-needle technique
produced better individual KOOS,WOMAC, and VAS scores
than the three-needle technique at multiple post-treatment
time points; some of which were statistically significant.
Additionally, patients treated with the 4-needle technique
had a greater reduction in the number of opiate medications.
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