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AbsTrACT
background and objectives As a follow-up to the 
6-month report,12 this study investigated the analgesic 
effect of cooled radiofrequency ablation (CRFA) in 
patients with knee osteoarthritis (OA) 12 months 
postintervention and its ability to provide pain relief in 
patients who experienced unsatisfactory effects of intra-
articular steroid injection (IAS).
Methods Seventy-eight per cent (52/67) of patients 
originally treated with CRFA were evaluated at 12 
months, while at 6 months post-IAS, 82% (58/71) of 
those patients crossed over to CRFA and assessed 6 
months later.
results At 12 months, 65% of the original CRFA group 
had pain reduction ≥50%, and the mean overall drop 
was 4.3 points (p<0.0001) on the numeric rating scale. 
Seventy-five per cent reported ’improved’ effects. The 
cross-over group demonstrated improvements in pain 
and functional capacity (p<0.0001). No unanticipated 
adverse events occurred.
Conclusions This study demonstrates that analgesia 
following CRFA for OA knee pain could last for at least 
12 months and could rescue patients who continue to 
experience intolerable discomfort following IAS.
Clinical trial registration The  ClinicalTrials. gov 
registration number for this study is NCT02343003.

InTrOduCTIOn
Total knee arthroplasty (TKA) is an effective thera-
peutic option of last resort for individuals afflicted 
with significant osteoarthritis (OA)-related knee 
pain and dysfunction. While the outcomes of TKA 
are consistent and well established,1 2 the procedure 
may not be indicated in patients who have comor-
bidities,3 or those who otherwise may not be appro-
priate candidates for TKA.4 Therefore, providing 
a therapeutic option with long-term duration of 
effect may enable such patients to have a more satis-
factory quality-of-life.

The minimally invasive, outpatient nature of 
radiofrequency ablation (RFA) of targeted noci-
ceptive nerves is becoming an increasingly well 
known and timely option for patients in whom 
conservative therapies have failed and/or those who 
are not candidates for TKA.5–8 In particular, the 
‘cooled’ form of RFA (CRFA) has afforded patients 

with knee OA with pain relief9–12 and functional 
improvement.9 11 12 Most recently, we reported 
that 74% of patients treated with CRFA had pain 
reduction of 50% or more compared with 16% of 
demographically matched patients who received an 
intra-articular steroid injection (IAS) at 6 months 
postintervention.12 In addition, through secondary 
measures, significantly more patients at 6 months 
reported ‘satisfactory joint function’ via the Oxford 
Knee Score and a perception that their treat-
ment effect had ‘improved’ their condition than 
those who received an IAS per the Patient Global 
Perceived Effect. Although the beneficial effec-
tiveness of CRFA for treating OA of the knee was 
evident from the 6-month analyses of this study,12 a 
paucity of data has been published regarding longer 
term durability of these effects.

This analysis explored the sustainability of anal-
gesic effects realized at 6 months in patients with 
knee OA who were treated with CRFA. We hypoth-
esized that significant (≥50%) analgesia would 
remain among the majority (>50%) of patients 
in the original CRFA group 12 months postinter-
vention and that patients who still had intoler-
able discomfort 6 months following IAS would 
experience significant (≥50%) pain relief after 
CRFA. As such, this current study primarily eval-
uated the proportion of patients whose knee pain 
was reduced by ≥50% from baseline 12 months 
post-treatment within the initial cohort of patients 
with OA who were enrolled in the 6-month clin-
ical trial at 11 different sites.12 Additionally, clin-
ical features of subjects who elected to cross-over 
to receive CRFA after 6 months (‘cross-over’ (XO) 
group) were evaluated.

MeThOds
All patients were properly consented prior to 
initiating screening activities. The study is regis-
tered in  ClinicalTrials. gov: registration number, 
NCT02343003; initial release date, 15 January 
2015.

study design
This prospective, randomized, open-label, multi-
center (11 sites) clinical study with a parallel-group 
design initially included the test treatment, 
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CRFA (N=76), utilizing the Coolief System (Halyard Health, 
Alpharetta, Georgia, USA), or IAS (N=75), in a 1:1 randomiza-
tion scheme. The methodological differences between the active 
treatment comparators in this study did not permit blinding of 
investigators or patients to the interventions. The initial results 
from this study presented data through study follow-up visits 
at 1, 3, and 6 months compared with the two study groups 
primarily by the proportion of subjects whose knee pain was 
reduced by ≥50% from baseline at 6 months post-treatment. 
Additional secondary measures noted improvements in func-
tion, and nearly all patients in the CRFA group (91%) reported 
perceptions of ‘improvement’ regarding their knee pain.12 The 
focus of this report is to describe the patient’s experience through 
12 months. Additionally, to further evaluate CRFA, patients who 
were dissatisfied with their IAS treatment after 6 months could 
cross-over to the ablation treatment. The substantial migration 
of original IAS study group members to the XO group left only 
four patients in the former cohort, which was considered too 
small to conduct any meaningful analytical statistical compari-
sons between CRFA and IAS treatments at 12 months post-inter-
ventions. Patients in the IAS cohort who elected to receive CRFA 
treatment at the 6-month follow-up visit were followed for an 
additional 6 months and are herein referred to as XO group 
members. Methodology, patient demographics, and 6-month 
results for the original CRFA and IAS study groups have been 
published.12

study population
Patients who had radiographic evidence of OA within 12 months 
prior to study screening, with no other etiology demonstrated as 
the source of knee pain, were eligible for the study. While indi-
viduals with bilateral knee OA were not excluded; only one knee 
was screened and enrolled as the ‘index knee’ for treatment. 
Management of contralateral knee pain in bilateral patients was 
left up to the discretion of the investigators and patients as part 
of standard of care. Selection criteria included: knee pain ≥6 
months that was unresponsive to conservative treatments (phys-
ical therapy, oral analgesics: ≤60 mg morphine equivalence, 
stable for 2 months; intra-articular injections with steroids and/
or viscosupplementation), body mass index (BMI) <40, and 
reporting ≥50% response to blocks as described previously12 
and below. On confirmation that a patient was eligible, random-
ization was completed utilizing prepopulated, sequentially 
numbered, sealed envelopes generated by the statistician using a 
computerized randomization programme. Sites opened a single 
envelope per patient and chose the lowest available number to 
maintain sequential ordering of randomization. Additional treat-
ments for the index knee were prohibited during the study.

The block paradigm was as follows: patients who indicated 
a score reduction on the numeric rating scale (NRS) ≥50%5 at 
least 15 min following fluoroscopically guided blockade of the 
superomedial and inferomedial branches of the saphenous nerve 
and the superolateral branch of the femoral nerve13 using 0.60–
0.75 mL/site of local anesthetic (preferably Marcaine (bupiva-
caine) Hospira, Lake Forest, Illinois, USA, 0.5% or similar) at 
each site were eligible for the study.12

study intervention
Cooled RFA of the index knee was administered to patients in 
the CRFA study cohort, as facilitated by fluoroscopic visualiza-
tion of anatomical landmarks.13 A 75 or 100 mm 17-gage CRF 
introducer was placed at the appropriate locations after 1–3 mL 
of 1% lidocaine was infiltrated. An 18-gage internally cooled 4 

mm active tip electrode was placed into the introducer needle, 
and 50 Hz sensory stimulation at <0.5 V in all three locations 
reproduced concordant knee pain that ensured proximity of the 
probe to each of the target nerves (superomedial and infero-
medial branches of the saphenous nerve and the superolateral 
branch of the femoral nerve)13 prior to lesioning. Next, motor 
stimulation at 2 Hz was carried on up to 1 V without muscular 
contractions to ensure proper distance of final radiofrequency 
(RF) needle active tip position from any motor nerve fibers.

The CRFA intervention produces thermal energy with average 
maximum tissue temperatures greater than 80°C,14 while the 
probe tip temperature is maintained at 60°C by the cooling water 
circulating within the probe. Each lesion was created over 150 s. 
Following the procedure and patient recovery, each patient was 
discharged to home with instructions to limit strenuous activity 
for at least 24 hours postprocedure.

study outcomes
The proportion of subjects whose knee pain was reduced by 
≥50% compared with baseline was calculated at 12 months 
post-treatment,15 as measured by the NRS. Secondary endpoints 
included: (1) change in knee function detected by the Oxford 
Knee Score (OKS)—a validated outcomes instrument that is 
routinely used to evaluate the overall condition of subjects with 
knee OA,16 (2) subjects’ perception of treatment effect as reflected 
by the Global Perceived Effect score, and (3) opioid analgesic 
use, as measured by subject self-reported average daily dosage 
used. Reported assessments of these study endpoints were based 
on patients’ impressions made during the week preceding data 
collection at each study visit for the original CRFA group (base-
line and 12 months) and XO group (baseline and 6 months). The 
baseline values utilized for XO analysis were those at the time of 
cross-over for all outcome measures. All subjects were evaluated 
for adverse events (AEs) and serious AEs (SAEs) at each visit.

To investigate a theoretical concern that CRFA could inad-
vertently progress knee OA relative to evidence provided at 
study baseline, an amendment was created late in the study to 
allow for the collection of radiographs at 12 months. Fifty-one 
images were considered, and the disease state displayed by each 
was quantified by independent radiologists (generally) per the 
Kellergan-Lawrence Scale. Twenty-four images were from the 
originally treated CRFA group and 27 were from the XO group.

statistical analysis
A non-inferiority evaluation was used to estimate the study 
sample size. The sample size was based on the estimated success 
rates of 59%8 (success ≥50% NRS score reduction) and 47%17 
(success ≥30% NRS score reduction) in the CRFA and stan-
dard groups, respectively, and a non-inferiority margin of 15%. 
Assuming an attrition rate of 20% and a two-sided significance 
level of 5%, 144 subjects enrolled into the study would yield 114 
subjects at the primary endpoint.

As was previously reported on 6-month outcomes of this 
study,12 the 12-month data are derived from the full-anal-
ysis study population set, while the XO results are from the 
per-protocol set. The protocol defined the full analysis set as: all 
randomized subjects will be analyzed following the principle of 
intention-to-treat (ITT) provided they received Coolief or corti-
costeroid injection treatment and had at least one effectiveness 
observation, thereby, the results presented can be considered 
a modified ITT. Percentages are reported with 95% CI. With-
in-group comparisons were expressed as mean and an associ-
ated SD, with significant differences indicated by p≤0.05. Such 
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Figure 1 Consolidated Standards of Reporting Trials diagram displaying patients through study stages. *Two subjects were terminated by the 
sponsor, because the principal investigator changed jobs and a suitable replacement could not be identified. The site was closed, and subjects were 
dropped. **Adverse event—subject had return of index knee pain and chose a surgical alternative.

analyses were not prespecified, and so no type I error adjustment 
for multiplicity was made to preserve the overall 5% level of 
significance. Assessment determinations were made from aggre-
gates of data collections from all available patients at each study 
time point.

resulTs
disposition of study patients
Out of the 233 patients screened, 151 were enrolled into the 
initial study,12 with 76 and 75 randomized to the CRFA and 
IAS study groups, respectively12 (figure 1). Of those random-
ized, 67 patients in the CRFA and 71 patients in the IAS 
group were treated.12 At 6 months, 58 (87%) and 68 (96%) of 
treated patients in the CRFA and IAS cohorts contributed data 
to the primary endpoint,12 and 58 (82%) patients of the IAS 
group crossed over to receive CRFA. At 12 months, 52 (78%) 
patients in the originally treated CRFA group contributed data 
to the primary endpoint, while at 6 months post-CRFA, 51 
(88%) patients in the XO group did the same. Four patients 
(6%) of the IAS group completed the 12-month visit. At the 

time of cross-over eligibility, three of these four patients were 
not in severe enough pain to warrant intervention and one did 
not want the procedure due to comorbid conditions.

study population
Baseline demographic variables, including age, gender and 
race distributions, mean BMI, mean duration of knee pain, 
analgesic medication utilization, knee OA severity, mean index 
knee pain levels (NRS scores) before diagnostic block, and the 
extent of index knee pain reduction postdiagnostic block were 
made available previously.12

Pain assessment in the original CrFA group at 12 months
Raw data are presented in table 1. The mean 4.3±2.7 
(SD)-point decrease in NRS from baseline at 12 months in 
the original CRFA group was statistically significant (N=52, 
p<0.0001, paired Student’s t-test). The mean alteration in the 
NRS score at the 12-month time point was similar with that 
reported at 6 months, where a mean improvement of 4.9±2.4 
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Table 1 Study outcomes: original CRFA group versus IAS group up to 12 months†

numeric rating scale

baseline 1 Month 3 Months 6 Months 12 Months

CrFA IAs CrFA IAs CrFA IAs CrFA IAs CrFA IAs

N 76 75 67 69 65 68 58 68 52 4

Mean 7.3 7.2 3.0 3.9 2.8 5.2 2.5 5.9 3.1 3.3

SD 1.2 1.0 2.3 2.2 2.2 2.0 2.3 2.2 2.7 3.3

P value for difference 
between groups*

0.55 0.025 <0.0001 <0.0001 0.99

Oxford Knee score

baseline 1 Month 3 Months 6 Months 12 Months

CrFA IAs CrFA IAs CrFA IAs CrFA IAs CrFA IAs

N 76 75 67 69 65 68 58 67 52 3

Mean 16.7 16.9 33.3 29.4 34.6 24.6 35.7 22.4 34.3 22

SD 4.4 5.1 9.2 8.5 8.3 7.6 8.8 8.5 11.1 16.6

P value for difference 
between groups*

0.83 0.004 <0.0001 <0.0001 0.11

Global perceived effect

baseline 1 Month 3 Months 6 Months 12 Months

CrFA IAs CrFA IAs CrFA IAs CrFA IAs CrFA IAs

Number of subjects 
improved/total number of 
subjects (percentage of 
group improved)

12/72 (16.7) 7/71 (9.9) 53/67 (79.1) 46/69 (66.7) 52/65 (80.0) 21/68 (30.9) 53/58 (91.4) 16/67 (23.9) 39/52 (75) 2/4 (50)

P value for difference 
between groups†

0.23 0.1 <0.0001 <0.0001 0.29

*P≤0.05 indicates a significant difference.
†Full-analysis study set data are presented.
CRFA, cooled radiofrequency ablation; IAS, intra-articular steroid; N, number of study subjects.

Figure 2 Mean pain scores (Numerical Rating Scale) in the 
cooled radiofrequency ablation cohort over time. SD are indicated 
in parentheses. Baseline, N=76; 1 month, N=67; 3 months, N=65; 6 
months, N=58; 12 months, N=52. Baseline through 6-month values 
were previously reported.12

points was identified.12 Further evidence for this sustained 
response to CRFA is shown in figure 2, where the mean NRS 
scores following CRFA are similar from 1 to 12 months. And 
whereas 70% (47/67) (95% CI 59.2 to 81.1), 72% (47/65) 
(95% CI 61.4 to 83.2) and 74% (43/58) (95% CI 62.9 to 85.4) 
of the CRFA group experienced diminished pain relative to 
baseline that was ≥50% at 1, 3, and 6 months, respectively12; 

65% (34/52) (95% CI 52.5 to 78.3) of the group reported this 
clinically relevant15 outcome at 12 months.

secondary study outcomes in the original CrFA group at 12 
months
At 12 months, the OKS increase from baseline in the orig-
inal CRFA cohort was 17.3±12 points (N=52, p<0.0001, 
Student’s paired t-test), with an absolute mean of 34.3±11.1 
points. The fraction of patients in the CRFA group experi-
encing ‘severe arthritis’ and ‘satisfactory knee function’ 
(as defined by the OKS scale) with time post-treatment was 
inversely distributed (figure 3). Indeed, the percentage of 
patients reporting OKS ‘severe arthritis’ was progressively 
reduced from baseline to 6 months and was nearly sevenfold 
less at 12 months compared with baseline. In contrast, while 
there were no patients with OKS ‘satisfactory joint function’ in 
the CRFA group at baseline, the proportion of CRFA patients 
in this group consistently increased throughout the study, with 
nearly half reporting this outcome at 12 months. Patients who 
claimed ‘moderate to severe arthritis’ were approximately 25% 
at all time points, while those reporting ‘mild to moderate’ 
OKS were approximately 40% through 6 months, but then 
dropped to 17% at 12 months.

The proportion of patients in the CRFA group who had 
a perception of the treatment effect on their health as being 
‘improved’ at 12 months was 75% (39/52) (95% CI 63.2 to 
86.8), which was similar to values at 1 (79%, 53/67) (95% 
CI 69.4 to 88.8) and 3 months (80%, 52/65) (95% CI 70.3 
to 89.7) post-treatment and substantially different than the 
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Figure 3 Knee function (Oxford Knee Scale) in the cooled 
radiofrequency ablation group over time. Baseline, N=76; 1 month, 
N=67; 3 months, N=65; 6 months, N=58; 12 months, N=52.

Figure 4 Mean pain scores (Numerical Rating Scale) in the cross-over 
group over time. SD are indicated in parentheses. Baseline, N=66; 1 
month, N=40; 3 months, N=38; 6 months, N=37.

Figure 5 Knee function (Oxford Knee Score) in the cross-over group 
over time. Baseline, N=42; 1 month, N=40; 3 months, N=38; 6 months, 
N=37.

baseline value of 17% (12/72) (95% CI 8.1 to 25.3).12 Propor-
tions for all of the aforementioned time points are less than 
that observed at 6 months (91%, 53/58) (95% CI 84.2 to 
98.6).12

The mean total daily dose in opioid analgesic medica-
tion (morphine equivalents in mg) in the CRFA group at 12 
months was 30.3±27.4 mg (N=17), which was similar to the 
baseline value (delta=−1±10.3 mg, N=17, p=0.68, paired 
Student’s t-test). As noted in the previous publication, 43% 
of patients in the CRFA group who were taking opioids as of 
the study’s baseline assessment were using such medication for 
medical indications beyond OA related knee pain (ie, knee and 
back pain, back pain, etc). Additionally, a subgroup analysis 
was undertaken examining response to treatment of patients 
from the original CRFA group who were not taking opioids 
to manage their pain at study baseline. Fourteen of 67 (21%) 
patients fell into this category and of those, 11 (79%) patients 
indicated ≥50% relief of their baseline reported index knee 
pain at 6 months. This subgroup reported greater pain relief 
(mean NRS point reduction=6.1 at 6 months) than what 
was observed for the entire originally treated CRFA group 
at 6 (mean improvement=4.9 points) or 12 months (mean 
improvement=4.3 points).12

Pain assessment in the XO group at 6 months
The XO group had significant reductions from baseline, 
reporting mean changes of 3.1±2.5 points (N=40), 3.6±2.4 
points (N=38), and 3.2±2.7 points (N=37) in the NRS at 
1, 3, and 6 months, respectively (p<0.0001, paired Student’s 
t-test). These similar point reductions are reflected by the 
consistent NRS score means observed across the follow-up 
time points in this group (figure 4). Forty-nine per cent (18/37) 
(95% CI 32.5 to 64.8) of the XO group experienced clinically 
relevant15 pain relief compared with baseline that was ≥50% 
at 6 months.

secondary study outcomes in the XO group at 6 months
Improvements in function were also noted in the XO group, 
and the mean increase in the OKS from baseline in the XO 
group at 6 months was 11.6±9.8 points (N=36, p<0.0001, 
Student’s paired t-test). The mean OKS at each study time 
point was 18.6±6.6 (N=42), 30±9.4 (N=40), 30.3±10 
(N=38), 29.8±10.6 (N=37), at baseline, 1, 3, and 6 months, 
respectively. While none of the XO patients reported OKS 

‘satisfactory joint function’ at baseline (6 months post-IAS), 
approximately two-thirds of XO cohort members reported 
OKS ‘severe arthritis’ at this time point (figure 5). However, 
nearly one-fifth of the XO group reported OKS ‘satisfac-
tory joint function’ 1 month after CRFA, and this condition 
progressively increased to include approximately one-quarter 
of the cohort by 6 months. In contrast, the incidence of OKS 
‘severe arthritis’ in the XO group fell more than fourfold at 1 
month and included approximately one-fifth of the cohort at 
6 months. The frequency of OKS ‘moderate to severe arthritis’ 
fell by more than 10% from 1 to 6 months post-CRFA, while 
the proportion of patients having OKS ‘mild to moderate 
arthritis’ consistently remained at approximately 34% during 
this time frame.

While at the baseline (6 months post-IAS), 7.1% (3/42) 
(95% CI 0.0 to 14.9) of XO group members described the 
effect of CRFA on their health as ‘improved’, 65% (26/40) 
(95% CI 50.2 to 79.8), 79% (30/38) (95% CI 66.0 to 91.9), 
and 57% (21/37) (95% CI 40.8 to 72.7) of the group reported 
this outcome at 1, 3, and 6 months post-CRFA, respectively.

radiographic evidence of knee OA
To understand the state of knee OA following CRFA, an 
amendment was added late in the study to collect x-rays at 
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each subject’s final visit allowing for comparison to baseline 
OA status. Fifty-one radiographs were collected, 24 of which 
were from patients originally treated with CRFA. While most 
of these patients (58.3%;14/24) (95% CI 38.6 to 78.1) had no 
change in knee OA grade through 12 months, a worsening by 
one grade was detected in 8.3% (2/24) (95% CI 0.0 to 19.4) of 
the cohort. In the XO group, 27 radiographs were collected 6 
months post-CRFA. These images revealed that 81.5% (22/27) 
(95% CI 66.8 to 96.1) of grades remained the same as reported 
at study entry, and worsening by one grade was identified in 
7.4% (2/27) (95% CI 0.0 to 17.3) of this group. No patients 
worsened by more than one grade during the study.

Adverse events
There were 81 AEs that occurred among 42 CRFA patients 
between 6 and 12 months of the study. Non-SAEs included 
pain in the index knee (nine events—one of which led to 
subject discontinuation), with a decision to pursue a surgical 
alternative (1; figure 1**), pain in the non-index knee (3), 
musculoskeletal pain (9), and falls (5). SAEs occurred among 
four patients in the CRFA cohort from 6 to 12 months and 
included blood/lymphatic (3) and musculoskeletal (1) infec-
tions, cardiovascular (1), respiratory (3), gastrointestinal (1), 
and skin (1) events, and a non-CRFA procedure-related event 
that involved a musculoskeletal component. None of the SAEs 
were related to CRFA.

dIsCussIOn
The effect of CRFA to reduce index knee pain by at least 
50% in the majority of the originally treated CRFA study 
group was sustained at 12 months and validated a portion 
of the study hypothesis, as 65% of this cohort experienced 
this benefit. The mean 4.3-point decrease on the NRS at 12 
months compared well with 4.9-point drop that was observed 
at 6 months.12 Patients who elected to have CRFA after origi-
nally being treated with an IAS also reported analgesia, as the 
mean NRS pain score in the XO group fell at least 3.1 points 
up to 6 months postprocedure, and 49% of this population 
had at least 50% pain relief at 6 months, which confirmed the 
other portion of the study hypothesis. It is unknown why a 
difference in response was seen between the originally treated 
group and the XO group; however, the study was not powered 
or designed to draw specific conclusions from the XO group 
and this group should be considered observational given their 
participation and pathway in the trial. From a functional 
perspective, after CRFA, the incidence of patients having 
‘satisfactory joint function’ was established and increased 
throughout the study in both cohorts, while the incidence 
of patients having ‘severe arthritis’ diminished with time in 
both groups. The majority of the originally treated and XO 
CRFA groups reported ‘improved’ perceptions of treatment 
effect on their health at 12 months and across all follow-up 
visits, respectively. Mean analgesic medication use was similar 
to baseline at 12 months in the originally treated CRFA group, 
and no unanticipated AEs occurred as a result of CRFA.

An effect of CRFA on opioid use in this investigation was 
not detected. As noted in the previous publication,12 multiple 
factors affected our ability to detect a difference in this area, 
including the duration at which subjects were on opioids prior 
to the trial, the addictive nature of opioids and the fact that 
nearly half of the subjects in the CRFA group were taking 
opioids for reasons beyond their knee pain. However, opioid 

use stayed consistent with baseline during the trial; therefore, 
the trial results noted are unlikely to be confounded by these 
medications.

Interestingly, for the patients described above who were not 
taking opioids to manage their pain at study baseline ((14/67) 
of the original CRFA group), 11 (79%) patients indicated 
≥50% relief of their baseline reported index knee pain at 6 
months and their 6.1 mean NRS point reduction was larger 
than the study wide 4.9-point decrease. Adequately powered 
studies are warranted to explore the suggestion that CRFA 
treatment prior to opioid use may be most beneficial to miti-
gate OA-related knee pain.

As radiographic analysis was not completed through a 
central lab, assessment variability is to be expected. However, 
given that less than 9% of subjects in both CRFA groups 
experienced OA grade worsening during the study (in similar 
ratios), a concern that CRFA unreasonably accelerates joint 
degeneration seems unfounded.

The current treatment algorithm for knee OA has limited 
effectiveness, and patients often suffer for extended periods 
before they qualify for TKA. Chronic use of non-steroidal 
anti-inflammatory drugs can introduce gastrointestinal, 
cardiovascular, and renal complications18; opioids present the 
risk of tolerance and addiction with escalating dosage over 
time19; physical therapy requires routine visits that increase 
healthcare expenditures; corticosteroid injections have limited 
duration of efficacy20 21; viscosupplementation efficacy is 
equivocal,22 23 as is platelet-rich plasma compared with viscos-
upplementation,24 25 and bracing may not be cost-effective.26 
A TKA is a well-established and successful procedure,1 2 but 
there are certain populations where one could argue for a 
more conservative option,27 such as when patients are not yet 
considered ‘operative’, or have comorbid health issues that 
would preclude them from surgery or increase the risk profile 
for undergoing a TKA. A large subgroup of patients who may 
be not be considered for TKA, such as those with poor glucose 
control and/or obesity, may become candidates following 6 
months to 1 year of mobilization and weight loss afforded by 
undergoing CRFA first.

This study indicates that large percentages of patients can 
receive a durable analgesic effect from CRFA, which contrasts 
with other non-operative treatment options for patients with 
knee OA.20–25 Additionally, at the time of this publication, 
Santana et al produced the only standard RF knee OA series 
in the literature providing information to 12 months,7 with a 
mean NRS score reported of 5.8, compared with the mean NRS 
score of 3.1 in the current CRFA series. While few head-to-
head studies exist comparing standard versus cooled radiofre-
quency directly, such observations are consistent with previous 
suggestions that the cooling characteristic of CRFA facilitates a 
larger lesion size than standard RF,28 thus, making it more likely 
that target nerves will be ablated by the CRFA, and perhaps 
prolonging the time required to complete nerve regeneration.29 
Further study is needed to examine potential differences between 
the two technologies.

The beneficial outcomes observed in this current report 
with respect to CRFA treatment of knee OA extend the bibli-
ography of publications having similar results using CRFA.9–11 
Our study is the largest prospective randomized compar-
ison to date observing the changes in pain and disability in 
patients undergoing CRFA. Within this context, the results 
show that CRFA is safe and durable, thus providing patients 
who are ineligible for TKA with a seemingly more effective 
option than IAS,12 and perhaps other conservative therapies, 
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to gain relief from OA-related knee pain and disability. For 
those who are TKA candidates, but wish to postpone such a 
relatively more invasive intervention in favor of CRFA first, 
evidence suggests benefits of RF-facilitated denervation in this 
scenario. Taverner et al demonstrated that pulsed RF, but not 
sham treatment, of patients with painful knees afforded them 
with a significant pain relief at rest and during exercise prior 
to total knee joint replacement.30 Carli and co-workers used 
pulsed and thermal RFA to denervate nociceptive nerves of 
the knee13 of a 79-year-old woman with severe knee OA that 
required TKA.31 The patient had significant knee pain that 
was unrelieved by opioids, and severely impaired functional 
activity. The authors attributed significant improvement in 
the objective and self-reported outcome measures recorded 
during the 6 weeks of prehabilitation before surgery to the 
patient’s denervation-facilitated preoperative analgesia. The 
successful prehabilitation was hypothesized to enable reha-
bilitation implementation post-TKA. The significant gains in 
functional improvement identified during this study warrant 
further exploration into this patient population, and large, 
adequately powered studies ( ClinicalTrials. gov identifiers: 
NCT02746874 and NCT02925442) are in progress to inves-
tigate this seemingly purposeful synergistic clinical approach 
to knee OA between RF-mediated denervation and TKA.

A limitation of this study is the one-way XO option, from 
IAS to CRFA, but not vice versa. This paradigm is consistent 
with the intention of the study to test CRFA as a rescue inter-
vention for knee OA, rather than long-standing, conservative 
IAS. The limitations of this portion of the study are that the 
remaining IAS group sample size was not large enough to 
perform statistical test-based comparisons between the origi-
nally treated CRFA patients and the IAS group members at 12 
months, outcomes of the originally treated CRFA group and 
those of the XO cohort could not be directly compared at 6 
months, because the groups were derived from two different 
study populations, and an effect of CRFA on opioid use could 
not be detected, perhaps due to alternate patient conditions 
that also utilized opioids as therapy. Further, the late addition 
of the amendment to collect X-rays at the final visit limited 
our ability to capture data on a large portion of the patients 
enrolled.

Statistically significant and clinically relevant pain relief and 
functional improvements were sustained 12 months following 
CRFA treatment of OA-related knee pain and dysfunction. 
These effects were reflected by patients’ perceptions of their 
‘improved‘ health 12 months following CRFA. Moreover, 
CRFA may rescue patients who have been dissatisfied with 
results of prior IAS for OA knee pain and who are not candi-
dates for TKA.
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