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Radiofrequency ablation prior to total knee arthroplasty does not
improve post-surgical pain or recovery: a double-blinded,
multi-center, randomized clinical trial
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Background: Radiofrequency ablation (RFA) targeting the genicular nerves is an effective treatment for
knee pain due to osteoarthritis. The aim of this study was to determine the effects of two RFA interventions
delivered preoperatively on early postoperative pain management and subjective outcomes after total knee
arthroplasty (TKA).

Methods: One hundred forty-three participants were enrolled in this double blinded, sham-controlled
prospective randomized trial. Participants assigned at random to traditional RFA (t-RFA) (n=50), cooled
RFA (c-RFA) (n=49), or sham (n=44) procedures prior to TKA. Outcomes were recorded at postoperative
day 3, week 1, week 2, week 12, month 6, and month 12 following TKA. Primary outcomes included
hospital length of stay (LOS), opioid consumption (reported as MEQ, or daily morphine equivalents),
time to narcotic cessation (reported in days), and pain scores (reported as NRS, or Numeric Rating Scale).
Secondary outcomes included Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
measures. All side effects and complications were reported. Participants were followed for a year to detect
any unexpected side effects.

Results: Compared with sham controls, t-RFA and ¢-RFA did not affect inpatient LOS, pain scores, or
opioid consumption. There were no reductions in time to opioid cessation, pain scores, or WOMAC scores
at any time point post-TKA.

Conclusions: RFA of the genicular nerves prior to TKA did not affect opioid use or time to cessation,
pain, or WOMAC scores, following TKA. Current techniques of t-RFA and c-RFA of these specific
geniculate nerves preoperatively are not indicated as routine interventions to improve short-term surgical
recovery after TKA.

Trial Registration: The trial was registered on Clinical Trials.gov (NCT02925442).
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Introduction

By 2030, it is projected that there will be 935,000 total
knee arthroplasties (TKA) performed in the United States,
with subsequent increases expected (1). The number of
patients experiencing symptomatic knee osteoarthritis (OA)
may currently be as high as 14 million, many of whom are
younger than 65 years of age (2).

TKA remains a cost-effective approach to treating knee
OA. The procedure, however, is often associated with a
prolonged recovery. The risks of complications and costs
associated with convalescence are significant. There is an
established need for optimizing recovery and reducing risks
associated with knee arthroplasty (3,4).

Many of the medical complications associated with
TKA are related to the postoperative use of opioid
analgesic medications, including nausea, constipation,
urinary retention, malaise, mental status changes, abuse,
and addiction (5,6). Therefore, the development of pain
management protocols that decrease the use of opioids in
TKA is currently a common goal in the field of orthopedic
surgery. There is a need for studies evaluating the efficacy
of alternative non-opioid approaches to pain management
in orthopedics (7).

The use of thermal peripheral sensory nerve ablation,
also known as radiofrequency ablation (RFA), for
treating regional pain has increased in the past decade.
According to Ball (8), this technique exploits current
anatomic knowledge of terminal afferent-only nerve

Highlight box

Key findings

¢ Radiofrequency ablation of the genicular nerves prior to TKA did
not affect opioid use or cessation, pain levels, or WOMAC scores
following TKA.

What is known and what is new?

* Radiofrequency ablation targeting the genicular nerves has been
used an effective treatment for knee pain in the nonoperative
management of knee osteoarthritis.

® This manuscript adds new information about radiofrequency
ablation for clinicians seeking pre-operative interventions for their
patients who are planning to undergo TKA.

What is the implication, and what should change now?

* The current techniques of traditional RFA and cooled RFA of the
geniculate nerves used in this study are not indicated as routine
preoperative interventions to improve short-term surgical recovery
after TKA.
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endings allowing for a targeted approach to disrupt the
transmission of noxious stimuli from those endings with
minimally invasive techniques. In the traditional version
of this technology (t-RFA), a radiofrequency probe is
inserted into the anatomic location of the nerve, the tissue
is heated, and the result is reversible axonal damage. A
more technical approach, cooled RFA (c-RFA), protects
the tissues immediately adjacent to the probe tip from
excessive heating, allowing for a larger area of nerve
ablation (9). Because the anatomic course of the geniculate
nerves is varied and the probe can be positioned based on
fluoroscopic landmarks, c-RFA would theoretically be more
likely to achieve neurotomy than t-RFA (10).

Since most pain from the knee joint is thought to be
experienced by transmission from geniculate afferent
branches, it has been hypothesized that preoperative
neurotomy of the terminal endings of those nerves might
reduce surgical and postsurgical pain (11,12), thereby
improving other aspects of recovery from TKA, including
pain scores, opioid usage, and validated functional scores.

In the current study, geniculate nerves targeted included
the superior medial, inferior medial, and middle genicular
nerves (branches of the tibial nerve), as well as the superior
lateral genicular nerve (a branch of the femoral nerve).
Prior studies have shown targeting these nerves with RFA
techniques reduced pain associated with knee OA (13,14).

The purpose of this randomized clinical trial was to
determine the effects of c-RFA and t-RFA on three-
month clinical measures after TKA. We compared c-RFA
and t-RFA to one another and to a sham procedure. We
hypothesized that both t-RFA and c¢-RFA, compared to
sham procedure, would reduce pain, opioid usage, time
to opioid cessation, and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scores in
the short term (3 months) after TKA, with c-RFA having
a more significant impact. To detect any unexpected
complications or side effects from the procedure we
followed patients for a year after TKA. This study was
conducted in accordance with the CONSORT reporting
checklist (available at https://aoj.amegroups.com/article/
view/10.21037/a0j-22-33/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Providence Hospital Institutional Review
Board, Spokane, Washington (IRB No. 00000800), and
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Table 1 Inclusion and exclusion criteria

Inclusion criteria
Ages 45-80 years

Osteoarthritis of the knee where unilateral TKA is clinically
indicated

Readiness to undergo study protocol including c-RFA/t-RFA and
sham procedure

Body mass index: <40 kg/m®
Primary TKA
Exclusion criteria
No daily opioid use 5 weeks prior to enroliment
No documented narcotic dependency or recreational drug use
No tobacco usage within 2 months prior to surgery
No confounding inflammatory arthritis disease
No neuropathy/neurologic impairment
No significant acute illness
No other confounding chronic pain
No investigational drug within 3 months prior to enroliment
No diagnosed thrombophilia/bleeding disorders
No severe cardio-pulmonary conditions
No allergic reaction to local anesthetics or implants
No breastfeeding/pregnancy
No confounding psychiatric illness

No confounding significant concurrent hardware removal

TKA, total knee arthroplasty; c-RFA, cooled radiofrequency
ablation; t-RFA, traditional radiofrequency ablation.

informed consent was taken from all the patients. The study
was conducted in the United States as a multicenter, double-
blinded, parallel-group trial with balanced randomization
(1:1:1).

The study was powered based on expected changes in
pain scores. An ad hoc power analysis was performed with a
commonly used nomogram (15). Assuming a standardized
difference of 0.82 (for pain scores a clinically significant
difference of 2 was assumed and based on prior RFA studies
for OA a standard deviation of 2.4 was used), a power of
0.80, and an alpha level of 0.05, we determined a sample
size of 45 (n=45) to be needed for each arm.

The study was conducted at The Institute for Orthopedic
Research and Innovation, Coeur d'Alene, Idaho. Study
interventions were performed at Pleasant View Surgery
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Center, Post Falls, Idaho. Surgical (TKA) procedures were
performed at Northwest Specialty Hospital, Post Falls,
Idaho, and Providence Sacred Heart Hospital, Spokane,
Washington.

Participants and enrollment

Between February 2017 and November 2018, a total
of 207 participants were prescreened for the study,
according to the inclusion and exclusion criteria (Table 1).
One hundred forty-three candidates met the inclusion/
exclusion criteria and were enrolled by one of three
different orthopedic surgeons in this trial (7zble I). Enrolled
participants were then randomized to one of three pain
management providers using a random number generator
(numbergenerator.org). Two of the three pain management
providers had significant clinical experience with both
t-RFA and c-RFA in the knee, and the third had significant
experience with t-RFA only in the knee prior to study
commencement. All pain management providers underwent
standardized pre-study training by the manufacturer of the
RFA devices (Avanos Medical, Alpharetta, GA, USA) to
ensure consistent technique.

All participants were blinded to their designated
treatment groups. All participants received RFA or sham
at the same facility on an outpatient basis under conscious
sedation. All RFA/sham procedures were performed
3-12 weeks before their planned TKA. Since RFA is
performed with needle-sized probes, it does create minor
cutaneous lesions and it was the surgeons’ preferences that
these lesions be completely resolved prior to TKA surgery.
Therefore, we chose a minimum of 3 weeks between RFA
and knee arthroplasty. Fifty-nine participants received their
procedure 3—4 weeks prior to surgery, 66 received their
procedure 5-8 weeks prior to surgery, and 14 participants
received their procedure 9-12 weeks prior to surgery.

Any subject requiring a delay between the intervention
and TKA past 12 weeks was withdrawn from the study (n=4).

TKA surgeries were performed by one of three referring
high-volume orthopedic surgeons. All three surgeons
performed TKA surgery according to their traditional
techniques and preferences; two of the three surgeons
preferred cruciate-retaining arthroplasty technique while
the other preferred a posterior stabilized technique. All
knees in this study underwent patella resurfacing.

Anesthesia care during TKA was determined by
anesthesiologist and surgeon preferences and consisted of
28/139 (20.1%) participants receiving a spinal anesthetic
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and 111/139 (79.9%) receiving a general anesthetic
augmented by a periarticular infiltration of local anesthetic.
Eighteen participants (18/139, 12.9%) received a single
shot (adductor canal) nerve block. Peri- and post-operative
analgesics were prescribed in a standardized manner to
all participants including oral and IV opioids with a pain-
dependent protocol.

Participants were discharged on days 0-3 and referred
to a preapproved, enrolled physical therapy office with a
universal study protocol for rehabilitation. The protocol
involved early weightbearing and ambulation, focused
on early progression range of motion, and included a
standardized approach for all participants.

For one year following TKA, participants were followed
at important time points (postoperative day 3, week 1, week
2, week 12, month 6, and month 12) using phone interviews
and routine office visits. The primary endpoint on which
the study was designed and powered was three months

following TKA.

Data collection

All nursing staff, research staff, and surgeons were blinded
with respect to intervention type until data collection was
completed for each participant.

Participant baseline numeric pain scores and WOMAC
scores were initially recorded by research staff on the date
of enrollment in the study, prior to scheduling the RFA
procedure.

To evaluate any side effects from the RFA/sham
interventions, we recorded any minor side effects, including
bruising, swelling, and pain/discomfort. We also collected
adverse events such as infection or skin numbness.

Pre-TKA (after study intervention but prior to TKA)
pain scores and WOMAC scores were recorded at a routine
pre-TKA surgeon office visit. All data at this visit was
collected independently and in a blinded fashion by research
staff.

All inpatient pain scores and narcotic usage (both orally
and intravenously administered) were obtained by review of
hospital records by research staff and converted to daily oral
morphine equivalents (MEQ) (16).

Follow up records of outpatient narcotic usage, pain
scores, and WOMAC scores were obtained by research
staff by phone interview (postoperative day 3, week 1,
week 12, and month 6) and at the time of routine office
visit (postoperative week 2, week 6, and month 12). A
standardized pain/narcotic use diary was provided to the
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participants and used to determine accuracy of interviews
and time to cessation.

Statistical analysis

All measures are presented based on the subject’s
randomization assignment. Continuous data are presented
as means, medians, ranges, and 95% confidence intervals;
categorical data are presented as counts and percentages.
The primary and secondary outcomes and other relevant
measures are compared between randomized groups based
on one-way analysis of variance (ANOVA), Kruskal-Wallis,
or Fisher’s exact tests, as appropriate. All P values are
considered significant at the two-sided significance level
of 5%. The P values are not adjusted for multiple testing.
All statistical analyses are performed using SAS software
version 9.4.

Results

A CONSORT diagram is used to comply with standards
for reporting prospective trials (Figure I). This method was
chosen because it is endorsed by prominent medical journals
and is the evidence-based best practice for reporting
randomized control trials (17).

The patient demographics (Table 2), as well as
baseline pain, and baseline WOMAC scores (Tables 3,4)
demonstrated no statistically significant differences among

the three groups.

Side effects related to treatment

Intervention side effects were reported in t-RFA (38%),
c-RFA (21%), and sham (20%). Adverse events related
to the RFA/sham procedure were universally mild. The
treatment-related side effects were discomfort (29%, 21%,
20%), swelling (7%, 6%, 2%), and bruising (5%, 2%, 0 %)
in t-RFA, c-RFA and sham, respectively. No infections were
reported. Complications of numbness were only reported
in the t-RFA group (2%). No subject reported “worsened
pain” as a result of intervention (7able 5).

Hospital length of stay

There were no significant differences in length of stay
between t-RFA (1.7+0.9 days), c-RFA (1.8«1.1 days), and
sham (1.6+0.7 days) groups (7able 6) (note that at the time of
this study, outpatient TKA was not customary practice for
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Enroliment

Pre-screened (n=207)

A

Assessed for eligibility (n=151)

Page 5 of 16

Excluded (n=8)

¢ Not meeting inclusion criteria (n=1)
e Declined to participate (n=0)

e Staged bilateral knees (n=7)

y

Randomized (n=143)

Y

Allocation

v

Y

Allocated to c-RFA (n=49)

Allocated to t-RFA (n=50)

Allocated to sham (n=44)

Y

Follow-up

v

Y

Patient withdrew consent (n=0)
* TKA >12 weeks from intervention (n=1)
e Patient had unrelated AE-withdrawn

(n=7)

e Confounding secondary illness (cancer)
(n=0)

e Other (patient received Uni vs. Total 1,
SAE 1 (n=2)

e Lost to follow-up (n=1)

Patient withdrew consent (n=2)

TKA >12 weeks from intervention (n=3)
Patient had unrelated AE-withdrawn (n=5)
Confounding secondary illness (cancer 2,
mental illness 1) (n=3)

Other (patient received Uni vs. Total 1,
patient concurrently enrolled in pain pump
study 1, extra hardware removal during
TKA, Pl withdrew 1 (n=3)

Lost to follow-up (n=5)

e Patient withdrew consent (n=2)

e TKA >12 weeks from intervention (n=0)

e Patient had unrelated AE-withdrawn
(n=8)

e Confounding secondary illness (cancer)
(n=1)

e Other (patient found to have met
exclusion and withdrawn) (n=1)

¢ Lost to follow-up (n=4)

Y

Analysis

v

Y

Completed patients analysed (n=38)
Partial analysis (withdrawals) (n=11)

Completed patients analysed (n=29)
Partial analysis (withdrawals) (n=21)

Complete patients analysis (n=28)
Partial analysis (withdrawals) (n=16)

Figure 1 CONSORT flow diagram. sham, simulated intervention without ablation; t-RFA, traditional radiofrequency ablation; c-RFA,

cooled radiofrequency ablation; AE, adverse event; SAE, study-related adverse event; Uni, unicompartmental arthroplasty; PI, primary

investigator; TKA, total knee arthroplasty.

the surgeons participating in this study, and day of surgery
discharges were uncommon).

Differences in postoperative outcomes

Pain
There were no significant differences in Numeric Rating
Scale (NRS) score on any hospital day reported (Table 6).

© Annals of Joint. All rights reserved.

Similarly, there were no differences in reported NRS scores
at week 1, week 2, week 6, or week 12 between any of the
three groups (Zable 3).

Opioid use

Daily inpatient opioid usage is reported in Tuable 7. For
the purposes of reporting, the day of surgery is listed
as “inpatient day 1”. There were no differences in daily
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Table 2 Baseline demographics and measures
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Baseline characteristics Sham (n=44) t-RFA (n=50) c-RFA (n=49)
Age (years)
N 44 50 49
Mean + SD 64.3+8.1 64.2+9.3 66.9+8.4
Median 64 65.5 67
Min., Max. 50, 80 45, 82 52, 84
Gender
N 44 50 49
Female, n [%] 26 [59] 30 [60] 25 [51]
Male, n [%] 18 [41] 20 [40] 24 [49]
Knee
N 44 50 49
Left, n [%] 25 [57] 28 [56] 24 [49]
Right, n [%)] 19 [43] 22 [44] 25 [51]
Number of days from randomization to TKA
N 42 46 48
Mean + SD 42.0+21.1 42.6+22.6 33.3+16.5
Median 35 35 29
Min., Max. 20, 125 20, 139 20, 119
Missing 2 4 1

Sham, simulated intervention without ablation; t-RFA, traditional radiofrequency ablation; c-RFA, cooled radiofrequency ablation; TKA,

total knee arthroplasty; SD, standard deviation.

Table 3 Numeric Rating Scale

NRS values
Variables P value*
Sham (n=44) t-RFA (n=50) c-RFA (n=49)

Baseline, prior to study intervention
N 44 48 49 -
Mean + SD 4.3+2.2 3.6+2.3 3.7+2.6 0.3988
Median 4.0 3.0 4.0 -
Min., Max. 0.0,9.0 0.0, 8.0 0.0,9.0 -
95% ClI 3.6,4.9 3.0,4.3 3.0,4.5 -

Pre-operative, after study intervention
N 39 43 47 -
Mean + SD 2.9+2.0 2.6+2.0 2.4+2.0 0.6124
Median 2.0 2.0 2.0 -
Min., Max. 0.0,7.0 0.0, 8.0 0.0, 6.5 -
95% CI 22,35 2.0,32 1.9,3.0 -

Table 3 (continued)

© Annals of Joint. All rights reserved.
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Table 3 (continued)
NRS values
Variables P value*
Sham (n=44) t-RFA (n=50) c-RFA (n=49)

1 week post-operative, phone interview
N 36 37 44 -
Mean + SD 3.8+2.1 3.9+1.7 3.0+1.6 0.0541
Median 4.0 35 3.0 -
Min., Max. 0.0,8.0 1.0,85 0.0.6.0 -
95% ClI 3.1,45 3.3,45 25,35 -

2 weeks post-operative
N 38 42 42 -
Mean + SD 3.4x2.1 3.6+1.8 2.8+1.6 0.1983
Median 3.0 3.3 3.0 -
Min., Max. 0.0, 10.0 0.0, 8.0 0.0, 6.0 -
95% ClI 2.7,4.0 3.0, 4.1 23,34 -

6 weeks post-operative
N 37 37 42 -
Mean + SD 1.6+1.5 1.9+1.5 1.5+1.5 0.5474
Median 1.0 2.0 1.0 -
Min., Max. 0.0, 6.0 0.0,5.0 0.0, 5.0 -
95% ClI 1.1,21 14,24 1.1,2.0 -

12 weeks post-operative, phone interview
N 33 36 43 -
Mean + SD 0.7+£1.0 1.3+1.3 0.6+1.2 0.0597
Median 0.0 1.0 0.0 -
Min., Max. 0.0,35 0.0, 4.0 0.0, 6.0 -
95% ClI 0.4,11 0.8,1.7 0.2,1.0 -

6 months post-operative, phone interview
N 28 29 38 -
Mean + SD 0.3+0.5 0.9+1.6 0.6+1.4 0.1361
Median 0.0 0.0 0.0 -
Min., Max. 0.0,2.0 0.0, 8.0 0.0,6.0 -
95% ClI 0.1,0.4 0.3,1.6 0.1,1.1 -

1 year post-operative
N 19 15 24 -
Mean + SD 0.2+0.5 0.3+0.6 0.3+0.7 0.9614
Median 0.0 0.0 0.0 -
Min., Max. 0.0, 2.0 0.0,2.0 0.0, 3.0 -
95% ClI -0.0, 0.5 -0.1,0.6 -0.0, 0.5 -

*, P value is difference in means between groups based on one-way analysis of variance. Sham, simulated intervention without ablation;
t-RFA, traditional radiofrequency ablation; c-RFA, cooled radiofrequency ablation; Cl, confidence interval; NRS, Numeric Rating Scale; SD,

standard deviation.

© Annals of Joint. All rights reserved.
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Table 4 WOMAC total score
WOMAC total score
Variables P value*
Sham (n=44) t-RFA (n=50) c-RFA (n=49)

Baseline, prior to study intervention
N 44 47 49 -
Mean + SD 57.6+17.9 51.7+16.8 50.7+17.8 0.1327
Median 58.3 54.2 51.0 -
Min., Max. 11.5, 100.0 13.5, 86.5 3.1,79.7 -
95% ClI 52.2,63.0 46.7, 56.6 45.6, 55.8 -

Pre-operative, after study intervention
N 38 42 44 -
Mean + SD 50.1+17.6 43.8+19.0 45.9+18.5 0.3068
Median 54.7 47.9 50.3 -
Min., Max. 12.5,94.8 14.6,90.2 0.0, 77.1 -
95% Cl 44.3,55.9 37.9, 49.7 40.3,51.5 -

2 weeks post-operative
N 38 38 40 -
Mean + SD 50.1+15.6 55.0+13.5 47.2+16.3 0.0754
Median 51.6 55.3 47.8 -
Min., Max. 12.5,79.2 24.0, 80.2 9.5, 89.6 -
95% ClI 44.9,55.2 50.6, 59.5 42.0,52.4 -

6 weeks post-operative
N 37 34 41 -
Mean + SD 31.1+18.5 34.4+17.0 28.7+17.4 0.3777
Median 31.3 36.4 29.3 -
Min., Max. 5.2,65.6 0.0, 70.8 1.0,75.0 -
95% Cl 24.9,37.3 28.5,40.4 23.2,34.2 -

1 year post-operative
N 19 15 24 -
Mean + SD 9.7+12.0 8.6+11.3 8.4+11.9 0.9344
Median 7.3 4.2 3.7 -
Min., Max. 0.0, 46.7 0.0, 35.4 0.0, 39.1 -
95% CI 3.9,15.4 24,148 3.4,13.4 -

*, P value is difference in means between groups based on one-way analysis of variance. WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; Sham, simulated intervention without ablation; t-RFA, traditional radiofrequency ablation; c-RFA, cooled

radiofrequency ablation; Cl, confidence interval; SD, standard deviation.
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Table 5 Intervention side effects and complications

Sham, n [%] t-RFA, n [%] c-RFA, n [%)]
Side effects
Events Subjects (n=41) Events Subjects (n=42) Events Subjects (n=48)

Total side effects 151 32 [78] 151 37 [88] 159 36 [75]
Side effects related to 9 8 [20] 18 16 [38] 13 10 [21]
intervention

Pain/discomfort around 8 8 [20] 12 12 [29] 10 10 [21]
treated area

Swelling 1 11[2] 3 3[7] 3 31[6]
Bruising 0 0[0] 2 2 [5] 1 11[2]
Infection 0 0[0] 0 0[0] 0 01[0]
Numbness 0 0[0] 2 11[2] 0 0[0]
Worsened pain 0 0[0] 0 01[0] 0 01[0]

Sham, simulated intervention without ablation; t-RFA, traditional radiofrequency ablation; c-RFA, cooled radiofrequency ablation.

Table 6 Inpatient measures

Inpatient measures Sham (n=44) t-RFA (n=50) c-RFA (n=49) P value

Length of stay (days)

N 42 42 46 -
Mean + SD 1.6+0.7 1.7+0.9 1.8+1.1 0.6989*
Median 2.0 2 2 -
Min., Max. 0,3 0,4 0,5 -
95% ClI 14,18 1.4,2.0 1.5,2.1 -
Missing 2 8 3 -

Length of stay, n [%]

N 42 42 46 -
0 days 1[2] 112 419] 0.8160**
1 day 19 [45] 19 [45] 17 [37] -
2 days 17 [40] 14 [33] 12 [26] -
3 days 5[12] 717] 12 [26] -
4 days 0[0] 1[2] 0[0] -
5 days 010] 0[0] 1[2] -
Missing 2 8 3 -
Table 6 (continued)
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Table 6 (continued)

Inpatient measures Sham (n=44) t-RFA (n=50) c-RFA (n=49) P value

NRS, inpatient day 1

N 40 39 42 -
Mean + SD 2.9+1.4 3.3+1.8 3.2+1.8 0.5008"
Median 25 3.0 3.0 -
Min., Max. 0.7,7.0 0.0,7.5 0.0,65 -
95% Cl 2.4,34 2.7,39 2.7,3.8 -

NRS, inpatient day 2

N 41 41 42 -
Mean + SD 3.7£1.5 3.7+1.4 3.2+1.4 0.1721*
Median 3.5 3.7 3.5 -
Min., Max. 1.3,8.0 1.8,7.3 0.7,7.2 -
95% ClI 3.2,42 3.3,4.2 2.8,3.7 -

NRS, inpatient day 3

N 22 22 25 -
Mean + SD 3.3+1.3 3.6+1.5 3.3+1.4 0.7199*
Median 3.4 3.4 3.3 -
Min., Max. 1.0,7.0 13,73 1.0,6.3 -
95% ClI 2.8,3.9 29,43 2.7,3.8 -

NRS, inpatient day 4

N 5 8 13 -
Mean + SD 3.7£0.7 2.3+1.6 2.6+1.3 -
Median 4.0 2.7 25 0.2043~
Min., Max. 25,43 0.0,4.3 0.5,5.0 -
95% ClI 2.8,4.6 1.0,3.7 1.8,3.4 -

NRS, inpatient day 5

N 0 1 1 -
Mean + SD - 2.3+N/A 1.3zN/A N/A
Median - 2.3 1.3 -
Min., Max. - 23,23 13,13 -
95% Cl - - - -

*, P value is difference in means between groups based on one-way analysis of variance; **, P value is based on Kruskal-Wallis test
indicating whether the distributions are the same. Sham, simulated intervention without ablation; t-RFA, traditional radiofrequency ablation;
c-RFA, cooled radiofrequency ablation; Cl, confidence interval; SD, standard deviation; NRS, Numeric Rating Scale (pain); N/A, not
available.
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Table 7 Inpatient opioid use MEQ (ing)

Page 11 of 16

Opioid use measures Sham (n=44) t-RFA (n=50) c-RFA (n=49) P value
Subjects taking opioids during inpatient days, n [%)]
N 44 50 49 -
Inpatient day 1 40 [91] 40 [80] 39 [80] 0.2717***
Inpatient day 2 40 [91] 41 [82] 42 [86] 0.4472***
Inpatient day 3 22 [50] 22 [44] 25 [51] 0.7597***
Inpatient day 4 5[11] 8[16] 13 [27] 0.1645
Inpatient day 5 0[0] 1[2] 2 [4] 0.6483***
Inpatient day 6 0 [0] 0 [0] 1[2] 0.6503***
MEQ (mg), inpatient day 1
N 40 40 39 -
Mean + SD 31.4+19.4 35.2+16.3 30.6+19.7 0.4946*
Median 30.0 375 25.0 -
Min., Max. 5.0, 90.0 8.0, 75.0 7.5,97.5 -
95% Cl 25.2,37.6 30.0,40.4 24.2,37.0 -
MEQ (mg), inpatient day 2
N 40 4 42 -
Mean + SD 58.9+30.3 62.9+37.0 53.9+32.8 0.4735*
Median 52.5 60.0 51.3 -
Min., Max. 15.0, 142.5 7.5,180.0 5.0, 150.0 -
95% Cl 49.2, 68.6 51.3,74.6 43.7, 641 -
MEQ (mg), inpatient day 3
N 22 22 25 -
Mean + SD 49.1+26.3 49.9+34.2 51.2+35.6 0.9749*
Median 41.3 48.8 45.0 -
Min., Max. 10.0, 120.0 10.0, 135.0 5.0, 135.0 -
95% Cl 37.4,60.8 34.7,65.0 36.5, 65.9 -
MEQ (mg), inpatient day 4
N 5 8 13 -
Mean + SD 37.0+54 30.0+24.1 37.1£22.3 -
Median 37.5 21.3 30.0 0.2490*
Min., Max. 30.0, 45.0 7.5,75.0 15.0, 90.0 -
95% Cl 30.3, 43.7 9.9, 50.1 23.6, 50.6 -
Table 7 (continued)
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Table 7 (continued)
Opioid use measures Sham (n=44) t-RFA (n=50) c-RFA (n=49) P value
MEQ (mg), inpatient day 5
N 0 1 2 -
Mean + SD - 10.0+N/A 26.3+5.3 -
Median - 10.0 26.3 0.2207*
Min., Max. - 10.0, 10.0 22.5,30.0 -
95% Cl - - -21.4,73.9 -
MEQ (mg), inpatient day 6
N 0 0 1 -
Mean + SD - - 7.5N/A N/A
Median - - 7.5 -
Min., Max. - - 75,75 -
95% Cl - - - -

*, P value is difference in means between groups based on one-way analysis of variance; **, P value is based on Kruskal-Wallis test
indicating whether the distributions are the same; ***, P value is Fisher’s exact test. Sham, simulated intervention without ablation; t-RFA,
traditional radiofrequency ablation; c-RFA, cooled radiofrequency ablation; MEQ, daily morphine equivalents; Cl, confidence interval; SD,

standard deviation; N/A, not available.

inpatient opioid use among the three groups. Opioid use
peaked for all three groups on the first postoperative day
(inpatient day 2) and trended down on subsequent inpatient
days.

There were no significant differences in opioid usage
among the three groups at any of the follow-up time points.
There was no significant difference in the number of
participants taking opioids at week 12 between the groups.
There were no significant differences in the mean number
of days to cessation among the three groups (7able §8).

WOMAC

There were no significant differences in WOMAC scores
among the three groups at any of the postoperative time
points (Figure 2).

Discussion

We investigated RFA technology delivered before TKA
for its potential to improve recovery in the short-term
after TKA and found no significant improvements among
c-RFA, t-RFA, or sham groups. There were no significant
differences in terms of hospital length of stay, patient-
reported pain scores, opioid usage, or time to opioid

© Annals of Joint. All rights reserved.

cessation. There were also no differences in WOMAC
scores between those patients receiving c-RFA, t-RFA, or
sham procedures. Adverse effects of the RFA procedures
were universally mild.

The results of this study support the findings of similar
studies in which no measurable effect of c-RFA on TKA
outcomes was found when performed 2-6 weeks before
TKA (12,18). One of these studies also indicated no
improvement in post-surgical pain at 1, 3, and 6 months
postoperatively compared to placebo (12). More recently,
Stake et al. (19) reported reductions in the odds of the
need for prolonged narcotic use, urinary tract infections,
and blood transfusions in patients receiving preoperative
RFA compared to a database cohort. Dasa et 4l. previously
reported on the possible benefits of cryoablation of the
geniculate nerves prior to TKA (11). Cryoablation differs
from RFA in that it uses freezing of geniculate nerves, not
heating, to disrupt the function of the nerve. More recently,
Mihalko et al. described reductions in opioid use and pain
scores, as well as potentially improved functional outcomes,
with the use of cryoablation of the geniculate nerves prior
to TKA (20).

Prior well-designed trials have reported significant
efficacy from t-RFA, and especially c-RFA, in nonoperative
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Table 8 Outpatient opioid use MEQ (mng)
Opioid use measures Sham (n=44) t-RFA (n=50) c-RFA (n=49) P value

Subjects taking opioids during follow-up phone interviews, n [%]

N 44 50 49 -

1 week post-operative 30 [68] 35 [70] 39 [80] 0.3979***
12 weeks post-operative 01[0] 5[10] 11[2] 0.0488***
6 months post-operative 0[0] 0[0] 0[0] N/A

MEQ (mg), 1 week post-operative, phone interview

N 30 35 39 -
Mean + SD 33.9+21.1 42.3+24.3 36.5+23.3 0.3159"
Median 30.0 42.5 32.5 -
Min., Max. 5.0,77.5 5.0, 102.5 5.0, 90.0 -
95% Cl 26.0,41.8 34.0, 50.7 28.9,44.0 -

MEQ (mg), 12 weeks post-operative, phone interview

N 0 5 1 -
Mean + SD - 8.5+2.2 5.0+N/A -
Median - 10.0 5.0 0.2059**
Min., Max. - 5.0,10.0 5.0,5.0 -
95% Cl - 5.7,11.3 - -

MEQ (mg), 6 months post-operative, phone interview
N 0 0 0 -
Mean + SD - - - N/A
Median - - - -
Min., Max. - - - -
95% Cl - - - -

Days to cessation

N 37 31 42 -
Mean + SD 32.2+17.9 42.6+30.7 38.4+22.0 0.1905*
Median 33 39 40 -
Min., Max. 3, 80 3, 168 3,97 -
95% Cl 26.2, 38.2 31.3,53.8 31.6, 45.3 -

*, P value is difference in means between groups based on one-way analysis of variance; **, P value is based on Kruskal-Wallis test
indicating whether the distributions are the same; ***, P value is Fisher’s exact test. Sham, simulated intervention without ablation; t-RFA,
traditional radiofrequency ablation; c-RFA, cooled radiofrequency ablation; MEQ, daily morphine equivalents; Cl, confidence interval; SD,
standard deviation; N/A, not available.
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Figure 2 WOMAC scores. CI, confidence interval; Sham,
simulated intervention without ablation; t-RFA, traditional
radiofrequency ablation; c-RFA, cooled radiofrequency ablation;
pre-op, pre-operative; post-op, post-operative; WOMAC, Western

Ontario and McMaster Universities Osteoarthritis Index.

management of knee OA pain, as well as a cost-effective
benefit with respect to accepted measures (13,21,22). The
current study differed from most other RFA studies because
this study did not require a minimum pretreatment pain
score as part of the inclusion criteria. Therefore, the mean
pre-treatment and pre-arthroplasty pain scores were lower
than most other RFA studies. The mean pretreatment NRS
pain score in this study was between 3.7 and 4.4, which is
consistent with other reports of pre-surgical knee OA (23).

There are several potential reasons the results of RFA in
this study do not show benefit in TKA as opposed to other
studies indicating an improvement in knee OA-related pain.
There may be different nerves communicating pain in knee
arthroplasty as opposed to knee OA. The capsular branches
from the distal sciatic/popliteal nerve are thought to provide
significant nociception after TKA and are not affected by
RFA. It is also possible that the routine exposure of the
knee in TKA, especially if a synovectomy is performed,
may divide the branches of the geniculate nerve(s) upstream
from the ablation site, reducing any benefit from prior
neurotomy compared to sham.

Study limitations

We see several potential limitations of this study. First,
there was significant variation in the time to surgery after

© Annals of Joint. All rights reserved.
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study intervention amongst participants. Despite the effects
of c-RFA lasting greater than a year (22), we arbitrarily
discontinued patients with delays in TKA greater than
12 weeks after study intervention. It is unclear if significant
time variation from RFA to surgery has a substantive effect
on the effects of RFA in the context of TKA.

We also excluded participants with confounding
conditions, including preoperative opioid usage, that are
likely to be encountered in clinical practice. We felt that
excluding those participants would most likely give an
accurate assessment of the effects of ablation procedures.

It is important to emphasize that the effects of RFA
neurotomy are considered temporary, and we did not
anticipate any longer-term benefits from the use of RFA in
TKA. Any longer-term effects of the use of RFA in TKA
would require longer follow-up. Given the trends described
in the current study, it appears unlikely that there will be
any difference with the use of RFA as an adjunct with longer
follow-up.

Assessing opioid usage as a primary outcome can be
problematic. Patient expectations, family influences, outside
provider recommendations, and intrinsic affinity for opioids
can all influence opioid usage (24).

Additionally, there has been some scrutiny of the
WOMAC instrument and its ability to detect significant
clinical differences after knee arthroplasty (25). We
acknowledge that there may be better instruments in the
future, but at the time of study design, we felt this was the
best available validated tool.

Finally, there has been some discussion about the optimal
approach to neurolysis for knee pain. Several studies have
directly addressed the anatomy of the anterior knee with
differing conclusions about appropriate percutaneous
targets (10,26,27). It is possible that more sophisticated
approaches tailored for presurgical treatment may improve
results in the future.

Conclusions

RFA of the genicular nerves prior to TKA did not affect
opioid use or cessation, pain, or WOMAC scores following
TKA. The results of this clinical trial reinforce the results
of a prior similar trial (12). The results also help define
the appropriate clinical applications of the current use of
geniculate nerve RFA. Therefore, we conclude that current
techniques of t-RFA and c-RFA of these specific geniculate
nerves are not indicated as routine preoperative interventions
to improve short-term surgical recovery after TKA.
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