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Background: Ultrasound-guided genicular nerve radiofrequency (RF) procedures
are of interest in the management of chronic knee pain. A wide variety of demo-
graphic, clinical, and procedural characteristics can affect treatment success. This
study aimed to determine predictive factors to provide superior treatment out-
comes.

Methods: The demographic, clinical, and technical data of patients who received
genicular nerve RF for knee pain between September 2016 and September 2021
were evaluated. A positive outcome was defined as at least 50% pain relief on a
pain score for at least 6 months. Logistic regression analysis was performed to de-
termine the factors associated with a successful response to genicular RF.

Results: Among 206 patients who underwent genicular RF, 62% of the patients
reported successful outcomes at 6 months. In the multivariate model, targeting 5
nerves (odds ratio [OR], 6.184; 95% confidence interval [Cl], 2.291-16.690; P <
0.001) was the most significant predictor of successful outcomes. Multivariable
logistic regression analysis showed that prognostic genicular nerve block with a
50% cut-off value (OR, 2.109; 95% Cl, 1.038-4.287; P = 0.039), no opioid use
(OR, 2.753; 95% Cl, 1.405-5.393; P = 0.003), and depression (OR, 0.297; 95% Cl,
0.124-0.713; P = 0.007) were the predictive factors significantly associated with
response to genicular RF.

Conclusions: Clinical and technical factors associated with better treatment out-
comes were ultimately targeting more nerves, performing prognostic block, no
opioid use, and no depression. These results are expected to be considered when
selecting patients for genicular RF.

Key Words: Chronic Pain; Knee; Nerve Block; Outcome Assessment, Health Care;
Pain; Prognosis; Radiofrequency Ablation; Treatment Outcome; Ultrasonography,
Interventional.

causes decreased quality of life, functional limitation,
and psychological distress [1]. While symptomatic knee
osteoarthritis (OA) is the most reported cause of pain with

INTRODUCTION

Chronic knee pain is a common patient complaint that
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alifetime risk of around 44%, other potential sources, such
as inflammatory arthritis, persistent post-surgical pain,
and post-traumatic injury, lead to knee pain and morbid-
ity [2,3]. Pain management options range from pharma-
cological drugs and physical therapy to interventional
procedures [4].

Although conservative management is often effective
depending on the therapeutic modality, side effects of oral
medications like nonsteroidal anti-inflammatory drugs or
gabapentinoids, particularly in elderly patients, persistent
pain after total knee arthroplasty, and the temporary ef-
ficacy of intra-articular injections indicate the need for
long lasting non-surgical alternative methods [5-7]. For
these reasons, radiofrequency (RF) treatments for chronic
knee pain are of interest. In 2008, Sluijter et al. [8] first de-
scribed the use of RF treatment in a patient with refractory
post-traumatic knee pain. Over the past decade, various
RF treatments, including ablation, stimulation or cooled,
have been performed on various anatomical targets for
pain relief [9-11].

Sensory innervation of the knee is provided by terminal
articular branches of the femoral, saphenous, obturator,
tibial, and common peroneal nerves; physicians and re-
searchers commonly refer to these nerves as the genicular
nerves [12,13]. The superior medial (SM), superior lateral
(SL), and inferior medial (IM) genicular nerves are the
most used anatomical targets for RF procedures and are
described as the ‘three-nerve technique’; depending on
the pain location, additional nerves are sometimes tar-
geted for therapy [9,10,14-18].

In the past decade, the use of ultrasound (US) technol-
ogy to guide interventional procedures in pain medicine
has increased. US-guided procedures have many advan-
tages, such as avoidance of radiation exposure and real
time visualization of the needle. Also, US-guidance may
be preferable to detect and avoid vulnerable neurovascu-
lar structures. Prior studies have described the sonoanato-
my of the genicular nerves and arteries and the feasibility
of US-guided procedures [19,20].

There is increasing evidence that RF procedure of the
genicular nerves is an effective treatment for chronic knee
pain due to OA. However, little is known about the fac-
tors that could predict the success of this procedure. Few
exploratory studies have evaluated predictive factors for
improving patient outcomes in fluoroscopy-guided RF
procedures [9,18,21]. To date, no large-scale studies have
ever sought to identify characteristics associated with re-
sponse to US-guided RF treatments. Genicular nerve RF
is generally considered a safe procedure; however, it can
cause complications such as hypoesthesia, hematoma, or
thermal injury [22]. Therefore, it is necessary to clarify the
selection criteria of RF procedures to improve patient out-
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comes, reduce overall complications, or reduce unneces-
sary procedures.

To the authors’ knowledge, this study is the largest sam-
ple of US-guided RF procedures of the genicular nerves in
patients with chronic knee pain, which includes a retro-
spective analysis of pain outcomes over a 5-year period at
a medical center. It was hypothesized that the right selec-
tion of patient or treatment characteristics could contrib-
ute to improved genicular nerve RF success for pain relief
in clinical practice. Herein, the authors reported the eval-
uation of demographic, clinical and technical variables to
predict outcomes of RF procedures for knee OA.

MATERIALS AND METHODS

Institutional review board approval (Ethics Committee
of the Diskapi Yildirim Beyazit Training and Research
Hospital 122/03 - 18.10.2021) was obtained for this retro-
spective study. This study was registered at ClinicalTrials.
gov PRS under Registration No. NCT05222776. A written
informed consent was obtained from all the patients.

Patients older than 18 years with a primary complaint
of chronic knee pain that scored at least 4 on a numeric
rating scale (NRS) due to knee OA who were treated with
genicular nerve RF procedures between September 2016
and September 2021 were included in the study. The elec-
tronic databases were searched by 2 pain medicine physi-
cians using the code 551060 (radiofrequency neurotomy)
in combination with the diagnostic codes for pain in knee
(M25) and osteoarthritis of knee (M17). Patients were ex-
cluded if there was inadequate follow-up or documenta-
tion was missing, or if a new analgesic drug was prescribed
during the follow-up period that could affect the evalua-
tion of outcomes for different pain sources. Patients with
knee pain associated with lumbar radicular neuropathy
(e.g., spondylolisthesis, spinal stenosis, failed back surgery
syndrome) or connective tissue diseases, coagulopathy
and/or concomitant medical disorders (e.g., poorly con-
trolled cardiac condition) were excluded. Patients who
missed their appointments, patients the authors could not
communicate with, and patients who were not satisfied
with their treatment and did not visit the clinic were also
excluded.

1. Interventions

All prognostic blocks and RF procedures were performed
under US-guidance. In the authors’ clinic, prognostic ge-
nicular nerve blocks are regularly performed, and if suc-
cessful, the RF procedure follows. A successful prognostic
block was defined as a 50% reduction in NRS score that
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persisted for at least 1 hour after local anesthetic injec-
tion. During the pandemic, especially in the peak period
of COVID-19 in Turkey, considering the additional risk for
patient and physicians, prognostic blocks were not per-
formed on all patients. The NRS score was recorded by a
pain physician at the beginning of the procedure and dur-
ing follow-up appointments or phone calls.

1) Prognostic blocks

The patient lay in supine position with the knee flexed
at 25°-30° after a pillow was placed under the popliteal
fossa. Aseptic techniques were adopted. A high-frequency
(6-13 Hz) linear transducer was placed parallel to the long
bone shaft and moved cranially or caudally to identify the
epicondyle of the long bone. Then, the genicular arteries
were identified near the periosteal areas, the junctions of
the epicondyle and the femoral and tibial shafts and were
confirmed by color Doppler US. Anatomical target genicu-
lar nerves consist of the SL, SM, and IM side of the knee
joint, usually located near the periosteum, close to the
genicular arteries (Fig. 1). Depending on physician prefer-
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ence and based on recent anatomical updates, additional
nerves including the recurrent fibular nerve (RFN) and
the infrapatellar branch of the saphenous nerve (IPBSN)
were blocked [15,17,19]. The anatomic locations for the ad-
ditional genicular nerves were identified as follows (Fig. 2):

¢ RFN: the transducer was placed below the Gerdy’s tu-
bercle, beneath the tibialis anterior muscle. After the RFN
and anterior tibial recurrent artery were identified at that
level, the US transducer was rotated 90° into an axial ori-
entation and a 22-gauge spinal needle was inserted in an
in-plane approach from anterior to posterior, close to the
bone, at one-half depth.

o IPBSN: the probe was placed in the coronal plane, 4
cm medial to the apex of the patella and tibial tubercle,
along a longitudinal line. After the short-axis view of the
nerve was visualized as a hypoechogenic ovoid structure
in the subcutaneous tissue, running with its small artery,
the needle was inserted deep into the subcutaneous tissue
along the line from proximal to distal.

After using color Doppler to confirm the placement of
the needle-tip next to a genicular artery, skin and soft tis-
sue anesthesia was administered with a 27 G needle us-

Medial

Fig. 1. Transducer placement and ultra-
sound images with radiofrequency can-
nula for SMGN (A, B), SLGN (C, D), and
IMGN (E, F). White dashed arrows indicate
the needle trajectory. SMGN: superior
medial genicular nerve, SLGN: superior
lateral genicular nerve, IMGN: inferior me-
dial genicular nerve, MFC: medial femoral
condyle, LFC: lateral femoral condyle,
MTC: medial tibial condyle, MCL: medial
collateral ligament.
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Anterior
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ing 1 mL of 2% lidocaine for each of the anatomic targets.
Although no pre-medications, sedatives or analgesics
were routinely administered, midazolam and/or fentanyl
were used for sedo-analgesia, if the patient could not tol-
erate the procedure with superficial anesthesia alone. A
22-gauge spinal needle was inserted with an in-plane
technique in the long-axis view. After negative aspiration,
1 mL of 0.5% bupivacaine solution was injected into each
site.

2) RF procedure

The therapeutic radiofrequency ablation (RFA) of the ge-
nicular nerves was performed using the same technique
as the US-guided diagnostic genicular nerve block with
20-gauge, 10 mm active tip, 100 mm long RF cannulas. The
sensory stimulation threshold had to be less than 0.7 V at
50 Hz to optimize nerve position. Motor stimulation was
tested for the absence of distal muscle contractions at 2.0
V stimulation at 2 Hz. After negative aspiration of blood
or fluid, 1 mL of 2% lidocaine was injected through the RF
cannulas to reduce procedure-related pain. Conventional
RF ablation was done for the three genicular nerves for
60-120 seconds (depending on the patient tolerability and
physician preference) at 80°C. For IPBSN and RFN, pulsed
RF was done at 45 V with 20-ms pulses every second at
42°C for 360 seconds. Following ablative treatment, 2 mg
of dexamethasone was injected per lesion site to minimize
the risk of neuritis. Adverse events were recorded in all
subjects.
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Fig. 2. Transducer placement and ul-
trasound images with radiofrequency
cannula for IPBSN (A, B) and RFN (C, D).
White dashed arrows indicate the needle
trajectory. Yellow stars indicate the patella
apex and tibial tuberosity. IPBSN: infrapa-
tellar branch of the saphenous nerve,
RFN: recurrent fibular nerve, MTC: medial
tibial condyle, P: patella.

2. Outcome data and follow-up period

The primary outcome measure was percent reduction
in pain, 50% pain relief lasting at least 6 months was de-
fined as a positive categorical outcome. If the patient had
a positive outcome at the 1- or 3-month follow-up, and no
contact was made at the 6-month follow-up, but the pa-
tient applied to the clinic again for a repeat RF procedure
and reported pain relief for 6 months, this condition was
also accepted as a positive outcome. Patients with a posi-
tive outcome at the 1- or 3-month follow-up, but not seen
again were excluded from the analysis. In patients suffer-
ing from bilateral knee pain, RF procedure was performed
for the most painful knee. If a patient was treated for the
other knee at the next visit, only the response from the first
procedure was included. NRS scores were extracted from
a clinic visit or telephone call at baseline, and at 1, 3, and
6 months. Upon completion of data collection, patients in
the study were classified as either responders with a posi-
tive outcome or non-responders with a negative outcome.
Variates were selected that included a range of de-
mographic, clinical, and technical factors, following a
review of previous studies on the effects on outcomes of
RF treatments, and discussion among the authors of this
current study. The demographic and clinical variables
were age, sex, duration of pain, baseline NRS score, smok-
ing status (smoking vs. nonsmoking), employment status
(employed or retired-unemployed), depression (patients
who were diagnosed and followed up with depression by
a psychiatrist), obesity (body mass index > 30), history of
knee surgery (a surgery performed to repair structural
damage (osteotomy, cartilage repair, and knee arthro-
plasty), excluding skin lesion removal, joint aspiration or
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diagnostic arthroscopy, degree of joint degeneration (Kel-
legren-Lawrence grade), and opioid use. Technical factors
included whether prognostic block was performed, type of
procedures (three or five nerves targeted), lesion time (> 90
seconds vs. < 90 seconds), and use of sedation. The authors
retrospectively reviewed the patient’s electronic medi-
cal history records and image archive system to obtain
variables. Data could not be extracted due to the following
possible conditions: patients who missed their appoint-
ments, patients that could not be communicated with, and
patients who were not satisfied with their treatment and
did not visit the clinic.

3. Statistical analysis

The SPSS version 23.0 statistics program (IBM Co., Ar-
monk, NY) was used. Patients in the study were classified
as responders or non-responders based on the predefined
success criteria. Patient demographic and clinical char-
acteristics were reported using descriptive statistics. De-
scriptive statistics were summarized by means and stan-
dard deviations for continuous outcomes, and frequencies
(%) for categorical outcomes.

Univariate logistic regression analyses were performed
using the patient’s demographic, clinical factors, and
technical factors as a potential predictor to quantify the
outcome of procedure success. Fifteen predictive factors
were entered into the univariate analysis. Then multivari-
ate logistic regression analysis was applied with factors
showing a trend towards statistical significance (P < 0.200)
in univariate analysis. Factors such as depression, base-

Patients identified as undergoing procedures
through database searching using
the previously mentioned codes (n = 362)

Excluded (n = 102)

- Repeat procedure

"| - Genicular blocks without RFA

- RFA performed on another joint

A 4

Patients underwent RFA
of the genicular nerves (n = 260)

Excluded (n = 54)
» - Missing outcomes
- Surgery

A 4

Patients were included for analysis
of effectiveness of the RFA (n = 206)

I
v v

Successful responder Non-responder
(n=131) (n=75)

Fig. 3. Flowchart of the study. RFA: radiofrequency ablation.
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line NRS score, performing prognostic block, opioid use,
degree of degeneration, prior surgery history, lesion time,
and number of nerves targeted (three or five nerves), were
selected as the most explanatory variables in univariate
analysis and were used in the multivariate model to pre-
dict the outcome of the RF procedure success. An odds
ratio (OR) with 95% confidence interval (CI) was calculated
and P < 0.05 was considered statistically significant.

RESULTS

A total of 362 cases were identified as having undergone
procedures using the search codes mentioned above.
Among these, 260 individuals underwent RFA of the genic-
ular nerves, and 54 of these were removed from the analy-
sis due to lack of records. Thus, 206 patients had outcomes
available and were included in the analysis (Fig. 3). In this
cohort study, 62% of the patients experienced a successful
outcome at 6 months.

The demographic and baseline clinical characteristics
of the study participants were summarized as follows: The
mean age of the patients was 63 + 9.09 years and there were
more female (58.3%) than male (41.7%). The average base-
line pain score was 6.98 + 1.21 and the average duration of
pain was 6.7 £ 3.81 years. Of these patients, 34% had prior
knee surgery, 35.4% were receiving opioids, 16.5% suffered
from depression. Among these patients, 39.8% were obese,
52.9% had Kellegren-Lawrence stage > 2, 66.9% were re-
tired or not working, and 32.5% were smokers (Table 1).

1. Factors associated with treatment outcome in
univariate logistic regression

The patients’ demographic and clinical characteristics,
and technical factors associated with the treatment out-
come are shown in Table 2 and Table 3, respectively. In
univariate logistic regression analysis, the most important
factors associated with a positive response to US-guided
RF procedures in 6 months were targeting more nerves
(5 nerves vs. 3 nerves), no depression, and no opioid use.
Additionally, patients with lower baseline pain scores
were more likely to experience a positive outcome than
those with higher baseline pain scores. Factors including
no previous surgery (OR: 0.659, 95% CI: 0.364 to 1.190, P =
0.169), longer lesion time (OR: 1.57, 95% CI: 0.810 to 3.050, P
=0.181), and Kellegren-Lawrence grade 2 or less (OR: 0.584,
95% CI: 0.328 to 1.040, P = 0.068) showed a slight trend
towards statistical significance (P < 0.200). There were no
statistically significant differences in outcome in factors
such as age, sex, duration of pain, existence of obesity, use
of sedation, employment status, and smoking status.

Korean J Pain 2022;35(4):447-457
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Table 1. Demographics of the study population

Variable Responders (n = 131) Non-responders (n = 75) Difference 95% Cl
Age (yr) 63.4 £9.03 62.4+9.21 -3.630, 1.564
Female 74 (56.5) 46 (61.3) -0.086, 0.179
Male 57 (43.5) 29(38.7)
Smoker 44 (33.6) 23(30.7) -0.108, 0.170
Non smoker 87 (66.4) 52 (69.3)
Employed 46 (35.1) 22(29.3) -0.077,0.198
Unemployed (retired, housewives, etc) 85 (64.9) 53(70.7)
Obese 51(38.9) 31(41.3) -0.158,0.111
Non-obese 80 (61.1) 44 (58.7)
Depression 12 (9.2) 22 (29.3) -0.154, -0.164
No depression 119 (90.8) 53(70.7)
Prior knee surgery 40 (30.5) 30(40.0) -0.238,0.042
None prior knee surgery 91 (69.5) 45 (60.0)
Opioid use 0.105, 0.380
Yes 35(26.7) 38 (50.7)
No 96 (73.3) 37 (49.3)
Duration of pain (yr) 6.60 £ 3.47 6.89 £ 4.36 -0.740, 1.441
Degree of degeneration -0.253, 0.007
KL<L2 68 (51.9) 29(38.7)
KL>2 63 (48.1) 46 (61.3)
Baseline NRS score 724 +1.17 6.83+1.22 0.065, 0.751

Values are presented as mean + standard deviation or number (%).

Responders was described as 50% or more reduction of NRS lasting at least 6 months.

The difference with 95% Cl between responders and non-responders proportions or means is presented.
Cl: confidence interval, KL: Kellegren-Lawrence, NRS: numerical rating scale.

Table 2. Univariate logistic regression of the demographic and baseline clinical factors associated with treatment outcomes for genicular radiofrequency
denervation

Variable Odds ratio 95% ClI P value
Age (yr) 1.02 0.980, 1.040 0.440
Female 1.22 0.685, 2.180 0.498
Male 1 (Ref)
Smoker 114 0.621, 2.100 0.667
Non smoker 1 (Ref)
Employed 1.30 0.706, 2.410 0.396
Unemployed (retired, housewives, etc) 1 (Ref)
Obese 0.905 0.506, 1.610 0.735
Non-obese 1 (Ref)
Depression 0.243 0.112,0.527 <0.001
No depression 1 (Ref)
Prior knee surgery 0.659 0.364, 1.190 0.169
None prior knee surgery 1 (Ref)
Opioid use <0.001
Yes 1 (Ref)
No 2.817 1.553,5.110
Duration of pain (yr) 0.98 0.910, 1.060 0.595
Degree of degeneration 0.068
KL< 2 0.584 0.328, 1.040
KL>2 1 (Ref)
Baseline NRS score 0.75 0.588, 0.958 0.021

P value compares positive outcome vs. negative outcome.
Cl: confidence intervals, KL: Kellegren-Lawrence, NRS: numerical rating scale.
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Table 3. Univariate logistic regression of the technical factors associated with treatment outcomes for genicular radiofrequency denervation

Variable Positive outcome (n=131)  Negative outcome (n = 75) OR (95% Cl) P value
Prognostic block
Yes 106 (80.9) 46 (61.3) 2.673(1.414, 5.050) 0.002*
No 25(19.1) 29(38.7) 1 (Ref)
Targeted nerves
3 nerves 87 (66.4, 68 (90.7) 1 (Ref) <0.001*
5 nerves 44 (33.6 7(9.3) 4.91 (2.082, 11.590)
Lesion time (sec)
290 105 (80.2) 54 (72.0) 1.57 (0.810, 3.050) 0.181
<90 26 (19.8) 21 (28.0) 1 (Ref)
Sedation
Yes 63 1.39(0.782,2.470) 0.262
No 68 1 (Ref)

Values are presented as number (%) or number only.

Positive outcome was described as 50% or more reduction of NRS lasting at least 6 months. Negative outcome defines as < 50% pain relief or not last-

ing for 6 months.
P value compares positive outcome vs. negative outcome.

Three nerves consisted of superomedial, superolateral and inferomedial genicular nerves. Five nerves consisted of superomedial, superolateral and
inferomedial genicular nerves, infrapatellar branch of the saphenous nerve and recurrent fibular nerve.

OR: odds ratio, Cl: confidence interval, Ref: reference.
*If P < 0.05, it was considered statistically significant.

2. Factors associated with treatment outcome in
multivariate logistic regression

Multivariate logistic regression analysis was performed to
evaluate the predictive factors for the success of genicular
RF procedures, using regressors (P < 0.200) that showed
a trend towards statistical significance in the univariate
analysis. It has been shown that the multivariate model is
statistically significant and explains/calculates 40.2% of
the variability in the pain outcome as a dependent variable
(P < 0.001, r*: 40.2). In the multivariate logistic regression
analysis, the most prominent factor related with a positive
outcome was targeting 5 nerves (OR: 6.184, 95% CI: 2.291 to
16.690, P < 0.001). Opioid-naive patients experienced bet-
ter pain relief from the procedure than patients using opi-
oids (OR: 2.753, 95% CI: 1.405 to 5.393, P = 0.003). Having
depression was associated with a negative outcome (OR:
0.297, 95% CIL: 0.124 to 0.713, P = 0.007). Performing a prog-
nostic genicular nerve block with 1 mL of local anesthetic
to each anatomical target and using a 50% cutoff before the
RF procedure were associated with positive outcome (OR:
2.109, 95% CI: 1.038 to 4.287, P = 0.039). Although a higher
pain score was associated with a statistically significant
difference in univariate analysis, it failed to demonstrate
a statistically significant difference in multivariate logis-
tic regression (OR: 0.920, 95% CI: 0.685 to 1.236, P = 0.580)
(Table 4).

www.epain.org

DISCUSSION

Genicular nerve RF is a potentially effective treatment
modality which fills the gap between intra-articular injec-
tions that provide limited pain relief and surgical proce-
dures that produce persistent pain after surgery in up to
44% of patients [23]. The present study demonstrated that
US-guided genicular nerve RF procedures resulted in 50%
or greater improvement in pain scores in 62% of patients
at 6 months. In the literature, there is a high variability in
pain outcomes, with published studies reporting a 30%
to 65% success rate following RF procedures at 6 months
[9,24,25]. Despite the frequent use of RF in clinical prac-
tice and the wealth of studies reporting pain outcomes,
there is a paucity of data in the literature investigating the
clinical and demographic predictive factors of long-term
successful outcomes following US-guided RF. The aim of
this study was to identify the factors related to treatment
outcome after RF procedures for knee pain. According to
the multivariate model, targeting five nerves versus three
nerves, no opioid use, no depression and > 50% response to
prognostic block were positively associated with response
to US-guided RF procedures.

The most prominent factor associated with a positive
outcome was targeting more nerves, which also coincides
with an intuitive approach. Interrupting or blocking more
nociceptive input from different nerve branches will im-
prove the success of the treatment. Although physicians
commonly use the three main nerve targets for RF, which
include the SM, SL, and IM genicular nerves, the complex-
ity of the sensory neural anatomy of the knee provides

Korean J Pain 2022;35(4):447-457
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Table 4. Multivariate logistic regression of the factors associated with positive outcomes for genicular radiofrequency denervation (P = 40.2%)

Variable OR 95% Cl P value
Prior knee surgery 0.493 0.238,1.021 0.057
None prior surgery 1 (Ref)
Degree of degeneration
KL<2 0.600 0.304, 1.182 0.140
KL>2 1 (Ref)
Targeted nerves
3 nerves 1 (Ref)
5 nerves 6.184 2.291, 16.690 <0.001*
Opioid use 1 (Ref)
No opioid use 2.753 1.405, 5.393 0.003*
Prognostic block
Yes 2.109 1.038, 4.287 0.039*
No 1 (Ref)
Lesion time (sec)
>90 1.017 0.471,2.199 0.965
<90 1 (Ref)
Baseline NRS score 0.920 0.685, 1.236 0.580
Depression 0.297 0.124,0.713 0.007*
No depression 1 (Ref)

Three nerves consisted of superomedial, superolateral and inferomedial genicular nerves. Five nerves consisted of superomedial, superolateral and
inferomedial genicular nerves, infrapatellar branch of the saphenous nerve and recurrent fibular nerve.
OR: odds ratio, Cl: confidence interval, KL: Kellegren-Lawrence, NRS: numerical rating scale, Ref: reference.

*If P < 0.05, it was considered statistically significant.

additional targets for treatment. In this present study, in
addition to the most targeted genicular nerves, the RFN
and the IPBSN were targeted and defined as the “five-nerve
technique”. Recently, there has been increasing interest in
targeting up to 10 additional nerves to improve the efficacy
of the procedure. Moreover, several studies have shown
that targeting more branches improves the treatment ef-
ficacy compared to the three nerve techniques [17,26-28].
However, expanding the number of targeted nerves may
increase side effects, including motor injury, so safety con-
cerns should always be considered.

Similar to several studies evaluating surgical or non-
surgical interventions, the authors found that opioid use
was correlated with treatment failure in multivariate
analysis [26,29,30]. This phenomenon can be explained
by opioid-induced hyperalgesia, lower pain threshold, or
exaggerated expectations in the patients. Chronic pain
patients treated with opioids have a different nociceptive
profile than opioid-naive patients due to upregulation of
the N-methyl-D-aspartate receptor. In a study, Chen et al.
[31] reported that the heat-pain thresholds of patients us-
ing opioids chronically were lower than patients who were
opioid-naive and patients without any pain. One of the
factors that affects the final results of treatment in patients
with chronic knee pain undergoing RF is depression. The
results of this study showed that patients suffering from
depression were less likely to respond well. Similar to this
study, several studies have shown that depression por-
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tended a negative outcome in the effectiveness of RF pro-
cedures performed at the knee and other sites [21,26,32,33].
In the univariate analysis, but not in the multivariate
model, it was found that lower baseline pain scores were
associated with better treatment success. Several stud-
ies evaluating factors associated with treatment outcome
have demonstrated that patients with higher baseline NRS
scores experienced poorer outcomes [26,34]. However,
some studies have reported the opposite, and the question
as to whether higher baseline scores have negative or posi-
tive effects on analgesic therapies remains controversial
[21,35]. Unfortunately, the authors believe that this finding
cannot provide information on the response to US-guided
genicular RF treatment since the result is insignificant
in the multivariate model and considering that there are
findings suggesting the opposite in other studies.
Considering the results of this study, a response thresh-
old of more than 50% to prognostic block was associated
with better treatment outcomes. The utility of prognostic
nerve blocks at the site of pain generators has led to some
debate in interventional pain practice [36]. Within the lit-
erature about recent outcome, treatment success rates are
similar between studies that used prognostic genicular
nerve blocks and those that did not [14,24,37,38]. Differ-
ent results are seen regarding the predictive efficacy of
response to prognostic block in determining genicular
nerve RF treatment outcome in chronic knee pain. In a
study, Chen et al. [26] found that greater pain relief with
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prognostic blocks was associated with better genicular RF
treatment outcomes. In another study, McCormick et al. [9]
reported that performing prognostic genicular nerve block
using a local anesthetic volume of 1 mL with each injec-
tion and a 50% cut-off for patient selection for subsequent
RFA did not improve the success of treatment outcome.
Methodological differences such as administration of lo-
cal anesthetic in volumes ranging from 0.5 mL to 2 mL for
prognostic block, using a threshold of between 50%-80%,
or different determinations of the pain-free period in the
post-block response may explain the unclarity of the ben-
efit of prognostic blocks. The predictive value of prognos-
tic procedures for genicular RF could also be affected by
anatomical variations between individuals in the location
of genicular nerves [12,13,15,19]. In addition, considering
the size of the active tip of the RF needle, the spread of lo-
cal anesthetic administered at high volume for prognostic
block may decrease the specificity of prognostic blocks as
a predictive factor in RF procedures. Although the predic-
tive value of prognostic genicular nerve blocks prior to RF
is still a contentious topic, using higher cut-offs to select
patients, minimizing local anesthetic volume, and US-
guided methods in place of fluoroscopy may increase the
prognostic utility of genicular nerve blocks.

The performance of genicular RF procedures with US-
guidance to improve pain intensity and knee function in
patients with chronic knee pain has increased rapidly. The
course and locations of the genicular nerves have discern-
ible variability between patients, leading to difficulty in
estimating the potential site for RF procedures [12,13]. In
RF performance, the minimum distance between the can-
nula and the targeted genicular nerve during the proce-
dure is important for the success of treatment. Inadequate
RF ablation or stimulation of the targeted genicular nerves
reduces the desired success rate of the procedure. Given
the 10 mm active tip of the cannula and the small lesion
size of the RFA, real-time and direct visualization of the
targeted nerves under US guidance may allow clinicians
to place the cannula more accurately. Supportively, a ca-
daver study has shown that targeting the genicular nerves
by US-guided imaging technique provides a close prox-
imity between the cannula and the nerve [20]. One study
suggests that US guidance of RFA electrode placement
with direct visualization of nerves or accompanying blood
vessels, as opposed to using anatomic landmarks with
fluoroscopic guidance alone, will increase the chances of
successful genicular nerve destruction [19]. Recent stud-
ies comparing US and fluoroscopy as imaging methods in
terms of functional improvement and pain relief have not
shown the superiority of one over the other [38,39]. Since
all genicular RF procedures are performed with US in the
authors’ clinic, these two imaging methods have not been
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compared with each other.

In clinical practice, the US-guided approach has some
remarkable advantages over fluoroscopy. First and fore-
most, it prevents the exposure of healthcare workers and
patients to radiation in long-term or repetitive procedures.
The use of US is a dynamic examination and procedure;
real-time visualization of the needle provides the recogni-
tion of neurovascular structures and musculotendinous
elements and structural abnormalities [40]. Thus, compli-
cations such as hematoma and hemarthrosis can be pre-
vented and the safety of the procedure can be increased.
In addition, the purchase and maintenance of US devices
is more economical, and the device is more portable than
fluoroscopy devices.

There are some limitations of this study that should be
noted. The effect of follow-up periods after treatment on
analyses is important. Since the regression analyses in this
study were performed to determine the effect of predictive
factors on the outcome in the 6th month, the capacity to
predict positive outcome in the longer term is uncertain.
Secondly, since changes in quality of life, medication use,
functional status or psychological status were not routine-
ly recorded in the clinic, the outcome that determined the
success of the treatment in this study was limited only to
the change in pain scores. Finally, there were patients who
were excluded from the study due to missing data, similar
to other retrospective studies.

In summary, this study has the largest number of pa-
tients seeking to analyze patient and technical character-
istics associated with response to US-guided genicular RF
procedures. While the most important factor associated
with better outcomes in the multivariate model was tar-
geting more nerves, other factors such as no depression,
no opioid use and a 50% response threshold to prognostic
block were found to be significant predictors of treatment
success. Refining patient selection based on the results of
this study may improve benefit:risk ratios and treatment
efficacy. Prospective randomized controlled studies will
need to be conducted to conclusively prove these vari-
ables.

DATA AVAILABILITY

The datasets supporting the findings of this study are
available from the corresponding author upon reasonable
request.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was

Korean J Pain 2022;35(4):447-457



456

Kose, et al

reported.

FUNDING

No funding to declare.

ORCID

Selin Guven Kose, https://orcid.org/0000-0003-4293-7814
Halil Cihan Kose, https://orcid.org/0000-0003-1550-348X
Feyza Celikel, https://orcid.org/0000-0002-7141-285X

Omer Taylan Akkaya, https://orcid.org/0000-0002-4559-1209

REFERENCES

10.

. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an

update with relevance for clinical practice. Lancet 2011; 377:
2115-26.

. Michael JW, Schliiter-Brust KU, Eysel P. The epidemiology,

etiology, diagnosis, and treatment of osteoarthritis of the
knee. Dtsch Arztebl Int 2010; 107: 152-62. Erratum in: Dtsch
Arztebl Int 2010; 107: 294.

. Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G,

Koch G, et al. Lifetime risk of symptomatic knee osteoarthri-
tis. Arthritis Rheum 2008; 59: 1207-13.

. Mora JC, Przkora R, Cruz-Almeida Y. Knee osteoarthritis:

pathophysiology and current treatment modalities. J Pain
Res 2018; 11: 2189-96.

. Lowry AM, Simopoulos TT. Spinal cord stimulation for the

treatment of chronic knee pain following total knee replace-
ment. Pain Physician 2010; 13: 251-6.

. Felson DT. Arthroscopy as a treatment for knee osteoarthri-

tis. Best Pract Res Clin Rheumatol 2010; 24: 47-50.

. McAlindon TE, LaValley MP, Harvey WF, Price LL, Driban

JB, Zhang M, et al. Effect of intra-articular triamcinolone vs
saline on knee cartilage volume and pain in patients with
knee osteoarthritis: a randomized clinical trial. JAMA 2017;
317:1967-75.

. Sluijter ME, Teixeira A, Serra V, Balogh S, Schianchi P. Intra-

articular application of pulsed radiofrequency for arthro-
genic pain--report of six cases. Pain Pract 2008; 8: 57-61.

. McCormick ZL, Reddy R, Korn M, Dayanim D, Syed RH,

Bhave M, et al. A prospective randomized trial of prognostic
genicular nerve blocks to determine the predictive value for
the outcome of cooled radiofrequency ablation for chronic
knee pain due to osteoarthritis. Pain Med 2018; 19: 1628-38.

Choi WJ, Hwang §J, Song JG, Leem JG, Kang YU, Park PH, et
al. Radiofrequency treatment relieves chronic knee osteo-
arthritis pain: a double-blind randomized controlled trial.

Korean J Pain 2022;35(4):447-457

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Pain 2011; 152: 481-7.

Bhatia A, Peng P, Cohen SP. Radiofrequency procedures to
relieve chronic knee pain: an evidence-based narrative re-
view. Reg Anesth Pain Med 2016; 41: 501-10.

Franco CD, Buvanendran A, Petersohn JD, Menzies RD,
Menzies LP. Innervation of the anterior capsule of the hu-
man knee: implications for radiofrequency ablation. Reg
Anesth Pain Med 2015; 40: 363-8.

Fonkoué L, Behets C, Kouassi JK, Coyette M, Detrembleur C,
Thienpont E, et al. Distribution of sensory nerves supplying
the knee joint capsule and implications for genicular block-
ade and radiofrequency ablation: an anatomical study. Surg
Radiol Anat 2019; 41: 1461-71.

El-Hakeim EH, Elawamy A, Kamel EZ, Goma SH, Gamal RM,
Ghandour AM, et al. Fluoroscopic guided radiofrequency of
genicular nerves for pain alleviation in chronic knee osteo-
arthritis: a single-blind randomized controlled trial. Pain
Physician 2018; 21: 169-77.

TranJ, Peng PWH, Lam K, Baig E, Agur AMR, Gofeld M. Ana-
tomical study of the innervation of anterior knee joint cap-
sule: implication for image-guided intervention. Reg Anesth
Pain Med 2018; 43: 407-14.

Conger A, Gililland J, Anderson L, Pelt CE, Peters C, McCor-
mick ZL. Genicular nerve radiofrequency ablation for the
treatment of painful knee osteoarthritis: current evidence
and future directions. Pain Med 2021; 22(Suppl 1): $20-3.
Fonkoue L, Steyaert A, Kouame JK, Bandolo E, Lebleu J, Fos-
soh H, et al. A comparison of genicular nerve blockade with
corticosteroids using either classical anatomical targets vs
revised targets for pain and function in knee osteoarthritis:
a double-blind, randomized controlled trial. Pain Med 2021;
22:1116-26.

McCormick ZL, Cohen SP, Walega DR, Kohan L. Technical
considerations for genicular nerve radiofrequency ablation:
optimizing outcomes. Reg Anesth Pain Med 2021; 46: 518-23.
Orduna Valls JM, Vallejo R, Lopez Pais P, Soto E, Torres Ro-
driguez D, Cedeno DL, et al. Anatomic and ultrasonographic
evaluation of the knee sensory innervation: a cadaveric
study to determine anatomic targets in the treatment of
chronic knee pain. Reg Anesth Pain Med 2017; 42: 90-8.
Vanneste B, Tomlinson J, Desmet M, Krol A. Feasibility of an
ultrasound-guided approach to radiofrequency ablation of
the superolateral, superomedial and inferomedial genicular
nerves: a cadaveric study. Reg Anesth Pain Med 2019. doi:
10.1136/rapm-2019-100381.

Philip A, Williams M, Davis J, Beeram A, Feng C, Poli ], et al.
Evaluating predictors of pain reduction after genicular nerve
radiofrequency ablation for chronic knee pain. Pain Manag
2021; 11: 669-77.

Huang Y, Deng Q, Yang L, Ma ], Wang Z, Huang D, et al. Ef-
ficacy and safety of ultrasound-guided radiofrequency treat-
ment for chronic pain in patients with knee osteoarthritis: a

https://doi.org/10.3344/kjp.2022.35.4.447



Predictive factors for knee radiofrequency

457

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

systematic review and meta-analysis. Pain Res Manag 2020;
2020: 2537075.

Rice DA, Kluger MT, McNair PJ, Lewis GN, Somogyi AA,
Borotkanics R, et al. Persistent postoperative pain after total
knee arthroplasty: a prospective cohort study of potential
risk factors. Br ] Anaesth 2018; 121: 804-12.

Davis T, Loudermilk E, DePalma M, Hunter C, Lindley DA,
Patel N, et al. Twelve-month analgesia and rescue, by cooled
radiofrequency ablation treatment of osteoarthritic knee
pain: results from a prospective, multicenter, randomized,
cross-over trial. Reg Anesth Pain Med 2019. doi: 10.1136/
rapm-2018-100051.

Iannaccone F, Dixon S, Kaufman A. A review of long-term
pain relief after genicular nerve radiofrequency ablation in
chronic knee osteoarthritis. Pain Physician 2017; 20: E437-
44.

Chen Y, Vu TH, Chinchilli VM, Farrag M, Roybal AR, Huh A,
et al. Clinical and technical factors associated with knee ra-
diofrequency ablation outcomes: a multicenter analysis. Reg
Anesth Pain Med 2021; 46: 298-304.

Vas L, Pai R, Khandagale N, Pattnaik M. Pulsed radiofre-
quency of the composite nerve supply to the knee joint as a
new technique for relieving osteoarthritic pain: a prelimi-
nary report. Pain Physician 2014; 17: 493-506.

Conger A, Cushman DM, Walker K, Petersen R, Walega DR,
Kendall R, et al. A novel technical protocol for improved cap-
ture of the genicular nerves by radiofrequency ablation. Pain
Med 2019; 20: 2208-12.

Kirpalani D, Mitra R. Is chronic opioid use a negative pre-
dictive factor for response to cervical epidural steroid injec-
tions? ] Back Musculoskelet Rehabil 2011; 24: 123-7.

Cohen SP, Bajwa ZH, Kraemer JJ, Dragovich A, Williams KA,
Stream J, et al. Factors predicting success and failure for
cervical facet radiofrequency denervation: a multi-center
analysis. Reg Anesth Pain Med 2007; 32: 495-503.

Chen L, Malarick C, Seefeld L, Wang S, Houghton M, Mao
]. Altered quantitative sensory testing outcome in subjects
with opioid therapy. Pain 2009; 143: 65-70.

Jin HS, Shin JY, Kim YC, Lee SC, Choi EJ, Lee PB, et al. Pre-
dictive factors associated with success and failure for radio-

www.epain.org

33.

34.

35.

36.

37.

38.

39.

40.

frequency thermocoagulation in patients with trigeminal
neuralgia. Pain Physician 2015; 18: 537-45.

Santana-Pineda MM, Vanlinthout LE, Santana-Ramirez S,
Vanneste T, Van Zundert J, Novalbos-Ruiz JP. A random-
ized controlled trial to compare analgesia and functional
improvement after continuous neuroablative and pulsed
neuromodulative radiofrequency treatment of the genicular
nerves in patients with knee osteoarthritis up to one year af-
ter the intervention. Pain Med 2021; 22: 637-52.

House LM, Korn MA, Garg A, Jung MJ, Kendall MC, Walega
DR, et al. Severity of knee osteoarthritis and pain relief after
cooled radiofrequency ablation of the genicular nerves. Pain
Med 2019; 20: 2601-3.

Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole MR.
Clinical importance of changes in chronic pain intensity
measured on an 11-point numerical pain rating scale. Pain
2001; 94: 149-58.

Cohen SP, Williams KA, Kurihara C, Nguyen C, Shields C,
Kim P, et al. Multicenter, randomized, comparative cost-
effectiveness study comparing 0, 1, and 2 diagnostic medial
branch (facet joint nerve) block treatment paradigms before
lumbar facet radiofrequency denervation. Anesthesiology
2010; 113: 395-405.

Ghai B, Kumar M, Makkar JK, Goni V. Comparison of ultra-
sound guided pulsed radiofrequency of genicular nerve with
local anesthetic and steroid block for management of osteo-
arthritis knee pain. Korean ] Pain 2022; 35: 183-90.

Sar1 S, Aydin ON, Turan Y, Sen S, Ozliilerden P, Omiirlii iK,
et al. Which imaging method should be used for genicular
nerve radio frequency thermocoagulation in chronic knee
osteoarthritis? ] Clin Monit Comput 2017; 31: 797-803.

Kim DH, Lee MS, Lee S, Yoon SH, Shin JW, Choi SS. A pro-
spective randomized comparison of the efficacy of ultra-
sound- vs fluoroscopy-guided genicular nerve block for
chronic knee osteoarthritis. Pain Physician 2019; 22: 139-46.
Ming LH, Chin CS, Yang CT, Suhaimi A. Adductor canal
block versus intra-articular steroid and lidocaine injection
for knee osteoarthritis: a randomized controlled study. Ko-
rean J Pain 2022; 35: 191-201.

Korean J Pain 2022;35(4):447-457





