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Aim: Knee osteoarthritis is a degenerative disease complicated by pain and functional limitation. Newer
pain-relieving interventions include pulsed radiofrequency (PRF), but studies on its efficacy have limita-
tions including lack of control group and retrospective design that prevent sound conclusions. Materials
& methods: We conducted a blind prospective randomized sham-controlled crossover pilot trial accord-
ing to the CONSORT guidelines, to evaluate the efficacy of ultrasound-guided saphenous nerve PRF in
gonarthritis pain. Results: Sixteen patients completed the study. Pain and function significantly improved
after real PRF (Numerical Rating Scale mean difference = 3.31), which was superior to sham PRF over time
for pain (3 months) and function (6 months). Conclusion: PRF of the saphenous nerve is an alternative to
relieve pain in gonarthritis. Our results provide data to support a sample size calculation for future trials.

Clinical trial registration: NCT04454710

Lay abstract: Aim: Knee osteoarthritis is a degenerative disease associated with severe pain and functional
limitation. While treatment options exist to manage knee arthritis symptoms, few have achieved very good
results. Newer pain-relieving treatments include pulsed radiofrequency (PRF), where electrical pulses are
delivered to the painful nerves to change the way electrical signals are transmitted and reduce pain, but
studies on its efficacy have limitations that prevent sound conclusions. Materials & methods: We conducted
a study specifically designed to reveal efficacy of PRF over a sham (fake) treatment in patients affected by
severe knee arthritis by targeting one single nerve involved in transmitting pain signals from the knee.
Results: Pain and function significantly improved after real PRF, which was superior to sham PRF over time
for pain (3 months) and function (6 months) Conclusion: PRF of the saphenous nerve is an alternative to
relieve pain in knee arthritis.
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Knee osteoarthritis (OA) is a chronic degenerative and multifactorial disease [1] which is clinically relevant in a
patient population with multiple comorbidities, thus narrowing the available treatment options [2]. Progressive joint
degeneration is the leading feature of knee OA, which is aggravated by aging and obesity [1,3]. It is characterized by
functional limitation, severe pain, decreased function and quality of life [4]. There is a variety of treatment options to
manage the knee OA related symptoms, including nonpharmacological, pharmacological and surgical interventions.
Indeed, lifestyle modifications such as weight loss and physical therapy are considered first line interventions whereas
second line pharmacological treatments include paracetamol, nonsteroidal anti-inflammatory drugs and opioids [5].
In addition, intra-articular corticosteroids [6], hyaluronic acid [7] and platelet-rich plasma injections [8] have been used
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to manage OA-related symptoms, despite studies on efficacy of these agents produced inconclusive or temporary
results [1]. Recent evidence suggests that pain management is a key feature for optimal nonpharmacological
management of gonarthritis [9], but none of the proposed interventions has clearly demonstrated improvement
and/or prevention of the underlying pathology and disease progression. Hence, there is still a need for effective
pain relieving strategies to delay or avoid total knee arthroplasty [9].

Minimally invasive techniques such as radiofrequency ablation (RFA) and cooled RFA (CRFA) have been
investigated for OA pain. Current in the radiofrequency range (500 KHz) delivered to neural tissues provides
a heat-mediated lesion of nerve structure [10], which targeting nerves that convey nociceptive inputs from the
knee, can result in long-term pain relief. Indeed, a recent review showed that, genicular nerve RFA led up to 60%
improvement from the baseline knee pain for at least 6 months [11] and a number of clinical trials have demonstrated
the efficacy of CRFA in providing 12-months of pain relief in knee OA [12,13]. However, unwanted adverse effects
of irreversible tissue damage have been described after ablative radiofrequency of genicular nerves due to injury of
neighboring neurovascular structures (pseudoaneurysm, hemarthrosis, patella injury) [14].

An alternative to conventional RFA and CRFA is pulsed radiofrequency (PRF) which is executed in intermitted
electrical pulses (usually delivering a current of 500 KHz in 20 ms pulses at a frequency of 2Hz), to keep target
temperature below 42◦C and thereby avoiding macroscopic destruction of neural tissue from thermal injury, while
preserving the pain relief benefit via electrostatic field neuromodulation. Indeed, evidence exists for changes in
ion channel activity and c-fos production in the spinal cord after PRF that may lead to long-term depression of
nociception [15].

There is enough basic science and clinical evidence to support PRF for neuropathic pain, whereas its role in
nociceptive pain still deserves investigation [16].

Interventional studies that applied PRF either on genicular nerves or saphenous nerve concluded that PRF is safe,
and may act as a new noninvasive technique by providing significant pain reduction and increased function [17–20].
The saphenous nerve is an alternative candidate target for PRF to reduce pain perception in knee OA. It is a sensory
cutaneous branch of the femoral nerve that gives the innervation of the knee joints in the medial area by giving
off suprapatellar and infrapatellar genicular nerves [21]. This nerve is a common target for nerve block in case of
procedural anesthesia and postprocedural pain management [22].

Despite promising results of PRF of the saphenous nerve, the previous studies were affected by limitations
including underpowered sample, lack of control group, short follow-up duration and poor procedural methodol-
ogy [18,23]. Here we propose a prospective pilot randomized sham-controlled trial with the aim of evaluating efficacy
and safety of ultrasound-guided saphenous nerve PRF in patients with chronic OA knee pain, and its impact on
disability and quality of life. Our secondary objective is to provide data to support a sample size calculation for
future fully powered trials.

Materials & methods
Trial design
This is a pilot double-blind randomized crossover interventional study of 16 participants with knee OA. The study
protocol was approved by the ethics committee of the Policlinico Tor Vergata Hospital in Rome, Italy (Study Protocol
1204; Trial Register 144/2018) and complied with the declaration of Helsinki and the CONSORT statement.
The trial is registered with ClinicalTrials.gov. Written informed consent was obtained from all participants prior
to enrollment in the study.

Participants & eligibility criteria
Thirty-five patients diagnosed with chronic knee OA (diagnosed with medical history, presentation, physical
examination, x-ray and/or MRI) were screened for eligibility. Three declined participation and 12 did not meet
the inclusion criteria Thus, twenty participants were enrolled in this trial (Figure 1).

Inclusion criteria were: age between 18 to 80 years; Kellgren-Lawrence OA grades 3 or 4; duration of chronic pain
of at least 6 months; patients unresponsive to conservative treatment as pharmacological therapy and physiotherapy;
Pain relief >60% after two consecutive diagnostic blocks of the saphenous nerve.

Exclusion criteria were: BMI >40 kg/m2; systemic inflammatory disease; uncontrolled diabetes mellitus, ma-
lignancy, uncontrolled coagulopathy; previous history of allergic reactions to local anesthetics; previous history of
knee surgery; any implanted electrical devices such as a cardiac pacemaker.
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Excluded (n = 15):
Withdrew from consideration (n = 3)
BMI >40 (n = 4)
Systemic inflammatory disease (n = 1)
Previous knee surgery (n = 3)
Diagnostic block failure (n = 3)
Pacemaker (n = 1)

Screened
(n = 35)

Randomization
(n = 20)

Sham PRF
(n = 10)

Sham PRF

(n = 10)
Real PRF
(n = 10)

Real PRF
(n = 10)

Lost to follow
up (n = 0)

Withdrew
(n = 2)

Crossover

Lost to follow
up (n = 1)

Withdrew
(n = 1)

Figure 1. Recruitment and flow of participants throughout the trial.

Intervention
After acquiring the informed consent, all patients underwent an ultrasound-guided diagnostic block of the saphe-
nous nerve in adductor canal with 2 ml 2% lidocaine. Patients with a pain relief >60% were considered responders
to the block and repeated the block for confirmation before entering the study. Responders were then randomized
in two treatment groups using a computer-generated list: ‘real PRF’ and ‘Sham PRF’. All the procedures were
performed in the supine position with the treated leg flexed at 30◦ and externally rotated by about 40◦. A 10 cm
long, 22 G straight radiofrequency cannula with a 120 mm radiofrequency probe and 5 mm active tip was used.
All patients underwent sensitive stimulation (50 Hz, 0.3V) to detect the saphenous nerve. After a 2 ml of lidocaine
2% injection, either the real or the sham procedure was performed, according to the randomization schedule. In
the PRF group the radiofrequency generator (Kimberly-Clark Baylis PMG-230-TD v3.1) was set to provide 20 ms
bursts at a frequency of 2Hz for 120 s. The full procedure took 8 min, composed of four sessions of 120 s in which
the temperature was below 42◦C. In the sham group the radiofrequency generator operator carried out an equally
long simulation and sham treatment. After a washout period of 6 months, subjects crossed over to the other arm
of the study (Figure 1).

Outcome measures
The outcome measures were selected among the core outcome domains suggested by the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (IMMPACT) recommendations and included measures of
pain intensity, physical functioning, quality of life and adverse events [24].

Outcomes were evaluated at baseline (T0) and after 2 weeks (T1), 1 month (T2), 3 months (T3) and 6 months
(T4). In addition, clinical and demographical data were gathered, including age, gender, BMI, comorbidities and
previously used medications.

Pain intensity
The primary outcome was to assess pain relief evaluated by changes in the numerical rating scale (NRS) scores
between baseline (T0) and at different times post-intervention. The 11-point NRS ranges from 0 (no pain at all)
to 10 (the worst pain ever possible) and is a validated questionnaire with high sensitivity and specificity for the
assessment of pain intensity [25].

future science group 10.2217/pmt-2021-0035
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Physical functioning
Secondary outcomes included the assessment of physical function and disability by using the Italian version of the
Oxford Knee Score (OKS) [26].

The OKS have 12 items on daily activities, each item is scored from 1 (normal function) to 5 (extreme difficulty).
The total score is the sum of the 12 items scores; thus, the best possible score is 12 and the worst possible score is
60 [26].

Quality of life
Among other secondary outcomes we assessed the quality of life by the SF-36 questionnaire [27]. The SF-36 consists
of 36 items encompassed in 8 domains of health: physical function, role-physical, bodily pain, general health,
vitality, social functioning, role-emotional and mental health. The higher the score the less disability, whereas the
average score is 50 [27]. We used the Italian validated version of SF-36 [28].

Adverse events
We narratively collected any complaints and symptoms from patients undergoing the procedure at follow-up visits.

Blinding
Both, the patient and the doctor who collected post procedural questionnaires and pain ratings were blinded to
what procedure was performed (real or sham). An independent physician performed the PRF in either real or sham
mode. This physician was not engaged in recording, collecting or processing the data.

In order to improve the quality of blinding, after sensory testing and before PRF treatment, we injected 2 ml of
lidocaine 2% through the infusion line of the RF cannula in order to reduce the degree of discomfort perceived by
patients of the PRF group and to mask the lack of perception in those who were allocated in the sham group. Neither
the patient nor the physician could look at the RF machine display during the procedure, and false operation sounds
were emitted during the simulated procedure.

Statistical analysis
Since little has been published on the effects of PRF on pain, function and quality of life in patients with knee OA,
a power analysis could not be based on previous research. Therefore, we chose an exploratory approach that did
not limit sample size and enrolled volunteers who met the inclusion criteria.

The variables’ distribution was evaluated with the Shapiro–Wilk test, which showed normal distribution of the
variables. The t-test was used to examine differences between groups at baseline. The repeated-measures analysis
of variance (ANOVA) (with one between-subject factor [sham vs real PRF] and one within-subject factor [pre vs
post-PRF T0, T1, T2, T3 and T4]) followed by post hoc t tests (with Bonferroni correction) analyses for multiple
comparisons were performed. A level of significance of p < 0.05 was set for all measures. Analysis was conducted
in blind, using IBM-SPSS-22.

Results
Participant characteristics
Twenty patients were enrolled (Figure 1) and sixteen participants (mean age 70.63 ± 9.51) completed the study.
No significant baseline difference was found for each variable analyzed. The demographic and baseline clinical
characteristic of the participants are displayed in Table 1. No adverse events were reported by any of the patients
throughout the study.

Pain intensity
Mean NRS scores at different time points is provided in Figure 2A. Mean NRS score decreased only in the PRF group
compared with baseline and improvement was significant over 1-month (Figure 2A). Repeated measure ANOVA,
revealed that the main effect for time was statistically significant (F[4,60] = 12.23, p < 0.001, η2 = 0.44). Post hoc
analysis indicated a significant difference between pre- and post-intervention (NRS mean difference = 3, p < 0.001)
and a trend toward significance between pre-intervention and 1-month follow-up (NRS mean difference = 3.31,
p < 0.001). However, post hoc analysis showed no significant differences between pre-intervention and 3-months
follow-up or 6-months follow-up. ANOVA analysis revealed a significant main effect of time for pain severity scores
(p < 0.001). A significant interaction between time × group was found also for NRS scores (p = 0.04) (Table 3).

10.2217/pmt-2021-0035 Pain Manag. (Epub ahead of print) future science group
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Table 1. Clinical and demographical characteristics at screening of 16 participants who completed both arms of the
crossover intervention.
Clinical and demographical variables At baseline (n = 16) Real PRF at baseline (n = 8) Sham PRF at baseline (n = 8) Differences between sham and

real PRF p-value

Age (years) (m ± SD) 70.63 ± 9.51 70.37 ± 7.36 70.87 ± 11.81 0.908

Gender (males/females) (5/11) (2/6) (3/5) N/A

BMI (kg/m2) (m ± SD) 29.56 ± 3.83 29.48 ± 4.42 29.62 ± 3.43 0.953

Pain duration (months) (m ± SD) 10 ± 3.18 9.62 ± 2.06 10.37 ± 1.92 0.544

Primary outcome (pain intensity)

Numerical rating scale (m ± SD) 8.03 ± 1.01 8.25 ± 0.70 8 ± 1.19 0.668

Secondary outcomes (function and quality of life)

Oxford Knee Score (m ± SD) 17 ± 8.26 19.5 ± 10.70 15.75 ± 4.55 0.409

SF-36 Physical functioning (m ± SD) 33.12 ± 23.65 31.25 ± 15.97 36.12 ± 29.45 0.725

SF-36 Role limitations from physical health
(m ± SD)

17.18 ± 31.62 16.25 ± 24.78 19.62 ± 36.35 0.837

SF-36 Pain (m ± SD) 26.48 ± 13.61 27.87 ± 15.81 25.87 ± 11.10 0.799

SF-36 General health (m ± SD) 35.93 ± 16.93 36.95 ± 13.75 37.03 ± 18.47 0.992

SF-36 Energy/fatigue (m ± SD) 36.56 ± 18.36 39.25 ± 23.66 32.81 ± 10.22 0.424

SF-36 Social functioning (m ± SD) 48.82 ± 26.68 57.62 ± 28.93 40.06 ± 20.90 0.255

SF-36 Role limitations from emotional
problems (m ± SD)

33.33 ± 42.17 32.87 ± 41.64 33.56 ± 38.83 0.932

SF-36 Emotional well-being (m ± SD) 53.62 ± 22.12 50.62 ± 26.10 56. 62 ± 17.25 0.600

m: Mean; N/A: Not applicable; PRF: Pulsed radiofrequency; SD: Standard deviation; SF-36: 36-Item Short Form of Life.

The Bonferroni post hoc comparison showed a statistically significant difference in NRS scores between real and
sham PRF groups at T1 (NRS mean difference = 2, p < 0.001), T2 (NRS mean difference = 2.18, p < 0.001), and
T3 (NRS mean difference = 1.28, p = 0.03) compared with baseline T0, but no significant difference was observed
between T0 and T4 (NRS mean difference = 0.75, p = 0.20).

No difference between baseline NRS scores was observed between the groups matched according to the order of
randomization (sham then real and real then sham).

Physical function
Function and disability improved significantly only after real-PRF and these improvements are sustained 1-
month and 3-months after the intervention (Figure 2B). Repeated measure ANOVA, revealed that the main
effect for time was statistically significant (F[4,60] = 10.67, p < 0.001, η2 = 0.41). Post hoc analysis revealed
a significant difference between pre- and post-intervention (OKS mean difference = -8.50, p < 0.008), a trend
toward significance between pre-intervention and 1-month follow-up (OKS mean difference = -13, p < 0.000), and
between pre-intervention and 3-months follow-up (OKS mean difference = -10, p < 0.003). By contrast, sham-PRF
showed no improvement in disability or function at any time point. ANOVA analysis revealed a significant main
effect of time for physical function and disability scores (p < 0.001). A significant interaction between time × group
was found also for OKS scores (p < 0.001) (Table 3).

The Bonferroni post hoc comparison showed a significant improvement in OKS scores between real and sham
PRF groups at T1 (OKS mean difference = -5.25, p < 0.001), T2 (OKS mean difference = -7.65, p < 0.001),
T3 (OKS mean difference = -5.87, p < 0.001) and T4 (OKS mean difference = -4.40, p = 0.03) compared with
baseline T0.

Quality of life
All the patients completed the SF-36 questionnaires at each visit during the study period. The real-PRF showed
no significant improvement in the SF-36 items except the pain items that improved significantly in all time points
compared with baseline (Table 2). Patients who received sham-PRF showed no significant improvement in the
quality of life at any time point (Table 2).

Concerning SF-36 items, a main effect of time was found for pain (p < 0.001), energy and fatigue (p < 0.001), and
role of limitation from emotional problems (p < 0.001). In addition, significant interaction between time × group
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Figure 2. (A) Pain Intensity measured by NRS at study time points (baseline [T0] and after 2 weeks [T1], 1 month [T2],
3 months [T3] and 6 months [T4]). A statistically significant pain reduction was observed only after real PRF until
1-month after the procedure. (B) OKS at study time points (baseline [T0] and after 2 weeks [T1], 1 month [T2],
3 months [T3] and 6 months [T4]). A statistically significant improvement of function was observed only after real PRF
until 3-months after the procedure.
m: Mean; NRS: Numerical rating scale; OKS: Oxford Knee Score; PRF: Pulsed radiofrequency; SD: Standard deviation.

was observed only in energy and fatigue item (p < 0.001). No significant interactions between time × group were
found for other SF-36 items after real versus sham stimulation (Table 3).

The results of Bonferroni post hoc comparison pointed out a significant improvement in pain item between real
and sham PRF group at T1 (mean difference = -8.90, p < 0.001), T2 (mean difference = -11.64, p < 0.001),
T3 (mean difference = -9.92, p = 0.02) and T4 (mean difference = -10.10, p = 0.01) compared with baseline T0.
In addition, Bonferroni post hoc comparison results showed a significant difference between real and sham PRF
groups in the role of limitations from emotional problems item at T2 (mean difference = -19.78, p = 0.02) and
T3 (mean difference = -35.41, p < 0.001) compared with baseline T0, however, no significant differences were
observed at T1 (mean difference = -11.21, p = 0.60) or T4 (mean difference = -23.25, p = 0.11) compared with
baseline. Bonferroni post hoc comparison between real and sham PRF group showed that energy and fatigue items
significantly improved only at 3 months follow-up (T3) (mean difference = -14.40, p < 0.001) compared with
baseline T0.
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Adverse events
No major adverse events or side effects were reported by any of the patients throughout the study. Ten out of twenty
patients complained for discomfort during the needle positioning to obtain optimal stimulation parameters and
this was the reason why three patients dropped out.

Discussion
To best of our knowledge, this is the first double blind randomized control trial that assessed efficacy and safety
of PRF of the saphenous nerve on pain, function and quality of life of patients with gonarthritis. Real PRF is
effective to reduce pain severity compared with sham PRF and pain relief is sustained up to 3 months follow-
up. Consistently, function showed a sustained significant improvement in the same time frames. Moreover, the
improvement of SF-36 domains ‘pain’, ‘fatigue and energy’ as well as ‘limitations from emotional problems’ may
be a consequence of pain relief. Overall, our analysis favors real PRF over sham to improve pain and function
and quality of life. In line with our results, two previous retrospective studies of PRF treatment of the saphenous
nerve showed a significant reduction in pain and function scores in 115 OA patients resistant to conventional
therapies [18] and in 84 patients with cardiac comorbidities affected by grade 3–4 gonarthritis [23], respectively. Both
these studies revealed a 6 months efficacy of PRF on pain and function, but their retrospective design and the
lack of a control group limit the generalization of their results. Our trial was designed to reveal superiority of real
PRF over sham PRF. A longer effect over time should be investigated on a dedicated trial. In fact, PRF treatment
is not a disease-modifying intervention. As such, it does not affect the etiology of pain, rather, it is hypothesized
that it exerts a modulating effect by influencing the activity of the synapses of the dorsal horn and/or it reduces
nociceptive input. Persistence of nociceptors activation from peripheral mechanism may act against the PRF effect
and shorten the analgesic effect. Indeed, it is unknown how long the supposed mechanisms of analgesia could last,
and there might be a wide inter-individual variability.

Two prospective studies include the saphenous nerve as part of a combined procedure on OA knee pain [17,29].
Tabasco et al. combined conventional and PRF on genicular and saphenous nerves respectively, and showed no
relevant reduction in pain intensity after treatment [29]. Vas et al. reported sustained pain relief and muscle relaxation
in ten patients after PRF on sensory and motor nerves supplying the knee [17].

Current evidence on PRF of the saphenous nerve brings out a limited time laps efficacy compared with other
radiofrequency procedures to the knee. Indeed, a prospective, multi-center, randomized, cross-over trial comparing
CRFA of genucular nerves to a single hyaluronic acid injection revealed a 12-month ≥50% pain relief and a
46.2% improvement of the Western Ontario and McMaster Universities Arthritis (WOMAC) score in 65.2% of
subjects undergoing CRFA [30]. Likewise, a 6-month efficacy was shown in a randomized trial comparing RFA to
analgesic block with corticosteroid [31]. By contrast, a retrospective study reporting 3 months efficacy of RFA of
the genicular nerves (50% pain relief in 52% of patients), showed loss of efficacy at 6 months [11]. This variability
in study outcomes may depend on several reasons, including trial design. Indeed, we believe that two items are of
utmost importance in this setting, in other words, patient selection and technique application method, which may
represent the strengths of this study, together with its Randomized Controlled Trial (RCT) design. We selected
patients carefully after two consecutive diagnostic blocks of saphenous nerve before PRF treatment. Indeed, given
the complexity of the innervation of the knee joint, an anesthetic block to confirm analgesia is mandatory before
targeting the saphenous for PRF. Pain can arise from any portion of the knee joint, and several peripheral nerves may
convey the nociceptive input with different contributions. In addition to the saphenous nerve, the innervation of
the knee derives from the branches of the sciatic and obturator nerves. In particular, superomedial and inferomedial
genicular nerves derive from the tibial nerve and convey information from the posterior knee joint while the
common peroneal nerve contributes to the superior lateral genicular nerve to the anterior portion of the knee.
With a variable contribution, a posterior branch of the obturator nerve can provide a branch to the posterior knee.
Thus, pain transmission may continue in spite of single nerve block or RF treatment.

As for PRF technique application method, ultrasound guidance and a precise sensitive stimulation to better
localize the target nerve may ensure better outcomes.

A recent systematic review and meta-analysis explored ultrasound guided RF procedures for pain relief in knee OA
targeting genicular nerves, sciatic nerve or intra-articular treatment targets [32]. Ultrasonography guidance resulted
an effective, safe and easily applicable method for radiofrequency pain relief in knee OA. Indeed, ultrasonography
has several advantages over fluoroscopy, besides preventing exposure to ionizing radiation. It ensures a dynamic
examination and tissues and arteries visualization as well as real-time needle advancement. As such, ultrasonography

future science group 10.2217/pmt-2021-0035
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can improve the accuracy of the needle proximity and thus the efficacy of the procedure. Once on the target nerve,
a sensitive stimulation performed through the radiofrequency needle may add accuracy to the target search. Indeed,
experimental studies suggest that an electrode placed beyond 2000 μm is too far to get any effect on target nerve,
whereas if closer than 500 μm, either continuous or PRF, produce tissue damage, being a distance of 1000–500 μm
the optimal one [33]. In the attempt to obtain an always equal needle-nerve distance, we standardized sensitive
stimulation in our series and applied the treatment protocol only if a pain or paresthesia was evoked in the usual
region of pain by 0.3 V current at 50Hz. However, we are aware that other factors may affect the treatment
performance and reproducibility.

A recent RCT showed that RFA was superior to PRF on genicular nerves of patients suffering from gonarthritis
grade 3–4 [34]. These results, together with the evidence of efficacy of CRFA in the recent literature [30] may render
our results obsolete. However, we believe that PRF of the saphenous nerve can still be an effective method to relieve
knee pain caused by OA when RFA treatment of the genicular nerves proves to be technically difficult. Moreover,
PRF can be applied when RFA fails to relieve pain by inducing nerve lesions and subsequent neuropathic pain.
Furthermore, in patients whose compliance is poor, a single nerve treatment appears to be more acceptable than
four genicular nerves treated. At last, PRF may predict peripheral stimulation implantation.

There are limitations of the present study. First, our findings are based on a small sample of 16 individuals.
Second, the blinding mechanism may not be sufficient to mask the sham procedure. Third, all patients were
affected by severe arthritis (grade 3–4 Kellgren-Lawrence) and the average BMI was high. Perhaps, a different study
population may reach longer positive outcomes. Fourth, a fixed protocol may not account for patient variability.
The PRF technique could be optimized taking in mind that all the nerve fibers should receive a sufficient amount
of energy/current density. By producing strong electric-fields and temperature spikes that can extend well into the
45–50◦C levels, PRF induces changes in the trans-membrane potentials of neurons that may lead to lower the
frequency of nociceptive inputs to the spinal cord thereby inducing a long-term depression of synaptic efficiency,
which is relevant to long-term antinociception. As such, by modulating pulse-width, exposition time and by
changing the needle-to-nerve angle during the procedure may increase fibers recruitment and thereby efficacy
and/or duration. Previous systematic reviews that compared the effectiveness of different types of radiofrequency
on knee OA reported inconsistent procedural methodology in the published studies [35]. Therefore, standardizing
the radiofrequency technique in order to optimize tissue exposure to current could be a key point to ensure effective
results. A further limitation resides in the crossover design of the study, which might be affected by biases such as
a carry-over effect or an order effect. In principle, the first might confound the estimates of the second treatment
due to an insufficiently long wash-out period. The second may generate an expectation bias related to the order in
which treatment is administered.

Our data show no significant long-term (T4) difference of NRS scores compared with baseline (T0). Yet, we
observed no differences between the groups compared by order of randomization, in either primary or secondary
outcome measures. These results may suggest a long enough washout period before the second treatment was
performed. However, the analgesic effect of real PRF could last longer than the 6 months washout period used in
this study, thereby affecting basal pain levels of the following sham treatment for those who received PRF first. This
limitation is intrinsic in the crossover study design, and testing for analytical control of carry-over effect is debated
in literature [36].

Thus, we recommend further studies specifically designed to establish the mean duration of analgesia after PRF of
the saphenous nerve, to identify the target population that could benefit most from the procedure and to optimize
the treatment protocol. We believe that the present study will provide data to support a sample size calculation for
future fully powered trials.

Conclusion
Besides pharmacological treatments, which have several limitations and limited efficacy, minimally invasive tech-
niques represent a valid option to reduce nociceptive inputs from the knee. PRF of the saphenous nerve is an
alternative to safely relieve pain in knee OA, also guaranteeing an improvement in disability. Moreover, PRF of the
saphenous nerve can replace genicular nerves ablation when these nerves are difficult to find/treat. However, the
procedure is operator dependent and further studies are recommended to define optimal treatment protocol and
patient population.

10.2217/pmt-2021-0035 Pain Manag. (Epub ahead of print) future science group
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Future perspective
While RFA and CRFA for chronic knee pain seems to be largely successful, PRF may ensure analgesia by avoiding
tissue lesions. However, as several mechanisms underpin chronic gonarthritis pain, including inflammation, central
sensitization as well as neuropathic pain mechanism [37], the scientific community deserves the rationale behind
the use of PRF in any manifestation of gonarthritis pain to be established. Future good quality research to define
stimulating patterns, patient selection, stage of disease at which this approach is more appropriate [16] may provide
broader treatment options to offer analgesia to patients with other causes of chronic knee pain, as well as to those
who complain of knee pain after total knee arthroplasty.

Summary points

• Knee osteoarthritis (OA) is a chronic, degenerative and multifactorial disease complicated by functional
limitation, severe pain and decreased quality of life.

• Pain management is a key part of the treatment algorithm for knee OA.
• While a disease modifying approach of knee OA is under investigation, a safe, effective and lasting analgesia is

an unmet need that deserves a more structured investigation.
• Radiofrequency ablation procedures have shown clinical effectiveness but they create areas of tissue destruction

due to coagulative necrosis.
• Pulsed radiofrequency (PRF) is an alternative to conventional radiofrequency ablation. It seems to primarily

modulate pain transmission, thereby minimizing neural tissue injury.
• The saphenous nerve, the largest branch of the femoral nerve innervating the medial portion of the knee and

the lower leg, is a candidate target for PRF to treat knee OA pain.
• Previous studies on PRF of the saphenous nerve were affected by several limitations thereby the results are

questionable.
• In this sham-controlled randomized pilot study we demonstrate efficacy of the saphenous nerve PRF on pain and

function for in patients with severe osteoarthritis.
• A fixed stimulation protocol and ultrasound guidance ensure a more standardized approach.
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