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Objective: Osteoarthritis (OA) is the most common cause of chronic knee pain, often 
a debilitating condition that can cause a significant reduction in functional capacity. 
Radiofrequency is a form of neuromodulation that modulates pain signal transmission and 
has become progressively more common as a treatment for knee pain. This retrospective 
study aims to evaluate the efficacy of intraarticular radiofrequency in patients with chronic 
knee OA pain.
Materials and Methods: In this retrospective study, we included 129 patients undergoing 
intraarticular pulsed radiofrequency using the Poisson curve for energy distribution (Sluijter- 
Teixeira Poisson radiofrequency) (STP) from March 2018 to November 2019. Knee osteoar-
thritis severity was assessed prior to the procedure using the Lequesne Index, classifying 
patients into six groups based on level of severity. Pain intensity was assessed through a 10- 
cm visual analog scale (VAS), and level of patient satisfaction was assessed through 
a questionnaire.
Results: In the sample, pain reduction as measured by VAS compared to baseline prior to 
the procedure was statistically significant immediately following the procedure, at 30 days 
and at 90 days (p<0.001); this difference was less significant at 180 days (p<0.005). Efficacy 
in patients with moderate to severe disability was considerably greater than in patients with 
very severe to extremely severe disability. 57.36% reported that they were very satisfied, 
29.46% satisfied, 9.3% neither satisfied nor dissatisfied, 2.33% dissatisfied, and 1.55% very 
dissatisfied.
Conclusion: Our results suggest that STP radiofrequency may be a safe and effective 
procedure for knee OA, able to significantly reduce VAS scores at 1 month and 3 months 
compared to baseline. Based on our results, a key factor to consider when treating knee OA 
with STP radiofrequency is that it is more effective among patients with a lower level of 
disability. Due to the retrospective observational study design, prospective longitudinal 
investigation is required to further support the recommendation of STP radiofrequency for 
knee OA.
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Introduction
Osteoarthritis (OA) is the most common cause of chronic knee pain; it is 
a debilitating condition that often causes a significant reduction in functional 
capacity. OA incidence is directly proportional to age, as well as presenting well- 
known risk factors such as gender, obesity, knee trauma, and family history.1–9 

Among the pathophysiological mechanisms underlying OA, there is an imbalance 
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between the synthesis and degradation of chondrocytes. 
The key to increased degradation of the chondrocytes lies 
in alterations of the extracellular cartilage matrix (ECM), 
which supports the biomechanical properties of this tissue. 
It has been demonstrated that factors such as IL-1, TNF, 
IL-6 and IL-17 are involved in the degradation process, 
which is fundamental in the regulation of cartilage 
metalloproteinases.10–12 An increase in these substances 
can interfere with cartilage repair mechanisms by inhibit-
ing the response of insulin-like growth factor-1 and growth 
factor-β. Therefore, “anti-cytokine” therapies could poten-
tially be successfully integrated into OA management.13–15

Standard treatments of OA include physical therapy, 
nonsteroidal anti-inflammatory drugs (NSAIDs), tramadol, 
opioids, intraarticular hyaluronic acid or steroids, as well 
as genicular nerve ablation.16–19 In more severe cases, 
surgical knee arthroplasty should be considered.16 

Pharmacotherapy cannot always guarantee benefits, espe-
cially in light of the high incidence of side effects. 
Furthermore, NSAIDs should not be administered for 
long periods of time due to increased risks of gastric 
bleeding,20 adverse cardiovascular events,21 and renal 
failure,22 iatrogeneses that are not favorable in the treat-
ment of a chronic pathology. Opioids are often used, but 
are associated with numerous side effects, especially in the 
elderly. Knee surgery is not always feasible and can cause 
complications, such as hematomas, infections and damage 
to the surrounding tissue.

Pulsed and/or continuous radiofrequency are neuromo-
dulatory and/or neurolytic techniques that represent an 
alternative to these therapies.23–26,39

Radiofrequency does not involve the use of drugs; it is not 
particularly invasive and may be repeatable.27,28 In 2011, in 
a double-blind randomized controlled trial, Choi et al pro-
posed continuous radiofrequency treatment from 70 ° C to 80 
° C for 90–180 seconds on the superior lateral (SLGN), upper 
medial (SMGN) and lower medial (IMGN) genicular nerves 
(IMGN).29 The medial retinacular nerve and the infrapatellar 
branch of the saphenous nerve were also identified as target 
points.30 Similarly, in 2008, Sluijter and Teixeira reported on 
the successful intraarticular use of pulsed radiofrequency 
(PRF) using the Poisson curve for energy distribution 
(Sluijter-Teixeira Poisson radiofrequency) (STP).31,32 More 
recently, we reported on both intraarticular and genicular 
nerve simultaneous use with a longer period of efficacy.33,34 

In that study, we carried out a retrospective analysis of 
patients treated with STP intra-articular knee radiofrequency 
over a 20-month period in a single center.

Methods
This investigation was a retrospective analysis of patient 
records of STP unipolar intra-articular knee radiofrequency 
from March 2018 to November 2019. The study was con-
ducted at Ospedale dei Colli, Naples, and approved by the 
hospital’s Institutional Ethics Committee. One hundred and 
seventy-two consecutive patients treated with this method 
were included. Data from 43 patients were discarded as they 
were incomplete or because follow-ups did not meet the 
minimal number of observations. For the remaining 129 
patients, data were available regarding the Lequesne Index 
of severity for knee osteoarthritis prior to the procedure35 and 
the intensity of pain using a 10-cm visual analog scale (VAS). 
Zero identifies no pain whatsoever and 10 identifies the most 
severe pain imaginable. VAS values were collected prior to the 
procedure (baseline), immediately following the procedure, 
and at 30-, 90- and 180-days post-procedure. Based on the 
Lequesne Index, patients were classified into six groups of 
differing severity of osteoarthritis.36 Medication intake before 
and after the procedure was evaluated, followed by further 
assessment after each follow-up visit. A satisfaction question-
naire was administered to all patients at 180 days, on which 
patients could choose between “very satisfied”, “satisfied”, 
“neither satisfied nor dissatisfied”, “dissatisfied” and “very 
dissatisfied”. An informed-consent form for non-sensitive 
data utilization was signed prior the procedure. The study 
was conducted in accordance with the ethical principles of 
the Declaration of Helsinki of 1996.

Technical Procedure
Under aseptic operating room conditions, a NeuroTherm NT- 
1100 lesion generator was used. Following cutaneous local 
anesthesia with 1% lidocaine, a PRF needle (SMK C-10, 
22G, active tip 10 mm; NeuroTherm, Wilmington, MA) 
was inserted into the joint. Insertion was performed under 
fluoroscopic guidance in two planes for 56 patients and under 
in-plane sonographic guidance for the remaining 73 patients. 
A superior, medial or lateral retro-patellar approach was used 
to enable insertion of the radiofrequency cannula as close as 
possible to the painful area within the joint. A “tunnel- 
vision” fluoroscopic technique was also adopted, taking 
care to visualize the intra-articular space. The lateral view 
is necessary to determine the depth of the needle in the joint.

Statistical Analysis
A one-way analysis of variance (ANOVA) using Microsoft 
Excel was used to test the statistical power of pain 
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reduction between the different timeframes (from baseline 
to 180 days after treatment). In addition, t-tests were 
performed using Microsoft Excel between every two con-
secutive timeframes. A Shapiro Wilk normality test was 
used to detect any departure from normality for each 
group. P-values were corrected using the Bonferroni 
method and the level of significance was set at 0.05. The 
bar plots and linear charts were prepared using Microsoft 
Excel.

Results
With respect to the demographic data, the 129 patients were 
divided as follows: 34 males, 95 females; mean age 74±10.7 

years. Based on the results of the Lequesne Index of severity 
for osteoarthritis, the majority of patients were classified as 
having very severe disability in 46/129 subjects (35.66%) or 
extremely severe disability in 71/129 subjects (55.04%) 
(Figure 1). Pain reduction in terms of VAS was found to 
be statistically significant immediately post procedure, at 30 
days and at 90 days (p<0.001); this difference was less 
significant at 180 days (p<0.005) (Figure 2). VAS values 
for first quartile, median and third quartile for all observed 
times are presented in Table 1. By assessing pain relief for 
the various disability classes obtained with the Lequesne 
classification, it is clear that efficacy in patients with mod-
erate disability and severe disability was considerably more 

Figure 1 Patient distribution based on the Lequesne Index of severity for osteoarthritis.

Figure 2 Box plot of median, first and third quartile of VAS values at different observation points.
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significant than in patients with very severe disability or 
extremely severe disability (Figure 3).

More specifically, 2 of 3 patients in the moderate 
Disability group, 7 of 8 in the severe Disability group, 
31 of 45 in the very Severe Disability group, and 33 of 73 
in the extremely severe Disability group reported greater 
than 50% pain relief.

None of the 3 patients in the Moderate Disability group, 
none of the 8 in the Severe Disability group, 6 of 45 in the Very 
Severe Disability group and 21 of 73 in the Extremely Severe 
Disability group reported less than 30% pain relief. No differ-
ence was found in pain relief between patients treated with 
fluoroscopic guidance compared to those treated with ultra-
sound guidance (Figure 4). Likewise, regarding the degree of 
satisfaction at 180 days, patients declared themselves very 

satisfied 74/129 (57.36%), satisfied 38/129 (29.46%), neither 
satisfied nor dissatisfied 12/129 (9.3%), dissatisfied 3/129 
(2.33%) or very dissatisfied 2/129 (1.55%) (Figure 5). At 
least 118/129 patients (91.47%) opined that they would repeat 
the procedure if necessary. No major adverse events occurred, 
and only three patients experienced post-procedural pain, 
which, in each case lasted less than 24 hours.

Discussion
Our retrospective study arose from the need to evaluate 
our clinical experience originating from clinical data 
reported in the scientific literature by Sluijter et al,30,31 

and continued from an empirical evaluation of patient 
satisfaction data collected in our 2020 case series. 
Although the mechanism of action of PRF is not yet 
entirely clear, our data support the assertion of 
Schianchi et al, who postulated that intra-articular PRF 
may have a dual effect.37 PRF is characterized by short 
bursts of energy application (10–20 milliseconds), 
between which were interspersed long silent phases 
(480 milliseconds), which contribute to maintaining tis-
sue temperature below the irreversible tissue damage 
threshold of 42°C. This approach suppresses excitatory 
C-fiber activation and the spread of pain impulse at the 
synaptic junction, thus creating a neuromodulatory 
effect. In the STP mode, radiofrequency provides 

Table 1 VAS Values of Median, First and Third Quartiles for 
Different Observation Points

Baseline After 
Procedure

30d 90d 180d

First quartile 

(min)

7 2 2.91 3.62 5.75

Median 8 3 3.72 4.75 6.75

Third quartile 

(max)

9 5 5.42 6 7.51

Figure 3 Pain relief related to the various disabled classes obtained using Lequesne classification.
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a short pulse width for minimal destructive effect and 
a higher coefficient of variance for greater efficacy of 
treatment.

This pulsed method has been administered inside the 
intervertebral discs for discogenic pain, and with intra- 
articular application for arthrogenic pain, resulting in sig-
nificant efficacy rates in terms of pain reduction and 
mobility improvement.34

The initial effect of this treatment is on nerve fibers and 
is thought to be due to amplification of the electric field 
that occurs within a closed joint. The second and most 
probable effect occurs due to modulation of the inflamma-
tory response. Further to this, in a case study reported by 
Schianchi et al,35 the authors concluded that the biological 
effects of low-range electrical fields consist of 
a remodulation of inflammatory cytokine production. 

Figure 4 VAS values compared between patients treated under fluoroscopic guidance vs sonographic guidance.

Figure 5 Patients satisfaction recorded 180 days after procedure.
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This hypothesis has been supported through in vitro 
investigations.37,38

The primary weakness of this study relates to its retro-
spective design. Even though the results were highly sig-
nificant, prospective studies including control arms will be 
necessary in order to confirm our findings. Further, our study 
was performed at a single site, and generalizability of results 
will improve once we conduct a multi-site investigation. The 
minimally invasive nature and high safety levels of this 
procedure, in addition to the marked success rate anecdotally 
observed in common clinical practice, amplify the need for 
appropriate studies in order to clarify the efficacy of intra- 
articular knee PRF in OA patients.

Conclusion
In the current study, for Moderate and Severe Disability 
groups, intraarticular STP Pulsed Radiofrequency resulted 
in significantly reduced VAS scores at 1, 3 and 6 months 
compared to baseline in osteoarthritis pain. However, in 
the Extremely Severe Disability group, despite high levels 
of patient satisfaction, approximately one-third of patients 
reported less than 30% pain relief. In light of our experi-
ence, this technique should be reserved for the Moderate 
and Severe Disability groups as those are the groups which 
currently reported higher levels of satisfaction and good 
pain relief. In the Extremely Severe Disability group, this 
technique may be considered only in selected cases, when 
an adequate therapeutic and/or surgical alternative is not 
contemplated. Although this study’s results are quite 
encouraging, a prospective analysis will be needed in 
order to substantiate the relative benefits of this technique.
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