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ABSTRACT

Introduction:  Transcutaneous pulsed radiofre-
quency (TcPRF) is a non-invasive neuromodula-
tion technique increasingly investigated for the 
management of chronic pain. However, its clini-
cal efficacy and safety across different chronic 
pain conditions remains uncertain.
Methods:  A systematic search of PubMed, Sco-
pus, and Google Scholar was performed from 
database inception to March 2026. Randomized 
controlled trials (RCTs) evaluating TcPRF in 
chronic pain conditions were included. Pain 
intensity, functional outcomes, and safety data 
were extracted. Risk of bias was assessed using 
the Cochrane RoB 2 tool.
Results:  Eight RCTs were included, encompass-
ing both musculoskeletal and neuropathic pain 
conditions. TcPRF was associated with reductions 
in pain intensity in most studies, with more con-
sistent effects observed in sham-controlled trials 
and at later follow-up time points. Functional 
outcomes generally improved in parallel with 

pain, although results varied depending on the 
outcome measures used. TcPRF was well toler-
ated, with no serious adverse events reported. 
However, substantial heterogeneity was noted in 
patient populations, comparator interventions, 
treatment protocols, and outcome measures.
Conclusion:  TcPRF appears to be a promis-
ing non-invasive treatment option for selected 
chronic pain conditions, particularly when a 
minimally invasive approach is preferred. Nev-
ertheless, current evidence remains limited by 
heterogeneity and methodological variability. 
Further large-scale, well-designed RCTs with 
standardized treatment protocols and longer 
follow-up are required to clarify its clinical role.
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Key Summary Points 

The efficacy and safety of transcutaneous 
pulsed radiofrequency (TcPRF) as a non-inva-
sive neuromodulation treatment for chronic 
pain have not been systematically evaluated.

This systematic review assessed the clinical 
effects of TcPRF in chronic pain based on 
randomized controlled trial evidence.

TcPRF improved pain and functional out-
comes in several neuropathic and musculo-
skeletal pain conditions and was well toler-
ated.

Clinical and methodological heterogeneity 
limits comparability, underscoring the need 
for standardized, high-quality trials.

INTRODUCTION

Chronic pain is a major global health challenge, 
affecting a substantial proportion of the popula-
tion and significantly impairing quality of life, 
physical function, and psychological well-being 
[1]. It is associated with considerable socioeco-
nomic burden due to healthcare utilization, 
reduced productivity, and long-term disability. 
Despite advances in pharmacological and inter-
ventional therapies, many patients continue to 
experience inadequate pain relief or develop 
adverse effects related to therapeutic interven-
tions or long-term treatment [2, 3]. These limita-
tions have fueled interest in novel neuromodu-
latory approaches that may offer safer and more 
targeted strategies for pain modulation.

Pulsed radiofrequency (PRF) has emerged over 
the past two decades as a minimally destruc-
tive neuromodulation technique that delivers 
short bursts of high-frequency electrical cur-
rent while maintaining tissue temperatures 
below neurodestructive thresholds [4]. Unlike 
conventional continuous radiofrequency abla-
tion, PRF is thought to exert its effects primarily 
through modulation of neural signaling path-
ways rather than thermal lesioning and there-
fore does not typically cause permanent thermal 

damage or Wallerian degeneration to the nerves 
[5]. Although the analgesic mechanisms of PRF 
are not yet fully understood, experimental and 
clinical studies suggest that PRF may influence 
pain transmission through alterations in synap-
tic activity, inflammatory mediators, and gene 
expression within nociceptive pathways [6–10]. 
In current clinical practice, PRF is typically deliv-
ered through needle-based approaches targeting 
peripheral nerves, dorsal root ganglia, or other 
anatomical structures under imaging guidance.

More recently, the development of trans-
cutaneous pulsed radiofrequency (TcPRF) has 
extended this concept further by enabling 
non-invasive delivery of PRF through the skin 
(Fig. 1). This approach aims to retain the neuro-
modulatory properties of PRF without the need 
for needle placement or invasive procedures, 
potentially improving safety and accessibility. 
Early clinical studies have explored the use of 
TcPRF for a variety of chronic pain conditions, 
including musculoskeletal and neuropathic pain 
syndromes [11–18].

However, despite growing clinical interest, 
the evidence supporting the efficacy of TcPRF 
remains fragmented. Randomized controlled tri-
als (RCTs) have begun to emerge, yet their find-
ings have not been systematically synthesized. 
A rigorous evaluation of the growing yet still 
limited randomized evidence is therefore neces-
sary to clarify the therapeutic potential of this 
technique and to identify gaps that may guide 
future investigation. To our knowledge, the pre-
sent study is the first systematic review of rand-
omized controlled trials evaluating the efficacy 
of TcPRF for the treatment of chronic pain.

METHODS

Study Design and Protocol Registration

This review was conducted in accordance with 
the PRISMA 2020 Statement [19] and was regis-
tered in PROSPERO, an international prospective 
register of systematic reviews (protocol registra-
tion number: CRD420261331838). This article 
is based on previously conducted studies and 
does not contain any new studies with human 
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participants or animals performed by any of the 
authors.

Search Strategy

A systematic literature search was performed 
in PubMed, Scopus, and Google Scholar from 
database inception to March 5, 2026. The search 
strategy combined Medical Subject Headings 
(MeSH) and free-text terms related to transcuta-
neous pulsed radiofrequency and chronic pain. 
The following keywords and their combina-
tions were used: “transcutaneous pulsed radiof-
requency”, “transcutaneous PRF”, “TcPRF”, and 
“TPRF”, together with terms related to chronic 
pain. Additionally, the terms "pulsed radiofre-
quency”, and “PRF” were combined with modifi-
ers such as "transcutaneous", "non-invasive", and 
"noninvasive" to capture studies that described 

“pulsed radiofrequency applied transcutane-
ously/non-invasively”. Boolean operators (AND, 
OR) were applied as appropriate. The following 
search strategy was used in PubMed: [(“pulsed 
radiofrequency” OR PRF) AND (transcutane-
ous OR non-invasive OR noninvasive OR wear-
able OR external)]. Examples of combinations 
used in Scopus and Google Scholar included: 
“transcutaneous pulsed radiofrequency” AND 
chronic pain; “transcutaneous PRF” AND pain; 
(“pulsed radiofrequency” AND transcutaneous) 
AND pain; and (“PRF” AND non-invasive) AND 
chronic pain. Due to the high number of poten-
tially irrelevant results generated by Google 
Scholar, screening was restricted to results sorted 
by relevance and limited to the first 10 pages of 
results. Finally, reference lists of relevant articles 
were screened to identify additional studies.

Fig. 1   Overview and proposed analgesic mechanisms of 
transcutaneous pulsed radiofrequency (TcPRF), which 
delivers bursts of radiofrequency energy through electrode 
patches placed over the target painful region. The pulsed 
waveform consists of brief radiofrequency bursts separated 
by intervals without energy delivery. Although the precise 
mechanisms remain incompletely understood, experimen-

tal and clinical evidence suggests that PRF may modu-
late pain signaling through different biological pathways, 
including alterations in synaptic activity and neurotrans-
mitter release, modulation of inflammatory mediators, and 
changes in gene expression within nociceptive pathways. 
Created in BioRender. Asimakopoulos, T. (2026) https://​
BioRe​nder.​com/​q1a2y​kg

https://BioRender.com/q1a2ykg
https://BioRender.com/q1a2ykg
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Eligibility Criteria

Studies were considered eligible if they were 
RCTs  evaluating the use of transcutaneous 
pulsed radiofrequency in adult patients with 
chronic pain of any etiology. Eligible studies 
were required to include a comparator group, 
such as sham treatment, placebo, or standard 
care, and to report pain-related outcomes (e.g., 
measures of pain intensity). Only studies pub-
lished in English were included. Studies were 
excluded if they were observational in design, 
including retrospective studies, prospective 
cohort studies, case reports, case series, reviews, 
editorials, conference papers, animal studies, 
or studies evaluating invasive pulsed radiofre-
quency procedures.

Study Selection

After all retrieved records were compiled and 
prior to screening, duplicate entries were 
removed. Two reviewers (TA, MR) independently 
screened titles and abstracts to identify poten-
tially eligible studies. The full texts of selected 
articles were subsequently assessed for inclusion 
according to the predefined eligibility criteria. 
Disagreements between reviewers were resolved 
through discussion, and, when necessary, a third 
reviewer (AT) was consulted to reach consensus.

Data Extraction

Data extraction was performed independently 
by two reviewers using a standardized data col-
lection form. Extracted information included 
study characteristics such as author, year of pub-
lication, and country of origin, as well as clinical 
characteristics including sample size, pain con-
dition, intervention details, comparator inter-
vention, outcome measures, follow-up duration, 
and reported adverse events. Any discrepancies 
in extracted data were resolved through discus-
sion or consultation with a third reviewer. Sam-
ple size data visualization was conducted using 
GraphPad Prism (version 9.1.1; San Diego, CA, 
USA).

Risk of Bias Assessment

The methodological quality of the included ran-
domized controlled trials was evaluated using 
the Cochrane Risk of Bias Tool (RoB 2) [20]. 
This tool assesses potential bias across several 
domains, including the randomization process, 
deviations from intended interventions, miss-
ing outcome data, outcome measurement, and 
selection of reported results. Each domain was 
classified as low risk of bias, some concerns, or 
high risk of bias.

Data Synthesis

A qualitative synthesis of the included studies 
was conducted. When appropriate, results were 
summarized across studies to describe patterns 
in treatment effects, clinical indications, and 
methodological characteristics of the trials.

RESULTS

Study Selection

The database search identified 511 records. After 
removal of 24 duplicates, 487 records remained 
for title and abstract screening. Of these, 445 
articles were excluded because they did not meet 
the objectives of this review. The full texts of 
42 articles were assessed for eligibility, of which 
34 were excluded after full-text evaluation. The 
most common reasons for exclusion at this stage 
were invasive PRF application or studies inves-
tigating non-chronic pain conditions. No addi-
tional studies were identified through manual 
screening of the reference lists. Ultimately, eight 
randomized controlled trials, published between 
2010 and 2025, met the inclusion criteria and 
were included in the qualitative synthesis. A 
schematic of the study selection process is pre-
sented in Fig. 2, following the PRISMA 2020 
Statement [19].
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Study Characteristics

Eight RCTs published between 2010 and 2025 
were included in this review [11–18]. Across 
these studies, a total of 467 participants were 
enrolled, with sample sizes ranging from 50 to 
70 patients. The sample size (n) of each RCT is 
presented in Fig. 3.

The studies were conducted in several coun-
tries, including Australia, Taiwan, Turkey, and 
Egypt, and investigated the effects of non-
invasive TcPRF across a variety of chronic pain 

conditions. These included musculoskeletal dis-
orders, such as knee osteoarthritis [17], shoulder 
pain [13, 16, 18], and lateral epicondylitis [11], 
as well as neuropathic pain syndromes, includ-
ing carpal tunnel syndrome (CTS) [14], diabetic 
neuropathic pain [15], and chronic migraine 
[12].

Technical parameters of TcPRF varied across 
studies. Reported pulse widths ranged from 
approximately 10–50 ms, with low-frequency 
repetition rates (2–5 Hz) and voltages typically 
between 80 and 100 V when specified. Treat-
ment duration was most commonly 2 min per 

Fig. 2   PRISMA flow diagram of the study selection pro-
cess, illustrating the identification, screening, eligibility 
assessment, and final inclusion of studies in this systematic 

review. Selection was performed in accordance with the 
PRISMA 2020 Statement [19]
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site, with total session times of approximately 
10–15 min. Although most studies reported key 
technical parameters, variability and occasional 
incomplete reporting limited reproducibility 
and comparability across studies. A detailed 
summary of parameters is provided in Table 1.

Most studies compared TcPRF with sham 
stimulation [13, 15–17], while others used 
active comparators, such as transcutaneous 
electrical nerve stimulation (TENS), corticoster-
oid injection, or greater occipital nerve block 
[11, 12, 18]. The number of treatment sessions 

varied across studies, ranging from a single ses-
sion to multiple sessions, and follow-up peri-
ods ranged from 1 to 12 weeks. Pain intensity 
was most commonly assessed using the visual 
analog scale (VAS), while several studies also 
evaluated functional or disease-specific out-
comes using validated instruments, including 
the Constant–Murley Shoulder Score, Patient-
Rated Tennis Elbow Evaluation (PRTEE), Shoul-
der Pain and Disability Index (SPADI), Self-
Leeds Assessment of Neuropathic Symptoms 
and Signs (S-LANSS), and the Migraine Disabil-
ity Assessment (MIDAS). A detailed overview of 
the included studies and their characteristics is 
presented in Table 2.

Pain Outcomes

Pain intensity was evaluated in all included 
studies, most commonly using the VAS. One 
study investigating CTS used the Boston Car-
pal Tunnel Questionnaire (BCTQ) instead [14]. 
Another study employed the Pain, Enjoyment 
of life, and General activity (PEG) scale, a vali-
dated three-item measure of pain intensity and 
interference with function [18]. Across all RCTs, 
TcPRF offered pain relief at different extents and 
timepoints.

Fig. 3   Sample size distribution of the included rand-
omized controlled trials [11–18]

Table 1   Technical parameters of TcPRF across included studies

NR non-reported parameters

Study Pulse width Frequency Voltage Duration

Taverner et al. 2010 [17] 20 ms 2 Hz 80 V 2 min

Taverner et al. 2014 [16] 10 ms 5 Hz 80 V 2 min

Lin et al. 2019 [18] 50 ms 2 Hz 100 V NR

Karasu et al. 2024 [13] 10 ms 5 Hz 80 V 2 min

Genç Perdeciolu et al. 2024 (CTS) [14] 20 ms 2 Hz 80 V 8 min

Genç Perdeciolu et al. 2024 (migraine) [12] 20 ms 2 Hz 80 V 8 min

Genç Perdecioğlu et al. 2025 [15] 20 ms 2 Hz 80 V 8 min
Elgazzar et al. 2025 [11] NR NR NR 15 min

(session 
total 
duration)
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In patients with painful knee osteoarthritis 
awaiting surgery, Taverner et al. reported sig-
nificant reduction in pain scores in the TcPRF 
group, compared with the sham intervention at 
the 4-week follow-up assessment [17]. Similarly, 
in patients with chronic shoulder pain booked 
for surgery, TcPRF resulted in statistically signifi-
cant reductions of pain at night (42% reduction 
compared to sham) and pain with activity (29% 
reduction compared to sham) at 4 weeks, an 
effect that was partially sustained at 12 weeks 
after the treatment session [16].

Among other shoulder pain conditions, a 
study comparing TcPRF with TENS in patients 
with chronic shoulder tendinitis showed that 
both groups improved over time, but TcPRF was 
associated with lower pain scores. This differ-
ence persisted after 3 months, although with 
a diminishing superiority over time [18]. In 
patients with subacromial impingement syn-
drome TcPRF was found to be more effective 
than sham treatment at the 12-week follow-up 
visit in lowering rest pain VAS scores but not 
pain with activity [13]. At other times or for 
other outcome measures, however, there were 
no discernible differences between the TcPRF 
and sham groups [13]. In lateral epicondylitis 
(tennis elbow syndrome), reported improved 
pain scores after TcPRF compared with corticos-
teroid injection over later follow-up timepoints 
(4, 8, and 12 weeks after treatment), supporting 
a beneficial and perhaps more robust analgesic 
effect in this group over time [11].

Favorable pain outcomes were also reported 
in trials by Genç Perdeciolu et al., involving 
headache and neuropathic pain conditions [12, 
14, 15]. In patients with CTS, TcPRF was asso-
ciated with significant improvements in BCTQ 
scores compared with the control intervention 
(finger splint) at 4- and 12-week follow-up [14]. 
In migraine, the analgesic efficacy of non-inva-
sive PRF was comparable to that of the occipital 
nerve block: a notable reduction was observed 
in the VAS scores of both the block and radiofre-
quency groups at week 4 relative to the pretreat-
ment baseline scores [12]. Finally, in patients 
with diabetic neuropathic pain, TcPRF resulted 
in significantly greater reductions in VAS pain 
scores compared with sham treatment at 4 and 
12 weeks after treatment [15].

Overall, the included trials demonstrated 
improvements in pain outcomes following 
TcPRF across both musculoskeletal and neuro-
pathic chronic pain conditions.

Functional Outcomes

Several studies assessed functional or disease-
specific secondary outcomes in addition to 
pain intensity. In shoulder pain conditions, 
TcPRF was associated with improvement in 
measures such as the Brief Pain Inventory, Pain 
Self-Efficacy Questionnaire, Oxford Shoulder 
Score, Constant–Murley Shoulder Score, and 
the SPADI, although the extent and persistence 
of between-group differences varied across trials 
[13, 16, 18].

In lateral epicondylitis, functional outcomes 
assessed with the PRTEE and the Quick Disabili-
ties of the Arm, Shoulder and Hand question-
naire favored TcPRF over corticosteroid injec-
tion at later follow-up assessments [11]. In CTS, 
TcPRF was associated with improvement in 
BCTQ scores [14]. In chronic migraine, headache 
frequency decreased after treatment, although 
between-group differences were not statistically 
significant [12]. In diabetic neuropathic pain, 
TcPRF was associated with significant improve-
ment in S-LANSS scores compared with sham 
treatment [15].

Overall, functional and secondary out-
comes tended to improve in parallel with pain 
reduction.

Safety Assessment

Adverse events were infrequently reported across 
the included trials. No serious complications 
related to TcPRF were described. Mild and tran-
sient local skin reactions were reported in 3 of 
8 studies, affecting 22 of 467 participants, and 
consisted mainly of erythema or hyperaemia at 
the electrode site, occasionally with mild burn-
ing sensation or discomfort [12, 14, 15]. These 
events resolved spontaneously without treat-
ment. Overall, TcPRF appeared to be safe and 
well tolerated.
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Risk of Bias

Risk of bias (RoB) was assessed using the 
Cochrane RoB 2 tool [20]. Overall, six studies 
were judged as having some concerns, while two 
studies were rated as high risk of bias (Fig. 4). 
The most common sources of concern were 
insufficient detail regarding the randomiza-
tion process, incomplete blinding, and the use 
of subjective patient-reported outcomes. High 
risk of bias was identified mainly in studies with 
substantial missing outcome data or open-label 
designs that could have influenced outcome 
assessment. The predominance of studies with 
some concerns or high risk of bias warrants 
cautious interpretation of the reported efficacy 
outcomes. Visualization was generated using the 
risk of bias visualization (robvis) tool [21].

DISCUSSION

This systematic review of randomized controlled 
trials suggests that TcPRF may improve pain out-
comes across a range of chronic musculoskeletal 
and neuropathic pain conditions, while main-
taining a favorable safety profile. Across the 
eight included trials [11–18], beneficial effects 
were reported in conditions such as knee osteo-
arthritis, chronic shoulder pain, subacromial 
impingement syndrome, lateral epicondylitis, 
carpal tunnel syndrome, chronic migraine, and 
diabetic neuropathic pain. Overall, the direc-
tion of effect was generally in favor of TcPRF, 
although the magnitude and consistency of 
benefit varied according to the underlying pain 
condition, comparator intervention, and follow-
up duration. The most convincing findings were 
observed in sham-controlled studies [15–17] and 
in trials where benefits were sustained at later 
assessments [11, 15, 16, 18], whereas in some 
studies the superiority of TcPRF was limited to 
selected outcomes or specific time points [13]. 
These findings support the potential role of 
TcPRF as a non-invasive analgesic strategy, but 
they should be interpreted cautiously consider-
ing the clinical and methodological heterogene-
ity across the included trials.

While the mechanistic background of PRF-
induced analgesia has not been fully elucidated, 
several hypotheses on cellular and molecular 
mechanisms of action have been developed 
[22]. PRF therapy has been shown to influence 
major components of nociceptive pathways 
such as pain neurotransmitters, synaptic func-
tion, post-synaptic receptors and ion channels, 
at or below gene expression level [6, 10, 22]. 
Those alterations potentially explain long-term 
depression of nociceptive signaling from the 
peripheral to the central nervous system and 
enhancement of descending inhibitory pain 
pathways that are shown after PRF application 
[7]. On top of its neuromodulatory effects, PRF 
has been proposed to reduce pain through anti-
inflammatory actions, particularly by decreasing 
pro-inflammatory cytokines and microglial acti-
vation as well as altering neuroimmune path-
ways that contribute to peripheral and central 
sensitization [8, 9, 23]. This multifaceted mecha-
nism of action may hence explain why TcPRF 
appeared beneficial across conditions with dif-
ferent pathophysiological backgrounds, includ-
ing both musculoskeletal and neuropathic pain 
syndromes. At the same time, the incomplete 
understanding of its mechanism underscores 
the need for caution when extrapolating across 
pain conditions or attempting to define a sin-
gle unifying mode of action. Importantly, clari-
fying the key biological pathways involved in 
PRF’s mechanism of action may help identify 
pain biomarkers that could be used to predict 
treatment response and to evaluate treatment 
efficacy [24]. Towards that direction, an ear-
lier randomized study by Lin et al. [25], avail-
able only as a conference report and therefore 
excluded from the present analysis, compared 
TcPRF with TENS in chronic shoulder pain and 
demonstrated superior clinical outcomes with 
TcPRF, accompanied by a significant reduction 
in cortisol levels, therefore suggesting that corti-
sol serum levels could represent a potential bio-
marker of treatment response to TcPRF.

The broader literature also contains other 
studies that were not included in the present 
review because they did not meet the prede-
fined eligibility criteria, including promising 
case series, retrospective analyses, and studies in 
non-eligible populations [26–29]. In a study on 
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childhood migraine, TcPRF showed comparable 
short-term efficacy to calcium channel blockers 
and a safe profile, offering a non-invasive alter-
native, particularly appealing in the pediatric 
realm [27]. Current evidence also suggests the 
potential benefit of TcPRF-STP (Sluijter–Teixeira 
Pulse) in chronic spinal pain, as a small case 
series reported marked short-term pain reduc-
tion, functional improvement, and even favora-
ble MRI changes in patients with disc hernia-
tion, stenosis, and radiculopathy, although the 
uncontrolled design and very limited sample 

preclude firm conclusions [28]. Similarly, a ret-
rospective study in patients with osteoarthri-
tis of the upper extremity reported significant 
short-term improvement in pain scores, without 
reported adverse events, after TcPRF treatment 
[26]. Non-invasive wearable PRF devices have 
been also tested in the acute pain setting in RCTs 
studying postoperative analgesia, with mixed 
results, as some studies demonstrated reduced 
pain scores, whereas others failed to show mean-
ingful analgesic benefit or reduced opioid con-
sumption [30, 31]. Those studies were excluded 

Fig. 4   Traffic-light plot of risk of bias assessment across 
the included randomized controlled trials. Risk of bias was 
assessed using the Cochrane Risk of Bias 2 (RoB 2) tool 

[20]. Green indicates low risk of bias, yellow indicates some 
concerns, and red indicates high risk of bias. The visualiza-
tion was generated using the robvis tool [21]
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to preserve the methodological rigor of RCT-only 
evidence synthesis. Their existence nevertheless 
indicates that interest in TcPRF extends beyond 
the relatively small number of randomized trials 
currently available and may help guide future 
hypothesis-generating research.

Safety findings across the included trials 
were generally reassuring. Adverse events were 
restricted to mild, temporary, self-resolving local 
skin reactions, such as erythema or hyperemia, 
occasionally accompanied by mild burning or 
discomfort at the electrode site [12, 14, 15]. No 
significant complications linked to TcPRF were 
reported. This favorable short-term safety profile 
is clinically relevant, particularly in comparison 
with more invasive neuromodulatory or injec-
tion-based interventions associated with iatro-
genic adverse events [32]. However, the follow-
up periods in most studies were relatively short, 
and conclusions regarding long-term safety or 
repeated treatment exposure remain limited. 
We should mention that the minimally invasive 
nature of this technique makes it particularly 
appropriate for use in populations that may opt 
for less interventional options (e.g., children or 
patients with needle phobia).

Finally, the potential role of TcPRF in other 
challenging pain conditions warrants consid-
eration; in particular, conditions such as post-
herpetic neuralgia, where pharmacological 
management is often insufficient and treatment 
escalation typically involves invasive procedures 
[33, 34], may represent promising targets. Pulsed 
radiofrequency has demonstrated efficacy in 
these settings when applied using invasive tech-
niques [35, 36], suggesting that a non-invasive 
approach could offer a safer and more acces-
sible alternative. A similar rationale applies to 
trigeminal neuralgia and other trigeminal neuro-
pathic pain syndromes, where TcPRF application 
may be feasible given the superficial anatomical 
distribution of affected nerves while targeting 
molecular nodes amenable to neuromodulation, 
such as ion channels and neuroinflammatory 
pathways that radiofrequency influences [22, 
37, 38]. These observations point to promising 
directions for future research and potential clini-
cal application.

This review has several strengths [39, 40]. To 
our knowledge, it is the first systematic review 

assessing the efficacy and safety of TcPRF in 
chronic pain. It focused exclusively on RCTs, 
had a registered protocol, applied a structured 
risk-of-bias assessment using the RoB 2 tool, and 
included a broad range of chronic pain condi-
tions, thereby providing a contemporary over-
view of the highest level of available clinical 
evidence for TcPRF. All included studies were 
analyzed thoroughly with close attention to 
comparator type, follow-up duration, and out-
come heterogeneity, which helped avoid overin-
terpretation of clinically diverse trials.

At the same time, important limitations of cur-
rent research must be acknowledged. The number 
of eligible trials was small, sample sizes were gen-
erally modest, and follow-up durations were often 
short. Considerable heterogeneity was present in 
study populations, outcome measures, treatment 
protocols, and comparator interventions. These 
differences are important because superiority 
over sham is not equivalent to superiority over an 
established active intervention and makes direct 
comparison difficult and likely contributed to the 
inconsistent extent of benefit observed across stud-
ies. In addition, minimal clinically important dif-
ferences were inconsistently reported across stud-
ies and varied across outcome measures, limiting 
assessment of the clinical relevance of the observed 
improvements. Variability in TcPRF technical 
parameters, including pulse width, voltage, treat-
ment duration, session number, and electrode posi-
tioning, may also have contributed to differences 
in clinical outcomes and further limited com-
parability across studies, including quantitative 
comparison of effect sizes. Finally, most included 
studies were judged to have either some concerns 
or high risk of bias, which reduces confidence in 
the overall body of evidence. The decision not to 
perform a meta-analysis further reflects the clini-
cal and methodological diversity of the included 
studies.

CONCLUSION

Transcutaneous pulsed radiofrequency appears 
to be a promising non-invasive treatment 
option for selected chronic pain conditions, 
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particularly when conventional conservative 
strategies have failed or when a less interven-
tional approach is preferred. However, the cur-
rent evidence remains limited and insufficient 
to support firm condition-specific recommen-
dations across all chronic pain syndromes with 
the predominance of trials with some concerns 
or high risk of bias. Future randomized trials 
should include larger sample sizes, multicenter 
designs, improved blinding strategies, and 
longer follow-up. Standardization of treatment 
parameters, electrode positioning, sham proto-
cols, and core outcome measures will be essen-
tial to improve comparability between studies 
and strengthen future evidence syntheses.
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