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Introduction

Diabetic polyneuropathy is a prevalent complication 
of diabetes mellitus (DM) that affects up to 50% of 
patients. Distal symmetric polyneuropathy (DSPN) is 
the most common type of diabetic neuropathy (DN). 
DSPN is a debilitating condition that causes severe 
neuropathy and significantly diminishes quality of 
life. Treatment options for this condition primarily in-
volve medical combination therapies. These include 
gabapentinoids, tricyclic antidepressants, serotonin-
norepinephrine reuptake inhibitors, and lidocaine 
infusion combinations. However, in cases where 
there is resistance to treatment or the dose cannot 

be further increased owing to side effects, interven-
tional treatments are necessary. These advanced 
procedures include sympathetic blockade, botu-
linum toxin injection, spinal cord stimulation, and 
surgical decompression of the peripheral nerves. It is 
important to note that, while these interventions of-
fer potential benefits, they also carry risks and have 
variable success rates.[1]

Pulsed radiofrequency (pRF) is a nondestructive 
neuromodulation technique that reduces inflam-
mation and pain. It is based on transferring waves 
from the current radiofrequency provider to tis-
sues using a cannula or transcutaneous electrode 
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(1-8 Hz, 10-30 ms, and 500 KHz). pRF elicits electric 
field effects, resulting in changes in the neural cel-
lular substrates.[2] Consequently, inflammatory cy-
tokines are suppressed and endogenous opioids 
increase.[3,4]

Non-invasive pRF (NipRF) treatment is the delivery of 
pulsed radiofrequency current to biological tissues 
using electrodes. The electrodes are placed over the 
skin on the area to be treated. A cable connects the 
electrodes to the current generator. After the device 
is set to the desired parameters, it is activated and 
RF current is transmitted through the electrodes to 
the skin. This current is transmitted from the skin to 
deeper tissues, just as in transcutaneous electrical 
nerve stimulation (TENS) devices. However, because 
RF current can penetrate deeper, its neural stimula-
tion is higher than TENS current. This allows for more 
effective treatment. Neuromodulation with NipRF is 
a novel treatment for neuropathic pain caused by 
conditions such as carpal tunnel syndrome.[5] And 
this is the first study to examine the use of NipRF in 
the treatment of DN, and there is currently no exist-
ing literature on this subject.

Our aim was to modulate and desensitize the PTN 
(posterior tibial nerve), the peripheral nerve that 
receives the sensation of the sole of the foot. Neu-
ropathic complaints such as felting, numbness, 
and burning were perceived less by the patient. 
PTN’s superficial course in the ankle would allow 
the pRF current delivered by transcutaneous elec-
trode to reach the nerve easily. The primary objec-
tive of this study was to evaluate the improvement 
in pain severity in patients with DSPN using the 
visual analog scale (VAS) score, especially basal-12 
week change; the secondary objectives were to 
evaluate the efficacy of NipRF treatment on neu-
ropathic pain and to observe any adverse events 
related to the electrode pad.

Material and Methods

Ethics Approval and Registration

Approval from the Ethics Committee of the local 
hospital was obtained on 22.03.2021 (Decision no: 
107/23). This study was registered at ClinicalTrials.
gov (Register Number: NCT05480527). The first pa-
tient enrollment date was 01.06.2023. All patients 
were informed of the study, and written informed 

consent was obtained from all patients. The Declara-
tion of Helsinki was followed in this study.

Study Design and Participants

This study was designed as a single-blind, placebo-
controlled, randomized clinical trial. The inclusion 
criteria were as follows: diagnosis of type 2 DM; 
complaint of neuropathic pain in the distal lower 
extremity for at least two years; diagnosis of DSPN 
confirmed by ENMG; failure or minimal response 
to medical therapy despite at least dual combina-
tion therapy and maximum tolerated doses; and a 
visual analog scale (VAS) score >5.

Figure 1.	Flow chart diagram.
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The exclusion criteria were as follows: motor defi-
cits in the lower extremities and diabetic scars; 
malignancy; pregnancy; B12-folic acid deficiency; 
presence of other causes of DSPN (chronic liver or 
kidney disease; chronic toxin exposure such as al-
cohol; presence of autoimmune diseases such as 
rheumatoid arthritis and lupus; drug use such as 
chemotherapy, amiodarone, and colchicine; infec-
tious causes such as HIV, Hepatitis C; and heredi-
tary diseases such as Charcot-Marie-Tooth and Fa-
milial Amyloidosis).

The study design is depicted in Figure 1.

Randomization and Blinding

In the current study, randomization of the par-
ticipants was performed using a computerized 
method, maintaining a balanced 1:1 allocation 
ratio. An independent statistician who was not 
involved in the recruitment of participants gener-
ated a random allocation sequence. The sequence 
was obtained using a web-based platform. To 
maintain allocation concealment, sealed opaque 
envelopes containing allocation details were used. 
Participants were then assigned to their respective 
intervention groups by a different researcher, ac-
cording to the established sequence. To eliminate 
assessment bias, blinding of the outcome assessor 
was strictly maintained throughout the duration of 
the study. Patients were informed that the discom-
fort could be caused by the pads and not by the 

pRF current. Thus, it was ensured that the patients 
did not know whether symptoms such as redness 
or paresthesia were caused by the current or the 
pad. In addition, patients were treated separately, 
and we aimed to mask any symptoms, such as mild 
warming, burning, and redness, in the active elec-
trode group. The investigators who assessed the 
patients at the three-month follow-up and those 
who analyzed the data were also blinded.

Intervention

Non-invasive Pulsed Radiofrequency Procedure
We used a transcutaneous electrode-compati-
ble pRF generator (TOP Lesion Generator TLG-10 
Sluijter Teixeira Pulse [STP], Equip Medikey BV, 
the Netherlands) and 44×98 mm transcutaneous 
neurostimulation electrodes (Equip, FIAB SPA, Via 
P. Costoli, Italy). For each patient, the device was 
first applied to the right lower extremity, and then 
to the left lower extremity. One of the electrodes 
was placed on the posterior tibial nerve tract at the 
level of the medial malleolus, and the other on the 
opposite lateral malleolus. The RF transducer was 
operated in silent mode to prevent the patients 
from knowing whether the device was active or 
inactive. The electrodes were placed on both feet 
for 8 min each. The treatment group received a pRF 
(80 volts, 2 Hz, 20 ms). The sham group did not re-
ceive a pRF current. Each patient underwent two 
sessions with a one-week interval (The treatment 
was depicted in Fig. 2).

Figure 2.	Electrode placement and RF transducer device.
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Assessment

All patients were assessed using the VAS and Self-
Leeds Assessment of Neuropathic Symptoms and 
Signs (S-LANSS) scores before and at 1 and 3 months 
after treatment. The VAS is a psychometric response 
scale that is commonly used in pain assessment. It 
measures the intensity of the pain experienced by 
a patient on a continuum. The scale is typically a 10 
cm line anchored by two descriptors representing 
the extremes of ‘no pain’ and ‘worst imaginable pain.’ 
Patients marked a point on the line corresponding 
to their pain level, which was then measured and 
recorded. The S-LANSS score is used to identify pain 
of predominantly neuropathic origin. It is based on 
patient self-reports and includes questions about 
pain quality and the presence of sensory abnormali-
ties in the area of pain. S-LANSS assesses parameters 
such as pain location, pain characteristics (e.g., burn-
ing, tingling), autonomic changes (e.g., sweating, 
flushing), evoked pain (e.g., touch or pressure), and 
sensory dysfunction.[6] The presence of these symp-
toms and signs contributes to a score that indicates 
a neuropathic component of pain above a certain 
threshold. Our primary objective was to determine 
the effect of treatment on pain intensity, specifically 

using VAS scores from baseline to 12-week change. 
Our secondary objectives were to examine the ef-
fect of treatment on neuropathic pain using the 
S-LANSS score, and to reveal procedure-related ad-
verse events.

Statistical Analyses

Sample calculation was performed by G*Power soft-
ware. The effect size is 0.917, α=0.05, and power (1-
β)=0.95. For each group, 27 participants were identi-
fied. The four-week resting pain VAS score (mean and 
standard deviation values) of Taverner et al.[7] was 
used for analysis.

All analyses were conducted using Jamovi Proj-
ect (2022, Jamovi Version 2.3, Computer Software, 
https://www.jamovi.org). The findings of this study 
are expressed as frequencies and percentages. 
Normality analysis was performed using the Sha-
piro-Wilk test, skewness, kurtosis, and histograms. 
Normally distributed variables are presented as 
means and standard deviations (SD). Categorical 
variables were compared using the chi-squared 
test. Numerical dependent variables were com-
pared between the groups using an independent 

Table 1. Demographic data, between and within group analyses of VAS and S-LANSS scores

Treatment Group Sham Group

Mean±SD Median 
(min–max)

Mean rank Mean±SD Median 
(min–max)

Mean rank Test st. p*

Age 58.9±8.4 59 (36–75) 57.9±8.2 60 (40–60) 0.439 0.662a

Gender, n (%) 20 (69) 0.283b

Female 15 (51.7) 9 (31)

Male 14 (48.3)

VAS

Basal 8.3±1.2 8 (6–10) 2.84 7.5±1.8 8 (5–10) 2.00 1.712 0.078c

Week 4 4.4±2.3 4 (0–10) 1.19 6.9±2.2 7 (2–10) 1.83 4.195 <0.001c

Week 12 5.9±2 6 (2–10) 1.97 7.5±1.7 8 (5–10) 2.17 3.093 0.002c

p** <0.001 0.114

SLANSS

Basal 16.4±4.2 16 (8–24) 2.72 18.6±7 19 (6–38) 2.10 1.712 0.087c

Week 4 9.3±5.8 8 (0–24) 1.24 17.4±6.7 19 (6–30) 1.90 3.763 <0.001c

Week 12 12.9±5.7 12 (2–25) 2.03 18.1±6.4 19 (6–30) 2.00 3.092 0.002c

p** <0.001 0.223
p*: A Independent Samples t-Test; b: Chi-Square Fischer Exact Test; c: Mann-Whitney U-test. p**: Friedman test; SD Standard deviation; VAS Visual Ana-
log Scale; S-LANSS: Self-Leeds Assessment of Neuropathic Symptoms and Signs Pain Score.
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sample t-test. Repeated measures with normal 
distribution, such as VAS and S-LANSS scores, were 
analyzed using a two-way ANOVA. Statistical sig-
nificance was set at p<0.05.

Results

In total, 140 patients with DSPN were screened for 
eligibility. Sixty-four patients who met the inclusion 
criteria were included in this study. Since six patients 
were lost to follow-up, fifty-eight participants com-
pleted the 12 weeks of follow-up.

No significant differences in age, sex, or baseline 
scale scores were observed between groups.

The VAS and S-LANSS scores were compared be-
tween the groups. No differences were found in 
baseline measurements. However, at 4 and 12 weeks, 
the treatment group showed a significant improve-
ment in both scale scores compared with the control 
group (p<0.001, p=0.002) (Table 1).

We analyzed changes in the VAS and S-LANSS scores 
of both groups over time. The treatment group 
showed a significant decrease in VAS and S-LANSS 
scores at 4 and 12 weeks compared with baseline 
(p<0.001). The change in both scale scores was ana-
lyzed using Bonferroni correction. A significant dif-
ference was found in the VAS and S-LANSS scales 
measured at three different times in the treatment 
group (p values respectively; basal-4 week, 4-12 
week, basal-12 weeks; VAS: p<0.001, 0.009, 0.002; S-
LANSS: p<0.001, 0.008, 0.026) (Table 1, Fig. 3).

The sham group showed a moderate decrease in the 
VAS and S-LANSS scores at week 4, but this was not 
statistically significant. By week 12, both scores had 
returned to baseline values. No statistical difference 
was found between the VAS and S-LANSS scores 
measured at the three different time points in the 
sham group (Table 1, Fig. 3).

The number of patients with at least 50% reduction 
in pain was analyzed. This rate was 66% at four weeks 
and 22.2% at 12 weeks in the treatment group. In 
the sham group, 11.1% pain reduction was seen at 
week 4, while none at week 12. The treatment group 
showed mild hyperaemia in seven participants, but 
no serious adverse effects were observed.

Discussion

NipRF treatment provided effective analgesia for 
neuropathic pain, with significant improvements 
in S-LANSS and VAS scores compared to the sham 
group at weeks 4 and 12 in our study. In addition, 
while providing this improvement, transient mini-
mal side effects were observed that did not require 
treatment.

PTN is the main nerve that provides sensations to the 
heel and sole of the foot. PTN divides into the medial 
plantar, lateral plantar, and medial calcaneal nerves, 
and the branches provide sensory innervation to the 
entire sole and heel area, except for the lateral heel.
[8] Therefore, PTN blockade or pRF therapy has been 
used to treat a variety of conditions such as calcane-

Figure 3.	VAS and S-LANSS changes in Treatment and Sham 
groups.

Black Star: p<0.005 between two time points. x-axis: shows measurement 
times. Blue: basal, Red: 4th week, Green: 12th week. y-axis: scale scores. Up-
per graphic: VAS score, lower graphic: S-LANSS score.



October 2025206

PAINA RI

al spur and plantar fasciitis, which cause pain in the 
sole and heel.[9,10] To our knowledge, pRF via cannula 
or transcutaneous electrodes on the PTN has never 
been studied for the treatment of diabetic neuro-
pathic pain (DNP). This is the first study to evaluate 
NipRF therapy for the treatment of diabetic neuro-
pathic pain.

In the non-drug treatment of DNP, methods such as 
transcutaneous electrical nerve stimulation (TENS) 
therapies, sympathetic blockade, botulinum toxin, 
and surgical decompression are used. Pain symp-
toms are improved by surgical decompression of the 
peripheral nerves in the treatment of DNP.[1] Dellon 
et al.[11] followed 628 patients with DM who under-
went medial and lateral plantar nerve decompres-
sion with PTN branches for 3.5 years; a significant de-
crease in VAS scores was observed over this period. 

Electrotherapy methods applied in the form of low- 
and high-frequency TENS have been reported by the 
authors as effective methods for the treatment of 
DNP.[12,13] The effects of TENS are explained by gate 
control theory and endorphin release, which are par-
tially similar to pRF.[14]

NipRF (500 kHz) is an electrical stimulation therapy 
that is capable of reaching deeper tissues than TENS 
(150 kHz). Consequently, it has greater neuromodu-
lation ability.[15,16] The system is based on the prin-
ciple of transmitting pRF current generated from a 
transducer to biological tissues through electrodes 
attached to the skin with a cable connection.

Our aim was to reduce neuropathic plantar pain by 
modulating the PTN, which provides sensory innerva-
tion to this region, with NipRF. pRF is usually applied 
with a needle electrode close to the nerve, but this 
requires ultrasound visualization and is an invasive 
and painful process. The administration method is 
irrelevant, whether transcutaneous electrode or nee-
dle, in neuropathic pain, pRF, which has a complex 
mechanism of action, exerts its effects via biological 
pathways. The modification mechanisms of pRF in 
nociceptive signalling have been included, and occur 
through various mechanisms, such as neurotransmit-
ters, ion channels, postsynaptic receptors, immune 
activity, microglial markers, inflammatory cytokines, 
and intracellular proteins. These microstructural 

changes in the peripheral nerve result in a prolonged 
depression of C-fiber-associated spinal sensitivity, 
consequently blocking the pain signal from the pe-
ripheral nerve to the central nervous system (Fig. 4).[3]

NipRF is a relatively new treatment method with 
limited experience. Favorable results in different 
anatomical locations and pain syndromes have been 
reported for NipRF treatment. In a double-blind pla-
cebo study, Taverner et al.[17] showed a statistically 
significant decrease in VAS scores in the active treat-
ment group with NipRF treatment for knee pain. In 
a retrospective study published by Taverner et al.[18] 
in 2013, NipRF treatment for shoulder pain showed 
a significant reduction in 10 of 15 painful shoulders 
lasting longer than three months. In another dou-
ble-blind, placebo-controlled study by Taverner et 
al.[7] evaluating the efficacy of TPRF for shoulder pain, 
the active electrode group showed improvement at 
12 weeks. In a report of 4 cases by Stall, headache 
frequency decreased in 3 patients with TPRF applied 
from the occipital region.[19] A prospective, double-
blind, placebo-controlled study by Lin et al.[16] com-
pared NipRF with TENS for shoulder pain. Treatment 
in the NipRF group was found to be significantly 
more effective and comfortable than in the TENS 
group at weeks 4 and 12. Ilfeld reported two case se-
ries using a portable ambulatory pRF device to treat 
post-amputation residual limb and postoperative 
pain after amputation. Continuous pRF current was 
delivered for 30 days, and pain was reduced to the 
point where opioids were no longer required.[20,21]

In our study, we found that the treatment group 
experienced a 47% improvement in VAS scores at 
week 4 and a 29% improvement at week 12. The cor-
responding rates for S-LANSS scores were 43% and 
21%, respectively. Previous studies on NipRF have 
shown successful results in the treatment of chronic 
migraine and carpal tunnel syndrome. One of these 
studies compared the effectiveness of two sessions 
of NipRF applied to the median nerve trajectory with 
wrist splint therapy in patients with carpal tunnel syn-
drome. Although there was no significant difference 
in the Boston Carpal Tunnel Syndrome Questionnaire 
scores between the groups, a 43% improvement 
was observed at week 4 and a 28% improvement at 
week 12 in the NipRF group.[5] In another study, the 
results of two sessions of NipRF treatment applied to 
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the greater occipital nerve trace in chronic migraine 
were compared with those of a control group with 
greater occipital nerve blockade. After four weeks of 
follow-up, there was no significant difference in the 
VAS scores between the two groups. However, the 
NipRF group showed a 32% improvement at week 
4.[22] When examining the results of these studies, 
similar effectiveness rates were observed.

No serious adverse events were reported. Seven pa-
tients experienced mild redness and burning that re-
solved without treatment. No serious adverse events 
related to electrode-mediated NipRFs have been re-
ported in previous studies.

Unlike conventional RF, which heats up to 70-80°C, 
pRF does not cause thermocoagulation and is con-
sidered safe. Although it is thought to act by neu-
romodulation without causing destruction of nerve 
tissue, Erdine, Podhajsky, and Cahana have shown 
that a pRF current applied at 42–43 degrees causes 
significant destruction of the cellular structure of 
the dorsal root ganglion, sciatic nerve, and thalamic 
neurons.[23–25] In this respect, transcutaneous appli-
cation of pRF via electrodes appears to be safer than 
cannula-mediated application. However, further 
studies are required to compare cannula-mediated 
and transcutaneous electrode-mediated pRF treat-
ments and to draw definitive conclusions.

Figure 4.	Cellular and molecular mechanisms of action of pulsed radiofrequency.
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Limitations

Our study has several limitations. First, the treatment 
period was limited to 2 sessions. Second, the follow-
up period was limited to 12 weeks. Third, although the 
method used to calculate the sample size of the study 
was NipRF treatment with sham and active electrodes, 
the patient group studied was shoulder pain.

Conclusion

In this study, with two sessions of NipRF treatment, 
we observed sustained improvement in diabetic 
neuropathic pain complaints for 12 weeks. pRF via 
transcutaneous electrodes offers non-invasive and 
easy-to-use, effective pain control without serious 
side effects. More frequent use may provide greater 
and longer-lasting pain relief; however, further stud-
ies are needed to confirm this.

Ethics Committee Approval: The University of Health 
Sciences Dışkapı Yıldırım Beyazıt Training and Research 
Hospital Ethics Committee granted approval for this study 
(date: 22.03.2021, number: 107/23).

Informed Consent: Written informed consents were ob-
tained from patients who participated in this study.

Conflict of Interest: The authors declare that there is no 
conflict of interest.

Financial Disclosure: The authors declared that this study 
has received no financial support.

Use of AI for Writing Assistance: Not used.

Authorship Contributions: Concept – GRGP; Design – 
GRGP; Supervision – TA; Resources – MPA; Data collection 
and/or processing – DY; Analysis and/or interpretation – GY; 
Literature search – GY; Writing – GRGP; Critical review – TA.

Peer-rewiew: Externally peer-reviewed.

References

1.	 Xu L, Sun Z, Casserly E, Nasr C, Cheng J, Xu J. Advances in 
interventional therapies for painful diabetic neuropathy: A 
systematic review. Anesth Analg 2022;134:1215–28. [CrossRef ]

2.	 Cosman ER Jr, Cosman ER Sr. Electric and thermal field ef-
fects in tissue around radiofrequency electrodes. Pain Med 
2005;6:405–24. [CrossRef ]

3.	 Sam J, Catapano M, Sahni S, Ma F, Abd-Elsayed A, Visnjevac 
O. Pulsed radiofrequency in interventional pain manage-
ment: Cellular and molecular mechanisms of action - An 
update and review. Pain Physician 2021;24:525–32.

4.	 Lin FY, Huang KF, Chen JC, Lai MF, Ma KH, Yeh CC. The clinical 
application of pulsed radiofrequency induces inflammatory 
pain via MAPKs activation: A novel hint for pulsed radiofre-
quency treatment. Int J Mol Sci 2021;22:11865. [CrossRef ]

5.	 Perdecioğlu GRG, Ateş MP, Yürük D, Can E, Yıldız G, Akkaya 
ÖT. A new neuromodulation method in chronic migraine; 
non-invasive pulsed radiofrequency, a single-blinded, ran-
domised, controlled trial. Ir J Med Sci 2024;193:1487–93. 
[CrossRef ]

6.	 Koc R, Erdemoglu AK. Validity and reliability of the Turk-
ish Self-administered Leeds Assessment of Neuropathic 
Symptoms and Signs (S-LANSS) questionnaire. Pain Med 
2010;11:1107–14. [CrossRef ]

7.	 Taverner M, Loughnan T. Transcutaneous pulsed radiofre-
quency treatment for patients with shoulder pain booked 
for surgery: A double-blind, randomized controlled trial. 
Pain Pract 2014;14:101–8. [CrossRef ]

8.	 Shah A, Morris S, Alexander B, McKissack H, Jones JR, Ted-
der C, et al. Landmark technique vs ultrasound-guided ap-
proach for posterior tibial nerve block in cadaver models. 
Indian J Orthop 2020;54:38–42. [CrossRef ]

9.	 Ritt MWJ, Koning H, van Dalen BV, Ter Meulen BC. Tibial 
nerve block as treatment of chronic foot pain. Anesth Pain 
Med 2023;13:e131180. [CrossRef ]

10.	Wu YT, Chang CY, Chou YC, Yeh CC, Li TY, Chu HY, et al. 
Ultrasound-guided pulsed radiofrequency stimulation 
of posterior tibial nerve: A potential novel intervention 
for recalcitrant plantar fasciitis. Arch Phys Med Rehabil 
2017;98:964–70. [CrossRef ]

11.	Dellon AL, Muse VL, Scott ND, Akre T, Anderson SR, Bar-
ret SL, et al. A positive Tinel sign as predictor of pain relief 
or sensory recovery after decompression of chronic tibial 
nerve compression in patients with diabetic neuropathy. J 
Reconstr Microsurg 2012;28:235–40. [CrossRef ]

12.	Stein C, Eibel B, Sbruzzi G, Lago PD, Plentz RD. Electrical 
stimulation and electromagnetic field use in patients with 
diabetic neuropathy: Systematic review and meta-analysis. 
Braz J Phys Ther 2013;17:93–104. [CrossRef ]

13.	Naderi Nabi B, Sedighinejad A, Haghighi M, Biazar G, Hash-
emi M, Haddadi S, et al. Comparison of transcutaneous 
electrical nerve stimulation and pulsed radiofrequency 
sympathectomy for treating painful diabetic neuropathy. 
Anesth Pain Med 2015;5:e29280. [CrossRef ]

14.	Vance CG, Dailey DL, Rakel BA, Sluka KA. Using TENS 
for pain control: The state of the evidence. Pain Manag 
2014;4:197–209. [CrossRef ]

15.	Teplan M, Kukučka M, Ondrejkovičová A. Impedance anal-
ysis of acupuncture points and pathways. J Phys Conf Ser 
2011;329:012034. [CrossRef ]

16.	 Lin ML, Chiu HW, Shih ZM, Lee PY, Li PZ, Guo CH, et al. Two 
transcutaneous stimulation techniques in shoulder pain: 
Transcutaneous pulsed radiofrequency (TPRF) versus trans-
cutaneous electrical nerve stimulation (TENS): A comparative 
pilot study. Pain Res Manag 2019;2019:2823401. [CrossRef ]

17.	Taverner MG, Ward TL, Loughnan TE. Transcutaneous 
pulsed radiofrequency treatment in patients with pain-
ful knee awaiting total knee joint replacement. Clin J Pain 
2010;26:429–32. [CrossRef ]

18.	Taverner MG, Loughnan TE, Soon CW. Transcutaneous ap-
plication of pulsed radiofrequency treatment for shoulder 
pain. Pain Pract 2013;13:310–5. [CrossRef ]

https://doi.org/10.1213/ANE.0000000000005860
https://doi.org/10.1111/j.1526-4637.2005.00076.x
https://doi.org/10.3390/ijms222111865
https://doi.org/10.1007/s11845-023-03598-x
https://doi.org/10.1111/j.1526-4637.2010.00837.x
https://doi.org/10.1111/papr.12059
https://doi.org/10.1007/s43465-019-00012-6
https://doi.org/10.5812/aapm-131180
https://doi.org/10.1016/j.apmr.2017.01.016
https://doi.org/10.1055/s-0032-1306371
https://doi.org/10.1590/S1413-35552012005000083
https://doi.org/10.5812/aapm.29280
https://doi.org/10.2217/pmt.14.13
https://doi.org/10.1088/1742-6596/329/1/012034
https://doi.org/10.1155/2019/2823401
https://doi.org/10.1097/AJP.0b013e3181d92a87
https://doi.org/10.1111/j.1533-2500.2012.00582.x


Non-invasive peripheral nerve neuromodulation in diabetic neuropathic pain

October 2025 209

19.	Stall RS. Noninvasive pulsed radio frequency energy in the 
treatment of occipital neuralgia with chronic, debilitating 
headache: A report of four cases. Pain Med 2013;14:628–
38. [CrossRef ]

20.	Ilfeld BM, Said ET, Abdullah B, Finneran Iv JJ. Treating 
intractable postamputation pain with noninvasive, 
wearable, nonthermal, pulsed shortwave (radiofre-
quency) therapy: A 12-patient case series. Am J Case Rep 
2022;23:e937549. [CrossRef ]

21.	 Ilfeld BM, Said ET, Gabriel RA, Curran BP, Swisher MW, Ja-
cobsen GR, et al. Wearable, noninvasive, pulsed shortwave 
(radiofrequency) therapy for analgesia and opioid sparing 
following outpatient surgery: A proof-of-concept case se-
ries. Pain Pract 2023;23:553–8. [CrossRef ]

22.	Genç Perdecioğlu GR, Panpallı Ateş M, Yürük D, Akkaya ÖT. 

Neuromodulation of the median nerve in carpal tunnel 
syndrome, a single-blind, randomized controlled study. 
Korean J Pain 2024;37:34–40. [CrossRef ]

23.	Cahana A, Vutskits L, Muller D. Acute differential modula-
tion of synaptic transmission and cell survival during ex-
posure to pulsed and continuous radiofrequency energy. J 
Pain 2003;4:197–202. [CrossRef ]

24.	Erdine S, Yucel A, Cimen A, Aydin S, Sav A, Bilir A. Effects 
of pulsed versus conventional radiofrequency current 
on rabbit dorsal root ganglion morphology. Eur J Pain 
2005;9:251–6. [CrossRef ]

25.	Podhajsky RJ, Sekiguchi Y, Kikuchi S, Myers RR. The histo-
logic effects of pulsed and continuous radiofrequency le-
sions at 42 degrees C to rat dorsal root ganglion and sciatic 
nerve. Spine (Phila Pa 1976) 2005;30:1008–13. [CrossRef ]

https://doi.org/10.1111/pme.12078
https://doi.org/10.12659/AJCR.937549
https://doi.org/10.1111/papr.13188
https://doi.org/10.3344/kjp.23232
https://doi.org/10.1016/S1526-5900(03)00554-6
https://doi.org/10.1016/j.ejpain.2004.07.002
https://doi.org/10.1097/01.brs.0000161005.31398.58

