
INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common 
compressive neuropathy and is defined as median nerve 
compression under the transverse carpal ligament. Fe-
male sex, pregnancy, and obesity are considered possible 
risk factors. It manifests as numbness, tingling, or burn-

ing in the second and third fingers and palm and is usu-
ally exacerbated at night [1].

In treatment, oral anti-inflammatory, analgesic, immo-
bilization via splinting, physical and occupational thera-
pies, oral corticosteroids, ultrasound, and interventional 
methods include corticosteroid injection and median 
nerve decompression are employed [2].

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Pain Society

Korean J Pain 2024;37(1):34-40
https://doi.org/10.3344/kjp.23232

pISSN 2005-9159, eISSN 2093-0569

Received August 8, 2023; Revised September 20, 2023; Accepted September 21, 2023

Handling Editor: Jong Yeon Park

Correspondence: Gevher Rabia Genç Perdecioğlu
Department of Algology, Etlik City Hospital, Varlık Avenue, Halil Sezai Erkut Street Etlik Keçiören/ANKARA 06170, Turkey
Tel: +90 5332009184, Fax: +90 03125962000, E-mail: gevhergenc@gmail.com

Clinical Research Article

Neuromodulation of the median nerve in carpal 
tunnel syndrome, a single-blind, randomized 
controlled study
Gevher Rabia Genç Perdecioğlu1, Mehlika Panpallı Ateş2, Damla Yürük1, and Ömer Taylan Akkaya1

1Department of Algology, Etlik City Hospital, Ankara, Turkey 
2Departmant of Neurology, Etlik City Hospital, Ankara, Turkey

Background: This study aimed to evaluate the efficacy of pulsed radiofrequency applied using transcutaneous 
electrodes in carpal tunnel syndrome (CTS).
Methods: After randomization, the patients received two cycles of noninvasive pulsed radiofrequency (NiPRF), once 
weekly, or splinting (the control group) for three months. Clinical evaluations were recorded at baseline and weeks 4 
and 8. The Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) was used to determine the functional status and 
symptom severity.
Results: Sixty-two patients were followed up for three months. There was no difference between the groups in 
the BCTQ scores before and after treatment. The NiPRF group found a significant difference between the BCTQ 
measurements at all time intervals (paired sample t-test; P < 0.001). In the splint group, there was a significant 
difference only between the basal-1st month and basal-3rd month (paired samples t-test; P < 0.001). The main 
effect of the time variable was statistically significant (ANOVA; P < 0.001), but the group variable was not. There was 
no correlation between the BCTQ results measured at any time and the electroneuromyelogragphy findings in either 
group.
Conclusions: NiPRF effectively improves symptoms and functionality in patients with CTS for up to 3 months. Thus, 
NiPRF can be considered an easy, safe, and useful alternative treatment modality for CTS.
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Splinting is the first treatment step. It reduces pressure 
in the carpal tunnel by inhibiting wrist flexion and fixing 
the wrist in a neutral position [3]. The American Academy 
of Orthopedic Surgeons recommends immobilization 
(corset/splint/orthosis) as a first-line treatment (strong 
evidence) [4].

Pulsed radiofrequency (PRF) is an effective interven-
tional pain management technique. PRF relieves pain 
without causing nerve damage, unlike traditional radio-
frequency (RF) applications that conduct heat up to 42°C 
and apply a constant high temperature of 60°C–80°C [5]. 
PRF is a neuromodulatory method, although the exact 
mechanism of action remains unclear. It causes a change 
in neural cellular substrates by eliciting electric field ef-
fects such as electrolyte balance and current density [6]. 
As a result of changes in ion channels, excitatory amino 
acids, and microglial activity, inflammatory cytokines are 
suppressed, and endogenous opioids increase[7,8]. In 
diabetic neuropathic rodents, PRF decreases glutamate 
levels in synaptic terminals [9]. Consequently, hyperalge-
sia and allodynia decreased with PRF.

Experience with noninvasive pulsed radiofrequency 
(NiPRF) in CTS has been limited in the literature. It is 
recommended for use in cases that do not respond to lo-
cal corticosteroids [2]. Recent data have shown that PRF 
effectively affects compressive neuropathy of the median 
nerve [10–12].

In the NiPRF method, the electrodes transmit RF cur-
rent through the skin to neural tissues. It is advantageous 
as a noninvasive and easily applicable method. NiPRF is 
effective for knee and shoulder pain as well as for head-
ache [13–18].

This study aimed to evaluate the efficacy of NiPRF 
in patients with CTS. Pain scores were compared over 
time in patients who underwent NiPRF and splinting. 
The results show that NiPRF is an effective treatment for 
improving symptoms and function in CTS. Thus, NiPRF 
may be considered a new and safe therapeutic option for 
treating CTS.

MATERIALS AND METHODS

This study was a single-blind, randomized, controlled 
trial. Approval of Dışkapı Yıldırım Beyazıt Training and 
Research Hospital Ethics Committee was obtained on 
28.06.2021 (Decision no: 114/13, Clinical Trial Register 
Number: NCT05500079). A computer-assisted random-
ization program was used to categorize the patients into 
groups. Data were collected by researchers who managed 

the treatment and control process. They passed the pa-
tient records, without specifying the type of treatment, as 
group 1 and group 2 to the blinded investigator who ana-
lyzed the data.

1. Participants

From December 2022 to March 2023, 96 adult patients 
with CTS confirmed by electromyography were admitted 
to the outpatient pain clinic. The sample size was based 
on primary outcomes and calculations performed with 
the G*Power 3.1.9.4 software program [19,20] with an ef-
fect size of 0.854, α = 0.05, and power of (1 - β) = 0.95. A 
total of 36 individuals were included in each group. In 
this analysis, the fourth week visual analogue scale (VAS) 
scores (mean and standard deviation) of the study by 
Chen et al. [11] was used for the sample size calculation 
of this study.

Inclusion criteria were age between 18–65 years, di-
agnosis of CTS confirmed by electroneuromyelography 
(ENMG), and body mass index of 20–45. The exclusion 
criteria were severe tenor region atrophy, pregnancy, ma-
lignancy, previous median nerve surgery/trauma, steroid 
injection into the median nerve within six months, and 
polyneuropathy.

The study design is depicted in Fig. 1.

2. Intervention

Transcutaneous electrodes were applied in the NiPRF 
group and a neutral wrist splint in the control group. For 
NiPRF treatment, a transcutaneous electrode-compatible 
PRF generator (TOP Lesion Generator; model: TLG-10) 
and 44 × 98 mm neurostimulation electrodes (TCPRF/
TCSTP Transcutaneous Electrode; TOP Corporation; 
FIAB SPA Italy) were used. These electrodes were placed 
on the volar and dorsal wrists, as shown in Fig. 2. Pa-
tients received 80 volts with two pulses per second dur-
ing treatment and 20 ms PRF current for 8 minutes. This 
treatment was repeated twice, with a one-week interval 
between the sessions.

A neutral wrist splint was prescribed to each partici-
pant for splinting. The patients were asked to wear the 
splint every night for 6 hours and at active times of the 
day for 12 weeks.

3. Outcome measurements

The primary outcome was the detection of temporal 
changes and the main effect of the group and time on 
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Boston Carpal Tunnel Syndrome Questionnaire (BCTQ) 
scores. Patients' symptoms and functionalities were 
evaluated using the BCTQ scores before as well as 1 and 
3 months after treatment. The results were statistically 
compared between the two groups. The main effect of 
the treatment group and time variables were analyzed, 
and the difference between the times was evaluated us-
ing comparative statistics. The secondary outcome was to 
assess the correlation between ENMG and BCTQ scores 
before and after treatment. All patients were classified as 

having mild-moderate-severe CTS by ENMG before treat-
ment. Correlation analysis between the BCTQ baseline – 
BCTQ 1st month change and BCTQ baseline – BCTQ 3rd 
month change were performed.

4. Statistical analyses

All analyses used the Jamovi project (2022, Jamovi Ver-
sion 2.3, Computer Software). The findings of this study 
are expressed as frequencies and percentages. Normal-

CTS patient assessed confirmed by ENMG

Randomization (n = 74)

Excluded (n = 22)
Not meeting inclusion criteria (n = 19)
Declined to participate (n = 3)

Allocated to intervention group NiPRF (n = 38)

First assessment BCTQ scale application
Before treatment

NiPRF adminstration
Week 1
Week 2

Splinting
For 12 weeks

Follow-up
Week 4

eekW 12

BCTQ scale application
Week 4: 38 participants were evaluated
Week 12: 36 participants were evaluated

Excluded (n = 2)
Unfollowed participants at week 12 (n = 2)

BCTQ scale application
Week 4: 34 participants were evaluated
Week 12: 26 participants were evaluated

Excluded (n = 10)
Unfollowed participants at week 12 (n = 1)
Did not adapt to splinting (n = 9)

Analysed (n = 36) Analysed (n = 26)

Allocated to control group splint (n = 36)

Fig. 1. Flowchart diagram. CTS: 
carpal tunnel syndrome, ENMG: 
electroneuromyelography, NiPRF: 
noninvasive pulsed radiofrequency, 
BCTQ: Boston Carpal Tunnel Syn-
drome Questionnaire.

A B

Fig. 2. Localization of the transcu-
taneous patch administration. (A) 
Volar wrist electrode application. 
(B) Dorsal wrist electrode applica-
tion.
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ity analysis was performed using the Shapiro–Wilk test, 
skewness kurtosis, and histograms. Normally distributed 
variables are presented as means and standard deviation 
(SD). Categorical variables were compared using the chi-
squared test. Numerical dependent variables were com-
pared between the groups using an independent sample 
t-test. Repeated measures with normal distribution, such 
as the BCTQ scores, were analyzed using a two-way anal-
ysis of variance (ANOVA). The correlation was analyzed 
with bivariate Pearson and Sperman's correlation coef-
ficient tests. Statistical significance was set at P < 0.05.

RESULTS

Sixty-two patients completed the third month of follow-
up in this study. Twelve patients were excluded from the 
study. Nine patients reported mild hyperemia during the 
study period in the NiPRF group.

Table 1 shows that the two groups' demographic data 
and baseline, first- and third-month BCTQ scores were 
comparable.

There was no difference in age or sex between the two 
groups (independent samples t-test, chi-square test). 
Each group had similar pre-treatment BCTQ scores (P = 
0.207; independent sample t-test).

We compared the BCTQ scores at baseline and at the 
first and third months after treatment, within and be-
tween the two groups. The independent samples t-test, 
paired samples test, and ANOVA were used for analysis.

1. Primary outcome

The change in the BCTQ scores over time was evaluated. 
In the NiPRF group, a 43% decrease in scale score was ob-
served in the first month and a 28% decrease in the third 
month. There was a statistically significant difference 
between the BCTQ scores measured three times in the 
NiPRF group (mean BCTQ 0–1 month: 25.02, 0–3 month: 
16.70, 1–3 month: –8.32, P < 0.001; paired samples test).

In the splint group, according to the BCTQ score, a 25% 
reduction was observed in the first and third months. 
There was a statistically significant difference between 
the BCTQ scores measured at baseline and in the third 
month. Nevertheless, no difference was detected at the 
first and third months in the splint group (mean BCTQ 
0–1 month: 13.30, 0–3 month: 13.26, 1–3 month: –0.03; P 
< 0.001, P < 0.001, P = 0.974; paired samples test).

No significant difference was found between the two 
groups in the BCTQ scores at any time point (independent 
sample t-test).

The Generalized Linear Model and ANOVA were used 
to analyze the main effects of time and group variables 
on BCTQ change. The main effect of time was found to 
be statistically significant (Wald χ2 = 5.258, SD = 2, P < 
0.001). The group variable had no significant effect on 
the change in the main BCTQ. In other words, there was 
no significant difference between the groups (Wald χ2 = 
0.017, SD = 1, P = 0.897) (Table 2).

The main effect of time on BCTQ change was signifi-
cant, and the BCTQ scores measured at three different 

Table 1. Demographic values and comparison statistics

Variable  NiPRF (n = 36) Splint (n = 26) Test stat P value

Age 49.22 ± 11.66      49 (19–70) 48.26 ± 9.02      47.50 (32–70) 1.27 0.207a

Sex
      Female 29 (80.6) 18 (69.2) 0.370b

      Male   7 (19.4)   8 (30.8)
ENMG 
      Mild 13   4 0.125b

      Moderate 21 18
      Severe   2   4
BCTQ scores
     Basal 60.13 ± 15.06      60 (23–86) 55.03 ± 16.13      52.50 (30–83) 1.27 0.207a

     1 mo 34.38 ± 12.93      30.50 (15–66) 41.73 ± 17.95      39 (11–82) –1.87 0.066a

     3 mo  43.11 ± 17.41      42.50 (15–81) 41.76 ± 15.68      39.50 (14–82) 0.31 0.756a

Values are presented as mean ± standard deviation, median (min-max), number (%), or number only.
NiPRF: noninvasive pulsed radiofrequency, ENMG: electroneuromyelography, BCTQ: Boston Carpal Tunnel Syndrome Questionnaire.
aIndependent samples t-test, bChi-square Fisher exact test.
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times were compared using multiple comparison tests. 
There was a difference of 19.529 between the pre-treat-
ment and first-month post-treatment BCTQ scores, and 
the pre-treatment BCTQ score was higher than that in the 
first month. This difference was statistically significant 
(P < 0.001). There was a difference of 15.149 between the 
pre-treatment and third-month BCTQ scores; again, the 
first-month measurements were higher. This difference 
was statistically significant (P < 0.001). The decreases 
obtained in the first- and third-month BCTQ measure-
ments after treatment were statistically significant. When 
the first- and third-month BCTQ scores were compared, 
there was a difference of 4.380, and the second-month 
scores were low. This difference was also statistically sig-
nificant (P = 0.001) (based on estimated marginal means 
and Bonferroni corrections) (Tables 3, 4).

2. Secondary outcome

There was no correlation between BCTQ baseline mea-
surements and ENMG results of patients before treatment 
(Pearson's P = 0.115). No correlation was found between 
the BCTQ baseline-BCTQ 1st month changes, BCTQ 
baseline-BCTQ 3rd month changes, and ENMG in either 
group (NiPRF group: Spearman’s correlation, P = 0.347 
and 0.497, Splint group: Sperman, P = 0.769 and 0.061).

DISCUSSION

To the authors’ knowledge, this is the first report of an 
NiPRF treatment for CTS. The results in the NiPRF group 
were similar to those in the splint group. The splint was 
chosen for the control group because it is a method with 
a strong level of evidence recommended in first-line care 
[4,21].

The effectiveness of NiPRF in pain management was 
first discussed in a case report [13]. Taverner et al. [14–16] 

reported favourable results for treating knee and shoul-
der pain . Stal examined headaches in a case series [17]. 
Recently, Lin et al. [18] compared NiPRF and transcuta-
neous electrical nerve stimulation methods for managing 
shoulder pain. All studies reported significant improve-
ments in pain scores within the first month after treat-
ment; however, the third-month results varied [14–16,18].

The advantage of NiPRF is that it is noninvasive, pain-
less, and easily applicable. No statistically significant dif-
ference was found between the decrease in BCTQ scores 
of patients who wore a splint every night for three months 
and patients who received only two 8-minute NiPRF 
treatments. Although the difference was not statistically 
significant, the decrease in the BCTQ scores in the NiPRF 
group was more significant than that in the splint group.

During the study period, nine patients left the control 
group because they could not fully adapt to splinting and 
switched to different treatment methods. In the NiPRF 
group, all patients participated in the treatment sessions, 
but only two patients could not be reached for the third-
month control and were excluded from the data pool. 
Although splinting is an effective treatment without side 
effects, especially in the short term, it may cause patient 
non-compliance owing to the discomfort it creates. With 
NiPRF, only nine patients had mild hyperemia and did 
not require treatment. The patient did not experience any 

Table 2. Analysis the main effect of group and time variables 
on BCTQ scores

Variable Wald χ2 SD P value

Group 0.017 1 0.897
Time 5.258 2 < 0.001
Group * Time 5.067 2 0.079

Wald chi-square test. Dependent variable is BCTQ scores. Intercept 
model: Group, Time, Group * Time.
BCTQ: Boston Carpal Tunnel Syndrome Questionnaire, SD: standard 
deviation.

Table 3. Analysis of changes in BCTQ scores by the time 
between groups 

Variable BCTQ F P value
Partial 

Eta 
squared

Time Basal–1 mo 198.41 < 0.001 0.768
1 mo–3 mo 15.6 < 0.001 0.206

Time * Group Basal–1 mo 20.13 < 0.001 0.251
1 mo–3 mo 15.33 < 0.001 0.204

Two-way repeated measures ANOVA.
BCTQ: Boston Carpal Tunnel Syndrome Questionnaire, Group: noninva-
sive pulsed radiofrequency or splint group.

Table 4. Multiple comparison analysis between times

BCTQ time Mean 
difference Standard error P value

Basal–1 mo 19.529 1.386 < 0.001
1 mo–3 mo 15.149 1.426 < 0.001
2 mo–3 mo –4.380 1.109 0.001

Adjustment for multiple comparisons: Bonferroni.
BCTQ: Boston Carpal Tunnel Syndrome Questionnaire.
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tolerance problems.
Recently, articles have focused on PRF treatment with 

needle electrodes applied to the median nerve. Haider 
et al. [10] applied ultrasound-guided PRF to the median 
nerve and reported a 70% reduction in pain over a 12-
week follow-up period. Chen et al. [11] treated one group 
with PRF and splinting and the other with splinting only. 
Significant improvements in VAS and BCTQ scores were 
detected in the intervention group at all follow-up peri-
ods compared with the controls. Celenlioglu et al. [12] 
compared steroid injection and PRF in CTS and found no 
differences between the two groups.

Electrophysiological evaluation is necessary to classify 
and differentially diagnose CTS. BCTQ assesses symptom 
severity and functionality and is easy to apply. The corre-
lation between these two tests has been previously stud-
ied, and in the literature, three studies found no correla-
tion between ENMG and BCTQ, one study found a weak 
correlation, and one study found a significant correlation 
[22–26].

Our results were in line with the literature. There 
was no correlation between baseline BCTQ scores and 
ENMG. There was also no correlation between the rate 
of improvement in BCTQ scores after treatment and the 
ENMG. In other words, neither the symptoms' severity 
nor the treatment response correlated with ENMG find-
ings.

As mentioned above, PRF produces neuromodulation 
by several mechanisms in the central and peripheral ner-
vous system [7]. If the device is compatible, PRF currents 
from the same transducer can be delivered to the tissue 
via needle or transcutaneous electrodes [13–18]. Because 
the needle electrode is inserted into deeper tissue, it can 
reach deep nerves. However, transcutaneous electrode 
PRF may have a higher potential in peripheral neuropa-
thies where nerves are superficial.

This study had several limitations. First, the patients 
were followed up for three months. No data was ob-
tained to evaluate its long-term effectiveness. Second, the 
number of applications is small. The authors could not 
determine whether there was proportionality between 
the number of applications and effectiveness. Third, a 
possible placebo effect of NiPRF due to the absence of a 
placebo group block cannot be excluded.

In conclusion, NiPRF treatment can provide pain relief 
and functional improvement for up to three months in 
patients with CTS. The advantages of this method are that 
it is a noninvasive, safe, and easy-to-apply method that 
provides pain relief for up to 3 months with only two ap-
plications. More studies are needed for NiPRF to take its 

place in treatment protocols.
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