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ABSTRACT
Aims: The research evaluated the effectiveness between ultrasonography-guided pulsed radiofrequency treatment and steroid 
injection therapy for carpal tunnel syndrome.
Methods: The research included 60 patients who received carpal tunnel syndrome diagnoses. The patients received their 
treatment based on two distinct approaches which formed separate groups: 30 patients who underwent ultrasonography-guided 
injection of 40 mg methylprednisolone acetate and 30 patients who underwent ultrasonography-guided   application of pulsed 
radiofrequency targeting the median nerve at 42°C for 120 seconds. Visual Analog Scale (VAS)  score, Boston Carpal Tunnel 
Scale and physical examination findings were evaluated before treatment, at 1, 3 and 6 months. All patients underwent EMG 
before the procedure and at 6 months. 
Results: At baseline, no significant variations were observed across groups regarding demographic characteristics as well as 
clinical parameters. At the third month, the VAS score decreased to 2.9±1.5 in the RF group while it was still 3.8±2.1 in the 
steroid group (p=0.048). Functional scores of the Boston scale were 1.6±0.7 in the pulsed radiofrequency group and 2.0±0.8 in 
the steroid group (p=0.037). In the electrophysiologic evaluation at the sixth month, motor distal latency was 3.9±0.7 ms in the 
RF group versus 4.3±0.8 ms in the steroid group (p=0.041). The rate of more than 50% improvement in VAS score was 80% in 
the RF group compared to 60% in the steroid group. 
Conclusion: Pulsed radiofrequency therapy delivers superior long-term results than steroid injection does. As a minimally 
invasive method, it should be evaluated before surgery.
Keywords: Carpal tunnel syndrome, median nerve, pulsed radiofrequency treatment, corticosteroid injection, ultrasonography

INTRODUCTION
Carpal tunnel syndrome (CTS) represents the most frequently 
encountered compression neuropathy of the upper limb and 
the most prevalent peripheral nerve entrapment syndrome 
globally, comprising nearly 90% of all nerve entrapment 
conditions.1 Its prevalence in the general population ranges 
from 3-26%, occurring in 7-16% of the adult population.1,2 The 
disease is particularly associated with a threefold increased 
risk in women, reaching up to 6% in women over 40 years of 
age.2,3 CTS develops due to median nerve entrapment within 
the carpal canal, manifesting with clinical features including 
pain, paresthesia, sensory deficits, reduced manual skills and 
muscle weakness.3,4 It stands out as an important occupational 
health problem with its increasing prevalence, especially 
in occupations requiring repetitive wrist movements, 
and creates an annual economic burden of 2.7-4.8 billion 
dollars in the USA.5 Ultrasound-guided minimally invasive 
treatment approaches stand out as an innovative approach 

in the treatment of CTS by mechanically releasing adhesions 
around the nerve and reducing inflammation.6

Although there are several studies in the literature on 
conservative treatment of CTS and minimally invasive 
approaches, there are not enough standardized studies 
directly comparing the efficacy of different treatment 
modalities.2,6 Especially in studies comparing ultrasound-
guided pulsed radiofrequency with steroid injection, data on 
optimal dosages, long-term effects, and efficacy for CTS cases 
of different severity are limited.3,6 Furthermore, additional 
studies are required on the standardization of therapeutic 
manual techniques and comparison of procedures.3,7 This 
highlights the need for comprehensive comparative studies 
to determine the most optimal minimally invasive approach 
for managing CTS and to develop standardized protocols in 
clinical practice.
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METHODS
Ethics
This study has been approved by the Scientific Researches 
Ethics Committee of Adana City Training and Research 
Hospital (Date: 08.05.2025, Decision No: 516). Personal data 
were anonymized and coded and analyzed for maintaining 
patient privacy. Information security was ensured on 
encrypted computers and databases accessible only to the 
study team. The research was performed following the 
Declaration of Helsinki principles and Good Clinical Practice 
standards.

Study Population and Sample
This retrospective comparative study was conducted in 
patients with confirmed CTS diagnosis who were admitted 
to our clinic between June 1, 2024 and October 1, 2024. The 
CONSORT flow diagram in Figure 1 shows the process of 
patient enrollment and allocation and follow-up and analysis. 
After the six-month follow-up period of the last enrolled 
patient was completed in April 2025, the data screening 
process was completed between May 15, 2025 and May 30, 
2025.

Power analysis was conducted to identify a 1.5 point variance 
in Visual Analog Scale (VAS)  scores between groups at 80% 
statistical power with 5% alpha error level, and a minimum of 
28 patients were required for each group. The main outcome 
measure for sample size calculation was the VAS pain score 
at 3 months post-treatment, with an effect size of 0.75 based 
on previous literature. While a total of 56 patients were 
required for both groups, a total of 62 patients were targeted 
considering a 10% probability of missing data. However, 
since 60 eligible patients meeting the appropriate inclusion 
requirements were identified during the research period, this 
study was finalized with 60 participants. The decrease from 

62 to 60 patients (3.2% reduction) did not significantly affect 
the statistical power, which remained above 78%.

The inclusion criteria were as follows: age between 18 to 65 
years, clinical plus electrophysiologic diagnosis of CTS, 
refractory to conservative treatment or first time diagnosis. 
All patients received electrophysiological confirmation 
of CTS diagnosis before enrollment with mild to 
moderate severity according to the American Association of 
Neuromuscular & Electrodiagnostic Medicine (AANEM) 
criteria.8

Exclusion criteria were defined as pregnancy or breastfeeding, 
history of other hand surgery or trauma, bleeding disorder, 
infection, dermatologic disorder, uncontrolled systemic 
diseases, inappropriate anatomical variations and patients 
who could not complete the follow-up period. The established 
criteria served to maintain uniformity in the study participants 
while reducing potential confounding elements that might 
impact treatment results.

The severity of CTS was evenly distributed between groups 
since 40% of patients in the steroid group had mild CTS and 
36.7% in the RF group had mild CTS while 60% in the 
steroid group and 63.3% in the RF group had moderate CTS 
with no significant difference (p=0.793). The VAS score 
between 0-10 was operationally defined as VAS for pain 
intensity assessment, not sleep quality. The Boston Carpal 
Tunnel Scale was operationally defined as validated scales 
assessing functional status and symptom severity.

The study did not receive registration in a clinical trial 
registry because it analyzed routine clinical practice data 
retrospectively. We support the practice of prospective 
registration for all studies including retrospective analyses of 
clinical practice data.

Study Procedures
Data collection was performed by retrospective review of 
patient files and all data were recorded using standardized 
forms. According to the follow-up protocol, patients were 
evaluated at baseline, first month, 3rd month and sixth month 
visits and VAS score, Boston Carpal Tunnel Scale and physical 
examination findings were recorded at each control. EMG was 
routinely performed in all patients before the procedure as 
part of the diagnostic workup to confirm CTS diagnosis and 
determine severity and at 6-month follow-up to assess treatment 
efficacy objectively. Within the scope of the laboratory 
protocol, electromyography evaluations were performed 
by an experienced technician in the electrophysiology unit 
of the hospital using standard techniques and motor distal 
latency, sensory distal latency, nerve conduction velocity and 
amplitude values were measured in millisecond (ms), meter/
second (m/s) and millivolt (mV) units. Ultrasonography 
evaluations were performed with the device available in the 
outpatient clinic and median nerve thickness was measured 
in millimeters (mm). In terms of reliability and validity of the 
data collection tools, test-retest reliability for the VAS for pain 
has been reported in the literature as r=0.94 and Cronbach's 
alpha value for the Boston Carpal Tunnel Questionnaire has 
been reported as 0.91.9,10

Figure 1. CONSORT flow diagram: Retrospective study flowchart showing 
patient enrollment, allocation, and analysis.
CTS: Carpal tunnel syndrome
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Response Protocol
The 60 patients enrolled in the study were retrospectively 
allocated to two groups; 30 patients underwent 
ultrasonography-guided steroid injection and 30 patients 
underwent ultrasonography-guided pulsed radiofrequency 
application. Group assignment was based on physician 
preference during the treatment period. The non-randomized 
allocation method creates selection bias which we discuss as 
a limitation in our discussion section. In both groups, the 
procedures were initiated by first applying local anesthesia 
with 2 ml of 2% prilocaine (Priloc). The median nerve was 
visualized between the proximal and distal lines at the wrist 
level using a linear ultrasonography probe.

In the pulsed radiofrequency group, a 45-degree angle was 
entered between palmaris longus and flexor carpi radialis 
tendons or between palmaris longus and flexor carpi ulnaris 
tendons. After determining median nerve localization within 
the carpal tunnel under ultrasonographic guidance, a 22G 
needle was advanced around that nerve. Intraneural placement 
was excluded and the needle was positioned circumferentially 
without direct contact with the nerve. Pulsed radiofrequency 
was applied at 42°C using 2 Hz frequency with 20 ms pulse 
duration in two 120-second cycles (Figure 2B). In the steroid 
group, the median nerve circumference was localized at a 
45-degree angle between the proximal and distal lines using the 
same ultrasonographic approach. 40 mg methylprednisolone 
acetate was injected around the nerve with a 22 gauge needle. 
Intraneural injection was excluded and care was taken to 
administer the drug into the space around the nerve (Figure 
2A). Figure 2C shows the ultrasonographic visualization of 
the median nerve and surrounding anatomical structures 
during the procedures. Both procedures were performed by 
an experienced physician in an outpatient clinic under sterile 
conditions and lasted an average of 15-20 minutes. After 
the procedure, the patients were kept under observation for 
30 minutes for the development of complications and were 
discharged after confirmation that there was no problem.

Statistical Analysis
The data analysis was conducted with SPSS version 23.0 
software (IBM Corporation, Armonk, New York, United 
States). The conformity of data to normal distribution was 
assessed using Shapiro-Wilk test and p>0.05 was considered as 
normally distributed. Chi-square and Fisher's exact tests were 
utilized to compare categorical variables. Mann-Whitney U 
test was employed for between-group comparisons of non-
normally distributed continuous data and Wilcoxon signed-
rank test was utilized for within-group comparisons. For 
normally distributed data that met sphericity assumptions 
(Mauchly's test p>0.05), analysis of variance for repeated 
measures was applied for repeated measures analysis. For 
non-normally distributed repeated measures data, Friedman 
test was used followed by post-hoc Wilcoxon signed-rank 
tests.

To address multiple comparisons, Bonferroni correction 
was applied for the primary outcomes (VAS score, Boston 
functional score, and Boston symptom severity score), with 
adjusted significance level set at p<0.017 (0.05/3). Missing data 

management was performed with complete case analysis and 
the rate of missing data remained below 5%. Additionally, 
multivariable linear regression analysis was performed to 
adjust for potential confounders including age, gender, BMI, 
symptom duration, and baseline severity. Propensity score 
analysis was considered but not performed due to the small 
sample size and balanced baseline characteristics between 
groups. Subgroup analyses were performed according to age 
and gender factors. p values were calculated with two-tailed 
tests and reported as two-digit for p≥0.01 and three-digit for 
p<0.01. Statistical significance was set at p<0.05 for secondary 
outcomes and p<0.017 for primary outcomes after Bonferroni 
correction. Data are expressed as mean (SD) values.

RESULTS
When demographic data from 60 participants enrolled in our 
research were analyzed, it was observed that both treatment 
groups had similar characteristics. While mean age in the 
steroid group was 52.4 years, the RF group averaged 51.8 years 
with no statistically significant difference between groups 
(p=0.782). When gender distribution was analyzed, female 
patients were significantly superior. The proportion of female 
patients was 73.3% in the steroid group and 80% in the pulsed 
radiofrequency group. Body-mass index values were close to 
each other in both groups and averaged around 28 kg/m². The 
dominant hand was affected in more than half of participants. 
No significant difference was found between groups regarding 
symptom duration before treatment; mean symptom duration 
was around 15 months in both groups (Table 1).

In the detailed clinical evaluation performed in the pre-
treatment period, it was found that the baseline characteristics 
of the groups were homogeneously distributed. VAS scores 
indicating pain intensity were around 7 points in both 
groups, indicating that the patients experienced moderate 

Figure 2. Ultrasound-guided carpal tunnel procedures: (A) Steroid injection 
technique, (B) Pulsed radiofrequency needle placement, (C) Ultrasonographic 
anatomy of the carpal tunnel showing median nerve (N. medyanus) and 
surrounding structures
A.: Artery, Os: Bone
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to severe pain. No statistically significant differences were 
observed between groups in either functional or symptom 
severity subscales of the Boston Carpal Tunnel Scale. Among 
the physical examination findings, Tinel's test positivity 
rate was 86.7% in the steroid group and 90% in the pulsed 
radiofrequency group. Phalen test positivity rates were 
similarly above 80% in both groups. In ultrasonographic 
evaluation, median nerve thickness measurements did not 
differ between the groups with a mean of 12.7 mm (Table 2).

Changes in clinical parameters in the post-treatment follow-
up revealed remarkable findings. At the first month follow-up, 
it was observed that both treatment methods were effective, 
but no significant differences were found between groups. By 
third month, superiority for the pulsed radiofrequency group 
became evident. VAS scores decreased to an average of 2.9 
points in the pulsed radiofrequency group and remained at 
3.8 points for the steroid cohort, and this difference achieved 
statistical significance. A comparable trend was noted in 
functional scores of Boston Carpal Tunnel Scale; the scores 
decreased to 1.6 points in the pulsed radiofrequency group 
and remained at 2.0 points in the steroid group. Symptom 
severity scores also improved significantly in favor of the 
pulsed radiofrequency group (Figure 3).

The physical examination results showed better outcomes 
for both groups as time progressed. The Tinel's test showed a 
significant reduction in positivity from 90% before treatment 
to 30% for the RF group versus 46.7% for the steroid cohort 
during third month. The improvement continued into the 
sixth month when the pulsed radiofrequency group reached 
20% positivity and the steroid group reached 43.3% positivity 
showing a statistically significant between-group difference 
(p=0.048). The Phalen test showed similar decreases in 
positivity rates where the pulsed radiofrequency group reached 

20% at the third month but the steroid group maintained 
40%. The sixth-month measurements showed a decrease to 
13.3% in the pulsed radiofrequency group while the steroid 
group maintained 36.7% positivity with a significant group 
difference (p=0.026). The median nerve thickness measured 
through ultrasonography remained at 12.6-12.8 mm in both 

Table 1. Demographic and clinical characteristics of patients

Feature Steroid group (n=30) RF group (n=30) p value Statistics test

Age (years) 52.4±8.7 51.8±9.2 0.782 Mann-Whitney U

Gender 0.598 Chi-square test

- Female, n (%) 22 (73.3) 24 (80.0)

- Male, n (%) 8 (26.7) 6 (20.0)

BMI (kg/m²) 28.3±4.2 27.9±3.8 0.693 Mann-Whitney U

Dominant hand involvement, n (%) 18 (60.0) 17 (56.7) 0.793 Chi-square test

Symptom duration (months) 14.6±8.3 15.2±7.9 0.756 Mann-Whitney U
RF: Radiofrequency, BMI: Body-mass index

Table 2. Pretreatment clinical evaluation parameters

Parameter Steroid group (n=30) RF group (n=30) p value Statistics test

VAS score (0-10) 7.2±1.4 7.0±1.6 0.584 Mann-Whitney U

Boston Carpal Tunnel Scale

- Functional score 3.1±0.8 3.0±0.9 0.642 Mann-Whitney U

- Symptom severity score 3.4±0.7 3.3±0.8 0.573 Mann-Whitney U

Tinel's test positive, n (%) 26 (86.7) 27 (90.0) 0.692 Chi-square test

Phalen test positive, n (%) 24 (80.0) 25 (83.3) 0.740 Chi-square test

USG median nerve thickness (mm) 12.8±2.1 12.6±2.3 0.721 Mann-Whitney U
RF: Radiofrequency, VAS: Visual Analog Scale, USG: Ultrasonography

Figure 3. Clinical outcomes over time following ultrasound-guided steroid 
injection versus pulsed radiofrequency treatment for carpal tunnel syndrome: 
Comparison of (A) Visual Analog Scale (VAS) scores for pain intensity (0-
10 scale), (B) Boston Carpal Tunnel Scale (BCTS) functional scores, and (C) 
BCTS symptom severity scores between steroid injection group (red line, 
n=30) and pulsed radiofrequency (RF) group (blue line, n=30) at baseline, 1 
month, and 3 months post-treatment. Data are presented as mean±standard 
deviation. p-values indicate between-group comparisons at 3 months 
(Mann-Whitney U test). All within-group comparisons from baseline were 
statistically significant (p<0.001, repeated measures ANOVA).
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groups before treatment and decreased after treatment. The 
median nerve thickness reached 9.8 mm for the RF group 
versus 10.8 mm for the steroid cohort during third month with 
a statistically significant between-group difference (p=0.041). 
The sixth-month measurements showed increased differences 
between groups with 9.2 mm for the RF group versus 10.5 
mm for the steroid cohort (p=0.018). These tests and USG 
measurements showed significant improvements throughout 
all follow-up periods according to intra-group comparisons 
(Table 3).

The most evident sign of real improvement was through 
electrophysiologic evaluations. The electromyography tests 
conducted at the sixth month follow-up revealed that patients 
who received pulsed radiofrequency treatment achieved better 
results than those who received steroids. The motor distal 
latency values in the pulsed radiofrequency group decreased 
to 3.9 mss but the steroid group maintained values at 4.3 mss. 
The sensory distal latency measurements showed identical 
patterns between groups where the pulsed radiofrequency 
group had 3.2 milliseconds and the steroid group had 3.6 mss. 
The nerve conduction velocity showed better improvement in 
the patients who received pulsed radiofrequency treatment. 

The motor nerve conduction velocity reached 51.2 m/s in 
the pulsed radiofrequency group but stayed at 47.8 m/s in 
the steroid group. The electrophysiologic improvements 
showed that pulsed radiofrequency treatment generated more 
sustained and effective nerve function benefits (Table 4).

The safety profiles of both treatment methods showed 
acceptable side effect results. The pulsed radiofrequency 
group experienced pain elevation in 23.3% of cases but the 
steroid group experienced this side effect in 10% of patients. 
The pulsed radiofrequency group reported numbness in 
13.3% of patients but the steroid group reported this side 
effect in 6.7% of patients. The pulsed radiofrequency group 
experienced one infection as a serious complication while the 
steroid group had one patient develop a minimal hematoma. 
The total complication rates between the two groups showed a 
40% rate in the pulsed radiofrequency group and a 20% rate in 
the steroid group but the difference failed to achieve statistical 
significance (Table 5).

The superiority of the pulsed radiofrequency group was 
clearly evident in the parameters evaluating treatment 
success. Patients achieving 50% or more reduction in VAS 

Table 3. Physical examination findings follow-up

Parameter Group Before 
treatment Month 1 Month 3 Month 6 p value 

(1st month)
p value 

(3rd month)
p value 

(6th month)
p value 

(1st month)
p value 

(3rd month)
p value 

(6th month)

Tinel test positive, 
n (%) Steroid 26 (86.7) 15 (50.0) 14 (46.7) 13 (43.3) <0.001 <0.001 <0.001 0.417 0.175 0.048

RF 27 (90.0) 12 (40.0) 9 (30.0) 6 (20.0) <0.001 <0.001 <0.001

Phalen test positive, 
n (%) Steroid 24 (80.0) 11 (36.7) 12 (40.0) 11 (36.7) <0.001 <0.001 <0.001 0.390 0.079 0.026

RF 25 (83.3) 8 (26.7) 6 (20.0) 4 (13.3) <0.001 <0.001 <0.001

USG median 
nerve thickness 
(mm)*

Steroid 12.8±2.1 11.2±1.8 10.8±1.6 10.5±1.5 <0.001 <0.001 <0.001 0.216 0.041 0.018

RF 12.6±2.3 10.7±1.7 9.8±1.4 9.2±1.3 <0.001 <0.001 <0.001
RF: Radiofrequency, USG: Ultrasonography, *Comparison with pretreatment (Wilcoxon test), **Comparison between groups (Chi-square test), ***Comparison between groups (Mann-Whitney U test)

Table 4. Electrophysiologic evaluation

EMG parameter Steroid group RF group p value* p value**

Before treatment Month 6 Before treatment Month 6

Motor distal latency (ms) 4.8±0.9 4.3±0.8 4.7±1.1 3.9±0.7 0.003 0.041

Sensory distal latency (ms) 3.9±0.7 3.6±0.6 3.8±0.8 3.2±0.5 0.012 0.009

Motor nerve conduction velocity (m/s) 45.2±6.3 47.8±5.9 44.8±5.9 51.2±6.1 0.025 0.026

Sensory nerve conduction velocity (m/s) 42.1±7.2 44.7±6.8 41.8±6.8 48.3±7.2 0.031 0.041

Motor action potential amplitude (mV) 6.8±2.1 7.4±2.0 6.9±2.3 8.2±2.1 0.089 0.164
EMG: Electromyography, RF: Radiofrequency, *6th month comparison with pretreatment (Wilcoxon test), **6th month comparison between groups (Mann-Whitney U)

Table 5. Complications and side effects

Complication Steroid group (n=30) RF group (n=30) p value Statistics test

Temporary increase in pain, n (%) 3 (10.0) 7 (23.3) 0.165 Fisher's exact test

Transient numbness, n (%) 2 (6.7) 4 (13.3) 0.389 Fisher's exact test

Infection, n (%) 0 (0.0) 1 (3.3) 0.314 Fisher's exact test

Bleeding/hematoma, n (%) 1 (3.3) 0 (0.0) 0.314 Fisher's exact test

Total complications, n (%) 6 (20.0) 12 (40.0) 0.084 Chi-square test
RF: Radiofrequency
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scores reached 80% for the pulsed radiofrequency cohort, 
while it remained at 60% in the steroid group. The proportion 
of patients with clinically significant improvement in the 
Boston Carpal Tunnel Scale was 86.7% for the RF group versus 
66.7% for the steroid cohort. In terms of patient satisfaction, 
the pulsed radiofrequency group achieved more successful 
results; 90% of the patients rated the treatment outcome as 
good or excellent, while this rate remained at 73.3% in the 
steroid group. When the electromyographic recovery rate, 
which is the most objective criterion, was analyzed, 73.3% 
recovery was found in the pulsed radiofrequency group, while 
this rate remained at 50% for the steroid cohort with this 
difference achieving statistical significance (Figure 4).

DISCUSSION
This study aimed to evaluate the efficacy of ultrasound-
guided pulsed radiofrequency therapy and corticosteroid 
injection for managing CTS. Our research showed that both 
treatment approaches delivered equivalent early benefits 
yet pulsed radiofrequency therapy produced superior long-
term results. The study's observational nature requires us 
to understand these results in relation to our research while 
acknowledging that the retrospective design prevents us from 
establishing cause-and-effect relationships. The treatment 
modalities showed equivalent early benefits but pulsed 
radiofrequency therapy was associated with more enduring 
and effective results during long-term follow-up. The observed 
difference became most apparent during the third month and 
electrophysiological tests at the sixth month suggested these 
findings. The choice between minimally invasive treatments 
should consider long-term efficacy based on these preliminary 
observations.

The demographic characteristics determined in our study 
are largely consistent with the CTS literature. The mean age 

in both treatment groups was around 51-52 years, which is 
different from the age ranges reported in the literature. The 
mean age of 34.21±7.685 years reported by Ullah et al.12 and 
31.8 years reported by Hulkkonen et al.13 are significantly 
lower than our findings. This difference may be explained 
by the selection of our study population from the older age 
group and the chronic course of the disease. In terms of 
female gender dominance, our findings are consistent with 
the literature; the prevalence of female patients, 73.3% in the 
steroid group and 80.0% in the RF group, is similar to the 
80.8% found by Ullah and colleagues12 and the 77% observed 
by Mathew and colleagues.14 Our BMI values were found 
to be in the range of 27-28 kg/m² in both groups, which is 
similar to the 28.0±6.4% and 27.5±6.4% reported by Mathew 
et al.14 0±6.4 and 27.9±4.5 kg/m². In addition, in parallel with 
the finding of Nowak et al.15 that the prevalence of CTS in 
obese patients was 50.8%, the BMI values of our study group 
were in the overweight category, which is consistent with the 
literature in terms of the risk factors of the disease.

Our first month results show that both treatment modalities 
are effective in the short term and are consistent with the 
findings in the literature. Significant improvement was 
observed in VAS scores in both groups and the values 
measured as 3.8±1.6 in the RF group and 4.2±1.8 in the steroid 
group reflect a similar improvement pattern with the decrease 
in the NRS score (from 6.00 to 3.50) reported by Krzywdzak 
et al.16 our Boston Carpal Tunnel Scale functional scores 
were found as 1.9±0.8 for the RF cohort versus 2.1±0.9 for 
the steroid cohort, indicating a more modest improvement, 
in contrast to the dramatic decrease in the BKTS-FSS score 
(from 17.16±5.71 to 7.07±7.75) reported by Krzywdzak et 
al.16 at 4 weeks. Our symptom severity scores of 2.0±0.7 for 
the RF cohort and 2.3±0.8 is consistent with the significant 
improvement reported by Hofer et al.17 in the steroid group, 
but shows a more limited improvement than the significant 
decrease in the BKTS-SSS score (from 33.53±3.29 to 
10.33±10.06) reported by Krzywdzak et al.16 Our finding that 
pulsed radiofrequency and steroid injection showed similar 
efficacy in the early period, as reported in the narrative review 
by Gupta et al.18 The differences between the groups, which did 
not reach statistical significance, are in line with the similarity 
in early period efficacy highlighted in the systematic review 
by Chan et al.19

Our third and sixth month results suggest that pulsed 
radiofrequency therapy may be associated with better 
outcomes than steroid injection in the long term, findings 
that are consistent with the long-term efficacy patterns in the 
literature. The decrease in VAS scores to 2.9±1.5 in the RF 
group and 3.8±2.1 in the steroid group at the third month with a 
significant between-group difference (p=0.048) are consistent 
with the high failure rates (41.8%) seen in steroid injection 
in the long-term follow-up of Ly-Pen et al.20 Significant 
differences in BKTS functional and symptom severity scores 
in favor of the RF cohort (p=0.037 and p=0.019, respectively) 
coincides with Gonu et al.21 who reported improvement in 
symptoms in only 61% of steroid-injected patients at 6-month 
follow-up. In our six-month electrophysiologic findings, 
motor distal latency measured 3.9±0.7 ms and sensory distal 

Figure 4. Comparison of treatment success rates between ultrasound-guided 
steroid injection and pulsed radiofrequency for carpal tunnel syndrome: Bar 
graph showing percentage of patients achieving predefined success criteria 
in steroid injection (red bars) versus pulsed radiofrequency (RF, blue bars) 
groups (n=30 each). Success criteria evaluated include: ≥50% reduction in 
Visual Analog Scale (VAS) pain scores at 3 months, clinically meaningful 
improvement in Boston Carpal Tunnel Scale (BCTS), patient satisfaction 
rated as good-excellent, and objective improvement in electromyography 
(EMG) findings at 6 months. *Statistically significant difference (p<0.05). 
p-values derived from Chi-square test. 



394

Boğa et al. Pulsed RF versus steroids in CTS J Med Palliat Care. 2025;6(4):388-395

latency measured 3.2±0.5 ms for the RF cohort, while these 
values were 4.3±0.8 ms and 3.6±0.6 ms in the steroid group, 
respectively. The significant differences in motor and sensory 
conduction velocities in favor of the RF cohort (p=0.026 
and p=0.041, respectively) show a parallel pattern with the 
findings of Chakk et al.22 that pulsed radiofrequency ablation 
may provide more permanent electrophysiological changes 
compared to electric field ablation.

The complication profiles and success rates found in our 
study were found to be at acceptable levels when compared 
with minimally invasive CTS treatment methods in the 
literature. Although our total complication rates of 40.0% for 
the RF cohort versus 20.0% for the steroid cohort were higher 
than the surgical complication rates reported by Carmo23 
(9.55% granulomatous reaction, 3.82% palmar ecchymosis), 
this difference seems to be due to mild complications such 
as transient increased pain. The fact that Kamel et al.24 
reported no serious complications after minimally invasive 
ultrasonography-guided median nerve decompression is 
consistent with absence of major complications in our study. 
Our VAS score improvement rates of 50% or more were 80.0% 
for the RF cohort compared to 60.0% for the steroid cohort, 
and although these values are lower than the 92% symptom 
resolution rate reported by Carmo,23 they are satisfactory for 
non-invasive approaches. Our rates of clinically significant 
improvement in BCTS were 86.7% for the RF cohort versus 
66.7% for the steroid cohort, showing a similar pattern to the 
significant improvement reported by Alimohammadi et al.25 
in BCTQ scores after surgery. In terms of patient satisfaction, 
our rates of 90.0% for the RF cohort compared to 73.3% for the 
steroid cohort were close to the 77% very satisfied patient rate 
reported by Carmo23 and suggests potential superiority of RF 
treatment from the patient perspective. The fact that our rate 
of objective improvement in EMG was statistically superior for 
the RF cohort (73.3%) compared to the steroid cohort (50.0%) 
emphasizes this importance of objective evaluation in parallel 
with the finding of Mertz et al.26 that electrophysiological 
measurements were used in 49.5% of studies.

Limitations
Multiple essential limitations from the retrospective 
study design need to be taken into account when interpreting 
our research results. The physician preference-based patient 
allocation system together with the absence of randomization 
created significant selection bias which could have affected 
our research findings. The non-random assignment 
process might produce systematic variations between groups 
which surpass the recorded baseline characteristics. The 
retrospective study design prevents us from establishing 
cause-and-effect relationships so we can only document 
the relationships between treatment approaches and 
results. The observed outcomes could have been influenced 
by unmeasured patient characteristics together with physician 
expertise and patient preferences and socioeconomic variables 
and other confounding factors. Our statistical adjustments do 
not rule out the possibility of remaining confounding effects. 
The restricted sample size reduces the ability to generalize 
our results while the six-month follow-up duration prevents 

us from evaluating outcomes after this period. The 
lack of extended follow-up information prevents us 
from understanding how the observed differences will 
change or remain stable or grow throughout time. The 
strengths of our study include standardized assessment 
tools and regular follow-up protocols and the evaluation of 
both subjective and objective parameters. The observational 
findings need validation through well-designed prospective 
randomized controlled trials before any definitive conclusions 
can be drawn regarding the superiority of one treatment 
over another.

CONCLUSION
Based on our retrospective analysis, pulsed radiofrequency 
therapy under ultrasonography guidance for managing 
CTS appears to be associated with more effective as well as 
durable results in the long term compared to steroid injection. 
Although both methods demonstrated similar improvement 
in the early period, pulsed radiofrequency therapy showed a 
trend toward significant superiority especially after the third 
month, with these differences supported by electrophysiologic 
parameters. The observational findings need careful 
interpretation because the study design is retrospective and 
there was no randomization and potential unmeasured 
confounding factors. Prospective randomized controlled trials 
are needed to confirm these preliminary observations 
and to determine if a true causal relationship exists. As a 
minimally invasive approach, pulsed radiofrequency therapy 
may offer an effective therapeutic option to consider before 
surgery for patients with treatment-resistant conservative 
management, though optimal patient selection criteria and 
standardized treatment protocols remain to be established 
through future research.
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