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Abstract

Objective: This study aims to evaluate the pain and clinical evolution of patients with shoulder pain with
cooled radiofrequency ablation (CRFA).

Methodology: A cohort prospective study of patients with shoulder pain for >3 months. All patients included
were treated with CRFA in the sensitive innervation around the shoulder (lateral pectoral, suprascapular
nerve, axillary nerve), and were followed for 24 weeks. Pain was evaluated with the visual analog scale, while
clinical evolution was evaluated with several scales of shoulder function.

Results: Fifteen patients were included. All patients improved significantly the pain during the time of the
study. The clinical function of the shoulder shows a significant improvement during the 24 weeks of follow-

up.

Conclusions: CRFA is a medical procedure that helps to improve pain and function related to shoulder pain
independently of the primary pathology in the shoulder.

Categories: Anesthesiology, Pain Management
Keywords: cooled radiofrequency ablation, pain management, sensitive shoulder innervation, shoulder function,
shoulder pain

Introduction

Shoulder pain is a common complaint in the general population, with a lifetime prevalence estimated at 7-
67%, increasing with age [1]. The incidence of shoulder pain is estimated to be 0.9%-2.5% across all age
groups [1]. Various orthopedic conditions unrelated to acute trauma, such as rotator cuff disease, adhesive
capsulitis, labral injuries, osteoarthritis (OA), and cuff arthropathy, are associated with chronic shoulder
pain, particularly in patients over 45 years old [2]. Numerous non-surgical treatment options are available,
including nonsteroidal anti-inflammatory drugs (NSAIDs), lifestyle modifications, patient education,
physiotherapy, and corticosteroid injections [2].

Radiofrequency ablation (RFA) is another option for managing intractable shoulder pain. Several types of
thermal ablative procedures exist, including pulsed RFA (PRFA) at 42 °C, conventional RFA, cooled RFA
(CRFA), and cryoneurolysis. These procedures use thermal energy to affect the nerves responsible for pain
modulation and transmission [3]. The lesion size created by monopolar RFA (MRFA) depends on various
procedure-related factors, such as cannula diameter, active tip length, temperature, and application time. A
larger cannula diameter, heating lateral and distal to the active tip, higher tip temperature, and longer
application duration result in a more extensive lesion [4].

In standard RFA, the temperature reached around the probe and surrounding tissue is approximately 80 °C.
However, a key limitation of this treatment is tissue charring at the electrode interface [5,6]. This charring
acts as an insulator, preventing further energy transmission and thereby limiting lesion size. Typically, RFA
lesions are described as elliptical [7]. RFA has been effectively used to create controlled lesions on the
suprascapular nerve in patients with shoulder pain, demonstrating improvements in pain relief and range of
motion [8].

CRFA was developed to minimize the charring and insulation issues associated with RFA. By circulating
cooled water through the probe tip, CRFA maintains lower interface temperatures, around 60 °C [7,9]. This
technique allows for more energy delivery to the surrounding tissues, resulting in a larger heat lesion. The
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more extensive, spherical lesion shape created by CRFA facilitates broader denervation, reducing the
likelihood of missing the target nerve [7].

Local neuronal denervation achieved with CRFA is greater than that of traditional RFA [9,10]. A study on
patients with glenohumeral OA treated with CRFA reported significant pain reduction and functional
improvement over a six-month follow-up period [11]. Several functional scales, such as the Shoulder Pain
and Disability Index (SPADI) and Disabilities of the Arm, Shoulder, and Hand (DASH), are commonly used to
evaluate therapeutic outcomes in shoulder dysfunction [12]. The University of California at Los Angeles
Shoulder Score (UCLASS) is an effective tool for assessing quality of life following shoulder surgery [13].
These scales assess pain severity, functionality, range of motion, and patient satisfaction.

The primary objective of this study was to evaluate pain reduction, and the secondary outcomes were
clinical scales and adverse effects in patients with shoulder pain of various etiologies treated with CRFA.

Materials And Methods
Study design and patients

This prospective cohort study was approved by our institution’s Ethics Committee. All participants provided
informed consent. The inclusion criteria were patients with shoulder pain persisting for >3 months without
improvement despite pharmacological treatment or rehabilitation, pain intensity >50% on the visual analog
scale (VAS), a stable analgesic medication dosage for at least 30 days, a confirmed diagnosis of OA, chronic
painful shoulder syndrome, or adhesive capsulitis, pain relief following local anesthetic application over the
joint’s sensory branches, normal coagulation parameters, and a 50% pain reduction (VAS) following a
fluoroscopy-guided suprascapular nerve block with 2 mL of 1% lidocaine [14]. The exclusion criteria were
acute shoulder pain relieved with oral analgesics, infection at the treatment site, psychiatric disorders,
opioid treatment exceeding 90 mg/day of morphine equivalents, prior shoulder surgery, and pregnancy.
Patients who withdrew from treatment or did not complete follow-up evaluations were eliminated.

Procedure

The diagnostic block followed the protocol described by Tran et al. [14], while the CRFA technique adhered to
the original description by Eckmann et al. [15]. A cooled radiofrequency (RF) cannula was used (CRK 17-75-2
Coolief Cooled Radiofrequency Kit Advanced, Avanos Medical, New Jersey) along with a Halyard Coolief
Cooled RF Pain Management Generator PMG Model 4 Advanced (Halyard Health, Alpharetta, GA).

CRFA Procedure

Suprascapular nerve approach: With the patient in the prone position, fluoroscopic guidance was used with
a 15° lateral and 15° caudal tilt to visualize the glenoid fossa medial to the humeral head. The target was
lateral and posterior to the scapula, just before the glenoid fossa. The RF cannula was introduced laterally in
tunnel vision, inferior to the spinoglenoid notch. Sensory and motor tests were conducted. CRFA was applied
at 60 °C for 2 minutes and 30 seconds, twice.

Lateral pectoral nerve approach: The patient was supine. A fluoroscopic AP shoulder image was obtained,
tilted 15° laterally and 15° cranially toward the coracoid process. The CRFA cannula (CRK 17-75-2) was
introduced through a 2-cm deep vision tunnel. Sensory and motor tests were conducted. CRFA was applied at
60°C for 2 minutes and 30 seconds, twice.

Axillary nerve approach: The patient was supine. Fluoroscopy was used to identify the inferior and lateral
edge of the major tuberosity. The CRFA cannula was inserted under tunnel vision to a depth of 4-7 cm.
Sensory and motor tests were performed. CRFA was applied at 60 °C for 2 minutes and 30 seconds, twice.

After ablation, 1 mL of 2% ropivacaine and 1 mL of 4 mg/mL dexamethasone were administered at each
treated nerve site.

All patients were managed post-procedure with 750 mg of acetaminophen every eight hours for three days,
along with the application of ice to the treatment area for 20 minutes every six hours for two days.

Follow-up and outcome measures

The primary outcome was evaluating the pain using the VAS, while the secondary outcome was evaluating
the functionality using the VAS, SPADI, UCLA, and DASH scales, and adverse events. All patients were
evaluated at baseline and weeks 1, 4, 12, and 24 post-treatment.

Statistical analysis and sample size calculation

Descriptive statistics were calculated for quantitative variables (median, interquartile range) and categorical
variables (frequencies, percentages). Repeated measures ANOVA was used to compare clinical scale scores
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over time. Post hoc analysis was conducted to compare baseline evaluations with follow-up measurements.
Statistical significance was set at P < 0.05. The software used was R-4.3.2 for Windows (R Foundation for
Statistical Computing, Vienna, Austria).

The sample size calculation was performed using the formula for estimating sample size in studies with
paired measurements, considering the difference in means before and after treatment. The following
equation was used: n = ((Za/2 + Zp) x od/A)2, where Za/2 = 1.96 corresponded to a 95% confidence level, ZB =
0.84 represented the critical value associated with an 80% statistical power, od = 4 was the estimated
standard deviation of the pre-post differences, and A = 3 was the expected mean difference. Considering the
above, a sample size of 14 subjects was obtained.

Results

The study included 15 patients, with a median age of 64 years (interquartile range [IQR] 52-78). Most
participants were women (n = 12, 80%). Most patients (n = 10) presented with painful shoulder syndrome
unrelated to joint disease. The most common comorbidity was rheumatoid arthritis. Additional demographic
data are presented in Table 1.

Demographic characteristics Values, n (%)
Gender Female 12 (80%)
Male 3 (20%)
Occupation Housewife 8 (53.3%)
Employed 4 (26.5%)
Retired 3 (20%)
Diagnostic Rotator cuff tendinopathy 9 (60%)
Glenohumeral arthritis 5(33.3%)
Adhesive capsulitis 1(6.6%)
Co-morbidities Rheumatoid arthritis 8 (53.3%)
Systemic arterial hypertension 7 (46.6%)
Diabetes mellitus 7 (46.6%)
Cardiopathies 13 (86.6%)
Hypothyroidism 2 (13.3%)

TABLE 1: Demographic characteristics of the included patients.

VAS

The median pain score at baseline was 7.0 (IQR 6.0-8.0). Following treatment administration at the first visit,
patients exhibited a significant reduction in pain sustained throughout the follow-up period. At the final
evaluation, the median pain score was 0.5 (IQR 0.0-1.7; P < 0.001; Figure /; Table 2).
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Score

VAS
SPADI
UCLA

DASH

M (IQR)
Basal

7.0 (6.0-8.0)
76.1 (65.1-78.2)
7.7 (6.7-9.4)

71.0 (67.1-76.4)
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FIGURE 1: Results of the visual analog scale (VAS) for pain.

A significant improvement was observed during the follow-up of the patients. One-way ANOVA with Tukey’s
multiple comparison post hoc test.

***P < 0.001.

****pP < 0.0001.

ANOVA, analysis of variance

Week 1
3(2-4)
29.9 (19.1-38.1)
18.9 (17.3-22.8)

49.9 (42.1-54.0)

Week 4

2.0 (0.5-2.0)
20.7 (17.3-25.7)
22.3 (17.9-24.0)

40.2 (33.6-44.3)

Week 12

1.0 (0.0-3.0)
12.4 (8.1-20.1)
22.3 (19.4-25.6)

31.0 (23.6-36.4)

Week 24

0.5 (0.0-1.7)
6.3(1.8-11.7)
28.5 (24.0-30.9)

26.2 (21.9-36.1)

TABLE 2: Values of the pain and clinical scales during the follow-up.

P < 0.005 was considered as significant.

ANOVA, P-value

<0.001
<0.001
<0.001

<0.001

M, median; IQR, interquartile range; VAS, visual analogue scale; SPADI, Shoulder Pain Disability Index; DASH, Disabilities of the Arm, Shoulder, and

Hand; ANOVA, analysis of variance; UCLA, University of California at Los Angeles

SPADI

The median baseline SPADI score was 76.1 (IQR 65.1-78.2). Subsequent assessments demonstrated a

significant reduction in scores, with improvements maintained throughout follow-up. The final median

score was 6.3 (IQR 1.8-11.7; P < 0.001; Figure 2; Table 2).
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FIGURE 2: Results of the Shoulder Pain Disability Index (SPADI).

A significant improvement in the score was sustained until week 24. One-way ANOVA with Tukey’s multiple
comparison post hoc test.

****P < 0.0001.

ANOVA, analysis of variance

UCLA shoulder scale

The initial median UCLA score was 7.7 (IQR 6.7-9.4). Scores progressively increased over the follow-up
period, reaching a final median score of 28.5 (IQR 24.0-30.9), indicating good to excellent outcomes (P <
0.001; Figure 3; Table 2).
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FIGURE 3: Results of the University of California at Los Angeles (UCLA)
shoulder scale.

An increase on the evaluation was observed during the follow-up of the patients. One-way ANOVA with Tukey’s
multiple comparison post hoc test.

****pP < 0.0001.

ANOVA, analysis of variance
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DASH score

The baseline median DASH score was 71.0 (IQR 67.1-76.4). A significant improvement was observed as early
as the first-week evaluation, with a median score of 49.9 (IQR 42.1-54.0). This improvement persisted
throughout follow-up, culminating in a final median score of 26.2 (IQR 21.9-36.1) (P < 0.001; Figure 4; Table

2).
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FIGURE 4: Results of the Disabilities of the Arm, Shoulder, and Hand
(DASH) score.

The improvement in disability and symptoms was recorded from week 1 to week 24. One-way ANOVA with
Tukey’s multiple comparison post hoc test.

***P < 0.001.
****P < 0.0001.

ANOVA, analysis of variance

Adverse events

No adverse effects were reported among the study participants.

Discussion

Patients with painful shoulders caused by rotator cuff tendinopathy or glenohumeral arthritis can benefit
from CRFA, demonstrating significant improvements in pain and clinical outcomes. Invasive radiofrequency
(RF) treatment can be applied in two primary scenarios: as an adjunct following surgical procedures to
facilitate early rehabilitation or as a viable alternative for patients who do not respond to conservative
treatment and for whom surgery is not a suitable option.

RF treatment has been described as a promising minimally invasive procedure with advantages such as rapid
recovery and a low incidence of adverse effects. This includes various RF modalities such as RFA, PRFA, and
CRFA. Previous studies have primarily investigated RF treatments for knee joint pain. A meta-analysis has
demonstrated that this therapy effectively reduces pain, although it does not significantly impact knee joint
function. Furthermore, RFA has been reported to yield superior pain relief compared to PRFA [10].

According to Eckmann et al. [16], four primary target zones exist for radiofrequency ablation
procedures: zone A, suprascapular branches; zone B, axillary ascending branches (posterior and
anterior); zone C, lateral pectoral nerve; zone D, suprascapular branches and upper subscapular versus
direct posterior cord branches. This standardized sequence of ablation was followed in our study.

Several studies have highlighted the benefits of RFA for chronic shoulder pain, including improvements in
pain scores, extended pain relief duration, enhanced functional outcomes, and patient comfort with minimal
complications [17-19]. Additionally, suprascapular nerve blocks have been widely used in multimodal
analgesia for shoulder surgery. However, this effect is less pronounced in patients experiencing shoulder
pain following non-shoulder surgeries, such as thoracotomy [20].
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CRFA has demonstrated a pain relief rate of approximately 50% at six months and up to 74% in cases of knee
joint pain [21-23]. Similar findings have been reported in shoulder OA, showing significant pain reduction
and clinical improvement over six months of follow-up [11]. CRFA has also been successfully employed for
various musculoskeletal conditions, including lumbar radiculopathy [24], knee OA, and post-total knee
arthroplasty [25,26], yielding significant pain relief, increased duration of symptom relief, and improved
quality of life.

The use of CRFA has demonstrated similar outcomes to MRFA in the treatment of chronic knee pain due to
OA after one year of follow-up. The benefits of CRFA were observed beyond 24 weeks, with no significant
differences at 52 weeks [27].

Steroid administration has been utilized following CRFA to mitigate post-neurotomy pain, with positive
outcomes [28]. Based on these findings, corticosteroids were administered to all patients following the CRFA
procedure in our study.

The minimal clinically important difference (MCID) represents the smallest measurable improvement in a
score that patients perceive as beneficial [29]. The MCID for the UCLASS has been established at 3.5 points
(range, 2.5-4.5) [30], while for the DASH, it is 10.2 points, and for the SPAD], it ranges from 8 to 13 points
[25]. Our findings indicate that patients met the MCID thresholds for both the DASH and UCLA scales.
Although the median SPADI improvement reached 6.1 points, all patients experienced notable clinical
benefits.

This study has several limitations. It was a prospective cohort study without a comparative control group of
patients with shoulder pain and a small number of included patients. Additionally, while RF treatment has
been extensively studied for knee joints [23,24], fewer reports exist on its application for shoulder joint pain
[11,17]. Our study included patients with diverse shoulder pathologies, some of whom had surgical
indications; however, significant clinical improvement was observed across all participants throughout
follow-up. The follow-up period was considered medium-term; however, a long-term follow-up of the
patients would be beneficial to determine the true value of CRFA and identify any potential complications.
Notably, no patient required surgical intervention for their primary shoulder pathology during the time of
follow-up.

Conclusions

CRFA is a minimally invasive medical procedure that can be considered to treat patients with shoulder pain
of different etiologies. CRFA can be used as a co-adjuvant treatment to treat residual pain or in patients with
surgical contraindications. The minimal clinically important difference of several shoulder scales can be
obtained in patients treated with CRFA, reflecting an improvement of shoulder functionality and pain.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Carlos Acosta-Olivo, Teresa Nava-Obregon, Francisco Lopez-Rios, Dionisio Palacio-
Rios, Sandra Castillo-Guzman, Juan Francisco Torres-Pérez, Mario Simental-Mendia

Acquisition, analysis, or interpretation of data: Carlos Acosta-Olivo, Teresa Nava-Obregon, Francisco
Lépez-Rios, Dionisio Palacio-Rios, Sandra Castillo-Guzman, Juan Francisco Torres-Pérez, Mario Simental-
Mendia

Drafting of the manuscript: Carlos Acosta-Olivo, Teresa Nava-Obregon, Francisco Lopez-Rios, Dionisio
Palacio-Rios, Sandra Castillo-Guzman, Juan Francisco Torres-Pérez, Mario Simental-Mendia

Critical review of the manuscript for important intellectual content: Carlos Acosta-Olivo, Teresa
Nava-Obregon, Francisco Lopez-Rios, Dionisio Palacio-Rios, Sandra Castillo-Guzman, Juan Francisco
Torres-Pérez, Mario Simental-Mendia

Supervision: Carlos Acosta-Olivo, Teresa Nava-Obregon, Francisco Lopez-Rios, Dionisio Palacio-Rios,
Sandra Castillo-Guzman, Juan Francisco Torres-Pérez, Mario Simental-Mendia

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Ethics Research in Investigation of the Medicine School, Universidad Autonoma
de Nuevo Leén issued approval AA21-00007. Animal subjects: All authors have confirmed that this study
did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform

2025 Nava-Obregon et al. Cureus 17(3): €79922. DOI 10.7759/cureus.79922 7 of 9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Luime JJ, Koes BW, Hendriksen IJ, Burdorf A, Verhagen AP, Miedema HS, Verhaar JA: Prevalence and
incidence of shoulder pain in the general population; a systematic review. Scand ] Rheumatol. 2004, 33:73-
81.10.1080/03009740310004667

Crookes T, Wall C, Byrnes J, Johnson T, Gill D: Chronic shoulder pain. Aust ] Gen Pract. 2023, 52:753-8.
10.31128/AJGP-04-23-6790

Wray JK, Dixon B, Przkora R: Radiofrequency Ablation. StatPearls Publishing, Treasure Island, FL; 2025.
Cosman ER Jr, Dolensky JR, Hoffman RA: Factors that affect radiofrequency heat lesion size . Pain Med.
2014, 15:2020-36. 10.1111/pme.12566

Nath S, DiMarco JP, Haines DE: Basic aspects of radiofrequency catheter ablation. ] Cardiovasc
Electrophysiol. 1994, 5:863-76. 10.1111/j.1540-8167.1994.tb01125.x

Haines DE, Verow AF: Observations on electrode-tissue interface temperature and effect on electrical
impedance during radiofrequency ablation of ventricular myocardium. Circulation. 1990, 82:1034-8.
10.1161/01.cir.82.3.1034

Kapural L, Deering JP: A technological overview of cooled radiofrequency ablation and its effectiveness in
the management of chronic knee pain. Pain Manag. 2020, 10:133-40. 10.2217/pmt-2019-0066

Simopoulos TT, Nagda ], Aner MM: Percutaneous radiofrequency lesioning of the suprascapular nerve for
the management of chronic shoulder pain: a case series. | Pain Res. 2012, 5:91-7. 10.2147/]PR.S§29864
Cedeno DL, Vallejo A, Kelley CA, Tilley DM, Kumar N: Comparisons of lesion volumes and shapes produced
by a radiofrequency system with a cooled, a protruding, or a monopolar probe. Pain Phys. 2017, 20:915-22.
Hong T, Wang H, Li G, Yao P, Ding Y: Systematic review and meta-analysis of 12 randomized controlled
trials evaluating the efficacy of invasive radiofrequency treatment for knee pain and function. Biomed Res
Int. 2019, 2019:9037510. 10.1155/2019/9037510

Tran A, Reiter DA, Fritz J, Cruz AR, Reimer NB, Lamplot JD, Gonzalez FM: Pilot study for treatment of
symptomatic shoulder arthritis utilizing cooled radiofrequency ablation: a novel technique. Skeletal Radiol.
2022, 51:1563-70. 10.1007/500256-022-03993-y

Roy JS, MacDermid JC, Woodhouse L]: Measuring shoulder function: a systematic review of four
questionnaires. Arthritis Rheum. 2009, 61:623-32. 10.1002/art.24396

Moorthy V, Chen JY, Lee M, Ang BF, Lie DT: The UCLA Shoulder Score is a better predictor of treatment
success than the Constant and Oxford Shoulder Scores after arthroscopic rotator cuff repair: a 2-year follow-
up study. Arthrosc Sports Med Rehabil. 2021, 3:e485-90. 10.1016/j.asmr.2020.11.003

Tran ], Peng PW, Agur AM: Anatomical study of the innervation of glenohumeral and acromioclavicular
joint capsules: implications for image-guided intervention. Reg Anesth Pain Med. 2019, 10.1136/rapm-
2018-100152

Eckmann MS, Joshi M, Bickelhaupt B: How I do it: shoulder articular nerve blockade and radiofrequency
ablation. ASRA News. 2020, 10.52211/asral10120.062

Eckmann MS, McCormick ZL, Beal C, Julia ], Cheney CW, Nagpal AS: Putting our shoulder to the wheel:
Current understanding and gaps in nerve ablation for chronic shoulder pain. Pain Med. 2021, 22:S2-8.
10.1093/pm/pnab152

Sag AA, Patel P: CT-guided cooled radiofrequency denervation for chronic arthritis pain of the hip and
shoulder. Semin Intervent Radiol. 2022, 39:150-6. 10.1055/5-0042-1745796

Orhurhu V, Akinola O, Grandhi R, Urits I, Abd-Elsayed A: Radiofrequency ablation for management of
shoulder pain. Curr Pain Headache Rep. 2019, 23:56. 10.1007/s11916-019-0791-z

Jain E, O'Connor IT, Tram JK, et al.: Radiofrequency ablation for shoulder pain: an updated systematic
review. Ann Palliat Med. 2024, 13:963-75. 10.21037/apm-23-529

Chang KV, Wu WT, Hung CY, Han DS, Yang RS, Chang CH, Lin CP: Comparative effectiveness of
suprascapular nerve block in the relief of acute post-operative shoulder pain: a systematic review and meta-
analysis. Pain Physician. 2016, 19:445-56.

Menzies RD, Hawkins JK: Analgesia and improved performance in a patient treated by cooled
radiofrequency for pain and dysfunction postbilateral knee replacement. Pain Pract. 2015, 15:E54-8.
10.1111/papr.12292

McCormick ZL, Korn M, Reddy R, et al.: Cooled radiofrequency ablation of the genicular nerves for chronic
pain due to knee osteoarthritis: six-month outcomes. Pain Med. 2017, 18:1631-41. 10.1093/pm/pnx069
Davis T, Loudermilk E, DePalma M, et al.: Prospective, multicenter, randomized, crossover clinical trial
comparing the safety and effectiveness of cooled radiofrequency ablation with corticosteroid injection in
the management of knee pain from osteoarthritis. Reg Anesth Pain Med. 2018, 43:84-91.
10.1097/AAP.0000000000000690

Medina-Pérez J], Vega-Rosas A, Coubert-Pelayo SG, Rosas-Barcelo LS: Cooled radiofrequency treatment for
radicular pain related to lumbar disc herniation. Cureus. 2023, 15:e46255. 10.7759/cureus.46255

Lyman J, Khalouf F, Zora K, et al.: Cooled radiofrequency ablation of genicular nerves provides 24-month
durability in the management of osteoarthritic knee pain: outcomes from a prospective, multicenter,
randomized trial. Pain Pract. 2022, 22:571-81. 10.1111/papr.13139

Tran A, Gonzalez FM: Review of cooled radiofrequency ablation utilization for the treatment of
symptomatic advanced knee arthritis and total knee arthroplasty. Skeletal Radiol. 2023, 52:941-9.
10.1007/s00256-022-04058-w

Vallejo R, Benyamin R, Orduna-Valls J, Vallejo A, Thomas SM, Cedefio DL: A randomized controlled study of

2025 Nava-Obregon et al. Cureus 17(3): €79922. DOI 10.7759/cureus.79922

8of9


https://dx.doi.org/10.1080/03009740310004667
https://dx.doi.org/10.1080/03009740310004667
https://dx.doi.org/10.31128/AJGP-04-23-6790
https://dx.doi.org/10.31128/AJGP-04-23-6790
https://www.ncbi.nlm.nih.gov/books/NBK482387/
https://dx.doi.org/10.1111/pme.12566
https://dx.doi.org/10.1111/pme.12566
https://dx.doi.org/10.1111/j.1540-8167.1994.tb01125.x
https://dx.doi.org/10.1111/j.1540-8167.1994.tb01125.x
https://dx.doi.org/10.1161/01.cir.82.3.1034
https://dx.doi.org/10.1161/01.cir.82.3.1034
https://dx.doi.org/10.2217/pmt-2019-0066
https://dx.doi.org/10.2217/pmt-2019-0066
https://dx.doi.org/10.2147/JPR.S29864
https://dx.doi.org/10.2147/JPR.S29864
https://www.painphysicianjournal.com/linkout
https://dx.doi.org/10.1155/2019/9037510
https://dx.doi.org/10.1155/2019/9037510
https://dx.doi.org/10.1007/s00256-022-03993-y
https://dx.doi.org/10.1007/s00256-022-03993-y
https://dx.doi.org/10.1002/art.24396
https://dx.doi.org/10.1002/art.24396
https://dx.doi.org/10.1016/j.asmr.2020.11.003
https://dx.doi.org/10.1016/j.asmr.2020.11.003
https://dx.doi.org/10.1136/rapm-2018-100152
https://dx.doi.org/10.1136/rapm-2018-100152
https://dx.doi.org/10.52211/asra110120.062
https://dx.doi.org/10.52211/asra110120.062
https://dx.doi.org/10.1093/pm/pnab152
https://dx.doi.org/10.1093/pm/pnab152
https://dx.doi.org/10.1055/s-0042-1745796
https://dx.doi.org/10.1055/s-0042-1745796
https://dx.doi.org/10.1007/s11916-019-0791-z
https://dx.doi.org/10.1007/s11916-019-0791-z
https://dx.doi.org/10.21037/apm-23-529
https://dx.doi.org/10.21037/apm-23-529
https://www.painphysicianjournal.com/current/pdf
https://dx.doi.org/10.1111/papr.12292
https://dx.doi.org/10.1111/papr.12292
https://dx.doi.org/10.1093/pm/pnx069
https://dx.doi.org/10.1093/pm/pnx069
https://dx.doi.org/10.1097/AAP.0000000000000690
https://dx.doi.org/10.1097/AAP.0000000000000690
https://dx.doi.org/10.7759/cureus.46255
https://dx.doi.org/10.7759/cureus.46255
https://dx.doi.org/10.1111/papr.13139
https://dx.doi.org/10.1111/papr.13139
https://dx.doi.org/10.1007/s00256-022-04058-w
https://dx.doi.org/10.1007/s00256-022-04058-w

Cureus

Part of SPRINGER NATURE

the long-term efficacy of cooled and monopolar radiofrequency ablation for the treatment of chronic pain
related to knee osteoarthritis. Interv Pain Med. 2023, 2:100249. 10.1016/j.inpm.2023.100249

28.  Sustorovich A, AlFarra T, Arel AT, Singh JR, Roemmich RT, Chhatre A: Dexamethasone effectively reduces
the incidence of post-neurotomy neuropathic pain: a randomized controlled pilot study. Pain Phys. 2021,
24:517-24.

29. Salas Apaza JA, Franco JV, Meza N, Madrid E, Loézar C, Garegnani L: Minimal clinically important
difference: the basics. Medwave. 2021, 21:e8149. 10.5867/medwave.2021.03.8149

30. Malavolta EA, Yamamoto GJ, Bussius DT, Assuncao JH, Andrade-Silva FB, Gracitelli ME, Ferreira Neto AA:
Establishing minimal clinically important difference for the UCLA and ASES scores after rotator cuff repair .
Orthop Traumatol Surg Res. 2022, 108:102894. 10.1016/j.0tsr.2021.102894

2025 Nava-Obregon et al. Cureus 17(3): €79922. DOI 10.7759/cureus.79922 9of 9


https://dx.doi.org/10.1016/j.inpm.2023.100249
https://dx.doi.org/10.1016/j.inpm.2023.100249
https://www.painphysicianjournal.com/current/abstracts
https://dx.doi.org/10.5867/medwave.2021.03.8149
https://dx.doi.org/10.5867/medwave.2021.03.8149
https://dx.doi.org/10.1016/j.otsr.2021.102894
https://dx.doi.org/10.1016/j.otsr.2021.102894

	Cooled Radiofrequency Ablation in Shoulder Pain: A Cohort study
	Abstract
	Introduction
	Materials And Methods
	Study design and patients
	Procedure
	Follow-up and outcome measures
	Statistical analysis and sample size calculation

	Results
	TABLE 1: Demographic characteristics of the included patients.
	VAS
	FIGURE 1: Results of the visual analog scale (VAS) for pain.
	TABLE 2: Values of the pain and clinical scales during the follow-up.

	SPADI
	FIGURE 2: Results of the Shoulder Pain Disability Index (SPADI).

	UCLA shoulder scale
	FIGURE 3: Results of the University of California at Los Angeles (UCLA) shoulder scale.

	DASH score
	FIGURE 4: Results of the Disabilities of the Arm, Shoulder, and Hand (DASH) score.

	Adverse events

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


