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Purpose: Radiofrequency ablation has been used to treat chronic shoulder pain with mixed results. Thanks to recent anatomical 
studies, the precise location of articular branches of the suprascapular, lateropectoral and axillary nerves has been determined. Cooled 
radiofrequency is a neuroablative modality of treatment which has been demonstrated as efficient in different anatomical locations, and 
targeting the aforementioned nerves could result in a complete and efficient denervation of the shoulder. The aim of this study is to 
assess the efficacy of a fluoroscopic guided cooled radiofrequency technique for chronic shoulder pain.
Patients and Methods: This is a retrospective observational study performed in two hospital in Wales and Italy (Wrexham NHS 
trust and Iseo Hospital). Forty-four patients were treated between December 2019 and January 2023. Follow-up was provided at 1-, 6- 
and 12-months post-procedure. Pain intensity was measured with a 0–10-point Numerical Rating Scale (NRS), and was assessed at rest 
and during movement. Disability was assessed with the Oxford Shoulder Score (OSS). All patients were treated with cooled 
radiofrequency under fluoroscopic guidance targeting the articular branches of the suprascapular, axillary and lateropectoral nerves.
Results: In the 44 patients treated, the mean NRS significantly decreased at all follow ups, pain relief of >50% was obtained in 70.4%, 
61% and 51% of the patients at 1.6 and 12 month follow-ups, respectively. Disability improved significantly, with a mean OSS at 12 
months follow up of 30 ±17.5, compared to 15 ± 3 at baseline. Medication intake (non-steroidal anti-inflammatory drugs (NSAIDS) 
and/or opioids) significantly decreased at all follow ups.
Conclusion: Cooled radiofrequency denervation can be an effective procedure to manage chronic shoulder pain, providing sustained 
pain relief and functional improvement in more than 50% of the patients.
Keywords: radiofrequency, neuromodulation, shoulder pain, pain management

Introduction
Shoulder pain is responsible for approximately 16% of all musculoskeletal complaints, with a yearly incidence of 15 new 
episodes per 1,000 patients seen in the primary care setting.1 It is estimated that shoulder pain affects 5–21% of the adult 
population in the United States and glenohumeral joint arthritis affects nearly a third of the world’s population over the 
age of 60 years.2 Shoulder pain is defined as chronic when it has been present for greater than 6 months, regardless of 
whether the patient has previously sought treatment. It can be divided into 6 diagnostic categories:

- rotator cuff disorders, including tendinosis, full or partial thickness tears, or calcific tendinitis;
- adhesive capsulitis;
- glenohumeral osteoarthritis;
- glenohumeral instability;
- acromioclavicular joint pathology;
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- other chronic pain conditions such as rheumatic diseases.3

Further, less common shoulder problems and non-shoulder problems such as neck-related issues which can feature as 
an aspect of a Neck-Shoulder-Syndrome should be considered.4 The variety of causes of shoulder pain makes 
a meticulous clinical assessment imperative, and should include a dynamic imaging assessment of the shoulder joint 
and rotator cuff with ultrasound.5,6 Shoulder pain has the strongest impact on poor quality of life among various types of 
musculoskeletal pain in middle aged and elderly individuals, based on the results of the Yakumo study.7 Shoulder 
arthroplasty is an indication that needs to be addressed cautiously in light of the substantial risks potentially associated 
with certain treatments. These risks are higher than those for knee and hip replacements overall, particularly when it 
comes to the increased risk of revision surgery. Such risk is greatest in those over 85 and under 60 years, according to 
a recently published study.8

Conservative, non-surgical treatment options include analgesic medication, physiotherapy and various injections. The 
scope for improvements with these modalities is limited, particularly in advanced osteoarthritis. Analgesic medications 
include acetaminophen, NSAIDs, opioids and compounds such as paracetamol/tramadol or dexketoprofen/tramadol. 
According to a review, opioids and NSAIDs result in a 30% reduction of pain at best, with neither demonstrating 
therapeutic superiority.9 There is also an imperative to avoid long-term opioid use in the face of emerging prescription 
opioid overuse concerns in Europe, albeit not at the scale that had been seen in the USA.

Radiofrequency (RF) application to selected sensory nerves offers a potentially powerful treatment option for chronic 
joint pain that has failed to respond to conventional treatment options, including both surgical and non-surgical 
modalities.10–12 RF ablation involves the application of high frequency electrical current to a target tissue, with the 
energy delivered creating ionic friction heating the tissue around the tip of the probe.13 Temperatures above 50°C create 
degeneration of neural tissue, disrupting the nociceptive inputs to the central nervous system.13

Applying the RF current in short (20 milliseconds) bursts followed by a pause of 480 milliseconds represents an 
alternative, non-destructive, modality of RF ablation which is defined as, Pulsed Radiofrequency (PRF).14 PRF has 
a complex neuromodulatory effect and has been widely applied to mixed motor nerves, dorsal root ganglia or intra- 
articularly in several reports.15 The effectiveness of PRF application for chronic joint pain is limited, and thus should be 
considered for patients complaining of pure or predominantly neuropathic pain.11,16 The evolution of RF ablation has led 
to the development of technologies allowing for the creation of wide lesions (up to 1 centimeter in diameter) which 
should increase the size of neural tissue ablation and, theoretically, improve outcomes.14 Among these recent technol-
ogies, cooled RF has been investigated and appears to be more effective compared to other modalities. Cooled RF 
involves circulating cool water through the probe tip to maintain lower temperatures at the tissue tip interface. The 
circulated water removes heat from the tissue–tip interface, which reduces charring of tissues in contact with the probe, 
facilitating energy delivery to the target tissue.13,17,18 Even if the tip of the probe temperature is maintained at 60°C, the 
tissue temperature reaches about 80°C, delivering spherical lesions which are larger and with more energy delivery than 
lesions produced by conventional RF, thus increasing the likelihood of ablating targeted neural tissue.13,17,18 The same 
treatment has been applied to knee joint pain and two RCTs support its superiority compared to standard medical 
management such as intra-articular hyaluronic acid and steroids.17,19–22 In this study, we investigate the application of 
cooled RF on the Lateropectoral nerve, axillary nerve, and suprascapular nerve to manage chronic shoulder pain due to 
various etiologies.

Shoulder Innervation Overview
The shoulder joint has a complex innervation, and with the majority of nociceptors of the glenohumeral joint located in 
the anterosuperior and posterosuperior side of the joint, high nociceptor concentration has been demonstrated in the 
subacromial bursa and in the proximal region of the long biceps tendon.23,24 Under pathological conditions (ie, rotator 
cuff injury), an increase in nociceptor concentration can be noticed in structures usually deprived of nociceptors, such as 
the coracoacromial and other articular ligaments.24,25

The sensory and nociceptive innervation is supplied by articular branches of the Suprascapular (SSN), Axillary (AN) 
and Lateropectoral (LPN) nerves (Figure 1).26–30 The SSN is a mixed motor and sensory nerve, which at the spinoglenoid 
notch splits into a medial motor trunk and a lateral sensory trunk supplying the innervation of the posterior gleno-humeral 
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joint, the posterior joint capsule, the subacromial bursa and the posterior side of the humeral head.27,29 The AN supplies, 
via sensory nerves originating from nerve branches for the deltoid muscle, the innervation of the posterior-inferior side of 
the joint capsule and of the humeral head and neck.28

The LPN provides a sensory articular branch at the level of the coracoid process, and is responsible for the 
innervation of the clavicle, the acromioclavicular joint and the subacromial bursa.26,30 Anatomical studies have demon-
strated the path of articular branches of the SSN, LPN and AN, and anatomical landmarks that are easily recognizable 
under fluoroscopy have been proposed. Figures 2 and 3 illustrate the anatomical landmarks for the posterior and anterior 
side of the shoulder joint.26,29–31 RF denervation has been applied to manage chronic shoulder pain, with most studies 
using PRF and targeting the SSN prior to its division into a medial and lateral trunk.10,12

Figure 1 Medical illustrations depicting the anatomic course of SN (A), AN (B), and LPN (C). Reproduced from Eckmann MS, Bickelhaupt B, Fehl J. et al. Cadaveric Study of 
the Articular Branches of the Shoulder Joint. Reg Anesth Pain Med. 2017;42(5):564–570 with permission from BMJ Publishing Group Ltd.

Figure 2 Postero-Anterior fluoroscopic view of the shoulder joint, arrows indicate anatomical landmarks for ablation procedure.
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The overall outcomes of these studies are unremarkable, as often the results of PRF are not superior to conventional 
medical management.10,12 More recent studies explored the application of RF to the AN, SSN and LPN with a success 
rate of 60% at three-month follow up.31

Material and Methods
This is a retrospective observational study of 44 patients treated between December 2019 and March 2023.

Inclusion criteria were:
- Age > 18.
- Chronic shoulder pain (NRS at movement > 6/10) lasting more than 6 months.
- Failure of other conservative treatments (joint injections, physical therapy).
Exclusion criteria were:
- Patient’s refusal to give consent to the procedure or to use of their data for research purposes.
- Ongoing local or systemic infection before the procedure.
- Predominant neuropathic pain assessed with the Pain Detect questionnaire.
Patients were treated in Iseo Hospital, Italy and Wrexham Maelor Hospital, Wales. Data were retrieved from patients’ 

hospital records; all patients provided their consent to use their data for scientific purposes. The study was approved in 
Italy by the local ethical committee (Comitato etico provinciale Brescia) with protocol number NP 4843 and in Wales by 
the Betsi Cadwaladr University Health Board with protocol number 443. The study was conducted according to the 
declaration of Helsinki. The primary outcomes of the study were pain at rest and during movement (calculated using 
Numerical Rating Scale from 0 to 10) and disability calculated with the Oxford Shoulder Score (ranging from 0 to 48).32 

Secondary outcomes were patients’ analgesic use, (NSAIDs and opioid intake). Regarding medication use, NSAIDs use 
is expressed as number of patients regularly assuming at least 1 dose of medication every week, opioid use is calculated 
in Morphine Equivalent Daily Dose (MEDD) expressed in milligrams (mg).

Statistical analysis was performed using Excel (Microsoft, Redmond, WA). Normality of distribution was detected 
through the Shapiro–Wilk test, according to the results means or medians. Standard Deviation or Interquartile Range 

Figure 3 Antero-posterior fluoroscopic view of the shoulder joint, arrows indicate anatomical landmarks for ablation procedure.
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were calculated for continuous demographic and outcomes data. Means or medians were compared with the Wilcoxon 
test with P < 0.01 indicating significant differences.

Denervation Technique
Denervation was performed under topical skin anesthesia (lidocaine 2% 2 mL for each entry point) with slight sedation 
as needed (midazolam 1–2 mg iv, fentanyl 50 mcg iv). Patients taking anticoagulants were allowed to continue their 
treatment according to the American Society of Regional Anesthesia and Pain Medicine (ASRA) guidelines on pain 
procedures in patients on antithrombotic therapy.33

Suprascapular Nerve Denervation
Patients were positioned prone with the arm lying on the side of the patient. Fluoroscopy was tilted approximately 15° 
caudally and 15° oblique ipsilaterally to obtain a clear view of the spinoglenoid notch. The RF probe was placed laterally 
to the spinoglenoid notch to target the articular branches of the SSN (Figure 4).

Axillary Nerve Denervation
With the patient lying in the same position and the fluoroscopy set for the SSN, the RF probe was placed close to the 
greater tuberosity of the humerus, targeting the articular branches of the AN (Figure 5).

Lateropectoral Nerve Denervation
The patient was positioned supine, with the arm lying on the side. Fluoroscopy was tilted 15° cranially and 15° oblique 
ipsilaterally to obtain a clear view of the coracoid process. The RF probe was positioned on the middle part of the 
coracoid process to target the articular branches of the LPN (Figure 6). For each target point, sensory and motor testing 

Figure 4 Fluoroscopic view with RF probe in place for the denervation of the inferior (left side) and superior (right side) articular branches of the suprascapular nerve.
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Figure 5 Fluoroscopic view with RF probe in place for the denervation of the inferior (left side) and superior (right side) articular branches of the axillary nerve.

Figure 6 Fluoroscopic view with RF probe in place for the denervation of the inferior (left side) and superior (right side) articular branches of the lateropectoral nerve.
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were performed at 50 hz and 2 Hz, respectively, to ensure correct positioning of the probe and to avoid lesioning of motor 
branches. Particularly on the SSN, motor stimulations at 2Hz were occasionally detected requiring a more lateral 
positioning of the probe. Cooled RF was performed at 60° for 150 seconds for each lesion, and following the treatment, 
a mixture of ropivacaine 0.1% and Methylprednisolone 40 mg were injected (1 mL for every lesion) to reduce post- 
procedural pain.

Results
Forty-four patients (17 males and 27 females) were treated between December 2019 and April 2023, and all patients have 
completed the 12-month follow-ups.

Population demographic data are illustrated in Table 1.
Four patients (9%) had received previous arthroscopic surgery and 11 (25%) were provided with indication 

for shoulder joint replacement. All patients received a prognostic test block with local anesthetic (ropivacaine 
0.5% 1 mL) to each denervation target. The test block was performed under fluoroscopic guidance using the 
same targets and approach of the RF denervation. All 44 patients reported pain relief >80% following the test 
block and were scheduled for denervation. Predominately neuropathic pain was ruled out in all patients using the 
Pain Detect questionnaire. NRS scores (both at rest and during movement) decreased at all follow up, with 
patients’ disability also improving based upon their OSS scores (Table 2, Figures 7 and 8). All the results were 
statistically significative with a P < 0.01. An analysis of medication use has been performed. Eighteen patients 
(40.9% of the total) were taking NSAIDs while 22 patients (50%) were taking opioids (mean MEDD 26.65 ± 
16.5 mg/day) chronically before RF. Following the intervention, patients reported a marked decrease in medica-
tion use, and after 12 months, 7 (15.9%) and 9 (20.4%) of patients were still taking NSAIDs and opioids, 
respectively (Figure 9). Opioid use decreased at all follow-ups, with the median MEDD at 12 months decreasing 
to 8.8 ± 22.73 mg/day (Table 3 and Figure 10). All the results were statistically significative with a P < 0.01.

No complications associated with the procedure were reported.

Table 1 Population Demographic Data at Baseline

Median IQR MAX MIN

AGE 75 13.5 90 45

BMI 26 6.75 34 19

NRS REST 6 2 8 2

NRS MOVEMENT 9 1 10 7

OSS 15 3 29 8

Abbreviations: IQR, Interquartile Range; BMI, Body Mass Index; 
NRS, Numerical Rating Scale; OSS, Oxford Shoulder Score.

Table 2 Pain and Disability Scores at Baseline and Different Follow Up

Basal 1 Month 6 Months 12 Months

NRS REST 6± 2 2±3* (p< 0.00001) 3±2* (p< 0.00001) 3,5±2,5* (p<0.00001)

NRS MOVEMENT 9±1 4±2,75* (p< 0.00001) 5±3,5* (p < 0.00001) 5±3* (p < 0.00001)

OSS 15±3 36±20* (p < 0.00001) 32±17* (p = 0.003) 30±17,5* (p = 0.004)

Notes: * indicates statistical significance at P < 0.01. 
Abbreviations: NRS, Numerical Rating Scale; OSS, Oxford Shoulder Score.
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Discussion
Chronic shoulder pain is a widespread condition that severely affects many patients, with surgical options often limited 
and often unsatisfying. Accordingly, a minimally invasive method to reduce pain and improve rehabilitation is needed. 
The SSN has been targeted in several reports, generally using PRF with an approach aiming to reach the nerve at the 
suprascapular notch, a location at which the motor and sensory components of the SSN are not divided.10,12 This 
approach has been demonstrated to achieve good pain relief lasting typically no more than 3–6 months in approximately 
50% of the patients. Targeting the SSN more distally enables the treatment of only its sensory articular components with  

Figure 7 Median Numerical Rating Scale scores at rest and during movement for all follow ups.

Figure 8 Median Oxford Shoulder Score values (vertical axis) for all follow ups.
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a neuroablative technique, and moreover, adding the sensory branches of the AN and LPN widens the area of coverage to 
the anterior and lateral aspect of the shoulder joint. Cooled RF is a neuroablative modality that has been determined to be 
effective in several conditions such as knee joint and sacroiliac joint pain, and appears to be more effective than other 
modalities of RF and conservative treatments.10,19,34–36 Our results suggest that patients can achieve pain relief of >50% 
lasting at least 6 months in 61% of patients, with the success of the procedure maintained in 51% of patients at 12 months 
follow-up. The efficacy of this procedure is further supported by a significant reduction in medication usage, the 
percentage of patients receiving NSAIDs or opioids was reduced by more than a half after 12 months.

Concerns regarding RF application on large joints include the theoretical possibility of developing 
a proprioceptive deficit ultimately resulting in Charcot’s joint.37 However, no reports of such complication 
have been described and our population did not show any proprioceptive deficits following the procedure.11,37

A potential limiting factor of this technique is the requirement of tilting the patient from the prone to the supine 
position during the procedure, representing an uncomfortable maneuver for elderly and less compliant patients. 
Ultrasound guidance could remove the need for changing position and allowing the procedure to be performed in 
a sitting position, making the entire intervention process easier and better tolerated.38

Larger, prospective multi-site studies clearly need to be performed, as our relatively small sample size does not ensure 
replicability. Future investigations should aim to study specific indications and subgroups of patients (eg, glenoarthritis 
compared to rotator cuff pathology) as the possibility exists for differential degrees of relief among different groups of 
patients based on the etiologies.

Figure 9 Percentage of patients assuming medications (NSAIDs and Opioids) for all follow ups.

Table 3 Medication Intake by Patients at Baseline and Different Follow Up

Basal 1 Month 6 Months 12 Months

Patients taking NSAIDs (% of total) 40.9% 11.3%* 13.6%* 20.4%*

Patients taking opioids (% of total) 50% 22.7%* 20.4%* 15.9%*

MEDD (milligrams) 26.6 ± 40 13 ± 25.2* 10.8 ± 23.7 * 8.8 ± 22.7*

Notes: * indicates statistical significance at P < 0.01. 
Abbreviations: NSAIDs, Non Steroidal Anti-Inflammatory Drugs; MEDD, Morphine equivalent Daily Dose.
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Conclusion
Cooled RF application on sensory articular branches of the SSN, AN and LPN provided substantial and prolonged pain 
relief in patients, decreasing medication use and resulting in significant improvement of pain and function in patients who 
failed other conservative treatments.

These findings should be confirmed on larger population and compared to other noninvasive modalities of treatment.
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