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Abstract: The shoulder is one of the most complex anatomical structures in the body, consisting of bones, muscles, tendons,
bursae, joint capsules, nerves, and blood vessels. Shoulder pain is one of the most common musculoskeletal syndromes
clinically, according to statistics, the prevalence of shoulder pain in the adult population is 11% to 27%, lifetime prevalence
as high as 67%. There are also significant differences in the prevalence of shoulder pain across age and gender. Typically,
shoulder pain stems from trauma, degeneration, inflammation, vascular disease, and referred pain from other parts of the
head, neck, and hands. Studies have shown that in addition to personal risk factors such as age, arthritis, obesity, diabetes,
and thyroid disease, external factors such as living and working environments can lead to varying degrees of pain, limited
mobility, and dysfunction in the shoulder, It imposes a huge economic burden on social development and healthcare services.
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1. Introduction

Pulsed Radiofrequency (PRF) is a non-invasive neuromodulation technique widely used in pain management to relieve
pain by sending intermittent, short-duration high-frequency alternating current (HFAC) to nerve tissues in order to alter nerve
cell excitability and conductivity[1-8]60-83 years. In recent years, PRF technology has been widely used and researched in
the treatment of shoulder pain. Data from several clinical trials have shown that PRF treatment for patients with shoulder pain
can effectively reduce their symptoms, and has the advantages of long analgesic time, low anesthetic dosage and no obvious
complications[9—11]60-83 years. Therefore, this article reviews the current research status and the latest progress of PRF
technology for the treatment of shoulder pain, with a view to providing a solid theoretical basis for its clinical application.

2. Current status of shoulder pain diagnosis and treatment

In clinical practice, any injury to shoulder structures or underlying pathologic changes may cause acute or chronic
pain in the shoulder[12,13]and has a protracted clinical course, which can be frustrating for patients as well as health-
care professionals. Frozen shoulder is characterized by fibroproliferative tissue fibrosis, whereby fibroblasts, producing
predominantly type I and type III collagen, transform into myofibroblasts (a smooth muscle phenotype, and cause patients to
be limited in their daily activities[14]. The diagnosis of shoulder pain requires a combination of the patient's medical history,
physical examination, and relevant ancillary tests in order to comprehensively aAssess the anatomical structure, functional
status, and pathologic changes of his or her shoulder. Currently, common clinical interventions for the treatment of shoulder
pain include oral medications, physical therapy, surgery, and local injections[15]. Although these treatments can reduce
the patient's pain to some extent, they may also cause numerous adverse reactions in the patient. The use of Nonsteroidal
Antiinflammatory Drugs (NSAIDs) may cause gastrointestinal damage, cardiovascular complications, renal impairment
and other adverse effects[16]to perform a cost analysis of the 2 injections.\nDATA SOURCES: MEDLINE, SPORTDiscus,
CINAHL, Embase, Web of Science, and SCOPUS databases were searched for randomized controlled trials using several
keywords.\nSTUDY SELECTION: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA;In
patients with massive rotator cuff tears, surgery may exacerbate anterosuperior subluxation of the humeral head, among
other things[9]60-83 years. Therefore, there is an urgent need to develop safer and more effective treatments.

3. Analgesic mechanism of PRF technique

Although the use of PRF technology for the treatment of pain has received widespread attention from clinicians and
researchers, there is still a great deal of controversy about the mechanism of action of PRF for the treatment of pain. For
example, Erdine et al.[17]found that PRF caused microdamage to sensory nerve fibers (e.g., class C nerve fibers, A-f3 nerve
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fibers) at the lesion site through the electromagnetic field it generated; Smith et al.[18] reported that when PRF intervention
generates heat between 45 °C and 85 °C in the target tissue, thermal damage to the nerve matrix destroys both myelinated and
unmyelinated nerve fibers, which in turn attenuates the transmission of pain signals. However, other studies have shown that
the analgesic effect of the PRF technique is not dependent on nerve injury[19,20], but rather is related to structural changes
in nerve tissue. For example, several scholars have successively proposed that the PRF technique may hinder pain signaling
by modulating the structure of synapses or class C nerve fibers responsible for pain and temperature sensation[21,22].

In addition, suppression of the inflammatory response is also considered to be one of the important ways in which the
PRF technique exerts its analgesic effect. For example, in 2016, a clinical study by Yuan et al.[23]found that PRF intervention
significantly reduced the levels of inflammatory factors such as Interleukin-6 (IL-1), Metalloproteinases (MMP-3), and
Tumor necrosis factor-alpha (TNF-alpha) in the joint fluid of patients with severe osteoarthritis (OA), thereby alleviating
joint pain symptoms. However, the basic study by Choi et al.[24]found that pro-inflammatory factors such as TNF-a and
interleukin-6 (IL-6) were significantly up-regulated in rat peripheral nerve tissues in a rat model of selective injury to the
sciatic nerve branches treated with PRF, which was hypothesized to be a possible difference between the different models.
Scholars supporting this mechanism generally agree that the PRF technique modulates the function of the body's nervous
system, mainly by adjusting the metabolic and endocrine levels of neural tissues, and improves pain-related inflammatory
and immune responses, thus reducing pain [25].

4. Application of PRF technique in shoulder pain management

Since the first clinical application of PRF technology in the treatment of shoulder pain[26]chemical, cryogenic, or
thermal means may be considered as an option on seldom occasions, because of the risk of neuritis and deafferentation pain,
motor deficit, and potential unintentional damage to nontargeted tissue. To our knowledge, there is only 1 report concerning
selective radiofrequency (RF, over the past two decades, studies have examined the efficacy of PRF technology in the
treatment of shoulder pain, finding that it is both highly efficacious and low-risk. Therefore, the following is a review of
studies related to PRF technology in the treatment of different types of shoulder pain, with the aim of promoting the clinical
application and basic research of PRF technology in the future.

4.1 Studies related to the PRF technique in the treatment of periarthritis of the shoulder

Scapulohumeral periarthritis, it is characterized by the fact that in the presence of unknown intrinsic shoulder disease
patients usually perceive insidious stiffness and limitation of active and passive shoulder motion and increased shoulder pain
in the evening[27,28]. Rinoo V et al.[29]found that fluoroscopic device-guided PRF treatment of the suprascapular nerve in
patients with frozen shoulder resulted in long-term relief of shoulder pain and improvement of their shoulder joint function.
However, the guidance devices have the potential to increase radiation exposure to patients and staff, resulting in fewer
studies being conducted. It was not until 2010 that Huang et al. [30] proposed to guide the PRF technique through radiation-
free ultrasound for the treatment of frozen shoulder. Their study reported that under ultrasound guidance, the PRF technique
resulted in effective relief of pain symptoms in two patients with frozen shoulder. Since then, Yan et al.[31] also conducted
a randomized controlled pilot study of ultrasound-guided PRF for the treatment of frozen shoulder in 2019 and found that
patients' NRS (Numeric Rating Scale) scores were significantly reduced, which further confirmed that the PRF technique has
a significant inhibitory effect on shoulder pain. In summary, the use of PRF technology in the treatment of frozen shoulder
has become more mature in clinical practice, and its therapeutic effect is more significant compared with that of traditional
treatment methods[10].

4.2 Related studies on PRF technology in the treatment of shoulder impingement syndrome

The pathologic mechanism of shoulder impingement syndrome is the narrowing of the subacromial space structure,
which results in mechanical impingement stimulation of the soft tissues in the shoulder joint region during shoulder
movement, leading to the emergence of a variety of shoulder problems, such as shoulder pain on the affected shoulder
when the patient is lying on the side and limitation of over-the-head movement[32,33]. Conservative treatments such as
physiotherapy are often chosen by patients [33—35], but patients who do not respond to prolonged conservative treatment or
who have severe injuries usually require surgical treatment[9]. In 2017, Okmen BM et al.[36]treated patients with shoulder
impingement syndrome with PRF through the suprascapular nerve for two weeks and found that patients' VAS, Shoulder
Pain and Disability Index (SPADI), and Nottingham Health Profile (NHP) scores were significantly lower compared to pre-
treatment, indicating that PRF was effective in improving shoulder pain and function in patients. On this basis, Ergonenc
et al.[37] extended the follow-up period (6 months) to observe the therapeutic effects of the PRF technique and found that
the PRF intervention was effective in relieving symptoms and significantly improving shoulder motion in patients with
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chronic shoulder pain. The above studies demonstrate the effectiveness of the PRF technique in relieving shoulder pain in
patients with shoulder impingement syndrome and its potential in the future clinical management of shoulder impingement
syndrome.

4.3 Studies related to PRF technique in the treatment of rotator cuff injuries

Rotator cuff injuries are one of the most common triggers of shoulder pain, and many patients around the globe visit
hospitals every year for rotator cuff injuries [33]. In 2008, Kane TP et al.[9]found the PRF technique to be an effective
treatment for patients with end-stage pain from rotator cuff tear arthropathy by using PRF in 12 patients with rotator cuff
tears. Sir E et al.[38]treated 31 patients with partial rotator cuff tears with PRF and evaluated the patients using NRS, SPADI
and Likert scores during a 6-month follow-up period and found that the patients' shoulder pain and function improved after
treatment. However, both of these clinical trials lacked control groups and had low clinical credibility. The above study
suggests that PRF is an effective technique for relieving pain and improving shoulder function in patients with rotator cuff
injuries, and has an impressive duration of effectiveness (up to 6 months). However, there is insufficient evidence to suggest
that the PRF technique is superior to other techniques in improving pain and function in patients with rotator cuff injuries,
and there is still a lack of extensive randomized controlled trials to support and confirm the advantages of PRF treatment
techniques in the field of analgesia.

4.4 Studies Related to PRF Technique in the Treatment of Hemiplegic Shoulder Pain

Hemiplegic shoulder pain is a general term for shoulder pain on the hemiplegic side of stroke patients, which may
involve different underlying pathogenetic mechanisms, such as: shoulder subluxation, shoulder-hand syndrome, increased
dystonia, frozen shoulder, and brachial plexus nerve injuries, which contributes to the difficulty in diagnosing and treating
hemiplegic shoulder pain [39,40]. Currently, common clinical treatments for hemiplegic shoulder pain include kinesiology
taping [41], botulinum toxin A (BTX-A)[42], electrical nerve stimulation [43], and acupuncture [44]. In recent years, PRF
technology has also been progressively used in the treatment of hemiplegic shoulder pain. Kim TH et al.[45]conducted a
randomized controlled trial of PRF treatment in 20 patients with hemiplegic shoulder pain, and significant improvements
in pain and shoulder mobility assessment were observed in both groups compared to preoperative levels. Although the
therapeutic efficacy of the PRF technique was weaker than that of injecting corticosteroids directly into the joint, the PRF
technique reduces the risk of complications due to the injected medication. However, there are no related studies to explore
whether the minor damage of nerve fibers caused by PRF will have adverse effects on hemiplegic patients. A large number
of clinical studies of PRF in the treatment of hemiplegic shoulder pain are needed in the future. In addition, the TPRF
(electrode electrode) technology developed from the classical PRF technology (needle electrode) may be an ideal scheme
for the treatment of hemiplegic shoulder pain, which avoids the injury caused by puncture to hemiplegic patients, has the
advantages of non-invasive and simple operation, and has a good effect on relieving chronic shoulder pain[46]. However,
whether TPRF technology can relieve hemiplegic shoulder pain has not been reported, so it is worthy of in-depth research
and exploration.

5. Reflections on the optimization of PRF technology

Although the PRF technique has been widely used in the treatment of shoulder pain, PRF still reveals many problems
during clinical practice. On the one hand, the delivery route of PRF treatment needs to be further optimized. Although other
fluoroscopic devices are currently replaced by ultrasound guidance to reduce the impact of radiation on both patients and
doctors, puncture-based PRF still has drawbacks such as difficulty in carrying, triggering trauma, and the need for sedation
[10,31,36,37]. In 2010, Taverner MG et al.[47]first proposed the use of TPRF for the treatment of knee pain by placing
electrode pads in the patient's painful area and applying a specific pulse frequency to deliver electrical stimulation, which in
turn circumvents the trauma to the patient caused by puncture-type PRF. Since then, studies have begun to apply TPRF to
the treatment of shoulder pain and have found that TPRF interventions can significantly alleviate the discomfort of patients
with shoulder pain, and that TPRF treatment has the advantages of good efficacy, low trauma, low pain, and high portability
compared with PRF and TENS techniques [46,48—50]. However, due to the resistive properties of human skin, TPRF therapy
requires a stronger voltage to deliver electrical stimulation, and there may be excessive voltage that can cause safety hazards.
In conclusion, PRF treatment, either by puncture or electrode pads, is effective in relieving shoulder pain, and it is unclear
how these two treatment modalities are superior or inferior in treating patients with the same type of shoulder pain, and more
trials are needed to clarify their roles and differences.

On the other hand, the selection of PRF therapeutic targets should be careful. The posterior and superior regions of the
shoulder are sensed by sensory nerve fibers of the suprascapular nerve[51,52] ; sensation in the anterior and inferior regions
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of the shoulder, innervated by sensory nerve fibers from associated nerves such as the axillary nerve[53,54]. Currently, most
PRF treatments are used to control pain by intervening on a patient's suprascapular nerve, and few studies have examined
PRF intervention on the axillary nerve. It was not until 2012 that the first study found a significant reduction in shoulder
pain in patients at the end of treatment by intervening with PRF on the suprascapular and axillary nerves[54]. Because the
trial was a case report, it was not sufficient to demonstrate that simultaneous PRF treatment of the suprascapular and axillary
nerves in patients with shoulder pain is safe and feasible. In 2020, Yang et al.[55]targeted the suprascapular and axillary
nerves in patients with hemiplegic shoulder pain and conducted a randomized controlled trial of PRF treatment, finding that
the technique improved both pain and function in patients. Depending on the location or different diseases causing shoulder
pain, the choice of axillary or suprascapular nerves for intervention may further enhance the efficacy of the PRF technique.

6. Summary and Outlook

From the available evidence, PRF technology opens new doors for treatment in the field of pain. However, there are
still many doubts about PRF technology in the treatment of shoulder pain. Subsequently, there is still a need to carry out
a large number of clinical trials and basic experiments to explore the mechanism, effect and safety of PRF technology in
the treatment of shoulder pain, and more high-quality randomized controlled trials should be encouraged to optimize the
optimal parameters and implementation pathway of PRF for the treatment of patients with shoulder pain, so as to allow this
technology to better serve the clinical practice.
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