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IntroductionExtracorporeal Shockwave Therapy (ESWT) has become a more widely used primary and adjunctive treatment for several musculoskeletal injuries. It serves as a safe, noninvasive treatment with a growing body of literature supporting its efficacy in various pathologies. The aim of this narrative review is to detail its mechanisms of action and indications for use while exploring how ESWT is a machine based orthobiologic tool. The initial application of ESWT therapy began with lithotripsy (ESWL) in Germany for the fragmentation of kidney stones harnessing high energy acoustic waves. This led to the eventual use of ESWL for salivary glands, gallbladder, pancreas, and bile duct stone fragmentation. Upon further evaluation of the surrounding connective tissue and bone from ESWL, Urologists discovered incidental findings of bone regeneration. A study conducted on 26 female rabbits comparing effects on the femur and ischium following ESWT, demonstrated osteoblast stimulation following initial osteocyte damage [1]. This suggested that in addition to stone destruction, acoustic waves promoted healing in bone and connective tissue prompting further investigation into musculoskeletal applications.Continued research on ESWT has demonstrated three primary biomechanical mechanisms for its healing properties: enhanced blood flow via neovascularization, metabolic effects on bone and connective tissue, and analgesic effects on C-fibers and sensory nerves. ESWT uses acoustic waves generated from oscillation to resonate through damaged 
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Abstract

Since its inception with lithotripsy over 3 decades ago, Extracorporeal Shockwave Therapy (ESWT) is a globally used treatment for musculoskeletal injuries. ESWT is a non-invasive anabolic modality promoting neovascularization and angiogenesis by inducing the body’s own secretion of growth factors and inflammatory mediators. Using machine-based energy via acoustic waves, ESWT facilitates bone and connective tissue metabolism and homeostasis with multiple therapeutic applications. ESWT provides analgesia via denervation and reinnervation of sensory nerves and disruption of C-Fibers. It has demonstrated safety and efficacy in a wide range of upper and lower extremity musculoskeletal conditions involving soft tissue, tendon, and bone. Given the universal increased incidence of musculoskeletal pain, physicians are seeking minimally invasive and cost-effective tools. Along with the emergence of orthobiologic injections, shockwave is gaining popularity by leveraging the body’s inherent ability to self-heal. This article provides a narrative review of ESWT for chronic musculoskeletal injuries and its potential as a biologic tool.
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structures. Acoustic waves penetrating through damaged tissue generate mechanotransduction, which leads to cell migration, proliferation, and differentiation [2]. This mechanism simulates mechanical loads similar to exercise, triggering metabolic effects and cell signaling. Blood flow is stimulated through the promotion of neovascularization within damaged tissue which promotes the inflammatory cascade and local healing of the damaged tissue. A study investigated the effects of ESWT treatment on ischemic muscle and discovered mechanotransduction induces release of RNA stimulating Toll-like receptor 3 (TLR3) signaling induced angiogenesis and improved blood perfusion [3]. ESWT treatment has been found to fragment calcific deposits within tendons and bone while reducing bone marrow edema. In addition, ESWT has substantial effects on Substance P and CGRP providing pain relief through the disruption of C-fibers and sensory nerves [4,5].
MethodsWe conducted a review of literature related to ESWT treatment and musculoskeletal injuries. The focus of inclusion criteria for the study centered around involving ESWT treatment specifically for musculoskeletal injuries, as a significant amount of research has been published on the use of ESWT in the form of lithotripsy. 
Articles for this review were obtained through inclusion and exclusion criteria. Databases used include UpToDate and Medline. Due to the inability to use Mesh terms, the methodology for article selection followed the four criteria for selection: search various databases, remove duplicates, screen articles based on inclusion and exclusion criteria, and review the remaining articles. Articles were selected for screening based on their specific relevance to ESWT treatment and musculoskeletal injuries. Articles were organized by musculoskeletal pathology in the literature review section and are referenced accordingly. 
True shockwave and radial pressure wave therapy

There are different types of Shockwave therapy both having their own indications in clinical practice. True shockwave includes focused and unfocused technologies. Focused Extracorporeal Shockwave Therapy (fESWT) involves a deeper point of maximum Energy Flux Density (EFD) that penetrates through skin, muscle, and bone covering a small pinpoint area. Unfocused shockwave 
therapy, also known as low intensity Extracorporeal Shockwave Therapy (Li-ESWT) has a deep and wide distribution of energy. Radial Extracorporeal Shockwave Therapy (rESWT) characteristically a pressure wave and involves a superficial point of maximum EFD penetrating skin and muscle with a broader area of application [6]. There has been significantly more research and randomized control trials conducted on the efficacy of true ESWT compared to radial pressure waves. Radial ESWT has demonstrated improvement with superficial soft tissue conditions including plantar fasciitis, epicondylitis, Achilles tendinosis, and myofascial trigger points. Whereas true ESWT has been more ideal for deeper structures including bone trauma, calcifications, and chronic tendinopathies [7].

Neovascularization

ESWT has been shown to induce angiogenesis through increasing the body’s secretion of growth factors and inflammatory proteins. A study conducted on the Achilles tendon of rabbits demonstrated ESWT treatment increases the levels of eNOS, VEGF, and PCNA as early as one week following administration. With eNOS and VEGF levels remaining at increased levels for 8 weeks following administration, while PCNA levels remain increased for 12 weeks before returning to normal [8]. A study conducted on mice demonstrated ESWT induces toll-like receptor 3 signaling helping mediate angiogenic response to surrounding tissue. Researchers hypothesize the induction of angiogenesis is caused by the release of cytoplasmic RNA through mechanotransduction [3].
Disruption of sensory and C-fiber nervesESWT treatment has short term and long-term effects for reduction of pain. ESWT creates a “wash out effect” on substance P, flooding the nervous system and distracting the body from pain. Reduction of pain with ESWT clinically can start as early as 2-5 minutes and may last for 2-4 weeks [9]. Interestingly, applying local anesthesia during treatment compromises the effect with detrimental effects on ESWT outcomes [10]. Research demonstrates the substantial involvement and role of both substance P and calcitonin gene-related peptide in pain and inflammation, especially in chronic inflammation. Studies have established a reduction in Calcitonin Gene-Related Peptide (CGRP) and substance P following ESWT application to the musculoskeletal system [11]. Substance P has been observed to be present in both unmyelinated C-fibers and A-delta fibers [4,5,12].
Literature ReviewOver the past 20 years, there has been a rise in peer reviewed 
literature highlighting the applications of ESWT for chronic musculoskeletal conditions. Studies indicate that ESWT acts on chronic conditions through neovascularization, reducing calcium deposits and bone edema, as well as lessening pain. ESWT has shown positive results addressing common upper extremity conditions such as calcific tendinosis of the shoulder, lateral epicondylosis, carpal tunnel syndrome, greater trochanteric pain syndrome, osteonecrosis of the femoral head, patellar tendinosis, knee osteoarthritis, medial tibial stress syndrome, lower limb tendinopathies, plantar fasciitis, bone edema lesions, and non-union fractures.
Calcific tendinosis of the shoulderCalcific tendinopathy of the rotator cuff is characterized by inflammation around deposits of calcium carbonate apatite crystals within tendon and is a common source of pain in the shoulder. Conventional treatment is conservative in nature and may involve NSAIDs, corticosteroid injections, needle barbotage, percutaneous needle tenotomy, physical therapy, and Transcutaneous Electrical Nerve Stimulation (TENS). Open vs. arthroscopic surgical procedures often yield good results at alleviating pain. Prior to 
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moving from conservative management to a surgical procedure, 
ESWT can be an option for patients who wish to alleviate pain and improve overall shoulder function that may be comparable to surgical intervention. A study performed by Cacchio, et al. in 2006 followed 90 patients with radiographically diagnosed calcific tendinitis in the shoulder. In this study, rESWT was effective at dissolving calcifications at a rate that was unexpectedly better than 
that which was achieved with extracorporeal shockwave therapy in another study performed by Rompe et al. [13,14]. Rompe et al. [13] observed a rate of calcification disappearance of 47% and a partial disappearance of 33%; compared to the study performed by Caccio et al. [15] that yielded complete calcific disappearance in 86.6% of subjects in the treatment group and partial disappearance in 13.4% of the subjects in the treatment group. These results indicate that rESWT is an effective means of non-operatively treating pain from calcific tendinosis of the shoulder. The primary limitation of the study performed by Cacchio et al. [15] was that there was a lack of a 
true placebo-control group, although there were no adverse effects with an increased rate of success in the treatment group [15].A metanalysis conducted by Wu et. al [16] investigating 14 studies with 1105 participants demonstrated Radial Shockwave Therapy (RSW), High-Energy Focused Extracorporeal Shockwave Therapy (H-FSW), and Ultrasound-Guided Needling (UGN) can successfully remove chronic calcific deposits [16]. Al-Kahir et al. [17] enrolled 45 patients with calcific shoulder tendinopathy and split patients into 3 groups: Focused shockwaves (F-SW) 1500, radial shockwaves (R-SW) 2000 and combined focused and radial shockwaves (C-SW). All three treatments demonstrated improvement in functional, clinical, and sonographic findings, but combined focused and radial ESWT was the best therapy of all three interventions [17].Patients suffering from acute shoulder calcific tendinosis may traditionally receive Subacromial (SA) corticosteroid injections to alleviate pain prior to considering surgical management. However, 
ESWT is an effective tool alleviating pain in the shoulder without the long-term negative effects of repeated steroid injections. A study completed by Ioppolo et al. [18] compared the energy level of 
focal ESWT necessary to effectively alleviate pain in the shoulder - primarily comparing the effectiveness of 0.20mJ/mm2 and 0.10mJ/mm2. Using a VAS questionnaire that was administered prior to treatment, 3, and 6 months post-treatment, it was determined that the stronger energy level of 0.20mJ/mm2 was the most effective at alleviating pain and improving overall function [18]. The primary limitations of this study were the lack of a control group that had diagnosed calcific tendinopathy but received no ESWT treatment, as well as the small sample size.
Lateral epicondylitisLateral epicondylitis, also known as tennis elbow, is a common musculoskeletal injury at the elbow. The injury is most commonly chronic in nature, due to the repetitive use of extensor muscles, but can also present acutely. Current medical management for 
lateral epicondylitis includes physical therapy, oral and topical NSAIDs, local injections of steroid or Platelet Rich Plasma (PRP), 

and splinting. In comparison to traditional treatment methods, ESWT has demonstrated improvement in both grip strength and pain associated with lateral epicondylitis [19]. In an additional comparative study investigating treatment differences in ultrasound, ESWT, and kineso-taping, ESWT demonstrated the most significant decrease in Common Extensor Tendon (CET) thickness in addition to a reduction in pain and improvement in functionality/grip strength [20]. Ibrahim, et al. conducted a study investing ESWT treatment versus local corticosteroid injection in the treatment of lateral epicondylitis. 30 athletes were split into two treatment groups: ESWT and corticosteroid. Both corticosteroid injections and ESWT treatment had significant improvements in VAS pain scores, but ESWT treatment demonstrated significant improvement on long term clinical and ultrasonographic follow-up when compared to corticosteroid. 
Carpal Tunnel SyndromeCarpal Tunnel Syndrome (CTS) is the most common entrapment 
neuropathy, and although surgical intervention provides consistently positive outcomes, there remain complications 
including post-op pain, weakness, and pillar pain - which can last up to 6 weeks post-op. Plus, some patients are reluctant for surgery and prefer a non-invasive alternative with limited down time. In 2019, Chang et al. [21] studied both radial and focused ESWT on a total of 40 participants with moderate CTS to determine if ESWT could improve healing, mitigate nerve pain, and improve overall function. Both the treatment and control group received one ultrasound guided PRP injection, while the treatment group also received additional treatment with radial ESWT. The findings of this study indicated that combined PRP and rESWT had no significant difference vs the control group who received PRP alone. 
The researchers suggested that further studies be conducted that include multiple sessions of ESWT as opposed to one, with longer follow-up periods to verify clinical efficacy [21].A 30 patient study conducted by Gesslbauer et al. [22] compared a control Vs a single focused ESWT treatment demonstrating a significant difference in VAS scores and hand grip strength at 3 and 12 weeks. Focused ESWT also demonstrated significant improvements in sensory nerve conduction velocity and distal motor latency of the median nerve. The authors concluded that focused ESWT is capable of being a noninvasive treatment for mild to moderate carpal tunnel syndrome [22].
Greater Trochanteric Pain SyndromeGreater Trochanteric Pain Syndrome (GTPS), also known as lateral hip pain and trochanteric bursitis, is a chronic musculoskeletal injury of the lateral hip that can affect the lower extremity radiating to the knee. GTPS pain is associated with running, walking and standing and can be difficult to treat. Current treatment involves 
conservative therapy of icing, rest, and physical therapy in addition to medical management with oral/topical NSAIDs and ultrasound-guided corticosteroid and orthobiologic injections. Ramon, et al. [23] conducted a randomized control trial on 103 patients with 
chronic GTPS investigating the effects of f-ESWT, in addition to exercise protocol, at 1,2,3, and 6 months follow up. Outcomes were 
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measured via Visual Analogue Pain Score (VAS), Harris Hip Score (HHS), and Lower Extremity Functional Scale (LEFS). F-ESWT  with exercise demonstrated a significant improvement in VAS, HHS and LEFS scores at 2, 3, and 6 month follow up, except for LEFS score at 1 month follow up [23].Carlisi et al. [24] investigated the effectiveness of f-ESWT in comparison to ultrasound therapy in 50 patients with GTPS. The study demonstrated that f-ESWT was more effective in reducing pain compared to ultrasound therapy, but did not demonstrate significant improvement in function [24]. A study conducted by Heaver et al. [25] investigated the effectiveness of f-ESWT treatment in comparison to ultrasound guided corticosteroid injection in 104 patients. Primary outcome measures included Visual Analogue Pain Score (VAS) with secondary outcome measures including the Harris 
Hip Score (HHS) and Trendelenburg test for accessing functional improvements and SF-36 for Quality of Life (QoL). The results demonstrated that f-ESWT treatment had significantly improved VAS, HHS, SF-36, and trendelenburg test scores in comparison to the injection group [25]. ESWT has shown promise as an effective, non-invasive treatment for GTPS. Further systematic reviews and larger sample size studies are needed to investigate both individual and adjunctive ESWT treatment for GTPS.
Osteonecrosis of the femoral headCurrent standard treatments for osteonecrosis of the femoral head include physical therapy, NSAIDS, core decompression, bone graft, osteotomy, and ultimately total hip arthroplasty [26]. In a 2017 systematic review of ESWT in osteonecrosis of the femoral head, Zhang used data from 17 studies including 6 randomized controlled trials to propose ESWT as a viable treatment for early Osteonecrosis of the Femoral Head (ONFH). The systematic review demonstrated that ESWT is an effective conservative option which enhances motor function and reduces pain in patients with ONFH. Furthermore, MRI studies demonstrated reduced bone marrow edema, but sustained necrotic bone post ESWT [27]. In 2016 
Wang studied the effectiveness of high dose versus low dose ESWT in the treatment of early hip necrosis. A total of 33 participants were exposed to 24Kv ESWT ranging from 2000-6000 impulses. 
The study showed that higher doses of ESWT provide better pain relief and improved neovascularization than low dose ESWT in the conservative treatment of early hip necrosis [28]. Despite the improved neovascularization in higher doses of ESWT, there were no appreciable differences in infarcted hip necrosis volume.
Patellar tendinosisPatellar tendinosis, known as jumper’s knee, is a common musculoskeletal injury primarily due to repetitive overuse with jumping and/or running. Current management of patellar tendinosis 
includes conservative therapy of bracing, physical therapy, rest, and icing in addition to medical management with oral/topical NSAIDs and corticosteroid and orthobiologic injections [29]. ESWT treatment has been growing in popularity as a stand-alone or adjunct treatment for chronic patellar tendinosis. A study conducted by Vulpiani et al. [30] investigated long-term effects of ESWT treatment alone on 73 sports patients with satisfactory results in 

73.5% of patients and 87.5% of satisfactory results in 16 performing athletes. Patients were followed up for two years following treatment and average time for return to sport for performance athletes was 6 weeks [30]. Smith et al. [31] performed a study investigating the effectiveness in ESWT treatment in comparison to PRP treatment for chronic patellar tendinosis following failed conservative treatments. PRP and ESWT successfully reduced pain and improved function at 12 month follow up, with PRP showing improved VAS scores at 6 and 12 months [31]. A study conducted by Vetrano et al. [32] demonstrated similar findings at 6 and 12 month follow up. Both ESWT and PRP groups had improved VISA-P, VAS, and modified Blazina scale scores at 6 and 12 month follow up, with PRP having higher scores on all 3 scales at 6 and 12 months [32]. 
Further studies are needed investigating the synergistic effects of ESWT, PRP, and exercise treatment for chronic patellar tendinosis.
Knee osteoarthritisOsteoarthritis (OA) is the most common joint disease in the world, with the knee most commonly implicated [33]. Current standards of treatment include physical therapy, NSAIDs, oral 
narcotics, bracing, intra-articular steroid or hyaluronic acid 

injections, orthobiologic injections, knee arthroscopy, and partial- and Total-Knee Arthroplasty (TKA) [33]. Despite the promising functionality of a TKA, up to 30% of patients report post-operative dissatisfaction in quality of life [34]. Therefore, alternatives to TKA are necessary to provide greater options for surgical candidates.In a 2020 systematic review and meta-analysis of the efficacy and safety of ESWT in knee osteoarthritis included three Randomized Controlled Trials (RCTs) and three cohort studies. Ma et al. [35] reported significant reduction in pain at regular intervals of 4, 8, and 12 weeks after intervention. Ma et al. [35] also comments on 
the few adverse effects of ESWT reported as redness and swelling of the knee [35]. In a 2019 systematic and meta-regression of ESWT for knee osteoarthritis, Liao, et al. demonstrated improved pain and function 6 months after ESWT. This review of 50 trials including 4844 patients, revealed that radial and focal ESWT treatments were beneficial for addressing patients with knee osteoarthritis with high energy radial therapy having greater effect size and an improved WOMAC function index. Wang et al. [36] expands on the concept of long-term benefits of ESWT for knee osteoarthritis in a review including 8 RCTs and 1 retrospective study to reveal reduction in pain and improvement in knee function up to 12 months after ESWT treatment [36].Despite the benefit of high-energy over low-energy ESWT, low-energy ESWT still proves superior to placebo. In 2019, Zhong analyzed the effects of low-dose ESWT in patients with knee osteoarthritis in a randomized controlled trial that included 63 participants. Participants were divided into low-dose treatment and placebo groups with four weeks of intervention. The VAS score and WOMAC pain, stiffness, and function indices were significantly improved at 5 and 12 weeks post treatment in the ESWT group compared to placebo [37]. To further analyze ESWT effects on OA based on dosage and delivery type, Liao et al. [38] performed a meta-analysis of randomized controlled trials including medium-
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energy, high-energy, radial, and focal shockwave therapy. In their 2022 analysis, Liao reports medium-energy focal shockwave therapy in conjunction with physical therapy as the most beneficial for pain reduction related to knee OA [38]. These studies demonstrate that ESWT can improve pain and function in patients with osteoarthritis, but the optimal dosage and delivery method has yet to be determined [36,39,40].
Medial Tibial Stress Syndrome (MTSS)An emerging application of ESWT is in the treatment of Medial Tibial Stress Syndrome (MTSS). MTSS develops under 
recurrent stress and overuse often seen in athletes including military personnel. Current treatment therapies include NSAIDs, 
cryotherapy, corticosteroid injections, prolotherapy, and laser therapy among other treatments [41]. In a single-blind randomized control trial including 42 military cadets, participants who received ESWT with exercise therapy showed improved pain control and running endurance compared to controls. This study contrasts the findings of another randomized, sham-controlled trial including 28 participants which showed no significant difference between ESWT treatment group and ESWT sham group. Of note, the sham group 
received a sub-therapeutic energy level of ESWT which authors suggest may have resulted in limited therapeutic effects [42]. 
These early studies set the foundation for future research on the therapeutic benefit of ESWT in the management of MTSS. 
Lower-limb tendinopathyTendinopathy affects multiple areas of the lower extremity 
including the connective tissue of the Achilles, tibia, patella, pes anserine, quadriceps, iliotibial tract, gluteus, and greater trochanter. Common conservative treatments range from rest, behavioral modification, physical therapy, NSAIDs, topicals and transdermal patches, steroid and orthobiologic injections for functional improvement and pain relief. Some of these treatments, however, are limited by comorbidities like obesity, kidney failure and diabetes [43]. ESWT is an emerging noninvasive tool to treat tendinopathy.In 2018, a meta-analysis by Liao et al. [44] reviewed 29 randomized clinical trials to discuss the outcomes of ESWT for tendinopathy. A total of 873 patients received some form of ESWT ranging from low- to high-dose and radial to focal shockwave 
therapy to treat Achilles tibialis, and patellar tendinopathies, and other lower limb tendon dysfunctions. Liao concluded that high-dose focal shockwave treatments yielded superior results in pain and function compared to high-dose radial shockwave and low-dose radial shockwave therapy [44]. In 2017, Korakakis reviewed 15 randomized clinical trials including ESWT for Achilles tendinopathy, greater trochanteric pain syndrome, patellar tendinopathy, medial tibial stress syndrome, and proximal hamstring tendinopathy. The review found that radial ESWT can result in improved function and pain of most lower limb tendinopathies. In particular, ESWT provided better pain control for greater trochanteric pain compared to corticosteroid injections even 12 months post-intervention [45]. In 2015, Gerdesmeyer reviewed literature on ESWT for Achilles tendinopathy. It was found that ESWT is a viable treatment 

for chronic Achilles tendinopathy when compared to physical therapy alone or sham treatment. Furthermore, the combination 
of ESWT with eccentric training should be offered to patients as an alternative conservative treatment of Achilles tendinopathy. Finally, local anesthesia combined with ESWT showed reduced effectiveness compared to regional anesthesia combined with ESWT. This suggests that patient biofeedback is crucial to the success of ESWT [46].
Plantar fasciitisPlantar fasciitis accounts for 15% of foot injuries in the general population [47]. Major risk factors for developing plantar fasciitis 
include increased body weight and overuse, particularly affecting athletes [47]. Current conservative measures include physical therapy, orthotic inserts, pharmacotherapy, corticosteroid and orthobiologic injections, and low dose radiotherapy [48]. ESWT provides an adjunct to the limited conservative and surgical treatment options. In 2022, Kapusta et al. [48] studied the long-term effects of ESWT on plantar fasciitis in amateur runners. A five-year follow up after ESWT intervention revealed that compared to ESWT alone, ESWT combined with laser and ultrasound therapy provided superior relief of pain frequency and intensity [48]. In meta-analysis of RCTs comparing ESWT to other therapeutic modalities including electrical muscle stimulation and cryotherapy, Sun et al. [49] found that ESWT demonstrated better pain relief in chronic plantar fasciitis. Moreover, the meta-analysis showed patients treated with ESWT compared to other therapeutic modalities had decreased return to work times and less treatment complications [49].Sun et al. [50] conducted a meta-analysis investigating the effectiveness of ESWT treatment in treating chronic plantar fasciitis. Focused shockwave therapy demonstrated a higher success rate and greater improvement in pain for the treatment of chronic plantar fasciitis compared to sham therapy. However, larger sample sizes and systematic reviews are needed to further investigate ESWT treatment as a sole alternative treatment [50].
Bone edema and nonunion fracturesExtracorporeal shockwave therapy treatment has been shown to be effective in addressing bone edema and nonunion fractures. A study conducted by Suhr et al. [51] demonstrated the mechanical stimulations of ESWT treatment can influence cell biological changes in bone marrow stromal cells. ESWT treatment improved therapeutic performance and improved BMSC behavior demonstrating its potential to help induce healing [51].Beling et al. [52] conducted a study investigating focused shockwave treatment for Bone Stress Injuries (BSI) in runners. The study incorporated 40 runners with majority having injury to metatarsal or posteromedial tibia and underwent ESWT treatment for 5-7 treatments. Patients received an average of 3122 pulses per session and were stratified based on location, Athlete Triad Risk Score, and injury severity. The study demonstrated that following 5±2 total ESWT sessions, most patients had significant improvement in pain with return to running at an average of 3 months. Patients with delayed and non-union BSI had a longer recovery time as 
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expected. Studies with larger sample studies would be indicated to further investigate focused shockwave treatment for Bone Stress Injuries (BSI) [52]. Sansone et al. [53] studied 86 patients with 3 treatments of high energy ESWT treatment to the medial knee showing 86% reduction in bone marrow edema compared to 41% in control after 6 months. The study demonstrated VAS pain scores improved by 88% in ESWT versus 42% in control at 3 months and 6 months follow up. In addition to VAS pain scores, WOMAC scores improved by 65% in ESWT versus 22% control [53].Zhao et al. [54] compared ESWT treatment with intravenous prostacyclin and bisphosphonate for the treatment of primary bone marrow syndrome in avascular necrosis of the femoral head. They demonstrated ESWT having significant improvement in VAS and WOMAC scores at 1,3 and 6 month follow ups [54]. Sansone et al. [55] treated 72 patients with 3 focused ESWT treatments to the knee demonstrating that the bone marrow lesion size corresponded with the level of patient’s pain. ESWT significantly reduced bone edema and improved KOOS scores at 6 months follow up [55]. An additional study by Zghao et al. [54] on 67 patients with avascular necrosis of the femoral head showed significant improvement in bone marrow edema following focal ESWT with fluoroscopic guidance. At 3 month follow up post MRI, imaging demonstrated decreased bone edema and improved pain [54].
DiscussionWith population growth and ageing, the number of people with functional limitations from musculoskeletal conditions is rapidly increasing at 1.71 billion [56]. Physicians and their patients need additional minimally invasive and evidence-based options to address pain and function. Extracorporeal Shockwave therapy (ESWT) is a promising and increasingly used modality working at the cellular level for musculoskeletal injuries. It serves as a safe, noninvasive biologic tool triggering the body’s endogenous mechanisms for self-repair. Future analysis may explore shockwave’s mechanotransduction properties, as cells sense and respond to acoustic mechanical loading simulating exercise. Previous studies have shown that exercise upregulates muscle Sirtuin 1 (SIRT1) gene expression and chronically increases blood enzyme concentration. Exercise increases the body’s endogenous production of molecules like SIRT1 which promotes healthy ageing and longevity [57].
Conclusion 

Further studies are needed to explore differences between focal and radial ESWT along with optimizing indications, protocols, frequencies, and dosing parameters. Additionally, cohort studies with larger sample sizes and follow up timelines can provide further evidence of its effectiveness and limitations. More controlled trials and outcomes data are needed exploring the potential synergistic effects of ESWT with other orthobiologic treatments like platelet rich plasma.
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