
  
    
      Literature Review | 10.36959/453/616


      Volume 8, Issue 1

    


    
      [image: ]

      Journal of Orthopedic Surgery and Techniques

    


    
      Literature Review of Percutaneous Needle Fasciotomy + Extracorporeal Shockwave (ECSW) Therapy in Comparison to Fasciectomy

    


    
      Jacob Stevens1, MS, BS, Steele Netterville BS1, Emily Rebowe1, BS, Jonathan Fincher1*, MS, BS, Ryan Taylor1,3, MD and Peter Seidenberg, MD1,2


      1Louisiana State University Health Shreveport School of Medicine, United States


      2Louisians State University Health Shreveport Department of Family Medicine: Division of Sports Medicine, United States


      3Louisiana State University Health Shreveport Department of Orthopaedics, United States

    

    

    
      Accepted: August 23, 2025 | Published Online: August 26, 2025


      Corresponding author


      Jonathan Fincher, Medical Student, Louisiana State University Health Shreveport School of Medicine, 10856 Woodpine Trail, Bethany, La 71007, USA.


      Citation


      Stevens J (2025) Literature Review of Percutaneous Needle Fasciotomy + Extracorporeal Shockwave (ECSW) Therapy in Comparison to Fasciectomy. J Orthop Surg Tech 8(1):589-597


      Copyright


      © 2025 Stevens J, et al. This is an open-access article distributed under the terms of the Creative Commons License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

    


    
     Abstract

								
									Dupuytrens Contracture (DC) is a progressive fibrotic thickening of the palmar aponeurosis of the hand. Often first presenting with nodules in the palm but leading to a fixed flexion of the digits as further collagen deposition leads to rope like cords being formed that can have a severe impact on ones functionality. Historically, a variety of interventions have been used, but those that are used most common in current practice include limited fasciectomy (LF), percutaneous needle fasciotomy (PNF), and collagenase clostridium histolyticum injections (CCH). Of these, PNF and CCH have the advantage of being less invasive than a LF. Fasciectomy, on the other hand, has the disadvantage of being a more invasive treatment option, yet yields superior results in treating severe cases and has lower recurrence rates than the less invasive treatments. A different avenue which will be explored, is the possible role of Extra-Corporeal Shockwave (ECSW) Therapy in the treatment of DC. Such therapy has received notoriety in the treatment of conditions such as plantar fasciitis and tendinitis calcarea, and while it has been used for DC the authors would like to explore other possibilities for this modality to find out the extent of its application. The authors hypothesized that treating DC with a combination of percutaneous needle fasciotomy and ECSW Therapy would be able to establish a non-inferiority when compared to limited fasciectomy. To test this hypothesis a literature review was performed, and after application of inclusion and exclusion criteria there were 52 scholarly articles utilized in this paper. Results indicated that while PNF seems to be the preferrable non-invasive treatment option, it has major issues with contracture recurrence when compared to LF. PNF does have the advantage of being cost-effective when compared to LF. ECSW Therapy has been shown to be efficacious in the treatment of DC from both a pain reduction standpoint along with a functional one, yet no studies to date have combined ECSW Therapy with PNF to gauge long term efficacy. Based upon these results, the authors conclude that the combination of ECSW Therapy and PNF in the treatment of DC warrants further investigation, as it may bolster the long-term efficacy of PNF while remaining minimally invasive along with cost effective.
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								Introduction

								
									Dupuytrens Contracture, or Dupuytrens Disease, is a common condition seen by hand surgeons which follows a predictable and progressive course resulting in loss of function. DC is a fibro proliferative disorder characterized by the formation of hard nodules at onset, followed by longitudinal fibrous bands forming in the palmar aponeurosis [1]. The nodules themselves represent contraction of the tissues, while the cords bind nodules to surrounding tissues and cause the flexion contracture associated with the condition which can be seen in (Figure 1) [2,3].
								

								
									This progression has been described as having three phases: The proliferative, involution, and residual stages [2,4]. In the proliferative stage, an increase in disorganized myofibroblasts is seen in the palmar aponeurosis and this is mainly under the control of local mediators such as TGF-B1 and periostin [2,4-8]. This is followed by the involution stage, where these cells rearrange along tension lines [2,8]. And finally, the residual stage, where collagen is deposited to form cords and myofibroblasts along with nodules regress [2,5]. The result of this process is contracture of the metatarsophalangeal (MCP) and proximal interphalangeal (PIP) joints, causing loss of extension in one or more digits [1,9]. This contracture is most likely to affect the 4
									
										th
									
									 or 5
									
										th
									
									 digits of the dominant hand [2,9]. This progression is most commonly assessed clinically by use of the Tubiana staging system (Table 1), which was developed by Tubiana, et al. in 1968 but still widely used today [5].
								

								
									It has been estimated that the worldwide prevalence of DC is 8.2%, with the continent of Africa having the highest prevalence of 17.2% and the American continent having a prevalence of 2.3% [10]. DC was previously correlated with those of Nordic ancestry, but more recent studies have called this correlation into question [11,12]. Regardless of ancestry, genetic factors have been found to be a main factor that contributes to the development of the disease [11]. DC is more common in men than women, and most often appears during or after the fifth decade of life [2].
								

								
									There are a number of conditions that have been associated with the development of DC, including: diabetes mellitus, dyslipidemia, liver disease, epilepsy, and HIV infection [2,5,11]. The most closely associated condition is diabetes mellitus, as both Type 1 and Type 2 are associated with increased prevalence of DC [2,10]. DC is also more common in smokers and those who consume alcohol and has been linked to the use of antiretrovirals along with anticonvulsants [2]. While a definitive link has not been determined, it has been postulated that the mechanism behind these conditions relation to DC lies in an alteration of local circulation which affects cytokine and growth factor production leading to collagen deposition [2].
								

								
									Another linkage to the development of DC comes from trauma, as this is an association that has been hypothesized since the 17
									
										th
									
									 century and studies have found evidence of such a link [1]. Although the pathophysiology may be poorly understood, it has been estimated that up to 1/5 of patients with DC who seek medical intervention had an injury that led to the contracture [1]. Along with trauma, some occupational associated risks have been determined. Those who work with vibrating tools have been found to have increased incidence of DC, especially if doing so for multiple years [11,13].
								

								
									A small portion of patients with DC also have fibrotic lesions of the plantar fascia or penis, known as Ledderhoses disease and Peyronies disease, respectfully [2]. Lesions over the knuckles may also be present, and these are referred to as Garrods pads [14]. Patients with these widespread manifestations are said to have Dupuytrens diathesis, which indicates a systemic and progressive course that is associated with earlier onset and more frequent recurrence [14].
								

								
									Recurrence following treatment is one of the primary issues faced when providing care to a patient with DC. Therefore, a consensus definition of recurrence is necessary to establish. Kan, et al. accomplished just that, and their definition of recurrence is "more than 20 degrees of contracture recurrence in any treated joint at one-year post-treatment compared to six weeks post-treatment" which has been widely accepted [15].
								

								Extracorporeal Shockwave Therapy

								
									Extracorporeal shockwave therapy is a form of treatment that has been rising in popularity over more recent years, as new applications for its use are being discovered. While its popularity has increased as of late, the modality has been around for decades and was born from extracorporeal shockwave lithotripsy (ESWL), which provided a non-invasive option for the treatment of kidney stones [16]. While EWSL is aimed at destruction of the kidney stones, ECSW Therapy is predominately used to catalyze a regenerative process at the cellular level which has greatly expanded the possible applications for the modality [16].
								

								
									In ECSW Therapy, the high energy acoustic waves generated are able to propagate through the tissue and produce changes at the cellular level to induce the healing process [16]. Contrary to their effects in ESWL, the effects of the waves when used in ECSW Therapy can induce changes such as anti-inflammation, neovascularization, tissue regeneration, anti-apoptosis, and chondroprotection [17]. Triggering of osteogenesis has even been demonstrated [18]. Though the exact mechanism of this mechano-transduction still requires further elucidation, there are a few processes which have been observed [16]. There is an initial release of mRNA from the nucleus of cells, which activates organelles to release proteins with healing properties [16]. It has also been observed that the process induces production of growth factors by use of both free and oxygen radicals [18]. The net effect of this mechano-transduction process is activation of a regenerative cascade, and the applications of such are still being discovered as further research is conducted [16]. Along with these actions, ECSW therapy has been found to have more direct anti-fibrotic effects. Fischer, et al. found that ECSW Therapy administered after insertion of silicone implants was able to both decelerate and degrade the capsular fibrosis that ensued [19]. With application of multiple rounds of ECSW Therapy, the degradation was accompanied by alterations in pro-fibrotic proteins such as TGF-B1 [19].
								

								
									Of note is the fact that there are two different forms of ECSW Therapy which are commonly used, focused and radial ECSW Therapy. The different manners in which they exert their effects leads to different applications in the clinical setting. Focused ECSW Therapy is characterized by a rapid rise in pressure, and the waves generated can be directed to and converge on a selected depth in the tissue [17]. Radial ECSW Therapy, on the other hand, has a lower pressure exertion that is maximal at the body surface and diminishes as the waves propagate deeper into the tissue in a diverging fashion [17]. These distinct differences necessitate the different clinical applications of the two forms.
								

								
									ECSW Therapy has shown therapeutic efficacy for the treatment of several different orthopaedic conditions. These include fracture non-unions [20,21], plantar fasciitis [16], and tendinitis calcarea [22]. It is also commonly used for lateral epicondylitis, though the efficacy of such use is not as successful as the other conditions mentioned above [16].
								

								
									ECSW Therapy has also been used to treat conditions closely associated with DC, including Ledderhoses Disease and Peyronies Disease. In terms of treating Peyronies Disease, ECSW Therapy has produced results that are widely conflicting across different studies. Varying results have been produced in regard to pain reduction, reduction in penile plaques and curvature, and even erectile dysfunction related to Peyronies Disease [23]. Therefore, although ECSW Therapy has been used for Peyronies Disease, the applications and efficacy remain to be elucidated. Results have been more promising, however, in the treatment of Ledderhoses Disease. ECSW Therapy has been found to be effective in reducing pain levels associated with the disease and has even been found to provide functional improvement in those affected [24,25].
								

								Percutaneous Needle Fasciotomy (PNF)

								
									Given the fact that PNF exists as a minimally invasive treatment option that is also relatively inexpensive, it should come as no surprise that the procedure itself is quite simple. First, a local anesthetic is administered to the dorsal and volar aspect of the cord [26]. Once the area has been anesthetized, tension is induced on the cord by extending the digit, and a needle is repetitively passed through the cord in a fan like distribution (Figure 2) until rupture of the cord is either felt or heard [26]. Rupture of the cord is achieved via these repeated perforations under tension, a fairly straightforward mechanism compared to other treatment modalities. Following treatment, physical therapy is rarely necessary, rather, at home stretching and early use of the affected extremity are the recommendations for the patient [26].
								

								Limited Fasciectomy (LF)

								
									Fasciectomy in any form has been a viable option in the treatment of DC for decades, all with a common goal of surgical excision of diseased fascia in order to allow contracture correction [27]. While procedures such as open fasciotomy, segmental fasciectomy, and dermofasciectomy are certainly performed, limited fasciectomy is the most commonly used and therefore will be the procedure which the authors will center our discussion around [27]. The procedure itself is performed with the patient under general, regional, or local anesthesia, a decision which varies by case and by surgeon [27]. The incision is then made, and a variety of techniques exist for the surgeon to choose from, including transverse, Z-plasty, Bruner, and midlateral approach [27]. Following the incision is a dissection of diseased fascia, investigation for possible PIP joint contracture, assessment after correction is completed, and then closure [27]. The patient should expect splinting and occupational therapy following the procedure to ensure the most ideal outcome [27].
								

								Methods

								
									In this literature review, one author performed a search of the PubMed online database for all scientific articles included in the paper. Search terms used to find articles can be found in Table 2, along with the number of articles generated by the search term.
								

								
									There existed much overlap in the search terms, therefore many of the articles reviewed were present in multiple searches. Inclusion of articles was based upon the results yielded with the search terms, along with a decision being made based upon their relevance to the topic. Priority was given to randomized control trials, systematic reviews, and meta-analyses as our primary article types to include, especially for search terms which yielded numerous results. For such terms a meta-analysis or systematic review was often utilized to better encompass the scope of the term while also narrowing down search results. Exclusion criteria included non-English articles, and beyond that articles were excluded if they were deemed not relevant to the topic being reviewed. The majority of articles excluded were done so after a review of the title or abstract showed that the article did not provide relevance to the topic being discussed in this paper. No time constraints were used in the selection process, as some of the information found in older articles is still accepted today. However, if two articles addressed the same information, the priority was given to the more current article in order to reflect the more up to date understanding of the given topic. Along similar lines, if numerous articles were generated by a search term, then those with the more current understanding were selected for.
								

								
									The PubMed search failed to yield scholarly articles with information related to the cost of ECSW. As such, a Google search was performed. Search terms used to identify these sources were shockwave therapy cost for plantar fasciitis and high energy shockwave therapy price range. These searches yielded three of the references used in the section labeled Extracorporeal Shockwave Therapy.
								

								Results

								
									Of the articles generated by the literature search performed on PubMed, 52 met the inclusion criteria and were utilized in this paper. Another three references were generated by the Google search that was performed.
								

								Extracorporeal Shockwave Therapy

								
									Based upon its applications in similar disease states, it should come as no surprise that ECSW Therapy has been used in the treatment of DC. Outcomes have been promising in varying regards, and it appears that the benefits of ECSW Therapy in terms of treating DC are still being discovered. One aspect where it has been very promising is in reduction of pain levels. In a smaller study performed by Abdulsalam, et al. pain levels were reduced from 8.7+/-0.5 to 2.0+/-0.9, and tenderness was reduced from 8.5+/-0.5 to 2.5+/-0.9 following weekly treatments over the span of 8 weeks [28]. In a larger study performed by Knobloch, et al. patients received one session of ECSW Therapy per week for three weeks, and the researchers observed a reduction in pain on the visual analog scale from 3.6 +/- 1.8 to 1.9 +/- 0.8 (-47%) after 18 months [29].
								

								
									While pain reduction has been demonstrated in studies, another exciting prospect is the possibility of functional improvement by way of ECSW Therapy. Noternicola, et al. not only demonstrated pain reduction, but also found statistically significant functional recovery along with extension deficit recovery [30]. Likewise, Aykut, et al. found a statistically significant improvement in function after intervention with ECSW Therapy by way of improvement in MAYO wrist score, grip strength, and 16 of the 23 patients having a table-top test that turned negative [31]. A case report showed similar outcomes in a patient who was treated with radial ECSW Therapy, which led to significant improvement in ability to perform activities of daily living along with correction of the hand deformity that was present [32]. The mechanism by which these functional changes occur is unclear, but as mentioned earlier ECSW Therapy was found to have antifibrotic effects following the insertion of silicone implants, and ECSW Therapy has been found to inhibit the expression of TGF-B1 and alpha-smooth muscle actin when being applied to hypertrophic scars [19,33]. These actions, along with the anti-inflammatory effects mentioned prior, are likely the explanation of improved clinical outcomes in patients treated with ECSW Therapy.
								

								
									While prices of ECSW Therapy vary based upon a multitude of factors, the cost per session for treatment of plantar fasciitis and other musculoskeletal conditions has been estimated by one source to be around $250 dollars per session [34]. Another source differed in their cost estimation and found it to be $300-$500 per session [35] Notably, this cost estimate is pertaining to low energy ECSW Therapy sessions. Costs of sessions for Dupuytrens Contracture could be estimated to be similar, given the fact that it is an orthopaedic condition. However, given the range of prices found when trying to determine the cost of a session of ECSW Therapy to treat DC, the authors will err on the side of caution and estimate the price to be $500 per session for low energy ECSW Therapy the purpose of this paper. High energy ECSW Therapy sessions are more expensive, ranging from $1,000-$3,000, yet have the advantage of requiring fewer treatment sessions when compared to low energy ECSW Therapy [35,36]. For the purpose of this paper, the authors will estimate the cost of high energy ECSW Therapy to be $2,000 per session. While these costs can certainly add up if considering multiple sessions, it would still have to be compared to the cost of more invasive treatment options such as surgery to perform a fasciectomy.
								

								Percutaneous Needle Fasciotomy (PNF)

								
									There are two commonly used treatment options for DC that are less invasive and have been shown to be efficacious. These being percutaneous needle fasciotomy (PNF) and collagenase clostridium histolyticum (CCH) injections. With two options available, a choice must be made as to which treatment method to proceed with. There exists much variation in treatment practices, both due to preferences of the physician along with giving respect to the individual case of the patient. With that said, PNF has become a more preferred treatment method when compared to CCH injections and reasoning for that is two-fold. While there are studies which have observed similar efficacy between the two treatment options, especially in treating mild contractures (Tubiana I or II) [46-48][37-39], this is not the case in all studies. Several studies found PNF to be a superior treatment option, and this was determined primarily by a lower rate of recurrence and need for additional intervention, along with a lower rate of adverse effects [40-43]. Given the conflicting evidence, the authors will hypothetically assume that the two treatment methods are similar in terms of efficacy. Yet even with this assumption, still lies the second reason why PNF has become preferred over CCH, the cost of the treatment. Cost of treatment is considerably lower for PNF when compared to CCH, therefore even if efficacy is relatively similar, PNF would be the treatment of choice based on price [26,44,45]. Leafblad, et al. performed a study examining this very topic and found that the standardized direct cost per digit was $624 for PNF and $4,189 for CCH. These values increased to $1,540 for PNF and $5,952 for CCH at 5 years when re-interventions were taken into account [46]. Therefore, even if the two treatment modalities are similar in terms of efficacy, which the literature for that is inconsistent at best, there remains a significant cost difference that should be considered when choosing a form of treatment for a given patient.
								

								
									The efficacy of PNF, though not without flaws, is promising. Strmberg, et al. demonstrated that 79% of patients retained a straight MCP joint at their 2-year follow-up [39]. Mehdiyev, et al. found that at 3 years, the mean passive extension deficit following PNF was 9 degrees [44]. Similarly, Scherman, et al. found that extension deficits were reduced by 70% at their 12-month follow-up after treatment with PNF [47]. There is a common theme throughout the literature, however, and that is that intervention efficacy with the minimally invasive modalities wanes over time and recurrence of DC is a major issue. Scherman, et al. found the DC recurrence rate to be 42.5% at 36 months following intervention with PNF. Leafblad, et al. found the need for re-intervention following PNF to be 23% at 2 years, but then 61% at 5 years [46]. The rate discovered by van Rijssen, et al. 84.9%, was even higher [48]. Issues with recurrence are not isolated to treatment with PNF, rather it is a common theme for both primary minimally invasive treatment options. Multiple studies have found that there are no significant differences with recurrence rates between patients treated with PNF and those treated with CCH at 3-year follow-ups [38,47]. While recurrence rates pose a significant issue, PNF has the benefit of being a minimally invasive and cost-effective treatment option that can be performed again and again, and many patients opt to do so [26]. With that said, recurrence remains an issue needing to be addressed moving forward. Along similar lines, there is the issue with contracture that involves the PIP joint rather than just the MCP joint. Such contractures are notoriously more problematic in terms of effective treatment, as Mehdiyev, et al. found lower rates of clinical success in treating PIP joints when compared to MCP joints, and Abe found that successful corrections were present in 67% of patients with moderate PIP joint contractures at only 30 days post-intervention [38,44]. Further issues arise in terms of recurrence at the PIP joint, which van Rijssen found to be 70% at 5-year follow-up, and Skov et al found to be 68% at 2-year follow up [48,49]. Therefore, even though PNF is a fantastic option for treatment of DC, issues are still present, especially in terms of contracture recurrence.
								

								Limited Fasciectomy (LF)

								
									The benefit of the more invasive treatment techniques is a higher efficacy, and there are many studies which corroborate with this general principle. In a study performed by van Rijssen, et al. patients who underwent LF had a 79% improvement in total passive extension deficit at 6 weeks, and this was in comparison to a 63% improvement seen in patients following PNF [50]. The difference in these outcomes was primarily seen among patients with a Tubiana stage III or IV contracture [50]. Another follow up was performed at 5 years following intervention by van Rijssen, et al. which found that the disease had recurred in 20.9% of LF patients compared to 84.9% of PNF patients, and that recurrence occurred significantly sooner in the PNF patients [48]. In a study by Leafblad, et al. rates of re-intervention were 24% for PNF and 4% for fasciectomy after 2 years [9][46]. At 5 years, the rate of re-intervention was 61% for PNF and 4% for Fasciectomy [46]. Similarly, Toppi, et al. found that at 2 years, 12% patients who underwent a fasciectomy were told they would require another operation whereas 30% of patients who were treated with PNF were given the same prognosis [51]. In a review performed by Crean, et al. the recurrence rates were 39% for fasciectomy compared to 62% for Fasciotomy [52]. As can be seen, the common theme across the literature is that though the exact results may have a wide range, intervention with the more invasive fasciectomy does provide superior results from an aspect of long-lasting relief when compared to PNF.
								

								
									Given the fact that it is more invasive, it comes as no surprise that recovery times are longer and more severe adverse effects are liable to occur. In a meta-analysis performed by Cooper, et al. they found no statistical difference in the rates of mild complications, yet fasciectomy was associated with 74 severe complications compared to the 2 associated with the less invasive CCH injections [53]. Although some studies describe the overall rate of adverse events as being higher with minimally invasive treatment options or comparable between the two, this is primarily claimed while considering minor complications rather than selecting for major ones [40,52]. Such minor complications are predominately associated with CCH rather than PNF [40,52]. Other studies, however, have found more distinct differences. Toppi, et al. found that patients undergoing fasciectomy were 7.57 times more likely to have a postoperative infection when compared to those being treated with PNF [51]. Likewise, Soreide, et al. found a higher rate of adverse events associated with LF compared to PNF [54]. Severe adverse events associated with fasciectomy include infection, nerve injury, neurapraxia, CRPS, and arterial injury [53]. The invasive nature of LF also helps to explain the cost associated with the procedure, which Leafblad, et al. found to be $5,291 per digit for LF compared to $624 per digit for PNF [46]. Another aspect which must be taken into account is the recovery time associated with the treatment modality. As mentioned earlier, patients who undergo PNF are rarely subjected to extensive post-operative interventions. LF patients, on the other hand, can expect a post-surgery compressive dressing followed by occupational therapy and night splinting for varying amounts of time [46,53,55]. Such extended measures must be considered not only from a physical standpoint, but from a financial one as well.
								

								
									Therefore, although LF poses a fantastic option for the treatment of DC, it is not without the flaws associated with its invasive nature. The success it has with deformity correction and recurrence rates set the standard. If such success were able to be obtained with minimally invasive measures, then a new standard of care may be in the works. Such an alternative will be addressed in the coming section.
								

								PNF+ECSW vs. Fasciectomy (Discussion)

								
									The goal of this paper was to conduct a review of the literature to determine if a new methodology for the treatment of DC should be explored. LF has established itself as the superior option in terms of results, especially when taking into account recurrence rates, yet has a major disadvantage in terms of invasiveness. PNF, on the other hand, is both minimally invasive and cost effective but is lacking in terms of long-term efficacy. Therefore, the authors desired to find a method in which PNF may be bolstered in order to produce more desirable outcomes, and ECSW Therapy may provide such an alternative. Throughout the literature review performed by the authors, no papers were found which have combined PNF and ECSW Therapy in the treatment of DC.
								

								
									PNF has established itself as a mainstay in the treatment of DC due to its previously discussed advantages, especially when considering less severe contractures. Yet issues arise when reviewing the data, especially years following intervention. Both van Rijssen and Leafblad highlighted the discrepancies between PNF and LF in their studies and have shown that if a patient is looking for long term relief, they typically become restricted to the invasive techniques [46,48]. This issue is more apparent when considering the age of the patient. Whereas an elderly patient may be looking for a few years of relief and therefore be satisfied with PNF, a younger patient affected by DC would more likely desire be treated with a method that resembles more of a cure than a short-term solution. Such patients are very limited in terms of options, and if they are unable to undergo surgery for any reason then they are even further out of luck. Presently, no cure exists for DC. However, what the authors are proposing is a method which may be able to provide a lasting efficacy which resembles LF while also remaining minimally invasive. To be more specific, if a treatment regimen could be established that combines PNF with ECSW Therapy then it may pose a minimally invasive option which could rival LF in terms of efficacy.
								

								
									ECSW Therapy has been gaining notoriety in the treatment of several conditions, and while its application in terms of pain reduction in DC has been shown, the authors are more concerned with its success from a functional standpoint. The studies by Noternicola, et al. and Aykut, et al. have opened the door for such a discussion, as they were able to demonstrate extension deficit recovery and functional improvement following ECSW Therapy [30,31]. These results have been obtained without a clear understanding as to why this modality is beneficial, though multiple plausible mechanisms are laid out earlier in the paper. Nevertheless, with efficacy being demonstrated it seems apparent that this non-invasive modality should be incorporated into the arsenal of treatment options against DC. It is our estimation that combining it with PNF could prove to be quite beneficial. PNF has shown to be efficacious on its own, with Strmberg et al finding 79% of MCP joints remaining straight at 2-year follow up [39]. However, studies focusing on recurrence rates highlight the modalitys need of some support if it is to rival LF in the long term. Why then, could it not be established to perform a PNF and then over time supplement that treatment with sessions of ECSW Therapy? Both have shown to be efficacious in treating DC, and both have the benefit of being non-invasive, so it stands to reason that a combination of the two may be able to provide a non-invasive option in the treatment of DC with long term efficacy. Furthermore, such a combination may be able to prove more effective in treating problematic cases such as severe contractures or ones involving the PIP joints that have proven quite difficult for PNF to be beneficial against over the years. While still merely speculative, given the data present on each as a viable treatment option along with the potential upside of discovering a non-invasive long-term option, it seems to be a more than worthy avenue to explore in the future.
								

								
									Another primary goal of this proposed treatment combination would be to remain cost-effective while also being minimally invasive. Therefore, a comparison of costs between PNF and LF must be drawn, and Leafblad, et al. did just that. Standardized direct costs per digit were $624 for PNF and $5,291 for fasciectomy, and these costs increased to $1,540 for PNF and $5,507 for fasciectomy at 5 years when accounting for continued treatment and further interventions [46]. Given the fact that the increase in cost seen at 5 years in the PNF group was due to the need for further interventions, and that what the authors are proposing is an alternative intervention, the authors will focus on the initial cost for PNF which was $624. With this number in mind, a patient would be able to undergo multiple sessions of either high or low energy ECSW Therapy in the years following initial intervention with PNF yet remain below the 5-year cumulative cost of fasciectomy, $5,507. The authors have estimated the cost to be $500 per session for low energy ECSW Therapy and $2,000 for high energy ECSW Therapy. Therefore, multiple sessions of either intensity would be able to be performed and the cost of treatment, including the initial intervention with PNF of $624, would still be lower than the 5-year cost of intervention with fasciectomy. This, of course, depends on the total number of ECSW Therapy sessions performed, but it remains an exciting prospect that this combination may prove to be worthwhile from a standpoint of long-term efficacy while also being cost effective and minimally invasive. The cost effectiveness of this treatment combination may become even more pronounced in the coming years, as ECSW Therapy is currently a cash-pay treatment option and if it were to become covered by insurance it would certainly benefit our proposed treatment combination from the aspect of the patient.
								

								Conclusion

								
									Based upon the review of the literature performed, the authors conclude that a new methodology in the treatment of DC may need further examination. Due to the shown efficacy of both PNF and ECSW Therapy as viable treatment options, the authors propose that a combination of the two may be able to provide long term relief from DC that rivals the efficacy of LF in terms of recurrence rates and treating severe contractures yet has the unquestionable benefit of being a minimally invasive combination. This exciting proposition warrants further investigation, if a non-inferiority were able to be determined then it may alter the landscape of treating DC. Furthermore, a deeper comparison between the treatment methods from a financial standpoint should be performed, as it appears that our proposed combination may also be cost-effective in addition to being efficacious and minimally invasive.
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