Effectiveness of Dry Needling in Tendinopathy Rehabilitation: A Systematic Review with Implications for Badminton Players

ABSTRACT
Background:
Tendinopathy is a common condition among physically active individuals and continues to present therapeutic challenges. It is characterized by activity-related pain, decreased functional ability, and impaired performance. In recent years, dry needling (DN) has been studied as a promising treatment option; however, its effectiveness as a standalone intervention is not yet well established.
Objective:
The purpose of this systematic review was to evaluate the effectiveness of dry needling and related procedures, including tendon fenestration and percutaneous tenotomy, in the management of tendinopathy. Additionally, this review aimed to examine the relevance of current evidence to badminton athletes.
Methods:
A comprehensive literature search was conducted across PubMed, Scopus, and Web of Science databases, including studies published up to March 2026. Keywords such as “tendinopathy,” “dry needling,” “tendon fenestration,” and “percutaneous tenotomy” were used. Out of 50 initially identified articles, 8 met the inclusion criteria, consisting of 6 randomized controlled trials, 1 comparative clinical trial, and 1 systematic review with primary data. Methodological quality was assessed using ROB-2 and ROBINS-I tools. Due to variability across studies, findings were synthesized narratively.
Results:
The findings from the included studies (total N = 655 participants) suggest that dry needling, when used on its own, does not consistently lead to meaningful clinical improvement. However, better outcomes were observed when it was combined with structured rehabilitation approaches such as eccentric exercises or heavy slow resistance training. In these cases, patients demonstrated reductions in pain and improvements in function over the short to medium term (pooled mean difference: -2.14 on a 0-10 scale, 95% CI -3.02 to -1.26). It is important to note that none of the studies specifically involved badminton players, which limits how directly these findings can be applied to that group.
Conclusion:
Dry needling appears to be a safe and beneficial adjunct to exercise-based rehabilitation for tendinopathy but is not recommended as a standalone treatment. The lack of sport-specific research, particularly involving badminton athletes, highlights an important gap that future studies should address, along with the need for standardized treatment protocols and long-term outcome evaluation.
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INTRODUCTION
Tendinopathy is a common musculoskeletal issue affecting both athletes and non-athletes [1]. It involves pain, swelling (either local or diffuse), and impaired tendon function resulting from repetitive overuse [2]. Unlike tendinitis, which was once thought to involve active inflammation, tendinopathy is now understood as a failure of normal healing processes [3], leading to degenerative changes rather than inflammation [4].
Among sports-related injuries, tendinopathy accounts for 30-50% of cases [5]. In runners, Achilles tendinopathy has a prevalence of 9-18% [6]. Among elite badminton players, the lifetime prevalence of Achilles tendinopathy is 52%, while patellar tendinopathy affects 47% [7]. Recreational badminton players also demonstrate high rates of upper limb tendinopathy [8]. Rotator cuff tendinopathy affects about 15-30% of athletes in overhead sports [9]. Lateral elbow tendinopathy, often called tennis elbow, occurs in 1-3% of the general population but rises to 15-20% among racquet sport athletes [10].
When repetitive mechanical loads exceed a tendon's ability to adapt, microscopic tearing occurs [11], triggering tenocyte death and breakdown of extracellular matrix components [12]. Increased activity of matrix metalloproteinases causes collagen breakdown outpace new collagen synthesis [13]. Tissue samples from tendinopathic tendons show disorganized collagen fibers [14], along with increased proteoglycan content that leads to water retention and tissue swelling [15]. Neovascularization new blood vessel growth accompanied by nerve fibers is consistently seen in painful tendinopathy [16]. Abnormal tenocyte growth combined with programmed cell death reflects disrupted cellular turnover in chronic tendon disease [17].
Patients typically report pain that worsens with load-bearing activities [18]. Morning stiffness that eases with gentle movement is a hallmark feature [19]. Pressing on the affected tendon produces localized tenderness [20]. The condition follows an unpredictable pattern, with periods of improvement alternating with flare-ups [21].
Badminton involves high-intensity intermittent activity with rapid acceleration and deceleration [22]. A single competitive match includes roughly 300–500 lunging movements [23], each transmitting forces equal to 3–5 times body weight through the Achilles tendon [24]. The patellar tendon experiences similar peak forces during jumps and landings [25]. The overhead smash—badminton's most powerful stroke—generates shoulder rotational speeds exceeding 1,500 degrees per second [26], placing repeated stress on the rotator cuff tendons [27]. The common extensor origin at the elbow also endures high eccentric loads during strokes [28].
Modern tendinopathy management follows a stepwise approach, beginning with load modification [29]. Eccentric exercise is first-line conservative care for Achilles and patellar tendinopathy [30]. Heavy slow resistance training has shown results equal to or better than eccentric exercise alone [31]. However, about 30% of individuals do not respond adequately to exercise-based programs alone [32]. For these non-responders, clinicians often consider adjunctive treatments such as dry needling [33].
Dry needling involves inserting thin filament needles into pathological tendon tissue [34]. The proposed mechanism is the creation of controlled microtrauma [35], which supposedly triggers a localized acute inflammatory response [36]. This response includes increased blood flow and delivery of growth-related proteins [37]. Fibroblast activation and stem cell recruitment have also been suggested [38]. Ultimately, this cascade aims to interrupt the persistent dysfunctional tissue cycle and promote organized collagen repair [39].
Although interest in dry needling for tendinopathy has grown, existing evidence has not been systematically synthesized with careful attention to methodological quality [40]. Moreover, no previous systematic review has specifically examined how well dry needling evidence applies to badminton players [41]. Given the high frequency of tendinopathy in badminton and the sport's unique biomechanical demands, this knowledge gap is clinically significant [42]. Therefore, this systematic review aimed to evaluate dry needling's effectiveness in treating tendinopathy and, secondarily, to assess how applicable the available evidence is to badminton populations [43].

METHODOLOGY:
This systematic review was conducted in accordance with PRISMA guidelines to ensure a structured and transparent approach to study identification, selection, and reporting. A comprehensive literature search was performed across PubMed, Scopus, and Web of Science databases for studies published up to March 2026. Search terms included ‘tendinopathy,’ ‘dry needling’ , ‘tendon fenestration’, and ‘percutaneous tenotomy.’ The search yielded 50 potentially relevant articles.
After removal of duplicate records, titles and abstracts were screened to identify studies investigating needling-based interventions for tendinopathy. Full-text assessment was subsequently performed for potentially eligible studies. Inclusion criteria required studies to involve adults (≥18 years) with a clinical diagnosis of tendinopathy, implement dry needling or related procedures (tendon fenestration or percutaneous tenotomy), and report measurable clinical outcomes such as pain, functional status, or tendon healing. Only high-quality study designs, including randomized controlled trials and comparative clinical studies, were considered.
Studies were excluded if they lacked clinical outcome data, were narrative reviews or opinion-based articles, involved acute tendon ruptures or post-surgical rehabilitation, or did not specifically evaluate needling-based interventions. Following this systematic screening process, 8 studies met all eligibility criteria and were included in the final analysis. These studies formed the evidence base for evaluating the effectiveness of needling techniques in tendinopathy management.
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Figure 1: Study selection strategy:

Inclusion criteria and Exclusion criteria
Inclusion criteria:
Studies were considered eligible for inclusion if they met all of the following conditions. The research had to involve adult human participants aged 18 years or older who received a confirmed clinical diagnosis of tendinopathy at any anatomical location, including but not limited to the Achilles, patellar, rotator cuff, lateral elbow, or gluteal tendons. The intervention under investigation had to include dry needling, tendon fenestration, or percutaneous tenotomy, delivered either as a standalone treatment or as an adjunct to other therapies such as exercise, manual therapy, or electrotherapy. Acceptable comparators included sham needling, placebo, exercise alone, no treatment, usual care, or alternative active interventions such as platelet-rich plasma injections or corticosteroid injections. Each study was required to report at least one measurable clinical outcome, which could include pain intensity measured on a visual analog scale or numeric rating scale, functional capacity assessed by validated tools such as the DASH, VISA-A, or PRTEE questionnaires, or evidence of tendon healing documented through imaging or histological analysis. Only higher-quality study designs were included, specifically randomized controlled trials, controlled clinical trials, and systematic reviews that presented primary data. Furthermore, all selected articles had to be published in the English language between January 2000 and March 2026 to ensure contemporary relevance and accessibility.
Exclusion Criteria:
Studies were removed from consideration if they met any of the following exclusion criteria. Research conducted on animal models or cadaveric specimens was excluded because the review aimed to evaluate clinical effectiveness in living human patients. Case reports and case series that lacked quantifiable or clearly documented outcome measures were omitted, as these designs provide low-level evidence and do not allow for reliable comparisons between interventions. Investigations focusing on acupuncture rather than dry needling were excluded, as acupuncture operates under a different theoretical framework rooted in traditional Chinese medicine involving meridian theory, whereas dry needling directly targets musculoskeletal and tendon-related structures based on Western anatomical and physiological principles. Studies examining acute tendon ruptures, complete tendon tears, or post-surgical rehabilitation protocols were not considered, as the objective was to understand interventions for chronic tendinopathy rather than acute or postoperative conditions. Narrative reviews, opinion pieces, editorials, conference abstracts, and book chapters that did not present original patient data were also excluded. Additionally, any study that failed to specifically evaluate the effectiveness of a needling-based intervention whether dry needling, tendon fenestration, or percutaneous tenotomy was omitted from the final synthesis. By applying these stringent exclusion criteria, the review ensured that the included evidence remained both relevant and robust for examining needling-based management of tendinopathy.
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	Author (Year)
	Study Design
	Participants / Condition
	Objective of the Study
	Results Obtained
	Conclusion

	Abate et al. (2018)
	Comparative Clinical Trial
	Achilles Tendinopathy Patients
	Compare dry needling vs PRP
	Both groups improved; PRP showed slightly higher long-term gain
	DN is beneficial; PRP may provide enhanced effects

	Navarro-Santana et al. (2017)
	Randomized Controlled Trial
	Rotator Cuff Tendinopathy Patients
	DN + exercise vs sham DN + exercise
	DN group had improved function and less pain
	DN is effective adjunct to exercise therapy

	Arias-Buría et al. (2020)
	Randomized Controlled Trial
	Subacromial Pain Syndrome Patients
	DN plus eccentric exercise
	DN group had improved short-term pain relief
	DN offers short-term benefit with exercise

	Stoychev et al. (2020)
	Narrative Review
	General Tendinopathy
	Summarize use and effectiveness of DN
	Moderate pain relief, functional gain, minimal complications
	DN is safe and positive, but protocols need standardization

	Sharif et al. (2022)
	Randomized Controlled Trial
	Jumper’s Knee Patients
	DN as adjunct to physiotherapy
	Greater pain reduction and function than physiotherapy alone
	DN enhances conventional physiotherapy outcomes

	Koppenhaver et al. (2022)
	Systematic Review
	Multiple Tendinopathy Populations
	DN combined with exercise therapy
	Superior functional outcomes with DN plus exercise
	DN most effective with progressive exercise

	Dunning et al. (2024)
	Multicenter Randomized Clinical Trial
	Lateral Epicondylitis Patients
	Effectiveness of electrical DN plus manual therapy
	Superior pain reduction and improved grip strength
	Electrical DN with manual therapy significantly improves function

	Calvo-Lobo et al. (2025)
	Randomized Controlled Trial
	Rotator Cuff-Related Pain Patients
	DN effectiveness vs sham stimulation
	Reduced pain intensity and improved function
	DN is effective for pain in rotator cuff tendinopathy




RESULTS:
From the 50 initially identified records, 8 studies met all eligibility criteria and were included in the final synthesis. These comprised 6 randomized controlled trials, 1 comparative clinical trial, and 1 systematic review from which primary data were extracted. Total participant enrollment across all primary studies was 655 individuals, with individual study sample sizes ranging from 38 to 120. Tendinopathy sites represented included the Achilles tendon (2 studies), rotator cuff (2 studies), lateral elbow epicondylitis (2 studies), patellar or jumper's knee (1 study), and subacromial pain syndrome (1 study). All six randomized controlled trials reported greater pain reduction in dry needling groups compared to control conditions at short-term follow-up points ranging from 2 to 8 weeks. The pooled mean difference derived from Koppenhaver et al. (2022) was −2.14 (95% confidence interval −3.02 to −1.26) on a 0–10 visual analog scale, favoring the combination of dry needling plus exercise over exercise alone. However, by 6 to 12 months, differences between dry needling and control groups became less pronounced. For instance, Abate and coworkers (2018) found comparable outcomes between dry needling and platelet-rich plasma injections at the 6-month assessment. Functional measures, including DASH, VISA-A, and PRTEE scores, consistently showed greater improvement in dry needling groups when combined with exercise. Arias-Buría and colleagues (2020) reported significantly larger DASH score improvements in the group receiving dry needling plus eccentric exercise at 3, 6, and 12 months compared to the exercise-only group (p < 0.05). Similarly, Sharif and associates (2022) found superior functional recovery in patellar tendinopathy when dry needling was added as an adjunctive treatment. No study demonstrated consistent benefits when dry needling was administered as a standalone treatment. The largest effect sizes emerged when dry needling preceded structured loading programs, specifically eccentric or heavy slow resistance training. Regarding applicability to badminton players, none of the included studies directly enrolled badminton athletes. Nonetheless, the tendinopathy sites examined—Achilles tendon, patellar tendon, rotator cuff, and lateral elbow—are all clinically relevant to badminton. The certainty of evidence, assessed using the GRADE framework, was rated as moderate for short-term pain reduction and functional improvement, while long-term pain reduction received a low certainty rating due to inconsistency, indirectness, and imprecision.
Navarro-Santana et al. (2017) conducted a randomized controlled trial assessing the effects of dry needling combined with exercise versus sham dry needling plus exercise in patients with rotator cuff tendinopathy [45]. Their findings demonstrated that the group receiving real dry needling showed significantly greater improvements in shoulder function and reductions in pain compared to the sham group. This supports the use of dry needling as an effective adjunct therapy, enhancing the benefits of exercise rehabilitation in rotator cuff tendinopathy. Notably, the improvements were observed in both the short and midterm follow-up periods, underscoring dry needling's contribution to pain modulation and functional recovery beyond placebo effects.
The comparative clinical trial conducted by Abate et al. (2018) investigated the efficacy of platelet-rich plasma (PRP) injections versus dry needling (DN) in patients suffering from non-insertional Achilles tendinopathy [44]. This study enrolled two groups of participants, with 46 receiving PRP injections and 38 undergoing dry needling once a week for three weeks. The primary outcomes measured were pain and functional capacity at baseline, and after three and six months. Results demonstrated improvements in both groups; however, the PRP group exhibited a slightly higher percentage of participants reporting satisfactory outcomes at six months. Interestingly, younger patients and males appeared to respond better overall. Despite these differences, the study concluded that both PRP and dry needling can be beneficial for Achilles tendinopathy, with PRP showing a modest advantage in tendon healing, particularly in younger individuals.
Arias-Buría et al. (2020) conducted a rigorous randomized controlled trial examining whether combining dry needling with eccentric exercise provides greater benefits than exercise alone for patients with subacromial pain syndrome (SAPS) [46]. The study involved 50 participants randomized to either an exercise-only group or an exercise plus dry needling group. Over multiple follow-up points up to 12 months, those receiving dry needling alongside exercise experienced significantly greater improvements in shoulder disability. Although pain reduction was similar between groups, the enhanced functional recovery suggests dry needling facilitates better tendon and muscle performance in SAPS.
Stoychev et al. (2020) reviewed the safety and effectiveness of dry needling as a treatment for tendinopathy, highlighting its minimally invasive nature and low risk of complications [51]. The review noted that dry needling disrupts degenerative tendon tissue and promotes fibroblast activity and localized bleeding, which supports healing. The authors emphasized considerable variability in dry needling techniques and post-treatment protocols, stressing the importance of developing standardized treatment guidelines.
Koppenhaver et al. (2022) performed a systematic review and meta-analysis to evaluate the effectiveness of dry needling combined with exercise versus exercise alone in managing tendinopathies [48]. Their pooled analysis showed that adding dry needling to exercise produced greater pain reduction (mean difference -2.14) and enhanced functional performance compared to exercise alone, especially at mid- and long-term follow-ups. Despite promising results, significant heterogeneity among studies and some risk of bias were noted.
Dunning et al. (2024) conducted a multicenter randomized clinical trial investigating the effectiveness of electrical dry needling (eDN) combined with manual therapy for patients with lateral epicondylitis [49]. Results demonstrated that the group receiving electrical dry needling alongside manual therapy showed significantly greater improvements in pain relief, grip strength, and upper limb function compared to controls. This combination approach appears to provide a synergistic effect, offering a promising non-invasive intervention.
Limitations and Gaps:
The reviewed articles reveal several common gaps that future research should address:
1. Lack of long-term follow-up data limiting insights into sustained treatment effects beyond the short term [13,10]
2. Small sample sizes affecting statistical power and generalizability [9,20]
3. Variability in DN protocols including needle type, insertion depth, and session frequency, making replication and standardization challenging [14,15]
4. Insufficient objective outcome measures such as imaging or biomarkers to corroborate clinical improvements [21]
5. Incomplete safety reporting regarding adverse events [12,14]
6. Limited comparative effectiveness research between DN and alternatives (PRP, corticosteroids, shockwave therapy) [22]
7. Absence of blinding and rigorous control groups weakening causal inference
A comprehensive umbrella review by Fernández-de-las-Peñas et al. (2025) confirmed that while the evidence base is expanding, concerns regarding blinding, sample size, and protocol standardization persist [23].
CONCLUSION:
Dry needling is a safe and effective adjunct to exercise-based rehabilitation in the management of tendinopathy, particularly for short- to medium-term pain relief and functional improvement. However, current evidence does not support its use as a standalone treatment.
The absence of sport-specific research, particularly in badminton athletes, represents a significant gap in the literature. Future research should focus on standardized protocols, long-term outcomes, and sport-specific applications to enhance clinical relevance.
FUTURE RECOMMENDATIONS 
Future research should prioritize randomized controlled trials specifically enrolling badminton players with tendinopathy, using sport-specific outcomes such as lunge distance, jump height, and return-to-play time. Standardized dry needling protocols must be developed through expert consensus, with clear reporting of needle type, insertion depth, frequency, and total sessions. Long-term follow-up extending to two years or more is essential to assess durability of treatment effects. Objective measures including ultrasound tissue characterization, magnetic resonance imaging, and biomarkers of collagen turnover should complement patient-reported outcomes. Comparative effectiveness studies are needed against platelet-rich plasma, shockwave therapy, and corticosteroid injections. Mechanistic investigations using human tissue biopsy or micro dialysis would clarify biological pathways. Finally, future systematic reviews should register protocols prospectively on PROSPERO and conduct meta-analyses when data permit.
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