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Objective: A meta-analysis of randomized controlled trials (RCTs) was conducted to determine the effect of ultrasound-guided percutaneous electrolysis (PE) alone or as an adjunct to other interventions on pain intensity generated by musculoskeletal disorders, depending on the intensity of the technique.

Data sources: PUBMED, EMBASE, Cochrane Library, Web of Science, SCOPUS, Health Medical Collection, and CINALH from inception to September 2022 were searched to identify documents.

Study selection: Publications investigating the effect of ultrasound-guided PE in musculoskeletal pain.

Data extraction: Data were extracted into predesigned data extraction and tables. Risk of bias was evaluated with the Cochrane Risk of Bias Tool (Rob 2.0). Thirteen articles met inclusion criteria.

Data analysis: Random-effects meta-analysis models were used to quantify the difference in pain between the PE and control groups.

Data synthesis: A significant reduction in pain was found in favor of low- (−1.89; 95% CI: −2.69; −1.10; p < 0.001) and high-intensity PE (−0.74; 95% CI: −1.36; −0.11; p: 0.02) compared to control group. Low-intensity PE showed significant reduction in pain in the short (−1.73; 95% CI: −3.13; −0.34; p < 0.02) and long term (−2.10; 95% CI: −2.93; −1.28; p = 0.005), with large effect sizes compared to control group. High-intensity PE only showed significant lower pain than control group in the long term (−0.92; 95% CI: −1.78; −0.07; p < 0.03), with a small effect size, but not in the short term.

Conclusion: We found small evidence suggesting that low-intensity PE could be more effective for musculoskeletal pain reduction than high-intensity PE. Nevertheless, scientific evidence on this subject is still scarce and studies comparing the two modalities are warranted.

Systematic review registration: www.crd.york.ac.uk/prospero, identifier CRD42022366935.
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Introduction

Musculoskeletal pain is the clinical entity that generates the most disability, health expenditure and loss of wellbeing in our society. It is estimated that the prevalence may amount to one in two inhabitants in some European populations, being responsible for 49% of absenteeism, in addition to assuming an expenditure between 0.5 and 2.5% of GDP in the countries of the European community (1, 2).

A multimodal approach is recommended to avoid chronification of this condition. Non-pharmacological interventions based on the individual patient context such as therapeutic exercise, pain neuroscience education, and cognitive-behavioral psychological approaches have proven valid in treating persistent musculoskeletal pain (3).

Musculoskeletal pain is classified as primary if it (4) cannot be directly attributed to a known disease or painful process and as secondary if it is caused by a disease that directly affects bones, joints, muscles, and related soft tissues (5). The neural tissue coordinates and unites all these foci of musculoskeletal pain and can also be affected generating neuropathic pain, which in turn can be a focus of musculoskeletal pain (6, 7). Due to the great importance of the nervous system in the management of pain, there are numerous techniques focused on modulating the neuronal electrical component using electric current as a therapeutic physical medium (8).

The most common way to apply electrotherapy to treat musculoskeletal pain is transcutaneous stimulation, which involves the application of a pulsed electrical current across the surface of the skin to potentially activate the underlying nerves, demonstrating short-term effectiveness in reducing musculoskeletal pain (9). In order to be as precise as possible when stimulating the neuromusculoskeletal system, the acupuncture needle began to be used at the beginning of the century as a means to introduce electricity. Due to the great advance in this field in recent decades, many techniques were born and refined, coining in 2003 the concept of invasive physiotherapy by Professor Orlando Mayoral as a subspecialty of physiotherapy (10) to encompass the set of treatment techniques in which the physical agent used is applied percutaneously, that is, through the patient’s skin. Within invasive physiotherapy and thanks to the use of ultrasound to guide its application, much more precise techniques such as percutaneous electrolysis (PE) have been developed.

PE is an invasive physiotherapy technique that consists of the application of a galvanic current through a puncture needle implanted by means of ultrasound support around the lesion, with the proposed objective of generating an analgesic and local inflammatory effect repairing the affected soft tissue (11–13).

More and more clinical trials are trying to investigate the use of PE for the treatment of different musculoskeletal disorders (14–16). The result of these works is the first meta-analysis concerning the effects of PE on pain intensity and disability related to musculoskeletal pain where it is concluded that there is moderate evidence suggesting a large positive effect of PE to reduce pain and moderate evidence of a large decrease in pain-related disability for musculoskeletal pain conditions in the short, medium, and long term (15). However, like other reviews, they add that it is necessary to study the doses to unify more precise criteria for the application of PE and thus be able to reach a consensus on which clinical entities may be the most benefited by this type of therapy (17–20).

Regarding the dosage of PE, Valera-Garrido and Minaya-Muñoz (16) described two modalities according to intensity and time of the application of the galvanic current: high intensity in short times (from 1mA for 3 to 10 s) and low intensity in prolonged times (from 0.3 to 1mA of 50 to 80 s of application).

Therefore, due to the increasing performance of new clinical trials and the need to establish a consensus on how to apply the technique, this systematic review and meta-analysis aims to evaluate the effects of ultrasound-guided PE alone or as an adjunct to other interventions on pain intensity generated by musculoskeletal disorders, depending on the intensity of the technique.



Methods


Data source and search methods

Guidelines from the Preferred Reporting Items for Systematic Review and Metaanalysis (PRISMA) statement were consulted to develop this systematic review (21). The computerized databases Medline (Pubmed), SCOPUS, Cochrane Library, Embase, Web of Science, CINAHL, and Health Medical Collection were used to search for relevant studies. Keywords referring to the intervention were used, combined with Boolean operators (complete search strategy is shown in Appendix).

Searches were performed between 12 September-12 October (from the date of inception of each database) using a combination of controlled vocabulary (i.e., medical subject headings) and free-text terms. Search strategies were modified to meet the specific requirements of each database. Hand searches of the reference lists of included studies and previously published systematic reviews were also conducted.

This meta-analysis was registered in the International Prospective Register of Systematic Reviews (PROSPERO registration no.: CRD42022366935).



Criteria for considering studies and study selection

Studies obtained from the databases were first screened by title and abstract. The screening was performed by two different investigators (SV-R and PC-S) and blinded according to the established inclusion criteria. Discrepancies were resolved by a third investigator (JLS-G).

Inclusion criteria included: randomized clinical trials in English, Spanish, Portuguese, and French that performed an intervention with PE technique and be compared to at least one other group without it. To be considered eligible, studies had to assess pain using standardized scales (VAS, NPRS).

Exclusion criteria included: failure to report variables of interest; non-application of PE; animal studies, systematic reviews, case reports, or meta-analysis.



Data extraction

A standardized methodology was used to obtain data from studies that met the criteria. Data were obtained on first author, year of publication, design, number of patients, patient demographics, type of device used for intervention, treatment characteristics, and study outcomes (pain). In addition, means and standard deviations of study outcomes were obtained. Authors of included studies were contacted by e-mail, with the aim of accessing possible unclear data. If no response was received, the data were excluded from the analysis.



Risk of bias and assessment methodological quality of the studies

Two reviewers (VN-L and PC-S) independently assessed risk of bias in the studies and methodological quality of the studies.

The Cochrane Collaboration’s assessment tool was used and consisted of assessment of selection bias, attrition bias, blinding, and sample size (22). This tool evaluates the risk of bias according to 5 domains: randomization process, deviations from intended interventions, missing outcome data, measurement of the outcome, and selection of the reported result. Overall bias was considered as “low risk of bias” if the study was classified as low risk in all domains, “some concerns” if there was at least 1 domain rated as having some concerns, and “high risk of bias” if there was at least 1 domain rated as high risk or several domains rated as having some concerns that could affect the validity of the results.

To analyze the methodological quality of each study, the Physiotherapy Evidence Database (PEDro) was used (23). This scale includes 11 items, with the maximum score being 10, since the first item is not used to calculate the total score, but studies that do not meet this item should be excluded. Scores of 9 and 10 indicate that the studies are of excellent quality, 6–8 of good quality, 4–5 of fair quality, and < 4 of poor methodological quality.

Discrepancies were resolved by a third investigator (JLS-G) throughout the process of analyzing methodological quality and risk of bias.



Data synthesis and analysis

The quantitative analysis included studies comparing the performance of an intervention with PE technique and control groups using placebo, sham, no intervention, or other active intervention therapies. Differences in pain intensity between the PE and control groups were evaluated. Two main evaluation groups were established, the high-intensity PE group and the low-intensity PE group. When there were several intervention groups, those that applied PE over the tendon were selected.

Pain intensity values, reflected as mean and standard deviation, were used to find the comparison values between the PE group and the control groups. Data regarding pain intensity were collected during muscle contraction using the VAS and NPRS scales. Whenever possible, control groups based on placebo, sham, or no intervention were chosen as comparators. When this was not possible or there were several control groups, those based on active exercise-based interventions were selected. The mean difference between the groups was used to estimate the mean difference, since the measurements were collected in the same unit and with comparable assessments; the means were converted to the standardized mean difference (SMD), with a 95% confidence interval (CI) to obtain the effect size. An effect size of > 0.8 was considered large, between 0.5 and 0.8 was considered medium, and between 0.2 and 0.5 was considered small and P-values < 0.05 were considered statistically significant. The degree of heterogeneity between studies was estimated using Cochran’s Q statistical test (with P-values < 0.05 considered significant) (24) and the inconsistency index (I2). An I2 > 25% was considered to represent small heterogeneity, an I2 > 50% medium, and an I2 > 75% large (24). The I2 is a complement to the Q-test, although it has the same power problems when the number of studies is small (24). When the Q-test was significant (P < 0.1) and/or the I2 score was > 25%, indicating heterogeneity among studies, the random-effects model was applied in the meta-analysis. A subgroup analysis was performed for each current intensity group, according to measurement time, establishing two subgroups, the immediately post-treatment measurement subgroup, and the post-follow-up measurement subgroup. Asymmetry was assessed using a funnel plot in those analyses consisting of at least five studies, indicating the possible risk of publication of small studies with negative results. The studies were analyzed with Review Manager 5.3 statistical software.



Interrater reliability

Interrater reliability for screening, data extraction, risk of bias assessment, and quality of the evidence rating was assessed using percentage agreement and Cohen’s kappa coefficient (23, 24). There was strong agreement between reviewers for the screening records and full texts (91% agreement rate and k = 0.91), the data extraction process (91% agreement rate and k = 0.91), the risk of bias assessment (92% agreement rate and k = 0.82) and the quality and strength of the evidence assessment (94% rate and k = 0.85) (24, 25).



Quality of evidence

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) (26) approach was used to evaluate the quality of evidence for the PE technique. It was carried out independently by two authors and in case of discrepancies a third author acted.

The quality of evidence was classified as high, moderate, low, or very low according to the presence of study limitations (RoB), inconsistency of results, unexplained heterogeneity, imprecision of results, high probability of publication bias, or lack of directionality of evidence (27). The quality of evidence was classified as very low when all items had a serious risk or more than two items had a very serious risk; low when two or three items had a serious risk or one or two items had a very serious risk; low when two or three items had a serious risk or one or two items had a very serious risk; moderate when one item included a serious risk; high when all items were negative.




Results

The search found 436 records, of which 235 were duplicates and 201 were screened by title and abstract. 19 studies were potentially relevant and full reports obtained and screened. 6 studies were excluded with reasons. Finally, 13 RTCs met the eligibility criteria and were included for qualitative and quantitative analysis with a total of 673 subjects (15, 28–38). The whole screening process is shown in the PRISMA flow diagram (Figure 1).
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FIGURE 1
Identification of via databases and registers. Adapted from Moher et al. (21).



Characteristics of included studies

The characteristics of the participants in the included studies are detailed in Table 1. All included studies applied PE; 10 also applied another type of treatment together: 1 applied PE and ultrasound (28) 7 applied PE combined with exercise (15, 30, 31, 34–37), 1 applied PE combined with exercise and manual therapy (32). The type of intensity applied was high in 7 studies (14, 28, 33, 34, 36–38), and low in 6 studies (15, 29–32, 35). The type of comparison was heterogeneous, 1 compared with dry needling (28), 1 with ultrasound (29), 1 with manual therapy and exercise (32), 1 with sham, 1 with no intervention (33), 1 with active program (34), 1 with conventional physiotherapy (14), 2 with dry needling combined with exercise (31, 35), 3 with exercise (30, 38), 3 with sham PE and exercise (15, 36, 37).


TABLE 1    Participant characteristics.
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The musculoskeletal conditions were heterogeneous including plantar heel pain (15, 28) pain in myofascial trigger points (29), shoulder pain (30, 33), groin pain (34), lateral epicondylalgia (35), patellar tendinopathy (36), temporo-mandibular pain (37), whiplash-associated pain (14), and chronic soleus injury (38). All trials applied PE, but there was higher diversity in terms of protocol. The number of sessions were 5 in 2 studies (15, 32), 4 in 5 studies (28, 30, 31, 35, 36), 3 in 3 studies (14, 33, 37), 2 in 2 studies (34, 38), and 1 in 1 studies (29). The frequency of sessions were 1/week in 10 studies (14, 15, 28–31, 33, 35, 37, 38), 2/week in 1 study (34), and 1/2 weeks in 1 study (36). The intensity of the electrical current, the time of electrical current, gauge, depth, or device were detailed in Table 1. The PE parameters applied in each trial were summarized in Supplementary Table 1.



Quality assessment

Methodological quality scores ranged from 4 to 10 out of a maximum of 10 points. 10 studies (76%) were of high methodological quality (greater than or equal to 6 points). Table 2 lists the details of the PEDro scale.


TABLE 2    Methodological score of randomized clinical trials using the Physiotherapy Evidence Database (PEDro) scale.
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Risk of bias

As assessed by the Cochrane Collaboration’s RCT tool, 92% of the studies showed high risk of bias in blinding of the therapist, 53% showed high risk in blinding of participants, 23.07% showed high risk in blinding of outcome assessment, and 15.38% showed high risk in random sequence generation, and allocation concealment. The details of the risk-of-bias assessment of the included trials are shown in Figure 2.
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FIGURE 2
Plots of risk of bias of the included studies.




Effects of intervention


Effects of low intensity percutaneous electrolysis on pain

The meta-analysis showed that significantly (p < 0.001), the PE group showed a lower mean pain of 1.89 points, than the control intervention group (MD: −1.89; 95% CI: −2.69; −1.10; Z: 4.68; p < 0.001; I2: 87%), with a large effect size (SMD: −1.13; 95% CI: −1.65; −0.61; Z: 4.28; p < 0.001; I2: 87%) (Figures 3, 4). Between-study heterogeneity was high (I2: 87%). Subgroup analysis showed no differences (p = 0.65) between pain assessment times, with significantly lower pain in the PE intervention group immediately after treatment (MD: −1.73; 95% CI: −3.13; −0.34; Z: 2.43; p < 0.02; I2: 92%), with a large effect size (SMD: −1.08; 95% CI: −1.89; −0.26; Z: 2.59; p: 0.01; I2: 89%), and at the end of the follow-up time (MD: −2.10; 95% CI: −2.93; −1.28; Z: 5; p = 0.005; I2: 70%), with a large effect size (SMD: −1.18; 95% CI: −1.90; −0.47; Z: 3.26; p: 0.001; I2: 86%). The funnel plot presents asymmetry, indicating the risk of publication bias (Supplementary Figure 1). Low intensity PE funnel plot. Dispersion of effect sizes. X-axis: observed effect sizes. Y-axis: inversed standard error (higher values on the Y-axis represent lower standard errors). Slight asymmetry, meaning possible publication bias.
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FIGURE 3
Forest plot of the results of a random-effects meta-analysis shown as (A) mean differences (MD) and (B) SMD, with 95% confidence interval (CI) for the comparison of mean pain in the low intensity PE group and the control group. Short-term and long-term subgroups are reflected, depending on the time of the pain assessment. The shaded square represents the point estimate for each individual study and the weight of the study in the meta-analysis. The diamond represents the overall mean difference of the studies.
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FIGURE 4
Forest plot of the results of a random-effects meta-analysis shown as (A) mean differences (MD) and (B) SMD, with 95% confidence interval (CI) for the comparison of mean pain in the high intensity PE group and the control group. Short-term and long-term subgroups are reflected, depending on the time of the pain assessment. The shaded square represents the point estimate for each individual study and the weight of the study in the meta-analysis. The diamond represents the overall mean difference of the studies.




Effects of high intensity percutaneous electrolysis on pain

The meta-analysis showed that significantly (p < 0.02), the PE intervention group showed a lower mean pain of 0.74 points, than the control intervention group (MD: −0.74; 95% CI: −1.36; −0.11; Z: 2.31; p: 0.02; I2: 71%), with a small effect size (SMD: −0.32; 95% CI: −0.60; −0.04; Z: 2.27; p: 0.02; I2: 64%). Between-study heterogeneity was high (I2: 64%). Subgroup analysis showed that there were non-significant differences (p = 0.64) between pain assessment times. Immediately after the end of the intervention, no significant differences were observed between groups (MD: −0.62; 95% CI: −1.63; 0.39; Z: 1.21; p: 0.23; I2: 76%), but significant differences between groups were observed at the end of the follow-up time, showing a lower mean pain of 0.92 points, in the PE group than in the control intervention group (MD: −0.92; 95% CI: −1.78; −0.07; Z: 2.12; p < 0.03; I2: 67%), with a small effect size (MD: −0.39; 95% CI: −0.75; −0.04; Z: 2.15; p < 0.04; I2: 64%). The funnel plot presents asymmetry, indicating the risk of publication bias (Supplementary Figure 2). High intensity PE funnel plot. Dispersion of effect sizes. X-axis: observed effect sizes. Y-axis: inversed standard error (higher values on the Y-axis represent lower standard errors). Slight asymmetry, meaning possible publication bias.




Quality of evidence (GRADE)

Table 3 collects the details of the GRADE assessment, showing the risk of bias, inconsistency of results, indirect evidence, imprecision of results, and high probability of publication bias. Serious inconsistency of results (heterogeneity) and risk of bias were downgraded to a small level of evidence for the overall effect of ultrasound-guided PE at both high and low intensities for pain.


TABLE 3    GRADE evidence for percutaneous electrolysis to treat pain for musculoskeletal pain conditions.
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Discussion

This meta-analysis aimed to investigate the effects of different intensities in the application of ultrasound-guided PE on the management of musculoskeletal pain. The results found that low-intensity PE showed a large effect size on pain relief in comparison to control groups, both after the treatment and at the end of follow-up. Meanwhile, high-intensity PE had a small effect size on pain reduction at the end of follow-up but no significant differences were observed immediately after the treatment. The level of evidence (GRADE) was small due to high heterogeneity and high risk of bias related to blinding.

Four trials involved at least one group receiving PE alone (14, 28, 34, 38), while the rest of the studies combined PE with another intervention such as exercise, ultrasound or manual therapy (15, 29–33, 35–37). Therefore, most of the included studies could have considered PE as part of a multimodal treatment, which reproduces with greater plausibility a real clinical scenario, but at the same time, the percentage of the change in pain that can be attributed to the technique cannot be reliably estimated. In our opinion, both combining PE with another intervention and applying it alone are appropriate methods in research to continue growing the scientific evidence on PE. On the other hand, all studies compared PE with another intervention (14, 15, 28–32, 34–38) the exception of the one conducted by Moreno (33), which compared it with a non-intervention control group. In addition, all trials used the VAS and NPRS scales to assess pain outcomes, whereas questionnaires assessing functionality and other variables were not included in the present meta-analysis due to the large variability.

Looking at a general overview of our results, we found that EP is effective in the management of musculoskeletal disorders, which is consistent with the conclusions of the meta-analysis conducted by Gómez-Chiguano et al. (17) and other qualitative systematic reviews (18, 19, 39, 40). These articles reflected that one limitation of the scientific evidence concerning PE is the high variability in the parameters of application of the galvanic current. For this reason, the present meta-analysis has investigated possible differences in pain outcomes based on electric current intensity. The results indicate that both low-intensity and high-intensity PE modalities seem to be effective for treating musculoskeletal disorders, but greater pain reduction was obtained with the application of low-intensity PE than high-intensity PE (both compared to control groups). This could lead clinicians to select a low-intensity treatment modality (<1 mA), which is usually associated with longer application times (50–80 s) (16). Most of the low-intensity PE studies included in this meta-analysis performed 0.350 mA for 72 s. In addition, it should be noted that this modality is commonly better tolerated by the patient.

Salaffi et al. (41) estimated the minimal clinically important difference (MCID) as a reduction of 1 point or 15% from baseline scores for NPRS in patients with musculoskeletal pain. Low-intensity PE also benefited from the MCID study, as it exceeded this value by almost one point of pain decrease (−1.84), whereas high-intensity PE did not reach this threshold (−0.74).

As mentioned above, the choice of the dosage of administration of PE therapy is poorly supported by scientific evidence. To the best of our knowledge, only a pilot study has compared two PE protocols in patients, finding no differences between them in sensitivity and pain associated with patellofemoral pain syndrome (42). In this case, the two protocols presented little variation in the intensity parameter (0.220 mA for 30 s and 0.660 mA for 10 s) and both would belong to the low-intensity modality. Additionally, Varela-Rodríguez et al. (43) conducted a randomized controlled trial in healthy subjects and also observed no differences between low- and high-intensity PE (0.3 mA for 90 s and 3 mA for 9 s) in most of the included variables related to endogenous pain modulation. However, the results of this meta-analysis seem to favor low-intensity modality, contrasting with the limited differences found in the two articles cited previously. Due to the scarcity of publications exploring PE dosage in depth, further research comparing different PE protocols is required.

Regarding other techniques employing electric current through needles, such as electroacupuncture, better results were observed with the use of high-intensity current in alleviating pain intensity and increasing conditioned pain modulation in patients with knee osteoarthritis (44). These results are conflicting with ours and the authors provide the possible explanation that high-intensity electroacupuncture stimulates Aδ and/or C fibers and may activate conditioned pain modulation, while low-intensity electroacupuncture mainly stimulates Aβ fibers and only enable the gate control mechanism. However, low- and high-intensity PE showed no difference in conditioned pain modulation in healthy subjects, at least in the short term (43). This could indicate that PE and electroacupuncture have different mechanisms of pain relief and could be a justification for the discrepancy in results.

Even though most of the included studies demonstrated a high methodological quality, the results should be interpreted cautiously due to the high risk of bias on “blinding the therapist” domain. Only the study conducted by Fernández-Rodríguez et al. (15) blinded the therapist who performed the needling intervention, through the involvement of a second investigator who selected the parameters of the galvanic current and turned off the ultrasonographic monitor, so the clinical researcher was unable to see the hydrogen gas produced by the electrolytic reaction. In addition, the difficulty of blinding participants was present in almost half of the selected studies, mainly related to the nature of the intervention and the lack of inclusion of a sham group as comparison (14, 29, 31, 33–35, 38).

This meta-analysis had several strengths, such as blind peer screening of studies, systematic and transparent review of literature, assessment of risk of bias and methodological quality, and inclusion of randomized controlled trials (RCTs). Furthermore, this is the first meta-analysis exploring the effects of different intensities of PE on pain in patients with musculoskeletal disorders.

However, some limitations must be acknowledged. Firstly, the quality of most of the included studies was compromised by high heterogeneity and risk of bias in certain domains. Additionally, the dosage of PE presented a substantial variability, especially in the high-intensity modality, showing a lack of consensus on the application parameters. Finally, apart from the small number of studies included (n = 13), a large heterogeneity in the pathologies studied was observed, involving very different indications within the field of musculoskeletal disorders (e.g., tendinopathies, whiplash syndrome, temporo-mandibular pain, or chronic muscle injury).



Conclusion

This meta-analysis found small evidence suggesting a large effect of low-intensity PE for decreasing musculoskeletal pain in comparison to control groups, both after the treatment and at the end of follow-up. Meanwhile, high-intensity PE showed a small effect size on pain reduction at the end of follow-up, with no differences immediately after treatment. This could indicate a greater effectiveness in the management of musculoskeletal pain of the low-intensity modality, but further research is needed to determine the appropriate parameters of application of the technique.
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Appendix

Appendix 1: Database formulas during literature search.

PubMed Search Formula: 55

(“Percutaneous electrolysis” OR “Percutaneous needle electrolysis” OR “needle percutaneous electrolysis” OR “galvanic electrolysis” OR “intratissue percutaneous electrolysis” OR (“percutaneous” AND “electrolysis”).

CINAHL/Medline Search Formula (EBSCO)

(“ultrasound-guided percutaneous electrolysis” OR “percutaneous electrolysis” OR “needle percutaneous electrolysis” OR “percutaneous needle electrolysis” OR (“percutaneous” AND “electrolysis”) OR “intratissue percutaneous electrolysis” OR “ultrasound guided galvanic electrolysis”.

PEDro Search Formula

Abstract & Title: Percutaneous Electrolysis Method: Clinical trial When Searching: AND.

Cochrane Library Search Formula

Percutaneous electrolysis OR Percutaneous needle electrolysis OR needle percutaneous electrolysis OR galvanic electrolysis OR intratissue percutaneous electrolysis in Title Abstract Keyword AND percutaneous in Title Abstract Keyword AND electrolysis in Title Abstract Keyword.

SCOPUS Search Formula

TITLE-ABS-KEY (“Percutaneous electrolysis” OR “Percutaneous needle electrolysis” OR “needle percutaneous electrolysis” OR “galvanic electrolysis” OR “intratissue percutaneous electrolysis”) OR (“percutaneous” AND “electrolysis”).

WOS Search Formula

(“Percutaneous electrolysis” OR “Percutaneous needle electrolysis” OR “needle percutaneous electrolysis” OR “galvanic electrolysis” OR “intratissue percutaneous electrolysis” OR (“percutaneous” AND “electrolysis”).

Embase Search Formula

Health & Medical Collection

(“Percutaneous electrolysis” OR “Percutaneous needle electrolysis” OR “needle percutaneous electrolysis” OR “galvanic electrolysis” OR “intratissue percutaneous electrolysis” OR (“percutaneous” AND “electrolysis”).
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(sample male years | localization| duration outcome
size) (female) (months)
Al-Boloushi RCT G1 (51) 15 (36) 50+ 9 Plantar heel pain | 6.0+ 6.0 | TrP dry needling involved in plantar heel pain (5 s VAS
etal. (28) 1 Hz/s): soleus, gastrocnemius, quadratus plantae,
flexor digitorum brevis, and abductor hallucis.
1/week over 4 weeks.
G2 (51) 15 (36) 48+9 9.9+ 11.5 | Trp PE 1.5 mA (same procedure with galvanic
current) 1/week over 4 weeks.
dela RCT G1 (24) 11 (13) 23+2 Myofascial pain NR Ultrasound 15 min + PE on TrP trapezius (3 VAS
Barra-Ortiz impacts 0.6 mA)
etal. (29)
G2 (24) 12 (12) 22+2 NR Ultrasound 15 min 1 session
Arifas-Buria RCT G1(17) 4 (13) 58+7 Shoulder pain 112+ 2.7 | PE 1/week over 4 weeks (0.350 mA 1, 2 min in NPRS-11
etal. (30) supraspinatus tendon) + Eccentric exercises
G2 (19) 5(14) 57+6 10.6 £2.6 | Eccentric exercise 2/day over 4 weeks (3 exercises
3 x 10)
Fernandez- RCT G1 (38) 15 (23) 45+ 11 Plantar Heel >3 PE 1/week over 5 weeks (28 mC in proximal NPRS-11
Rodriguez pain plantar fascia; intensity is not specified) + exercise
etal. (15)
G2 (29) 10 (19) 47 £ 11 >3 sham PE 1/week over 5 weeks (without
current) + exercise (not specified)
Rodriguez- RCT G1 (18) 1(7) 41+8 Shoulder pain NR Dry needling on TrP of supraspinatus muscle NPRS-11
Huguet et al. /week over 4 weeks + exercise 1/day
(31)
G2 (18) 6(2) 39+ 11 NR PE on supraspinatus tendon (0.350 mA 1.2 min)
/week over 4 weeks + exercise 1/day (3 exercises
3 x 10)
Rodriguez- RCT G1 (16) 0(6) 40+ 16 Lateral elbow NR PE on epicondyle tendon (0.350 mA, 1.2 mA) NPRS-11
Huguet et al. pain /week over 4 weeks + eccentric exercise 2/day
(35) (3 x 10)
G2 (16) 0(6) 36+ 12 NR Dry needling on epicondylar musculature 1/week
over 4 weeks + eccentric exercise 2/day (3 x 10)
Lépez-Royo RCT G1 (16) 3(3) 33+38 Patellar 194284 | Dry needling on patellar tendon 1 every 2 weeks VAS
etal. (36) tendinopathy over 8 weeks + exercise 2/day
G2 (16) 4(2) 317 139+ 10.3 | PE on patellar tendon (3 impacts of 3mA 3's) 1
every 2 weeks over 8 weeks + exercise 2/day
G3 (16) 5(1) 33+6 184+ 16.6 | Sham needling procedure 1 every 2 weeks over
8 weeks (without introducing the
needle?) + exercise (3 x 15 single leg squat) 2/day
Lépez- RCT G1 (20) 5(15) 38.54 (18- | Temporomandi >6 PE on lateral pterygoid muscle 1/week over 3 weeks VAS
Martos et al. 57) bular pain (3 impacts of 2 mA 3 s) + exercise 2 week after
(37) IQR intervention (masticatory muscles)
G2 (20) 2(18) 36 £ (19— >6 Deep dry needling on lateral pterygoid muscle
58) 1/week over 3 weeks (without current) + exercise
IQR
G3 (20) 1(19) 42 + (25- >6 Sham PE 1/week over 3 weeks (pressure with
62) plastic protective tube without introducing the
IQR needle) + exercise
de Miguel- RCT G1 (25) 12 (13) 55+ 11 Shoulder pain 11.2£10.6 | Manual therapy (joint mobilizations and soft NPRS-11
Valtierra tissues techniques) + Exercise (3 x 12 of 3
etal. (32) exercises). 1/week over 5 weeks
G2 (25) 11 (14) 55+ 14 12.6 £ 14.4 | PE on supraspinatus tendon (0.350 mA
1.2 min) + Manual therapy + Exercise. 1/week over
5 weeks
Dolores RCT G1 (10) NR 40+ 4 Shoulder pain >3 Control group without intervention VAS
R-Moreno
(33)
G2 (10) NR 40£3 >3 PE in trigger points 1/week over 3 weeks (3 impacts
of 6 mA during 4 s)
G3(10) NR 40+4 >3 PE in infraspinatus tendon 1/week over 3 weeks (3
impacts of 6 mA during 4 s)
G4 (10) NR 40+5 >3 PE in both locations 1/week over 3 weeks (3
impacts of 6 mA during 4 s)
Moreno RCT G1(11) 11 (0) 2745 Groin pain 1:5 PE 2 per week during phase 1 of active physical NPRS-11
etal. (34) 1-2.5:4 herapy program (3 impacts of 3 mA 5 s) on
2.5-6:2 adductor longus tendon + active physical therapy
program
G2 (13) 13 (0) 25+5 1:6 Active physiotherapy program (3 phases depending
1-2.5:3 on symptomatology; at least 1 week in each phase)
2.5-6:3
>6:1
Garcia- RCT G1 (50) 20 (30) 35+£8 Whiplash <1 Standard physiotherapy 5/week over 4 weeks VAS
Naranjo associated pain (microwave 10 min, TENS 5-10 min, pulsed US
etal. (14) 0 min, exercises 20 min)
G2 (50) 16 (34) 41+9 <1 PE on levator scapulae 1/week over 3 weeks (3
punctures with 1-2 min rest between them;
starting at 2 mA, increasing 1 mA/s to reach 4 mA
and stopping at that moment)
De-la-Cruz- RCT Gl 1(09) 20+3 Chronic soleus >6 PE on soleus muscle (3 impacts of 2.5 mA 3's) NPRS-11
Torres et al. injury /week for 2 weeks
(38)
G2 1(09) 21+3 >6 Eccentric exercise of soleus muscle (3 x 15) one
daily, 4 days/week for 4 weeks
G3 1(09) 21+3 >6 PE + eccentric exercise

NPRS, numerical pain rating scale; VAS, visual analog scale; RCT, randomized controlled trial.
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Number Risk of bias* | Inconsistency’ | Indirectness* | Imprecision®

of studies

Low-intensity percutaneous electrolysis
Six trials Serious (mainly by Very serious No serious No serious
(n=538) blinding the therapist) (I> =87%)

High-intensity percutaneous electrolysis

Seven trials Serious (I> = 71%)
(n=672)

Serious (mainly by
blinding the therapist)

No serious No serious

Publication | MD or SMD (95% Cl) | Quality of
bias? evidence

No serious MD = —1.89 (—2.69, —1.10) Small
SMD = —1.13 (—1.65, —0.61)
Small

No serious MD = —0.74 (—1.36, —0.11)
SMD = —0.32 — 0.60, —0.04)

GRADE, Grading of Recommendations Assessment, Development and Evaluation; MD, mean difference; SMD, standar

dized mean difference.

*“No,” most information is from results at low risk of bias; “serious,” crucial limitation for one criterion or some limitations for multiple criteria sufficient to lower confidence in the estimate of effect;

“very serious,” crucial limitation for one or more criteria sufficient to substantially lower confidence in the estimate of e
T“Serious,” 2 > 40%; “very serious,” 2 > 80%.

#No indirectness of evidence was found in any study.

S Based on sample size. “Serious,” n < 250 subjects; “very serious,” n < 250 and the estimated effect is little or absent.

ect.

9 Based on funnel plots. No publication bias was found. Funnel plots are not shown because the number of trials was less than 10.
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Moreno 2015 (32) 0.3 0.4 10 4.1 6.6 10 5.3% -0.78 [-1.70, 0.14] -

Lopez-Martos et al. 2018 (36) 2.36 2.39 20 4.8 3.99 20 7.4% -0.73[-1.37, -0.09] v

Al-Boulishi et al. 2019 (27) 2.8 3 51 3.4 2.8 51 9.9% -0.21[-0.59, 0.18] p——
Lopez-Royo et al. 2021 (35) 2 1.95 16 186 2.19 16 7.0% 0.07 [-0.63, 0.76) v
Garcia-Naranjo et al. 2017 (12) 5.2 1 4 50 S 1.3 50 9.9% 0.13 [-0.26, 0.52) N —
Subtotal (95% CI) 167 169 49.9% -0.39 [-0.75, -0.04] il
Heterogeneity: Tau’ = 0.12; Chi’ = 13.42, df = 6 (P = 0.04); I’ = 55%

Test for overall effect: Z = 2.15 (P = 0.03)

Total (95% Cl) 334 338 100.0% -0.32[-0.60, -0.04) il
Heterogeneity: Tau’ = 0.16; Chi’ = 36.50, df = 13 (P = 0.0005); I’ = 64% _#2 " t
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Test for overall effect: Z = 4.28 (P < 0.0001)
Test for subgroup differences: Chi’ = 0.04, df = 1 (P = 0.85), I’ = 0%

Percutaneus Electrolysis Control Group

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% CI
2.2.1 End of treatment
Fernandez-Rodriguez et al. 2018 (13) k) 1 38 6.1 1.4 29 9.4% -4.00 [-4.64, -3.36] —
Rodriguez-Huguet et al. 20208 (34) 14 13 16 3.3 1.7 16 8.5% -1.90 [-2.95, -0.85] —_—x
Arias-Buria et al. 2015 (29) Le L& 17 3.1 2.1 19 8.4% -1.70 [-2.80, -0.60] .
Rodriguez-Huguet et al. 2020A (30) 2l &b 18 4.1 1.4 18 7.7% -1.40 [-2.76, -0.04] -
Miguel-Valtierra et al. 2018 (31) 3.5 14 25 4.8 2.4 25 8.4% -1.30[-2.39, -0.21] .
Barra-Ortiz et al. 2020 (28) oS (13 24 2.5 1.5 24 9.1%  0.00 [-0.79, 0.79] P —
Subtotal (95% CI) 138 131 51.3% -1.73 [-3.13, -0.34] o
Heterogeneity: Tau’ = 2.77; Chi‘ = 64.79, df = S (P < 0.00001); I = 92%
Test for overall effect: Z = 2.43 (P = 0.02)
2.2.2 End of follow up
Fernandez-Rodriguez et al. 2018 (13) 0.4 0.6 38 3.7 1.6 29 9.4% -3.30[-3.91, -2.69] —_—
Miguel-Valtierra et al. 2018 (31) 1.5 1.8 25 4.1 3.4 25 7.3% -2.60 [-4.11, -1.09] -
Rodriguez-Huguet et al. 20208 (34) 0.4 0.9 16 2.6 2.2 16 8.2% -2.20 [-3.36, -1.04) *
Arias-Buria et al. 2015 (29) 12 S I 17 3.1 &:1 19 8.4% -1.70[-2.80, -0.60] .
Rodriguez-Huguet et al. 2020A (30) .3 18 18 29 1.5 18 8.4% -1.60 [-2.68, -0.52] -
Barra-Ortiz et al. 2020 (28) 2.8 3 24 3.4 2.8 24 7.0% -0.60 [-2.24, 1.04] -
Subtotal (95% CI) 138 131 48.7% -2.10[-2.93, -1.28] -
Heterogeneity: Tau’ = 0.70; Chi‘ = 16.62, df = 5 (P = 0.005); I¥ = 70%
Test for overall effect: Z = 5.00 (P < 0.00001)
Total (95% CI) 276 262 100.0% -1.89 [-2.69, -1.10] -
Heterogeneity: Tau’ = 1.64; Chi‘ = 83.38, df = 11 (P < 0.00001); I = 87% _54 __52 é _}1
Test for overall effect: Z = 4.68 (P < 0.00001) Percutaneus Electrolysis Control Group
Test for subgroup differences: Chi* = 0.20, df = 1 (P = 0.65), I’ = 0%
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, Random, 95% ClI IV, Random, 95% CI
2.2.1 End of treatment
Fernandez-Rodriguez et al. 2018 (13) &t 12 38 6.1 1.4 29 8.1% -3.06 [-3.79, -2.34] —
Rodriguez-Huguet et al. 20208 (34) 14 1.3 16 3.3 1.7 16 8.0% -1.22 [-1.99, -0.46] ——
Arias-Buria et al. 2015 (29) 1.4 1.2 17 2.1 21 19 8.2% -0.96 [-1.65, -0.26] ——
Rodriguez-Huguet et al. 2020A (30) 2.0 L1286 18 4.1 1.4 18 8.3% -0.66 [-1.33, 0.02] —
Miguel-Valtierra et al. 2018 (31) 3.5 14 25 4.8 2.4 25 8.7% -0.65[-1.22, -0.08] —
Barra-Ortiz et al. 2020 (28) 25 1.3 24 2.5 15 24 8.7% 0.00 [-0.57, 0.57] —
Subtotal (95% CI) 138 131 50.0% -1.08[-1.89, -0.26] ot
Heterogeneity: Tau’ = 0.92; Chi‘ = 46.18, df = 5 (P < 0.00001); I = 89%
Test for overall effect: Z = 2.59 (P = 0.010)
2.2.2 End of follow up
Fernandez-Rodriguez et al. 2018 (13) 0.4 0.6 38 3.7 1.6 29 8.2% -2.85[-3.55, -2.16] ——
Rodriguez-Huguet et al. 20208 (34) 0.4 0.9 16 2.6 2.2 16 8.0% -1.28 [-2.05, -0.51] —
Arias-Buria et al. 2015 (29) 14 1.2 17 3:1 2:3 19 8.2% -0.96 [-1.65, -0.26] et
Rodriguez-Huguet et al. 2020A (30) 1.3 1.5 18 2.9 1.5 18 8.2% -0.94 [-1.64, -0.25] T
Miguel-Valtierra et al. 2018 (31) LS 1.8 25 4.1 3.4 25 8.6% -0.94[-1.53, -0.35] ——
Barra-Ortiz et al. 2020 (28) 2.8 3 24 3.4 2.8 24 8.7% -0.20[-0.77, 0.36] —r
Subtotal (95% CI) 138 131 50.0% -1.18[-1.90, -0.47] - =
Heterogeneity: Tau’ = 0.68; Chi‘ = 34.94, df = 5 (P < 0.00001); I = 86%
Test for overall effect: Z = 3.26 (P = 0.001)
Total (95% CI) 276 262 100.0% -1.13[-1.65, -0.61) i
Heterogeneity: Tau’ = 0.72; Chi* = 81.75, df = 11 (P < 0.00001); I° = 87% _54 _32 5 é j;
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