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Systematic Review

ABSTRACT

Introduction: Upper limb tendinopathies are a frequent cause of pain and disability. Percutaneous electrolysis 
(PE), applied under ultrasound guidance, is proposed as an invasive technique to modulate pain and support 
tissue repair.
Objectives: To determine the efficacy of percutaneous electrolysis in reducing pain and its effects on function, 
strength, joint range, pain to pressure threshold (PPT), potential ultrasound findings, and dosage.
Methods: A PRISMA review was conducted in PubMed, PEDro, Web of Science, and Cochrane. Inclusion criteria: 
adults with upper limb tendinopathy treated with percutaneous electrolysis, in whom at least one pain-related 
outcome measure was assessed. Exclusion criteria: cadaver, lower limb studies, non-inclusion of pain measure-
ment, publications other than English, French, or Spanish. Quality was assessed using RoB2 (RCTs) and MINORS 
(non-randomized).
Results: We included 7 studies (RCTs, n=32-50; longitudinal study, n=36), with follow-up periods of up to 1 year. 
PE showed a significant reduction in pain in all studies, with more consistent results in the shoulder. Function 
improved significantly in most studies, with clinically relevant effects. Increases in strength, electromyographic 
activity, and ROM were observed, especially in the shoulder. The PPT showed heterogeneous results. Satisfaction 
was higher in the PE groups, and ultrasound changes showed early improvements in hypervascularization and 
later structural changes.
Discussion: In adults with upper limb tendinopathies, percutaneous electrolysis is a useful adjunct to exercise to 
achieve early analgesia, while functional gains seem to depend mainly on the exercise program. The heterogeneity 
of protocols and the risk of bias suggest that it should be considered adjuvant, not substitutive, and that RCTs with 
standardized dosimetry, a well-defined anatomical target, and 12-month follow-up ≥should be prioritized.
Conclusions: Percutaneous electrolysis can be considered an effective complement for modulating pain in up-
per-limb tendinopathies, but its contribution is secondary to exercise and requires validation in studies with great-
er methodological control.
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1. Introduction

Musculoskeletal conditions of the upper limb are a major cause of pain, disability, and health-
care resource utilization(1). In the general population, approximately one in six people experi-
ences shoulder pain, accounting for 1%-5% of primary care consultations and making it among 
the most frequent musculoskeletal reasons(2). Within this picture, most cases are associated 
with mobility deficits, decreased strength, and limitations in daily and work activities(3-5). 

The etiology of rotator cuff injuries is multifactorial, with repetitive loads and sustained pos-
tures, diabetes, hypertension, and hyperlipidemia among the possible factors(6). Its high prev-
alence and chronicity entail a substantial socioeconomic burden, with an estimated cost of 
approximately €4,139/year per patient in Sweden, more than 80% of which is attributable to 
sick leave(7). 

In the case of chronic tendinopathy, matrix disorganization is observed with misalignment of 
collagen fascicles(8), proliferation of fibroblasts(9), an increase in type III collagen in relation to 
type I(10), neovascularization mediated by angiogenic factors such as VEGF, and sensory inner-
vation changes associated with mediators such as NGF(9,11).

Recent research has described alterations in inflammatory resolution mechanisms, including 
a reduction in pro-resolutive lipid mediators such as 15-epi LXA4 and MaR1 and an increase in 
the enzyme 15-PGDH, changes that contribute to persistent inflammation and make it difficult 
to repair and reorganize the tendon(12-14).

Percutaneous electrolysis (PE) has emerged as a minimally invasive technique aimed at stimu-
lating tissue repair. It consists of applying a galvanic current through a solid, threadlike needle, 
under ultrasound guidance, directly to the degenerated tissue(15-16). This stimulus has been de-
scribed as triggering a localized electrochemical reaction that promotes a reparative inflamma-
tory response, including type I collagen synthesis and tissue remodeling(17). 

At the molecular level, the galvanic current activates the NLRP3 inflammasome and modulates 
IL-1β release, processes involved in tendon repair(18). In animal models, PD has been shown to 
include gene expression changes consistent with extracellular matrix regeneration and reorga-
nization(19). These results provide pathophysiological support for the technique. 

The dosage is controversial. The available evidence suggests that low doses primarily induce 
analgesic effects through modulation of peripheral and central sensitivity, with no clear evi-
dence of structural changes(20). On the other hand, high doses are associated with a more in-
tense inflammatory response, capable of inducing structural changes in the womb, although 
accompanied by greater post-procedural pain and longer recovery(21-22). A recent systematic 
review on intensities concluded that the quality of the evidence is low to moderate and that 
methodological heterogeneity precludes firm recommendations(22). Experimental studies sug-
gest that biological and regenerative effects vary with the dose applied, which could explain the 
clinical distinction between analgesic and restorative effects(20-21). 

The safety of the technique has also been evaluated. Studies using ultrasound on cadavers 
have confirmed the anatomical validity of upper-limb approaches, such as the distal biceps 
tendon and the arch of Frohse(23), demonstrating safe trajectories with respect to neurovascu-
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lar structures(24). In vitro research has shown that the application of PE does not significantly 
increase tissue temperature(25). The morphology, composition, and resistance of the needles 
used have been evaluated, guaranteeing the safety of their clinical use(26). On the other hand, 
transient autonomic responses have been observed during the application of the technique, 
with no serious adverse events recorded(27-28). 

Globally, several systematic reviews and meta-analyses that include different locations con-
clude that PE is effective in reducing pain and partially improving collagen function and remod-
eling. A recent systematic review indicated that PE has analgesic benefits compared to place-
bo, although it does not seem to outweigh the analgesic effect of corticosteroid injections(29), 
an aspect relevant to contextualize its positioning within the conservative clinical approach to 
tendinopathies. However, limitations persist due to heterogeneity in protocols and variation in 
methodological quality(29-31). 

Currently, there are no systematic reviews specifically focused on the use of PE for upper limb 
tendinopathies. The existing evidence is fragmented into individual primary studies that jointly 
address different interventions or anatomical locations. In this context, it is necessary to carry 
out a systematic review to evaluate the clinical efficacy of PD in upper limb tendinopathies, 
considering pain as the main variable, and analyzing function, strength, range of motion, ultra-
sound changes, as well as the influence of treatment dosage and safety profile as secondary 
variables.

2. Methods

This study is a systematic review prepared following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines(32).

2.1 Eligibility Criteria

The inclusion criteria defined for this review were as follows: studies published between 2010-
2025, which included PE as the main intervention or not, and which evaluated at least the pain 
variable. Both randomized clinical trials and non-randomized studies were accepted as long as 
they presented a clear methodology and enabled assessment of the intervention's impact on 
any region of the upper limb. This decision was made to broaden the scope of the review, as the 
technique is emerging and does not yet have a large number of controlled trials. 

On the other hand, studies carried out on cadavers were excluded, as well as those that did not 
allow access to full text or that were written in languages other than French, Spanish, or English. 

2.2 Data Sources and Search Strategy

The search was conducted using the PICO method, which structures the research question into 
four components: patients, intervention, comparison, and outcome. The keywords "Tendinop-
athy" and "Percutaneous electrolysis" were used with their synonyms, along with the Boolean 
AND and OR operators, including [MeSH] terms. The C and O of PICO were not used as restrictive 
filters to ensure that no items were omitted. The databases consulted were PubMed, PEDro, 
Web of Science, Cochrane. The complete search strategy is attached hereto. 
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Table 1. PICO method with keywords.

PICO METHOD KEYWORDS

Population (1) Adults with tendinop-
athy

“Tendinopathy”[MeSH] OR “tendinopathy” OR “tendinopathies” OR “tendonopathy” OR 
“tendonopathies” OR “tendinitis” OR “tendinitides” OR “tendonitis” OR “tendinosis” OR 
“tendinoses” OR “tendonosis” OR “tendonoses”

AND

Intervention (2) Intratissue percuta-
neous electrolysis 
intervention

“Percutaneous electrolysis” OR “Percutaneous needle electrolysis” OR “Intratissue 
percutaneous electrolysis” OR “EPI”

AND

Comparison (3) Other interventions or 
placebo

AND

Outcome (4) Pain, function, ultra-
sound changes, ROM, 
strength, PPT

2.3 Selection of Studies

The selection of studies was carried out in two phases. In the first, a researcher (LR) executed 
the search strategy and removed the duplicates using Mendeley. A second review author (JG) 
verified that this first phase was completed correctly. 

In the second phase, the inclusion and exclusion criteria were applied by reviewing the titles 
and abstracts of the articles (LR and JG). Those that did not meet the established requirements 
were discarded. 

2.4 Data Extraction Process

Data extraction was performed by a single researcher (LR), using a custom log sheet. First, the 
initial list was created in Word, and duplicates were removed. Excel was then used to classify the 
articles according to the type of study, the year of publication, the anatomical region, the type 
of intervention, and the variables analyzed. All articles were cross-checked by a second review-
er (JG). In those cases where there were discrepancies or doubts regarding eligibility, the final 
decision was reached through discussion and consensus among the investigators. 

2.5 Study Variables

The main variable studied is pain; secondary variables include functionality, strength, EMS, 
ROM, degree of satisfaction, and ultrasound changes (vascularization, echogenicity, tendon 
thickness).

2.6 Assessment of Methodological Quality/Risk of Bias

The methodological quality of the included studies was assessed using two tools, depending 
on each study's design.

Randomized clinical trials used the Cochrane ROB 2 tool, which assesses risk of bias across five 
domains: randomization, deviations from intended interventions, incomplete outcome data, 
outcome measurement, and reporting bias. Each domain is answered using standardized op-
tions: Yes (Y), Probably Yes (PY), No (N), Probably No (PN), No information (NI). Then the risk of 
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bias in each domain is determined: Low risk, Some concerns, High risk, and finally, a global 
judgment of the study is generated. To facilitate this assessment, the Excel template available 
on Cochrane's official website was used, which allows the responses to each item to be record-
ed in a structured way and an overall assessment of the risk of bias to be obtained. The algo-
rithm's automatic result was reviewed to check for discrepancies; the details are in the annex.

On the other hand, for non-randomized studies, the Methodological Index for Non-Randomized 
Studies (MINORS)(33) tool was applied, which assesses aspects such as objective clarity, con-
secutive patient inclusion, prospective data collection, adequacy of outcome measures, and 
quality of statistical analysis. This tool comprises 12 items: 8 items are applicable to non-com-
parative studies, and 4 items are additional for comparative studies. Each item is scored with: 
0 (Not reported), 1 (Reported but inadequate), and 2 (Reported and adequate). The maximum 
total score is 16 for non-comparative studies and 24 for comparative studies. There is no auto-
matic algorithm to determine overall quality, but higher scores are considered to reflect better 
methodological quality, with high methodological quality between 13 - 16 points, moderate 
quality between 9 - 12, and low quality below 9, which is considered for non-comparative stud-
ies. For comparative studies, a high methodological quality is between 19 - 24 points, moderate 
between 13 - 18 points, and low if it is less than 13. 

3. Results

3.1 Selection of Studies.

Following a literature search of the Web of Science (WOS), PEDro, PubMed, and Cochrane da-
tabases, 170 records were initially identified. After eliminating 38 duplicates, the titles and ab-
stracts of the remaining studies were evaluated against the established inclusion criteria. At 
this stage, 125 articles were excluded for failing to meet these criteria. There were no additional 
exclusions after full-text reading, resulting in 7 studies included in the review.

3.2 Characteristics of the Study.

3.2.1 Sample Characteristics

The characteristics are shown in Table 2. The included studies were conducted between 2014 
and 2024, with the most recent studies conducted in 2024. Randomized clinical trials included 
between 32 and 50 participants each, and the only longitudinal study was of 36 patients. Most 
studies have focused on the shoulder(34–37), and three have examined the elbow(38–40). The inter-
ventions lasted between 3 and 5 weeks, followed by a follow-up of up to one year. One study 
did not follow up(34); two studies by Rodríguez-Huguet et al. followed up for 3 months(38,39); two 
studies followed up for 6 months(35,36); and two studies followed up for 1 year(37,40). 
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Figure 1. Flowchart on the choice of items.

The variables included in the studies were measured with different scales. The NRPS (Numer-
ic Pain Rating Scale) was used for pain assessment(34–40), with several studies using it as the 
primary variable [34,35,37–40]. Function was measured using the DASH (Disabilities of the 
Arm, Shoulder and Hand) scales[34–36,40], SPADI (Shoulder Pain and Disabilities Index)(35,36), 
and PRTEE (Patient-Rated Tennis Elbow Evaluation)(39). Quality of life was assessed using the 
SF-12 (Short Form-12 Health Survey)(38). Muscle strength measurements were recorded in one 
study(35). Joint mobility was assessed using range of motion (ROM)(37–39), while pain sensitivity 
was determined by pressure pain threshold (PPT)(36–39). One study incorporated surface electro-
myography (sEMG)(38). In addition, ultrasound structural parameters(35,40) and patient-perceived 
outcome measures such as satisfaction(40) and global perception of change (GROC)(36) were in-
cluded. The summary and interpretation of these variables are in the Annex (Table A1). 

The minimally invasive intervention was PE, and it was analysed in isolation or combined with 
other interventions, mainly therapeutic exercise (TE) and on other occasions with manual ther-
apy (MT), or stretching, while in others it was compared with techniques such as deep dry nee-
dling (DN), percutaneous nerve stimulation (PNS), transcutaneous electrical nerve stimulation 
(TENS), therapeutic ultrasound (US) or myofascial vacuum therapy (VT).

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

6



Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

Table 2. Features of the items included

Article (Author, Year)
Design

Intervention Duration Population Groups Variables Tendon treated PE App

Arias-Buriá et al., 
2015

RCTs PE + exercises 
vs. exercises 
alone in sub-
acromial pain

4 weeks 36 patients -PE + EE 
(n=17)

-EE (n=19)

NPRS DASH Supraspinatus Ultrasound

350 μA / 
1.2 min / 1x 
week

EPTE V01

Miguel-Valtierra et 
al., 2018

RCTs PE + MT + 
exercises vs. 
MT + exercises 
in subacromial 
pain

5 weeks + 
follow-up (6 
months)

50 patients -PE + MT + EE 
(n=25)

-MT + EE 
(n=25)

DASH NPRS

SPADI

PPT

GROC

Supraspinatus Ultrasound

350 μA / 
90 sec / 1x 
week

EPTE V01

Góngora-Rodríguez 
et al., 2024

RCTs PE + PNS + 
EE vs. TENS 
+ US + EE in 
supraspinatus 
tendinopathy

5 weeks + 
follow-up 
(24 weeks)

50 patients -PE + PNS + 
EE (n=25)

-TENS + US + 
EE (n=25)

NPRS 
ultrasound 
strength 
DASH, 
SPADI

Supraspinatus Ultrasound

350 μA / 
72 sec / 1x 
week

EPTE

Rodríguez-Huguet et 
al., 2020

RCTs PE + EE vs. DN 
+ EE

in supraspina-
tus tendinop-
athy

4 weeks + 
follow-up (1 
year)

36 patients -PE (n=18)

-DN (n=18)

NPRS

ROM

PPT

Supraspinatus Ultrasound

350 μA / 
1.2 min / 1x 
week

EPTE

Rodríguez-Huguet et 
al., 2020

RCTs PE + EE vs. DN 
+ EE in

lateral epicon-
dyalgia

4 weeks + 
follow-up (3 
months)

32 patients -PE + EE 
(n=16)

-DN + EE 
(n=16)

NPRS ROM

PPT

SF12

Tendon muscles

epicondyle

Ultrasound

350 μA / 
1.2 min / 1x 
week

EPTE

Rodríguez-Huguet et 
al., 2024

RCTs VT+PE+EE vs. 
MT+

US + EE in

lateral epicon-
dyalgia

4 weeks + 
follow-up (3 
months)

40 patients -VT+PE+EE 
(n=20)

-MT+US+EE 
(n=20)

NPRS

ROM 

PPT

PRTEE

Common exten-
sor tendon

Ultrasound

350 μA / 
80 sec / 1x 
week

EPTE

Valera-Garrido et al., 
2014

Longi-
tudinal 
study of 
repeated 
mea-
sures

PE + EE +

stretches in

chronic lateral 
epicondylitis

3 weeks + 
follow-up (1 
year)

36 patients - PE + EE NPRS DASH

Ultrasound

Satisfaction

Extensor carpi 
radialis brevis

Ultrasound

4-6 mA, 3 
sec x3

EPI ECC 
Cesmar

RCT=randomized clinical trial/ PE= percutaneous electrolysis/ EE= exercises/ DN= dry needling/ MT= manual therapy/ PNS= peripheral nerve stimula-
tion/ TENS= transcutaneous electrical nerve stimulation/US= therapeutic ultrasound/VT= vacuum (myofascial) therapy/NPRS= Numeric Pain Rating 
Scale/VAS= Visual Analog Scale/DASH= Disability of the Arm, Shoulder and Hand /SPADI= Shoulder pain and disability index /PRTEE-S= Patient-Rated 
Tennis Elbow Evaluation /PPT= Pressure Pain threshold/ROM= Range of motion/sEMG= surface electromyography

PE was always applied under ultrasound control. Regarding intensity, Góngora-Rodríguez et 
al.(35) used an intensity of 350 μA for 72 seconds, 4 studies spent more time, namely 80 seconds 
[34,37–39] and 90 seconds for Miguel Valtierra et al.(36). All of them used the EPTE device. On the 
other hand, one study used Cesmar PPE (1st version) at higher intensity: Valera et al.(40) (4-6 mA 
x 3s x 3). In all studies, the experimental group received one session of PE per week.

3.2.2 Intervention and Follow-up

All items included therapeutic exercise as part of the intervention. In all clinical trials focused 
on the shoulder, the same type of program was used, consisting of an exercise targeting the 
supraspinatus muscle, another on the infraspinatus muscle, and a scapular control exercise. Al-
though it is not specified whether these exercises followed a standardized protocol, the content 
was homogeneous among the studies, with only the number of repetitions varying. In gener-
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al, patients performed three sets of 10-12 repetitions. The number of supervised sessions also 
varied across studies. In the work of Arias et al.(34), a single session was carried out under the 
supervision of a physiotherapist, whereas in the other studies, continuous follow-up was pro-
vided by physiotherapy professionals. As for the elbow studies, similar exercise programs were 
also used, with three sets of 10 repetitions performed in all cases. However, the load used was 
adapted according to the study: Valera et al.(40) adjusted the weight individually, whereas the 
other two studies used a fixed load of 1 kg(38,39). In both shoulder and elbow studies, patients 
were instructed to perform the exercises twice a day.

In addition to therapeutic exercise (TE), the included studies incorporated other invasive tech-
niques, such as dry needling and percutaneous peripheral nerve stimulation (PNS)(35). In two of 
the clinical trials, dry needling was compared to a group treated by percutaneous electrolysis 
(PE)(37,38). In both cases, dry needling was performed once a week for four weeks using Hong's 
rapid entry technique, which targets specific muscles.

In the study by Góngora-Rodríguez et al.(35), the invasive PNS technique was not used as a com-
parator between groups but was added to PE treatment. In this study, a group that received PE 
+ PNS + therapeutic exercise (TE) was compared with another group that received transcutane-
ous electrical nerve stimulation (TENS) + therapeutic ultrasound (US) + TE.

In this study, percutaneous peripheral nerve stimulation (PNS) was applied after the PE inter-
vention at a low frequency (10 Hz) for 90 seconds to elicit a sensory or motor response(34).

The control group received TENS and therapeutic ultrasound five days a week. The TENS was 
applied for 20 minutes at 150 Hz with a 100 μs pulse duration, while the ultrasound was applied 
at 1 MHz at 1.5 W/cm² in continuous mode to the painful area for 5 minutes.

One study in each anatomical region included manual therapy. In the case of the shoulder, the 
article by Miguel Valtierra et al.(36) conducted one session per week for 5 weeks, and consisted 
of passive joint mobilizations targeting the glenohumeral, acromioclavicular, sternoclavicular, 
scapulothoracic, and associated soft tissue joints. In the case of the elbow, Rodríguez-Huguet 
et al.(39) performed friction maneuvers on the epicondylar muscles and forearm region for 5 min-
utes, then using a 1MHz US device, with a power of 1.5W/cm² in pulsatile mode in the painful 
area. An elbow study by Valera et al.(40) included a twice-daily stretching program consisting of 3 
sets of 7 repetitions, lasting 45 seconds each and leaving 30 seconds of rest between repetitions.

Myofascial vacuum therapy has been used in a single study by Rodríguez-Huguet et al.(39). The 
negative pressure applied was 100 mbar, with intervals of 0.6 seconds of active pressure and 0.3 
seconds of pause. The VT treatment time per session was 15 minutes, and the time for 20 cm2 
applicators was in the epicondylar muscles.

The summary of the co-interventions is presented in the Annex (Supplement A2).
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3.3 Assessment of Methodological Quality/Risk of Bias

Most studies present low risk in the domains of randomization, missing data, outcome mea-
surement, and reported outcome selection (Figure 2). However, some methodological con-
cerns were identified. The study by Góngora et al. was classified as moderate risk during the 
randomization process due to a lack of sequence concealment and baseline differences in the 
DASH variable. In addition, three studies reported baseline differences in NPRS or DASH, which 
were adjusted for in ANCOVA.

Figure 2. Assessing risk of bias with Rob2 

Note. Rob legend: "+"=Low risk; “!” = Moderate risk (Some concerns); "-"=High risk. D1 = randomization process; D2 = deviations from planned interven-
tions; D3=missing data; D4=Outcome Measurement; D5=selection of the reported outcome

Regarding blinding, all studies were single-blind, which led to the classification of this domain 
as moderate risk. In the domains of missing data and outcome measurement, the risk was 
judged to be low. The losses were minimal and justified, and although the NPRS is a self-re-
ported measure sensitive to knowledge of the treatment received, it is considered the standard 
in this type of study. Regarding the selection of the reported outcome, it was assumed that the 
investigators followed established protocols; however, if the available information was consid-
ered insufficient, a moderate risk classification could be justified.

Overall, no study was at low risk across domains. All showed at least some methodological 
concern. On the other hand, the non-randomized study by Valera et al. was evaluated using the 
MINORS tool, yielding a score of 13/16, indicating good methodological quality. It met the main 
criteria, applied validated clinical and ultrasound measures, and had a blinded evaluator. How-
ever, it had two limitations: a 11% loss to follow-up, exceeding the recommended threshold, 
and the absence of a sample size calculation, which limits interpretation of statistical power. 
Despite this, the design was suitable for a non-comparative study. The full results of RoB 2 and 
MINORS are available in the annexes.
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3.4 Summary of Results

Table 3. Synthesis of results by study.

Author and 
year

Design / 
Theme Interventions Variables Measurements/

Tracking Results

Arias-Buria et 
al. 2015

RCTs

Shoulder

Gr1: PE + EE

Gr2: EE

NPRS

(average, worst, 
lower)

DASH

2 weeks

Post tto (1mes)

-NPRS (mean and worse): superior improvements 
with PE + EE/mean (F=10.447; p=0.003/ worse 
(F=12.269; p<0.001) / SDM>2.01 post and fol-
low-up, for worse pain SDM = 3.20

-DASH: significant interaction p=0.008/ large effect 
sizes SDM>2.52 in both follow-ups, in post signifi-
cant difference, but <MCID

-Short-term clinical effects, the authors ask for 
more long-term data

PE: EPTE 350 μA/80s/ 1x 
week/ x4 weeks

EE: 3x10 rep/ 2x day/ 
x4 weeks (supra+ infra+ 
scapular control)

Valtierra et al. 
2018

RCTs

Shoulder

Gr1: PE + MT + EE

Gr2: MT + EE

NPRS (mean, 
worst, lowest)

DASH

SPADI

PPT

GROC

Post treatment

3 months

6 months

-NPRS: all p<0.001, moderate effect size post tto, 
large to 3-6 months

-DASH: no differences between groups p=0.051

-SPADI: p<0.001, SDM>1.06, large effect size on 
all traces

-PPT: no differences

-GROC: major clinical improvement with PE

PE: EPTE 350 μA / 90 s / 
1x week / x5 weeks

EE: 3x12 rep /2x day/ 
x5 weeks (supra+ infra+ 
scapular control)

MT: passive mob 1x 
week/ x5 weeks

Góngora-Ro-
dríguez et al. 
2024

RCTs

Shoulder

Gr1: PE + PNS + EE

Gr2: TENS + US +EE

NPRS

DASH

SPADI

STRENGTH

EMS

Ultrasound

Post tto

3 months

6 months

-NPRS, DASH, SPADI, STRENGTH, EMS, ultra-
sound, significant improvements at post, 12, and 
24 weeks

-Ultrasound: hypo echogenicity/hypervasculariza-
tion reduction and improvement of tendon thick-
ness in favor of the PE + PNS group. Post-treat-
ment, only significant hypervascularizationPE: EPTE 350 μA/ 72 s/ 

1x week/ x4 weeks

EE: 3x10 rep / 2x day / x4 
weeks

(supra+ infra+ scapular 
control)

PNS: EPTE 10 Hz/ 90s/ 
1x week/ x4 week

TENS: 100μs/ 150Hz/ 
20min/ 5x week/ x4 
weeks

US: 1MHz/ 1.5W/cm2/ 
5min/ 5x week/ x4 weeks
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Author and 
year

Design / 
Theme Interventions Variables Measurements/

Tracking Results

Rodríguez-Hu-
guet et al. 
2020

RCTs

Shoulder

Gr1: PE + EE

Gr2: HP + EE

NPRS

ROM

PPT

Post treatment

1 month

1 year

-NPRS: significant difference in favor of PE, moder-
ate effect size, maintained at one year p=0.002

-ROM: significant difference for F, E, RE with 
moderate effect size for F, small for E and RE, no 
differences for ABD and RI

-PPT: significant difference p=0.002, large effect 
size for proximal/media PPTs

PE: EPTE 350 μA/80s/ 1x 
week/ x4 weeks

DN: trapeze, Hong tech-
nique 1x week/ x4 weeks

EE: 3x10 rep / 2x day / x4 
weeks

(supra+ infra+ scapular 
control)

Rodríguez-Hu-
guet et al. 
2020

RCTs

Elbow

Gr1: PE + EE

Gr2: HP + EE

NPRS

ROM

PPT

MCSF-SF12

PCS-SF12

Post tto

1 month

3 months

-NPRS: significant differences between groups 
from post to end of follow-up p<0.001

-ROM: significant difference in all measurements 
for F, no differences for E, supination, pronation

-SF-12: no relevant changes

-Time-Sustained Effects for NPRS and ROM

PE: EPTE 350 μA/ 80s/ 1x 
week/ x4 weeks

DN: supinator and ECRL, 
1x week/ x4 weeks

EE: 3x10 rep / 2x day / x4 
weeks (1kg F/E doll)

Rodríguez-Hu-
guet et al. 
2024

RCTs

Elbow

Gr1: PE + VT + EE

Gr2: MT + US + EE

NPRS

ROM

PPT

PRTEE-S

Post tto

1 month

3 months

-NPRS: significant difference p<0.001/ ES=0.408

-ROMs: significant difference from 1 month for 
supination, not significant for F, E, pronation

-PPT: Not significant

-PRTEE-S: pain p=0.001, ES=0.377/ specific func-
tion p=0.004, ES=0.306/ total p=0.001, ES=0.355

-PE+VT group advantage maintained at 1 and 3 
months for pain, ROM, PPT, and function

PE: EPTE 350 μA/ 80 s/ 
1x week/ x4 weeks

VT: 100mbar/ 0.6sON-
0.6sOFF/ 15min, header 
20cm²

MT: frictions/ 5min

US: 1MHz/ 1.5 W/cm²/ 
5min/ pulsed mode/ 5x 
weeks/ x2 weeks

EE: 3x10 rep / 2x day / x4 
weeks (1kg F/E doll)

Valera-Garrido 
et al. 2014

Study of 
repeated 
measures

Elbow

PE + EE + Stretches You go

DASH

PPT

Ultrasound

Satisfaction

Post treatment

6 months

1 year

Results of a single group: between pre and post

-VAS: significant improvements p<0.001

-DASH: significant improvements p<0.001

-PPT: Significant improvements p<0.001

-Ultrasound: significant hypervascularization from 
discharge and maintained, hypoechogenicity as 
well

-Satisfaction: post treatment 86%, 26 and 52 
weeks 100%

PE: EPI 4-6 mA, 3s x3/ 1x 
week/ x4 weeks

EE: 3xup to 10 reps/ 2x 
day/ x4 weeks + 1x day/
x6 weeks

Stretches: 3x7 rep/ 45s 
bra/ 30s rest/ 2x day

PE= percutaneous electrolysis/ EE= exercises/ DN= dry needling/ MT= manual therapy/ PNS= peripheral nerve stimulation/ TENS= transcutaneous 
electrical nerve stimulation /US= therapeutic ultrasound /VT= vacuum (myofascial) therapy/NPRS= Numeric Pain Rating Scale/VAS= Visual Analog 
Scale/DASH= Disability of the Arm, Shoulder and Hand /SPADI= Shoulder pain and disability index /PRTEE-S= Patient-Rated Tennis Elbow Evaluation /
PPT= Pressure pain threshold/ROM= Range of motion /EMS= Surface electromyography
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3.4.1 The results obtained for each variable

First item: Pain (NPRS, PP). In all the studies reviewed, a significant reduction in post-treat-
ment pain was observed, with intergroup differences of clinically relevant magnitude (greater 
than 1.1 in all cases). However, the absence of blinding in the study design introduces a signifi-
cant risk of performance bias, which could have influenced the magnitude of self-reported pain 
scores.

For the shoulder, all included studies reported a significant reduction in pain after the proce-
dure. 

At two weeks, Arias-Buria et al.(34) observed an intergroup difference of 1.5 points on the NPRS 
scale. 

At post-treatment assessment, all studies reported statistically significant and clinically relevant 
differences in pain measures (NPRS or VAS) [34–36,40]. 

Two studies with three- and six-month follow-ups (Miguel Valtierra et al.(36) and Góngora et al.(35)) 
showed that intergroup differences were maintained or increased in both follow-up periods. 

Finally, the study by Rodríguez-Huguet et al.(37), with a one-year follow-up, reported an inter-
group difference favoring PE over dry needling.

At the elbow, significant differences were observed in all studies, although the magnitude of the 
clinical effect varied according to the technique applied 

In the Rodriguez-Huguet 2024 article(39), the group treated with vacuum therapy (VT) showed 
a smaller effect than the DN group. In the PRTEE-S test, statistically significant improvements 
have been observed in pain(39). 

At three months, the results were maintained or slightly increased(38-39). At 12 months, Valera's 
study(40) reported improvements without recurrence, but did not provide intermediate values 
or data at 6 months.

Overall, there is consistent evidence of a significant reduction in pain in the PE groups, although 
it is not possible to completely isolate the specific effect of this intervention, with more homo-
geneous results in the shoulder than in the elbow. 

Pressure Pain Threshold (PPT)

The available evidence on PPT shows globally heterogeneous results, with no consistent pat-
tern between studies. 

On the shoulder, the findings are contradictory. While Rodríguez-Huguet et al.(37) observed a 
clear improvement in favor of the group treated with PE, Miguel Valtierra et al.(36) did not find 
significant differences between groups, although they reported a progressive increase in PPT in 
both groups.

In the elbow, the findings were also mixed. Some studies report significant short-term improve-
ments, such as those reported by Rodríguez-Huguet et al. 2020(38) at 1 and 3 months. On the oth-
er hand, Rodríguez-Huguet et al. 2024(39) found no significant differences in the global analysis, 
although specific improvements were observed in favor of the experimental group immediately 
after treatment and after one month. For their part, Valera et al.(40) documented an immediate 
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and clinically relevant increase in PPT, exceeding 20 points at discharge and maintained or even 
increased at six weeks. 

The evidence is inconsistent, with a tendency to increase the PPT that does not always reach 
significant differences between groups, with the absence of a uniform pattern between studies, 
locations, and follow-up times. 

Second item: Functionality (DASH, SPADI, PRTEE-S)

Studies that evaluated function showed significant and clinically relevant improvements [34-
36; 39,40], except in Miguel Valtierra(36), who did not find statistically significant differences.

DASH

In the shoulder, clinically relevant improvements are seen in most studies (two)(34,35). Arias-Buria 
et al.(34) recorded a difference of 12.2 points after two sessions (higher than the MCID), while 
Góngora et al. 38 reported a post-treatment difference of 33.16 points, with very high effect 
sizes (d>2). On the other hand, Miguel Valtierra et al.(36) did not observe a statistically significant 
difference (p=0.051). In the elbow, Valera et al.(40) report post-treatment and 6-week reductions, 
both statistically significant.

SPADI

Both studies have seen significant and clinically relevant reductions(35,36). Improvements range 
from 12.5 to 35.36 points, reaching and exceeding the MCID in both the short and medium term.

PRTEE‑S (elbow)

In Rodríguez-Huguet et al.(39), significant improvements were observed in specific function 
(p=0.004).

Overall, the evidence on function is consistent, with clinically relevant improvements after in-
terventions, especially in shoulder, while in elbow evidence is more limited.

Third item; Force, EMS, ROM

A single study, Góngora et al.(35), analyzed muscle strength and electromyographic activity. Sig-
nificant increases in abduction strength (ABD), internal rotation (IR), and external rotation (ER) 
were observed both post-treatment and at 3 and 6 months.

In the EMS analysis, significant differences between groups were observed across all measure-
ments of the supraspinatus and trapezius.

Joint Mobility (ROM)

One study assessed the range of motion in the shoulder(37), and two assessed the range of mo-
tion in the elbow(38,39). 

In the shoulder, Rodríguez et al.(37) observed significant improvements in flexion, extension, and 
external rotation. 

In the elbow, the results are more variable: Rodríguez Huguet et al. 2020(38) showed significant 
and sustained improvement in flexion, while Rodríguez Huguet et al. 2024(39) showed only sig-
nificant improvement in supination, starting at the first month and maintained at three months.
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Overall, the available evidence shows improvements in strength, electromyographic activity, 
and ROM, but is limited by the small number of studies and suggests improvements after inter-
ventions.

Fourth item: Satisfaction 

Two studies evaluated patient-perceived outcomes(36,40). 

In Valera et al.(40), at 6 weeks, 83.3% of patients reported a "successful" outcome, and at 26- and 
52-week follow-ups, all participants maintained this perception. 

In Miguel Valtierra et al.(36), using a cut-off point of ≥+5 on the GROC scale, a higher percent-
age of successful results was recorded in the PE+MT+EE group. At 3 months, 56% of the ul-
trasound-guided group achieved large changes compared with 12% in the unguided group 
(p=0.006), and at 6 months, these differences increased to 68% versus 22% (p<0.001).

The available studies show more favorable satisfaction and perceptions of functional and clini-
cal improvement in groups that include PE.

Fifth item: Ultrasound changes

A shoulder study(35) and an elbow study(40) analyzed structural modifications using ultra-
sound. In both cases, an early and significant decrease in hypervascularization was observed 
post-treatment. A progressive reduction in hypoechogenicity has been observed from 12 weeks 
onward, with significant differences in the shoulder(35). Later, changes in tendon thickness were 
observed: in the shoulder, with significant differences at 12 weeks that were maintained at 24 
weeks; in the elbow(40), with a favorable trend, although without reaching statistical significance.

Evidence is limited (one study in each region), but suggests favorable ultrasound changes af-
ter interventions, with significant results in the shoulder, mainly in intermediate phases of fol-
low-up.

4. Discussion 

4.1. Synthesis of main findings and heterogeneity between studies

Overall, the included studies suggest that percutaneous electrolysis may provide early analge-
sia when applied as an adjuvant to therapeutic exercise in upper limb tendinopathies. In shoul-
der studies, pain reduction tends to be maintained or increased in the medium term, especially 
between 3 and 6 months, and even persists at 12 months compared to dry needling in some 
trials. In lateral epicondylalgia, although clinical improvements are also observed, evidence for 
the maintenance of long-term analgesic effect is less consistent.

However, the interpretation of these results should be done with caution due to the marked 
clinical and methodological heterogeneity between studies. In most trials, therapeutic exercise 
was the common component of treatment, but a wide range of co-interventions were added, 
such as dry needling, percutaneous neuromodulation, manual therapy, TENS, ultrasound or 
vacuum therapy. In addition, the doses of these interventions were not always equivalent be-
tween groups, making it difficult to isolate the specific effect of percutaneous electrolysis and 
potentially increasing the influence of non-specific or contextual effects.
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There was also heterogeneity in the outcome variables used. Pain was measured using VAS or 
NPRS, functionality using different instruments such as DASH, SPADI, or PRTEE, and mechano-
sensitivity using pressure pain threshold. However, not all studies assessed the same domains 
or used the same measurement points, particularly for PPT. Likewise, the ultrasound variables 
were not homogeneous: some studies analyzed hypervascularization, others tendon thickness, 
hypoechogenicity, or structural changes, and some used different follow-up times. This vari-
ability in scales, measurement points, ultrasound procedures, dosing, and co-interventions 
limits direct comparison between studies and makes it difficult to draw firm conclusions about 
the true magnitude of the effect.

4.2. Role of exercise versus the specific effect of percutaneous electrolysis

A relevant aspect is that, in the included studies, the control groups were usually not pure pla-
cebos, but active treatments. For example, in the study by Rodríguez-Huguet et al.(37), the com-
parator group received exercise and dry needling. Therefore, when percutaneous electrolysis 
combined with exercise yields better results, this difference should be interpreted as a possible 
additional gain on top of an already potentially effective active treatment, and not as a substi-
tution for therapeutic exercise.

This interpretation aligns with the current literature, which identifies exercise as the central pil-
lar in the treatment of tendinopathies and musculoskeletal pain in the shoulder and elbow. 
Passive interventions, including dry needling, shock waves, or percutaneous electrolysis, ap-
pear to show better results when integrated within structured physiotherapy and progressive 
loading programs, rather than when applied in isolation(49-53). In this sense, percutaneous elec-
trolysis should be considered an adjunctive intervention, potentially useful for reducing pain 
and mechanosensitivity and facilitating exercise progression, but not as an alternative to the 
active rehabilitation program.

In the functional field, the results must also be interpreted from this perspective. In shoulder 
studies, functional differences were heterogeneous: in Góngora-Rodríguez et al.(35), improve-
ments far exceeded the MCID; in Arias-Buria et al.(34), they were close to the clinical threshold; 
and in Miguel Valtierra et al.(36), no significant differences were observed. The use of generic 
instruments, such as the DASH, may limit sensitivity to change, whereas more specific scales, 
such as the SPADI for the shoulder or the PRTEE for the elbow, could better capture functional 
evolution. In general, functional improvement appears to be consolidated in the medium term, 
consistent with the central role of therapeutic exercise.

Regarding electromyographic strength and activity, the evidence comes from a single random-
ized clinical trial, which limits the generalizability of the results. In Góngora-Rodríguez et al.(35), 
both groups performed the same exercise program, comparing PE + PNS + eccentric exercise 
versus TENS + US + eccentric exercise. The improvements in abduction strength, internal and 
external rotation, along with the effects observed on the sEMG of the supraspinatus, are physi-
ologically plausible and consistent with the reduction of pain and the increase in PPT. However, 
it is not possible to attribute these effects exclusively to PD, as all participants exercised. This 
reading aligns with studies on subacromial pain and the rotator cuff, in which scapular strength-
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ening and control programs account for a large share of the clinical and strength improvements 
in the medium term(54-56).

4.3. Comparison with evidence in the lower limb

The findings of this review are partially consistent with the available evidence in tendinopathies 
and musculoskeletal disorders of the lower limb. The review by Augustyn et al.(43) suggests that 
percutaneous electrolysis may obtain greater benefits when combined with eccentric exercise, 
which is consistent with the interpretation of the upper limb results.

In plantar fasciitis, Fernandez-Rodriguez et al.(44) observed significant reductions in pain with 
sustained effects at 12-24 weeks versus placebo. On the other hand, Al-Boloushi et al.(45) re-
ported decreases in pain from the first session and maintenance through 52 weeks, although 
there were no differences between percutaneous electrolysis and dry needling for some pain 
variables, with differences favoring PE in long-term quality of life.

In patellar tendinopathy, the results are more mixed. López-Royo et al.(46) found no advantage 
of adding PE or dry needling to exercise compared with sham interventions of 10 and 22 weeks, 
as all groups showed significant intragroup improvements in pain and disability. In addition, a 
secondary analysis of the aforementioned study by Lopez-Royo et al.(47) showed similar intra- 
and intersessional pain reductions with all the interventions, underscoring the potential influ-
ence of contextual effects. As observational support, Muñoz-Fernández et al.(48) reported pain 
reduction at 3 weeks and near-absence at 8 weeks with PE combined with exercise; however, as 
this is observational evidence, these findings should be considered preliminary.

Therefore, the evidence in the lower limb reinforces the idea that PE may be promising as an 
adjunctive intervention, but also shows that its specific effect against placebo, sham, or other 
active treatments remains not fully established. This comparison supports a cautious interpre-
tation of the magnitude of the effect observed in the upper limb.

4.4. Clinical and ultrasound variables and dosage of percutaneous elec-
trolysis

The increase in PPT observed in some studies supports a possible reduction in mechanosen-
sitivity and reinforces the physiological plausibility of the analgesic effect. However, heteroge-
neity in measurement points, applied pressure, anatomical location, and follow-up times limits 
direct comparison between studies.

The changes in range of motion were of modest magnitude. In the shoulder, Rodríguez-Huguet 
et al.(37) observed significant improvements in flexion, extension, and external rotation. At the 
elbow, differences in flexion were reported in Rodríguez-Huguet et al.(38) and in supination in 
Rodríguez-Huguet et al.(39). Although the use of a goniometer provides an objective measure, 
the evaluation of ROM can be affected by procedural variability, the evaluator's experience, and 
the instrument used(57).

The satisfaction and GROC scores were consistent with changes in pain and function, and pro-
vided a patient-centered perspective. However, their interpretation requires caution, since they 
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are subjective variables, sensitive to expectations, the patient's current state, and recall bias(58). 
In addition, its relationship to objective functional changes is not always consistent.

At the ultrasound level, the included studies show potentially relevant, although not homo-
geneous, patterns of change. In the study by Góngora-Rodríguez et al.(35) on the shoulder, ul-
trasound showed sequential improvement: first, hypervascularization decreased, and, subse-
quently, between 12 and 14 weeks, hypoechogenicity and tendon thickness improved. In the 
study by Valera et al.(40) on the elbow, tendon thickening appeared to modify more slowly. These 
findings suggest that hypervascularization could serve as an early signal of response, whereas 
structural changes may require more time.

These patterns are partially consistent with the literature in the lower limb. In plantar fasci-
itis, Fernandez-Rodriguez et al.(44) observed a decrease in fascial thickness at 12-24 weeks after 
PE versus placebo. In patellar tendinopathy, Muñoz-Fernández et al.(48) described ultrasound 
changes consistent with recovery after PE combined with exercise, including a reduction in ten-
don thickness from the first weeks. Likewise, Sánchez-Ibáñez et al.(59) observed an early reduc-
tion in the Doppler signal at 2 weeks after PE, along with a more organized fibrillar pattern.

Regarding dosing, most of the included protocols used low intensity and prolonged duration, 
such as EPTE 350 μA for 72-90 seconds, once a week(34-39). In contrast, one study employed a 
higher-intensity protocol using ECC Cesmar PPE at 4-6 mA for 3-4 seconds, with three appli-
cations(40). In the included studies, the criteria for choosing the dose were not always explicitly 
explained. Although both low- and high-intensity protocols were associated with clinical and 
ultrasound improvements, there are no direct comparisons that allow for the establishment of 
the superiority of one dosage over another. Consequently, the observed differences seem to 
depend more on the comparator, co-interventions, and study design than on the dose of PD 
itself.

Another relevant methodological aspect is the location of the needle. In shoulder studies, most 
studies describe the application on the tendon in a general way, without specifying precisely 
whether the target was the midsubstance, the enthesis, the articular face, or the bursal face. 
In contrast, in lateral epicondylalgia, the localization was more precise, usually directed to the 
enthesis or to the deep aspect of the tendon of the extensor carpi radialis brevis(38,40). This lack 
of precision in the shoulder limits clinical reproducibility and comparison between studies.

From a biological perspective, this information is relevant because tendon tissue can vary by 
anatomical region. The midsubstance of the supraspinatus, approximately 1 cm proximal to the 
enthesis, is composed mostly of type I collagen, although in chronic processes it can increase 
type III collagen(60,61). The enthesis of the supraspinatus presents a fibrocartilaginous transition 
to the bone, characterized by the presence of non-mineralized and mineralized fibrocartilage, 
with relative enrichment of type II collagen, proteoglycans, and progressive mineralization(62). 
On the other hand, in the supraspinatus tendon, the distribution of collagens I, II, and III is re-
gionally heterogeneous; according to Buckley et al., type II collagen shows greater expression 
in joint regions than in the medial bursal region, so it would not be accurate to define the bursal 
face in a general way only by the predominance of type I collagen(63). In addition, cell and animal 
models have shown that intratendinous PD can activate the NLRP3 inflammasome, increase 
IL-1β release, and subsequently stimulate TGF-β signaling, which, combined with progressive 
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loading, could favor a remodeling towards a type I collagen-rich matrix(18,19). In this context, de-
generate midsubstance could be considered a biologically plausible target, although this hy-
pothesis requires clinical confirmation.

4.5. Methodological limitations

From an internal validity perspective, the included trials are at moderate risk of bias accord-
ing to the RoB 2 tool. The main limitations were unclear or limited assessor blinding, baseline 
imbalances, and reliance on self-reported measures, such as NPRS or VAS, which may overes-
timate the effect of the intervention. In addition, the inclusion of non-randomized studies may 
increase the risk of overestimation of effects, so the results should be interpreted with caution.

Another relevant limitation is the difficulty in isolating the specific effect of PE. In many studies, 
PE was applied in conjunction with therapeutic exercise or other co-interventions, and compar-
ators also received active treatments. In addition, doses, the number of sessions, the duration 
of interventions, and follow-up periods varied across studies. This heterogeneity reduces the 
ability to directly compare results and limits the possibility of making firm recommendations 
on indications, dosage, or superiority over other treatments.

It should also be considered a limitation that the data extraction was carried out by a single 
researcher, with occasional consultation from a second reviewer, which may introduce a risk of 
methodological bias. Likewise, the lack of clear standardization in ultrasound measurement, 
PPT points, the selection of functional scales, and the description of the exact needle location 
hinders the reproducibility of the results.

4.6. Implications for future studies

Future research should be designed with greater methodological standardization to improve 
the internal validity and clinical applicability of the results. First, it would be advisable to stan-
dardize PD dosimetry, including intensity, duration, number of impacts, number of sessions, 
weekly frequency, and the device used. Comparator doses should also be equalized, especially 
in the number and duration of sessions, to reduce the influence of therapeutic care and contex-
tual effects.

Secondly, the tests should more precisely pre-specify the anatomical location of the interven-
tion, indicating whether the needle is directed at the midsubstance, enthesis, articular face, or 
bursal face, as well as the depth, trajectory, ultrasound location criteria, and structural char-
acteristics of the treated tendon. The inclusion of standardized ultrasound variables, such as 
Doppler hypervascularization, thickness, hypoechogenicity, and fibrillar pattern, would allow 
for better comparison of results across studies.

Third, it would be convenient to homogenize the clinical variables using validated, region-spe-
cific scales, such as SPADI for the shoulder and PRTEE for the elbow, together with pain mea-
sures such as NPRS or VAS and mechanosensitivity variables such as PPT. In addition to statisti-
cal significance, clinically relevant changes, proportion of responders achieving MCID, exercise 
adherence, adverse events, and medium- to long-term follow-up should be reported.
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Finally, future studies should pre-register their protocols and statistical analyses, including 
adjusted analyses such as ANCOVA when baseline differences exist. It would also be useful to 
describe in detail the type of exercise performed, the progression of the load, adherence, and 
home compliance, since exercise appears to be a central element of treatment. Together, these 
improvements would allow us to determine more precisely whether PD provides an additional 
specific effect to therapeutic exercise and in which clinical profiles it could be most beneficial.

5. Conclusions

In adults with upper limb tendinopathies, PE added to exercise provides early analgesia that 
often reaches clinical relevance, especially in the shoulder, while the evidence for the elbow 
remains limited. However, functional improvements, strength, and most objective variables 
depend mainly on the exercise program, with an additional effect of PD that is more variable 
and conditioned by comparators and co-interventions; in this context, PPT can increase and 
ROM improve modestly, while strength/EMG changes are mostly explained by training. At the 
ultrasound level, a progressive normalization (an initial decrease in hypervascularization, fol-
lowed by changes in echogenicity and thickness) is observed. However, the heterogeneity of 
interventions and the risk of moderate bias limit the precision of the results and prevent firm 
recommendations, so better-designed RCTs, patient-centered measures with a standardized 
anatomical target, and follow-ups of at least 12 months are required.

References
1. Gill TK, Mittinty MM, March LM, Steinmetz JD, Culbreth GT, Cross M, et al. Global, regional, and national 
burden of other musculoskeletal disorders, 1990–2020, and projections to 2050: a systematic analysis of 
the Global Burden of Disease Study 2021. Lancet Rheumatol. 2023;5(11):e670–e682. doi:10.1016/S2665-
9913(23)00232-1.

2. Lucas J, van Doorn P, Hegedus E, Lewis J, van der Windt D. A systematic review of the global preva-
lence and incidence of shoulder pain. BMC Musculoskelet Disord [Internet]. 2022;23(1):1–11. Available 
from: https://doi.org/10.1186/s12891-022-05973-8

3. Manoso-Hernando D, Bailón-Cerezo J, Angulo-Díaz-Parreño S, Reina-Varona Á, Elizagaray-García I, 
Gil-Martínez A. Shoulder mobility and strength impairments in patients with rotator cuff related shoulder 
pain: a systematic review and meta analysis. PeerJ. 2024;12:e17604. doi: 10.7717/peerj.17604

4. Sims SEG, Miller K, Elfar JC, Hammert WC. Non-Surgical Treatment of Lateral Epicondylitis: A Aystem-
atic Review of Randomized Controlled Trials. HAND. 2014;9(4):419-446. doi: 10.1007/s11552-014-9642-x

5. Hodgetts CJ, Leboeuf-Yde C, Beynon A, Walker BF. Shoulder pain prevalence by age and within occu-
pational groups: a systematic review. Archives of Physiotherapy. 2021;11(1). doi: 10.1186/s40945-021-
00119-w

6. Giri A, O'Hanlon D, Jain NB. Risk factors for rotator cuff disease: A systematic review and meta-anal-
ysis of diabetes, hypertension, and hyperlipidemia. Annals of Physical and Rehabilitation Medicine. 
2023;66(1):101631. doi: 10.1016/j.rehab.2022.101631

7. Virta L, Joranger P, Brox JI, Eriksson R. Costs of shoulder pain and resource use in primary health care: a 
cost-of-illness study in Sweden. BMC Musculoskeletal Disorders. 2012;13(1). doi: 10.1186/1471-2474-13-17

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

19

https://doi.org/10.1016/S2665-9913
https://doi.org/10.1016/S2665-9913
https://doi.org/10.7717/peerj.17604
https://doi.org/10.1007/s11552-014-9642-x
https://doi.org/10.1186/s40945-021-00119-w
https://doi.org/10.1186/s40945-021-00119-w
https://doi.org/10.1016/j.rehab.2022.101631
https://doi.org/10.1186/1471-2474-13-17


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

8. Challoumas D, Biddle M, Millar NL. Recent advances in tendinopathy. Faculty Reviews. 2020;9. doi: 
10.12703/b/9-16

9. Jaworski Ł, Zabrzyńska M, Klimaszewska-Wiśniewska A, Zielińska W, Grzanka D, Gagat M. Advances 
in Microscopic Studies of Tendinopathy: Literature Review and Current Trends, with Special Reference 
to Neovascularization Process. Journal of Clinical Medicine. 2022;11(6):1572. doi: 10.3390/jcm11061572

10. 10.Thankam FG, Dilisio MF, Gross RM, Agrawal DK. Collagen I: a kingpin for rotator cuff tendon pathol-
ogy. Am J Transl Res. 2018;10(11):3291–3309.

11. Dean BJF, Dakin SG, Millar NL, Carr AJ. Review: Emerging concepts in the pathogenesis of tendinop-
athy. Surgeon [Internet]. 2017;15(6):349–54. Available from: https://doi.org/10.1016/j.surge.2017.05.005

12. Dakin SG, Ly L, Colas RA, Oppermann U, Wheway K, Watkins B, et al. Increased 15-PGDH expression 
leads to dysregulated resolution responses in stromal cells from patients with chronic tendinopathy. 
Scientific Reports. 2017;7(1). doi: 10.1038/s41598-017-11188-y

13. Dakin SG, Colas RA, Newton J, Gwilym S, Jones N, Reid HAB, et al. 15-Epi-Lxa4 and MaR1 counter 
inflammation in stromal cells from patients with Achilles tendinopathy and rupture. The FASEB Journal. 
2019;33(7):8043-8054. doi: 10.1096/fj.201900196r

14. Dakin, S. G., Martinez, F. O., Yapp, C., Wells, G., Oppermann, U., Dean, B. J., Smith, R. D., Wheway, 
K., Watkins, B., Roche, L., &amp; Carr, A. J. (2015). Inflammation activation and resolution in human 
tendon disease. Science translational medicine, 7(311), 311ra173. https://doi.org/10.1126/scitranslmed.
aac4269

15. Yildizgoren MT, Bagcier F. A modern interpretation of traditional galvanic current: percutaneous nee-
dle electrolysis therapy. Acupuncture in Medicine. 2023;42(1):56-57. doi: 10.1177/09645284231210569

16. De-la-Cruz-Torres B, Barrera-García-Martín I, Valera-Garrido F, Minaya-Muñoz F, Romero-Morales 
C. Ultrasound-Guided Percutaneous Needle Electrolysis in Dancers with Chronic Soleus Injury: A Ran-
domized Clinical Trial. Evidence-Based Complementary and Alternative Medicine. 2020;2020(1). doi: 
10.1155/2020/4156258

17. Abat F, Valles S, Gelber P, Polidori F, Stitik T, García-Herreros S et al. Molecular repair mechanisms us-
ing the Intratissue Percutaneous Electrolysis technique in patellar tendonitis. Revista Española de Cirugía 
Ortopédica y Traumatología (English Edition). 2014;58(4):201-205. doi: 10.1016/j.recote.2014.05.005

18. Peñin-Franch A, García-Vidal JA, Martínez CM, Escolar-Reina P, Martínez-Ojeda RM, Gómez AI et al. 
Galvanic current activates the NLRP3 inflammasome to promote Type I collagen production in tendon. 
eLife. 2022;11. doi: 10.7554/elife.73675

19. Sánchez-Sánchez JL, Calderón-Díez L, Herrero-Turrión J, Méndez-Sánchez R, Arias-Buría JL, Fernán-
dez-de-las-Peñas C. Changes in Gene Expression Associated with Collagen Regeneration and Remodel-
ing of Extracellular Matrix after Percutaneous Electrolysis on Collagenase-Induced Achilles Tendinopa-
thy in an Experimental Animal Model: A Pilot Study. Journal of Clinical Medicine. 2020;9(10):3316. doi: 
10.3390/jcm9103316

20. Varela-Rodríguez S, Sánchez-Sánchez JL, Velasco E, Delicado-Miralles M, Sánchez-González JL. En-
dogenous Pain Modulation in Response to a Single Session of Percutaneous Electrolysis in Healthy Pop-
ulation: A Double-Blinded Randomized Clinical Trial. Journal of Clinical Medicine. 2022;11(10):2889. doi: 
10.3390/jcm11102889 

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

20

https://doi.org/10.12703/b/9-16
https://doi.org/10.12703/b/9-16
https://doi.org/10.3390/jcm11061572
https://doi.org/10.1038/s41598-017-11188-y
https://doi.org/10.1096/fj.201900196r
https://doi.org/10.1177/09645284231210569
https://doi.org/10.1155/2020/4156258
https://doi.org/10.1155/2020/4156258
https://doi.org/10.1016/j.recote.2014.05.005
https://doi.org/10.7554/elife.73675
https://doi.org/10.3390/jcm9103316
https://doi.org/10.3390/jcm9103316
https://doi.org/10.3390/jcm11102889
https://doi.org/10.3390/jcm11102889


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

21. Varela-Rodríguez S, Sánchez-Sánchez JL, Velasco E, Delicado-Miralles M, Sánchez-González JL. En-
dogenous Pain Modulation in Response to a Single Session of Percutaneous Electrolysis in Healthy Pop-
ulation: A Double-Blinded Randomized Clinical Trial. J Clin Med. 2022 May 1;11(10).

22. Rodríguez-Sanz J, Rodríguez-Rodríguez S, López-de-Celis C, Malo-Urriés M, Pérez-Amodio S, 
Pérez-Antoñanzas R et al. Biological and Cellular Effects of Percutaneous Electrolysis: A Systematic Re-
view. Biomedicines. 2024;12(12):2818. doi: 10.3390/biomedicines12122818

23. Sánchez-González JL, Navarro-López V, Cañada-Sánchez P, Juárez-Vela R, Viñaspre-Hernández RRd, 
Varela-Rodríguez S. Efficacy of different intensities of percutaneous electrolysis for musculoskeletal pain: 
A systematic review and meta-analysis. Frontiers in Medicine. 2023;10. doi: 10.3389/fmed.2023.1101447

24. Belón-Pérez P, Calderón-Díez L, Sánchez-Sánchez JL, Robles-García M, Plaza-Manzano G, Fernán-
dez-de-las-Peñas C. Cadaveric and Ultrasound Validation of Percutaneous Electrolysis Approaches at 
the Arcade of Frohse: A Potential Treatment for Radial Tunnel Syndrome. International Journal of Envi-
ronmental Research and Public Health. 2022;19(4):2476. doi: 10.3390/ijerph19042476

25. Calderón-Díez L, Sánchez-Sánchez JL, Belón-Pérez P, Robles-García M, Pérez-Robledo F, Fernández-
de-las-Peñas C. Cadaveric and Ultrasound Validation of Percutaneous Electrolysis Approach at the Dis-
tal Biceps Tendon: A Potential Treatment for Biceps Tendinopathy. Diagnostics. 2022;12(12):3051. doi: 
10.3390/diagnostics12123051

26. Borrella-Andrés, S., Malo-Urriés, M., Pérez-Bellmunt, A., Arias-Buría, J. L., Rodríguez-Sanz, J., Albaro-
va-Corral, M. I., González-Rueda, V., Gallego-Sendarrubias, G. M., Fernández-de-las-Peñas, C., &amp; 
López-de-Celis, C. (2022). Application of Percutaneous Needle Electrolysis Does Not Elicit Tempera-
ture Changes: An In Vitro Cadaveric Study. International Journal of Environmental Research and Public 
Health, 19(23), 15738. https://doi.org/10.3390/ijerph192315738

27. Margalef R, Bosque M, Minaya-Muñoz F, Valera-Garrido F, Santafe MM. Safety analysis of percutane-
ous needle electrolysis: a study of needle composition, morphology, and electrical resistance. Acupunc-
ture in Medicine. 2021;39(5):471-477. doi: 10.1177/0964528420988007

28. de la Cruz Torres B, Albornoz Cabello M, García Bermejo P, Naranjo Orellana J. Autonomic Responses 
to Ultrasound-Guided Percutaneous Needle Electrolysis of the Patellar Tendon in Healthy Male Footbal-
lers. Acupuncture in Medicine. 2016;34(4):275-279. doi: 10.1136/acupmed-2015-010993

29. García Bermejo P, De La Cruz Torres B, Naranjo Orellana J, Albornoz Cabello M. Autonomic Responses 
to Ultrasound-Guided Percutaneous Needle Electrolysis: Effect of Needle Puncture or Electrical Current? 
The Journal of Alternative and Complementary Medicine. 2018;24(1):69-75. doi: 10.1089/acm.2016.0339

30. Asensio-Olea L, Leirós-Rodríguez R, Marqués-Sánchez MP, de Carvalho FO, Maciel LYS. Efficacy of 
percutaneous electrolysis for the treatment of tendinopathies: A systematic review and meta-analysis. 
Clinical Rehabilitation. 2022;37(6):747-759. doi: 10.1177/02692155221144272

31. Ferreira MHL, Araujo GAS, De-La-Cruz-Torres B. Effectiveness of Percutaneous Needle Electrolysis to 
Reduce Pain in Tendinopathies: A Systematic Review With Meta-Analysis. Journal of Sport Rehabilita-
tion. 2024;33(5):307-316. doi: 10.1123/jsr.2024-0009

32. Fakontis C, Iakovidis P, Lytras D, Kasimis K, Koutras G, Ntinou SR et al. Efficacy of percutaneous nee-
dle electrolysis versus dry needling in musculoskeletal pain: A systematic review and meta-analysis. 
Journal of Back and Musculoskeletal Rehabilitation. 2023;36(5):1033-1046. doi: 10.3233/bmr-220408

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

21

https://doi.org/10.3390/biomedicines12122818
https://doi.org/10.3389/fmed.2023.1101447
https://doi.org/10.3390/ijerph19042476
https://doi.org/10.3390/diagnostics12123051
https://doi.org/10.3390/diagnostics12123051
https://doi.org/10.1177/0964528420988007
https://doi.org/10.1136/acupmed-2015-010993
https://doi.org/10.1089/acm.2016.0339
https://doi.org/10.1177/02692155221144272
https://doi.org/10.1123/jsr.2024-0009
https://doi.org/10.3233/bmr-220408


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

33. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al. Updating guidance for 
reporting systematic reviews: development of the PRISMA 2020 statement. Journal of Clinical Epidemi-
ology. 2021;134:103-112. doi: 10.1016/j.jclinepi.2021.02.003

34. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological index for non-ran-
domized studies (MINORS): development and validation of a new instrument. ANZ Journal of Surgery. 
2003;73(9):712-716. doi: 10.1046/j.1445-2197.2003.02748.x

35. Arias-Buría JL, Truyols-Domínguez S, Valero-Alcaide R, Salom-Moreno J, Atín-Arratibel MA, Fernán-
dez-de-las-Peñas C. Ultrasound-Guided Percutaneous Electrolysis and Eccentric Exercises for Subacro-
mial Pain Syndrome: A Randomized Clinical Trial. Evidence-Based Complementary and Alternative Med-
icine. 2015;2015:1-9. doi: 10.1155/2015/315219

36. Góngora-Rodríguez J, Rosety-Rodríguez MÁ, Rodríguez-Almagro D, Martín-Valero R, Góngora-Ro-
dríguez P, Rodríguez-Huguet M. Structural and Functional Changes in Supraspinatus Tendinopathy 
through Percutaneous Electrolysis, Percutaneous Peripheral Nerve Stimulation and Eccentric Exercise 
Combined Therapy: A Single-Blinded Randomized Clinical Trial. Biomedicines. 2024;12(4):771. doi: 
10.3390/biomedicines12040771

37. de Miguel Valtierra L, Salom Moreno J, Fernández-de-las-Peñas C, Cleland JA, Arias-Buría JL. Ultra-
sound-Guided Application of Percutaneous Electrolysis as an Adjunct to Exercise and Manual Therapy 
for Subacromial Pain Syndrome: A Randomized Clinical Trial. The Journal of Pain. 2018;19(10):1201-
1210. doi: 10.1016/j.jpain.2018.04.017

38. Rodríguez-Huguet M, Góngora-Rodríguez J, Rodríguez-Huguet P, Ibañez-Vera AJ, Rodríguez-Almagro 
D, Martín-Valero R et al. Effectiveness of Percutaneous Electrolysis in Supraspinatus Tendinopathy: A 
Single-Blinded Randomized Controlled Trial. Journal of Clinical Medicine. 2020;9(6):1837. doi: 10.3390/
jcm9061837

39. Rodríguez-Huguet M, Góngora-Rodríguez J, Lomas-Vega R, Martín-Valero R, Díaz-Fernández Á, Obre-
ro-Gaitán E et al. Percutaneous Electrolysis in the Treatment of Lateral Epicondylalgia: A Single-Blind 
Randomized Controlled Trial. Journal of Clinical Medicine. 2020;9(7):2068. doi: 10.3390/jcm9072068

40. Rodríguez-Huguet M, Rodríguez-Almagro D, Rosety-Rodríguez MA, Vinolo-Gil MJ, Molina-Jiménez 
J, Góngora-Rodríguez J. Pulsed negative pressure myofascial vacuum therapy and percutaneous elec-
trolysis in the treatment of lateral epicondylalgia: A single-blind randomized controlled trial. Journal of 
Hand Therapy. 2024;37(4):644-652. doi: 10.1016/j.jht.2024.02.003

41. Valera-Garrido F, Minaya-Muñoz F, Medina-Mirapeix F. Ultrasound-Guided Percutaneous Needle 
Electrolysis in Chronic Lateral Epicondylitis: Short-Term and Long-Term Results. Acupuncture in Medi-
cine. 2014;32(6):446-454. doi: 10.1136/acupmed-2014-010619

42. Safikhani S, Gries KS, Trudeau JJ, Reasner D, Rüdell K, Coons SJ et al. Response scale selection in 
adult pain measures: results from a literature review. Journal of Patient-Reported Outcomes. 2018;2(1). 
doi: 10.1186/s41687-018-0053-6

43. Mintken PE, Glynn P, Cleland JA. Psychometric properties of the shortened disabilities of the Arm, 
Shoulder, and Hand Questionnaire (QuickDASH) and Numeric Pain Rating Scale in patients with shoul-
der pain. Journal of Shoulder and Elbow Surgery. 2009;18(6):920-926. doi: 10.1016/j.jse.2008.12.015

44. Augustyn D, Paez A. The effectiveness of intratissue percutaneous electrolysis for the treatment 
of tendinopathy: a systematic review. South African Journal of Sports Medicine. 2022;34(1). doi: 
10.17159/2078-516x/2022/v34i1a12754

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

22

https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1155/2015/315219
https://doi.org/10.3390/biomedicines12040771
https://doi.org/10.3390/biomedicines12040771
https://doi.org/10.1016/j.jpain.2018.04.017
https://doi.org/10.3390/jcm9061837
https://doi.org/10.3390/jcm9061837
https://doi.org/10.3390/jcm9072068
https://doi.org/10.1016/j.jht.2024.02.003
https://doi.org/10.1136/acupmed-2014-010619
https://doi.org/10.1186/s41687-018-0053-6
https://doi.org/10.1016/j.jse.2008.12.015
https://doi.org/10.17159/2078-516x/2022/v34i1a12754
https://doi.org/10.17159/2078-516x/2022/v34i1a12754


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

45. Fernández-Rodríguez T, Fernández-Rolle Á, Truyols-Domínguez S, Benítez-Martínez JC, Casa-
ña-Granell J. Prospective Randomized Trial of Electrolysis for Chronic Plantar Heel Pain. Foot & Ankle 
International. 2018;39(9):1039-1046. doi: 10.1177/1071100718773998

46. Al-Boloushi Z, Gómez-Trullén EM, Arian M, Fernández D, Herrero P, Bellosta-López P. Compar-
ing two dry needling interventions for plantar heel pain: a randomised controlled trial. BMJ Open. 
2020;10(8):e038033. doi: 10.1136/bmjopen-2020-038033

47. López-Royo MP, Ríos-Díaz J, Galán-Díaz RM, Herrero P, Gómez-Trullén EM. A Comparative Study of 
Treatment Interventions for Patellar Tendinopathy: A Randomized Controlled Trial. Archives of Physical 
Medicine and Rehabilitation. 2021;102(5):967-975. doi: 10.1016/j.apmr.2021.01.073

48. Doménech-García V, Pecos-Martín D, Blasco-Abadía J, Bellosta-López P, López-Royo MP. Placebo 
and nocebo effects of percutaneous needle electrolysis and dry-needling: an intra and inter-treatment 
sessions analysis of a three-arm randomized double-blinded controlled trial in patients with patellar 
tendinopathy. Frontiers in Medicine. 2026;13. doi: 10.3389/fmed.2026.1851424

49. Muñoz-Fernández AC, Barragán-Carballar C, Villafañe JH, Martin-Pérez S, Alonso-Pérez JL, Díaz-Me-
co R, et al. Muñoz-Fernández et al. A new ultrasound-guided percutaneous electrolysis and exercise 
treatment in patellar tendinopathy: three case reports. Frontiers in Bioscience-Landmark. 2021; 26: 
1166–1175. Frontiers in Bioscience-Landmark. 2022;27(3). doi: 10.31083/j.fbl2703109

50. Blanco-Díaz M, Ruiz-Redondo R, Escobio-Prieto I, De la Fuente-Costa M, Albornoz-Cabello M, Casa-
ña J. A Systematic Review of the Effectiveness of Dry Needling in Subacromial Syndrome. Biology. 
2022;11(2):243. doi: 10.3390/biology11020243

51. Griswold D, Learman K, Ickert E, Tapp A, Ross O. Dry Needling for Subacromial Pain Syndrome: A 
Systematic Review with Meta-Analysis. Pain Medicine. 2022;24(3):285-299. doi: 10.1093/pm/pnac131

52. Yoon SY, Kim YW, Shin IS, Kang S, Moon HI, Lee SC. The Beneficial Effects of Eccentric Exercise in the 
Management of Lateral Elbow Tendinopathy: A Systematic Review and Meta-Analysis. Journal of Clinical 
Medicine. 2021;10(17):3968. doi: 10.3390/jcm10173968

53. Ma X, Qiao Y, Wang J, Xu A, Rong J. Therapeutic Effects of Dry Needling on Lateral Epicondylitis: 
An Updated Systematic Review and Meta-analysis. Archives of Physical Medicine and Rehabilitation. 
2024;105(11):2184-2197. doi: 10.1016/j.apmr.2024.02.713

54. Yao G, Chen J, Duan Y, Chen X. Efficacy of Extracorporeal Shock Wave Therapy for Lateral Epicon-
dylitis: A Systematic Review and Meta-Analysis. BioMed Research International. 2020;2020(1). doi: 
10.1155/2020/2064781

55. Wu D, Wen Z, Ke H, Zhang J, Zhong S, Teng J, et al. Specific modes of exercise to improve rotator 
cuff-related shoulder pain: systematic review and meta-analysis. Frontiers in Bioengineering and Bio-
technology. 2025;13. doi: 10.3389/fbioe.2025.1560597

56. Paraskevopoulos E, Plakoutsis G, Chronopoulos E, Maria P. Effectiveness of Combined Program of 
Manual Therapy and Exercise Vs Exercise Only in Patients With Rotator Cuff-related Shoulder Pain: A 
Systematic Review and Meta-analysis. Sports Health: A Multidisciplinary Approach. 2022;15(5):727-735. 
doi: 10.1177/19417381221136104

57. Naranjo-Cinto F, Cerón-Cordero A, Figueroa-Padilla C, Galindo-Paz D, Fernández-Carnero S, Gal-
lego-Izquierdo T, et al. Real versus Sham Manual Therapy in Addition to Therapeutic Exercise in the 
Treatment of Non-Specific Shoulder Pain: A Randomized Controlled Trial. Journal of Clinical Medicine. 
2022;11(15):4395. doi: 10.3390/jcm11154395

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

23

https://doi.org/10.1177/1071100718773998
https://doi.org/10.1136/bmjopen-2020-038033
https://doi.org/10.1016/j.apmr.2021.01.073
https://doi.org/10.3389/fmed.2026.1851424
https://doi.org/10.31083/j.fbl2703109
https://doi.org/10.3390/biology11020243
https://doi.org/10.1093/pm/pnac131
https://doi.org/10.3390/jcm10173968
https://doi.org/10.1016/j.apmr.2024.02.713
https://doi.org/10.1155/2020/2064781
https://doi.org/10.1155/2020/2064781
https://doi.org/10.3389/fbioe.2025.1560597
https://doi.org/10.1177/19417381221136104
https://doi.org/10.3390/jcm11154395


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

58. Spigelman T, Simpkins L, Humphrey C, Vitel Y, Sciascia A. Reliability Analysis of In-person and Virtual 
Goniometric Measurements of the Upper Extremity. International Journal of Sports Physical Therapy. 
2023;18(4). doi: 10.26603/001c.81065

59. Bobos P, Ziebart C, Furtado R, Lu Z, MacDermid JC. Psychometric properties of the global rating of 
change scales in patients with low back pain, upper and lower extremity disorders. A systematic review 
with meta-analysis. Journal of Orthopaedics. 2020;21:40-48. doi: 10.1016/j.jor.2020.01.047

60. Ibáñez JM S. The ultrasound-guided intratissue percutaneous electrolysis (epi®) for the treatment of 
refractory-neovascular patellar tendinopathy. International Clinical Pathology Journal. 2017;4(1). doi: 
10.15406/icpjl.2017.04.00080

61. Kannus P. Structure of the tendon connective tissue. Scandinavian Journal of Medicine & Science in 
Sports. 2000;10(6):312-320. doi: 10.1034/j.1600-0838.2000.010006312.x

62. Zhang S, Ju W, Chen X, Zhao Y, Feng L, Yin Z. Bioactive Materials Hierarchical ultrastructure : An over-
view of what is known about tendons and future perspective for tendon engineering. Bioact Mater [Inter-
net]. 2022;8(June 2021):124–39. Available from: https://doi.org/10.1016/j.bioactmat.2021.06.007

63. Benjamin M, Ralphs JR. Fibrocartilage in tendons and ligaments — an adaptation to compressive 
load. Journal of Anatomy. 1998;193(4):481-494. doi: 10.1017/s0021878298004300

64. Buckley MR, Evans EB, Matuszewski PE, Chen Y, Satchel LN, Elliott DM, et al. Distributions of 
types I, II and III collagen by region in the human supraspinatus tendon. Connective Tissue Research. 
2013;54(6):374-379. doi: 10.3109/03008207.2013.847096

65. Hrvatin I, Puh U. Measurement properties of the numerical pain rating scale in patients with mus-
culoskeletal impairments of the limbs – a systematic literature review. Slovenian Medical Journal. 
2021;90(9-10):512-20. doi: 10.6016/zdravve

66. Delgado DA, Lambert BS, Boutris N, McCulloch PC, Robbins AB, Moreno MR, et al. Validation of Digi-
tal Visual Analog Scale Pain Scoring With a Traditional Paper-based Visual Analog Scale in Adults. JAAOS: 
Global Research and Reviews. 2018;2(3):e088. doi: 10.5435/jaaosglobal-d-17-00088

67. Brindisino F, Venturin D, Bartoli M, Caselli S, Pellicciari L, Poser A. Psychometric properties of the 
Disability of Arm Shoulder and Hand (DASH) in subjects with frozen shoulder: a reliability and validity 
study. BMC Musculoskeletal Disorders. 2024;25(1). doi: 10.1186/s12891-024-07371-8

68. MacDermid JC, Solomon P, Prkachin K. The Shoulder Pain and Disability Index demonstrates factor, 
construct and longitudinal validity. BMC Musculoskeletal Disorders. 2006;7(1). doi: 10.1186/1471-2474-
7-12

69. Sveinall H, Brox JI, Engebretsen KB, Hoksrud AF, Røe C, Johnsen MB. Measurement properties of 
core outcomes in patients with tennis elbow. Shoulder & Elbow. 2025. doi: 10.1177/17585732251344264

70. Bilika P, Kalamatas-Mavrikas P, Vasilis N, Strimpakos N, Kapreli E. Reliability of Pressure Pain Thresh-
old (PPT) and Conditioned Pain Modulation (CPM) in Participants with and without Chronic Shoulder 
Pain. Healthcare. 2024;12(17):1734. doi: 10.3390/healthcare12171734

71. Felici F, Del Vecchio A. Surface Electromyography: What Limits Its Use in Exercise and Sport Physiol-
ogy?. Frontiers in Neurology. 2020;11. doi: 10.3389/fneur.2020.578504

72. Watson J, Barker-Davies RM, Bennett AN, Fong DTP, Wheeler PC, Lewis M et al. Sport and exercise 
medicine consultants are reliable in assessing tendon neovascularity using ultrasound Doppler. BMJ 
Open Sport & Exercise Medicine. 2018;4(1):e000298. doi: 10.1136/bmjsem-2017-000298

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

24

https://doi.org/10.26603/001c.81065
https://doi.org/10.1016/j.jor.2020.01.047
https://doi.org/10.15406/icpjl.2017.04.00080
https://doi.org/10.15406/icpjl.2017.04.00080
https://doi.org/10.1034/j.1600-0838.2000.010006312.x
https://doi.org/10.1017/s0021878298004300
https://doi.org/10.3109/03008207.2013.847096
https://doi.org/10.6016/zdravve
https://doi.org/10.5435/jaaosglobal-d-17-00088
https://doi.org/10.1186/s12891-024-07371-8
https://doi.org/10.1186/1471-2474-7-12
https://doi.org/10.1186/1471-2474-7-12
https://doi.org/10.1177/17585732251344264
https://doi.org/10.3390/healthcare12171734
https://doi.org/10.3389/fneur.2020.578504
https://doi.org/10.1136/bmjsem-2017-000298


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

73. Wengert GJ, Schmutzer M, Bickel H, Sora M, Polanec SH, Weber M et al. Reliability of high-resolution 
ultrasound and magnetic resonance arthrography of the shoulder in patients with sports-related shoul-
der injuries. PLOS ONE. 2019;14(9):e0222783. doi: 10.1371/journal.pone.0222783

74. Fatih BAĞCIER, Duygu GELER KÜLCÜ, Elem YORULMAZ, Elif Çiğdem ALTUNOK. Intra- and Inter-Rater 
Reliability of Ultrasound Measurements of Supraspinatus Tendon Thickness, Acromiohumeral Distance, 
and Occupation Ratio in Patients With Shoulder Impingement Syndrome. Archives of Rheumatology. 
2020;35(3):385-393. doi: 10.46497/archrheumatol.2020.7515

Editorial information
✉ Correspondence
javiergt15@gmail.com

Dates
Received: 12.03.2026
Accepted: 25.05.2026
Published: 22.06.2026

Author Contributions
Conceptualization, L.R. and J.G.T.; methodology, L.R.; validation, J.G.T.; investigation, L.R. and J.G.T.; data curation, L.R.; 
writing—original draft preparation, L.R.; writing—review and editing, J.G.T. and L.R.; supervision, J.G.T. All authors have read 
and agreed to the published version of the manuscript.

Ethics Statement
Not applicable.

Funding
This research received no external funding.

Data Availability Statement
The data supporting the findings of this systematic review are those reported in the primary studies included herein, all 
of which are cited in the reference list. No new datasets were generated. The data extraction tables and the risk-of-bias 
assessments (RoB 2 and MINORS) are available upon reasonable request from the corresponding author at lolarouger0@
gmail.com.

Conflicts of Interest
L.R. declares no conflicts of interest. J.G.T. declares no conflicts of interest. None of the authors has any financial, commercial, 
or personal relationship with the manufacturers of the EPTE or EPI Cesmar/ECC Cesmar devices evaluated in this study.

Suggested citation
Rouger l, Guerrero troyano J. Efficacy of percutaneous electrolysis in upper limb tendinopathies: a systematic review. Invasive 
Physiother Musculoskelet Med. 2026;2:e26. doi: 10.63360/ipmm.v2.e26

Disclaimer/Publisher’s Note
The statements, opinions, and data contained in all publications are solely those of the individual author(s) and contributor(s) 
and not of IPMM and/or the editor(s). IPMM and/or the editor(s) disclaim responsibility for any injury to people or property 
resulting from any ideas, methods, instructions, or products referred to in the content.

Copyright
© 2026 by the authors.
Publication under the terms and conditions of the Creative Commons Attribution (CC BY-NC-SA) license 
(https://creativecommons.org/licenses/by-nc-sa/4.0)

Invasive Physiother Musculoskelet Med. 2026;2:e26� https://doi.org/10.63360/ipmm.v2.e26

25

https://doi.org/10.1371/journal.pone.0222783
https://doi.org/10.46497/archrheumatol.2020.7515
https://doi.org/10.63360/ipmm.v2.e26


Rouger l, Guerrero Troyano J.�  Efficacy of percutaneous electrolysis in upper limb tendinopathies

Appendix A

Complete search strategy: 
03.03.25 : "tendinopathy"[MeSH Terms] OR 

"tendinopathy" OR "tendinopathies" OR "tendonopathies" OR "tendineous" OR "tendinitis" OR 
"tendons" OR "tendons" OR "tendinous" OR "tendonitis" OR "tendon s" OR "tendonous" OR 
"tendon" OR "tendinosis" OR "tendinoses" OR "tendonosis" AND “electrolysis”[MeSH] OR “elec-
trolysis” OR “electrolyses” OR “Percutaneous electrolysis” OR “Percutaneous needle electroly-
sis” OR “Intratissue percutaneous electrolysis” OR “EPI”

Rob 2 Results:
Arias-Buria et al.34

Domain Signalling question Response Comments

Bias arising from 
the randomization 
process

1.1 Was the allocation sequence random? Y 1.1. Random sequence generated with EPIDAT 3.1

1.2. Opaque sealed envelopes used

1.2 Was the allocation sequence concealed 
until participants were enrolled and assigned 
to interventions?

Y

1.3 Did baseline differences between inter-
vention groups suggest a problem with the 
randomization process?

N 1.3. Groups were balanced at baseline (Table 1)

Risk of bias judgment Low

Bias due to devia-
tions from intended 
interventions

2.1 Were participants aware of their assigned 
intervention during the trial?

Y 2.1. Patients necessarily knew whether they received 
electrolysis or not

2.2 Clinicians knew the assignments
2.2 Were carers and people delivering the 
interventions aware of participants' assigned 
intervention during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended intervention that 
arose because of the experimental context?

PN 2.3. No deviations were reported

2.4 If Y/PY to 2.3: Were these deviations likely 
to have affected the outcome?

ON

2.5. If Y/PY/NI to 2.4: Were these deviations 
from intended intervention balanced between 
groups?

ON

2.6 Was an appropriate analysis used to 
estimate the effect of assignment to inter-
vention?

Y 2.6. ITT analysis used

2.7 If N/PN/NI to 2.6: Was there potential for 
a substantial impact (on the result) of the 
failure to analyse participants in the group to 
which they were randomized?

ON

Risk of bias judgment Some concerns Some concerns:

Participants and clinicians were aware of group 
assignment, and no blinding was reported
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Domain Signalling question Response Comments

Bias due to missing 
outcome data

3.1 Were data for this outcome available for 
all, or nearly all, participants randomized?

Y 3.1. All randomized participants completed follow-up

3.2 If N/PN/NI to 3.1: Is there evidence that 
the result was not biased by missing outcome 
data?

ON

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value?

ON

3.4 If Y/PY/NI to 3.3: Is it likely that missing-
ness in the outcome depended on its true 
value?

ON

Risk of bias judgment Low

Bias in the measure-
ment of the outcome

4.1 Was the method of measuring the out-
come inappropriate?

N 4.1. NPRS is a valid pain scale

4.2 Could measurement or ascertainment of 
the outcome have differed between interven-
tion groups?

N 4.2. Timing and instruments appear consistently 
across both groups

4.3 Were outcome assessors aware of the 
intervention received by study participants?

PN 4.3. It’s not specified whether outcome assessors 
were blinded, but surely because the person who 
performed the intervention could not be blinded, and 
neither could the patient

4.4 If Y/PY/NI to 4.3: Could assessment of the 
outcome have been influenced by knowledge 
of the intervention received?

ON

4.5 If Y/PY/NI to 4.4: Is it likely that assess-
ment of the outcome was influenced by 
knowledge of the intervention received?

ON

Risk of bias judgment Low Some concerns:

Outcome assessors were likely unblinded, and 
outcomes were self-reported, which may have 
introduced bias

Bias in the selection 
of the reported result

5.1 Were the data that produced this result 
analyzed in accordance with a pre-speci-
fied analysis plan that was finalized before 
unblinded outcome data were available for 
analysis?

PY 5.1. This trial is registered with NCT02196948

5.2 ... multiple eligible outcome measure-
ments (e.g. scales, definitions, time points) 
within the outcome domain?

PN 5.2. No evidence

5.3 ... multiple eligible analyses of the data? PN 5.3. Statistical approach appears pre-planned and 
consistently applied

Risk of bias judgement Low Although the trial was registered, no prespecified 
analysis plan was available to confirm outcome 
selection

Overall bias Risk of bias judgement Some concerns Some concerns arise due to lack of blinding, poten-
tial performance and detection biases, and absence 
of a prespecified analysis plan
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Góngora-Rodriguez et al.35

Domain Signalling question Response Comments

Bias arising from 
the randomization 
process

1.1 Was the allocation sequence random? Y 1.1. Randomization conducted using software

1.2. Randomization process described, but conceal-
ment not specified1.2 Was the allocation sequence concealed 

until participants were enrolled and assigned to 
interventions?

PY

1.3 Did baseline differences between inter-
vention groups suggest a problem with the 
randomization process?

N 1.3. Table 1 shows well-balanced groups

Risk of bias judgement Low

Bias due to devia-
tions from intended 
interventions

2.1.Were participants aware of their assigned 
intervention during the trial?

Y 2.1. Open-label study

2.2. Treatment delivery not blinded
2.2.Were carers and people delivering the 
interventions aware of participants' assigned 
intervention during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there devia-
tions from the intended intervention that arose 
because of the experimental context?

N 2.3. No deviations reported

2.4 If Y/PY to 2.3: Were these deviations likely 
to have affected the outcome?

ON

2.5. If Y/PY/NI to 2.4: Were these deviations 
from intended intervention balanced between 
groups?

ON

2.6 Was an appropriate analysis used to esti-
mate the effect of assignment to intervention?

Y 2.6. ITT clearly stated

2.7 If N/PN/NI to 2.6: Was there potential for a 
substantial impact (on the result) of the failure 
to analyze participants in the group to which 
they were randomized?

ON

Risk of bias judgment Some concerns

Bias due to missing 
outcome data

3.1 Were data for this outcome available for all, 
or nearly all, participants randomized?

Y 3.1. No dropouts reported

3.2 If N/PN/NI to 3.1: Is there evidence that re-
sult was not biased by missing outcome data?

ON

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value?

ON

3.4 If Y/PY/NI to 3.3: Is it likely that missing-
ness in the outcome depended on its true 
value?

ON

Risk of bias judgement Low
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Domain Signalling question Response Comments

Bias in mea-
surement of the 
outcome

4.1 Was the method of measuring the outcome 
inappropriate?

N 4.1. NPRS is a validated pain outcome

4.2 Could measurement or ascertainment of 
the outcome have differed between intervention 
groups?

N 4.2. Same method for all participants

4.3 Were outcome assessors aware of the 
intervention received by study participants?

IT 4.3. Not described

4.4 If Y/PY/NI to 4.3: Could assessment of the 
outcome have been influenced by knowledge of 
the intervention received?

IT 4.4. Possibly, given the subjective nature

4.5. Cannot be ruled out

4.5 If Y/PY/NI to 4.4: Is it likely that assessment 
of the outcome was influenced by knowledge 
of intervention received?

IT

Risk of bias judgment Some concerns

Bias in the selec-
tion of the reported 
result

5.1 Were the data that produced this result 
analyzed in accordance with a pre-specified 
analysis plan that was finalized before unblind-
ed outcome data were available for analysis?

IT 5.1. Not mentioned

5.2 ... multiple eligible outcome measurements 
(e.g. scales, definitions, time points) within the 
outcome domain?

IT 5.2. Multiple time points used

5.3 ... multiple eligible analyses of the data? IT 5.3. Not excluded

Risk of bias judgment Some concerns

Overall bias Risk of bias judgment Some concerns
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Miguel Valtierra et al.36

Domain Signalling question Response Comments

Bias arising from 
the randomization 
process

1.1 Was the allocation sequence random? Y 1.1. A computer-generated randomization was used

1.2. Use of sealed opaque envelopes indicates prop-
er allocation concealment1.2 Was the allocation sequence concealed 

until participants were enrolled and assigned 
to interventions?

Y

1.3 Did baseline differences between inter-
vention groups suggest a problem with the 
randomization process?

N 1.3. No baseline imbalance was observed

Risk of bias judgment Low

Bias due to devia-
tions from intended 
interventions

2.1 Were participants aware of their assigned 
intervention during the trial?

PY 2.1. Although unaware of the study purpose, partici-
pants likely knew which procedures they received

2.2. Blinding was not feasible for therapists due to 
the nature of the treatments2.2 Were carers and people delivering the 

interventions aware of participants' assigned 
intervention during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended intervention that 
arose because of the experimental context?

N 2.3. No deviations reported

2.4 If Y/PY to 2.3: Were these deviations likely 
to have affected the outcome?

ON

2.5. If Y/PY/NI to 2.4: Were these deviations 
from intended intervention balanced between 
groups?

ON

2.6 Was an appropriate analysis used to 
estimate the effect of assignment to inter-
vention?

Y 2.6. Intention-to-treat analysis with appropriate 
handling of missing data was applied

2.7 If N/PN/NI to 2.6: Was there potential for 
a substantial impact (on the result) of the 
failure to analyze participants in the group to 
which they were randomized?

ON

Risk of bias judgment Some concerns Some concerns:

Participants and therapists were not blinded, which 
raises moderate concerns for performance or adher-
ence-related bias

Bias due to missing 
outcome data

3.1 Were data for this outcome available for 
all, or nearly all, participants randomized?

PY 3.1. Only 2 dropouts (4%), minimal impact on data 
completeness

3.2 If N/PN/NI to 3.1: Is there evidence that 
the result was not biased by missing outcome 
data?

ON

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value?

ON

3.4 If Y/PY/NI to 3.3: Is it likely that missing-
ness in the outcome depended on its true 
value?

ON

Risk of bias judgment Low Missing data were computed using regression 
equations
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Domain Signalling question Response Comments

Bias in measurement 
of the outcome

4.1 Was the method of measuring the out-
come inappropriate?

N 4.1. NPRS, DASH, and SPADI are validated and appro-
priate for this population

4.2 Could measurement or ascertainment of 
the outcome have differed between interven-
tion groups?

PN 4.2. Same scale/method used for both groups

4.3 Were outcome assessors aware of the 
intervention received by study participants?

N 4.3. Outcome assessor was blinded, limiting mea-
surement bias

4.4 If Y/PY/NI to 4.3: Could assessment of the 
outcome have been influenced by knowledge 
of the intervention received?

ON

4.5 If Y/PY/NI to 4.4: Is it likely that assess-
ment of the outcome was influenced by 
knowledge of the intervention received?

ON

Risk of bias judgment Low Some concerns:

Outcomes like pain were self-reported by unblinded 
participants, which may be influenced by knowledge 
of the intervention received

Bias in the selection 
of the reported result

5.1 Were the data that produced this result 
analyzed in accordance with a pre-speci-
fied analysis plan that was finalized before 
unblinded outcome data were available for 
analysis?

PY 5.1. The clinical trial was registered at ClinicalTrials.
gov (NCT02569281)

5.2 ... multiple eligible outcome measure-
ments (e.g. scales, definitions, time points) 
within the outcome domain?

PN 5.2. Primary and secondary outcomes were clearly 
predefined and consistent

5.3 ... multiple eligible analyses of the data? PN 5.3. No indication of selective reporting; multiple 
timepoints and stats reported for all measures

Risk of bias judgment Low Some concerns:

The article does not clarify whether the statistical 
analysis plan was finalized before data unblinding, 
leading to moderate concerns about selective 
reporting.

Overall bias Risk of bias judgment Some concerns
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Rodriguez-Huguet et al.37

Domain Signalling question Response Comments

Bias arising from 
the randomiza-
tion process

1.1 Was the allocation sequence random? Y 1.1. Randomization using software is mentioned, 
Epidat 4.1

1.2. Opaque envelope concealment supports alloca-
tion concealment1.2 Was the allocation sequence concealed 

until participants were enrolled and assigned to 
interventions?

Y

1.3 Did baseline differences between intervention 
groups suggest a problem with the randomization 
process?

PN 1.3. The groups were comparable concerning de-
mographic, morphologic, and outcome variables at 
baseline except for NPRS (p = 0.025)

Risk of bias judgment Low If SOME CONCERNS: Baseline imbalance in NPRS 
suggests potential residual confounding

Bias due to 
deviations from 
intended inter-
ventions

2.1 Were participants aware of their assigned 
intervention during the trial?

Y 2.1. Only the assessor was blinded

2.2. The intervention was physically administered 
and could not be blinded

2.2 Were carers and people delivering the interven-
tions aware of participants' assigned intervention 
during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations 
from the intended intervention that arose because 
of the experimental context?

N 2.3. No deviations reported

2.4 If Y/PY to 2.3: Were these deviations likely to 
have affected the outcome?

ON

2.5. If Y/PY/NI to 2.4: Were these deviations from 
intended intervention balanced between groups?

ON

2.6 Was an appropriate analysis used to estimate 
the effect of assignment to intervention?

Y 2.6. Proper mixed-model ANOVA with covariate 
adjustment suggests appropriate analysis

2.7 If N/PN/NI to 2.6: Was there potential for a 
substantial impact (on the result) of the failure to 
analyze participants in the group to which they 
were randomized?

ON

Risk of bias judgment Some concerns Some concerns:

The lack of blinding of participants and providers 
may have led to changes in behavior.

Bias due to 
missing outcome 
data

3.1 Were data for this outcome available for all, or 
nearly all, participants randomized?

Y 3.1. All participants completed the trial

3.2 If N/PN/NI to 3.1: Is there evidence that the 
result was not biased by missing outcome data?

ON

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value?

ON

3.4 If Y/PY/NI to 3.3: Is it likely that missingness in 
the outcome depended on its true value?

ON

Risk of bias judgement Low
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Domain Signalling question Response Comments

Bias in mea-
surement of the 
outcome

4.1 Was the method of measuring the outcome 
inappropriate?

N 4.1. NPRS, ROM and PPT were validated tools

4.2 Could measurement or ascertainment of 
the outcome have differed between intervention 
groups?

N 4.2. Same for both groups, blinded assessor reduces 
measurement bias between groups

4.3 Were outcome assessors aware of the inter-
vention received by study participants?

N 4.3. The assessor was blinded

4.4 If Y/PY/NI to 4.3: Could assessment of the 
outcome have been influenced by knowledge of 
intervention received?

ON

4.5 If Y/PY/NI to 4.4: Is it likely that assessment 
of the outcome was influenced by knowledge of 
intervention received?

ON

Risk of bias judgment Low Some concerns:

Outcomes like pain were self-reported by unblinded 
participants, which may be influenced by knowledge 
of the intervention received

Bias in the 
selection of the 
reported result

5.1 Were the data that produced this result ana-
lyzed in accordance with a pre-specified analysis 
plan that was finalized before unblinded outcome 
data were available for analysis?

PY 5.1. The trial is registered at ClinicalTrials.gov: identi-
fier, NCT03184181

5.2 ... multiple eligible outcome measurements 
(e.g. scales, definitions, time points) within the 
outcome domain?

PN 5.2. Primary outcome clearly identified and justified; 
secondary outcomes are reasonable

5.3 ... multiple eligible analyses of the data? PN 5.3. The statistical plan is consistent with the out-
comes listed

Risk of bias judgment Low

Overall bias Risk of bias judgment Some concerns Although the study is well-designed and well-de-
scribed, key limitations include a lack of blinding 
of participants and care providers, an imbalance in 
baseline pain, and unclear reporting of deviations 
from intended interventions.
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Rodriguez-Huguet et al.38

Domain Signalling question Response Comments

Bias arising from 
the randomiza-
tion process

1.1 Was the allocation sequence random? Y 1.1. Randomization with Epidat 4.0

1.2. Sealed, sequentially numbered envelopes were 
used

1.2 Was the allocation sequence concealed 
until participants were enrolled and assigned to 
interventions?

Y

1.3 Did baseline differences between intervention 
groups suggest a problem with the randomization 
process?

N 1.3. No significant differences in Table 1

Risk of bias judgment Low

Bias due to 
deviations from 
intended inter-
ventions

2.1 Were participants aware of their assigned 
intervention during the trial?

Y 2.1. Not blinded, outcome assessors were blinded; 
participants were likely aware. Single-blind

2.2. Clinician was not blinded
2.2 Were carers and people delivering the interven-
tions aware of participants' assigned intervention 
during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations 
from the intended intervention that arose because 
of the experimental context?

N 2.3. Adherence was reported as complete, so no 
protocol deviations are suggested

2.4 If Y/PY to 2.3: Were these deviations likely to 
have affected the outcome?

ON

2.5. If Y/PY/NI to 2.4: Were these deviations from 
intended intervention balanced between groups?

ON

2.6 Was an appropriate analysis used to estimate 
the effect of assignment to intervention?

Y 2.6. Appropriate comparative statistics were used for 
group differences

2.7 If N/PN/NI to 2.6: Was there potential for a 
substantial impact (on the result) of the failure to 
analyze participants in the group to which they 
were randomized?

ON

Risk of bias judgment Some concerns Some concerns:

Participants and providers were likely aware of treat-
ment allocation, which may have influenced behavior

Bias due to 
missing outcome 
data

3.1 Were data for this outcome available for all, or 
nearly all, participants randomized?

Y 3.1. All participants completed the study

3.2 If N/PN/NI to 3.1: Is there evidence that result 
was not biased by missing outcome data?

ON

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value?

ON

3.4 If Y/PY/NI to 3.3: Is it likely that missingness in 
the outcome depended on its true value?

ON

Risk of bias judgment Low
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Domain Signalling question Response Comments

Bias in mea-
surement of the 
outcome

4.1 Was the method of measuring the outcome 
inappropriate?

N 4.1. NPRS is a validated pain scale

4.2 Could measurement or ascertainment of 
the outcome have differed between intervention 
groups?

N 4.2. All measurements were conducted by a well-
trained physician who was blinded as to which group 
the patient belonged to

4.3 Were outcome assessors aware of the inter-
vention received by study participants?

N 4.3. The outcome assessor was blinded

4.4 If Y/PY/NI to 4.3: Could assessment of the 
outcome have been influenced by knowledge of 
the intervention received?

ON

4.5 If Y/PY/NI to 4.4: Is it likely that assessment of 
the outcome was influenced by knowledge of the 
intervention received?

ON

Risk of bias judgment Low Some concerns:

Outcomes like pain were self-reported by unblinded 
participants, which may be influenced by knowledge 
of the intervention received.

Bias in the 
selection of the 
reported result

5.1 Were the data that produced this result ana-
lyzed in accordance with a pre-specified analysis 
plan that was finalized before unblinded outcome 
data were available for analysis?

PY 5.1. The trial was registered in the Clinical Trials 
Registry (reference number NCT03225404)

5.2 ... multiple eligible outcome measurements 
(e.g., scales, definitions, time points) within the 
outcome domain?

N 5.2. NPRS, PPT, ROM, and SF-12 were all reported 
as planned

5.3 ... multiple eligible analyses of the data? N 5.3. One analysis approach used across outcomes.

Risk of bias judgment Low No pre-specified statistical analysis plan was avail-
able to confirm outcome selection, and timing was 
decided in advance

Overall bias Risk of bias judgment Some concerns Although the randomization and data completeness 
were robust, awareness of treatment assignment 
and reliance on self-reported outcomes introduce po-
tential performance and detection bias, with unclear 
prespecification of results.
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Rodriguez-Huguet et al.39

Domain Signalling question Response Comments

Bias arising from 
the randomization 
process

1.1 Was the allocation sequence random? Y 1.1. Randomization with Epidat 4.0 mentioned

1.2. There is no explicit mention of allocation conceal-
ment before assignment, and patients could identify their 
treatment1.2 Was the allocation sequence con-

cealed until participants were enrolled and 
assigned to interventions?

PY

1.3 Did baseline differences between 
intervention groups suggest a problem 
with the randomization process?

PN 1.3. There was a statistically significant difference in 
baseline pain levels between groups. The experimental 
group reported a lower mean NPRS score (5.96 ± 1.38) 
compared to the control group (6.92 ± 1.28), with p = 
0.015. This suggests a possible issue with the randomiza-
tion process.

Risk of bias judgment Low There was a statistically significant difference in baseline 
pain levels, suggesting a possible issue with randomiza-
tion.

Bias due to devia-
tions from intended 
interventions

2.1 Were participants aware of their 
assigned intervention during the trial?

Y 2.1. Participants were aware of their treatment

2.2. Different treatments by nature (invasive vs non-inva-
sive) make blinding of providers impossible

2.2 Were carers and people delivering 
the interventions aware of participants' 
assigned intervention during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended intervention 
that arose because of the experimental 
context?

IT 2.3. Self-reported adherence might imply deviations, but 
no objective data confirms this

2.4 If Y/PY to 2.3: Were these deviations 
likely to have affected the outcome?

ON

2.5. If Y/PY/NI to 2.4: Were these devia-
tions from intended intervention balanced 
between groups?

ON

2.6 Was an appropriate analysis used 
to estimate the effect of assignment to 
intervention?

Y 2.6. Mixed ANOVA and ANCOVA are appropriate for 
assessing repeated outcomes over time.

2.7 If N/PN/NI to 2.6: Was there potential 
for a substantial impact (on the result) of 
the failure to analyse participants in the 
group to which they were randomized?

ON

Risk of bias judgment Some concerns Participants and providers were not blinded, and self-re-
ported adherence may have varied

Bias due to missing 
outcome data

3.1 Were data for this outcome available 
for all, or nearly all, participants random-
ized?

Y 3.1. All of the volunteers completed the treatment and the 
follow-up.

3.2 If N/PN/NI to 3.1: Is there evidence 
that the result was not biased by missing 
outcome data?

ON

3.3 If N/PN to 3.2: Could missingness in 
the outcome depend on its true value?

ON

3.4 If Y/PY/NI to 3.3: Is it likely that 
missingness in the outcome depended on 
its true value?

ON

Risk of bias judgment Low
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Domain Signalling question Response Comments

Bias in the measure-
ment of the outcome

4.1 Was the method of measuring the 
outcome inappropriate?

N 4.1. All outcome measures are validated and appropriate

4.2 Could measurement or ascertainment 
of the outcome have differed between 
intervention groups?

N 4.2. All assessments were performed by a blinded 
assessor

4.3 Were outcome assessors aware of the 
intervention received by study partici-
pants?

N 4.3. All assessments were performed by a blinded 
assessor

4.4 If Y/PY/NI to 4.3: Could assessment 
of the outcome have been influenced by 
knowledge of intervention received?

ON

4.5 If Y/PY/NI to 4.4: Is it likely that as-
sessment of the outcome was influenced 
by knowledge of intervention received?

ON

Risk of bias judgment Low Some concerns:

Primary outcome (pain) was self-reported by unblinded 
participants, increasing the risk of detection bias.

Bias in the selection 
of the reported 
result

5.1 Were the data that produced this 
result analyzed in accordance with a 
pre-specified analysis plan that was final-
ized before unblinded outcome data were 
available for analysis?

PY 5.1. The trial was registered in the Clinical Trials Registry 
(reference number NCT04729400)

5.2 ... multiple eligible outcome mea-
surements (e.g., scales, definitions, time 
points) within the outcome domain?

PN 5.2. Multiple subscales used; selection bias can’t be ruled 
out

5.3 ... multiple eligible analyses of the 
data?

PN 5.3. Possible outcome reporting bias if analytic strategy 
wasn’t fully pre-specified

Risk of bias judgment Low Trial was registered, but no confirmation that the analyses 
followed a pre-specified plan

Overall bias Risk of bias judgment Some concerns
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Resultados MINORS (Methodological Index for Non-
Randomized Studies)
Valera et al.40

Item Description Score (0-2) Justification Citation of the article

1 Clearly defined objective 2 The objective is clearly defined in the 
summary and introduction.

Objective: To evaluate the clinical and ultra-
sonographic effectiveness of a multimodal 
program…

2 Consecutive Patient 
Inclusion

2 It is explicitly mentioned that pa-
tients were included consecutively.

Consecutive patients from a clinical setting in 
Spain were considered eligible… 36 consecu-
tive patients were included in the study

3 Prospective data col-
lection

2 Measurements were carried out pro-
spectively at different times: before, 
at discharge, and at three follow-ups

A one-way repeated measures study over 
time. Measures were obtained pre-interven-
tion, at treatment discharge and at 6, 26 and 
52 weeks follow-up

4 Endpoints appropriate to 
the objective of the study

2 Validated clinical, functional and 
ultrasound measures were used

The main outcome measures were severity 
of pain, disability (DASH questionnaire), 
structural tendon changes (US), hypervas-
cularity…

5 Blind Evaluation of 
Objective Endpoints and 
Double-Blind Evaluation of 
Subjective Endpoints

2 The ultrasounds were performed by 
a professional blind to treatment, 
ensuring an objective evaluation

The same experienced professional per-
formed all US and Power Doppler examina-
tions and was blinded to the treatment

6 Adequate follow-up period 1 The follow-up period (up to 52 
weeks) was sufficient to evaluate 
the clinical and ultrasound evolution

Measurements at 6, 26 and 52 weeks 
follow-up…

7 Tracking loss <5% 1 4 patients out of 36 (11.1%) were 
lost, which exceeds 5%

All patients participated in the 6-week fol-
low-up, but only 32 (88.8%) were interviewed 
at 26 and 52 weeks

8 Prospective sample size 
calculation

0 No mention of sample size calcu-
lation

9 Adequate control group 
(comparative studies 
only)

NA

10 Contemporary groups 
(comparative studies 
only)

NA

11 Baseline equivalence 
between groups (compar-
ative studies only)

NA

12 Adequate statistical 
analysis (comparative 
studies only)

NA

Total 13/16

Good method-
ological quality
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Appendix B

Table A1. Outcome variables

Variables Description Interpretation of results Quality/Evidence

NPRS= Numeric Pain Rating Scale Numerical scale 0–10 of perceived pain; 
Higher scores indicate greater pain 
intensity

↓ score = improvement in pain. 
Changes ≥1 are usually noticeable; 
on shoulder MCID +1.1

High Evidence 64

VAS= Visual Analog Scale Line 0–100 mm (or 0–10 cm) on which the 
patient marks his pain; distance is mea-
sured from 0, greater values = more pain

↓ mm/cm=improvement. 13-22mm 
shifts are usually clinically relevant

High Evidence 65

DASH= Disability of the Arm, Shoul-
der and Hand

Questionnaire 0–100 that quantifies symp-
toms and limitation of the upper limb; High 
scores reflect greater disability

↓ points = functional improvement. 
MCID= 10.8

High evidence 66

SPADI= Shoulder pain and disability 
index

Shoulder-specific index (pain + disability), 
0–100; higher score = worse status

↓ points = improvement High evidence 67

PRTEE-S = Patient-Rated Tennis 
Elbow Evaluation

Epicondylalgia Specific Questionnaire with 
Pain and Function Domains, 0–100; high 
values = greater involvement

↓ points = improvement Moderate evi-
dence 68

PPT = Pressure Pain Threshold Pain threshold at pressure with algome-
ter (kPa/N), higher values indicate lower 
sensitivity to pain

↑ threshold = lower mechanosensitiv-
ity (improvement). Interpreting with 
the same point

High Evidence 69

ROM= Range of motion Joint amplitude in degrees (goniometer/
inclinometer).

↑ degrees = improved mobility. 4-9° 
in MS

High Evidence 57

sEMG= Surface Electromyography Non-invasive recording of muscle electrical 
signal during standardized tasks; Its 
breadth informs recruitment, but it does 
not directly equate to force

Interpret changes with task/normal-
ization: ↑ target muscle activation or 
↓ coactivation, may be desirable

Moderate evi-
dence 70

GROC=global rating of change Scale (usually −7 to +7) that captures the 
change perceived by the patient from the 
beginning

Positive values = improvement (+5 
or more clinical "success"); 0=no 
change; negative = worse. Expecta-
tions Sensitive/Current State

Moderate evi-
dence 58

Hypervascularization Intra/peritendinous Doppler signal indicat-
ing neovascularization/increased flow

↓grade/area = improvement/normal-
ization. Standardize transducer point, 
gain, angle, and pressure

Moderate evi-
dence 71

Hypoechogenicity Low reflectivity and heterogeneous tendon 
structure (loss of fibrillar pattern)

↓hypoechogenicity and more 
organized fibrillar pattern = structural 
improvement. Control gain, measure 
long and/or short axis.

Moderate evi-
dence 72

Tendon thickness Tendon thickness (mm) measured at a 
standardized point

↓thickness = improvement, although 
some thickening may persist. Use 
same location.

High Evidence 73
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Table A2. Interventions used in the studies

Intervention Description Dosage Quality/Evidence

PE= percutaneous electrolysis Ultrasound-guided invasive technique: 
galvanic current through an intratendon 
needle to modulate tissue and facilitate 
remodeling

Low intensity (EPTE): 350 
μAx 72-90s, 1/week, 3-5 
weeks. High intensity (ECC 
PPE): 4-6 mA x 3-4s, 1/
week, 3-4 weeks.

Low-moderate evidence 1,2

EE=exercises Therapeutic program (eccentric/con-
centric and scapular/forearm control); 
MS management basis

General: 3x 10-12 reps, 
2x/day, 3-5 weeks; Load 
progression according to 
tolerance

High Evidence 3

MT=manual therapy Joint/soft tissue mobilizations as an 
adjunct to exercise

Usual: 1 session/week, lasts 
3-5 weeks, 5-10 min per 
technique.

Low Evidence 4

PNS=peripheral nerve stimulation Low-frequency percutaneous neu-
romodulation with needle near the 
peripheral nerve

10 Hz, 90s, immediately 
after main intervention; 1/
week, 4 weeks

Low Evidence 5

TENS=transcutaneous electrical 
nerve stimulation

Cutaneous electrical stimulation by 
analgesia

100μs, 150Hz, 20min, 5x 
week, x4 weeks

Moderate evidence 6

US=ultrasound Therapeutic ultrasound for pain modula-
tion and tissue effect

1MHz, 1.5W/cm2, 5min, 5x 
week, x4 weeks (pulsed 
mode)

Low Evidence 7

DN=dry needling Needle on myofascial points/trigger 
points/tissue to modulate pain and 
function

1 session/week for 3-4 
weeks

Moderate evidence 8

VT=vacuum therapy Local application of negative pressure 
(cupping) for myofascial/analgesic 
purposes

100mbar with ON/OFF 
cycles, 15min, 1 session/
week x4 weeks

Low Evidence 9

Stretching Specific musculotendinous stretches as 
an adjunct to exercise.

3x7 rep, 45s bra, 30s rest, 
2x day

Moderate evidence 3

Note:

- Dose: range of RCTs included, exact protocols may vary between studies

- Quality/Evidence: A Guideline Synthesis of the External Literature
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