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Abstract

Objective. To evaluate the effects of ultrasound-guided percutaneous electrolysis alone or as an adjunct to other
interventions on pain and pain-related disability for musculoskeletal pain conditions. Databases and Data Treatment.
Search of MEDLINE database, Allied and Complementary Medicine Database, EMBASE database, Cumulative Index
to Nursing & Allied Health Literature database, EBSCO database, PubMed database, Physiotherapy Evidence
Database, Cochrane Library database, Scopus database, and Web of Science database. Randomized controlled trials
in which at least one group received ultrasound-guided percutaneous electrolysis for treatment of musculoskeletal
pain. To be eligible, studies had to include humans and collect outcomes on pain intensity and pain-related disability
for musculoskeletal pain syndromes. Data were extracted by two reviewers. The risk of bias was assessed by the
Cochrane Guidelines and the quality of evidence was reported using the Grading of Recommendations Assessment,
Development and Evaluation approach. Standardized mean differences (SMDs) and random effects were calculated.
Results. Ten studies were included. The meta-analysis found that ultrasound-guided percutaneous electrolysis reduced
the mean pain intensity by —2.06 (95% confidence interval [Cl], —2.69 to —1.42) and the pain intensity as assessed with a
visual analog scale or a numeric pain rating scale with a large size effect (SMD = -1.15; 95% Cl, -1.48 to —0.81) and also
improved pain-related disability with a large size effect (SMD = 0.95; 95% Cl, 0.73-1.18) as compared with comparison
groups. No differences in effect sizes were found among the short-term, midterm, and long-term follow-ups. The risk of
bias was generally low, but the heterogeneity of the overall result downgraded the evidence level. Trials included het-
erogeneous musculoskeletal pain conditions and short-term, midterm, and long-term follow-ups. Conclusion. Moderate
evidence suggests positive effects of ultrasound-guided percutaneous electrolysis for pain and pain-related disabil-
ity in musculoskeletal pain conditions relative to a comparison group in the short term, midterm, and long term.
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Introduction

Musculoskeletal pain results in a large economic burden,
a loss in quality of life, and difficulty during daily activi-
ties [1-3]. The incidence of musculoskeletal pain in
Europe has been found to be 19% [4], whereas the preva-
lence ranges from 35% to 51% [5]. Musculoskeletal pain
includes a myriad of conditions related to pain arising
from bones (fractures), muscles (myofascial pain), liga-
ments (sprains), or tendons (tendinopathies). It can be
primary musculoskeletal pain—i.e., related to a specific
pathology, such as knee or hip osteoarthritis—or second-
ary musculoskeletal pain—i.e., not attributed to a spe-
cific identified pathology, such as shoulder or neck pain
[6]. When the nerve tissue is affected, it is usually called
“neuropathic pain.”

Multimodal approaches are typically recommended
for musculoskeletal pain. Several nonpharmacologic
interventions, including exercise, pain education, and
cognitive and psychological approaches, are used for the
treatment of chronic musculoskeletal pain [7, 8]. The use
of electrical current has also been proposed as a thera-
peutic strategy for the management of musculoskeletal
pain; it was first introduced to the medical community by
Wall and Sweet [9]. The most common form of electro-
therapy to manage musculoskeletal pain is transcutane-
ous electrical nerve stimulation, which consists of the
application of a pulsed electrical current across the sur-
face of the skin to potentially activate underlying nerves
[10]. The application of a pulsed electrical current
throughout a needle is called percutaneous electrical
nerve stimulation (PENS), which includes a range of
applications depending on the frequency of the electrical
current (low or high frequency) or the place where the
needles are inserted (e.g., dermatome or myotome).
Other authors use the term “electro-acupuncture” for the
application of a pulsed electrical current with a needle
applied over acupuncture points. All of these applications
have a common denominator: the use of a pulsed electri-
cal current. PENS uses solid filament needles, whereas
other interventions, such as tendon tenotomies, use bev-
eled, cutting-edge needles or an electric scalpel.

One emerging therapeutic strategy that also uses elec-
trical current with a needle is percutaneous electrolysis
[11]. Percutaneous electrolysis consists of the application
of a galvanic continuous—not pulsed—electrical current
through a solid filament needle in a targeted tissue such
as the tendon or muscle [11]. Percutaneous electrolysis
combines the mechanical effect resulting from the inser-
tion of the solid needle and the biological effect derived
from the application of the galvanic current [11]. The
theoretical background for applying percutaneous elec-
trolysis is the ability to induce a controlled inflammatory
response by a nonthermal electrolytic reaction through a
cathodic flow with the aim to facilitate phagocytosis and
posterior regeneration of the affected tissue [11]. Due to
the use of a continuous galvanic current with the goal of

Figure 1. Ultrasound-guided application of percutaneous elec-
trolysis on the supraspinatus tendon. The image shows how
the needle reaches the area of the tendon and the nonthermal
electrolytic reaction with the application of the continuous gal-
vanic electrical current (white).

producing a nonthermal electrolytic reaction, percutane-
ous electrolysis should be ultrasound guided to apply the
continuous galvanic current in the targeted tissue [11]
(Figure 1). In fact, other invasive procedures, such as per-
cutaneous needle tenotomy, should also be conducted us-
ing the direct visual guidance of ultrasound, as it creates
small holes and slices in a tendon.

Several case studies have suggested that percutaneous
electrolysis, combined with exercise, is effective for the
management of different musculoskeletal disorders [12—
15]. In the last few years, the number of clinical trials in
this area has increased, but (to the best of our knowledge)
there is not a meta-analysis on this topic in the literature.

Therefore, this systematic review and meta-analysis
evaluates the effects of ultrasound-guided percutaneous
electrolysis alone or as an adjunct with other interven-
tions on pain intensity and pain-related disability in peo-
ple with musculoskeletal pain.

Methods

This systematic review and meta-analysis adheres to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [16]. The interna-
tional OPS Registry registration link is https://doi.org/10.
17605/0OSF.IO/W359E.

Systematic Literature Search

Electronic literature searches were conducted on the
MEDLINE database, Allied and Complementary
Medicine Database, EMBASE database, Cumulative
Index to Nursing & Allied Health Literature database,
EBSCO database, PubMed database, Physiotherapy
Evidence Database (PEDro), Cochrane Library database,
Scopus database, and Web of Science database from their
inception to August 1, 2020. When the searched
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databases allowed limits, searches were restricted to ran-
domized clinical trials. We also manually screened the
reference lists of the articles identified in the database
searches and included these in the analysis.
Bibliographical database search strategies were con-
ducted with the assistance of an experienced health sci-
ence librarian.

Population

The population for this study was composed of adults
with a musculoskeletal pain condition, excluding neuro-
pathic conditions, who were older than 18 years.

Intervention

The intervention consisted of any form of percutaneous
electrolysis (i.e., the application of continuous galvanic
current with a needle). Other interventions using pulsed
current, such as PENS or electro-acupuncture, were ex-
cluded. For this aim, the search strategy included one of
the following key words: ultrasound-guided percutane-
ous electrolysis OR needle percutaneous electrolysis OR
percutaneous needle electrolysis OR (percutaneous AND
electrolysis) OR intratissue percutaneous electrolysis OR
ultrasound-guided galvanic electrolysis.

Comparator

Acceptable comparators were any type of placebo, sham,
or no intervention. For this aim, the search strategy in-
cluded one of these key words: sham OR placebo OR
control OR no intervention. In addition, we also in-
cluded a comparison of percutaneous electrolysis with
another active intervention.

Outcomes
The primary outcome measure was pain OR pain-related
disability OR function.

The search strategy for each database is available in
Supplementary Data.

Selection Criteria

The systematic review included randomized clinical trials
in which at least one group received any form of
ultrasound-guided percutaneous electrolysis in a sample
of patients with musculoskeletal pain. Patients with sys-
temic medical underlying conditions causing pain, such
as infection, neoplasms, metastasis, fracture, rheumatoid
arthritis, or osteoporosis, were excluded. Additionally,
patients with neuropathic pain or pain associated with
neurological disorders were also excluded.

The specific inclusion criteria included 1) adult popu-
lation (>18 years old) with musculoskeletal pain; 2) one
group receiving any type of ultrasound-guided percutane-
ous electrolysis intervention; 3) an acceptable compara-
tor with a sham, placebo, or control or another active
intervention; and 4) pain intensity (e.g., as measured
with a visual analog scale [VAS] or a numeric pain rating

scale [NPRS]) or pain-related disability (e.g., as assessed
with a specific disease questionnaire) as a primary out-
come of the study. We excluded clinical trials, including
1) studies that analyzed pain related to neurological dis-
orders; 2) retrospective clinical studies; and 3) studies
that were not published as journal articles.

Screening, Selection Process, and Data Extraction
Articles identified from the different databases were inde-
pendently reviewed by two authors. First, the duplicates
were removed. Second, the titles and abstracts of the
articles were screened for potential eligibility. Third, a
full-text read of potentially eligible studies was con-
ducted. The authors were required to reach a consensus
on the included trials. In the case of discrepancy between
both reviewers, a third author participated in the process
to reach a consensus and to decide whether the study
should be included.

Data from each trial were extracted independently by
two authors using a standardized form. The data ana-
lyzed included the study design, sample size, population,
diagnosis, interventions, outcomes, and follow-up peri-
ods. Both authors had to reach a consensus on each item
on the data extraction form. If disagreement occurred, a
third author made the final determination.

Assessment of Methodological Quality and Risk
of Bias

Risk of bias and the methodological quality of the in-
cluded trials were independently assessed by two
researchers using the Cochrane Risk of Bias (RoB) assess-
ment tool [17] and the PEDro scale [18], respectively.

The RoB tool includes the following types of bias: se-
lection bias (randomization sequence generation, alloca-
tion concealment); performance bias (blinding
participants, blinding therapists); detection bias (blinding
outcome assessor); attrition bias (incomplete outcome
data); reporting bias (source of funding bias or selective
outcome reporting); and other bias (sample size) [17].
Each item was classified as low risk, high risk, or unclear
according to the Cochrane Collaboration tool [17].

The PEDro scale assessed the following items: random
allocation, concealed allocation, between-group similar-
ity at baseline, participant blinding, therapist blinding,
assessor blinding, dropout rate, intention-to-treat statisti-
cal analysis, between-group statistical comparison, and
point measures and variability data [18]. A PEDro score
of 6 of 10 points is the cutoff point for determining the
high or low quality of a trial.

Quality of Evidence

To evaluate the quality of the evidence for percutaneous
electrolysis, we used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) ap-
proach [19]. The quality of evidence was classified as
high, moderate, low, or very low based on the presence
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of study limitations (RoB), indirectness of evidence, in-
consistency of results or unexplained heterogeneity, im-
precision of results, and high probability of publication
bias [20]. The quality of evidence was classified as high
when all items were negative; moderate when one item
included serious risk; low when two to three items
showed serious risk or one to two items showed very seri-
ous risk; or very low when all items had a serious risk or
more than two items showed a very serious risk. This
evaluation was independently performed by two authors,
with a third author available if the two authors could not
reach a consensus.

Data Synthesis and Analysis

The meta-analysis was conducted using Review Manager
statistical software (RevMan version 5.3). Data synthesis
was categorized by groups according to the follow-up pe-
riod as short-term (less than 1 month), midterm (1-
3 months), and long-term (3—-6 months) if the data were
available.

We extracted the sample size, means, and standard
deviations for each variable. When the trial reported only
standard errors, these were converted to standard devia-
tions. When necessary, the mean scores and standard
deviations were estimated from graphs. Also, if the study
reported a nonparametric value (median and interquar-
tile range), using the method described by Wan et al. [21]
and Luo et al. [22], the results were converted to the
mean [22] and standard deviation [21].

For the outcome of pain intensity—using either an
NPRS or a VAS—we calculated the mean difference
(MD) between the percutaneous electrolysis group and
the comparison group and converted this to the standard-
ized mean difference (SMD). For pain-related disability,
we included any outcome reporting self-perception of
function or disability and due to the heterogeneity of the
variety of the included outcomes, we decided to use only
the SMD for the between-group comparison.

The between-group MDs of the trials were converted
to the SMD with a 95% confidence interval (CI). A
random-effects model was used to determine the overall
effect size (SMD). An effect size (SMD) of 0.8 or greater
was considered large, between 0.5 to 0.8 was considered
moderate, and between 0.2 to 0.5 was considered small.
In general, P values less than 0.05 were considered statis-
tically significant. The overall effect sizes and calcula-
tions of the effect size on pain intensity and pain-related
disability were obtained for the short term (0—1 months),
for the midterm (1-3 months), and for the long term (3—
6 months).

The heterogeneity of the studies was assessed using
the I? statistic. The Cochrane Group has established the
following interpretation of the I statistic: 0-40% may
not be relevant or important heterogeneity, 30-60% sug-
gests moderate heterogeneity, 50-90% represents

substantial heterogeneity, and 75-100% represents con-
siderable heterogeneity [23].

Results

Study Selection

The electronic searches identified 126 potential studies
for review. After removing duplicates, 73 studies
remained. Fifty-five (n=55) were excluded because study
protocols were being reviewed (Supplementary Data) or
based on examination of their titles or abstracts, leaving
18 articles for further full-text analysis. Another eight
were excluded because congress communication had oc-
curred [24-27], the study included an inadequate com-
parator group or it was not a randomized clinical trial
[13, 28, 29], or the study was a retrospective study [30].
Finally, a total of 10 trials [31-40] were included in the
qualitative and quantitative analyses (Figure 2).

Study Characteristics

The characteristics of the participants of the included
studies are listed in Table 1. The musculoskeletal condi-
tions were heterogeneous, including nonspecific shoulder
pain [32, 33, 36, 40], patellar tendinopathy [31], groin
pain [37], plantar heel pain [34], whiplash-associated
pain [35], temporomandibular pain [38], and lateral epi-
condylalgia [39]. All trials applied percutaneous electrol-
ysis, but there was higher diversity in terms of the
number or frequency of sessions, the intensity of the elec-
trical current, and the type of comparator.
Supplementary Data summarizes the percutaneous elec-
trolysis parameters applied in each trial. Seven studies
combined percutaneous electrolysis with an exercise pro-
gram [31-34, 37, 39, 40], whereas only three trials ana-
lyzed the isolated effects of percutaneous electrolysis
[35,36,38] (Table 2).

Methodological Quality

The methodological quality scores ranged from 5 to 9
(mean, 6.8; SD = 1.2) out of a maximum of 10 points.
Eight studies (80%) were considered to be of high meth-
odological quality (>6 points). The most frequent biases
were blinding of the therapists, followed by allocation
concealment and assessor blinding. Table 3 lists the
details of the PEDro scale.

Risk of Bias

The details of the risk-of-bias assessment of the included
trials are shown in Figure 3. Only one trial was able to
blind therapists [34], and six had a substantial risk of
bias in the item of blinding participants. In general, the
risk of bias of the trials included in this meta-analysis
was low, except for the blinding of the participant or
therapist.
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Potential relevant publications identified by
electronic search (n=73)

Publications excluded based on
review of title and abstract (n=55)

Publications selected for
further evaluation (n=18)

Publications excluded based on full-
text review (n=8)

Inadequate control group (n=3)
Retrospective study (n=1)

Communication in a congress (n=4)

v

Studies included in qualitative and
quantitative synthesis (n=10)

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

Effects of Percutaneous Electrolysis on Pain

The overall effect of percutaneous electrolysis vs a com-
parison group showed a statistically significant
(P<0.001) effect for reducing pain (MD = -2.06; 95%
CIL, -2.69 to —1.42; Figure 4) with a large effect of size
(SMD = -1.15; 95% CI, -1.48 to -0.81; n=3838;
Z=6.67; P<0.001; Figure 5) but with considerable het-
erogeneity (I?=79%) between the studies. The results
were significant at follow-up each time: the mean reduc-
tion of pain (MD) was -1.94 (95% CI, -3.13 to -0.76;
n=408; Z=3.21; P=0.001) in the short term; -2.09
(95% CI, -2.90 to ~1.29; n=251; Z—=5.09; P<0.001) in
the midterm; and -2.28 (95% CI, -3.27 to -1.30;
n=179; Z=4.54; P<0.001) in the long term, but always
with considerable heterogeneity between studies
(I*>75%). All effect sizes were also large at all follow-

ups (Figure 5). Table 2 summarizes the main results of
each of the included trials.

Effects of Percutaneous Electrolysis on Pain-
Related Disability

The overall effect of percutaneous electrolysis vs a com-
parative group showed a statistically significant
(P<0.001) large effect size (SMD = 0.95; 95% CI, 0.73-
1.18; n=706; Z=8-46; P<0.001) on pain-related disabil-
ity with a moderate heterogeneity (I’=45%) between the
trials (Figure 6). Again, significant effect sizes were ob-
served at each follow-up period. In the short term, the ef-
fect size was moderate (SMD = 0.76; 95% CI, 0.44—
1.07; n=380; Z=4.71; P<0.001) with moderate hetero-
geneity (I>=50%). In the midterm (SMD = 1.21; 95%
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Table 1. Participant characteristics of the included trials

Type of Pain Group Sample Size Gender, Male (Female) Age, Years Pain Duration
Shoulder Pain
Arias-Buria et al. [32] Gl 17 4(13) 58+7 11.2+2.7 months
G2 19 5(14) 57+6 10.6+2.6 months
Moreno [36] G1 10 NR 39.6x3.7 >3 months
G2 10 NR 40.4*3.2 >3 months
G3 10 NR 39.9+4.15 >3 months
G4 10 NR 39.8£4.65 >3 months
de Miguel Valtierra et al. [33] G1 25 11 (14) 54.9+13.7 12.6*+14.4 months
G2 25 12 (13) 553111 11.2%+10.6 months
Rodriguez-Huguet et al. [40] G1 18 16 (2) 39.2+11.35 NR
G2 18 11(7) 40.9+8.4 NR
Lateral Elbow Pain
Rodriguez-Huguet et al. [39] G1 16 10 (6) 40.45+15.5 NR
G2 16 10 (6) 35.9+12.1 NR
Patellar Tendinopathy
Abatetal. [31] G1 32 27 (5) 31.2x6.5 28.8+32.4 months
G2 32 24 (8) 30.5+5.9 29.5+31.5 months
Groin Pain
Moreno et al. [37] G1 11 11 (0) 26.9+4.5 0-4 weeks: 5
4-10 weeks: 4
10-26 weeks: 2
>26 weeks: 0
G2 13 13 (0) 25.2+4.9 0-4 weeks: 6
4-10 weeks: 3
10-26 weeks: 3
>26 weeks: 1
Whiplash-Associated Pain
Garcia-Naranjo et al. [35] G1 50 20 (30) 35.3%+8.1 5.6%1.6 days
G2 50 16 (34) 40.9+9.2 6.1x1.2 days
Plantar Heel Pain
Ferndndez-Rodriguez et al. [34] G1 38 15 (23) 45.1+11.4 >3 months
G2 29 10 (19) 46.6+11.1 >3 months
Temporomandibular Pain
Lopez-Martos et al. [38] G1 20 5(15) 38.5 (18-57), IQR >6 months
G2 20 2(18) 36 (19-58), IQR >6 months
G3 20 (19) 42 (25-62), IQR >6 months

NR = not reported; IQR = interquartile range.

CI, 0.89-1.52; n=183; Z=7.41; P<0.001) and the long
term (SMD = 1.20; 95% CI, 0.84-1.56; n=143;
7=6.53; P<0.001), the effect sizes were large, with no
heterogeneity between the trials (I?=0%). Table 2 sum-
marizes the main results of each of the included trials.

Quality of Evidence (GRADE)

Table 4 lists the details of the GRADE assessment, show-
ing risk of bias, inconsistency of the results, indirectness
of evidence, imprecision of results, and high probability
of publication bias. The serious inconsistency of the
results (heterogeneity) and the series imprecision was
downgraded to a moderate level of evidence of the over-
all effect of ultrasound-guided percutaneous electrolysis
for pain and pain-related disability.

Adverse Events of Percutaneous Electrolysis

The most common adverse effect reported was postelec-
trolysis soreness. Arias-Buria et al. [32] reported that
35% of patients receiving percutaneous electrolysis expe-
rienced muscle soreness after the first two interventions,

whereas de Miguel Valtierra et al. [33] observed this
event in 24% of patients. Postelectrolysis soreness disap-
peared 24-36 hours after the procedure without treat-
ment [32, 33]. Lopez-Martos et al. [38] reported that one
patient presented a self-limiting hematoma. Moreno
et al. [37] reported that patients experienced a slight in-
crease in pain intensity the following 12 hours after per-
cutaneous electrolysis intervention, but no adverse events
were reported. No adverse events were observed in the
studies conducted by Abat et al. [31] and Ferndndez-
Rodriguez et al. [34]. Finally, the remaining four studies
[35, 36, 39, 40] did not provide data about adverse
events.

Discussion

The objective of this meta-analysis was to determine the
effects of ultrasound-guided percutaneous electrolysis on
the management of musculoskeletal pain syndromes. The
results found moderate-quality evidence that percutane-
ous electrolysis has a large effect on reducing pain and
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10 Goémez-Chiguano et al.

Table 3. Methodological score of randomized clinical trials using the Physiotherapy Evidence Database (PEDro) scale

Study 1 2 3 4 N 6 7 8 9 10 Total
Shoulder Pain

Arias-Buria et al. [32] Y Y Y Y N N N Y Y Y 7

Moreno [36] N N Y N N N Y Y Y Y N

de Miguel Valtierra et al. [33] Y Y Y Y N Y Y Y Y Y 9

Rodriguez-Huguet et al. [40] Y Y Y N N Y Y N Y Y 7
Lateral Elbow Pain

Rodriguez-Huguet et al. [39] Y Y Y N N Y Y N Y Y 7
Patellar Tendinopathy

Abat et al. [31] Y N N Y N N Y N Y Y 5
Groin Pain

Moreno et al. [37] Y Y N N N Y Y N Y Y 6
Whiplash-Associated Pain

Garcia-Naranjo et al. [35] Y Y Y N N Y Y Y Y Y 8
Plantar Heel Pain

Ferndndez-Rodriguez et al. [34] Y N Y Y Y N Y N Y Y 7
Temporomandibular Pain

Lopez-Martos et al. [38] Y N Y Y N N Y Y Y Y 7

Y =yes; N =no.

1 = random allocation of participants; 2 = concealed allocation; 3 = similarity between groups at baseline; 4 = participant blinding; 5 = therapist blinding; 6
= assessor blinding; 7 = dropout rate less than 15%; 8 = intention-to-treat analysis; 9 = between-group statistical comparisons; 10 = point measures and vari-
ability data.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants

Blinding of therapist

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 3. Plots of risk of bias of the included studies.



Percutaneous Electrolysis for Musculoskeletal Pain

1

Percutaneous electrolysis

Comparative group

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Short-term (0-1 month)

Arias-Buria et al. 2015 14 1.2 17 341 21 19 52% -1.70[-2.80,-0.60] —_—
de Miguel Valtierra et al. 2018 35 14 25 48 24 25 52%  -1.30[-2.39,-0.21] O
Fernandez-Rodriguez et al. 2018 21 271 I 61 225 3 51% 400[-5.16,-284] —
Garcia-Naranjo et al. 2017 52 1.7 50 5 13 50 59% 0.20[-0.39, 0.79) T
Lopez-Martos et al. 2018 1.93 3.02 20 446 119 20 47% -253[-3.95-1.11] -
Moreno et al. 2017 13 09 10 25 15 12 53% -1.20[-2.22,-0.18 e
Moreno, 2016 03 0422 10 41 065 10 60% -3.80[4.28,-3.32) -
Rodriguez-Huguet et al. 2020 144 1.32 16 325 169 16 53% -1.81[-2.86,-0.76] —_—
Rodriguez-Huguet et al. 2020b 267 261 18 405 142 18 48% -138[-275,-0.01] = |
Subtotal (95% CI) 205 203 47.5%  -1.94[-3.13,-0.76] ’
Heterogeneity: Tau? = 3.01; Chi* = 123.47, df = 8 (P < 0.00001); I = 94%

Test for overall effect: Z = 3.21 (P = 0.001)

Mid-term (1-3 months)

de Miguel Valtierra et al. 2018 22 2 25 49 28 25 48% -2.70[-4.05,-1.35] I S
Fernandez-Rodriguez et al. 2018 11 246 39 48 16 33 54% -3.70[465-275) —
Lopez-Martos et al. 2018 1.14 1.59 20 253 119 20 55% -1.39[-2.26,-0.52] —=
Moreno et al. 2017 0.7 07 10 23 09 11 58% -180[-229,-091) _
Rodriguez-Huguet et al. 2020 0.38 0.89 16 256 219 16 51% -2.18[-3.34,-1.02) =
Rodriguez-Huguet et al. 2020b 1.81 244 18 277 166 18 4.8%  -0.96[-2.32,040] ——T
Subtotal (95% Cl) 128 123 31.5%  -2.09[-2.90,-1.29] <
Heterogeneity: Tau? = 0.72; Chi* = 18.95, df = 5 (P = 0.002); I = 74%

Test for overall effect: Z = 5.09 (P < 0.00001)

Long-term (6 months or more)

de Miguel Valtierra et al. 2018 15 1.8 25 41 34 25 46% -260[4.11,-1.09) ——
Fernandez-Rodriguez et al. 2018 0.4 1.54 39 37 16 33 5% -3.30[-4.03,-257] —

Moreno et al. 2017 05 07 10 2 15 11 54% -150[-249,-051] -
Rodriguez-Huguet et al. 2020b 1.28 1.81 18 293 146 18 53% -165[-2.72,-0.58] —
Subtotal (35% Cl) 92 87 209% -2.28[-3.27,-1.30] e
Heterogeneity: Tau? = 0.71; Chi® = 10.95, df = 3 (P = 0.01); = 73%

Test for overall effect: Z = 4.54 (P < 0.00001)

Total (95% CI) 425 413 100.0%  -2.06 [-2.69, -1.42] <

Heterogeneity: Tau? = 1.69; Chi? = 156.30, df = 18 (P < 0.00001); I*= 88%
Test for overall effect: Z = 6.36 (P < 0.00001)
Test for subaroup differences: Chi? = 0.20, df = 2 (P = 0.91), I = 0%

| ) Il
T T T

4 2 0 2 4
Favours [PE] Favours [Comparative]

Figure 4. Comparison (mean difference) of the effects of percutaneous electrolysis vs the comparison group on pain intensity.

moderate-quality evidence for a large effect of improving
pain-related disability in individuals with musculoskele-
tal pain. The risk of bias of the trials included in the cur-
rent meta-analysis was low, but the inconsistency of the
results (heterogeneity) downgraded one level of evidence
quality (GRADE).

Effectiveness of Percutaneous Electrolysis

This is the first meta-analysis (to the best of our knowl-
edge) analyzing the impact of percutaneous electrolysis
on pain intensity and pain-related disability for musculo-
skeletal pain. Percutaneous electrolysis is a novel thera-
peutic intervention, different from PENS and electro-
acupuncture, recently recommended for the treatment of
soft tissue pain conditions [11]. We found that
ultrasound-based percutaneous electrolysis was more ef-
fective than a comparison intervention for pain relief and
improved pain-related disability in the short term, mid-
term, and long term. Seven trials (70%) used percutane-
ous electrolysis as an adjunct with another intervention,
such as exercise alone [31, 32, 34, 37, 39, 40] or manual

therapy and exercise combined [33], whereas three trials
(30%) applied percutaneous electrolysis alone [35, 36,
38]. Most trials (90%) reported differences in pain or
pain-related disability in favor of percutaneous electroly-
sis as compared with the comparative group [31-34, 36—
40]. Only the study by Garcia-Naranjo et al. [35]
reported no differences in the short term when compar-
ing percutaneous electrolysis with multimodal therapy,
including an exercise program for individuals with
whiplash-associated pain. In this study, both groups
reported significant improvements in pain and function;
however, considering that the intervention group con-
sisted of three sessions of isolated percutaneous electroly-
sis, a greater number of treatment sessions may support a
better effect in favor of percutaneous electrolysis [35].
All trials compared percutaneous electrolysis with other
intervention [31-35, 37-40] except the study by Moreno
[36], which compared percutaneous electrolysis with a
control group without intervention. This, along with the
small sample size, may explain why the study by Moreno
[36] reported a size effect that was larger than that of the
remaining trials.
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12 Gomez-Chiguano et al.
Percutaneous electrolysis Comparative group Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Short-term (0-1 month)
Arias-Buria et al. 2015 14 12 17 31 21 19  54%  -0.96[-1.65,-0.26) %]
de Miguel Valtierra et al. 2018 35 14 25 48 24 25 59% -0.65[-1.22, -0.08] By
Fernandez-Rodriguez et al. 2018 21 277 39 61 225 33 60%  -1.55[-2.09,-1.02] =
Garcia-Naranjo et al. 2017 52 1.7 50 5 1.3 50 6.4% 0.13[0.26, 0.52) il
Lopez-Martos et al. 2018 193 3.02 20 446 119 20 55% -1.08[-1.75, -0.41] ™
Moreno et al. 2017 13 09 10 25 15 12 47% -0.91[-1.80, -0.02] =
Moreno, 2016 03 0422 10 41 0865 10  15%  -6.64[-9.10,-4.18]
Rodriguez-Huguet et al. 2020 1.44 1.32 16 325 169 16 52%  -1.16[-1.92 -0.41) -
Rodriguez-Huguet et al. 2020b 267 2.61 18 405 142 18 55% -0.64 [-1.31, 0.03] -
Subtotal (95% CI) 205 203 46.2%  -1.07[-1.65,-0.49] &
Heterogeneity: Tau? = 0.61; Chi? = 52,96, df = 8 (P < 0.00001); 1> = 85%
Test for averall effect: Z = 3.64 (P = 0.0003)
Mid-term (1-3 months)
de Miguel Valtierra et al. 2018 22 2 25 49 28 25 58%  -1.09[-1.69,-0.49] -
Fernandez-Rodriguez et al. 2018 11 246 39 48 16 33 6.0%  -1.73[-2.28,-1.19] =
Lopez-Martos et al. 2018 1.14 1.59 20 253 119 20 56%  -0.97[1.63 0.31] =
Moreno et al. 2017 0.7 07 10 23 09 11 41%  -1.89[-2.96,-0.83] =
Rodriguez-Huguet et al. 2020 0.38 0.89 16 25 219 16 52%  -1.27[-2.04,-0.50] —_
Rodriguez-Huguet et al. 2020b 1.81 244 18 277 166 18 55% -045[-1.11,0.21) i
Subtotal (95% CI) 128 123 324%  -1.20[1.61,-0.78] ¢
Heterogeneity: Tau? = 0.14; Chi* = 10.83, df = 5 (P = 0.05); I* = 54%
Test for overall effect: Z = 5.67 (P < 0.00001)
Long-term (6 menths or more)
de Miguel Valtierra et al. 2018 1.5 18 25 41 34 25 58% -0.94 [-1.53, -0.35] -
Fernandez-Rodriguez et al. 2018 04 1.54 39 7 16 33 58% -2.08 [-2.66, -1.50] -
Moreno et al. 2017 05 07 10 2 15 1 45%  -1.21[-2.16,-0.26) -
Rodriguez-Huguet et al. 2020b 1.28 1.81 18 293 146 18 54% -0.98[-1.68, -0.29] —_
Subtotal (95% CI) 92 87 216%  -1.32[1.92,-0.72) L ]
Heterogeneity: Tau? = 0.24; Chi* =9.14, df =3 (P = 0.03); F = 67%
Test for overall effect: Z = 4.34 (P < 0.0001)
Total (95% Cl) 425 413 100.0%  -1.15[-1.48,-0.81] +

Heterogeneity: Tau® = 0.42; Chi? = 85.53, df = 18 (P < 0.00001); I = 79%
Test for overall effect: Z = 6.67 (P < 0.00001)
Test for subaroup differences: Chi? = 0.35, df = 2 (P = 0.84), 12 = 0%

4 2 0 2 4
Favours [PE] Favours [Comparative]

Figure 5. Comparison (standardized mean difference) of the effects of percutaneous electrolysis vs the comparison group on pain

intensity.

It is important to determine if the observed changes
are clinically relevant. We observed a mean decrease of
pain intensity greater than 2 points at the short-term,
midterm, and long-term follow-ups, with a decrease in
the overall mean score of —2.06 points (95% CI, -2.69 to
—1.42). Salaffi et al. [41] reported that a reduction of 1
point or a reduction of 15% from baseline scores repre-
sents the minimal clinically important difference (MCID)
for the NPRS in patients with musculoskeletal pain. The
decrease in pain found with the application of percutane-
ous electrolysis was higher than the determined MCID of
1 point. Furthermore, specific conditions included in
some trials (e.g., shoulder pain [42] or neck pain [43])
have a similar MCID of 1.2 points. These results support
the clinical relevance of the observed changes with this
intervention.

A potential topic for research may be the cost-
effectiveness of ultrasound-guided percutaneous electroly-
sis. Garcfa-Naranjo et al. [35] suggested a possible cost-
effective benefit of including percutaneous electrolysis

with other physical therapy interventions, but this hypoth-
esis requires further study. Similarly, Minaya-Mufoz et al.
[29], in an open-label study, also showed the potential
cost benefits of combining percutaneous electrolysis with
exercise for people with lateral epicondylalgia. Finally,
Iborra-Marcos et al. [30] noted that treatment with corti-
costeroid injections was more expensive per session than
ultrasound-guided percutaneous electrolysis, but no statis-
tical cost analysis was performed.

Mechanisms of Percutaneous Electrolysis

The underlying mechanisms explaining the effects of per-
cutaneous electrolysis are not clearly understood.
Percutaneous electrolysis has been shown to be able to
activate protein expression of cytochrome C, vascular en-
dothelial growth factor and its receptor 2, and the nu-
clear transcription factor proliferator-
activated receptor gamma [44]. It has also been shown to
inhibit the action of IL-1, TNF, and COX-2 [45]. All of

peroxisome
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Percutaneous Electrolysis

Comparative group

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Short-term (0-1 month)
Abat et al. 2016 63.3 14.3 8 619 13.7 19  49% 0.10[-0.73,0.92) AR |
Abat et al. 2016 97.1 1.7 22 952 25 11 55% 0.93[0.17, 1.69)] e
Arias-Buria et al. 2015 463 11.4752 17 368 11.2037 19  62% 0.82[0.14, 1.50] I
de Miguel Valtierra et al. 2018 349 1.9 25 215 116 2% 7.2% 1.12[0.52,1.72) — = -
Femandez-Rodriguez et al. 2018 721 17.5838 39 447 22279 33 B84% 1.36 [0.85, 1.88] ——
Garcia-Naranjo et al. 2017 -61.9 19 50 -68.1 14 50 104% 0.37 [-0.03, 0.76] m =
Lopez-Martos et al. 2018 696 2593 20 6005 13.96 20 69% 0.45[-0.18,1.08] il
Moreno et al. 2017 916 38 11 875 56 1 45% 0.82 [-0.05, 1.70) =
Subtotal (95% CI) 192 188 54.0%  0.76[0.44,1.07] L3
Heterogeneity: Tau? = 0.10; Chi® = 14.01, df = 7 (P = 0.05); F = 50%
Test for overall effect: Z=4.71 (P < 0.00001)
Mid-term (1-3 months)
de Miguel Valtierra et al. 2018 439 129 25 27 16.7 2% 7.3% 1.11[0.52, 1.71] — e
Femandez-Rodriguez et al. 2018 782 19.7432 39 523 1410 33 83% 1.47[0.95, 2.00] -
Lopez-Martos et al. 2018 771 23.93 20 60.89 13.96 20 67% 0.81[0.16, 1.46] - —
Moreno et al. 2017 93.7 36 10 815 108 1 38% 1.43[0.44, 2.41) — =
Subtotal (95% CI) 94 89 260%  1.21(0.89,1.52) <>
Heterogeneity: Tau? = 0.00; Chi? = 2.70, df = 3 (P = 0.44); 1* = 0%
Test for overall effect: Z = 7.41 (P < 0.00001)
Long-term (6 months or more)
de Miguel Valtierra et al. 2018 473 138 25 30 16 25 7.2% 1.14[0.54, 1.74] —
Femandez-Rodriguez et al. 2018 82 18.1105 39 61.8 10.4347 33 84% 1.32[0.81, 1.84) —
Moreno et al. 2017 954 4.1 10 899 6.8 1 43% 0.93[0.02, 1.84] .
Subtotal (95% CI) 74 69 19.9% 1.20 [0.84, 1.56] L. 2
Heterogeneity: Tau = 0.00; Chi* = 0.60, df = 2 (P = 0.74); 2= 0%
Test for overall effect: Z = 6.53 (P < 0.00001)
Total (95% Cl) 360 346 100.0% 0.95 [0.73, 1.18] <

T T

Heterogeneity: Tau® = 0.08; Chi* = 25.41, df = 14 (P = 0.03); I* = 45%
Test for overall effect: Z = 8.46 (P < 0.00001)
Test for subgroup differences: Chi? = 4.86, df = 2 (P = 0.09), IF = 58.9%

ra—+

2 4 0 1
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Figure 6. Comparison (standardized mean difference) of the effects of percutaneous electrolysis vs the comparison group on pain-

related disability.

these factors are indicative of an inflammatory response
that facilitates proper phagocytosis and posterior tissue
healing regeneration. Considering that degenerative tis-
sue changes are a common finding in painful tendons
[46], it would make sense that this intervention could
help in the healing process of chronic tendinopathies.
Nevertheless, tissue change is not the only explanation of
clinical improvement [47], and many times changes in
tendon structure do not predict the evolution of the
symptoms [48]. In addition, the degenerative part of the
tendon cannot respond properly to mechanical stimuli
[49]; therefore, the degenerative area may not be able to
adapt and increase its load. These hypotheses are in ac-
cordance with the study by Ferndndez-Rodriguez et al.
[34], who found a reduction in plantar fascia thickness
after the application of percutaneous electrolysis and ex-
ercise in patients with plantar heel pain; however, the ob-
served changes were not sufficiently large to be
considered a true improvement. Some case series includ-
ing individuals with lateral epicondylalgia that received
percutaneous electrolysis intervention and eccentric exer-
cise also reported a reduction of 56% of hypo-

echogenicity [14]. In fact, because tendons have low me-
tabolism, it is difficult to explain the clinical improve-
ment throughout only the changes in the tissue structure
in the short term. In such a scenario, neuroplastic
changes (induced by the mechanical stimulus of percuta-
neous electrolysis or exercise) and muscle adaptations
(induced by exercise therapy) [50] could explain the clini-
cal effects. Future studies should investigate tissue
changes and their association with clinical outcome
changes after the application of
electrolysis.

A second potential mechanism of percutaneous elec-
trolysis is neurophysiological. Ronzio et al. [27] found a
significant hypoalgesic effect (increase pressure pain
threshold) in the group receiving percutaneous microelec-
trolysis when compared with a sham group (needle inser-
tion without electrical current), suggesting that
percutaneous electrolysis may have immediate effects on
pain modulation. In fact, some studies have reported au-
tonomic activation after application of percutaneous
electrolysis by observing parasympathetic activation dur-
ing the intervention [51, 52].

percutaneous
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Table 4. GRADE evidence for percutaneous electrolysis to treat pain and pain-related disability for musculoskeletal pain conditions

Risk of Indirectness Publication Quality of
Number of Studies Bias*  Inconsistency® of Evidence* Imprecision§ Bias! Evidence ~ MD or SMD (95% CI)
Percutaneous Electrolysis vs Comparative Intervention on Pain
Overall effects, nine trials No Serious (’=79%) No No No Moderate  MD = -2.06 (-2.69 to —1.42)
(n=838) SMD = -1.15 (~1.48 t0 —0.81)
Short-term effects, nine No Very serious No No No Moderate MD =-1.94 (-3.13 to -0.76)
trials (n=408) (P=94%) SMD = -1.07 (-1.65 to -0.49)
Midterm effects, five tri-  No Serious (I’=74%) No No No Moderate  MD = -2.09 (-2.90 to -1.29)
als (n=251) SMD =-1.20 (-1.61 to -0.78)
Long-term effects, four No Serious (I’=73%) No Serious No Low MD =-2.28 (-3.27 to -1.30)

trials (n=179)

SMD =-1.32 (-1.92 t0 -0.72)

Percutaneous Electrolysis vs Comparative Intervention on Pain-Related Disability

Overall effects, seven No Serious (I’=45%) No
trials (n=707)
Short-term effects, seven ~ No

trials (n=380)

Serious (’=50%) No

Midterm effects, four tri-  No No (*=0%) No
als (n=183)
Long-term effects, three ~ No No (I’=0%) No

trials (n=143)

No No Moderate  SMD = 0.95 (0.73-1.18)
No No Moderate  SMD = 0.76 (0.44-1.07)
Serious No Moderate  SMD = 1.21 (0.89-1.52)
Serious No Moderate  SMD = 1.20 (0.84-1.55)

GRADE = Grading of Recommendations Assessment, Development and Evaluation; MD = mean difference; SMD = standardized mean difference.

*“No” = most information is from results at low risk of bias; “Serious” = crucial limitation for one criterion or some limitations for multiple criteria sufficient

to lower confidence in the estimate of effect; “Very serious” = crucial limitation for one or more criteria sufficient to substantially lower confidence in the estimate

of effect.
T«Serious” = I* > 40%; “Very serious” = I* > 80%.
*No indirectness of evidence was found in any study.

SBased on sample size. “Serious” = n<250 subjects; “Very serious” = n<250 and the estimated effect is little or absent.

IBased on funnel plots. No publication bias was found. Funnel plots are not shown because the number of trials was less than 10.

Safety of Percutaneous Electrolysis

Because this is a new intervention, we wondered if percu-
taneous electrolysis would be a safe intervention that
would not produce serious adverse effects. The most
common adverse effect was postelectrolysis soreness
(30% of patients). This adverse event may be mostly pro-
duced by the insertion of the needle (as is also common
during other procedures such as dry needling) [53] or the
application of a galvanic electrical current; however, this
postelectrolysis soreness disappeared without any treat-
ment after 12-36 hours [32, 33, 37]. One trial reported
the presence of postelectrolysis hematoma in one patient
[38]. No other adverse events were reported. The retro-
spective study by Iborra-Marcos et al. [30] described two
individuals with a vasovagal episode. All of the observed
events can be categorized as minor [54]. Therefore, it
seems that percutaneous electrolysis could be considered
a safe intervention. In addition, the fact that percutane-
ous electrolysis is recommended to be ultrasound guided
increases its safety. Future studies should investigate if
the ultrasound-guided application is beneficial in relation
to adverse events as compared with the application of
non-ultrasound-guided techniques.

Strengths and Limitations

Although this is the first (to the best of our knowledge)
meta-analysis analyzing the effects of ultrasound-guided
percutaneous electrolysis on pain or pain-related

disability in musculoskeletal pain conditions, the results
should be considered in light of potential strengths and
limitations. The strengths of this meta-analysis include a
comprehensive literature search, methodological rigor,
data extraction, rigorous statistical analysis, and the in-
clusion of randomized controlled trials of high quality in
the quantitative analysis. However, the number of ran-
domized controlled trials examining the effects of percu-
electrolysis on musculoskeletal pain was
relatively small (n=10; e.g., only one trial for plantar
heel pain, whiplash-related pain, or lateral epicondylal-
gia). In addition, not only was the number of trials small,
but the trials also evaluated the application of percutane-
ous electrolysis with different dosages (i.e., time, sessions,
electrical current intensity). Another potential limitation
is the heterogeneity and imprecision of the results of
some of the included trials; therefore, the results should
be considered with caution at this stage.

taneous

Clinical Implications

This meta-analysis found a moderate level of evidence
supporting the application of ultrasound-guided percuta-
neous electrolysis for musculoskeletal pain in general.
However, this should be considered with caution, as we
do not know if percutaneous electrolysis could poten-
tially be beneficial in some subgroups of patients with
musculoskeletal pain. In fact, the current meta-analysis
included several musculoskeletal pain conditions, and
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only one study has been published on some of them.
Furthermore, the pain conditions included in this meta-
analysis were heterogeneous. According to suggested
mechanisms proposed for explaining the effects of percu-
taneous electrolysis, it is expected that musculoskeletal
pain conditions with an involvement of the tendon would
benefit from this intervention. In fact, percutaneous elec-
trolysis was originally developed for the management of
chronic tendinopathies with the aim to promote and/or
facilitate the healing process after the induction of the
nonthermal electrolytic reaction [11]. In this meta-
analysis, most of the trials included musculoskeletal pain
conditions where the tendon could be partially (i.e.,
shoulder pain or lateral epicondylalgia) or completely
(i.e., patellar tendinopathy or plantar heel pain) involved
in the symptoms. Clinicians should apply proper clinical
reasoning for the application of
electrolysis.

In addition, we do not currently know the real effects
of percutaneous electrolysis when compared with sham
percutaneous electrolysis. Some of the trials included in
this meta-analysis compared percutaneous electrolysis
with a needling approach without the application of the
electrical current, suggesting that at least some clinical
effects are related to the continuous galvanic electrical
current. There is a need for well-designed randomized
clinical trials examining the effects of percutaneous elec-
trolysis vs sham and the combination of percutaneous
electrolysis with other interventions. In fact, a study pro-
tocol investigating this topic in patients with patellar ten-
dinopathy has recently been published [55].

One of the most important topics to consider for the
proper clinical application of percutaneous electrolysis is
the appropriate parameters (i.e., treatment duration, inten-
sity of electrical current, or number of sessions), and stud-
ies should be conducted to create reproducible results. We
do not have enough data to determine which treatment
parameters are the most effective for the application of
percutaneous electrolysis on each particular pain condi-
tion. A recent animal study reported that higher doses of
electrical current are more effective for decreasing electro-
myographic findings of myofascial trigger points in rats
[56]. Future studies should investigate the appropriate
parameters of percutaneous electrolysis for the manage-
ment of different musculoskeletal pain conditions.

percutaneous

Conclusion

This meta-analysis found moderate evidence suggesting a
large positive effect of percutaneous electrolysis for re-
ducing pain and moderate evidence for a large decrease
in pain-related disability for musculoskeletal pain condi-
tions in the short term, midterm, and long term. Future
studies are needed to clarify the dosage and which mus-
culoskeletal pain conditions would be most likely to ben-
efit from this intervention.

Supplementary Data

Supplementary Data may be found online at http:/painmedicine.
oxfordjournals.org.

References

1. Bevan S. Economic impact of musculoskeletal disorders (MSDs)
on work in Europe. Best Pract Res Clin Rheumatol 2015;29
(3):356-73.

2. Gaskin DJ, Richard P. The economic costs of pain in the United
States. ] Pain 2012;13(8):715-24.

3. Henschke N, Kamper SJ, Maher CG. The epidemiology and eco-
nomic consequences of pain. Mayo Clin Proc 2015;90
(1):139-47.

4. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D.
Survey of chronic pain in Europe: Prevalence, impact on daily
life, and treatment. Eur ] Pain 2006;10(4):287-333.

5. Fayaz A, Croft P, Langford RM, Donaldson LJ, Jones GT.
Prevalence of chronic pain in the UK: A systematic review and
meta-analysis of population studies. BMJ Open 2016;6
(6):¢010364.

6. Perrot S, Cohen M, Barke A, Korwisi B, Rief W, Treede R-D.
The TASP classification of chronic pain for ICD-11: Chronic sec-
ondary musculoskeletal pain. Pain 2019;160(1):77-82.

7. Booth ], Moseley GL, Schiltenwolf M, Cashin A, Davies M,
Hiibscher M. Exercise for chronic musculoskeletal pain: A biop-
sychosocial  approach.  Musculoskeletal ~Care 2017;15
(4):413-21.

8. Lin I, Wiles L, Waller R, et al. What does best practice care for
musculoskeletal pain look like? Eleven consistent recommenda-
tions from high-quality clinical practice guidelines: Systematic
review. Br J Sports Med 2020;54(2):79-10.

9. Wall P, Sweet W. Temporary abolition of pain in man. Science
1967;155(3758):108-9.

10. Johnson M. Transcutaneous electrical nerve stimulation:
Mechanisms, clinical application and evidence. Rev Pain 2007;1
(1):7-11.

11. Sanchez-Ibafiez JM. Clinical course in the treatment of chronic
patellar tendinopathy through ultrasound guided percutaneous
electrolysis intratissue (EPI®): Study of a population series of
cases in sport. Atlantic International University. 2009.

12. Abat F, Diesel W], Gelber PE, Polidori F, Monllau JC, Sanchez-
Ibafiez JM. Effectiveness of the Intratissue Percutaneous
Electrolysis (EPI®) technique and isoinertial eccentric exercise in
the treatment of patellar tendinopathy at two years follow-up.
Muscles Ligaments Tendons ] 2014; 4(2):188-93.

13. Abat F, Gelber PE, Polidori F, Monllau JC, Sanchez-Ibaniez JM.
Clinical results after ultrasound-guided intratissue percutaneous
electrolysis (EPI®) and eccentric exercise in the treatment of pa-
tellar tendinopathy. Knee Surg Sports Traumatol Arthrosc 2015;
23(4):1046-52.

14. Valera-Garrido F, Minaya-Munioz F, Medina-Mirapeix F.
Ultrasound-guided percutaneous needle electrolysis in chronic
lateral epicondylitis: Short-term and long-term results. Acupunct
Med 2014;32(6):446-54.

15. Abat F, Gelber P, Monllau J, Sdnchez-Ibdnez, J. Large tear of the
pectoralis major muscle in an athlete. Results after treatment
with intratissue percutaneous electrolysis (EPI®). J Sports Med
Doping Stud 2014;4(2).

16. Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP; the
PRISMA Group. Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. PLoS Med 2009;6
(7):1000097.

0202 J8qWiaAoN 90 U0 Jasn Aselqi Alsiaaiun uolepen Aq gey/S6S/zyseeud/wd/c601 01 /10p/ao1e-soueApe/aunipawuled/wod dno-olwapeoe)/:sdiy Wwolj papeojumo(]


http://painmedicine.oxfordjournals.org
http://painmedicine.oxfordjournals.org

16

Gomez-Chiguano et al.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Higgins JPT, Altman DG, Gotzsche, PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised tri-
als. BMJ 2011;343:d5928.

Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M.
Reliability of the PEDro scale for rating quality of randomized
controlled trials. Phys Ther 2003;83(8):713-21.

Schiinemann HJ, Oxman AD, Brozek J, et al. GRADE: Assessing
the quality of evidence for diagnostic recommendations. BM]J
Evidence-Based Med 2008;13(6):162-3.

Austin TM, Richter RR, Sebelski CA. Introduction to the
GRADE approach for guideline development: Considerations
for physical therapist practice. Phys Ther 2014;94(11):1652-9.

. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean

and standard deviation from the sample size, median, range and/
or interquartile range. BMC Med Res Methodol 2014;14
(1):1-13.

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample
mean from the sample size, median, mid-range, and/or mid-
quartile range. Stat Methods Med Res 2018;27(6):1785-805.
Deeks JJ, Higgins JPT, Altman DG; Cochrane Statistical
Methods Group. Analysing data and undertaking meta-analyses.
In: Higgins JPT, Churchill R, Chandler J, Cumpston MS, eds.
Cochrane Handbook for Systematic Reviews of Interventions.
2017. Available at: www.training.cochrane.org/handbook.
Gonzalez-Perez LM, Canivell-Zabaleta M, Rodriguez-Posada F,
et al. Study comparing intratissue percutaneous electrolysis,
deep dry needling and botulinum toxin for the management of
temporomandibular myofascial pain. Int ] Oral Maxillofac Surg
2019;48:280.

Gonzalez-Perez LM, Infante-Cossio P, Montes-Latorre E, et al.
Clinical results after deep dry needling versus intratissue percuta-
neous electrolysis technique for the treatment of temporoman-
dibular myofascial pain. Int J Oral Maxillofac Surg 2017;46
:358.

Ronzio O, da Silva Coldibeli E, Soares Fernandes M, Froes
Meyer P, da Silva R. Effects of percutaneous microelectrolysis
(MEP®) on pain, rom and morning stiffness in patients with
achilles tendinopathy. Eur J Physiother 2017;19(suppl 1):62-3.
Ronzio O, Villa C, Gémez D, et al. Effects in pressure-pain
threshold of percutaneous galvanic microcurrent in the trapezius
trigger points. Physiotherapy 2015;101(suppl 1):e1297-8.
Mattiussi G, Moreno C. Percutaneous electrochemical debride-
ment of the plantaris tendon. ] Am Podiatr Med Assoc 2018;108
(5):437-41.

Minaya Munoz F, Valera Garrido F, Sdnchez Ibdfiez JM,
Medina i Mirapeix F. Estudio de coste-efectividad de la electréli-
sis percutdnea intratisular (EPI®) en las epicondilalgias.
Fisioterapia 2012;34(5):208-15.

Iborra-Marcos A, Ramos-Alvarez JJ, Rodriguez-Fabidn G, et al.
Intratissue percutaneous electrolysis vs corticosteroid infiltration
for the treatment of plantar fasciosis. Foot Ankle Int 2018;39
(6):704-11.

Abat F, Sdnchez-Sdnchez JL, Martin-Nogueras AM, et al.
Randomized controlled trial comparing the effectiveness of the
ultrasound-guided galvanic electrolysis technique (USGET) ver-
sus conventional electro-physiotherapeutic treatment on patellar
tendinopathy. ] Exp Orthop 2016;3(1).

Arias-Buria JL, Truyols-Dominguez S, Valero-Alcaide R, Salom-
Moreno J, Atin-Arratibel MA, Ferndndez-de-las-Pefias C.
Ultrasound-guided percutaneous electrolysis and eccentric exer-
cises for subacromial pain syndrome: A randomized clinical trial.
Evidence-Based Complement Altern Med 2015;2015:1-9.

de Miguel Valtierra L, Salom Moreno J, Ferndndez-de-las-Penas
C, Cleland JA, Arias-Burfa JL. Ultrasound-guided application of
percutaneous electrolysis as an adjunct to exercise and manual

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

48.

therapy for subacromial pain syndrome: A randomized clinical
trial. ] Pain 2018;19(10):1201-10.

Fernindez-Rodriguez T, Fernindez-Rolle A, Truyols-
Dominguez S, Benitez-Martinez JC, Casana-Granell J.
Prospective randomized trial of electrolysis for chronic plantar
heel pain. Foot Ankle Int 2018;39(9):1039-46.

Garcia Naranjo ], Barroso Rosa S, Loro Ferrer JF, Liminana
Canal JM, Suarez Hernandez, E. A novel approach in the treat-
ment of acute whiplash syndrome: Ultrasound-guided needle
percutaneous electrolysis. A randomized controlled trial. Orthop
Traumatol Surg Res 2017;103(8):1229-34.

Moreno MD. Results of the electrolysis percutaneous intratissue
in the shoulder pain: Infraspinatus, a randomized controlled
trial. Rev Cuba Ortop y Traumatol 2016;30(1):76-87.

Moreno C, Mattiussi G, Nunez FJ, Messina G, Rejc E.
Intratissue percutaneous electolysis combined with active physi-
cal therapy for the treatment of adductor longus enthesopathy-
related groin pain: A randomized trial. J Sports Med Phys Fitness
2017;57(10):1318-29.

Lopez-Martos R, Gonzalez-Perez L, Ruiz-Canela-Mendez P,
Urresti-Lopez  F, Gutierrez-Perez ], Infante-Cossio P.
Randomized, double-blind study comparing percutaneous elec-
trolysis and dry needling for the management of temporoman-
dibular myofascial pain. Med Oral Patol Oral y Cir Bucal 2018;
23(4):e454-62.

Rodriguez-Huguet M, Géngora-Rodriguez J, Lomas-Vega R, et
al. Percutaneous electrolysis in the treatment of lateral epicondy-
lalgia: A single-blind randomized controlled trial. J Clin Med
2020;9(7):2068.

Rodriguez-Huguet M, Géngora-Rodriguez J, Rodriguez-Huguet
P, et al. Effectiveness of percutaneous electrolysis in supraspina-
tus tendinopathy: A single-blinded randomized controlled trial. J
Clin Med 2020;9(6):1837.

Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal
clinically important changes in chronic musculoskeletal pain in-
tensity measured on a numerical rating scale. Eur ] Pain 2004;8
(4):283-91.

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 shoulder pain. J Shoulder Elb Surg 2009;18(6):920-6.
Cleland JA, Childs JD, Whitman JM. Psychometric properties of
the Neck Disability Index and Numeric Pain Rating Scale in
patients with mechanical neck pain. Arch Phys Med Rehabil
2008;89(1):69-74.

Abat F, Valles SL, Gelber PE, et al. Mecanismos moleculares de
reparacién mediante la técnica Electrdlisis Percutdnea
Intratisular en la tendinosis rotuliana. Rev Esp Cir Ortop
Traumatol 2014;58(4):201-5.

Abat F, Valles SL, Gelber PE, et al. An experimental study of
muscular injury repair in a mouse model of notexin-induced le-
sion with EPI® technique. BMC Sports Sci Med Rehabil 2015;7
(1):1-7.

McAuliffe S, McCreesh K, Culloty F, Purtill H, O’Sullivan K.
Can ultrasound imaging predict the development of Achilles and
patellar tendinopathy? A systematic review and meta-analysis.
Br ] Sports Med 2016;50(24):1516-23.

Van Ark M, Rio E, Cook J, et al. Clinical improvements are not
explained by changes in tendon structure on ultrasound tissue
characterization after an exercise program for patellar tendinop-
athy. Am J Phys Med Rehabil 2018;97(10):708-14.

De Jonge S, Tol JL, Weir A, Waarsing JH, Verhaar JAN, De Vos
R]J. The tendon structure returns to asymptomatic values in non-
operatively treated Achilles tendinopathy but is not associated
with symptoms. Am J Sports Med 2015;43(12):2950-8.

0202 J8qWiaAoN 90 U0 Jasn Aselqi Alsiaaiun uolepen Aq gey/S6S/zyseeud/wd/c601 01 /10p/ao1e-soueApe/aunipawuled/wod dno-olwapeoe)/:sdiy Wwolj papeojumo(]


http://www.training.cochrane.org/handbook

Percutaneous Electrolysis for Musculoskeletal Pain

17

49.

50.

S1.

52.

Docking SI, Cook J. How do tendons adapt? Going beyond tis-
sue responses to understand positive adaptation and pathology
development: A narrative review. J Musculoskelet Neuronal
Interact 2019;19(3):300-10.

Rio E, Docking SI. Adaptation of the pathological tendon: You
cannot trade in for a new one, but perhaps you don’t need to? Br
J Sports Med 2018;52(10):622-3.

Garcia 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 elec-
trical current? J Altern Complement Med 2018;24(1):69-75.
Garcia Bermejo P, de la Cruz Torres B, Naranjo Orellana ],
Albornoz Cabello M. Autonomic activity in women during
percutaneous needle electrolysis. Eur ] Integr Med 2017;11
:53-8.

53.

54.

55.

56.

Brady S, McEvoy J, Dommerholt J, Doody C. Adverse events fol-
lowing trigger point dry needling: A prospective survey of char-
tered physiotherapists. ] Man Manip Ther 2014;22(3):134-40.
Carlesso LC, MacDermid JC, Santaguida LP. Standardization of
adverse event terminology and reporting in orthopaedic physical
therapy: Application to the cervical spine. ] Orthop Sports Phys
Ther 2010;40(8):455-63.

Lépez-Royo MP, Gémez-Trullén EM, Ortiz-Lucas M, et al.
Comparative study of treatment interventions for patellar ten-
dinopathy: A protocol for a randomised controlled trial. BMJ
Open 2020;10(2):¢034304.

Margalef R, Bosque MMonclis P, et al. Percutaneous
application of galvanic current in rodents reverses signs of myo-
fascial trigger points. Evid Based Complement Alternat Med
2020;2020:4173218.

0202 J8qWiaAoN 90 U0 Jasn Aselqi Alsiaaiun uolepen Aq gey/S6S/zyseeud/wd/c601 01 /10p/ao1e-soueApe/aunipawuled/wod dno-olwapeoe)/:sdiy Wwolj papeojumo(]





