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Abstract

Introduction: Plantar fasciitis is one of the leading causes of heel pain, accounting for between 11 % and 15 % of all foot-related pain
consultations. In this context, over one million people seek medical attention for heel pain each year, with up to 80% of these cases diag-
nosed as plantar fasciitis.

Material and methods: A comprehensive search was conducted across major scientific databases, following a standardized systematic
review and meta-analysis strategy. Studies evaluating the effects of Percutaneous Intratissue Electrolysis (EPI) on patients with plantar
fasciitis were included, comparing its outcomes with other therapeutic interventions or placeb.

Results: The systematic review and meta-analysis suggest that EPI is an effective therapeutic option for plantar fasciitis, showing signif-
icant benefits in pain reduction and functional improvement in the medium term. Patients treated with EPI reported being asymptomatic
atthe end of the treatment, highlighting its effectiveness compared to conventional interventions. Furthermore, its efficacy appears to be
comparable to that observed in the treatment of tendinopathies, such as patellar tendinitis, which share similar histopathological features
with plantar fasciitis.

Conclusion: EPl emerges as an effective and safe alternative for the treatment of plantar fasciitis, contributing to pain reduction and
functional improvement in affected patients. These findings support its use in clinical practice as a valid option for managing thiscommon
foot condition.

Resumen

Introduccion: La fasciopatia plantar es una de las principales causas de dolor en la region del talén, siendo responsable de entreel 11y
el 15 % de las consultas relacionadas con dolor en el pie. En este contexto, mas de un millén de personas buscan atencion médica por dolor
en el talén cada afo, y hasta el 80 % de estos casos son diagnosticados con fasciopatia plantar.

Material y método: Se llevo a cabo una busqueda exhaustiva en las principales bases de datos cientificas, siguiendo una estrategia
estandarizada de revision sistematica y metandlisis. Se incluyeron estudios que evaluaron el efecto de la electrolisis percutanea intratisu-
lar (EPI) en pacientes con fasciopatia plantar, comparando sus resultados con otras intervenciones terapéuticas o placebo.

Resultados: La revision sistematica y el metanalisis sugieren que la EPI es una opcién terapéutica efectiva para la fasciopatia plantar,
mostrando beneficios significativos en la reduccion del dolory la mejora funcional a medio plazo. Los pacientes tratados con EPI reportaron
ser asintomaticos al finalizar el tratamiento, destacando su efectividad en comparacion con intervenciones convencionales. Ademas, se
observo que su eficacia puede ser comparable a la observada en el tratamiento de tendinopatias como la tendinitis rotuliana, que comparten
caracteristicas histopatoldgicas similares con la fasciopatia plantar.

Conclusioén: La EPI se presenta como una alternativa eficaz y segura para el tratamiento de la fasciopatia plantar, contribuyendo a la
reduccion del dolor y a la mejora funcional de los pacientes afectados. Estos hallazgos respaldan su uso en la practica clinica como una
opcién valida para manejar esta condicién comun del pie.
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Introduction

Plantar fasciopathy (PF) is one of the most prevalent foot condi-
tions, representing between 11 % and 15 % of professional consul-
tations related to pain in this region. It is estimated that more than
one million people seek medical attention annually for heel pain, with
80 % of them diagnosed with plantar fasciopathy. It mainly affects
individuals between 40 and 60 years old and is common in approxi-
mately 10 % of athlete runners'=3.

This multifactorial condition can be classified according to ana-
tomical and biomechanical factors. Anatomical factors include flat
feet, cavus feet, obesity, and shortening of the posterior muscula-
ture, while biomechanical factors involve excessive pronation, limited
ankle dorsiflexion, weakness of the plantar flexor musculature, and
intrinsic foot weakness. Extrinsic factors such as barefoot walking,
wearing inappropriate footwear, or hard surfaces also contribute to
increased tension in the plantar fascia*®.

PF manifests as heel pain that occurs when weight-bearing after
prolonged rest, exacerbating with prolonged standing or walking.
Its diagnosis is mainly clinical, although imaging modalities such as
ultrasound, considered the gold standard, help identify structural
changes such as increased fascial thickness and rule out other dif-
ferential diagnoses. Although initially associated with an inflamma-
tory process, histological studies indicate that PF involves a chronic
degenerative process—fasciosis— characterized by repeated micro-
trauma leading to tissue degeneration without active inflammation®>.

Conservative treatment is the initial option in PF, showing efficacy
in 80 % of cases over 12 months. Itincludes plantar orthoses, orthotic
wedges, and modified footwear, designed to support the longitudinal
arch and reduce tension in the plantar fascia. Additionally, anti-in-
flammatory therapies—ultrasound, ice, rest—manual techniques,
stretching of the triceps surae and plantar fascia, and functional
taping for short-term pain relief are employed>*.

Among physical therapies, EPI stands out, a minimally invasive
technique that uses galvanic current applied through an acupuncture
needle. This procedure generates an electrochemical reaction that
promotes controlled local inflammation, phagocytosis, and repair of
damaged tissue’®.

EPI induces an electrolytic ablation of the degenerated tis-
sue by causing changes in the pH of the treated area through the
application of direct current in a saline environment. This triggers
a chemical reaction that fragments collagen and degenerated myx-
oid substance. The technique is performed under ultrasound guid-
ance, allowing for needle visualization and avoiding complications
such as nerve or vascular injuries®®. The retrotracing technique is
used, with 3 interventions per affected area. The established safety
parameters are currents of 2 to 4 mA, 20 volts, and a duration of
4 seconds, ensuring a therapeutic effect without inducing adverse
effects. During the application, ultrasound detects hyperechoic
images generated by gas density, confirming the real-time effec-
tiveness of electrolysis®'".

Several studies support EPI as a safe and effective therapeutic
option for PF. Compared to traditional methods such as orthoses
and stretching, EPI shows a faster resolution of pain and functional
improvement in the medium term'?'3, Furthermore, its similarity with
techniques used in tendinopathies (e.qg., patellar tendinitis) strength-
ens its applicability in chronic degenerative conditions”®.

Rayo Pérez AM, et al.

The primary endpoint of this article is to evaluate by means of
metanalysis, the safety and efficacy profile of EPI in the treatment
of plantar fasciopathy. Secondary endpoints include analyzing pain
reduction in patients treated with EPI vs conventional treatments or
placebo and determining the impact of EPI treatment on the func-
tional improvement of the foot.

Material and methods
Study design

This study was conducted under the design of a systematic
review with a subsequent meta-analysis. The methodology followed
the guidelines of the PRISMA framework to ensure transparency and
reproducibility in the data collection and analysis.

Bibliographic search

A comprehensive bibliographic search was conducted across the
following specialized Health Sciences databases: PubMed, Cochrane
Library, Dialnet, and Google Scholar. The keywords used in the search
were: “Plantar Fasciitis,” “Fasciitis Plantaris,” “Heel Pain,” “Percutane-
ous Electrolysis,” “Intratissue Percutaneous Electrolysis,” and “EPI.”

- After establishing the keywords, various search strategies were
formulated, leading to the following results: (“Plantar fascitis”
OR “Fasciitis Plantaris”) AND (“Percutaneous Electrolysis” OR
“Intratissue Percutaneous Electrolysis” OR “Electrolysis”),

- (“Plantar fascitis” OR “Fasciitis Plantaris” OR “Heel Pain”) AND
(“Percutaneous Electrolysis” OR “Intratissue Percutaneous
Electrolysis” OR “EPI” OR “Electrolysis”), and

- (“Plantar fascitis” OR “Fasciitis Plantaris” OR “Heel Pain”) AND
(“Percutaneous Electrolysis” OR “Intratissue Percutaneous
Electrolysis” OR “EPI” OR “Electrolysis”) AND (randomized
controlled trial OR clinical trial OR “controlled study”).

Inclusion and exclusion criteria

Once the databases searchers were defined, the inclusion and
exclusion criteria were established. Articles in Spanish and English
published from 2014 through December 2024 were included in the
study, including the following types: randomized clinical trials (RCTs),
non-randomized clinical trials, quasi-experimental studies, and con-
trolled studies where the study subjects were adult patients (= 18
years) diagnosed with plantar fasciopathy. Observational studies with-
out a control group, animal studies, and clinical cases or case series
were excluded. Additionally, studies with subjects having comorbid-
ities affecting treatment—eg, rheumatoid arthritis—were excluded.

Study Selection

First, the principal investigator (RGP) conducted the bibliograph-
ic search following the previously established protocol and according
to the PRISMA guidelines. Then, two independent reviewers (AMRP,
FJRC) examined the titles and abstracts of the studies found to deter-
mine their relevance. Articles that passed the initial screening were
evaluated in full text to verify that they met the inclusion criteria.
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Finally, in case of disagreement, a third reviewer made the final deci-
sion (Figure 1).

Assessment of study quality

The methodological quality of the selected studies was assessed
using appropriate tools: the Cochrane Risk of Bias Tool for random-
ized clinical trials and MINORS (Methodological Index for Non-Ran-
domized Studies) for non-randomized studies.

Data extraction and analysis

Astandardized data extraction form was designed, which includ-
ed the following items:
1. General information (authors, year, country, study type).
2. Participant characteristics: age, gender, duration of plantar
fasciopathy.

3. Intervention details: type and protocol of EPI, number of ses-

sions, duration of treatment.

4. Comparator: type of treatment (placebo or active).

5. Main outcomes: pain reduction, functional improvement,

quality of life, adverse events.

6. Follow-up: follow-up time, losses to follow-up.

Additionally, a meta-analysis was conducted using the Review
Manager software version 5.4 (RevMan). Results were combined
using random-effects models if significant heterogeneity was detect-
ed (assessed using the |2 statistic). Weighted mean differences (WMD)
were used for continuous outcomes (such as pain or functionality),
and relative risks (RR) for dichotomous outcomes (adverse events).

The robustness of the results was evaluated by excluding low-qual-
ity studies or those with a high risk of bias. The heterogeneity among
the studies was assessed using the I? statistic and the Cochran hetero-
geneity test (Q). Significant heterogeneity was considered if I? value
>50 %.

Figure 1. Flowchart.
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Results

Atotal of 484 studies were identified, 39 of which were selected
after applying the inclusion and exclusion criteria. Subsequently,
after conducting a critical reading and assessing the methodological
quality of the studies, three articles were selected for inclusion in the
systematic review and meta-analysis.

The detailed results of the quality assessment of the studies, as
well as the results of the statistical analyses, are shown in Table I.

Therisk of bias in the selected studies was evaluated using appro-
priate tools for randomized clinical trials. The results of the bias anal-
ysis for each of the articles are shown in Table Il. All studies presented
a low risk of bias in most of the domains assessed. However, higher
risks were identified in the areas of “blinding of participants” in the
study by Al-Boloushi et al.14 and “blinding of assessors” in the study
by Fernandez et al.™.

Rayo Pérez AM, et al.

The methodological quality of the selected studies was evaluat-
ed using the MINORS scale. The total score of the studies ranged
between 18 and 21 points out of a maximum of 24, indicating a rea-
sonably high methodological quality, though with some limitations,
especially in studies that were not fully randomized.

Regarding pain reduction, a weighted mean difference (WMD)
analysis was conducted between the intervention and comparator
groups. Figure 2 presents the individual results of the mean differ-
ence for pain reduction on the Visual Analog Scale (VAS). The study by
Fernandez-Rodriguez etal.15 showed a mean reduction of 4.2 points
in the EPI group compared to 1.3 points in the placebo group, while
Al-Boloushi et al.”® reported a reduction of 3.5 points in the EPI
group compared to 3.2 points in the superficial dry needle group.

The combined meta-analysis of the three studies (Figure 2)
showed a WMD of -2.6 points on the VAS scale in favor of the EPI
intervention compared to placebo or superficial dry needling.

Table I. Synthesis of the results of the selected articles.

Title Objective Design Intervention Main Outcome Results Leyel &
Evidence
Fernandez- To assess the Randomized EPIvs. placebo  Painreduction  EPI group: Significant pain 1b
Rodriguezetal. effectiveness of EPI Controlled Trial (VAS) reduction at 6 and 12 weeks
(2018) in the treatment of (RCT) (p<0.05). Placebo group:
chronic heel pain No significant improvement
(plantar fasciopathy) observed. Functional
improvement in the EPI group
(FAAM)
Al-Boloushi To compare the Randomized Deep dry Pain (VAS)and  Both groups showed 1b
etal. (2020) efficacy of two dry Controlled Trial  needle vs. functionality significant pain reduction
needle interventions  (RCT) superficial (FAAM) (p<0.05), with no significant
in the treatment of differences. Similar functional
plantar heel pain improvement (p>0.05).
No severe adverse effects
reported
Fernandezetal. To evaluate the Secondary Deep dry Cost- Both treatments were effective. 2b
(2021) cost-effectiveness analysis of an needle vs. effectiveness Superficial dry needle was
of two dry needle RCT superficial ratio (VAS and more cost-effective in pain
interventions for the FAAM) reduction and functional

treatment of plantar
heel pain

improvement

EPI: Percutaneous Intratissue Electrolysis. RCT: Randomized Contolled Trial. VAS: Visual Analog Scale. FAAM: Foot and Ankle Ability Measure.

Table Il. Risk of bias in the evaluated articles.

Random Sequence Allocation Participant Evaluator Incomplete Other
i Generation Concealment Blinding Blinding Data Biases MINORS (/24)
Fernandez-
Rodriguez etal. Low risk Low risk Low risk Low risk Low risk Low risk 21/24
(2018)
Al etel. Low risk Low risk High risk Low risk Low risk Low risk 19/24
(2020)
er(;rzlzir;dez ikl Low risk Low risk High risk Low risk Low risk Low risk 18/24

MINORS: Methodolocial Index for Non Randomized Studies.
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Stud Intervention Group Comparator Grou Mean Difference Standard Sample Size

y (EPI) P P (MD) Deviation (SD) (n)
Fernandez-Rodriguez et . .
al. (2018) -4.2 points -1.3 points (placebo)  -2.9 1.1 45
Al-Boloushietal. (2020)  -3.5 points 2 B (e 0.3 0.8 50

needle)

Combined Result Weighted Mean Difference Confidence Interval SRR
(Meta-analysis) (WMD) (95%Cl) g y
Pain reduction (VAS) -2.6 points [-3.5,-1.7] 55% (moderate heterogeneity)

Forest Plot: Pain Reduction (VAS)

Fernandez-Rodriguez et al. (2018)

Al-Boloushi et al. (2020)

Combined result

-4

Figure 2. Pain reduction analysis on the visual analog scale (VAS).

The results were statistically significant, with a confidence interval
(95 %Cl) between -3.5 and -1.7. However, moderate heterogeneity
was detected between the studies (1> = 55 %), indicating that the
variability in the results might be influenced by differences in inter-
vention protocols and the characteristics of the studied populations.

Regarding functional improvement, changes in the Foot and
Ankle Ability Measure (FAAM) were evaluated. Figure 3 presents the
results of the mean difference between the intervention and compar-
ator groups. Fernandez-Rodriguez et al. reported a 30 % function-
al improvement in the EPI group compared to 10 % in the placebo
group, while Al-Boloushi et al. found a 28 % improvement in the EPI
group vs. 25 % in the superficial dry needle group.

The combined meta-analysis of the studies (Figure 3) showed a
WMD in functional improvement of 11.5 % in favor of EPI vs placebo
or superficial dry needling. The results were also statistically signif-
icant, with a 95%Cl between 7.2 % and 15.8 %. The heterogeneity
between the studies was moderate (12 = 45%), suggesting that factors

[Rev Esp Podol. 2025;36(1):9-16]
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such as the treatment protocol or patient characteristics may have
influenced the results.

Discussion

In this study, a total of 484 articles were reviewed, 39 of which
were initially selected based on the established inclusion and exclu-
sion criteria. After a critical evaluation and analysis of the methodolog-
ical quality, three studies were chosen for inclusion in the systematic
review and meta-analysis. The selected studies showed reasonably
high methodological quality, with MINORS scale scores ranging
from 18 to 21 out of 24, and most presented a low risk of bias in key
domains, although limitations related to the blinding of participants
and assessors were identified.

Interms of the obtained results, the combined analysis indicated
that EPI produced a significant reduction in pain, with a weighted
mean difference of -2.6 points on the VAS vs placebo or superficial
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Intervention Group Mean Difference Standard Sample Size
Study (EPI) Comparator Group (MD) Deviation (SD) (n)
Fernandez-Rodriguez et 0 3 3
al. (2018) 30% 10% (placebo) 20% 5 45
o -
Al-Boloushietal. (2020)  28% P CIPREEEly gy 6 50

needle)

Weighted Mean Difference
(WMD)

Combined Result
(Meta-analysis)

Confidence Interval

: 2
(95%Cl) Heterogeneity (1°)

Functional improvement

[v)
(FAAM) 11.5%

[7.2%, 15.8%] 45% (moderate heterogeneity)

Forest Plot: Functional Improvement (FAAM)

Fernandez-Rodriguez et al. (2018)

Al-Boloushi et al. (2020)

Combined result

Line of no effect
Mean Difference (95 % CI)
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Mean Difference (points)

Figure 3. Functional Improvement Analysis by means of Foot and Ankle Ability Measure (FAAM).

dry needling. Additionally, a significant functional improvement was
observed, with a weighted mean difference of 11.5% on the Footand
Ankle Ability Measure (FAAM) in favor of EPIl. However, of note, the
moderate heterogeneity observed in both analyses (1> =55 % for pain
reduction and 12 = 45 % for functional improvement) suggests that
factors such as variations in intervention protocols and population
characteristics could have influenced the results.

Following the line of our study, in 2018 and 2010, respectively,
Iborra-Marcos et al.4 and Sanchez-1banez et al.12 showed clinical
improvements in their studies regarding pain (VAS-P) or functional-
ity (VAS-F) in the application of EPI for plantar fasciopathy. The first
study, unlike the second, conducted a comparative study in which

half of the 64 participants were treated with EPI, and the other half
were administered a corticosteroid injection.

In both studies, EPI treatment was applied to the proximal insertion
ofthe plantarfascia. In thefirst article, participants who were not athletes
were included, some of whom had been diagnosed with plantar fasci-
opathy for 3 months, considering that this short period of time would
positively influence a quicker recovery of the disease since it is treated
before it progresses further. In the second study, the participant was a
male athlete with plantar fasciopathy diagnosed with a one-year evolu-
tion, who had not been treated with conservative therapy previously*'.

An essential point included in the study by Iborra-Marcos et al.*
is the prior conservative treatment, as they mention the existence of

[Rev Esp Podol. 2025;36(1):9-16]
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participants who had received other treatments before the admin-
istration of EPI, suggesting that effective results in treating plantar
fasciopathy do not necessarily depend exclusively on the application
of the EPI treatment.

Both authors mention that the currentintensity used in the first
EPI session was 3 mA. Iborra-Marcos et al. state that an intensity
of 3 mAis sufficient to induce angiogenesis and repair the tissues of
the plantar fascia®. Sanchez-lbafiez et al. report in their study that
10 EPI sessions were administered, one every 5 days, with a treat-
ment duration of 2 months from the first visit until the subject
became asymptomatic. On the other hand, Iborra-Marcos et al.*
administered a 3 mA current for 5 seconds, repeating the treatment
for 7 days, and then again, up to 10 sessions at weekly intervals as
necessary. The mean number of sessions provided to the partici-
pants was 5.2, with one subject requiring only 3 sessions to become
asymptomatic'2.

Regarding the advantages, the time required to achieve symp-
tom cessation for the above-mentioned conditions stands out. In the
reviewed studies, the authors agree that EPI treatment for plantar
fasciopathy and patellar tendinopathy is effective in the mid-term,
being an excellent technique for addressing these conditions, as it
shows optimal results in relatively short periods of time. Additionally,
as an advantage over the use of EPI, it is highlighted that only two
subjects presented adverse effects, specifically vasovagal episodes,
as reported in the study by Iborra-Marcos et al., while in other studies,
no subjects presented any adverse effects®.

On the other hand, the authors mention as disadvantages the
lack of a blinded group and the small number of subjects in the study
samples. In 2015, Abat et al. indicated that EPI is contraindicated
in subjects who are pregnant, have knee prostheses, osteosynthe-
sis, heart disease, malignant tumors, or coagulopathy. Additional-
ly, it is important to note the difficulty in conducting studies with a
larger number of subjects due to the barrier that participants face
in attending weekly EPI treatments'3. Pain associated with the use
of EPl is also considered, which is why Garrido et al.9, in 2019, and
Iborra-Marcos et al.%, in 2018, included subjects who were admin-
istered anesthesia before EPI application, in areas near the lesion.
Finally, it must be considered that the combination of EPI with other
treatments impacts the reliability of the studies when evaluating EPI
as a first-choice treatment.

The main limitation corresponds to the primary endpoint of this
review and meta-analysis, as the number of scientific articles pub-
lished on the treatment of plantar fasciopathy using EPl is very limit-
ed. These studies have a small number of participants, which makes
it more difficult to establish results and conclusions. In addition to the
small number of studies that have applied EPI to subjects with plantar
fasciopathy, it is important to note that the studies found include a
small number of participants, which also limits the completeness of
the results. On the other hand, the analyzed studies are longitudi-
nal prospective studies that lack a control group, which negatively
affects the reliability of the technique applied. Therefore, further
research studies on the treatment of plantar fasciopathy through
EPI therapy are necessary.

One of the main strengths of this study is that it is the first system-
atic review thatincludes a meta-analysis on pain reduction and func-
tional improvement associated with EPI treatment in patients with
plantar fasciopathy. Additionally, the rigorous selection of articles

[Rev Esp Podol. 2025;36(1):9-16]

through well-defined inclusion and exclusion criteria was empha-
sized, along with the critical evaluation of the methodological quality
of the included studies.

In conclusion, the studies included in this work show that EPI
could be an effective intervention for reducing pain and improving
functionality in subjects with plantar fasciopathy, compared to place-
bo or superficial dry needling treatments. EPI stands out for its ability
to generate clinically significant pain reduction and improve patients’
quality of life. However, the risk of bias in some studies, especially
the blinding of subjects, must be considered when interpreting the
results.
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