
World Journal of
Orthopedics

ISSN 2218-5836 (online)

World J Orthop  2021 October 18; 12(10): 727-810

Published by Baishideng Publishing Group Inc



WJO https://www.wjgnet.com I October 18, 2021 Volume 12 Issue 10

World Journal of 

OrthopedicsW J O
Contents Monthly Volume 12 Number 10 October 18, 2021

EDITORIAL

Mixed reality for visualization of orthopedic surgical anatomy727

Chytas D, Nikolaou VS

MINIREVIEWS

Bicruciate-retaining total knee arthroplasty: What’s new?732

Sabatini L, Barberis L, Camazzola D, Centola M, Capella M, Bistolfi A, Schiraldi M, Massè A

Surgical treatment of metastatic bone disease of the distal extremities743

Sebghati J, Khalili P, Tsagkozis P

ORIGINAL ARTICLE

Case Control Study

SARS-CoV-2 outbreak impact on a trauma unit751

Mills S, Ibarzábal-Gil A, Martínez-Diez JM, Pallarés-Sanmartín J, Kalbakdij-Sánchez C, Rubio-Suárez JC, Losantos-
García I, Rodríguez-Merchán EC

Retrospective Cohort Study

Clinical outcome after surgery on schwannomas in the extremities760

Granlund AS, Sørensen MS, Jensen CL, Bech BH, Petersen MM

Retrospective Study

Osteolysis in total hip arthroplasty in relation to metal ion release: Comparison between monolithic 
prostheses and different modularities

768

Manfreda F, Bufi E, Florio EF, Ceccarini P, Rinonapoli G, Caraffa A, Antinolfi P

Clinical Trials Study

Short-term effectiveness of high- and low-intensity percutaneous electrolysis in patients with 
patellofemoral pain syndrome: A pilot study

781

Valera-Calero JA, Sánchez-Mayoral-Martín A, Varol U

SYSTEMATIC REVIEWS

Alignment of the hindfoot following total knee arthroplasty: A systematic review791

Butler JJ, Mercer NP, Hurley ET, Azam MT, Kennedy JG

CASE REPORT

Simultaneous repair of bilateral pectoralis major tendons: A case report802

Abbas MJ, Buckley P, Shah S, Okoroha KR



WJO https://www.wjgnet.com II October 18, 2021 Volume 12 Issue 10

World Journal of Orthopedics
Contents

Monthly Volume 12 Number 10 October 18, 2021

ABOUT COVER

Editorial Board Member of World Journal of Orthopedics, Dariusz Czaprowski, PhD, Associate Professor, Department 
of Health Sciences, Physiotherapy Unit, Olsztyn University, Olsztyn 10-243, Poland. dariusz.czaprowski@interia.pl

AIMS AND SCOPE

The primary aim of World Journal of Orthopedics (WJO, World J Orthop) is to provide scholars and readers from 
various fields of orthopedics with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJO mainly publishes articles reporting research results and findings obtained in the field of orthopedics and 
covering a wide range of topics including arthroscopy, bone trauma, bone tumors, hand and foot surgery, joint 
surgery, orthopedic trauma, osteoarthropathy, osteoporosis, pediatric orthopedics, spinal diseases, spine surgery, 
and sports medicine.

INDEXING/ABSTRACTING

The WJO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of 
Science), Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal 
Database (CSTJ), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020 
Journal Citation Indicator (JCI) for WJO as 0.66. The WJO's CiteScore for 2020 is 3.2 and Scopus CiteScore rank 2020: 
Orthopedics and Sports Medicine is 87/262.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Lin-YuTong Wang; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Orthopedics https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2218-5836 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 18, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Massimiliano Leigheb https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/2218-5836/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

October 18, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/2218-5836/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJO https://www.wjgnet.com 781 October 18, 2021 Volume 12 Issue 10

World Journal of 

OrthopedicsW J O
Submit a Manuscript: https://www.f6publishing.com World J Orthop 2021 October 18; 12(10): 781-790

DOI: 10.5312/wjo.v12.i10.781 ISSN 2218-5836 (online)

ORIGINAL ARTICLE

Clinical Trials Study
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electrolysis in patients with patellofemoral pain syndrome: A pilot 
study
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Abstract
BACKGROUND 
Unilateral patellofemoral pain syndrome (PFPS) is the most frequently diagnosed 
knee condition in populations aged < 50 years old. Although the treatment of 
myofascial trigger points (MTrPs) is a common and effective tool for reducing 
pain, previous studies showed no additional benefits compared with placebo in 
populations with PFPS. Percutaneous electrolysis is a minimally invasive 
approach frequently used in musculotendinous pathologies which consists of the 
application of a galvanic current through dry needling (DN).

AIM 
To evaluate changes in sensitivity, knee pain perception and perceived pain 
during the application of these three invasive techniques.

METHODS 
A triple-blinded, pilot randomized controlled trial was conducted on fifteen 
patients with unilateral PFPS who were randomized to the high-intensity 
percutaneous electrolysis (HIPE) experimental group, low-intensity percutaneous 
electrolysis (LIPE) experimental group or DN active control group. All 
interventions were conducted in the most active MTrP, in the rectus femoris 
muscle. The HIPE group received a 660 mA galvanic current for 10 s, the LIPE 
group 220 mA × 30 s and the DN group received no galvanic current. The MTrP 
and patellar tendon pain pressure thresholds (PPTs) and subjective anterior knee 
pain perception (SAKPP) were assessed before, after and 7 d after the single 
intervention. In addition, perceived pain during the intervention was also 
assessed.
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RESULTS 
Both groups were comparable at baseline as no significant differences were found 
for age, height, weight, body mass index, PPTs or SAKPP. No adverse events 
were reported during or after the interventions. A significant decrease in SAKPP 
(both HIPE and LIPE, P < 0.01) and increased patellar tendon PPT (all, P < 0.001) 
were found, with no differences between the groups (VAS: F = 0.30; η2 = 0.05; P > 
0.05; tendon PPT immediate effects: F = 0.15; η2 = 0.02; P > 0.05 and tendon PPT 7-
d effects: F = 0.67; η2 = 0.10; P > 0.05). A significant PPT increase in rectus femoris 
MTrP was found at follow-up in both the HIPE and LIPE groups (both, P < 0.001) 
with no differences between the groups (immediate effects: F= 1.55; η2 = 0.20; P > 
0.05 and 7-d effects: F = 0.71; η2 = 0.10; P > 0.05). Both HIPE and LIPE interventions 
were considered less painful compared with DN (F = 8.52; η2 = 0.587; P < 0.01).

CONCLUSION 
HIPE and LIPE induce PPT changes in MTrPs and patellar tendon and 
improvements in SAKPP, and seem to produce less pain during the intervention 
compared with DN.

Key Words: Patellofemoral pain syndrome; Electrolysis; Myofascial pain syndromes; Dry 
needling; Clinical trial

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Percutaneous electrolysis is a minimally invasive approach frequently used in 
lower limb musculotendinous pathologies which consists of the application of a 
galvanic current through a dry needling (DN) or acupuncture needle which acts as a 
negative electrode, increasing the pH and cellular necrosis by a local electrochemical 
reaction. However, the current evidence regarding its application in myofascial trigger 
points (MTrPs) is limited. Therefore, the aim of this study was to assess the efficacy of 
percutaneous electrolysis compared with DN in patients with unilateral patellofemoral 
pain syndrome to improve rectus femoris MTrP and patellar tendon pain pressure 
thresholds, subjective anterior knee pain perception and induced pain during 
interventions.

Citation: Valera-Calero JA, Sánchez-Mayoral-Martín A, Varol U. Short-term effectiveness of 
high- and low-intensity percutaneous electrolysis in patients with patellofemoral pain 
syndrome: A pilot study. World J Orthop 2021; 12(10): 781-790
URL: https://www.wjgnet.com/2218-5836/full/v12/i10/781.htm
DOI: https://dx.doi.org/10.5312/wjo.v12.i10.781

INTRODUCTION
In patients with knee complaints younger than 50 years, patellofemoral pain syndrome 
(PFPS) is the most frequently diagnosed condition[1] and is characterized by the high 
rates of recurrence and chronicity (up to the 90%)[2]. The current evidence suggests a 
multifactorial etiology[3]. Although the incidence is still unknown and sociodemo-
graphic features [e.g., height, weight, body mass index (BMI), and age] are not clearly 
identified as risk factors, women are more likely to develop PFPS (Odds ratio: 2.23)[4]. 
In addition, psychological conditions, physical conditioning, larger medial tibial 
intercondylar distance, vertical ground reaction force, plantar pressure features, onset 
timing of vastus medialis and lateralis, muscle flexibility (e.g., hamstring, quadriceps 
and gastrocnemius) and general joint laxity are clinical risk factors for developing 
PFPS[1].

With regard to PFPS management, although a systematic review and meta-analysis 
considered that trigger point dry needling (DN) is a common and (in general) effective 
technique in clinical practice[5] for reducing pain, the evidence shows no additional 
improvements compared with placebo in patients with PFPS[6]. DN consists of 
inserting a solid and thin needle into a myofascial trigger point (MTrP) to reduce the 
muscle stiffness, relieve pain and improve muscle function[7]. MTrPs are located in 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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taut bands of skeletal muscles and course with pain and motor and neurovegetative 
dysfunctions[8]. At least one part of the MTrP nociceptive input is derived from blood 
capillary compression by these taut bands, inducing ischemia and hypoxia in the 
MTrP area[9]. Reduced levels of oxygen result in decreased pH (to 4.5), activation of 
acid-sensing ion channels, inhibition of acetylcholinesterase, and liberation of ATP, 
bradykinins, tumor necrosis factor-alpha, interleukins, serotonin, noradrenaline, 
substance P and calcitonin gene-related peptide[10-13].

Percutaneous electrolysis is a minimally invasive approach frequently used in lower 
limb musculotendinous pathologies[14] as preliminary evidence has suggested that it 
is more effectiveness when compared with DN[15], which consists of the application of 
a galvanic current through a DN or acupuncture needle which acts as a negative 
electrode, increasing the pH and cellular necrosis by a local electrochemical reaction
[16]. Although the application of this procedure in a MTrP is limited, a previous 
clinical trial demonstrated greater improvements in pain and function compared with 
DN in patients with temporomandibular disorders[17].

As a previous study proposed that treatment of MTrP may be an effective way to 
diminish the pain associated with PFPS[6,18], the aim of this study was to assess the 
efficacy of percutaneous electrolysis compared with DN in patients with unilateral 
PFPS for improving rectus femoris MTrP and patellar tendon pain pressure thresholds 
(PPTs), subjective anterior knee pain perception (SAKPP) and perceived pain during 
interventions.

MATERIALS AND METHODS
Study design
A parallel-group, controlled, triple-blinded, randomized pilot clinical trial comparing 
the effects of a single session of high-intensity percutaneous electrolysis (HIPE), low-
intensity percutaneous electrolysis (LIPE) and DN applied to the rectus femoris most 
active MTrP in patients with unilateral PFPS was conducted. This clinical trial 
followed the Consolidated Standards of Reporting Trials for pragmatic clinical trials
[19]. This study was conducted according to the Declaration of Helsinki and approved 
by the Institutional Ethics Committee of Clinical Research of Alfonso X el Sabio 
University (UAX 26-02-2020). All participants signed a written informed consent prior 
to their participation in this study.

Participants
A consecutive sample of patients with unilateral PFPS was screened for eligibility 
criteria from September 2020 to December 2020 from a private university located in 
Spain (Camilo José Cela University). To be eligible, participants had to report anterior 
knee pain of at least 6 mo duration, unilateral pain location, aged 18 to 50 years, with 
at least one active MTrP present in the rectus femoris muscle. Exclusion criteria 
included being under pharmacological (e.g., analgesics) or physiotherapy treatment 7 
d prior to their participation or during the study, needle fear, prior lower extremity or 
spine surgery, absence of pain, any musculoskeletal or neuropathic conditions (e.g., 
peripheral compressive neuropathy, radiculopathy, sarcopenia, fiber ruptures…), 
traumatic injuries (e.g., fractures or fissures), or any medical condition or contrain-
dication for needling treatment (e.g., anticoagulants).

Randomization and masking
Participants were randomly assigned to the HIPE experimental group, the LIPE 
experimental group or the DN active control group. Concealed allocation was 
conducted using a random-number generator (Research Randomizer Vr.4.0). 
Individual and sequentially numbered cards with the random assignment were folded 
in sealed opaque envelopes. One external researcher selected the envelope and 
proceeded with appropriate allocation. Then, the participants’ allocation was revealed 
after baseline data collection. Participants, examiner and rater were blinded to the 
allocation group.

Interventions
All interventions were performed by an experienced assessor (more than 10 years of 
experience) in invasive physiotherapy procedures and MTrP management.

As MTrP diagnosis is most commonly conducted by manual palpation, active 
MTrPs were located following the instructions provided by Fernández-de-las-Peñas 
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and Dommerholt[20]. Palpation evaluation can be used for the clinical diagnosis of 
MTrPs in this specific location as it shows acceptable reliability if experienced 
examiners are involved[21]. All participants were placed in the supine position with 
their knee passively flexed at 30º. The single intervention was conducted on the most 
painful active MTrP of the rectus femoris ipsilateral to the affected area. This MTrP 
was marked with a grid of 2 perpendicular lines and considered to be the one that 
elicited the highest recognized pain sensation under the same palpation pressure[22] 
(Figure 1A).

The same procedure was conducted for all groups as follows: After cleaning the 
skin with chlorhexidine (Lainco® 2%), a DN 0.30 × 40 needle (Agupunt, Barcelona, 
Spain) was inserted using an in-plane approach with a 70-80º angle to the skin surface 
until it produced the first local twitch response following a multiple rapid insertion 
technique, pain response and recognized MTrP referred pain pattern. The needle was 
statically placed in this location for 30 s in all groups. After placement, the needle was 
connected to a modified electrosurgical scalpel from an EPTE device (Ionclinics, 
Valencia, Spain) which acted as a cathode while a surface anode was placed 10 cm 
proximal to the location of the MTrP (Figure 1B).

For both HIPE and LIPE groups, a Q = 0.0066 coulombs (C) current was set. From 
the total 30 s intervention time in all groups: (1) The HIPE group received a galvanic 
current of 660 mA × 10 s and 20 s with no current; (2) The LIPE group received 220 mA 
× 30 s; and (3) The DN group, although the needle was connected to the device, 
received no current during the 30 s. Finally, hemostasis using a cotton swab was 
performed for 1 min in order to avoid post-needling soreness[20].

To ensure participants, examiner and rater blindness, one external assessor set the 
device settings according with the group allocation (660 mA × 10 s; 220 mA× 30 s; or 
none) and the same sounds were emitted for all groups at the start of the intervention 
and after 30 s.

Outcomes
Outcomes were evaluated before, immediately after and 7 d after the single 
intervention by an assessor blinded to the subject allocation group.

The primary outcome measure was the PPT of the most active MTrP. In addition, 
patellar tendon PPT, SAKPP and perceived pain during the intervention were the 
secondary outcomes.

As patients with PFPS showed lower PPTs compared with controls, PPTs were 
considered a pain sensitivity indicator[24]. First, PPTs were assessed using the 
analogic algometer Fischer FPN100. Two locations were unilaterally examined by the 
same rater: (1) MTrP; and (2) Patellar tendon (at the midpoint between the lower edge 
of the patella and tibial tuberosity)[25]. We performed three evaluations at each point 
with a 30 s rest, increasing the pressure at a rate of 1 kg/s and the average (kg/cm2) 
was recorded for analysis. Prior to the evaluation, the patients received standardized 
instructions to signal the first change from pressure to pain[26].

Second, SAKPP was assessed as an indicator of subjective pain perception using a 
Visual Analogue Scale (VAS). Patients were asked to identify their level of pain in a 
100 mm VAS, where 0 was “no pain” and 100 was the worst imaginable pain[27]. The 
mean of 3 scores was calculated: The maximum pain perceived during the last 7 d, the 
minimum pain perceived during the last 7 d, and the current pain[28].

Finally, to assess the tolerability of all the techniques, the pain perceived during 
intervention was assessed using a VAS. Participants were asked to identify their mean 
level of pain during the 30 s interventions in a 100 mm VAS.

Treatment side effects
Participants were asked to report any adverse events experienced during or after the 
interventions (up to the 1-mo duration of this study). Adverse events were defined as 
sequelae of short-medium term symptoms perceived as unacceptable to the patient 
and required further treatment using a self-reported document provided to the 
participants and informed to an external clinician during the study[29].

Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics Version 22 (IBM 
Corporation, Armonk, NY, United States), with a significance level of P < 0.05. After 
verifying the normal distribution of the data, descriptive statistics were used to 
summarize the sociodemographic and clinical variables. Normal-distributed data were 
described by means, SD, and 95%CI.



Valera-Calero JA et al. Percutaneous electrolysis in myofascial trigger points

WJO https://www.wjgnet.com 785 October 18, 2021 Volume 12 Issue 10

Figure 1 Rectus femoris myofascial trigger point location and needle insertion for all three procedures. A: Rectus femoris myofascial trigger 
point location; B: Needle insertion for all three procedures.

Comparability of groups at baseline was assessed using a one-way analysis of 
variance (ANOVA) test (Bonferroni post-hoc correction). To assess the effects of the 
three types of treatment on the primary and secondary outcomes, between-group 
differences in response to the interventions (HIPE, LIPE or DN) were analyzed using 
AN(C)OVA repeated measurement (groups vs time). For SAKPP, within-groups 
differences were assessed with the Student t-test. The effect size was estimated using 
η2 when significant. An effect size of 0.01 was considered small, 0.06 medium and 0.14 
large. P values were assumed to be significant only at < 0.017 (Bonferroni correction: 
0.05/3) level[30].

RESULTS
Twenty-one patients with PFPS were initially recruited in September 2020. Six 
participants were excluded for the following reasons: Fear of needles (n = 2), bilateral 
PFPS (n = 3), and refused to participate for personal reasons (n = 1). Fifteen patients 
with unilateral PFPS were finally included and randomized into one of three groups: 
HIPE (n = 5), LIPE (n = 5) or DN (n = 5). None of the participants in these groups were 
lost at 7 d follow-up (Figure 2). None of the participants reported adverse effects 
during the study. Both groups were comparable at baseline as no significant 
differences in the variables assessed were observed (Table 1).

The mixed-model ANCOVA revealed no significant group * time interactions for 
the outcomes assessed in this study (all, P > 0.05). Post hoc analyses revealed 
significant improvements in both MTrP (HIPE and LIPE, P < 0.001) and patellar 
tendon (all groups, P < 0.001) PPTs and SAKPP (HIPE and LIPE, P < 0.05) at follow-up 
with no significant within-group immediate changes (P > 0.05) (Tables 2 and 3).

Finally, participants who received the HIPE and LIPE interventions experienced less 
pain during the intervention compared with the DN group (HIPE vs DN and LIPE vs 
DN, P < 0.01) (Table 4).

DISCUSSION
Findings
The aim of this study was to assess the efficacy of two different protocols of 
percutaneous electrolysis at different intensities and time periods (applying the same 
electric charge in both groups) compared with DN to improve subjective pain and 
PPTs at the 7 d follow-up after a single intervention. In addition, perceived pain 
during the intervention was also assessed. Local twitch responses were found in all the 
participants during the interventions.

Several findings in this pilot clinical trial were observed. First, the results showed 
similar improvements in patellar tendon PPTs in all the groups at the 7 d follow up. 
Second, significant changes in the active rectus femoris MTrP after both electrolysis 
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Table 1 Sociodemographic features of the total sample and by group

Subjects, n (%) Age (yr) Height (m) Weight (kg) BMI (kg/m2)

Sample 15 (100) 25.6 ± 1.9 1.73 ± 0.05 73.5 ± 6.7 24.4 ± 1.6

Intervention group

HIPE 5 (33.3) 25.4 ± 2.3 1.71 ± 0.05 72.0 ± 7.7 24.5 ± 2.1

LIPE 5 (33.3) 26.8 ± 1.4 1.75 ± 0.04 75.9 ± 6.1 24.6 ± 1.4

DN 5 (33.3) 24.8 ± 1.8 1.73 ± 0.05 72.8 ± 6.9 24.1 ± 1.6

HIPE: High-intensity percutaneous electrolysis; LIPE: Low-intensity percutaneous electrolysis; DN: Dry needling; BMI: Body mass index.

Table 2 Pain pressure thresholds

Variable Time of 
measurement HIPE LIPE DN Mean difference ANOVA 

interaction effect
Bonferroni post-hoc 
analysis

Pre 4.20 ± 
0.57

4.10 ± 
0.54

3.80 ± 
0.67

0.10 (-0.95-1.15)1; 0.40 (-0.65-
1.45)2; 0.30 (-0.75-1.35)1

F = 0.65; P = 0.562; 
η2 = 0.09

Group NA

Post 3.50 ± 
0.61

3.60 ± 
0.41

4.00 ± 
0.35

0.10 (-0.73-0.93)1; 0.50 (-0.33-
1.33)2; 0.40 (-0.43-1.23)3

F = 1.55; P = 0.251; 
η2 = 0.20

Time

MTrP (kg/cm2)

7 d follow-up 5.00 ± 
1.00

5.00 ± 
0.50

4.50 ± 
0.70

0.00 (-1.34-1.34)1; 0.50 (-0.84-
1.84)2; 0.50 (-0.84-1.84)3

F = 0.71; P = 0.509; 
η2 = 0.10

Follow up > post, 
P < 0.0014,5

Pre 5.20 ± 
0.83

5.30 ± 
0.27

5.20 ± 
0.83

0.10 (-1.13-1.33)1; 0.00 (-1.23-
1.23)2; 0.10 (-1.13-1.33)3

F = 0.03; P = 0.967; 
η2 = 0.00

Group NA

Post 4.90 ± 
1.19

4.70 ± 
0.44

5.00 ± 
0.79

0.20 (-1.32-1.72)1; 0.10 (-1.42-
1.62)2; 0.30 (-1.22-1.82)3

F = 0.15; P = 0.858; 
η2 = 0.02

Time Follow-up > pre, P 
< 0.0014,5,6

Patellar tendon 
(kg/cm2)

7 d follow-up 9.10 ± 
0.82

9.50 ± 
0.35

9.00 ± 
0.86

0.40 (-1.66-0.86)1; 0.10 (-1.16-
1.36)2; 0.50 (-0.76-1.76)3

F = 0.67; P = 0.526; η
2 = 0.10

Follow-up > post, 
P < 0.0014,5,6

1High-intensity percutaneous electrolysis (HIPE) vs low-intensity percutaneous electrolysis (LIPE).
2HIPE vs dry needling (DN).
3LIPE vs DN.
4Simple within-group effects in the HIPE group.
5Simple within-group effects in the LIPE group.
6Simple within-group effects in the DN group.
MTrP: Myofascial trigger point; HIPE: High-intensity percutaneous electrolysis; LIPE: Low-intensity percutaneous electrolysis; DN: Dry needling; 
ANOVA: One-way analysis of variance.

procedures were observed at the 7 d follow-up, but no changes were found after DN. 
Third, both electrolysis procedures showed lower SAKPP compared with DN. Fourth, 
surprisingly, both percutaneous electrolysis procedures were perceived as “less 
painful” when compared with DN. Finally, several statistical estimates for sample size 
calculation are reported to develop further research with proper statistical power.

Current evidence recommends a multidisciplinary therapeutic approach, including 
MTrP management to reduce exacerbated mechano-sensitivity and SAKPP and 
improve knee function[6,18]. Although several invasive procedures have been 
compared (e.g., DN with MTrP infiltration (with no significant differences between the 
methods)[31], and superficial vs deep DN)[32], the available evidence comparing DN 
with percutaneous electrolysis applied to MTrPs is limited. To our knowledge, only 
one clinical trial has compared percutaneous electrolysis and DN in patients with 
temporomandibular disorders[17]. Although this study reported greater 
improvements in pain reduction and function recovery, these results cannot be 
extrapolated (as just one pathology was assessed). In addition, as only one electrolysis 
procedure was assessed, studies evaluating the same electric charges with different 
application intensity and time or different electric charges are needed.

Available evidence on the efficacy of DN in pain and disability management of 
patients with PFPS is also limited with controversial findings[33,34]. The use of DN on 
quadriceps active MTrPs showed no additional pain or function improvements 
compared with placebo in a single session[6]. However, although VAS and PFPS 
disability questionnaires were assessed, it should be noted that PPTs were not 
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Table 3 Subjective anterior knee pain perception

Variable Time of 
measurement HIPE LIPE DN Mean difference ANOVA 

interaction effect
Group: Bonferroni post-hoc 
analysis; time: Student t-test

Pre 4.2 ± 
0.5

4.5 ± 
1.0

4.6 ± 
1.3

0.3 (-1.6-2.1)1; 0.3 (-1.5-2.2)2; 
0.1 (-1.8-1.9)3

F = 0.14; P = 0.868; 
η2 = 0.02

Group NAVAS (0-
10)

7 d follow-up 2.9 ± 
0.9

2.8 ± 
0.7

3.2 ± 
0.9

0.1 (-1.5-1.6)1; 0.3 (-1.2-1.9)2; 
0.4 (-1.1-1.9)3

F = 0.30; P = 0.741; 
η2 = 0.05

Time Follow up < pre, P < 
0.054,5

1High-intensity percutaneous electrolysis (HIPE) vs low-intensity percutaneous electrolysis (LIPE).
2HIPE vs dry needling (DN).
3LIPE vs DN.
4Simple within-group effects in the HIPE group.
5Simple within-group effects in the LIPE group.
VAS: Visual Analogue Scale; HIPE: High-intensity percutaneous electrolysis; LIPE: Low-intensity percutaneous electrolysis; DN: Dry needling; ANOVA: 
One-way analysis of variance.

Table 4 Pain induced during the interventions

Variable HIPE (n = 
5)

LIPE (n = 
5)

DN (n = 
5) Mean difference (95%CI) ANOVA interaction 

effect
Bonferroni post-hoc 
analysis

VAS (0-10) 3.2 ± 0.8 3.2 ± 0.8 5.0 ± 1.1 0.0 (-1.4-1.4)11.80 ± (-3.2--0.4)21.80 (-
3.2--0.4)3

F = 8.52; P = 0.005; η2 = 
0.587

Group P < 0.014,5

1High-intensity percutaneous electrolysis (HIPE) vs low-intensity percutaneous electrolysis (LIPE).
2HIPE vs dry needling (DN).
3LIPE vs DN.
4Simple between-group effects between HIPE and DN.
5Simple between-group effects between LIPE and DN.
VAS: Visual Analogue Scale; HIPE: High-intensity percutaneous electrolysis; LIPE: Low-intensity percutaneous electrolysis; DN: Dry needling; ANOVA: 
One-way analysis of variance.

included and samples sizes are not representative.
One possible explanation for our results regarding better PPT improvements in the 

active MTrP following HIPE or LIPE compared with DN could be the combined effect 
of both mechanic (twitch response) and electric stimuli (electrolysis)[14-16]. Further 
research is needed to analyze the association between clinical improvements and pH-
induced changes.

Limitations
This study had several limitations. First, this was a pilot study. Therefore, our results 
should be carefully interpreted as the sample size was small and type II errors should 
be considered. This pilot study was designed to calculate the effect size and provide 
the sample size needed to obtain appropriate power. Considering the PPT as our 
primary outcome and setting the effect size f to 0.314 (since eta-squared = 0.09); a = 
0.05; 3 groups; and 3 measurements and correlation among repeated measures = 0.3 in 
the G*Power software V.3.1 for Mac OS, a sample size of 39 subjects is needed to 
obtain > 0.90 of power. Second, we applied a single session with a limited follow-up. 
Further research with a larger sample size, number of interventions and longer follow-
up is needed to confirm the clinical significance of these study findings.

CONCLUSION
This triple-blinded, randomized clinical pilot study suggests that a single session of 
high- or low-intensity percutaneous electrolysis, if the same electric charge is applied, 
induced similar SAKPP and PPTs improvements in patients with unilateral PFPS. 
Furthermore, both HIPE and LIPE interventions seemed to be better tolerated 
compared with DN. However, no differences between-groups were found for SAKPP 
or PPTs. Further research including larger sample sizes, number of sessions and longer 
follow-up are needed to confirm these findings.
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Figure 2 Participants Consolidated Standards of Reporting Trials 2010 flow diagram.

ARTICLE HIGHLIGHTS
Research background
Dry needling (DN) has shown no additional improvements compared with placebo in 
patients with patellofemoral pain syndrome (PFPS).

Research motivation
Previous evidence suggested that percutaneous electrolysis could be more effective 
than DN for managing musculoskeletal pain. However, evidence is limited regarding 
its efficacy in different conditions and locations.

Research objectives
The efficacy of percutaneous electrolysis compared with DN in patients with unilateral 
PFPS for improving pain pressure thresholds, subjective anterior knee pain perception 
and perceived pain during interventions were assessed.

Research methods
A parallel-group, controlled, triple-blinded, randomized pilot clinical trial was 
conducted to compare high-intensity percutaneous electrolysis, low-intensity 
percutaneous electrolysis and DN applied to the most active myofascial trigger points 
located in the rectus femoris.

Research results
Both percutaneous electrolysis modalities induced similar short-term effects on pain 
perception and sensitivity in patients with unilateral patellofemoral pain syndrome. 
However, percutaneous electrolysis was better tolerated compared with DN.

Research conclusions
Percutaneous electrolysis could be a potential less-painful alternative to DN for 
reducing pain in patients with unilateral PFPS.
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Research perspectives
Further research including larger sample sizes, number of sessions and longer follow-
up is needed.
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