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Abstract.

BACKGROUND: Physical therapists use dry needling (DN) and percutaneous needle electrolysis (PNE) to treat musculoskeletal
pain.

OBJECTIVE: To investigate the efficacy of PNE vs. DN in the treatment of musculoskeletal pain.

METHODS: This systematic review and meta-analysis was based on the PICOS and PRISMA protocols. The PubMed, PEDro,
Cochrane Library, SCOPUS, and Google Scholar databases were searched for randomized clinical trials measuring pain intensity
in various musculoskeletal syndromes using PNE and DN. Pain outcome measures were the visual analog scale or the numerical
pain rating scale. Risk of bias was assessed according to Cochrane guidelines and quality of evidence was reported using the
Grading of Recommendations Assessment, Development, and Evaluation approach (GRADE). Standardized mean differences
were calculated using random effects models.

RESULTS: The meta-analysis of the six included studies showed that the overall effect of PNE vs. DN for pain reduction was
statistically significant at —0.74 (95% confidence interval [CI], —1.34 to —0.14) with a large effect size (SMD = —0.41; 95%
CI, —0.75 to —0.08), albeit clinically insignificant in the short, medium, and long term. Risk of bias was generally low with
moderate-level evidence due to the overall effect heterogeneity and the small sample.

CONCLUSIONS: Moderate-quality evidence showed that PNE is slightly more effective than DN in reducing pain. However,
because the results were not clinically significant, we cannot recommend the application of PNE over DN. More high-quality
studies comparing the two interventions are needed to draw firm conclusions.

Keywords: Physical therapy modalities, pain management, rehabilitation, meta-analysis as topic

1. Introduction

Musculoskeletal pain is defined as pain affecting the
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are low back pain, neck pain, pain related to fractures,
other injuries, osteoarthritis, as well as pain caused by
rheumatoid arthritis [2]. Musculoskeletal pain reduces
the functional ability of the patient with direct health
implications. Musculoskeletal conditions with relevant
pain have been shown to increase the risk of chronic
disease in the general population [3]. In addition, mus-
culoskeletal pain has also been blamed for economic,
social, and psychological impacts [4—6].

According to the World Health Organization, 20—
33% of the global population (1.75 billion people) has
some form of chronic musculoskeletal pain [7,8]. A
recent study found the prevalence of musculoskeletal
pain in Europe to be 35.7% (28.8-31.7), while it was
higher in women 41.3% (40.2-42.4) than in men 29.1%
(28.0-30.3) [7].

Modern guidelines for the treatment of muscu-
loskeletal pain state that the patient-centered approach
as well as the early diagnosis and treatment of the cause
of the pain are the commonly accepted treatment strate-
gies [9]. Physical therapy through the application of
therapeutic exercise, manual techniques and physical
means has been shown to significantly contribute to the
reduction of musculoskeletal pain [1,10].

A technique that has been found to significantly re-
duce musculoskeletal pain is dry needling (DN), which
is used to treat myofascial trigger points (TrPs). TrPs
have been described by Travell and Simons as painful
palpable nodules located along a tense muscle fascicle
on the belly of the muscle [11,12]. Their presence has
been found to be greatly increased in patients with mus-
culoskeletal pain [13]. Acute overload, chronic repeti-
tive strain, poor static posture, unsuitable sleeping posi-
tions, and poor ergonomic practices can all lead to TrPs.
These TrPs can interfere with muscle function and pro-
duce severe discomfort [14]. The use of DN to treat my-
ofascial pain has been known for decades. Travell and
Simons suggested local infusion of anesthetic blocks
into the TrPs as the treatment of choice [12], while Le-
wit investigated anesthetic injections in patients with
chronic pain and argued that it was the needle and not
the infiltration of the anesthetic that caused pain re-
lief [14,15]. Although DN is widely used in physical
therapy, its potential physiological effects are not yet
fully understood [16]. According to some researchers,
needle insertion into muscle tissue can disrupt dysfunc-
tional motor end plates, increase sarcomere length, and
reduce the overlap between actin and myosin filaments
while reducing both peripheral and central sensitization,
removing the source of peripheral pain, modulating ac-
tivity of the dorsal horn of the spinal cord, and activat-

ing central inhibitory pain pathways [17]. Regarding
the biochemical effect, DN was found to have an ef-
fect on the pain of an MTrP by reducing the concentra-
tion of substance P and calcitonin gene-related peptide
surrounding a myofascial point as well as increasing
beta-endorphin in the local tissue [18].

Another technique that has also shown positive ef-
fects in the treatment of musculoskeletal pain is percu-
taneous needle electrolysis (PNE). It consists of the ap-
plication of a continuous galvanic current which reaches
the target organ through a needle that acts as a neg-
ative electrode and which is guided with the help of
ultrasound to the target tissue [19,20]. The aim of this
technique is to cause a non-thermal electrolytic reac-
tion in the affected tissue through the cathodic flow of
the needle in order to create a controlled inflammatory
response [21], which will result in the facilitation of
phagocytosis and tissue regeneration [19]. The tech-
nique combines the mechanical effect resulting from the
insertion of the needle and the biological effect resulting
from the application of the galvanic current [22].

Several researchers have attempted to compare the
effectiveness of DN and PNE in the treatment of mus-
culoskeletal pain [20,22-25]. However, to date there is
no systematic review and meta-analysis that has com-
pared the two techniques. The use of PNE continues to
increase around the world without being proven to offer
anything more than DN, which is already popular in the
physical therapy field. The aim of this systematic review
and meta-analysis is to ascertain whether PNE is more
effective than DN in the treatment of musculoskeletal
pain.

2. Method
2.1. Design

This systematic review and meta-analysis was per-
formed in accordance with PRISMA guidelines [26].
The international Prospective Register of System-
atic Reviews (PROSPERO) registration number was
CRD42022360228.

2.2. Search strategy

A Technical Expert Panel was established by 10
physical therapists to conduct the search and evaluation
of the articles in the databases. A systematic, non-time-
limited literature search was performed in the online
databases PubMed, PEDro, Cochrane Library, SCO-
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Table 1
Article search strategy

Database Search strategy

PubMed (ultrasound-guided percutaneous electrol-
Scopus ysis OR percutaneous needle electrolysis
PEDro OR intratissue percutaneous electrolysis

Cochrane library
Google scholar

OR ultrasound-guided galvanic electroly-
sis) AND (dry needling OR dry needle)
AND (Pain OR Myofascial Pain)

PUS, and Google Scholar, and completed on August 1%
2022. The search strategy used is depicted in Table 1.
Search results were filtered to include only random-
ized controlled trials in humans in English. Due to the
paucity of results, bibliographies from existing studies
were manually screened to identify relevant studies not
found through the initial online search.

2.3. Eligibility criteria and study selection

The selection criteria for this systematic review were
developed according to the PICOS framework [27]. The
following elements were used to develop a search strat-
egy in the archive databases and in subsequent stages
of article selection:

Population: The sample in this study was adults with
musculoskeletal pain. Patients were over 18 years of
age without any other age restriction. Studies involving
patients with neuropathic pain or pain associated with
neurological disorders were excluded. Patients with
underlying systemic medical conditions causing pain
such as infections, neoplasms, and metastases were also
excluded from our systematic review.

Intervention: The intervention consisted of any form
of PNE (i.e., application of direct galvanic current with
aneedle). Other interventions using pulsed current, such
as percutaneous electrical nerve stimulation (PENS) or
electroacupuncture were not included. For this purpose,
the search strategy included the following keywords:
ultrasound-guided percutaneous electrolysis OR percu-
taneous needle electrolysis OR intratissue percutaneous
electrolysis OR ultrasound-guided galvanic electrolysis.

Control: Acceptable comparison groups were only
those treated with DN. Therefore, studies that had at
least one control group consisting of DN were included.
Other interventions using acupuncture based on Chinese
techniques were excluded from this study. Therefore,
the search strategy included the following keywords:
dry needling OR dry needle.

Outcomes: The main and only primary outcome mea-
sure that had to be present in the included studies was
pain. Pain intensity had to be measured with the Visual

Analog Scale (VAS) or the Numerical Pain Rating Scale
(NPRS). Studies that assessed other outcome measures
were included in this review if they investigated pain
as a secondary outcome. Studies with a VAS or NPRS
score lower than three were excluded.

2.4. Screening, selection process, and data extraction

The studies found from the various databases were
examined independently by two reviewers. First, dupli-
cate studies were eliminated using the Mendeley pro-
gram. Then, the title and abstract of the studies were
reviewed for suitability. If they met the criteria, the full
text of the study was retrieved and read, for further con-
sideration of its suitability. The authors had to reach
a common ground about the studies to be included in
this review. In case of disagreement between the two
reviewers, a third party was involved in the process to
reach a consensus and decide whether the study should
be included. Data from each trial were extracted by two
authors into a standardized form and included study
design, sample size, population diagnosis, interventions
used, outcomes, and follow-up periods. Finally, the two
reviewers had to reach consensus on each item on the
data extraction form. If there was a disagreement, a
third reviewer made the final decision.

2.5. Assessment of methodological quality and risk

Using the Cochrane Risk of Bias (RoB) assessment
tool [28] and the PEDro scale [29] two members of the
research team assessed the methodological quality and
risk of bias in the included studies.

The RoB tool includes the following types of bias:
selection bias (randomization sequence generation, al-
location concealment), performance bias (blinding par-
ticipants, 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) [30].
Each point was classified as low risk, high risk, or un-
clear according to the Cochrane Collaboration tool [30].
For an article to be assessed as low risk, all key areas
had to be assessed as being at low risk of bias. If all
key areas were unclear risk of bias, the article was iden-
tified as unclear risk. If one or more key areas within
the study were assessed as high risk, the included study
was then determined to have a high risk.

The PEDro scale is based on 11 criteria, 10 of which
contribute to the overall score of a study. The first cri-
terion was not included in the score as it relates to
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Fig. 1. Identification of studies via databases.

the external validity of the study. The scale assesses
the following criteria: random allocation, concealed
allocation, between-group similarity at baseline, par-
ticipant blinding, therapist blinding, assessor blind-
ing, dropout rate, intention-to-treat statistical analysis,
between-group statistical comparison, and point mea-
sures and variability data [29]. According to Cashin and
McAuley [31], if the authors of a study report an overall
PEDro scale score of 0-3 this is considered “poor”, 4-5
“moderate”, 6-8 “good”, and 9-10 “excellent”. How-
ever, it is important to note that these classifications
have not been validated. Furthermore, for trials evaluat-
ing complex interventions (e.g., exercise) an overall PE-
Dro score of 8/10 is optimal [31]. In this meta-analysis

a score of 6/10 and above on the PEDro scale was con-
sidered a high-quality study, based on corresponding
systematic reviews and meta-analyses [19].

2.6. Quality of evidence

To evaluate the quality of evidence of PNE as well
as DN, the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) approach was
used [32]. This assessment was performed indepen-
dently by two authors, with a third author available if
the two authors could not reach agreement. The qual-
ity of evidence was classified as high, moderate, low,
or very low based on the presence of study limitations
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Table 2
Characteristics of participants of the included studies
Study Musculoskeletal disorder Groups  Participants ~ Gender, Men (Women) Age Pain duration
Rodriguez-Huguet et al. [22]  Supraspinatus tendinopathy G 18 16 (2) 39.17  Not reported
Go 18 11(7) 40.92
Rodriguez-Huguet et al. [41]  Lateral epicondylalgia G 16 10 (6) 40.44  Not reported
Go 16 10 (6) 35.88
Lopez-Martos et al. [40] Temporomandibular pain G 20 5(15) 37.83 > 6 months
Go 20 2(18) 36.65
Gs 20 1(19) 42.22
Al-Boloushi et al. [23] Plantar pain Gy 51 15 48.1 > 1 month
Go 51 15 49.5
Lépez-Royo et al. [25] Patellar tendinopathy G 16 14 (2) 31.3 > 3 month
Go 16 13 (3) 33.2
Gs 16 15 (1) 32.7
Valera-Calero et al. [42] Patellar pain syndrome Gy 5 Not reported 254 Not reported
Go 5 26.8
Gs 5 24.8
(downgraded if the bias according to RoB was large), studies that use different outcome measures to evaluate
indirectness of evidence, inconsistency of results or the same outcome [35]. A random-effects model was
unexplained heterogeneity (downgraded if significant used to determine the overall SMD. An SMD effect size
heterogeneity was presented by visual inspection of I? of 0.8 or greater was considered large, between 0.5 and
> 40% and 12 > 60%), imprecision of results (down- 0.8 was considered moderate, and between 0.2 and 0.5
graded if there were fewer than 200 participants) and was considered small [36]. In general, P values less than
the high probability of publication bias [32]. The qual- 0.05 were considered statistically significant. Overall
ity of evidence was classified as high when all elements effect sizes and effect size calculations on pain intensity
were negative, moderate when one element involved a were obtained at short-term (0-1 months), medium-

term (1-3 months), and long-term (3—6 months).

Heterogeneity of studies was assessed using the
Istatistics model. The Cochrane Group has established
the following interpretation of the 12 model: 0-40%
heterogeneity may not be relevant or significant, 30—
60% indicates moderate heterogeneity, 50-90% indi-
cates substantial heterogeneity, and 75-100% indicates
significant heterogeneity [37].

serious risk, low when two to three elements showed
a serious risk or one to two elements showed a very
serious risk, or very low when all elements showed a
serious risk or more than two elements showed a very
serious risk.

2.7. Data synthesis and analysis

Our meta-analysis was performed using the statistical

software Review Manager (RevMan version 5.4). Data 3. Results
synthesis was categorized by group according to the
follow-up period as short-term (less than one month), 3.1. Search results

intermediate (1-3 months), and long-term (3—6 months)
if data were available. The data extracted from each
study were the sample size, mean value, and standard
deviation of each variable. It is important to note that
when the study contained only standard bias, these were
converted to standard deviations. Furthermore, if the
study reported a non-parametric value (median and in-
terquartile range), it was converted to mean value and
standard deviation [33,34].

Regarding the pain intensity outcome, using either
the NPRS scale or the VAS, we calculated the mean dif-
ference between the PNE group and the DN group and 3.2. Characteristics of studies
converted it to a Standardized Mean Difference (SMD)
as it has been reported that this allows the evaluation of Participant characteristics of the included studies are

A total of 579 articles related to our topic were found
from the search. After removing duplicates, 515 studies
remained. After a thorough review of their titles and
abstracts, nine related articles remained for further full-
text screening. The full article was then accessed and
three articles were removed as two of them had no final
results [24,38] and one [39] used pulsed current. Finally,
a total of six articles were included in the qualitative and
quantitative analysis of our review [22,23,25,40-42].
The study selection flow diagram is shown in Fig. 1.
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Table 3
Parameters of the treatments in the included clinical studies
Study Group Numb.er of Approach Diameter (mm) Depth (mm) Duration ACurre‘n t Device
insertions intensity
Rodriguez-  Gi 1 The needle acting as a cath- Notreported Not reported 1.2 minutes 350 A EPTE®,
Huguet ode targeted the supraspinatus 1 week/ Tonclinics,
et al. [22] tendon. The technique was ac- 4 weeks Valencia, Spain
cording to US guidelines.
G2 Notreported Needling on the upper part Notreported Notreported 1 week/ - -
of the trapezius towards the 4 weeks
supraspinatus.
Rodriguez-  Gi 1 The needle acting as a cathode 0.3mm Not reported 1.2 minutes 350 A EPTE®,
Huguet was aimed at the tendon end- 1 week/ Tonclinics,
etal. [41] ing in the lateral condyle. The 4 weeks Valencia, Spain
technique was according to US
guidelines.
Go 1 Needling on the supinator and  Not reported Not reported 1 week/ - -
the extensor carpi brevis. 4 weeks
Lopez- G 1 The needle acting as a cathode 0.25 40 3 seconds 2mA EPI Advanced
Martos was aimed at the lateral ptery- 1 week/ Medicine®,
et al. [40] goid. 3 weeks Barcelona, Spain
Go 1 Needling on a trigger point on 0.25 40 1 week/ - -
the lateral pterygoid. 3 weeks
Gs 1 Pressing of the needle into the 0.25 40 1 week/ - -
skin with a protective plastic. 3 weeks
Al- G1  Notreported The needle acted as a cathode 0.25-0.30 mm  30-75 mm 5 seconds 1.5 mA Physio Invasiva,
Boloushi on all trigger points found. 4 sessions/ PRIM Fisiothera-
et al. [23] 1 week pia, Spain
G2  Notreported Needling on all trigger points. 0.25-0.30 mm  30-75 mm 5 seconds - -
The technique was as de- 4 sessions/
scribed by Hong. 1 week
Lépez- G1  Notreported The technique was according Not reported  Not reported 3 seconds 3mA Not reported
Royo to US guidelines. 4 sessions
et al. [25] every 2 weeks
for 8 weeks
Go 3 Not reported. The technique 0.25mm 25mm 3 seconds - -
was according to US guide- 4 sessions
lines. every 2 weeks
for 8 weeks
Gs 1 The needle was placed in a 0.25mm 25mm 3 seconds - -
specific sheath and manipu- 4 sessions
lated during the intervention to every 2 weeks
simulate a real treatment. for 8 weeks
Valera- G1 1 The needle acting as a cathode 0.30 mm 40 mm 10 seconds 660 mA EPTE®,
Calero was aimed at a trigger point of 1 session Tonclinics, Valen-
et al. [42] the rectus femoris. cia, Spain
Go 1 The needle acting as a cathode 0.30 mm 40 mm 10 seconds 220 mA EPTE®,
was aimed at a trigger point of 1 session Tonclinics, Valen-
the rectus femoris. cia, Spain
G3 1 Needling on trigger point of 0.30 mm 40mm 30 seconds - -
the rectus femoris. 1 session

listed in Table 2. The included studies were highly het-
erogeneous as they studied different musculoskeletal
conditions. These were tendinopathy of the supraspina-
tus [43], lateral epicondylalgia [41] temporomandibular
pain [40], plantar pain [23], patellar tendinopathy [25],
and patellar pain syndrome [42].

All included clinical studies applied PNE and DN,
but there was great heterogeneity between them, in
terms of number or frequency of sessions, session time,

PNE current intensity, needle depth and diameter, and
combined therapy. A summary of the PNE and DN pa-
rameters applied in each study can be found in Table 3.
Table 4 summarizes the main results of each of the
included studies.

3.3. Methodological quality

Methodological quality scores ranged from five to 10
(mean = 6.83, SD = 1.57) with a maximum score of
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Table 4
The effects of percutaneous needle electrolysis and dry needling on musculoskeletal pain

Study Intervention Sample Intervention duration, Comparison and  Between-groups differences (95% CI)
sessions or weeks outcome measure  [SMD]
Rodriguez- Gq: PNE and EA 18 1 x 4 weeks Pain (NPRS) 4 weeks: —1.38 (—2.75, —0.01) [—0.64]
Huguet Go: DN and EA 18 1 x 4 weeks G1 vs Go 8 weeks: —0.96 (—2.32, —0.91) [—0.45]
et al. [22] 52 weeks: —1.65 (—2.7, —0.58) [—0.98]
Rodriguez- Gi: PNE and EA 16 1 x 4 weeks Pain (NPRS) 4 weeks: —1.81 (—2.86, —0.76) [—1.16]
Huguet Go: DN and EA 16 1 x 4 weeks G1 vs Go 12 weeks: —2.18 (—3.34, —1.02) [—1.27]
etal. [41]
Lopez- G1: PNE 20 1 x 3 weeks Pain at rest (VAS) Gj vs G2
Martos Ga: DN 20 1 x 3 weeks G1 vs Go 4 weeks: —2.53 (—3.95. —1.11) [—1.08]
et al. [40] G3: Placebo DN 20 1 x 3 weeks Go vs G 6 weeks: —1.57 (—2.83. —0.31) [—0.76]
G1 vs G3 10 weeks: —1.39 (—2.26. —0.52) [-0.91]
Al- G1: PNE and 51 4 x 1 week Mean pain (VAS) 4 weeks: 1.20 (0.13. 2.27) [0.43]
Boloushi stretching 51 4 x 1 week G1 vs Go 8 weeks: 0.50 (—0.57. 1.57) [0.18]
et al. [23] Go2: DN and 12 weeks: 0.40 (—0.67. 1.47) [0.14]
stretching 26 weeks: 0.00 (—1.07. 1.07) [0.00]
52 weeks: —0.60 (—1.73.0.53) [—0.21]
Lépez- G1: PNE and EA 16 4 every 2 weeks Mean pain (VAS) Gj vs G2
Royo G2: DN and EA 16 x 8 weeks G1 vs Go 10 weeks: 0.30 (—1.39. 1.99) [0.12]
et al. [25] G3: Placebo DN and EA 16 4 every 2 weeks 22 weeks: 1.10 (—0.24. 2.44) [0.56]
x 8 weeks
4 every 2 weeks
x 8 weeks
Valera- G1: PNE (high intensity) 1 x 1 week Pain (VAS) G1 vs G3
Calero Ga: PNE (low intensity) 5 G1 vs Go 1 week: —0.40 (—1.40. 0.60)[—0.45]
et al. [42] G3: DN Ga2 vs G3 G2 vs G3
5 G1 vs G3 1 week: —0.30 (—1.42. 0.82)[—0.30]
5
Table 5
Methodological rating of randomized clinical trials using the PEDro baseline scale
Study 1 2 3 4 5 6 7 8 9 10 Total
Al-Boloushi et al. [23] Y Y Y N N Y N Y Y Y 7
Lépez-Royo et al. [25] Y N N N N Y Y Y N Y 5
Lopez-Martos et al. [40] Y N Y N N N Y Y Y Y 6
Rodriguez-Huguetetal.[41]] Y Y Y N N Y Y N Y Y 7
Rodriguez-Huguetetal.[22] Y Y N N N N Y Y Y Y 6
Valera-Calero et al. [42] Y Y Y Y Y Y Y Y Y Y 10

Y = yes, N = no. 1 = random allocation, 2 = hide allocation, 3 = basic comparability, 4
= subject blinding, 5 = therapist blinding, 6 = assessor blinding, 7 = results for 85%, 8 =
intention-to-treat analysis, 9 = comparisons between groups, 10 = mean and variability data.

10 points. Of the included studies, only five (83.33%)
were considered of high methodological quality (= 6
points). The most common bias recorded were blind-
ing of patients and blinding of therapists. Only one
study (16.66%) succeeded in blinding therapists and
patients [42]. Table 5 lists the final score of the PEDro
scale for each clinical study included in our systematic
review/meta-analysis.

3.4. Risk of systematic error
Details of the assessment of the risk of bias of the

included studies are shown in Fig. 2. In general, the
risk of bias of the studies included in this meta-analysis

was low, apart from blinding of patients and therapists.
Only one clinical trial was able to blind patients and
therapists [42] while the others had a significant risk of
blinding patients and therapists.

3.5. Effects of PNE vs. DN on pain

The meta-analysis (Figs 3 and 4) showed that only
the overall effect of PNE vs. DN for pain reduction was
statistically significant (p = 0.02) (MD = —0.77, 95%
CI, —1.42 to —0.12) with a small effect size (SMD =
—0.42; 95% CI, —0.77 to —0.08; N = 632; Z = 2.39;
p = 0.02; Fig. 4) but with significant heterogeneity (I
= 76%) between studies. During follow-up, the results
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Fig. 2. Risk of systematic error charts.
Percutaneous electrolysis Dry needling Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand 95% ClI
1.1.1 Short-Term(0-1 month)
Lopez-Martos et al. 2018 1.93 3.03 20 4.46 1.19 20 6.9% -2.53[-3.96, -1.10]
Rodriguez-Huguet et al. 2020 1.44 1.32 16 3.25 1.69 16 8.2% -1.81[-2.86, -0.76] ——
Rodriguez-Huguet et al. 2020b 2.67 2.61 18 4.05 1.42 18 7.1% -1.38[-2.75, -0.01] —
Valera-Calero et al., 2021 2.8 0.7 5 3.2 09 5 8.4% -0.40 [-1.40, 0.60] 71
Al-Boloushi et al. 2020 3.8 3 S 1 26 25 51 8.1% 1.20[0.13, 2.27] S
Subtotal (95% CI) 110 110 38.7% -0.94 [-2.21, 0.33] i
Heterogeneity: Tau? = 1.73; Chi? = 23.87, df = 4 (P < 0.0001); I = 83%
Test for overall effect: Z = 1.45 (P = 0.15)
1.1.2 Mid-Term(1-3 months)
Rodriguez-Huguet et al. 2020 0.38 0.89 16 2.56 2.19 16 7.8% -2.18[-3.34,-1.02] b
Lopez-Martos et al. 2018 1.14 1.59 20 2.53 1.19 20 8.8% -1.39[-2.26, -0.52] =
Rodriguez-Huguet et al. 2020b 1.81 2.44 18 2.77 1.66 18 7.1% -0.96 [-2.32, 0.40] —_—T
Lopez-Royo et al. 2021 2.8 1.93 16 2.5 2.85 16 6.1% 0.30 [-1.39, 1.99] I e —
Al-Boloushi et al. 2020 3.7 2.8 5L 33 2.7 51 8.1%  0.40[-0.67, 1.47] —T
Subtotal (95% CI) 121 121 38.0% -0.82[-1.80, 0.15] i
Heterogeneity: Tau? = 0.85; Chi® = 13.55, df = 4 (P = 0.009); I* = 70%
Test for overall effect: Z = 1.66 (P = 0.10)
1.1.3 Long-term(6 months and more)
Rodriguez-Huguet et al. 2020b 1.28 1.81 18 2.93 1.46 18 8.1% -1.65[-2.72,-0.58] —
Al-Boloushi et al. 2020 2.8 3 51 3.4 28 ST 7.9% -0.60[-1.73, 0.53] -
Lopez-Royo et al. 2021 2 2.44 16 0.9 1.22 16 7.2% 1.10 [-0.24, 2.44] T—="
Subtotal (95% CI) 85 85 23.3% -0.43[-1.93, 1.08] i
Heterogeneity: Tau? = 1.41; Chi? = 9.88, df = 2 (P = 0.007); I = 80%
Test for overall effect: Z = 0.56 (P = 0.58)
Total (95% CI) 316 316 100.0% -0.77 [-1.42, -0.12] P
Heterogeneity: Tau? = 1.04; Chi? = 47.92, df = 12 (P < 0.00001); I = 75% y + t +

Test for overall effect: Z = 2.34 (P = 0.02)

Test for subgroup differences: Chi? = 0.28, df = 2 (P = 0.87), I> = 0%

0 2 4
Favours [Percutaneous] Favours [Dry needling]

Fig. 3. Comparison (mean difference) of the effects of percutaneous electrolysis versus dry needling on pain intensity.
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Table 6
GRADE evidence for percutaneous needle electrolysis and dry needling in pain intensity
Number of studies ~ Risk of bias* Inconsistencyt Ind1r.ectnesi of Imprecision’ Pub1.1ca1tx1on Qu.allty of MD or SMD (95% CI)
evidence bias evidence
Percutaneous electrolysis versus dry needling in pain intensity
Overall effects, No Serious (i2 = 74%) No No No Moderate —0.74 [—1.34, —0.14]
(n = 642) —0.41 [—0.75, —0.08]
Short—term effects, No Serious (i2 = 80%) No No No Moderate —0.83 [—1.87, 0.22]
(n =230) —0.52 [—1.19,0.14]
Mid—term effects, No Serious (i2 = 76%) No No No Moderate —0.82[—1.80, 0.15]
(n =242) —0.45[—1.01,0.11]
Long—term effects, No Serious (i2 = 78%) No Serious Yes Low —0.43[—1.93, 1.08]
(n = 170) —0.21 [—0.94, 0.52]

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” = 12 > 40%; “Very serious” = I? > 80%. ¥No indirectness of evidence was
found in any study. $Based on sample size. “Serious” = n < 200 subjects; “Very serious” = n < 200 and the estimated effect is little or absent.
9Based on funnel plots. No publication bias was found. Funnel plots are not shown because the number of trials was less than 10.

Percutaneous electrolysis Dry needling Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Short-Term(0-1 month)
Rodriguez-Huguet et al. 2020 1.44 1.32 16 3.25 1.69 16 7.1% -1.16 [-1.92, -0.41]
Lopez-Martos et al. 2018 1.93 3.03 20 4.46 1.19 20 7.7% -1.08 [-1.75, -0.41]
Rodriguez-Huguet et al. 2020b 2.67 2.61 18 4.05 1.42 18 7.6%  -0.64[-1.31, 0.03] e —
Valera-Calero et al., 2021 2.8 0.7 5 3.2 09 5 4.4% -0.45 [-1.71, 0.82] =
Al-Boloushi et al. 2020 3.8 3 51 26 25 51 9.4% 0.43 [0.04, 0.82] — =
Subtotal (95% CI) 110 110 36.2% -0.56 [-1.31, 0.19] ———
Heterogeneity: Tau? = 0.58; Chi? = 24.45, df = 4 (P < 0.0001); 1> = 84%
Test for overall effect: Z = 1.46 (P = 0.15)
1.1.2 Mid-Term(1-3 months)
Rodriguez-Huguet et al. 2020 0.38 0.89 16 2.56 2.19 16 7.0% -1.27 [-2.04, -0.50]
Lopez-Martos et al. 2018 1.14 1.59 20 2.53 1.19 20 7.7% -0.97 [-1.63, -0.31]
Rodriguez-Huguet et al. 2020b 1.81 2.44 18 2.77 1.66 18 7.7% -0.45 [-1.11, 0.21] I —
Lopez-Royo et al. 2021 2.8 1.93 16 2.5 2.85 16 7.5% 0.12 [-0.57, 0.81] —1
Al-Boloushi et al. 2020 3.7 2.8 51 3.3 27 51 9.5% 0.14 [-0.24, 0.53] .
Subtotal (95% CI) 121 121 39.4% -0.45[-1.01, 0.11] - 1
Heterogeneity: Tau? = 0.30; Chi® = 16.71, df = 4 (P = 0.002); I> = 76%
Test for overall effect: Z = 1.57 (P = 0.12)
1.1.3 Long-term(6 months and more)
Rodriguez-Huguet et al. 2020b 1.28 1.81 18 2.93 1.46 18 7.5% -0.98 [-1.68, -0.29]
Al-Boloushi et al. 2020 2.8 3 51 3.4 28 51 9.5%  -0.21[-0.59, 0.18] T
Lopez-Royo et al. 2021 2 2.44 16 0.9 1.22 16 7.4% 0.56 [-0.15, 1.26] T
Subtotal (95% CI) 85 85 24.3% -0.21[-0.94, 0.52] -
Heterogeneity: Tau? = 0.32; Chi® = 9.21, df = 2 (P = 0.01); I* = 78%
Test for overall effect: Z = 0.57 (P = 0.57)
Total (95% CI) 316 316 100.0% -0.42[-0.77,-0.08] -
Heterogeneity: Tau? = 0.29; Chi? = 50.48, df = 12 (P < 0.00001); I> = 76% _#2 _#1 + é

Test for overall effect: Z = 2.39 (P = 0.02)
Test for subgroup differences: Chi? = 0.45, df = 2 (P = 0.80), I> = 0%

1
Favours [Percutaneous] Favours [Dry needling]

Fig. 4. Comparison (standardized mean difference) of the effects of percutaneous electrolysis versus dry needling on pain intensity.

were not statistically significant (p < 0.05): mean re-
duction in pain (MD) was —0.94 (95% CI, —2.21 to
0.33; N = 220; Z = 1.45; p = 0.15) in the short term,
—0.82 (95% CI, —1.8 to 0.15; N = 242; Z = 1.66;
p = 0.10) in the medium term, and —0.43 (95% CI,
—1.93 to 1.08; N = 170; Z = 0.56; p = 0.56) in the
long term, but always with significant between-study
heterogeneity (12 > 70%).

3.6. Quality of evidence (GRADE)

Table 6 lists the details of the GRADE assessment.
Severe heterogeneity, imprecision, and publication bias

lowered the quality level of our studies to a moderate
degree regarding the overall effect of PNE or DN on
musculoskeletal pain.

4. Discussion

The aim of this meta-analysis was to compare the ef-
ficacy of PNE and DN in the treatment of musculoskele-
tal pain. A total of six studies involving 252 patients
were included in the analysis. The results provided
moderate-quality evidence that PNE has a slightly better
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effect on pain reduction than DN. Through the GRADE
assessment, the resulting evidence was of moderate
level due to heterogeneity (inconsistency) and inaccu-
racy (imprecision). It is important to mention that the
results in the field of long-term intervention were of a
low level as, in addition to the aforementioned, publi-
cation bias was serious, further reducing the level of
quality.

This is the first meta-analysis to analyze and compare
the effect of PNE vs. DN on musculoskeletal pain in-
tensity. After a thorough search, the systematic reviews
found to study the effect of PNE on musculoskeletal
pain were only those of Gémez-Chiguano et al. [19]
and Varela Rodriguez et al. [44], while as far as DN
is concerned the reviews we found were those of Gat-
tie et al. [11], Sanchez-Infante et al. [45], and Jackson
et al. [46]. We were thus unable to directly compare the
efficacy of the two techniques based on the findings of
these reviews.

Percutaneous electrolysis is a new therapeutic in-
tervention in the world of physical therapy, different
from PENS and electroacupuncture, proposed for the
treatment of pain. In contrast, DN has been used by
physical therapists for more years and its effects have
clearly been more studied [47]. We found that PNE was
more effective in the short, medium, and long term in
pain relief than DN. However, statistically significant
pain relief effects were found only in the overall effect
of PNE and not in the short, medium, and long term.
Therefore, we cannot report the results as statistically
significant.

Four clinical trials (83.33% of the included studies) in
addition to PNE and DN used another intervention, such
as eccentric exercises [22,25,41] stretching [23] and
concentric exercises [42], while only one trial (16.66%)
analyzed the effects of PNE and DN separately [42].
Most clinical trials (66.66%) reported differences in
pain in favor of PNE compared to DN [22,40-42], while
only two studies reported positive results in favor of DN
[23,25]. Regarding the number of intervention groups,
four out of six clinical studies [22,23,40,41] had two
groups (one intervention and one control), while in
two [25,42] there was another intervention group of
placebo needle.

Regarding the clinical significance of the statistically
significant changes in the overall effect, we observed a
mean reduction in pain intensity of marginally less than
one point at short-term, medium-term, and long-term
follow-up, with a decrease in the overall mean score of
—0.74 points (95% CI, —2.34 to —0.14). According to
Salaffi et al. [48], a decrease of one point or a decrease

of 15% from baseline scores represents the minimal
clinically important difference (MCID) for the NPRS in
patients with musculoskeletal pain. The pain reduction
found with the application of PNE was below the de-
fined MCID of one point, which shows us that although
we had better results with PNE, these are not clinically
significant for its application compared to DN.

In conclusion, the results of the systematic review
showed that PNE, despite having statistically significant
differences, was clinically insufficient.

The mechanism due to which PNE seems to have a
greater analgesic effect than DN is not entirely clear
to us as it is influenced by several factors. However,
its analgesic effect is based on non-thermal action of
the damaged area, which produces a controlled lo-
cal inflammatory response activating phagocytosis and
favouring the regeneration of soft tissues [49]. It is
also possible that the analgesic mechanism of PNE
works at the molecular level. More specifically, a study
demonstrated that PNE can activate a large number of
factors generated during an active inflammation thus
facilitating proper phagocytosis and regeneration of
damaged tissue [21]. Finally, another possible mecha-
nism of action of PNE is at a neurophysiological level.
Ronzio et al. [50] found that the pain threshold of the
PNE group was significantly increased compared to the
placebo group (needle insertion without electric cur-
rent), thus suggesting that PNE may have a direct ef-
fect on pain regulation. Other studies that can justify
these results are those of de la Cruz Torres et al. [51]
as well as Garcia Bermejo et al. [52,53], who found
parasympathetic activation of the autonomic nervous
system during application of PNE.

The other possible scenario in which the positive
results in favor of PNE are superimposed are the better
experimental protocols used in the included studies, the
adequacy of follow-up, the treatment area on the body,
and the incorrect application of DN.

Regarding the safety of the application of PNE, it
is worth noting that only three of the included studies
reported whether there were adverse effects [23,40,
42], with the only adverse effect being the presence of
hematoma in one patient [40]. Therefore, it can be said
that PNE appears to be a safe therapeutic intervention.
However, this issue needs to be further explored in
future research.

Therefore, it is necessary to further study different
ways of treatment for musculoskeletal pain. Evidence
suggests that one similar method using electrical cur-
rent (PENY) is effective in treating musculoskeletal
pain [54]. The PENS method shares the same logic as
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dry needling with the only difference being that the
electrical current is pulsed. Beyond PENS, manual ther-
apy and exercise appeared to be effective in managing
musculoskeletal pain [55].

In conclusion, another possible subject for a future
meta-analysis would be a comparison between percuta-
neous electrolysis, dry needling, and electroacupuncture
(PENS) without combining them with any other thera-
peutic intervention to assess whether the positive results
of transdermal electrolysis are due to its mechanisms
and not to the electric current or to the other therapeutic
intervention it was combined with. However, appropri-
ate clinical trials are also required as there is no relevant
clinical trial in the online literature to investigate and
fully understand the three means of intervention.

4.1. Strengths and limitations

Even though this is the first meta-analysis to compare
the effects of PNE with DN on pain, the results should
always be considered under the umbrella of the poten-
tial benefits and limitations found therein. The strengths
of this systematic review are the most informative ques-
tion (PICO), comprehensive literature search performed
in multiple scientific search engines, methodological
soundness, proper data extraction, rigorous statistical
analysis, and inclusion of high-quality randomized con-
trolled trials in the quantitative analysis. Aside from
the strengths, this systematic review contained several
limitations that may have affected our results.

Firstly, the number of randomized controlled trials
examining the effects of PNE on musculoskeletal pain
was relatively small, with one clinical trial being pilot
and with a small number of patients (n = 15). Further-
more, another important limitation is the large hetero-
geneity between studies, which may be justified by the
fact that the clinical trials evaluated the application of
PNE and DN in patients with different characteristics
and with different doses (i.e., duration, sessions, current
intensity). A variety of treatment doses were reported
in the review with PNE treatment intensity reported
differently in both milliamperes (mA) and microam-
peres (1tA). The most consistent treatment dose reported
was 1.5-3 mA for three to five seconds [23,25,40] and
350 pA for 1.2 minutes [22,41]. It is also worth noting
that heterogeneity was one of the reasons we chose to
use the random effects model, thus improving the in-
ternal validity of our results. Another important lim-
itation that should be mentioned is the fact that both
PNE and DN were mostly (four studies) examined in
combination with another complementary treatment,

which may have influenced the results of the interven-
tions and the effects may not be entirely due to PNE or
DN. In addition, another limitation concerns the area of
application of the treatments as in each clinical trial the
area of musculoskeletal pain was different. Therefore,
the results should be considered with further caution.

4.2. Clinical recommendations

This meta-analysis found a fair amount of evidence
to support a superior effect of PNE over DN on gen-
eral musculoskeletal pain. However, this should be con-
sidered with caution as we do not know whether PNE
could be beneficial in certain subgroups of patients with
musculoskeletal pain as the painful areas included in
this meta-analysis were heterogeneous. All that can be
stated with certainty is that in cases where the mus-
culoskeletal pain was due to tendon involvement, pa-
tients could benefit from PNE, as this intervention was
originally developed for the management of chronic
tendinopathy [56]. However, in this meta-analysis most
of the clinical trials included musculoskeletal pain con-
ditions where the tendon was partially (lateral epicondy-
lalgia) or completely (plantar pain, patellar pain syn-
drome, patellar tendinopathy, supraspinatus tendinopa-
thy) involved in the symptoms.

One of the most important issues to consider for the
correct clinical application of PNE is the appropriate
parameters (i.e., treatment duration, current intensity,
number of sessions). For this reason, further studies
should be conducted to draw safe conclusions. Because
of the limited data we have, we cannot determine which
treatment parameters are most effective for the applica-
tion of PNE in all forms of pain. Only one study [42]
compared two different intensities of electric current
and concluded that at both intensities the results were
equally beneficial. Future studies should investigate
which are the most appropriate treatment parameters of
transdermal electrolysis for the management of differ-
ent musculoskeletal pain conditions.

5. Conclusions

Based on the GRADE approach and low- to mode-
rate-quality evidence from studies involving a variety
of musculoskeletal conditions, PNE was shown to have
a marginally more positive effect on pain reduction
than DN. However, our results were not clinically and
statistically significant so we cannot recommend the
application of PNE in place of DN. More high-quality
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studies comparing the two interventions are needed to
draw firm conclusions about which of the two is the
gold standard in the management of musculoskeletal

pain.
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