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ABSTRACT

Background: Percutaneous neuromodulation and percutaneous electrolysis are increasingly used in physiother-
apy for the management of musculoskeletal conditions. However, substantial variability exists in their clinical ap-
plication, including differences in indications, technical parameters, safety procedures, and integration within mul-
timodal care. Currently, no unified, evidence-informed framework defines best practice for these interventions.

Methods: This protocol describes an evidence-informed modified Delphi study, registered on the Open Science
Framework (OSF; registration number: osf.io/tkrn4), aiming to establish international consensus on the clinical
application of percutaneous neuromodulation and percutaneous electrolysis. The study will be conducted in ac-
cordance with CREDES recommendations. Two parallel Delphi processes will be undertaken, with international
experts in each field participating in 3-4 online rounds. An initial item set will be developed through a targeted
literature review and internal expert input, and rated using a Likert-type scale with controlled feedback between
rounds. Consensus for inclusion will be predefined using percentage agreement and median thresholds.

Ethics and dissemination: Ethical approval has been granted by the CEIC Aragdn (CEICA), Zaragoza, Spain (ref-
erence: P126/238, 20 May 2026). The study will be conducted in accordance with the Declaration of Helsinki, and
findings will be disseminated through peer-reviewed publication and relevant professional channels.

Discussion: This study is expected to provide structured, consensus-based recommendations to support consis-
tency, safety, and evidence-informed clinical practice in invasive physiotherapy, and to guide future research and
educational initiatives.

Keywords: percutaneous neuromodulation; percutaneous electrolysis; Delphi study; invasive physiotherapy;
consensus; clinical application; physiotherapy.
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1. Introduction

Invasive physiotherapy interventions, including percutaneous neuromodulation (PNM) and
percutaneous electrolysis (PE), have gained increasing clinical adoption for the management of
musculoskeletal conditions**. PNM involves the application of electrical stimulation through
percutaneously inserted needles to modulate peripheral and central neural structures. PE is a
minimally invasive technique in which a galvanic current is delivered through an acupuncture
needle to induce a localised controlled inflammatory response in affected soft tissue. The tar-
get clinical populations for these interventions include adults presenting with conditions such
as tendinopathies, myofascial pain, nerve-related pain, and other neuromusculoskeletal dis-
orders, across both primary care and specialist settings. Despite their growing use, substantial
variability exists in how these techniques are applied in clinical practice, including differences in
indications, technical parameters, safety procedures, and integration within multimodal treat-
ment strategies®. This heterogeneity reflects the absence of standardized, evidence-informed
frameworks to guide clinical application and training.

In the current context, clinicians often rely on empirical experience, local practice norms, and
heterogeneous educational backgrounds. As a result, inconsistencies in treatment delivery
may arise, potentially affecting reproducibility, interpretation of research findings, clinical out-
comes, and patient safety.

Although some studies have attempted to describe practice patterns or educational variabili-
ty in dry needling (DN) and related interventions, these have primarily focused on descriptive
analyses rather than establishing consensus-based standards. For example, surveys of physio-
therapists have demonstrated wide variation in training exposure, technique selection, and re-
ported adverse events, highlighting the lack of uniformity in clinical practice'®. Similarly, inves-
tigations into educational curricula have identified substantial inconsistencies in instructional
hours, competencies, and teaching approaches across training programs, further reinforcing
the absence of standardized frameworks'".

Given the absence of definitive high-quality evidence or universally accepted clinical guide-
lines, structured expert consensus methods such as the Delphi technique provide a robust and
transparent approach to synthesizing expert opinion and developing practice-oriented recom-
mendations. Modified Delphi approaches integrate evidence-informed item generation with
iterative consensus processes and are widely used in healthcare research to establish clinical
standards and competency frameworks®. Consequently, Delphi studies have been successfully
employed to establish performance standards and competency-based frameworks in physio-
therapy and critical care settings'®*?.

Against this background, there is a clear need for a structured approach to synthesizing expert
knowledge and aligning clinical practice in PNM and PE. Accordingly, this study will employ a
modified Delphi methodology to develop international expert consensus on their clinical ap-
plication, integrating current scientific evidence, expert clinical experience, and international
perspectives.
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The objectives of this study are to:

« Identify and define key domains relevant to the clinical application of percutaneous neuro-
modulation and percutaneous electrolysis, including indications, technical parameters, safe-
ty considerations, and clinical integration.

« Achieve expert consensus on evidence-informed statements describing best practice in the
application of these techniques.

« Refine statements and achieve consensus through iterative Delphi rounds with international
experts.

« Develop a structured consensus-based framework to support clinical practice, education,
and future research.

The resulting consensus is expected to improve consistency in practice and training, support
clinical decision-making, inform guideline development, enhance patient safety, and guide fu-
ture research.

2. Materials and Methods

2.1 Study Design

A modified e-Delphi (electronic Delphi) methodology will be employed to develop an inter-
national expert consensus on the clinical application of PNM and PE. The study design will be
informed by established methodological guidance for Delphi studies, including the CREDES
recommendations™?, to ensure methodological rigor and transparency. The study protocol was
prospectively registered on the Open Science Framework (OSF; osf.io/tkrn4) prior to initiation
of the Delphi process.

All rounds will be conducted electronically using an online survey platform to ensure anonym-
ity, reduce group pressure bias, and allow international participation. The Delphi process is
expected to include three to four rounds, depending on the level of consensus achieved. Par-
ticipant responses will be analysed anonymously, and controlled feedback will be provided
between rounds to support reflection while minimizing group influence.

2.2 Study Setting, Participants and selection criteria

A purposive sampling strategy will be used to recruit an international panel of experts with clini-
cal and/or academic expertise in PNM and PE. In line with recommendations for Delphi studies,
a heterogeneous panel will be sought to capture a broad range of perspectives while maintain-
ing relevant expertise.

Potential participants will be identified through targeted searches of the scientific literature
(authors of relevant publications), professional networks of the research team, and direct invi-
tations to recognised experts in the field. Snowball sampling will also be employed, whereby
invited participants may recommend additional eligible experts.

Participants will be eligible if they are healthcare professionals or academics with demonstra-
ble expertise in the clinical practice, education, or research of DN, PNM, or PE. As the study
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comprises two parallel consensus processes, one addressing percutaneous neuromodulation
and one addressing percutaneous electrolysis, eligibility will be assessed separately for each
technique. Accordingly, participants may be eligible to contribute to the percutaneous neu-
romodulation panel, the percutaneous electrolysis panel, or both, depending on their area of
expertise. Professionals with expertise in dry needling (DN) may be considered eligible where
their practice encompasses or directly informs PNM or PE techniques, given the technical and
conceptual overlap between these interventions.

Clinicians must be registered healthcare professionals with documented formal training and at
least five years of active clinical practice in PNM and/or PE. Academics must hold a postgraduate
qualification and demonstrate a sustained contribution to the field of at least five years through
peer-reviewed research, formal teaching, curriculum development, or equivalent professional
activity in PNM and/or PE. While direct clinical experience with these techniques is preferred,
candidates without it may be considered on a case-by-case basis where their academic or re-
search contributions are deemed relevant. However, to ensure that the resulting consensus
remains clinically grounded, participants without direct clinical experience will comprise only a
minority of each panel. All participants must demonstrate a minimum level of English language
competency sufficient to read, understand, and respond to the study questionnaires. Efforts
will be made to ensure geographical diversity across participating countries.

2.3 Sample size

Thereis no universally accepted standard for sample size in Delphi studies. Recent Delphi stud-
iesin physiotherapy, clinical intervention development, and reporting guidelines have reported
panelsranging from 14 to 41 participants®'*%% |n the present study, a target of 20 to 30 experts
per panel will be sought. No formal subgroup analysis by professional role is planned, however,
the panel composition will be monitored to ensure an adequate balance between clinicians
and academics. This range is considered sufficient to capture a breadth of informed perspec-
tives while remaining feasible for participant retention across iterative Delphi rounds!**?. Given
that attrition rates of up to 50% have been reported in Delphi studies across two rounds"”, and
that the present study anticipates three to four rounds, recruitment will aim for the upper end
of this range to ensure an adequate number of completing participants.

Because two parallel consensus processes will be undertaken, one for percutaneous neuro-
modulation and one for percutaneous electrolysis, sample size will be considered separately
for each panel.

Participant retention across rounds will be monitored and attrition rates will be calculated and
reported for each round. Analyses will be based on the number of participants completing each
round, and no imputation will be performed for missing responses.

2.4 Item generation and questionnaire development

Priorto initiating the first round of the Delphi procedure, an initial set of items will be developed
through an evidence-informed and conceptually structured process. First, a targeted, non-sys-
tematic literature review will be conducted to identify key domains, constructs, and variables
relevant to the clinical application of percutaneous neuromodulation and percutaneous elec-
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trolysis. Sources will include peer-reviewed publications, existing clinical recommendations,
educational frameworks, and safety reports related to invasive physiotherapy interventions.
Based on this evidence base, an initial pool of candidate statements will be generated by the
research team. These statements will be structured to reflect core domains, including clinical
indications, technical parameters, safety considerations, contraindications, practitioner com-
petencies, and integration within multimodal care. Prior to Delphi Round 1, the draft item set,
developed by the research team, will undergo internal review (Round 0) by a small international
core group of subject-matter experts selected for their recognised standing in the field and a
minimum of 15 years of clinical and/or academic experience in invasive physiotherapy. This
core group is distinct from the main Delphi panel; their role at this stage is limited to refining
item clarity and content relevance. Members of the core group who meet the eligibility criteria
for the main panel are welcome to participate in the subsequent scored Delphi rounds.

2.5 Delphi procedure

The Delphi process will consist of sequential online questionnaire rounds administered via Sur-
veyMonkey (Momentive Global Inc., San Mateo, CA, USA), conducted anonymously to facilitate
international participation and reduce group pressure bias. Participant data will be pseudoano-
nymised prior to analysis; responses will be linked to participant codes rather than identifiable
information, and only the research team will have access to the linkage key.

In Round 1, participants will rate predefined statements on the clinical application of PNM and
PE across key thematic domains. Free-text comments will be invited to justify ratings, suggest
modifications, and identify missing concepts. Only participants completing Round 1 will be in-
vited to subsequent Delphi rounds, whereas those missing a subsequent round will remain
eligible for later rounds.

InRound 2, participants will re-rate the revised statements after receivinganonymised group-lev-
el feedback from Round 1, compiled and summarised by the research team. Statements meet-
ing predefined consensus criteria will be provisionally accepted, while those not meeting con-
sensus will be reviewed by the research team and either revised, retained, or removed before
the next round.

In Round 3, participants will re-evaluate unresolved statements with additional feedback from
the previous round. If consensus is still not reached for a limited number of key statements, a
fourth round may be conducted. At the end of the process, statements meeting the predefined
consensus criteria will form the final set of expert-informed recommendations.

ltems reaching consensus (=70% of participants rating 4 or 5, median >4) are accepted and
removed from subsequent rounds. Items not reaching consensus are reviewed by the research
team and either revised, retained, or removed before the next round. The number of rounds is
guided by response stability, assessed using the coefficient of variation, with a maximum of four
rounds. Separate but parallel processes are conducted for the percutaneous neuromodulation
(PNM) and percutaneous electrolysis (PE) panels.
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Figure 1. Flowchart of the modified e-Delphi process.

2.6 Statistical Analysis and Consensus Definition

Consensus criteria will be defined a priori based on methodological literature on Delphi stud-
ies. Participants will rate each statement using a 5-point Likert scale, where 1 indicates strong-
ly disagree, 2 disagree, 3 neutral, 4 agree, and 5 strongly agree. A statement will be consid-
ered to have reached consensus for inclusion if at least 70% of participants rate it as 4 or 5,
and the median score is 4 or higher. This threshold was selected because it is consistent with
ranges commonly used in physiotherapy Delphi studies and clinical practice standard devel-
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opment121418 Responses will be summarised at each round using percentage agreement,
median, interquartile range (IQR), and coefficient of variation (CV); lower IQR values indicate
greater agreement among participants.

Items not meeting the consensus criteria will be reviewed by the research team and, where
appropriate, revised or refined based on free-text feedback from participants before being rein-
troduced in the subsequent round. Items that are considered unclear, poorly worded, or con-
ceptually redundant may be modified or merged. Decisions to revise, retain, or remove items
will be based on participants' ratings and qualitative feedback, and will be documented and
reported.

The level of agreement will be expressed as the percentage of participants rating statements
as 4 or 5. The number of rounds will be guided primarily by the stability of responses between
consecutive rounds, assessed using the coefficient of variation. Response stability will be con-
sidered achieved when the relative change in the coefficient of variation between consecutive
rounds is <10%. When ratings show stability across rounds — indicating that controlled feed-
backis nolonger producing meaningful changes in participant responses — the process will be
concluded regardless of the number of rounds completed. A maximum of four rounds will be
set as an upper limit to ensure feasibility and minimise participant fatigue.

The final consensus statements will be interpreted in relation to the existing evidence base,
their clinical applicability, and remaining knowledge gaps. The final outputs will include agreed
statements, unresolved areas where consensus was not achieved, and implications for future
research. Reporting of the study and its outputs will follow relevant methodological guidance
for Delphi research. Depending on the findings, the project may be reported as separate con-
sensus papers for PNM and PE.

3. Ethical Aspects and Dissemination

The study will be conducted in accordance with the principles of the Declaration of Helsinki and
relevant data protection regulations. Prior to participation, all participants will receive an infor-
mation sheet outlining the aims of the study, the Delphi process, expected time commitment,
and data handling procedures.

Informed consent will be obtained electronically before participation in the first Delphi round.
Participation will be voluntary, and participants will be informed that they may withdraw at
any stage without providing a reason. Only the research team will have access to identifiable
data, which will be stored securely and retained only for the duration necessary to complete
the study. All data handling procedures will comply with applicable data protection regulations,
including the General Data Protection Regulation (GDPR, EU 2016/679). Ethical approval has
been granted by the CEIC Aragdn (CEICA), Zaragoza, Spain (reference: P126/238, 20 May 2026).
The study will be conducted in full accordance with the approved protocol.

The study involves expert participants only and does not include patients, clinical interventions,
or patient data. Limited personal information, including participants “names and email ad-
dresses, will be collected for invitation and follow-up purposes. Participants will not be identifi-
able to other panel members at any stage of the Delphi process. Responses will be anonymised
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prior to analysis, and all data will be reported in aggregated form. No individual responses will
be identifiable in any output, thereby preventing attribution of findings to specific experts and
ensuring that no individual-level interpretation is possible.

Participants will receive a summary of the study findings. No financial compensation will be
offered. Contributions to the Delphi process will be acknowledged, and opportunities for group
authorship will be considered in accordance with the International Committee of Medical Jour-
nal Editors (ICMJE) authorship criteria and journal policies.

4. Discussion

This Delphi study seeks to address the current lack of standardised, evidence-informed guid-
ance for the clinical application of percutaneous neuromodulation and percutaneous electrol-
ysis. Substantial variability exists in relation to indications, technical parameters, safety pro-
cedures, and integration within multimodal care, which may impact clinical consistency and
patient outcomes. By developing international expert consensus statements, this study may
contribute to improved standardisation of practice, enhanced safety, and greater alignment
between clinical application, education, and research. The use of a modified Delphi method-
ology allows integration of expert perspectives while minimising bias through anonymity and
controlled feedback. However, as with all Delphi studies, the findings will reflect expert consen-
sus rather than direct empirical validation. In addition, the composition of the expert panel and
potential attrition across rounds may influence the final outcomes. Despite these limitations,
this study represents an important step toward establishing a coherent and clinically relevant
framework for the application of invasive physiotherapy interventions.
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Appendix 1. CREDES Checklist
Guidance on Conducting and REporting DElphi Studies (Jinger et al., Palliative Medicine, 2017)

https:

doi.org/1

International Consensus Initiative in Invasive Physiotherapy (ICI-IP): Protocol for an Evidence-In-
formed Delphi Study on Percutaneous Neuromodulation and Percutaneous Electrolysis.

CREDES ltem

Description

Location in Manuscript (page)

1. Rationale for Use of the Delphi Technique

Justification The choice of the Delphi technique needs to be well justified as the most ~ 2-3
appropriate method to achieve the research aim.

2. Planning and Design

Planning and process Any modifications to the standard Delphi technique should be justified 34
and applied systematically and rigorously.

Definition of consensus An a priori criterion for consensus should be defined, including: (a) how 5-8
to proceed with items in the next round; (b) the threshold to terminate the
process; (c) procedures when consensus is or is not reached.

3. Study Conduct

Informational input All material provided to the expert panel should be carefully reviewed and 5
piloted in advance to examine the effect on experts' judgements and to
prevent bias.

Prevention of bias Researchers need to take measures to avoid directly or indirectly influenc-  5-6
ing the experts' judgements. Conflicts of interest should be declared.

Interpretation and processing Consensus does not necessarily imply the ‘correct’ answer; non-consen- 8

of results

sus and stable disagreement provide informative insights.

External validation

It is recommended that the final draft of the resulting guidance be re-
viewed and approved by an external board or authority before publication.

Not applicable at protocol stage.
External validation of the resulting
consensus statements will be
considered for the reporting paper
following completion of the Delphi
rounds.

4. Reporting

Purpose and rationale The purpose of the study should be clearly defined and demonstrate the 2-3
appropriateness of the Delphi technique to achieve the research aim.

Expert panel Criteria for the selection of experts and transparent information on 3-4
recruitment of the expert panel must be reported.

Description of the methods Methods must be comprehensible, including: preparatory steps, piloting 3-6
of materials, design of survey instrument(s), number and design of survey
rounds, methods of data analysis, processing and synthesis of expert
responses to inform subsequent rounds, and methodological decisions
made throughout.

Procedure / flowchart A flowchart illustrating the stages of the Delphi process should be pro- Figure 1,p. 6
vided, including preparatory phase, Delphi rounds, interim steps of data
processing and analysis, and concluding steps.

Definition and attainment of It must be comprehensible to the reader how consensus was achieved 5-8

consensus

throughout the process, including strategies to deal with non-consensus.

Results

Results for each round should be reported separately to make the evolu-
tion of consensus transparent. This includes average group responses,
changes between rounds, and any modifications to the survey instru-
ment.

To be completed following Delphi
rounds (reporting paper)

Discussion of limitations Reporting should include a critical reflection of potential limitations and 8
their impact on the resulting guidance.

Adequacy of conclusions Conclusions should adequately reflect the outcomes of the Delphi 8
study with a view to the scope and applicability of the resulting practice
guidance.

Publication and dissemination  The resulting guidance should be clearly identifiable from the publication, 8

including recommendations for transfer into practice. A dissemination
plan should include endorsement by professional associations and
healthcare authorities.
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