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Background: Stroke is a leading cause of long-term disability, and gait and bal-
ance impairments significantly affect post-stroke independence and quality of 
life. Following rehabilitation, patients can regain walking and balance abilities. 
These gains may occur through true recovery, characterized by the restoration 
of pre-stroke motor patterns and underlying neural functions and structures, or 
through compensation, characterized by the use of alternative movement strate-
gies and neural reorganization. Identifying outcome measures that describe gait 
and balance recovery and distinguish true recovery from compensation could 
greatly improve the accuracy of functional diagnosis and help tailor rehabilitation 
by guiding strategy selection. This protocol outlines a Delphi study to establish 
expert consensus on the most appropriate assessment tools for gait and balance 
in people with stroke and on their ability to differentiate between recovery and 
compensation across the International Classification of Functioning, Disability 
and Health (ICF) domains. The resulting tool set will support individualized, evi-
dence-based rehabilitation strategies.
Methods: The Delphi study employs a two-phase design comprising an initial 
expert focus group followed by a multi-round electronic Delphi process. The 
focus group will identify key constructs and candidate tools to assess either 
recovery or compensation. In the Delphi rounds, a panel of 30 to 50 international 
experts in stroke rehabilitation will rate the relevance of tools, including clinical 
scales, instrumented assessments of motor performance, and neural information, 
across the ICF domains. Consensus will be defined as ≥75% agreement, and itera-
tive rounds will refine item selection based on panel feedback.
Expected outcomes: The study will produce a consensus-based core set of 
assessment tools for evaluating post-rehabilitation gait and balance recovery 
after stroke, capable of distinguishing true recovery from compensation. These 
tools will facilitate more precise diagnosis, patient stratification, and targeted 
interventions. Additionally, the study will support the design of future research 
protocols, including cross-sectional and longitudinal studies of stroke rehabilita-
tion outcomes.
Discussion: This study aims to advance precision rehabilitation after stroke by 
identifying outcome measures that distinguish true recovery from compensatory 
strategies. A Delphi methodology will provide a rigorous, consensus-driven basis 
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for selecting clinically meaningful tools, thereby enhancing assessment accuracy 
and potentially improving rehabilitation outcomes.
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neurological rehabilitation, precision medicine, rehabilitation, stroke, stroke 

rehabilitation

1 Introduction

Stroke remains a leading cause of mortality and long-term dis-
ability globally (1). As population growth and aging continue, com-
bined with reductions in stroke-related mortality, the prevalence of 
individuals living with stroke-related sequelae is rising (2). This trend 
results in an increased demand for rehabilitation services. In this con-
text, research is essential to enhance clinical practices and ensure that 
rehabilitation systems can adequately address the complex needs of 
stroke survivors (3).

Motor impairment is the most prevalent deficit following a stroke, 
manifesting as loss or limitation in muscle control or mobility (4). 
Around two-thirds of survivors initially experience mobility impair-
ments, and over 30% remain unable to walk independently 6 months 
post-stroke (5).

Gait and balance disorders are among the most common and 
impactful consequences of stroke (6). These impairments significantly 
hinder independence in activities of daily living and deteriorate qual-
ity of life. Post-stroke muscle weakness and loss of voluntary move-
ment contribute to reduced gait speed (7). Moreover, considerable 
temporal and spatial asymmetries between limbs—reported in 48%–
82% and 44%–62% of stroke survivors, respectively—are associated 
with compromised postural control during ambulation (8). As a result 
of impaired balance during walking, 70% of stroke survivors living at 
home report at least one fall within the first year after stroke (6). Thus, 
enhancing walking ability and restoring balance and movement are 
fundamental goals of stroke rehabilitation (9–11).

Precision rehabilitation is a promising approach to significantly 
reduce long-term disability following neurological events such as 
stroke. As in all branches of precision medicine (12, 13), it aims to 
provide the most appropriate type and intensity of therapy at the opti-
mal time to maximize functional recovery in individual patients. The 
idea is theoretically compelling and is already, to some extent, reflected 
in contemporary clinical practice, where interventions are necessarily 
adapted to the specific needs of each patient. However, developing a 
systematic, rigorous, and evidence-based model to support its imple-
mentation remains a significant challenge (14). Therefore, there is an 
urgent need to establish a comprehensive framework for precision 
rehabilitation that allows for the structured advancement of knowl-
edge in this area through rigorous scientific research and promotes the 
use of reproducible, evidence-based methodologies that can be sys-
tematically tested, evaluated, and refined over time.

Although research on neurorehabilitation has made progress in 
recent decades, several challenges remain. One central question in 
rehabilitation research is whether the behavioral improvement 
observed is due to the recovery of original motor strategies (i.e., true 
recovery) or to the development of compensatory mechanisms (i.e., 
compensation) (15). In 2004, based on the International Classification 
of Functioning Disability and Health (ICF) (16) framework, the ICF 
Core set criteria for stroke assessment were published (17). Five body 

structure components were identified, including the brain, cardiovas-
cular system, shoulder region, and upper and lower extremities, but 
most components were selected in the body functions, activities, and 
participation domains. Later, in a 2009 paper, Levin et al. strongly 
argued for the need to identify specific assessment tools to measure 
changes reflecting either recovery or compensation across the ICF 
domains, to improve the accuracy of functional diagnosis, and to 
guide individualized rehabilitation planning towards promoting 
recovery or addressing functionally more beneficial compensatory 
strategies (18).

In detail, at the neuronal level, recovery entails restoration or reor-
ganization of brain structures, particularly in peri-lesional and dias-
chisis regions. In contrast, compensation involves recruiting different 
brain areas to replace the injured ones. At the body function level, 
recovery is marked by the reappearance of pre-morbid motor patterns, 
such as active range of motion, muscle tone, motor synergies, and 
interjoint coordination. At the same time, compensation involves 
adaptive or substitutive strategies. At the activity level, recovery is 
defined by task execution using original movement patterns, whereas 
compensation reflects the use of alternative segments or strategies, 
often indistinguishable in standard clinical assessments (18).

More recently, the role of neuroplasticity has been clearly stated. 
Currently, motor recovery after stroke is considered to be driven by 
different interactive mechanisms, including recovery of perilesional 
tissue in the first days/weeks after stroke, resolution or alleviation of 
diaschisis phenomena, homeostatic and learning-dependent neuro-
plasticity, which can be assessed by neuroimaging, neurophysiologic 
or serum biomarkers, and, finally, behavioral compensation strategies. 
These interrelated mechanisms operate in different, although partially 
overlapping, time windows after the stroke (19). In fact, the indirect 
monitoring of neuroplastic phenomena using developed and validated 
biomarkers has been identified as a key feature for improving under-
standing of the neurobiology of spontaneous and treatment-induced 
recovery in humans (20), helping distinguish true recovery from com-
pensatory neural phenomena.

Currently, there is a consensus on a basic set of tools for stroke 
assessment, including those for gait and balance (21, 22) and work is 
underway to create targeted selection of tools to distinguish recovery 
from compensation (23–25) to improve the validity and comparability 
between stroke recovery and rehabilitation studies as a prerequisite for 
building high-quality, standardized “big data” sets to aid the progress 
toward precision medicine in stroke rehabilitation.

Expert consensus is needed to select the most informative assess-
ment tools (26), and it is lacking in the use of kinetic and kinematic 
measures (metrics) for motor recovery (24). The Delphi method, 
originally developed by the RAND Corporation in the 1950s (27) to 
facilitate expert consensus through structured, iterative surveys, is a 
well-established and appropriate approach to address complex, poorly 
defined clinical questions (26). It is particularly suited to synthesizing 
diverse expert opinions when empirical evidence alone is insufficient 
to establish best practices (28). It is widely used to develop clinical 
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standards, measurement tools, guidelines, and expert recommenda-
tions, particularly for concepts without universally accepted defini-
tions, thereby facilitating clinical practice in areas that require clarity 
(21, 28, 29). In this Delphi study, we build on the conceptual distinc-
tion between motor recovery and compensation proposed by Levin et 
al. (18) while adhering strictly to the ICF framework. Accordingly, 
neural, kinematic, and physiological processes are classified within the 
Body Function and Structures, reflecting the ICF definition of health 
condition as the clinical diagnosis (stroke) rather than neural repair 
or reorganization.

On this ground, the present study aims to identify, through a 
Delphi process, the best evidence-based tools to assess gait and bal-
ance recovery in persons post-stroke, with particular emphasis on 
distinguishing true recovery from compensation, drawing on the 
available literature on the subject (25). Consistent with Levin et al. 
(18), “true recovery” is defined at the motor level as the restitution of 
lost motor elements, operationalized at the Body Functions and 
Structures level as “the reappearance of premorbid movement patterns 
during task accomplishment”. At the neural level, recovery refers to 
the “restitution or repair of (neural) structures or functions” that sup-
port movement. Similarly, “compensation” is defined at the motor 
level as “the appearance of alternative movement patterns resulting 
from the adaptation of remaining motor elements or substitution” 
(18), and, at the neural level, as neural reorganization, reflected by the 
recruitment of neural structures or functions not predominantly 
involved prior to the stroke. By establishing expert consensus, we aim 
to provide clinicians and researchers with additional evidence to select 
the most effective tools for assessing gait and balance after stroke, ulti-
mately promoting individualized, precision-based rehabilitation 
strategies.

2 Methods

2.1 Study design

Following established methodological recommendations (27), this 
study will use a two-phase approach, comprising an initial focus group 
pilot and a Delphi consensus panel. The focus group will engage a 
small subset of panelists comparable to those who will be invited to 
participate in the Delphi process and will aim to ensure clarity and 
consistency in data collection procedures, instructions, and question 
framing (30) and to establish criteria for identifying national and 
international experts who will be involved in the second phase. 
Participants in the focus group will also be included in the second 
phase. Panelists will be invited to provide open-ended feedback on the 
study topic before the first structured survey round. The Delphi study 
will consist of multiple iterative rounds of standardized surveys 
administered to a selected, anonymized panel of experts to reach con-
sensus on the study’s topics (26).

2.2 Expert focus group methodology

The focus group, in line with established qualitative research 
guidelines (31, 32), should include experienced clinicians, researchers, 
and bioengineers. We have therefore chosen to include the research 
team, plus a few other experts proposed by team members and 
recruited for convenience and availability through their work contacts. 

The discussion will focus on identifying optimal tools for assessing 
gait and balance in Stroke and on distinguishing between recovery and 
compensation of these functions (30).

The survey will address three main levels of assessment. The first 
level will focus on clinical scales, subdivided into measures within the 
activity domain of the ICF—specifically targeting gait and balance—
and measures of body structure and body function that impact these 
domains. The second level will focus on instrumental tools and pro-
tocols for the objective, quantitative evaluation of movement quality. 
The third level will explore instrumental approaches to investigate 
neural mechanisms underpinning true recovery or compensation.

The responses collected will be summarized to stimulate further 
discussion, allowing participants to delve deeper.

The list of clinical scales and instrumental tools to be included in 
the survey was generated through a structured process, including a 
literature review to identify measures commonly used in stroke reha-
bilitation for gait and balance, consultation of dedicated databases 
such as Stroke Engine and the Shirley Ryan AbilityLab Measures 
Database, and contributions from the research team to refine and 
expand the list with clinically meaningful and widely adopted instru-
ments. The resulting list will be provided to respondents as the basis 
for the survey. To ensure completeness and to capture emerging or less 
widely disseminated instruments, respondents will also be allowed to 
suggest additional tools not included in the initial list.

2.3 Delphi methodology

The Delphi process will be conducted using Survalyzer (Survalyzer 
AG, Zurich, Switzerland), an electronic Delphi (E-Delphi) platform 
designed to facilitate global participation while preserving participant 
anonymity (27). The features of this platform, including automated 
data processing and personalized feedback reports, are designed to 
streamline the process, improve engagement, and minimize logistical 
barriers and costs associated with international expert panels (33). 
User-friendly E-Delphi systems will support questionnaire distribu-
tion, real-time data analysis, and participant interaction (28).

2.4 Delphi expert recruitment

In accordance with Delphi guidelines, we will recruit 30–50 panel-
ists, oversampling to account for anticipated attrition (28). Clear com-
munication regarding study objectives, methods, and timelines will be 
provided. The panel will include clinicians (neurologists, physicians, 
occupational and physical therapists), researchers, bioengineers, and 
rehabilitation specialists with expertise in gait, balance, and stroke 
from around the world. Recruitment will prioritize diversity in profes-
sional background and geographic representation to ensure a broad 
spectrum of perspectives. We will include demonstrated expertise in 
stroke rehabilitation, gait, or balance assessment, defined by meeting 
at least two of the following criteria: (a) a minimum of 5 years of clini-
cal or research experience in the field; (b) authorship of at least three 
peer-reviewed publications on a relevant topic; (c) holding a leader-
ship position in a relevant professional society or expert group as sug-
gest in literature (34). Recruitment strategies will involve direct 
outreach to experts identified by the research team. Panelists will be 
initially identified by the research team and subsequently suggested 
by the contacted experts using the snowball method for qualitative 
research, taking care to ensure international representation. We 
acknowledge that including the research team and experts recruited 
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for convenience in the focus group may introduce selection bias. To 
mitigate this, the list of tools generated by the focus group will be 
presented to the Delphi panel as a starting point, and panelists will be 
explicitly invited to suggest additional tools in Round 1. This will 
ensure that the final list is not unduly influenced by the initial focus 
group. Co-authorship opportunities on resultant publications will be 
offered as an incentive to minimize dropout rates, and active collabo-
ration in the manuscript review process will be offered to the whole 
group in accordance with ICMJE guidelines.

2.5 Delphi administration

Panelists will be sent a list of the tools identified in the focus 
group, including the results of the literature review. They will be asked 
to rate each tool on its ability to assess recovery and compensation, 
and to report any other tools not included in the list if, based on their 
experience, they deem it appropriate. The Delphi process will include 
one initial round (Round 0) with the research group to identify the 
tools to be evaluated. In the first round, panelists will be asked to iden-
tify tools that distinguish between recovery and compensation and, if 
appropriate, propose additional tools not present in the first round. At 
the beginning of the round, a written introduction to the purpose of 
the Delphi and its theoretical framework will be provided, and a 
video-recorded presentation will explain how the Delphi process 
works, the content of each round, and the requirements for each par-
ticipant. Subsequently, in the following rounds, rate each measure or 
tool on a 1–9 point Likert scale for its ability to distinguish recovery 
from compensation, where 1 = “Not at all able” and 9 = “Extremely 
able” (Round 2 and 3). The cutoff for including measures or tools in 
the second round is ≥75% agreement among participants. Also, the 
measures or tools that receive at least 50% of the choices will also be 
included in the second round (29). It will be conducted via the 
E-Delphi platform to enable international participation and stream-
line data collection. To foster sustained engagement and transparency, 
panelists will receive feedback reports comparing their responses with 
the panel’s collective results after each round. Key points and timeline 
of each round are presented in Figure 1, and in depth as follows:

	•	 Round 0 (Idea generation and initial evaluation): This preparatory 
phase will combine evidence from the literature and specialized 
databases with expert input from the research team to identify 
candidate clinical scales, instrumental movement quality tools, 
and neural assessment tools. The outcome will be a structured set 
of items that will serve as the basis for the Round 1 
questionnaire.

	•	 Round 1 (assessment): This round includes the collection of pan-
elists’ skills and experience using open-ended questions. The 

selection of the proposed measures or tools derived from the focus 
group work using a closed-ended questionnaire (27), the possible 
addition of more tools, and the suggestion of possible guidelines 
or references to adopt while using the proposed tools (e.g., 
“Which of the following instrumented tools do you consider 
appropriate to distinguish between Recovery and Compensation 
while assessing BALANCE in individuals post-stroke?”).

	•	 Round 2 (feedback and discussion): Delivery of customized sum-
mary reports to the panelists, illustrating their responses in rela-
tion to the panel and highlighting the level of consensus, with a 
subsequent second evaluation based on the responses of the mea-
sures and tools identified and the guidelines or references pro-
posed, through a 1–9 point Likert scale. It will be possible to 
propose other guidelines or references (e.g., “Please indicate your 
level of agreement that each of the following instrumented tools 
is appropriate for assessing BALANCE in individuals 
post-stroke”).

	•	 Round 3 (re-evaluation to reach consensus): A further round is 
conducted if consensus is not reached, including qualitative feed-
back to refine items, and a final revision on all measures, tools, 
guidelines, and references; though a 1–9 point Likert scale.

Panelists will have 1 to 4 weeks to complete each round (1–3).

2.6 Consensus definition and Delphi data 
analysis

The primary outcome is consensus on a core set of measurement 
tools to assess gait and balance, with the ability to discriminate 
between recovery and compensation across the ICF domains. The data 
from each Delphi round will be analyzed independently using descrip-
tive statistics (frequencies and percentages) to assess the level and 
progression of consensus for each element. Consensus will be defined 
as ≥75% agreement among panelists, consistent with standard Delphi 
thresholds (range 50%–97%) (29, 35), and will serve as the a priori 
criterion. We will consider a partial consensus of ≥50% (29). For 
rounds 2 and 3, consensus will be regarded as if ≥75% of participants 
rate the measures or tools at 6 or higher on the 1–9 point Likert scale. 
Agreement will be quantified using measures of central tendency and 
dispersion (e.g., the median and the interquartile range). In cases of 
persistent disagreement or polarization (e.g., bimodal distribution of 
ratings), we will perform pre-planned subgroup analyses to explore 
potential differences in opinion between professional groups (e.g., 
clinicians vs. bioengineers). These results will be presented to the 
panel in subsequent rounds to stimulate discussion and will be 
reported in the final manuscript. If consensus is unattainable, we will 
report detailed round-wise results, investigate potential causes for 

FIGURE 1

Representation of the Delphi rounds, including a timeline and key points for each round.
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disagreement, and provide a narrative interpretation. Panelist ano-
nymity will be preserved; however, the research team will have access 
to identities. The research team’s identity will remain undisclosed.

2.7 Study timeline

Initial E-Delphi activities began in 2025. Expert recruitment will 
occur from October to December 2025. Survey rounds will be con-
ducted from January to March 2026. Data analysis is expected to be 
completed by April 2026.

2.8 Ethical considerations

Ethical requirements were assessed according to local regulations, 
which state that neither formal ethical approval nor informed consent 
from participants is required for this study, as it is based on expert 
opinion and does not involve patients or vulnerable individuals. We 
will consequently inform all panelists that no Ethical requirements are 
needed. However, we recommend that researchers intending to repli-
cate this study in other jurisdictions consult their local institutional 
review boards to ensure compliance with local regulations.

2.9 Knowledge transfer

The research team engaged in collaborative discussions with clini-
cians, researchers, engineers, and professionals specializing in gait 
analysis, balance, and stroke rehabilitation. These interactions helped 
define the study’s rationale and methodological framework and iden-
tify the main theoretical and practical challenges the research sought 
to address. The survey results will be disseminated through publica-
tion in a peer-reviewed journal specializing in rehabilitation research 
to ensure accessibility to interested parties. Additionally, the results 
will be presented at national and international scientific meetings. 
Feedback on the conceptual and methodological definitions devel-
oped during the study will be sought from experts in theoretical, clini-
cal, and methodological areas to inform and refine future research 
directions.

3 Discussion

The evaluation of gait and balance in individuals post-stroke 
needs an evidence-based approach to ensure both accurate assessment 
and effective rehabilitation planning. Given the complexity and mul-
tidimensionality of gait and balance impairments, selecting appropri-
ate assessment tools benefits significantly from expert consensus. 
Despite the availability of numerous standardized scales and tests, 
there is no consensus on the most suitable instruments to assess gait 
and balance in stroke patients, particularly for distinguishing between 
post-rehabilitation improvements that reflect true recovery and those 
that reflect compensatory strategies.

The absence of standardized outcome measures within a 
defined conceptual framework presents significant challenges 
for comparing study results, tracking patient progress, and design-
ing individualized, targeted rehabilitation interventions. 
Establishing a shared assessment framework is therefore essential—
not only to enhance clinical decision-making but also to facilitate 
a more comprehensive interpretation of outcomes, particularly in 

distinguishing recovery from compensation processes. 
Furthermore, rehabilitation research increasingly acknowledges the 
value of structured models for characterizing the mechanisms 
underlying motor recovery and compensatory strategies following 
stroke. Further clinical and preclinical research is needed to iden-
tify optimal time windows and strategies to improve true recovery 
rather than compensation (36).

In 2017, Kwakkel et al. affirmed the need of a consensus about a 
core set of valid measures to use in every stroke recovery and rehabili-
tation trial and the necessity to objectively measure quality of motor 
performance using technology to help distinguish restitution and 
compensation, established the “Stroke Recovery and Rehabilitation 
Round-table” (SRRR) to develop recommendations for standardized 
assessment times and measures to be included in all adult clinical 
trials of sensorimotor recovery after stroke. They organized three con-
sensus meetings (23–25) on measurement standards and patient char-
acteristics, clinical predictors, and pre-stroke clinical data to be 
collected in future stroke recovery trials. In these studies, recommen-
dations are made based on time post-stroke and are aligned with the 
International Classification of Functioning, Disability, and Health. In 
the third roundtable (25), the group agreed on definitions related to 
balance and mobility and recommended a core set of outcome mea-
sures for lower-extremity motor function, balance and mobility, bio-
mechanical metrics, and technologies for measuring quality of 
movement. Following this work, our study used a Delphi methodol-
ogy, which has several features, such as the anonymity of the panelists 
and the statistical analysis of the results, focusing in depth on the two 
functions of gait and balance, distinguishing between recovery and 
compensation measures at the three ICF levels, including the neural 
level. We hope our study will contribute to the evidence base for preci-
sion stroke rehabilitation in these two functions.

As introduced by Hart et al. in 2019 (37, 38), the Rehabilitation 
Treatment Specification System (RTSS) is a structured framework for 
defining rehabilitation interventions based on their specific goals, 
active ingredients, and underlying mechanisms of action, whether 
aimed at promoting true recovery or facilitating compensatory strate-
gies. This model emphasizes the formulation of rehabilitation strate-
gies based on explicitly defined treatment goals, helping rehabilitators 
to select interventions based on an understanding of motor control 
that derives not only from functional outcome measures, but also 
from the integration of clinical data assessing body structure and 
function, as well as instrumented assessment of movement quality and 
neural alterations. The use of standardized assessment tools aligned 
with the RTSS framework, the identification of which is the objective 
of the present study, could support stratification of patients based on 
their functional and neurobiological profiles, thereby promoting pre-
cision rehabilitation approaches tailored to optimize recovery or, 
when appropriate, to compensate for deficits.

Establishing a shared conceptual and theoretical framework could 
facilitate the appropriate use of assessment and treatment tools aligned 
with different categories of the ICF. This enables investigation of their 
interrelations and effects across domains—particularly with neuro-
physiological biomarkers. In this context, the consensus statements 
from the International Stroke Recovery and Rehabilitation Alliance 
(ISRRA) (39) highlight the need to develop biomarkers of sensorimo-
tor impairment for both clinical decision-making and research pur-
poses. In addition to established biomarkers of stroke recovery, more 
precise biomarkers of sensorimotor impairment could enhance the 
prediction of rehabilitation outcomes, support more accurate goal 

https://doi.org/10.3389/fneur.2026.1764795
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Castagnoli et al.� 10.3389/fneur.2026.1764795

Frontiers in Neurology 06 frontiersin.org

setting, and inform the selection of individualized treatment strate-
gies (39).

In a 2019 review, Balkaya M highlights the role of gait and kine-
matic analyses of locomotion and skilled reaching in providing sensi-
tivity and enabling the detection of compensatory patterns to 
distinguish between recovery and compensation. While dedicated 
setups for such analysis exist, kinematic analysis can also be achieved 
using low-cost tools (36).

In addition to its clinical relevance, the present study also contrib-
utes methodologically to the field of rehabilitation research. Although 
the Delphi method has been widely used in healthcare for guideline 
development and consensus building, its application in rehabilitation, 
particularly in neurological conditions, remains relatively limited, with 
only a few studies adopting this approach (21, 40). The Delphi method-
ology employed in this study will serve as a basis for future studies, 
including a cross-sectional study to determine the prevalence of gait and 
balance disorders and to stratify stroke patients into clinically relevant 
subgroups, thereby promoting the development of precision rehabilita-
tion strategies. Furthermore, the results will contribute to longitudinal 
investigations of gait and balance rehabilitation, enabling correlations 
between therapeutic interventions and changes in functional perfor-
mance, movement quality, and neurobiological parameters.

This work will provide a cohort of tools that can be used according 
to the suggested methodology to distinguish between true recovery 
and compensation during gait and balance. The aim of this Delphi 
study is to develop a set of tools that will help all clinicians and 
researchers, including those in low-resource or non-specialist settings, 
select the most appropriate tool for their specific context, based on the 
evidence produced by this Delphi study.

3.1 Limits of the study

We acknowledge several limitations inherent to the present Delphi 
methodology. First, the consensus reached will reflect the opinions of 
the selected expert panel and may not be generalizable to the entire 
community of stroke rehabilitation professionals. Second, there is a 
risk of expert attrition across multiple rounds, which we will aim to 
mitigate through clear communication and incentives to reduce drop-
outs. Third, Delphi studies may be susceptible to the dominance of 
prevailing paradigms, whereby experts tend to favor established 
approaches over emerging or innovative tools; we have attempted to 
mitigate this by including panelists from diverse professional back-
grounds and by allowing participants to suggest additional tools not 
included in the initial list. Finally, the outcomes of this protocol are 
consensus-based recommendations, and their empirical validation in 
clinical practice will require further research.

4 Conclusion

This study aims to establish consensus among experts on the most 
appropriate assessment tools for evaluating gait and balance in people 
with stroke, within a standardized framework that includes functional 
outcomes, movement quality, and neurobiological mechanisms, and 
that addresses both recovery and compensatory processes. This stan-
dardized approach aims to facilitate the consistent application of 
selected outcome measures in clinical and research settings. The con-
sensus achieved through this Delphi process will provide a solid 

foundation for implementing precision rehabilitation in stroke, with 
the ultimate goal of improving rehabilitation outcomes and optimiz-
ing functional recovery.

Author contributions

CC: Writing  – original draft, Conceptualization. EG: 
Conceptualization, Supervision, Methodology, Writing  – original 
draft. DC: Supervision, Conceptualization, Writing – original draft, 
Methodology. MGe: Conceptualization, Writing  – original draft, 
Methodology, Supervision. DL: Formal analysis, Writing – review & 
editing, Methodology. MGo: Writing – review & editing, Methodology, 
Conceptualization. JP: Writing – review & editing, Data curation, 
Software. RP: Investigation, Writing – review & editing, Data curation. 
RC: Data curation, Methodology, Writing  – review & editing, 
Investigation, Software. IA: Writing  – review & editing, 
Conceptualization, Methodology. MB: Writing – review & editing, 
Conceptualization. FC: Supervision, Methodology, Investigation, 
Conceptualization, Writing – review & editing.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This study was supported and funded by 
the Italian Ministry of Health-Ricerca Corrente 2025.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

https://doi.org/10.3389/fneur.2026.1764795
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Castagnoli et al.� 10.3389/fneur.2026.1764795

Frontiers in Neurology 07 frontiersin.org

References
	1.	Donkor ES. Stroke in the 21st century: a snapshot of the burden, epidemiology, and 
quality of life. Stroke Res Treat. (2018) 2018:3238165. doi: 10.1155/2018/3238165

	2.	Poomalai G, Prabhakar S, Sirala Jagadesh N. Functional ability and health problems of 
stroke survivors: an explorative study. Cureus. (2023) 15:e33375. doi: 10.7759/
cureus.33375

	3.	Stinear CM, Lang CE, Zeiler S, Byblow WD. Advances and challenges in stroke reha-
bilitation. Lancet Neurol. (2020) 19:348–60. doi: 10.1016/S1474-4422(19)30415-6

	4.	Walker MF, Hoffmann TC, Brady MC, Dean CM, Eng JJ, Farrin AJ, et al. 
Improving the development, monitoring and reporting of stroke rehabilitation 
research: consensus-based core recommendations from the stroke recovery and 
rehabilitation roundtable. Neurorehabil Neural Repair. (2017) 31:877–84. doi: 
10.1177/1545968317732686

	5.	Corbetta D, Imeri F, Gatti R. Rehabilitation that incorporates virtual reality is more 
effective than standard rehabilitation for improving walking speed, balance and mobility 
after stroke: a systematic review. J Physiother. (2015) 61:117–24. doi: 10.1016/j.
jphys.2015.05.017

	6.	Beyaert C, Vasa R, Frykberg GE. Gait post-stroke: pathophysiology and rehabilitation 
strategies. Neurophysiol Clin. (2015) 45:335–55. doi: 10.1016/j.neucli.2015.09.005

	7.	Wonsetler EC, Bowden MG. A systematic review of mechanisms of gait speed change 
post-stroke. Part 2: exercise capacity, muscle activation, kinetics, and kinematics. Top 
Stroke Rehabil. (2017) 24:394–403. doi: 10.1080/10749357.2017.1282413

	8.	Boehm WL, Gruben KG. Post-stroke walking behaviors consistent with altered ground 
reaction force direction control advise new approaches to research and therapy. Transl 
Stroke Res. (2016) 7:3–11. doi: 10.1007/s12975-015-0435-5

	9.	Arienti C, Lazzarini SG, Pollock A, Negrini S. Rehabilitation interventions for improv-
ing balance following stroke: an overview of systematic reviews. PLoS One. (2019) 
14:e0219781. doi: 10.1371/journal.pone.0219781

	10.	 Langhorne P, Coupar F, Pollock A. Motor recovery after stroke: a systematic review. 
Lancet Neurol. (2009) 8:741–54. doi: 10.1016/S1474-4422(09)70150-4

	11.	 Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC, et al. Guidelines for 
adult stroke rehabilitation and recovery: a guideline for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. (2016) 47:e98–e169. 
doi: 10.1161/STR.0000000000000098

	12.	 Oh BM. A path to precision medicine: incorporating blood-based biomarkers in 
stroke rehabilitation. Ann Rehabil Med. (2021) 45:341–4. doi: 10.5535/arm.21171

	13.	 Kahkoska AR, Freeman NLB, Jones EP, Shirazi D, Browder S, Page A, et al. 
Individualized interventions and precision health: lessons learned from a systematic 
review and implications for analytics-driven geriatric research. J Am Geriatr Soc. (2023) 
71:383–93. doi: 10.1111/jgs.18141

	14.	 Lin DJ, Stein J. Stepping closer to precision rehabilitation. JAMA Neurol. (2023) 
80:339–41. doi: 10.1001/jamaneurol.2023.0044

	15.	 Hylin MJ, Kerr AL, Holden R. Understanding the mechanisms of recovery and/or 
compensation following injury. Neural Plast. (2017) 2017:7125057. doi: 
10.1155/2017/7125057

	16.	 Arthanat S, Nochajski SM, Stone J. The international classification of functioning, 
disability and health and its application to cognitive disorders. Disabil Rehabil. (2004) 
26:235–45. doi: 10.1080/09638280310001644889

	17.	 Geyh S, Cieza A, Schouten J, Dickson H, Frommelt P, Omar Z, et al. ICF core sets for 
stroke. J Rehabil Med. (2004) 36:135–41. doi: 10.1080/16501960410016776

	18.	 Levin MF, Kleim JA, Wolf SL. What do motor “recovery” and “compensation” mean 
in patients following stroke? Neurorehabil Neural Repair. (2009) 23:313–9. doi: 
10.1177/1545968308328727

	19.	 Buma F, Kwakkel G, Ramsey N. Understanding upper limb recovery after stroke. 
Restor Neurol Neurosci. (2013) 31:707–22. doi: 10.3233/rnn-130332

	20.	 Bernhardt J, Hayward KS, Kwakkel G, Ward NS, Wolf SL, Borschmann K, et al. 
Agreed definitions and a shared vision for new standards in stroke recovery research: the 
stroke recovery and rehabilitation roundtable taskforce. Int J Stroke. (2017) 12:444–50. 
doi: 10.1177/1747493017711816

	21.	 Pohl J, Held JPO, Verheyden G, Alt Murphy M, Engelter S, Flöel A, et al. Consensus-
based Core set of outcome measures for clinical motor rehabilitation after stroke-a Delphi 
study. Front Neurol. (2020) 11:875. doi: 10.3389/fneur.2020.00875

	22.	 Cecchi F, Cassio A, Lavezzi S, Scarponi F, Gatta G, Montis A, et al. Redefining a mini-
mal assessment protocol for stroke rehabilitation: the new “Protocollo di minima per 
l’ICtus” (PMIC2020). Eur J Phys Rehabil Med. (2021) 57:669–76. doi: 10.23736/
S1973-9087.21.06638-7

	23.	 Kwakkel G, Lannin NA, Borschmann K, English C, Ali M, Churilov L, et al. 
Standardized measurement of sensorimotor recovery in stroke trials: consensus-based 
core recommendations from the stroke recovery and rehabilitation roundtable. Int J 
Stroke. (2017) 31:784–92. doi: 10.1177/1747493017711813

	24.	 Kwakkel G, Van Wegen E, Burridge JH, Winstein CJ, van Dokkum L, Alt Murphy M, 
et al. Standardized measurement of quality of upper limb movement after stroke: consen-
sus-based core recommendations from the second stroke recovery and rehabilitation 
roundtable. Int J Stroke Off J Int Stroke Soc. (2019) 14:783–91. doi: 
10.1177/1747493019873519

	25.	 Van Criekinge T, Heremans C, Burridge J, Deutsch JE, Hammerbeck U, Hollands K, 
et al. Standardized measurement of balance and mobility post-stroke: consensus-based 
core recommendations from the third stroke recovery and rehabilitation roundtable. 
Neurorehabil Neural Repair. (2024) 38:41–51. doi: 10.1177/15459683231209154

	26.	 Niederberger M, Spranger J. Delphi technique in health sciences: a map. Front Public 
Health. (2020) 8:457. doi: 10.3389/fpubh.2020.00457

	27.	 Khodyakov D, Grant S, Kroger J, Bauman M. RAND Methodological Guidance for 
Conducting and Critically Appraising Delphi Panels. Santa Monica, CA: RAND 
Corporation (2023).

	28.	 Nasa P, Jain R, Juneja D. Delphi methodology in healthcare research: how to decide 
its appropriateness. World J Methodol. (2021) 11:116–29. doi: 10.5662/wjm.v11.i4.116

	29.	 Diamond IR, Grant RC, Feldman BM, Pencharz PB, Ling SC, Moore AM, et al. 
Defining consensus: a systematic review recommends methodologic criteria for reporting 
of Delphi studies. J Clin Epidemiol. (2014) 67:401–9. doi: 10.1016/j.jclinepi.2013.12.002

	30.	 Landeta J, Barrutia J, Lertxundi A. Hybrid Delphi: a methodology to facilitate contri-
bution from experts in professional contexts. Technol Forecast Soc Change. (2011) 
78:1629–41. doi: 10.1016/j.techfore.2011.03.009

	31.	 Carlsen B, Glenton C. What about N? A methodological study of sample-size report-
ing in focus group studies. BMC Med Res Methodol. (2011) 11:26. doi: 
10.1186/1471-2288-11-26

	32.	 Gundumogula M, G M. Importance of focus groups in qualitative research. Int J 
Humanit Soc Sci IJHSS. (2020) 8:299–302. doi: 10.24940/theijhss/2020/v8/i11/
HS2011-082

	33.	 Dalal S, Khodyakov D, Srinivasan R, Straus S, Adams J. Expertlens: a system for elicit-
ing opinions from a large pool of non-collocated experts with diverse knowledge. Technol 
Forecast Soc Change. (2011) 78:1426–44. doi: 10.1016/j.techfore.2011.03.021

	34.	 Spranger J, Homberg A, Sonnberger M, Niederberger M. Reporting guidelines for 
Delphi techniques in health sciences: a methodological review. Z Evid Fortbild Qual 
Gesundhwes. (2022) 172:1–11. doi: 10.1016/j.zefq.2022.04.025

	35.	 Jünger S, Payne SA, Brine J, Radbruch L, Brearley SG. Guidance on conducting and 
REporting DElphi studies (CREDES) in palliative care: recommendations based on a 
methodological systematic review. Palliat Med. (2017) 31:684–706. doi: 
10.1177/0269216317690685

	36.	 Balkaya M, Cho S. Optimizing functional outcome endpoints for stroke recovery 
studies. J Cereb Blood Flow Metab. (2019) 39:2323–42. doi: 10.1177/0271678X19875212

	37.	 Hart T, Dijkers MP, Whyte J, Turkstra LS, Zanca JM, Packel A, et al. A theory-driven 
system for the specification of rehabilitation treatments. Arch Phys Med Rehabil. (2019) 
100:172–80. doi: 10.1016/j.apmr.2018.09.109

	38.	 Van Stan JH, Dijkers MP, Whyte J, Hart T, Turkstra LS, Zanca JM, et al. The rehabilita-
tion treatment specification system: implications for improvements in research design, 
reporting, replication, and synthesis. Arch Phys Med Rehabil. (2019) 100:146–55. doi: 
10.1016/j.apmr.2018.09.112

	39.	 Bernhardt J, Corbett D, Dukelow S, Savitz S, Solomon JM, Stockley R, et al. The 
international stroke recovery and rehabilitation alliance. Lancet Neurol. (2023) 22:295–6. 
doi: 10.1016/S1474-4422(23)00072-8

	40.	 Capra R, Battaglia MA, Gaudioso A, Lopes L, Paolicelli D, Paoloni M, et al. The MoSt 
project–more steps in multiple sclerosis: a Delphi method consensus initiative for the 
evaluation of mobility management of MS patients in Italy. J Neurol. (2014) 261:526–32. 
doi: 10.1007/s00415-013-7230-6

https://doi.org/10.3389/fneur.2026.1764795
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1155/2018/3238165
https://doi.org/10.7759/cureus.33375
https://doi.org/10.7759/cureus.33375
https://doi.org/10.1016/S1474-4422(19)30415-6
https://doi.org/10.1177/1545968317732686
https://doi.org/10.1016/j.jphys.2015.05.017
https://doi.org/10.1016/j.jphys.2015.05.017
https://doi.org/10.1016/j.neucli.2015.09.005
https://doi.org/10.1080/10749357.2017.1282413
https://doi.org/10.1007/s12975-015-0435-5
https://doi.org/10.1371/journal.pone.0219781
https://doi.org/10.1016/S1474-4422(09)70150-4
https://doi.org/10.1161/STR.0000000000000098
https://doi.org/10.5535/arm.21171
https://doi.org/10.1111/jgs.18141
https://doi.org/10.1001/jamaneurol.2023.0044
https://doi.org/10.1155/2017/7125057
https://doi.org/10.1080/09638280310001644889
https://doi.org/10.1080/16501960410016776
https://doi.org/10.1177/1545968308328727
https://doi.org/10.3233/rnn-130332
https://doi.org/10.1177/1747493017711816
https://doi.org/10.3389/fneur.2020.00875
https://doi.org/10.23736/S1973-9087.21.06638-7
https://doi.org/10.23736/S1973-9087.21.06638-7
https://doi.org/10.1177/1747493017711813
https://doi.org/10.1177/1747493019873519
https://doi.org/10.1177/15459683231209154
https://doi.org/10.3389/fpubh.2020.00457
https://doi.org/10.5662/wjm.v11.i4.116
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.techfore.2011.03.009
https://doi.org/10.1186/1471-2288-11-26
https://doi.org/10.24940/theijhss/2020/v8/i11/HS2011-082
https://doi.org/10.24940/theijhss/2020/v8/i11/HS2011-082
https://doi.org/10.1016/j.techfore.2011.03.021
https://doi.org/10.1016/j.zefq.2022.04.025
https://doi.org/10.1177/0269216317690685
https://doi.org/10.1177/0271678X19875212
https://doi.org/10.1016/j.apmr.2018.09.109
https://doi.org/10.1016/j.apmr.2018.09.112
https://doi.org/10.1016/S1474-4422(23)00072-8
https://doi.org/10.1007/s00415-013-7230-6

	Consensus on key evaluation tools for stroke: a Delphi study protocol for the assessment of balance and gait
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Expert focus group methodology
	2.3 Delphi methodology
	2.4 Delphi expert recruitment
	2.5 Delphi administration
	2.6 Consensus definition and Delphi data analysis
	2.7 Study timeline
	2.8 Ethical considerations
	2.9 Knowledge transfer

	3 Discussion
	3.1 Limits of the study

	4 Conclusion

	References

