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Abstract

Background: Upper-limb impairment is a major cause of post-stroke disability, limiting
participation in meaningful activities. Robotic rehabilitation may address this by deliv-
ering high-dosage, task-oriented training while reducing clinician workload. However,
limited clinical translation of robotic interventions may be partly due to poor reporting in
the literature. This systematic review evaluated the intervention-reporting quality (com-
pleteness and consistency) of randomized controlled trials (RCTs) comparing robotic and
conventional upper-limb stroke rehabilitation. Methods: Four databases were searched for
RCTs investigating robotic upper-limb interventions compared with dose-matched conven-
tional interventions for people with stroke. Intervention reporting was assessed using the
TIDieR-Rehab checklist. Trained reviewers independently extracted and evaluated data,
resolving discrepancies through consensus. Completeness and consistency were analyzed
descriptively. Results: Among 25 RCTs, the overall reporting completeness was low (43%).
Robotic interventions were better described (50%) than conventional interventions (36%).
While timing and total dose were commonly reported, critical details on provider expertise,
active dose, progressive challenge, personalization, and harms were often omitted. Report-
ing consistency was moderate (68%), with key information dispersed across article sections.
Conclusions: Inadequate reporting limits the transparency, replication, and implementa-
tion of robotic upper-limb interventions. Adopting structured reporting frameworks like
TIDieR-Rehab is essential for advancing the field.

Keywords: stroke rehabilitation; robotics; reproducibility of results; upper extremity;
review; randomized controlled trial

1. Introduction

Globally, an estimated 101 million people live with the effects of stroke, with approx-
imately 80% of individuals experiencing upper-limb disability that profoundly impacts
their participation in everyday activities [1,2]. Both clinicians and people with stroke
recognize upper-limb rehabilitation as essential to promoting neuroplasticity and regaining
independence [3,4]. However, healthcare systems often prioritize lower-limb rehabilitation
to enhance the person’s mobility and expedite hospital discharge, deprioritizing or even ne-
glecting the impact of upper-limb disability [3]. This disregard is concerning, as upper-limb
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rehabilitation is inherently complex, requiring specialized expertise and interdisciplinary
collaboration to address the intricate sensorimotor, multi-joint, and bilateral arm functions
involved in meaningful, everyday activities [3]. Even when upper-limb rehabilitation is
prioritized, limited staffing and resource constraints often result in therapy dosages that
fall short of the intensity needed to achieve clinically meaningful improvements [5,6]. To
address these challenges, emerging technologies, such as robotic rehabilitation, are gaining
attention as a potential solution to enhancing the accessibility and efficacy of upper-limb
rehabilitation [7].

Robotic rehabilitation is advocated for its ability to personalize upper-limb rehabilita-
tion tasks, promote active engagement, and deliver high dosages of task-specific training
with reduced clinician involvement [8-11]. Meta-analyses suggest that robotic rehabil-
itation is potentially as effective, if not more effective, than conventional rehabilitation,
for improving upper-limb capacity [10-12]. These effects may be attributed to specific
robotic device features, such as the joints being mobilized, assistance and feedback type,
portability, and laterality of the device [11]. Additionally, program parameters, including
rehabilitation setting, clinician and peer involvement, number of devices used, type of
training, and amount of practice, may also influence outcomes [10,11]. However, despite
improvements in upper-limb capacity, robotic rehabilitation has not consistently translated
to improvements in the performance of activities of daily living [8,10-12]. This raises
questions about the mechanisms by which robotic rehabilitation contributes to improved
upper-limb function and which device features and program parameters most effectively
promote recovery [8,10-12].

Efforts to isolate the true effects of robotic upper-limb interventions and their conven-
tional comparators are complicated by poor intervention reporting [8,11,12]. Key details
regarding device features (e.g., assistance type) and program parameters (e.g., training
amount, supervision level) are often poorly described or omitted from clinical trials [8,11,12].
Given the rapid evolution of this field, poor reporting is particularly problematic, as it
perpetuates research waste [13]. Without complete and transparent reporting, person- and
intervention-specific features that influence outcomes cannot be identified, compared, or
optimized [13-15]. Moreover, clinicians cannot advocate for nor replicate robotic interven-
tions if research does not provide sufficient guidance on their use [13-15]. These issues are
exacerbated by the inconsistency of intervention reporting location, where key intervention
details may be obscurely dispersed across various article sections (e.g., Introduction, Meth-
ods, Results, Figures, Appendix, Supplementary Files) and are not readily accessible [16].
Poor intervention reporting quality may significantly deter the optimization and clinical
uptake of robotic upper-limb interventions in stroke rehabilitation [13-15,17,18].

Given the evidence supporting the efficacy of upper-limb robotics, its potential to
augment or offer advantages over conventional rehabilitation, and the extensive time and
cost being invested into optimizing their device and intervention design, it is crucial that the
advancement of robotics is supported by comprehensive intervention reporting [8,11,12].
Addressing reporting challenges requires a systematic assessment of intervention reporting
quality. The TIDieR-Rehab checklist, an extension of the original Template for Intervention
Description and Replication (TIDieR) [16], was developed to evaluate the reporting of com-
plex rehabilitation interventions and is well-suited to evaluating robotic interventions [15].
Therefore, this study used the TIDieR-Rehab checklist to evaluate the quality of inter-
vention reporting in randomized controlled trials (RCTs) comparing robotic upper-limb
interventions with conventional upper-limb interventions in stroke rehabilitation. Unlike
previous reviews that focus on treatment effects [11,17-19], this study uniquely evaluates
the completeness and consistency of intervention reporting to elucidate specific reporting
gaps and potentially offer practical guidance to improve intervention reporting quality,
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and in turn, facilitate the advancement of future research and design, and promote clinical
translation of robotic upper-limb interventions in stroke rehabilitation.

2. Methods
2.1. Study Design

This systematic review of intervention reporting was guided by the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [20], is reported
in accordance with the PRISMA-S checklist (refer to Supplementary File S1) [21], and was
pre-registered in Open Science Framework (osf.io/ynm3r). It is informed by an earlier
systematic review and meta-analysis by Boardsworth and colleagues [11] which, similar to
other systematic reviews in the field [17,18], examined the efficacy of robotic upper-limb in-
terventions in stroke rehabilitation but was significantly limited in its ability to analyze the
influence of device and program features on outcomes due to poor intervention reporting
in the included articles. To examine this further, the current study used the TIDieR-Rehab
checklist to systematically evaluate the intervention reporting quality of robotic upper-limb
stroke rehabilitation.

2.2. Data Selection

In accordance with the data selection process of Boardsworth et al. [11], this systematic
review included RCTs that investigated the efficacy of robotic upper-limb interventions
compared with dose-matched conventional upper-limb interventions, on upper-limb ca-
pacity or activities of daily living (ADLs) following stroke. To align the dataset with current
expectations of intervention reporting in rehabilitation RCTs, two additional exclusion crite-
ria were applied. First, the dataset excluded pilot or feasibility studies, which were defined
as those with fewer than 30 participants and/or lacked power justification through sample
size calculations [22]. While such studies offer valuable insights for the emerging field of
robotic rehabilitation, they often have different reporting expectations and are not typically
designed for intervention replication. Therefore, their inclusion could have skewed the
results [23]. Second, articles published prior to 2015 were excluded as key intervention
reporting guidelines, such as the original TIDieR checklist [16], were not yet available for
adoption. These additional criteria ensured that included articles were fully powered RCTs
published during a period reflecting contemporary standards for the transparency and
replicability of intervention reporting.

Refer to Table 1 for the full eligibility criteria. Boardsworth and colleagues [11]
conducted their initial search on 31 March 2023 with no start date limit. For the current
study, all articles included in their systematic review and additional articles were identified
by updating the search on 9 July 2024 (see Supplementary File S2 for the search strategy).
One reviewer (EG) deduplicated and screened articles by title and abstract using Endnote,
then manually conducted full-text screening to identify eligible articles. Two additional
authors (GA and NS) reviewed and confirmed the eligibility of the final dataset.

Table 1. Article eligibility criteria.

Inclusion Exclusion

Participants

Adults over the age of 18 with stroke resulting in

reduced upper-limb function. Cerebellar or brainstem stroke.

Experimental intervention

Robotic rehabilitation combined with

Robotic exoskeleton or end-effector another non-conventional, exploratory
rehabilitation targeting the upper limb for one or  intervention, such as transcranial direct
more sessions. current stimulation or

brain—computer interfaces.
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Table 1. Cont.

Inclusion

Exclusion

Control intervention

Conventional occupational therapy or
physiotherapy rehabilitation targeting the upper
limb, such as task-specific training, strength
training, repetitive practice, constraint-induced
movement therapy, or a combination.
Dose-matched with the experimental robotic
intervention in terms of total training time.

Conventional rehabilitation that also uses
robotics, unless the robotic component
was very brief (<10 min).

Conventional rehabilitation combined
with another non-conventional,
exploratory intervention such as
transcranial direct current stimulation or
brain computer interfaces.

Evaluation of ‘activity” level outcomes including
(a) upper-limb capacity or (b) activities of daily

‘Impairment’ level outcomes only, such

Outcomes living as classified by the International as muscle strength, passive range of
Classification of Functioning Disability and motion, or muscle tone.
Health model.
Randomized crossover trials.
Studv desien Randomized controlled trials with a Randomized controlled trials with less
y & parallel-group trial design. than 30 participants and/or without a
sample size calculation *.
Publication Full-text peer-reviewed journal articles Articles published prior to 2015 *.

published in English.

Note. Eligibility criteria adapted from Boardsworth and colleagues systematic review [11]. Abbreviation: *, addi-
tional exclusions applied for the current systematic review.

2.3. Data Extraction and Evaluation

The TIDieR-Rehab checklist [15] is an extension of the original TIDieR tool specifically
developed for the planning, reporting, synthesis, and critique of rehabilitation intervention
studies. The TIDieR-Rehab checklist [15] was used to evaluate intervention reporting
quality according to 22 items across the following sections: ‘Brief name’, “‘Why’, "Who', "When’,
‘What', "Who provided’, ‘How’, “Where’, 'How much’, "How challenging’, ‘Regression/Progression’,
‘Personalisation’, ' Protocol deviations’, ‘How well’, and ‘Harms’. Two reviewers (EG and KA)
undertook data extraction and evaluation. One reviewer (EG), a physiotherapist and
early career academic, had comprehensive knowledge of the TIDieR-Rehab checklist from
their contribution to its development. The other reviewer (KA) was a senior neurological
physiotherapist and clinical educator with extensive experience in stroke rehabilitation but
had no previous experience with the TIDieR-Rehab checklist. Neither reviewer had been
involved in the earlier systematic review and meta-analysis [11].

Prior to data extraction, the two reviewers completed structured training and piloting
to build foundational knowledge, refine the methods, and establish standards of reporting
specific to robotic and conventional upper-limb stroke rehabilitation interventions. In
this training process, they familiarized with seven articles that had been excluded [24-30],
mapping intervention descriptions against the TIDieR-Rehab checklist to clarify reporting
expectations, identify common reporting gaps, and develop a table of reference (refer to
Supplementary File S3) containing intervention-specific guidance and examples to support
evaluation. Then, they independently piloted data extraction and evaluation using the table
of reference on these seven excluded articles [24-30] and a further three articles that were
included in the review [31-33], resolving discrepancies and refining the table of reference
iteratively with another author (GA). This process ensured a shared understanding of
reporting standards and readiness for systematic data extraction and evaluation.

Using the TIDieR-Rehab checklist and table of reference, the two reviewers inde-
pendently evaluated the reporting quality of robotic and conventional upper-limb in-
terventions within the included articles and their associated materials (e.g., Appendix,
Supplementary Files, referenced protocols). Intervention information was extracted into
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a Microsoft Excel sheet, aligned with the relevant TIDieR-Rehab item, and labeled with
the reporting location of each excerpt. Information pertaining to each TIDieR-Rehab item
was assessed for two aspects of reporting quality: (i) completeness, and (ii) key location of
reporting. Completeness was evaluated according to whether the intervention description
pertaining to a TIDieR-Rehab item was fully described to a level that would allow for
replication and was categorized as complete, incomplete, or absent. Key reporting location
was evaluated by determining the article location (e.g., Introduction, Methods, Results,
Figure, Appendix) where the most key intervention information for replication was re-
ported; this was used to inform the analysis of consistency. Evaluations of completeness
and consistency of intervention reporting are further defined in Table 2. Following inde-
pendent evaluations, the two reviewers met to resolve disagreements. Any outstanding
discrepancies were mediated by a third reviewer (GA) until consensus was reached.

Table 2. Definitions and evaluation of intervention reporting quality.

Aspect of Reporting Quality Definition Evaluation

Completeness of reporting

Complete = Full and clear
The completeness of reported description, to an extent which
intervention information according ~ would allow it to be replicated.
to the TIDieR-Rehab item and table ~ Incomplete = Partial or
of reference. ambiguous description.
Absent = No description.

Consistency of reporting location where key intervention information

After all relevant descriptions
pertaining to a TIDieR-Rehab item
were extracted, the key location
containing the most pertinent
information for replication was
identified (e.g., Methods).
Intervention groups that had ‘absent’
reporting of an item were not
included in the evaluation of
consistency for that item.

The consistency of article location

for replication was reported.

Note. Completeness of reporting and consistency of reporting location were evaluated within and across
intervention groups and TIDieR-Rehab checklist items.

2.4. Data Analysis

Inter-rater agreement was analyzed by percentage agreement and Cohen’s Kappa. An
a priori guide was set to interpret the percentage of inter-rater agreement as acceptable
(75% to 80%) or high (>80%) and Cohen’s Kappa agreement as poor (<0), slight (0-0.20), fair
(0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), or excellent (0.81-1.00) [34,35]. A
sensitivity analysis was conducted to compare the inter-rater agreement with and without
the piloting phase.

Completeness and consistency of reporting location were analyzed descriptively by
percentages. For completeness, the percentage of complete, incomplete, and absent report-
ing was calculated separately for each TIDieR-Rehab checklist item and across all items.
For consistency of reporting location, first, the most common key reporting location for
each TIDieR-Rehab item across all interventions was identified. Then, the percentage of
intervention groups that used this key location to report on the respective item was calcu-
lated. All calculations were performed separately for robotic interventions, conventional
interventions, and all interventions combined, both for each individual article and across
all articles. An a priori guide was set to separately interpret completeness and consistency
of location as poor (<50%), moderate (50-79%), or excellent (>80%) [36]. All data extraction,
evaluation, comparisons, and analysis were conducted in Microsoft Excel.
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3. Results
3.1. Article Selection and Characteristics

The article selection process is summarized in Figure 1. Updating Boardsworth and
colleagues’ [11] search yielded 335 new results. After initial screening against their eligibility
criteria, 11 new articles were added to their original 54 [11], yielding 65 potential articles
for review. Application of our refined eligibility criteria relating to RCTs’ sample size and
year of publication finally resulted in 25 articles being included in the current systematic

review: 8 from the updated search and 17 from their original dataset.

—_—
g New articles identified from Articles from Boardsworth and
2 re-running search colleagues (2025) dataset
= n=335 = Duplicate articles removed n=>54
b=} EBSCOhost (n=90) » n=123
8 Scopus (n=98) =
= OVID (n=57)
= PMC (n =90)
—
A
—_— A
New articles screened by title and .
¥ . Articles excluded
abstract > 0= 101
n=212
of .
= ) Articles excluded
| New articles sereened by full-text n=10
@
g n=21 Ineligible experimental intervention (n=3)
& Tneligible control intervention (n=3
Impairment-based outcomes only
Non-randomised controlled trial (a=1)
Articles assessed according to our
refined eligibility criteria
n==65 .
Articles excluded
— n=40
Pre-2013 publication{n=24)
Less than 30 participants (n=10)
y No sample size calculation (n=6)
T
= Articles included in review
c] n=25
=
=

Figure 1. Article selection process [11].

3.2. Article Characteristics

Key intervention and participant characteristics of the included articles are provided in
Supplementary File S4. The 25 included RCTs comprised 55 intervention groups, including
four multi-arm trials [32,33,37,38]. In accordance with the study’s aim to evaluate the
intervention reporting quality within and across interventions, which includes capturing
differences between arms, each intervention arm was evaluated independently. Common
reasons for exclusion were ineligible intervention types (e.g., socially assistive robots),
outcomes limited to impairment-based measures, and ineligible study design and pub-
lication timeframe. Studies were conducted across a range of countries, including Italy,
Korea, China, Taiwan, Japan, Singapore, India, Switzerland, France, the United States, and
the United Kingdom and took place within a variety of settings, including inpatient and
outpatient hospitals, rehabilitation centers, and research facilities. In total, 2218 participants
with stroke were enrolled to receive robotic or conventional upper-limb rehabilitation.
Both robotic and conventional interventions encompassed a range of rehabilitation ap-
proaches, including soft-tissue mobilization, active-assisted movement, repetitive practice,
stretching and strengthening exercises, sensorimotor stimulation, and task-oriented and
ADLs training.



Appl. Sci. 2025, 15, 8487

7 of 19

3.3. Inter-Rater Agreement of TIDieR-Rehab Ratings

Across all completeness and key location ratings, the overall inter-rater agreement was
acceptable at 77%. For completeness, the inter-rater agreement across the three categories
(complete, incomplete, or absent) was 76% with a Cohen’s Kappa of 0.64, indicating
acceptable and substantial agreement, respectively. When collapsed into binary categories
(comparing complete versus incomplete/absent ratings and complete/incomplete versus
absent ratings), a high percentage of agreement was achieved (86% and 87%) and substantial
statistical agreement (0.70 and 0.73) was maintained. For consistency in key location ratings,
93% inter-rater agreement and 0.57 statistical agreement were achieved, indicating high
and substantial agreement, respectively. Sensitivity analysis excluding the ratings from
the three pilot articles maintained almost identical agreement for completeness (75%, 0.62)
and was comparable for consistency of location ratings (93%, 0.65), indicating stability of
inter-rater agreement across the pilot and review phases.

3.4. Quality of Intervention Reporting

Percentage of completeness and consistency of reporting location across both robotic
and conventional interventions are presented in Supplementary File S5.

Completeness

Table 3 displays completeness of reporting for each of the 22 TIDieR-Rehab items by in-
tervention group and article. On average, the completeness across robotic and conventional
upper-limb interventions was poor (43%), with most articles (17/25) providing less than
50% complete reporting, and the remaining eight articles achieving moderate completeness
(range of 50-59%). No articles reached excellent completeness (>80%). On average, robotic
interventions were reported more completely than conventional interventions, with robotic
interventions meeting the threshold for moderate completeness (50%), whereas conven-
tional interventions were poorly reported (36%). The only TIDieR-Rehab item for which
the reporting completeness was higher in conventional interventions compared to robotic
interventions was ‘How’ (48% vs. 32%).

Across both robotic and conventional upper-limb interventions, items with excellent
completeness (>80% of articles complete) included ‘Who’ (85%) and ‘When’ (100%). Most
items pertaining to the intervention dose within the section ‘How much’ also displayed
excellent completeness of reporting (‘Session duration” 98%, ‘Frequency’ 87%, and ‘Intervention
length’ 91%). However, ‘Essential elements amount’ was poorly reported (25%), with few
studies providing metrics such as the number of repetitions or total active time participants
engaged with the intervention. While more than half of the TIDieR-Rehab items (14/22)
were poorly reported, eight items were particularly poor with <25% completeness. These
items included: ‘Who provided’ (20%), ‘How challenging’ (9%), ‘Regression/Progression’ (9%),
‘Personalisation’ (‘Needs’ (7%) and ‘Preferences’ (0%)), ‘Protocol deviations’ (13%), ‘How well—
Actual’ (22%), and ‘Harms—Plan’ (16%). Reporting on two of these items, ‘Who provided” and
‘How challenging’, were most frequently rated incomplete (53% and 51%, respectively). The
remaining six items were most frequently rated absent and together accounted for 56% of
all absent ratings. Figure 2 displays completeness of reporting by TIDieR-Rehab item in
robotic upper-limb interventions only.
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Table 3. Completeness of reporting by article and intervention group.

Authors

Intervention

TIDieR-Rehab Item

Harms—Actual

Brief name
Why
Who
When
What—Materials
What—Procedures
Who provided
How
Where
How much—Session(s) duration
How much—Essential element(s),
How much—Frequency
How much—Intervention length
How challenging
Progression Regression/
Personalisation—Needs
Personalisation—Preferences
Protocol deviations
How well—Plan
How well—Actual
Harms—Plan
% complete Article total

Aprile et al. (2020) [31]

Experimental
Control

Bhattacharjee et al. (2024) [39]

Experimental
Control

Budhota et al. (2021) [40]

Experimental
Control

Calabro etal. (2019) [41]

Experimental
Control

Carpinella et al.
(2020) [42]

Experimental
Control

Z| % complete I i
%| %comp ete Intervention group

45% 54%
5% 45%
45%

45%

50%

Chang et al. (2024) [43]

Experimental
Control

48%

Chen et al. (2023) [44]

Experimental
Control

L | | |
\; 52%

Choi etal. (2024) [45]

Experimental
Control

N EEERC mm
I s | e Eees | | 4 "
- )

Experiment 1
Crema etal. (2022) [32] Experiment 2 35%
Control 1
Control 2
Hsu etal. (2019) [46] Experimental 57%
Control
Hsu etal. (2022) [47] Experimental 50%
Control
Kim etal. (2021) [48] Experimental [N [N . L — 43%
Control I s e
Kim etal. (2023) [25] Experimental  ERCEINEIIINI | 43%
Control
Leeetal. (2018) [49] Experimental 27%
Control
Lietal. (2024) [50] Experimental 48%

Control
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Table 3.

Cont.

Authors

Intervention

TIDieR-Rehab Item

Harms—Actual

Brief name
Why
Who
When
What—Materials
What—Procedures
Who provided
How
Where
How much—Session(s) duration
How much—Essential element(s),
How much—Frequency
How much—Intervention length
How challenging
Progression Regression/
Personalisation—Needs
Personalisation—Preferences
Protocol deviations
How well—Plan
How well—Actual
Harms—Plan
% complete Intervention group

Linetal. (2022) [51]

Experimental
Control

32%

Ranzani et al. (2020) [52]

Experimental
Control

Rodgers et al. (2019) [33]

Experimental
Control 1
Control 2

Senocak et al. (2023) [53]

Experimental
Control

Takahashi et al. (2016) [54]

Experimental
Control

Takebayashi et al. (2022) [37]

Experiment 1
Experiment 2
Control

Térémetz et al. (2023) [55]

Experimental
Control

Villafafie et al. (2018) [56]

Experimental
Control

Wolf etal. (2015) [57]

Experimental
Control

Yuan et al. (2023) [38]

Experiment 1

Experiment 2

Control

% complete by item

0, 0, 0, 0,
64% 87% 91% o O TR 0% ygs gy p9r 16%*  62%

0y 0 0/ 0, 0
4Z/o 85%  100% 55% 3?/0 29/0 4(2/0 3:3/0

% complete Article total

36%

59%

52%

34%

48%

41%

27%

25%

52%

33%

Note. Il Complete reporting; 1 Incomplete reporting; Ml Absent reporting; *, poor completeness of reporting (<50%).
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Figure 2. Completeness of reporting in robotic upper-limb interventions only.

Consistency of Reporting Location

Across all TIDieR-Rehab items and intervention groups, the Methods section was
the most common location for reporting intervention features, accounting for 68% of
all key reporting locations and achieving moderate consistency overall. By item, most
TIDieR-Rehab items (18/22), including ‘Brief name’, ‘“Who’, “When’, *"Who provided’, ‘How
much—-Session duration’, ‘How much—Frequency’, ‘Personalisation—Needs’, and ‘How well—
Plan’, were reported in the Methods >80% of the time, achieving excellent consistency
across the robotic and conventional upper-limb rehabilitation groups. However, some items
were primarily reported elsewhere. For example, the item ‘“Why” was commonly reported
in the Introduction section (45%), ‘Protocol deviations’ in Referenced Articles (33%) such as
protocol papers and ‘How well—Actual’ and ‘"Harms—Actual’ in the Results (44% and 65%
respectively). When combined, ‘Other’ reporting locations, including the Abstract, Figures,
Appendices, Supplementary Files, and Referenced Articles, accounted for 21% of all key
reporting locations. In fact, by item, ‘Where’, ‘Regression/Progression’, and ‘Harms—Plan’
were frequently reported in these ‘Other’ locations (41%, 38%, and 45%, respectively).
Figure 3 illustrates the range of key reporting locations identified by each TIDieR-Rehab
item for robotic interventions only.
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Figure 3. Consistency of key location in robotic upper-limb interventions only.

4. Discussion

This is the first systematic review to evaluate the reporting quality of robotic upper-
limb interventions in stroke rehabilitation research. Although the evidence supporting
the efficacy of upper-limb robotics is rapidly advancing, with increasing calls for their
implementation in stroke rehabilitation practice [8,10,11,58], our findings reveal substantial
inadequacies in the quality of their description in RCTs. The consistency of reporting
location was moderate, with intervention descriptions commonly dispersed across article
sections and ‘Other” locations. Completeness of reporting across robotic and conventional
upper-limb interventions was poor, with gaps in critical areas, including intervention
supervision (‘Who provided’), planned and actual dosage ("How much—Essential elements
amount’, ‘How challenging’, ‘Regression/Progression’, ‘How well’), personalization to promote
person-centered care ("Personalisation’), and safety (‘Protocol deviations’, ‘Harms’). Given that
robotics are promoted for their utility in reducing clinician workload, increasing the amount
of practice, and tailoring the intervention to the individual [8,10,11,58], these shortcomings
have significant implications for the replicability, optimization, and clinical advancement
of upper-limb robotics in stroke rehabilitation.

A notable limitation in the reporting of robotic upper-limb interventions was the inad-
equate description of intervention providers and the delivery mode (e.g., face to face, in a
group), with only 21% and 32% of articles specifying ‘Who provided” and "How’, respectively.
While conventional interventions alluded to clinician-led delivery, robotic interventions
rarely described the expertise or training of intervention providers and failed to distinguish
the level of supervision or input provided during robotic rehabilitation. This is particularly
concerning given the critical role that clinicians may play in selecting robotic tasks, defining
dosage parameters, adapting challenge, providing personalized feedback, ensuring safety,
and building a therapeutic relationship with the person throughout rehabilitation [59-62].
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Alternatively, some sophisticated robotic systems are capable of partially or fully automat-
ing these functions based on user performance [12,61,63]. Such advancements have the
potential to streamline clinician workloads, reduce reliance on 1:1 supervision from highly
skilled clinicians, and enable more time- and cost-effective models of intervention deliv-
ery [12,61,63]. Indeed, a core justification for robotic rehabilitation is the potential to reduce
staffing demands by facilitating broader support from a diverse range of supervisors, in-
cluding trained therapy assistants, family members and caregivers, and the facilitation of
self-directed practice [57,64]. Poor reporting of “Who provided” and ‘How’” makes it unclear
how this supervision may occur, and impossible to evaluate how effectively automated
robotic systems perform these functions compared to skilled clinicians or how different su-
pervision models influence rehabilitation outcomes. This lack of transparency obscures the
nuanced interplay between technological and clinical oversight [8,11,12]. In an era where
health systems are looking toward technology to alleviate resource constraints [60,61], the
comprehensive reporting of intervention providers is essential to leveraging upper-limb
robotics to enhance the capacity and efficacy of stroke rehabilitation.

Underpinning neurorehabilitation and the rationale for upper-limb robotics is the
recognition that dose or amount of practice is a pivotal driver of motor learning and recov-
ery [65]. Robotics are widely promoted for their ability to deliver high repetitions, reduce
inactive time, and sustain patient engagement through mechanisms like assisted practice,
gamification, and real-time feedback [59,63,66]. Although this review found that planned
‘Session duration’, ‘Frequency’, and ‘Intervention length’ were well reported (100%, 89%, and
93%, respectively) in robotic interventions, this may be attributed to our study’s inclusion
criteria, which are based on the earlier systematic review and meta-analysis [11] and re-
quired adequate reporting to determine if the interventions were dose-matched. In contrast,
the plan for how much time and/or repetitions would be spent actively engaging with core
components of the robotic intervention (‘How much—Essential elements amount’, 32%) was
largely absent. Robotic systems are capable of monitoring and quantifying the amount of
practice within a session, offering a unique opportunity to measure the actual time spent
engaging in the intervention, detect differences between planned and actual dose, and com-
pare between robotic and conventional interventions [67]. Yet, across both interventions,
the plan to capture this detail (‘How well—Plan’, 27%) and the actual amount of rehabilita-
tion undertaken (‘How well—Actual’, 22%) were also poorly documented. Given that the
efficacy of these interventions is likely contingent on maximizing active practice time, the
ability to accurately quantify the dose and separate this from inactive time (e.g., setting
up the device, giving instructions) is critical to investigating and optimizing rehabilitation
dose-response relationships [11,14,67]. This underscores the importance of comprehensive
documentation and reporting on both the planned and actual dose, including active and
inactive time, to enhance intervention replication, evaluation, and outcomes.

Another critical consideration in upper-limb stroke rehabilitation is the ability to de-
termine and systematically progress challenge for the individual [63,65]. Maintaining an
optimal level of challenge over the course of rehabilitation is vital to ensuring engaging,
rewarding, and effective rehabilitation [63,67]. Yet, the methods for setting and monitoring
challenge (‘How challenging’) was 51% incomplete, and the progression of dosage (‘Re-
gression/Progression’) was 62% absent across robotic and conventional interventions. This
could indicate either a limited understanding of the use of challenge in rehabilitation or
an assumption that it is self-evident within practice [62]. In conventional rehabilitation,
task challenge was often described as being set and progressed based on ‘therapist judge-
ment’ [38,48,50-52,54,55]. While this may be an attempt to simplify the multi-factorial
complexities of optimizing challenge to the individual [14,62], such descriptions offer little
insight into how this critical parameter is operationalized. In robotic rehabilitation, systems
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such as adaptive assist-as-needed technologies can monitor, respond to, and provide real-
time feedback on performance, enabling the manipulation of challenge in a structured and
measurable way [63,67]. But, without precise reporting of how challenge is monitored, set,
progressed, and implemented, robotic interventions cannot be replicated, nor can research
data be meta-analyzed to investigate the effect of different challenge levels [11,68]. This
confusion is exacerbated by inconsistent terminology, where terms like ‘active’, ‘active-
assisted’, and “assistive” are frequently used interchangeably to describe the level of robotic
assistance, without any further definition [11]. Transparent, detailed reporting on challenge
and progression is, therefore, essential to advancing the field and fully leveraging the
therapeutic potential of upper-limb robotics in stroke rehabilitation.

Despite being central to intervention acceptability, aspects related to ‘Personalisation’,
‘Harms’, and ‘Protocol deviations” were the most poorly and sporadically reported. Per-
sonalization, a cornerstone of person-centered rehabilitation, is critical when introducing
novel health technologies, as it shapes both clinicians’ and patients’ perceptions of an
intervention’s legitimacy [59,60,69]. Addressing the diverse needs of people with stroke,
including responding to spasticity, cognitive changes, fatigue, pain, technology literacy,
and accessibility are essential to enabling participation in robotic upper-limb rehabilita-
tion [70-73]. However, personalization to individual needs was only completely reported
in three robotic intervention groups (‘Personalisation—Needs’, 11%). Similarly, personally
meaningful rehabilitation is essential to the individual’s enjoyment and satisfaction from
engaging with robotics [59,69,72,74]. Yet, personalization to preferences was entirely ab-
sent (Personalisation—Preferences’, 0%), with no interventions reporting the ways in which
individuals’ interests, goals, life roles, choice of game or object, inclination toward specific
motivational cues, or other preferences were considered. Poor reporting of personaliza-
tion may perpetuate the use of generic, non-functional tasks that diminish the perceived
value of robotic rehabilitation [72]. Alongside personalization, the adoption of complex,
novel technologies hinges upon their safe use for a range of individuals [71,74]. As safety
data for robotic interventions is still developing, the lack of planning to monitor their
adverse consequences (‘Harms—Plan’, 18% complete) and the inconsistent reporting of
actual adversity (‘Harms—Actual’, 65% consistency) poses a significant limitation, as it
risks exacerbating unfavorable attitudes toward health technology and may restrict clinical
uptake [75]. Without complete reporting, it is difficult to determine who the intervention is
suitable for or how to manage safety risks, making it unsuitable for widespread use [75].
Furthermore, beyond what is “planned’, responsiveness to personalization and harm often
occurs through real-time adjustment. Yet, the poor and scattered reporting of robotic inter-
vention ‘Protocol deviations’ (11% complete, 25% consistency), impedes visibility over how
such adjustments occur to ensure person-centered and safe implementation. Overall, these
gaps not only hinder the acceptability and efficacy of upper-limb robotics but also impedes
the generation of high-quality evidence needed to advance its use for clinical uptake in
stroke rehabilitation.

4.1. Future Research

Future research should prioritize complete and consistently located intervention de-
scriptions to ensure robotic upper-limb interventions can be optimized, advocated for,
and translated to diverse clinical settings. Better reporting will also enable investigation
of targeted research questions to advance robotic intervention design, such as those re-
garding ‘Who provided’ the intervention and "How’ (e.g., what are the minimum provided
expertise or qualifications for safe, unsupervised robotic therapy?), ‘How much’ and ‘How
well’ (e.g., how do differences in real-time, active amount influence outcome variability?),
‘How challenging” and ‘Regression / Progression’ (e.g., how do adaptive challenge algorithms
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compare with therapist-determined progression in terms of patient experiences and out-
comes?), and ‘Personalisation’ (e.g., what strategies best support personalisation of robotic
interventions to individual needs and preferences, and how does this impact engagement,
adherence, and outcomes?). Addressing such critical questions around feasibility, efficacy,
and acceptability require robust study designs, such as factorial and sequential multiple
assignment randomized trials, which depend on clear and replicable intervention reporting.
Additionally, future research should explore potential relationships between intervention
reporting quality and other aspects of research design. For example, 75% of the articles from
Boardsworth and colleagues review [11] included in this study that were rated as having
a high risk of bias also achieved less than 50% total reporting completeness, suggesting a
possible association between poor internal validity and inadequate intervention reporting
that warrants further investigation.

4.2. Limitations

The data selection process for this study presents potential limitations. Prioritizing
adequately powered RCTs led to the exclusion of many pilot, feasibility, and uncontrolled
studies, which may limit the breadth of interpretation. However, the reporting quality
issues identified here are likely to be even more pronounced across the wider literature
when smaller or methodologically less rigorous studies are included. Furthermore, our
inclusion criteria of only dose-matched studies may have artificially elevated the inter-
vention reporting quality of dose parameters. Similarly, as consistency was based on the
location of intervention reporting, items with ‘absent’ reporting were excluded from this
calculation, potentially inflating the apparent consistency. Nevertheless, potential underes-
timations of the extent of poor reporting only reinforces the concerns raised by this review’s
findings and underscores the need for better intervention reporting practices within the
field. Similarly, although unlikely to have impacted the findings given the small number
of studies, evaluating intervention reporting quality independently for each group within
the four multi-arm trials may have led to an over-representation of these studies in the
overall results.

5. Conclusions

This systematic review marks a call to action to ensure the advancement of upper-limb
robotics research in stroke rehabilitation. Currently, the potential advantages of robotic
rehabilitation for streamlining clinician workload and promoting the efficacy of and engage-
ment with high-dose, progressive, and task-specific training [8-10] is severely undermined
by poor intervention reporting. This systematic review exposed the missing and incom-
plete reporting of critical details, such as intervention providers, active dose, progressive
challenge, personalization, safety, and real-time protocol changes. This issue was perpetu-
ated by only moderate consistency of reporting location, where details were often buried
or dispersed across various article sections and associated materials. Not only does this
limit the evaluation and replication of current robotic interventions, it also hinders the
identification and optimization of device and program parameters that influence outcomes,
risking untargeted and wasteful research [13,15,16]. Furthermore, poor reporting impedes
our ability to robustly compare the efficacy and feasibility of robotics with conventional
upper-limb rehabilitation [13,15]. For upper-limb robotics to be widely adopted in clinical
practice, clinicians and healthcare organizations require evidence that they promote equal,
if not superior, outcomes or provide significant cost savings compared to conventional
rehabilitation [69]. Even if organizational support is gained, incomplete intervention de-
scriptions may threaten clinician’s knowledge and confidence to integrate novel robotic
technologies into practice [69]. Indeed, poor intervention reporting quality risks portraying
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robotics as inaccessible and suboptimal, exacerbating the underutilization of a promising
rehabilitation tool [13,70]. Comprehensive and consistent intervention reporting is urgently
needed to advance robotic rehabilitation research and clinical translation.

To address these reporting gaps, researchers and journal editors should consider
adopting reporting frameworks such as the CONSORT [76], TIDieR-Rehab [15], and our
associated table of reference (Supplementary File 53) to facilitate comprehensive and struc-
tured intervention planning and reporting. Furthermore, incomplete reporting, in part,
is likely attributed to a widespread emphasis on the reporting of research design and
outcomes in the field, leaving limited space for researchers to fully articulate intervention
protocols [15,16]. Therefore, journals and researchers may encourage and explore alter-
native publication formats that enable the depth of intervention reporting required for
replication, including trial registrations and study protocol papers. Researchers should also
maximize their use of supplementary resources, such as Tables, Figures, online websites,
Appendices, and Supplementary Files for comprehensive reporting. Furthermore, to en-
hance accessibility for researchers and clinicians, we recommend that authors consistently
and explicitly articulate all planned intervention procedures, protocol deviations, and
references to supplementary resources describing the intervention within the Methods
section of their article, while actual fidelity and adverse consequences should be reported
in the Results. In conclusion, enhancing the reporting quality of both robotic and conven-
tional upper-limb intervention trials is essential to harnessing the therapeutic potential of
upper-limb robotics, paving the way for more robust evaluation, greater personalization,
optimized implementation, and improved outcomes in stroke rehabilitation.
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conventional robotic and conventional upper limb interventions.
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