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Abstract

The foundation of modern evidence-based healthcare rests upon two critical pillars: the trustworthy synthesis
of global research evidence and the precise application of this evidence to individual patient care. This thesis
investigates a crucial disconnect between these two pillars, exploring both the systemic crisis in the reliability
of synthesized evidence and the challenges in translating robust evidence into precise, instrument-guided

rehabilitation practices, using vestibular rehabilitation in neurology as a paradigmatic case study.

This dissertation is structured around two complementary research lines that, together, map a pathway from

evidence creation to its clinical implementation.

Line 1: Meta-research. The exponential growth of systematic reviews (SRs) has paradoxically created a
challenge in discerning reliable from unreliable evidence. This line of research aimed to: (1) quantify the
methodological quality and risk of bias in contemporary SRs, particularly in physiotherapy; (2) critically
appraise the tools used (AMSTAR-2, ROBIS); and (3) identify and propose technological solutions to help

clinicians and policymakers navigate this complex evidence landscape efficiently.

Line 2: Clinical research. Despite strong evidence for its efficacy, vestibular physical therapy (VPT) is poorly
integrated into neurorehabilitation. This line of research aimed to: (1) objectively quantify the prevalence and
characteristics of vestibular dysfunction in key neurological populations (Parkinson's Disease, Severe
Traumatic Brain Injury, Multiple Sclerosis, Cerebral Palsy, Stroke) using the video Head Impulse Test (VHIT); (2)
identify the barriers preventing the routine use of instrumental assessment and VPT; and (3) advocate for a

new standard of personalized, assessment-driven rehabilitation.

A multi-method approach was employed, combining meta-research, survey-based design, evidence synthesis,

and clinical observational studies.

For Line 1, we conducted cross-sectional analyses of large samples of SRs to assess methodological quality
(using AMSTAR-2) and risk of bias (using ROBIS). We also performed a meta-research evaluation of the Jadad
algorithm and surveyed healthcare decision-makers to assess their needs and interest in Al-assisted evidence

appraisal tools.

For Line 2, we conducted instrument-based cross-sectional studies on patients with specific neurological
conditions and two systematic reviews with meta-analysis of accuracy and prevalence, respectively. All
participants underwent a comprehensive vestibular assessment using vHIT. Correlation analyses between
vestibular parameters and clinical scales were performed. Additionally, surveys were distributed to

rehabilitation professionals to identify barriers to VPT implementation.

The results from both lines of research reveal parallel and interconnected challenges. From Line 1, a pervasive
crisis in the trustworthiness of SRs was confirmed. Analyses revealed critically low confidence in the results
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of 90% of musculoskeletal physiotherapy SRs, with broader healthcare analyses showing low-quality or high-
risk-of-bias rates of 73-81%. Primary deficiencies were found in search strategies, reporting of excluded
studies, and funding source information. Crucially, Cochrane reviews consistently demonstrated superior
quality, proving that high standards are achievable. The inadequacy of existing manual solutions for selecting
the best evidence among many SRs on the same topic was highlighted, with the Jadad algorithm shown to be
non-reproducible. In response, a strong need was identified, with 87.0% of decision-makers expressing
interest in an automated, Al-informed tool (e.g., the proposed WISEST Al) to appraise and compare SRs

rapidly.

From Line 2, a significant and underestimated burden of vestibular dysfunction was objectively documented.
VHIT revealed a considerable prevalence of VOR gain dysfunctions in all the populations investigated. Crucially,
reliance solely on mean VOR gain was found to mask isolated canal dysfunctions, which significantly
correlated with balance and gait deficits in specific samples analyzed. Despite vHIT's proven diagnostic utility
(84% sensitivity, 85% specificity) in ruling out stroke in acute vestibular syndrome, nearly half of rehabilitation
professionals do not use instrumental assessment, citing a lack of skills and cost as key barriers. Furthermore,
we demonstrated that the current diagnostic criteria for bilateral vestibulopathy may have a low sensitivity

of 46%, suggesting a possible revision that includes vertical canal and otolithic function as well.

This thesis has shown that the path from evidence to effective practice is obstructed by a dual challenge: a
production crisis at the level of evidence synthesis and an application crisis at the point of care. The way
forward requires a synergistic, two-pronged approach. First, the evidence synthesis ecosystem must shift from
quantity to quality, supported by Al-driven tools that empower users to efficiently identify trustworthy
evidence. Second, clinical practice in neurorehabilitation must embrace a new paradigm of precision, moving
beyond subjective assessment to integrate objective vestibular profiling for truly individualized therapy. This

will necessitate educational initiatives, revised diagnostic standards, and innovative care models.

Ultimately, this work argues that strengthening healthcare decision-making requires closing the loop between
these two crises: by ensuring the production of rigorously appraised, high-quality evidence and by equipping

clinicians with the skills and technologies to apply this evidence with precision and confidence at the bedside.



Constructing the reliability of evidence: methodological considerations

Over the past two decades, the exponential growth of systematic reviews (SRs) has transformed evidence-
based healthcare. This offers clinicians and policymakers a wealth of synthesized evidence but also creates
new challenges in discerning reliability and methodological rigor. Despite their central role in clinical decision-
making, many SRs differ substantially in quality, transparency, and interpretability, often leading to discordant
results and conclusions. The first two studies explored the practical and cognitive challenges that arise when
clinicians, researchers, and policymakers are confronted with multiple or conflicting SRs, emphasizing the
need for structured frameworks and user-centered strategies to identify the most trustworthy evidence. The
subsequent two works advanced this discussion by critically meta-researching the tools used to appraise SRs,
specifically AMSTAR-2 and ROBIS, and by quantifying trends in the methodological quality of physiotherapy
SRs over time. Collectively, these studies delineate a coherent research trajectory aimed at improving how
SRs are produced, appraised, and implemented in healthcare. They ultimately advocate for a shift from
guantity-driven publication practices toward a culture of methodological excellence and decision-making

confidence.

Literature Inflation and Clinical Impact: Why Methods Matter?

Study #1. How can clinicians choose between conflicting and discordant systematic reviews? A
replication study of the Jadad algorithm

Published as: Lunny C, Thirugnanasampanthar SS, Kanji S, Ferri N, Pieper D, Whitelaw S, Tasnim S, Nelson H,
Reid EK, Zhang JHJ, Kalkat B, Chi Y, Abdoulrezzak R, Zheng DW, Pangka LRS, Wang DXR, Safavi P, Sooch A, Kang
KT, Tricco AC. How can clinicians choose between conflicting and discordant systematic reviews? A replication

study of the Jadad algorithm. BMC Med Res Methodol. 2022;22(1):276.*

Introduction

The exponential growth of published SRs presents a significant challenge for knowledge users who strive to
base their practice on the best available evidence. When multiple SRs address the same clinical question but
yield conflicting or discordant results?, the task of identifying the most reliable evidence becomes daunting.
Indeed, the number of SRs increased to 20 times from 2000 to 2019, leading to 80 SRs published each day in
20193, Paradoxically, the growth in annual publications of SRs is more pronounced than that of secondary
studies®. Literature Inflation and Clinical Impact: Why Methods Matter? is not merely a rhetorical question; it

underscores a fundamental crisis.

In 1997, Jadad and colleagues® proposed an algorithm to assist healthcare providers in selecting the most
trustworthy SR among multiple discordant ones. This tool was designed to navigate inconsistencies arising
from differences in the research question, inclusion criteria, data extraction, methodological quality, and

statistical methods across reviews (Figure 1). Despite its age and the lack of formal validation, the Jadad
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algorithm remains in use in contemporary research, underscoring a persistent gap in the methodological

toolkit available to clinicians and researchers.

Step C:
Do the reviews
include the same
trials?

Step G:
Do the reviews have
the same selection
criteria?

Step D:
Are the reviews of the
same quality?

Step E: Assess and Step F: Step H: Assess and Step I: Assess and
' Compare Compare
Compare Select the review with

1) Data extraction Chioie & (1) Search strategies (1) Publication status
:2: Clinical e e Ny (2) Application of of the primary trials
heterogeneity selection criteria (2) Quality of the
(3) Data synthesis trials

(3) Language
restrictions

(4) Analysis of data
on individual
patients

Figure 1. Jadad algorithm (source: Lunny C. et al., 2022)

However, as a stakeholder navigating this complex evidence landscape, it is crucial to understand whether
such tools are reliable and reproducible. Thus, this study aimed to perform the first empirical replication of
the Jadad algorithm to determine if different users would arrive at the same conclusion when applying it to

the same set of conflicting reviews.

Methods

We conducted a replication study, identifying SRs of SRs that explicitly used the Jadad algorithm to choose
between conflicting studies on the same clinical question. We refer to a previous bibliometric study® that
included 1218 SRs, searching from MEDLINE, Epistemonikos, and the Cochrane Database of Systematic
Reviews published from 2000 to 2020. Furthermore, we updated the search on MEDLINE in April 2021.

A key challenge we encountered was the lack of instructions in the original Jadad publication. To ensure a
consistent and transparent application, our research team developed a consensus-based, standardized
interpretation of each step of the algorithm, complete with detailed decision rules.! Furthermore, to minimize
bias, the results of the original Jadad assessments in the included studies were blinded before we

independently reapplied the algorithm.



The primary outcomes measured were whether the replication led to the selection of the same SR as the

original authors and whether the overall direction of the findings (e.g., beneficial effect or not) was consistent.
A prospective protocol of this study has been published.”

Results
From the original dataset and the updated search, 21 discordant reviews® 2?8 that met our eligibility criteria

were included (Figure 2).

Over the 21 Jadad assessments, in 8 studies, our judgment led to the same original selection of the most
appropriate SRs; instead, in 13 studies, there was disagreement in the best evidence selection between the
authors and our replication process. However, of the 13 discordant Jadad assessments, the direction of the
effect was consistent with our judgment in 10 studies. Thus, 86% (18/21) of the independent Jadad
assessments agreed with the direction of the results, although 62% (13/21) disagreed with the selection of

the best evidence.

Author groups interpreted the Jadad algorithm in very different ways. Many (12/21) did not follow its
sequential steps, instead using select components. Half (10/21) considered factors outside the algorithm
entirely, such as GRADE, specific statistical methods, or funding sources. Furthermore, the most common final
step was Step 1 (12/21), which we defined as assessing publication status, RCT quality, language, and individual
patient data. However, other authors reinterpreted it to mean the review's recency or to consider only
published literature. Step H was the second most common final step (5/21). We defined it as comparing
search strategies and applying inclusion criteria. Others, however, interpreted it as checking which journals
or databases were searched, or whether publication status was reported. Some authors used Step H but

ultimately selected the review with the most RCTs, a rationale not specified by the algorithm.

Completing Steps H and | of the Jadad algorithm took an average of 60 minutes per review (18/21).
Assessments were generally rated as easy (9/10), especially for those who chose Step H as the final decision
step, which involved comparing search strategies and inclusion criteria. The SR that selected Step | as the final
decision regarding publication status and trial quality was rated as moderately difficult. Easier assessments

were generally associated with better reporting and fewer systematic reviews included.

The Jadad algorithm was found to lack several key methodological considerations. For example, tt does not
account for the recency of the literature search or publication, the number of primary studies included, or

the certainty of the evidence (e.g., as graded by GRADE).

Using the ROBIS tool, we assessed 98 SRs included in the 21 discordant reviews. Of these, 41 SRs were at low

risk of bias, and 57 SRs were at high risk. In our replicated Jadad assessments, we finally selected 19 low-risk



and 9 high-risk reviews as the best evidence, a result similar to the original authors' selections (17 low-risk

and 8 high-risk).

Records identified through databases R . - h h
- MEDLINE (Ovid) (n=11,839) ecords identified through other sources
* Epistemonikos (n=4646)

+ Cochrane Databases of Systematic Reviews (n=125) Overviewsidentifiedfrom2 previous

studies(n=237)

;{ Duplicates (n = 2410) ]

Y

14, 437 records after] [ Title and abstract excluded
duplicate removal J i\ (n=11,481)

ﬂuu text excluded (n = 1738)" \
« A protocol (n = 24)

» A network meta-analysis(n=38)

» Didnotreport on treatments or management of a clinical condition (n=
180)

* No methods section (n = 329)

Full text records * No systematicliterature search found in the main body of the paper, or

screened (n= 2956) searched only one database (n= 372)

+ Didnot primarily aim to synthesise systematicreviews, CPGs, or HTAs (n
=410)

« Didnot search for, and include, SR/MAs, CPGs, or HTAs (n = 243)

Bibliometric study

« Didnot analyze and present results from SRs, CPGs, or HTAs (n = 142)
y *Studies were excludedfor multiple reasons / -
[ 1218 overviews of health care interventions —
Update search of MEDLINE (Ovid) from January to April 2021 (n = 42) I
=[ Duplicates (n=9) ]
1
1251 records after Title/abstractrecords excluded (n = 948)* é
duplicate removal » Didnotaimto assessdiscordance (n=948) g
g
s
Full text excluded (n = 282) =
+ Didnot aimto assessdiscordantresults across SRs onthe same topic (n = 203) S
* Not a meta-analysis of randomized controlledtrials (RCTs) (n = 29) 2
Full text records + Didnot usethe Jadad algorithm (n = 47)
screened(n=303) + Didnotchoose one SR based onthe Jadad algorithm (n= 3)
Included (n = 21)
~__J

Figure 2. PRISMA flow-chart (source: Lunny C. et al., 2022)

Discussion

Our replication of the Jadad algorithm revealed a 62% disagreement rate with the original authors on which
SR constituted "best evidence." This lack of reproducibility stems from the algorithm's vague instructions and
inconsistent application by users, who often omit steps or introduce external criteria. While the algorithm
was rated as easy to use (taking ~60 minutes for a partial assessment), its process was lengthened when there

was a high number of SRs, quality assessments were required, or poor reporting was present.

Crucially, the Jadad algorithm is outdated and lacks comprehensiveness. It fails to account for the recency of
a review's literature search, the number of included trials, the certainty of evidence (e.g., GRADE), and most

importantly, the methodological quality or risk of bias of the SRs themselves. This is a fundamental design



flaw, as quality assessment is only triggered if SRs include identical trials, a scenario that did not occur in our

sample.

To date, no prior replications of the Jadad algorithm exist, highlighting a significant evidence gap. Thus, our
study was the first to test its reliability empirically. It is clear that, without a reliable tool, clinicians may face
substantial challenges when encountering discordant SRs. This uncertainty can directly impact patient care
and policy, as seen in cases where reimbursement decisions were based on conflicting reviews. In addition,
we think that selecting a single SR simplifies knowledge translation, but it risks losing valuable context and

information.

This replication study has several strengths. First, we used consensus-based standardized instructions to
operationalize the algorithm. Second, we conducted a comprehensive and updated search strategy without
restrictions, in order to reduce publication bias. Lastly, two independent reviewers conducted each judgment
process to minimize selection bias, and both screening and assessment procedures were piloted to ensure

consistency between the authors’ judgments.

However, some limitations must be acknowledged. Even though our research team is international,
multicultural, and multidisciplinary, there may be a lack of clinical expertise for all the topics included.
Furthermore, a broader search strategy may have identified more discordant reviews. Finally, orthopaedics

was the most representative topic in our replication study, thus limiting generalizability.

Given the lack of reliability and robustness in the Jadad algorithm's methodology, there is an urgent need for
a new, validated tool that ensures better user agreement, incorporates modern methodological advances
(such as ROBIS and GRADE), and is applicable across diverse settings. This first study is actually part of a large
international project (WISEST - Which Systematic rEview iS best) to develop a new automated Al-driven tool
that will support knowledge users in selecting the best evidence when many discordant SRs are available on

the same topic.

Conclusion

Our findings suggest that the Jadad algorithm is not reproducible and is methodologically obsolete. Pending
the development of an optimal tool, we recommend clinicians choose among conflicting SRs by prioritizing
those that are most relevant to their research question, most recent, most comprehensive (in terms of the

number of included trials), and of the highest quality (lowest risk of bias).



Study #2. Exploring decision-makers’ challenges and strategies when selecting multiple systematic
reviews: insights for Al decision support tools in healthcare

Published as: Lunny C, Whitelaw S, Reid EK, Chi Y, Ferri N, Zhang JHJ, Pieper D, Kanji S, Veroniki AA, Shea B,
Dourka J, Ardern C, Pham B, Bagheri E, Tricco AC. Exploring decision-makers' challenges and strategies when
selecting multiple systematic reviews: insights for Al decision support tools in healthcare. BMJ Open.

2024;14(7):e084124.%°

Introduction

SRs are a cornerstone of evidence-based healthcare.>?® However, their rapid proliferation means that
decision-makers often encounter multiple SRs on the same topic.3*2 This can lead to confusion, especially
when reviews present conflicting results for the same research question. However, it remains unclear to date
whether researchers or clinicians truly feel this difficulty, and what the obstacles and challenges are in
translating knowledge into these discordant situations. Thus, this study aimed to understand how healthcare
decision-makers (e.g., practitioners, policymakers, researchers) select among multiple discordant SRs and to

gauge interest in an artificial intelligence (Al) tool to assist in this process.

Methods
This is a cross-sectional study conducted as a web-based survey, reported in accordance with the CHERRIES
(Checklist for Reporting Results of Internet E-Surveys) guidelines.®® The prospective protocol has been

uploaded at https://osf.io/nbcta.

We developed a 21-question survey in English, mainly consisting of closed-ended questions, using Qualtrics
software (Qualtrics Labs, Provo, Utah). The survey was organized into three sections: (a) demographic
information, (b) experiences and barriers in selecting from multiple SRs on the same topic, and (c) key factors
considered when making that selection. Respondents could skip questions and revise their answers before
final submission. The full survey questions, CHERRIES checklist, dissemination list, and responses by decision
maker types are available as Supplementary Material of the published article on BMJ Open at

https://bmjopen.bmj.com/content/bmjopen/14/7/e084124/DC1/embed/inline-supplementary-material-

1.pdf?download=true.

In this research, our primary goal was to identify the specific SR features that decision-makers value most
when comparing reviews, as this information is vital for the development of the WISEST tool. To avoid biasing
respondents by presenting a pre-determined list of features, we randomly assigned one of two similar
question formats to participants: one group (Q11) selected from a multiple-choice list of features, while the
other (Q12a-c) analyzed a case study of three similar SRs and then indicated which review(s) they would use

and why.

The survey was piloted by eight academics and refined iteratively to enhance its clarity and validity.
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A sample size of 440 decision-makers was calculated as necessary to detect a 50% mean difference between
groups with 90% power and a 5% significance level. To achieve this, we contacted approximately 1,760

individuals, anticipating a response rate of 25%.

The survey targeted individuals from organizations that produce SRs (e.g., Cochrane Collaboration, Joanna
Briggs Institute, US Agency for Healthcare Research & Quality’s Evidence-Based Practice Centre, GRADE
group, etc.) as well as a broad range of SR users. Indeed, we compiled an email list of major evidence-synthesis
groups and also distributed the survey anonymously to 28 additional organizations via professional networks.
It was further promoted through a university methods series, e-newsletters, professional healthcare
associations, and social media platforms, including LinkedIn and Twitter, utilizing targeted advertisements and
hashtags. Thanks to our international authors, dissemination was broad and transdisciplinary. Following the
Dillman method®*, we sent three reminder emails and maintained consistent social media promotion. The
survey was active from July 19 to August 19, 2022, with reminders sent bi-weekly. The estimated completion

time was 10 minutes.

Responses were exported from Qualtrics to Microsoft Excel for analysis. Incomplete responses were included,
but entirely blank questionnaires were excluded. Completion times were recorded for all attempts. We used
descriptive statistics to analyze closed-ended questions. For open-ended responses, one researcher
independently identified and coded emerging themes, and these responses were then summarized using
counts and frequencies. A stratified descriptive analysis was performed in relation to the type of decision-
maker; if a respondent identified with multiple roles, their answers were counted for each relevant category.

Finally, we compared the results from the two randomly assigned question formats (Q11 and Q12).

Results

Overall, 3158 email invitations were distributed to advertise the survey. After 197 emails failed to deliver,
2961 invitations were successfully received. Following the removal of 25 duplicate and 83 blank responses,
684 completed surveys were included in the final analysis (Figure 3). The majority of respondents (n = 450)
accessed the survey via an anonymous link on social media or newsletters, while a smaller group (n = 234)
used the direct Qualtrics email link. The final response rate to email invitations was 7.9%, falling short of the

anticipated 25%.
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Qualtrics email list (n = 3158) | Advertised through social media and
e-newletters

® Therapeutics Initiative
¢ SPOR Evidence Alliance
* [Knowledge Translation Canada

® Other distribution lists

® Social media (Twitter, Linkedin)

Failed or bounced emails [I"I =
197)

& Failed, n =51
& Bounced, n = 146

Email reminders sent to respondents via
Qualtrics

® Aug 8, 2022
Total emails sent (n = 2961 & Aug 16, 2022

Duplicate responses, n = 25
Tatal survey responses (N = P P '

792) Blank responses, n = 83

Total surveys (n = 684)

= Anonymous links (through social media), n = 450
& Email links, n =234

Figure 3. Survey flowchart (source: Lunny C. et al., 2024)

Among the 684 respondents, 462 (67.5%) answered all questions, and 97 (14.2%) completed less than half.

The median completion time was 11 minutes.

The respondent pool was predominantly composed of researchers (58.2%), practitioners (37.1%),
students/trainees (19.2%), and policymakers (13.5%), with many individuals identifying with multiple roles.
For instance, most policymakers (59.7%) also identified as researchers. Geographically, the majority of

respondents were from North America (52.8%) and Europe (34.2%).

A significant proportion of respondents (90.8%) reported familiarity with SRs. To objectively assess
understanding, two knowledge-testing questions were included: a majority (61.8%) correctly identified that
the PRISMA checklist is a reporting guideline, not a tool for assessing methodological quality. Just over half
(56.3%) correctly identified that the risk of bias in primary studies was not a limitation at the SR level. A post-
hoc analysis revealed that respondents recruited via targeted email lists demonstrated a better understanding

of these concepts than those recruited via anonymous social media links.
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Nearly all respondents frequently used SRs to inform their decisions (97.1%) and encountered multiple SRs
on the same topic (97.9%). Some users (50.8%) reported struggling to choose the most valid and trustworthy

SR.
Overall, the primary barriers to selection were:
e Lack of time to read each SR thoroughly (55.2%).
e Variability in the methodological quality of SRs (54.2%).
e Differences in results and conclusions across SRs (49.7%).
e Variation in the primary studies included in the SRs (44.6%).
Approaches to selecting a SR varied by role:
e Practitioners most often selected the most recently published relevant SR (44.1%).

e Policymakers and researchers were more likely to find and assess all relevant SRs (54.8% and 41.7%,

respectively).

A substantial majority of respondents (87.0%) expressed interest in a free, automated Al tool to assist in

comparing and selecting SRs, with practitioners showing the highest level of interest (90.5%).
When asked about the most important features for choosing an SR, respondents prioritized:
1. Relevance of the SR's research question to their own (83.6%).
2. Methodological quality and reproducibility of the SR (79.2%).
3. Recency of the literature search (74.8%).
4. Comprehensiveness of the search strategy (69.0%).

This was supported by a case study, where respondents most frequently selected a SR based on a hierarchy
of multiple features (73.1%) rather than a single criterion. The number of included studies or patients was

also a key consideration, particularly for practitioners.

Discussion

This survey of policymakers, practitioners, and researchers revealed that respondents, who possessed a good
understanding of SRs, frequently used them to inform decisions and often encountered multiple SRs on a
single topic. Nearly half struggled to select the most trustworthy SR, primarily due to time constraints,
variability in the SRs' methodological quality and in the included primary studies, and differences in the key

findings. The proposed use of an Al tool to assist in this comparison was widely supported.

13



When comparing SRs, key criteria were the relevance to their specific question, the robustness and recency
of the search, and the methodological quality. Selection strategies differed by role: practitioners often
prioritized the most recent review, while policymakers and researchers typically appraised all relevant SRs
using a hierarchy of criteria. This suggests that practitioners may prefer a tool providing a ranked synthesis,

while policymakers and researchers seek distilled data from all reviews to inform their own judgments.

A further theme was that there is rarely a single "best" SR. A review with a high-quality rating might still have
significant flaws or omit critical data. This complexity often led respondents, particularly policymakers, to

review all available SRs to fully assess their strengths and weaknesses before making a decision.

This study has some key strengths. Indeed, the survey was conducted in adherence to a pre-published
protocol. Second, we employed a multimodal strategy (using newsletters, email lists, and social media) to
recruit a global range of decision-makers. This approach, which included reminders and repeated social media
posts, successfully broadened our reach, although it limited our control over exposure. Lastly, to our

knowledge, this is the first study to investigate decision-makers' interest in Al tools for navigating SR evidence.

However, several limitations should be noted too. The email response rate was lower than anticipated (under
10% versus an expected 25%). Furthermore, a precise overall response rate was unattainable as two-thirds of
responses came via anonymous social media links. While this multimodal strategy was necessary to maximize
participation, it came at the cost of calculable metrics. Moreover, the survey was piloted solely by academics;
maybe involving a more diverse group in the piloting process could have improved the applicability of the
qguestions and the response rate. Lastly, our sample also exhibited potential response bias, with an over-
representation of decision-makers from high-income countries and those involved in guideline development

and policymaking. Consequently, we may have missed other important SR users.

The growing number of SRs on the same topic will likely intensify the challenge of comparing and choosing
between them in the future. Our survey indicates that over one-third of decision-makers currently base their
choice of SR solely on the title and abstract, rather than the full text. However, titles and abstracts often lack

sufficient detail for an informed decision.

While an Al tool can aid in comparing SRs, it cannot compensate for inherent methodological flaws in the
reviews themselves. The fundamental responsibility for producing high-quality evidence lies with researchers
who design rigorous studies and journals that uphold high methodological standards in publication. This
underscores the need for enhanced training for researchers, peer reviewers, and editors in conducting and

appraising SRs.

Our findings confirm the potential for an Al tool to help decision-makers efficiently compare SRs. Since user

needs vary by role, we are developing the WISEST tool to be suitable for a diverse range of users. WISEST will
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display the scope, strengths, limitations, and a quality ranking of all relevant SRs on a topic, thereby

supporting, not replacing, the user’s own clinical and methodological judgment.

The survey also revealed that many SR users lack confidence in their ability to assess methodological quality
and often struggle to identify biases at the systematic review level. Therefore, the WISEST tool must be

complemented by supporting education and training resources to bridge this knowledge gap effectively.

Conclusion

Policymakers, practitioners, and researchers frequently use SRs for decision-making, but they commonly
encounter multiple SRs on a single topic. Slightly more than half of the surveyed individuals reported difficulty
in selecting the most valid and trustworthy SR. This challenge was attributed to a lack of time and the
complexity of comparing SRs with varying methodological quality and characteristics. Thus, an Al tool
designed to quickly outline the features, strengths, and limitations of SRs could effectively address these

challenges and support healthcare decision-making.

Study #3. Exploring the methodological quality and risk of bias in 200 systematic reviews: A
comparative study of ROBIS and AMSTAR-2 tools

Published as: in press on Research Synthesis Methods

Introduction

Critically appraising research is essential for informed healthcare decisions. Policymakers, clinicians, and
patients rely on high-quality evidence, with SRs being the most reliable source. A 2022 survey? confirmed
that 98% of decision-makers use SRs, yet approximately 40% struggle to choose between the numerous

options available on a single topic.

The concept of SR quality remains vague in the literature, as it can imply multiple constructs spanning various
domains.®® Indeed, it is crucial to distinguish between a SR methodological quality (how well it was
conducted), its reporting quality (how completely it is described), and its risk of bias (are there limitations in

the SR process that could have systematically skewed the results away from the truth).

For example, bias in SRs, or meta-bias, can lead to over- or under-estimating an intervention's true effect.
Furthermore, SR authors may "spin" their conclusions, presenting results in an overly favorable light, which

poses a separate risk of bias in the interpretation of the findings.3¢%°

To evaluate potential bias in a SR, assessors can use the ROBIS tool,*® while for assessing methodological
quality, the AMSTAR-2 tool is available.** Both are current, validated tools endorsed by the Cochrane
Handbook, with AMSTAR-2 probably most widely used.*?

15



AMSTAR-2%! consists of 16 items to judge how well a SR was conducted. However, its lack of clear guidance
on some items can lead to varying interpretations.*>*4 ROBIS assesses the risk of bias across 21 items in four
domains and can be applied to various types of reviews.*® While ROBIS offers detailed instructions, it has a

steeper learning curve.*>%

Using both tools requires significant training, and their application is highly dependent on the assessor's
expertise and experience.® The time required for assessment is substantial (14-60 minutes per tool, excluding
reading time), and proper practice necessitates two independent assessors, further increasing the time

commitment.*®

Thus, this study applies both AMSTAR-2 and ROBIS to a sample of 200 SRs to: (a) map and compare both tools'
items; (b) determine the methodological quality and risk of bias in the SRs; (c) compare assessment times;

and (d) calculate inter-assessor agreement.

Methods
This is a meta-research study that was conducted following SR guidance*” and reported in accordance with
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)*® guidelines for cross-

sectional studies. A prospective protocol was stored on https://osf.io/nbcta/.

We included all kinds of SRs except for overviews of reviews, SRs including qualitative studies, methodological
SRs, and scoping reviews. Two published datasets**° of SRs were leveraged to collect studies that met our

eligibility criteria. Then, two assessors independently screened all titles/abstracts and full texts for inclusion.

Since the AMSTAR-2 and ROBIS tools require extensive training and are prone to inconsistent interpretation
of items, this ambiguity gives users significant leeway; for instance, defining a '‘comprehensive search strategy'
as described in item 4 of AMSTAR-2 is subjective and can be interpreted differently. Thus, to ensure

standardized application, we developed specific decision rules and clear data extraction instructions.

To assess the synthesis sections, we first identified the primary outcome, defined as the one explicitly stated
in key manuscript sections, the one used for power calculations, or the first outcome mentioned. For the
primary intervention, we selected the experimental intervention reported in the manuscript versus a control,

or the first one highlighted in the title/abstract.

Assessors documented their judgments alongside a verbatim quote from the SR to justify their evaluations.
They also rated the clarity of each item assessment as: clear (i.e., easy to judge), weak (i.e., vague or

incomplete), different (i.e., contradictory text), or no information.

Data were extracted on the SRs characteristics and eligibility criteria, presence of a certainty of evidence

assessment (i.e., GRADE [Grading of Recommendations, Assessment, Development, and Evaluation]*®), and
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authors’ interpretation of results (i.e., spin or overestimation bias). We synthesized the results with

descriptive statistics.

Results

Among 200 analyzed SRs, 85% were published before 2018. The median number of authors was five, with
first authors primarily from Europe, North America, and Asia. Half of the SRs focused on three medical topics.
Most (73%) were interventional reviews, and pairwise meta-analysis of RCTs was the most common synthesis

method (45%).

The ROBIS (24 items) and AMSTAR-2 (16 items) tools were compared. ROBIS includes a phase for assessing
the applicability of findings, which AMSTAR-2 does not. The tools had considerable conceptual overlap,
though some items were unique to each. For instance, nine ROBIS items and three AMSTAR-2 items did not
sufficiently overlap, covering distinct aspects like relevance, reporting comprehensiveness, and specific
biases.

Both tools indicated generally poor quality among the SRs. ROBIS assessments found 81% of SRs had a high
risk of bias, while AMSTAR-2 rated 73% as low or critically low quality. Cochrane reviews consistently
outperformed non-Cochrane reviews. Over half of Cochrane SRs were rated as low risk/high quality, whereas
only a single non-Cochrane SR received this rating from each of the tools. SRs with and without meta-analysis

showed similar proportions of low-risk/high-quality ratings.

Item-level analysis revealed that Cochrane SRs, especially those with meta-analysis, achieved high positive
rates (often >90%) for most items in both tools. In stark contrast, non-Cochrane SRs had much lower positive

rates, sometimes below 15% for critical items like having a pre-defined protocol.

A small proportion of SRs (9%) received discordant overall ratings from the two tools (e.g., high risk but high

quality). The unique, non-overlapping items of each tool primarily drove these discrepancies.

Inter-assessor agreement was high for most items, with only 25% falling below 70% agreement. The median
time to complete an assessment was longer for ROBIS (64 minutes) than for AMSTAR-2 (51 minutes) when
applied first. However, the time per item was slightly faster for ROBIS. Assessors reached a plateau in
assessment time much more quickly with AMSTAR-2 (after ~5 reviews) than with ROBIS (after ~12 reviews),

suggesting a steeper learning curve for ROBIS.

Discussion

This study assessed 200 SRs using the AMSTAR-2 and ROBIS tools. While significant item overlap exists, their
unigque components mean ratings can conflict; 9% of SRs received high-quality AMSTAR-2 ratings but high-
risk ROBIS ratings. Indeed, ROBIS is superior for assessing bias in conclusions and generalizability, while

AMSTAR-2 focuses on methodological quality.
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Most SRs were of low quality and high risk of bias, especially non-Cochrane reviews and those without meta-
analyses. Cochrane reviews consistently demonstrated higher quality. A significant issue was the inadequate
reporting, which hindered complete assessment for over 50% of SRs on key items like protocol registration
and excluded studies lists. AMSTAR-2 was faster to complete (median 51 min) than ROBIS (median 64 min).
High inter-assessor agreement was achieved, likely due to extensive training and piloting. The choice of tool
depends on the user's goal: ROBIS provides a fuller assessment of bias in conclusions, while AMSTAR-2 is a

faster option for evaluating methodological quality.

Some study limitations have to be acknowledged. First, the sample was not representative, over-including
high-quality Cochrane reviews. Second, not all assessments underwent senior verification. Third, AMSTAR-2
was applied to some non-interventional SRs, for which it was not designed. Lastly, agreement was measured

by percentage, which overestimates reliability compared to chance-corrected statistics.

Conclusion

In summary, most systematic reviews assessed were of low/critically low quality (AMSTAR-2) and high risk of
bias (ROBIS). While the tools share substantial overlap, they are not directly comparable due to unique items
in each. ROBIS offers a more comprehensive evaluation of meta-biases, including external validity and bias in
review conclusions. In contrast, AMSTAR-2 is faster to apply and uniquely assesses the rationale for study
designs and conflicts of interest. Therefore, AMSTAR-2 may be suitable for rapid methodological quality

assessment, while ROBIS could be preferable for a thorough bias evaluation.

Quality in Rehabilitation Evidence: A Rude Awakening

Study #4. The confidence in the results of physiotherapy systematic reviews in the musculoskeletal
field is not increasing over time: a meta-epidemiological study using AMSTAR 2 tool.

Published as: Ferri N, Ravizzotti E, Bracci A, Carreras G, Pillastrini P, Di Bari M. The confidence in the results of
physiotherapy systematic reviews in the musculoskeletal field is not increasing over time: a meta-

epidemiological study using AMSTAR 2 tool. J Clin Epidemiol. 2024;169:111303.5!

Introduction
SRs with meta-analysis are a cornerstone of evidence-based medicine, providing the highest level of evidence
by synthesizing RCTs for guideline developers and policymakers.>? Their publication has grown exponentially,

with an estimated 80 new SRs published daily.?

Physiotherapy is a globally relevant topic, with musculoskeletal disorders the most common indication for

treatment and affecting an estimated 1.71 billion people worldwide.>® Despite this volume of research, the
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overall quality of SRs and their impact on practice remain unclear. This uncertainty can hinder clinical progress
and credibility. Indeed, recent meta-research has consistently found low confidence in SRs across diverse

medical fields.>*®°

This "quantity over quality" issue is partly driven by academic pressure to publish.5* However, a recent survey
indicated that over 50% of decision-makers report difficulty in selecting the best evidence, primarily
prioritizing factors such as methodological quality and the reputation of the journal or authors.? In response,
new methodologies have been proposed to enhance knowledge translation and support clinical reasoning in

the face of uncertainty.52%*

Given the essential role of physiotherapy in global health and the recent literature inflation, this study aimed
to analyze the methodological quality of SRs of RCTs on physiotherapy for musculoskeletal conditions

published over the last decade and to explore any related predictors.

Methods
This is an observational, meta-research study in the field of physiotherapy. In the absence of specific reporting

guidelines for such type of studies, we followed the Cochrane Handbook?*” for selection and data extraction
processes, and adhered to the STROBE*® guidelines for reporting. The study was prospectively registered on

the Open Science Framework (https://osf.io/bc8zw/).

We included SRs of RCTs from the last 10 years, focusing on the clinical effectiveness of physiotherapy for
musculoskeletal conditions. All physiotherapy-administered treatments and all comparator interventions
were eligible. We excluded economic studies, network meta-analyses, and other non-standard evidence

syntheses.

We searched four major databases (MEDLINE, Cochrane Database of Systematic Reviews, CINAHL, and PEDro)
from 2012 to 2022. After deduplication, two researchers independently screened records by title and
abstract, and then by full text, against the eligibility criteria. From the eligible full-text SRs, the first 100 were

selected from a randomized list for inclusion.

A predefined data sheet was used for extraction, including authors, journal, and study details. The
methodological quality of each included SR was appraised by two independent reviewers using the AMSTAR
2 tool, which provides an overall confidence rating (high, moderate, low, or critically low) rather than a

summary score, according to the recommendations of Shea et al.*

Data were analyzed using descriptive statistics. Variables were compared across the AMSTAR 2 confidence
categories using appropriate statistical tests. Indeed, an ordinal logistic regression model was built to identify

predictors of the overall confidence rating among the extracted variables.
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Results

The initial search yielded 2,078 records. After removing 155 duplicates and 2 retracted papers, 1,921 records
were screened by title and abstract. This led to a full-text review of 475 articles, from which 395 SRs were
ultimately included in the study. A random sample of 100 SRs was selected for detailed analysis from this

larger pool. The whole process is reported in Figure 4.

Identification of studies via databases

- Records identified from
S Databases (n = 2078): -
q MEDLINE (n = 1751) Records .removed before_screemng.
= CDSR (n = 115) > Duplicate repords (r: =155)
5 CINAHL (n - 174) Retractions (n = 2)
2 PEDro (n = 38)

Y

Records screened Ti/Ab > Records excluded
(n=1921) (n=1442)

A 4
.g Reports sought for retrieval » Reports not retrieved
g (n=479) (n=4)
b
»

h 4 Reports excluded:

Reports screened full-text e | Wrong study design (n = 69)
(n = 475) 7| Wrong intervention (n = 6)
Wrong population (n = 4)
Wrong publication type (n = 1)

- Y
0 Studies included i Random sample
3 (n = 395) (n = 100)

Figure 4. PRISMA flow diagram (source: Ferri et al., 2024)

The sampled SRs covered various interventions commonly used in musculoskeletal physiotherapy, with

manual therapy, exercise, physical agents, and their combinations being the most prevalent (Figure 5).
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Figure 5. Interventions considered (source: Ferri et al., 2024)

The overall methodological quality of the SRs was very low, with 90% of the sampled reviews rated as having
"critically low" confidence in their results according to the AMSTAR 2 tool. This poor quality showed no sign

of improvement over the years analyzed (2013-2022).

While a statistically significant association was found between a higher Journal Impact Factor (JIF) and better
AMSTAR 2 ratings, this relationship was entirely driven by Cochrane reviews. When Cochrane reviews were

excluded from the analysis, the JIF was no longer a predictor of quality.

The SRs originated from all continents. The analysis revealed that the scientific influence (H-index) of the last
author was a significant predictor of SR quality, with a one-unit increase in the last author's H-index slightly
increasing the odds of a higher AMSTAR 2 rating. Having more authors on the review also showed a borderline
significant association with better quality. Crucially, all SRs with "moderate" or "high" confidence ratings were

exclusively Cochrane reviews.

An in-depth look at specific methodological items revealed common weaknesses: 93% of SRs failed to justify
their chosen study designs, 78% did not provide a list of excluded studies, and 90% did not investigate the
funding sources of the primary studies they included. Furthermore, less than 10% employed a truly
comprehensive search strategy, which is a critical flaw. Strengths included transparent reporting of the

research question (i.e., PICO), declaration of conflicts of interest, and a well-described study selection process.
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Finally, our statistical model (Table 1) revealed that the JIF and the year of publication (specifically before or
after the introduction of the AMSTAR 2 tool) were not independent predictors of an SR's quality. The most

significant predictor was the last author's H-index.

Table 1. Multivariable ordinal logistic regression (n = 100)

Variable OR (95% Cl)
Journal IF 1.00 (0.99-1.01)
H-index last author 1.04 (1.01-1.06)
Number of authors 1.53 (0.99-2.39)
Intercept 1 5.8

Intercept 2 6.44

Intercept 3 6.88

Abbreviations: OR, odds ratio; Cl, confidence interval; IF, impact factor.

Discussion
This analysis of SRs in musculoskeletal physiotherapy found that 90% were rated with critically low
confidence, a figure that showed no improvement over time. The only factor predicting higher confidence

was the senior author's H-index.

This prevalence of low-quality evidence is concerning, as healthcare professionals are ethically and legally
bound to use the best available evidence. Our findings align with prior research, which has also identified
similar issues in the field.5> While the AMSTAR 2 tool can be challenging to apply, partly because it assesses
methodological quality through reported details, we employed rigorous methods, including extensive training

and consensus, to ensure a reliable assessment.

The tool itself may be exceptionally rigorous,®® potentially contributing to the low scores, even for older
Cochrane reviews. For instance, marking a SR down for not providing a list of excluded studies (a PRISMA
requirement) is a stringent criterion, as authors may have this list but omit it from the publication. Despite
this, the fact that some Cochrane reviews achieved high confidence proves that superior methodological

quality is attainable, underscoring that improvement remains a priority.

Furthermore, the predictive power of the senior author's H-index may be logical, as this individual often

oversees the study's scientific integrity and offers validation for a metric that is frequently criticized.®”~7°

This study's strengths include a comprehensive selection process and a statistically sound approach. However,
some limitations have to be acknowledged. In particular, we used AMSTAR 2 (published in 2017) to assess
older studies, although its principles were established in earlier guidelines. Then, for resource optimization,
we analyzed a large randomly selected sample rather than the entire population of SRs. Moreover, we chose
the H-index, a dynamic metric that can vary significantly even within the same year. We must also

acknowledge the statistical challenges due to the imbalanced data, represented by the "rare event" of high-
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quality reviews. Lastly, we are aware that a simplified "open-access" classification may not reflect more

complex publishing models.

Conclusion

Evidence-based medicine integrates patient preferences with the most robust scientific evidence to guide
clinical decisions. This study reveals that SRs on musculoskeletal disorders, the primary reason for
physiotherapy worldwide, suffer from very low methodological quality. This directly threatens patient care
and places more liability on healthcare providers. To improve research quality, stricter adherence to
methodological and reporting standards is essential. Strengthening the prepublication peer-review process

could be an effective strategy to achieve this.

General discussion and future perspectives

The collective evidence consistently highlights a pervasive crisis in the trustworthiness of systematic reviews.
This crisis, characterized by critically low methodological quality and a high risk of bias across various
healthcare domains, urgently demands structural and technological solutions to safeguard evidence-based
decision-making. The overwhelming majority of reviews analyzed, particularly in musculoskeletal
physiotherapy, exhibit critically low confidence in results (90%). This trend is mirrored in broader assessments,
where low quality or high risk of bias rates reach 73% to 81%, confirming that this issue is not limited to
specific medical specialties or review types. This compromised quality primarily results from inadequate
adherence to rigorous methodology and reporting standards. Deficiencies are frequently noted in critical
areas such as comprehensively defining the search strategy, listing excluded studies, and reporting the
funding sources of primary studies. Conversely, the analyses consistently demonstrate that Cochrane reviews
are predominantly represented in the higher AMSTAR 2 confidence levels and are generally found to be at
lower risk of bias compared to non-Cochrane reviews, suggesting that high methodological standards are still
achievable. For decision-makers, who are constantly challenged by the lack of time and the difficulty
comparing methodological quality across multiple SRs, existing manual solutions are inadequate; specifically,
the Jadad algorithm has been demonstrated to be non-reproducible and lacking in comprehensiveness, failing
to account for critical modern factors like recency and systematic assessment of methodological quality.
Looking forward, the pathway to resolving this crisis involves a twofold approach: first, an imperative focus
on improving the quality of research itself through greater adherence to methodological guidelines (like
PRISMA) and careful assessment during the peer-review process. Second, the future of evidence synthesis
navigation lies in leveraging Al tools to efficiently assist users in critical appraisal and comparison. The strong
reported interest in an automated, Al-informed tool to rapidly highlight the features, strengths, and

weaknesses of SRs (with 87.0% of decision-makers expressing interest) confirms the market need for systems
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like the proposed WISEST Al tool. Such tools will aim to provide a supporting role, distilling complex
information related to relevance, search robustness, recency, and methodological quality, thereby helping
users make informed judgments when faced with the necessary trade-offs in clinical, public health, and policy
decisions. Ultimately, strengthening the trustworthiness of SRs through enhanced creation and intelligent,
expedited appraisal mechanisms is crucial to ensure that the best available evidence truly supports clinical

practice and decision-making.

Applying methods in vestibular research. Are we missing something in
people with central nervous system disorders?

Professional Practices: Where Do We Stand?

Study #5. Knowledge, Barriers, and Future Directions of Vestibular Rehabilitation Practice in
Neurorehabilitation: An Italian Survey.

Published as: Ferri N, Morone G, Piermaria J, Manzari L, Turolla A, De Tanti A, Ciancarelli I, Pillastrini P,
Tramontano M. Knowledge, Barriers, and Future Directions of Vestibular Rehabilitation Practice in

Neurorehabilitation: An Italian Survey. Healthcare (Basel). 2024;13(1):22.7

Introduction
Vestibular Physical Therapy (VPT), also known as Vestibular Rehabilitation (VR), is an evidence-based
approach that involves specific exercises to promote central compensation for disorders affecting gaze and

73,74

balance.”? While initially developed for peripheral vestibular conditions,””# its application has expanded, with

growing evidence supporting its effectiveness for central nervous system (CNS) disorders.”

Research demonstrates the benefits of VPT across various neurological conditions, including reducing
dizziness and improving stability in multiple sclerosis,”® enhancing gait and reducing fall risk in Parkinson's

disease,”” and addressing persistent dizziness and motor coordination issues after traumatic brain injury.”®8°

81

In children with cerebral palsy, VPT improves motor function and sensory integration,®* and in stroke

survivors, it enhances gait symmetry and postural control.®

Given that neurological disorders are a leading cause of global disability and rehabilitation demand,># VPT's
role is increasingly vital. However, despite the evidence, significant challenges impede its implementation.
These may include a lack of clinician training,® limited medical referrals,® significant discrepancies in clinical

practice,®®® and the underutilization of the vestibular approach.®°

This study aims to map the knowledge, application, and perceived barriers to VPT among lItalian

neurorehabilitation professionals, highlighting current practice and future directions.
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Methods

This cross-sectional survey, approved by the Bioethics Committee at the University of Bologna, targeted
Italian healthcare professionals in neurorehabilitation (e.g., physicians, physiotherapists). The published
protocol outlines a 29-item questionnaire covering socio-demographics, professional information, clinical

practice, and future perspectives.

The survey was developed through an iterative expert drafting process and piloted by six representatives of
the target audience to optimize clarity and validity. It was structured using Qualtrics XM and adhered to
Dillman's methodology3* to enhance response rates. We distributed the survey via national professional
associations and used IP address screening to prevent duplicate responses. Participation was voluntary and

anonymous, with no incentives offered.

A target sample size of 275 respondents was estimated. For analysis, continuous variables are summarized as
the mean (SD) or median (IQR), depending on their distribution, and categorical variables are summarized as
counts and percentages. Thematic analysis was performed for open-ended questions, with results visualized
in word clouds. All analyses were conducted using STATA SE 18, and the study was reported in accordance

with the CROSS guidelines.®

Results

The survey was distributed via 20,000 emails sent through major Italian professional organizations. From the
435 individuals who opened the survey link, 290 complete responses were included in the final analysis after
excluding those who denied consent or submitted blank surveys. The respondents, who had a median work
experience of 10 years, represented the entire Italian peninsula. The demographic characteristics are

reported in Table 2.

Table 2. Sample characteristics

Female (%) 60.63%
Age (median, IQR) 39.5(19)
Job title (%)
Physical therapist 77.35%
Physician 16.03%
Occupational therapist 4.53%
Developmental therapist 2.09%
Professional role (%)
Clinician only 74.74%
Clinician and researcher 23.86%
Researcher only 1.40%
Employment type (%)
Independent 39.45%
Public 36.68%
Private 23.88%

Source: Ferri N et al., 2024
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While most respondents (72.98%) were aware of the role of vestibular rehabilitation in neurology, only
24.22% reported having complete expertise. Physiatrists were the most frequent prescribers of this therapy

(41.84%), and stroke was the most common CNS disorder referred for vestibular rehabilitation (46.39%).

In clinical practice, balance training (52.69%) and visual input exercises (26.35%) were the most frequently
used strategies. A significant barrier was the underutilization of instrumental assessments, as 46.33% of
respondents did not use them at all. Indeed, the main perceived obstacles to practicing vestibular therapy

were the cost of equipment and a lack of personal skills (Figure 6).
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Figure 6. Barriers for using VPT (source: Ferri N et al., 2024)

There was strong consensus on the need for improvement, with 73.01% of respondents completely agreeing
that more vestibular rehabilitation education should be provided in introductory academic courses.

Additionally, 62.20% completely agreed on the need for specific clinical guidelines for neurological disorders.

Discussion
Neurological disorders significantly impact patients' quality of life, their families, and healthcare costs.?*%!

While scientific evidence for effective treatments grows exponentially,® this creates a knowledge translation
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gap, where the volume of research makes it challenging to select and apply the best evidence in clinical

practice.?

This challenge is evident in VR. Initially developed in the 1940s,°*® VR has evolved considerably, yet our
survey reveals a perceived need for updated academic training across multiple rehabilitation professions. This
skills gap is further highlighted by the fact that VR, once used for selective peripheral disorders, now applies

to a broad spectrum of neurological conditions.**

However, our findings highlighted key barriers to the implementation of VR. Firstly, not all patients are
deemed suitable candidates; therefore, future guidelines must clearly define functional and cognitive
inclusion criteria, tailoring VR exercises to specific pathologies (e.g., Parkinson's disease, stroke). Second, the
inadequate setting may not be an actual barrier, as VR is a low-cost approach that can be delivered in standard
rehabilitation settings. Moreover, the perception of it requiring a special setting reflects a knowledge-to-
practice gap. Third, insufficient skills and equipment costs are barriers that could be addressed by enhancing
VR education in professional and academic curricula. Establishing specialized "Hub and Spoke" centers would
also provide access to complex assessments for complicated cases, which may eventually require more
expensive equipment. It is important to note that practitioners did not report uncertainty about VR's
effectiveness or a lack of time as significant barriers. This suggests a belief in its value as an unmet clinical

need, reinforcing the educational priority.

However, we must acknowledge some limitations, such as a potentially low response rate, which may indicate
a broader lack of expertise in the community, as well as regional variations that might reflect Italy's

decentralized healthcare system.

Conclusion

This investigation delineates the current state of vestibular rehabilitation practice within Italy's
neurorehabilitation sector, pinpointing substantial knowledge deficits and operational barriers. A key finding
is that clinicians perceive a fundamental shortfall in their training for vestibular physical therapy, despite its
established efficacy. Addressing this will require strategic initiatives in education and improving access to

specialized resources.
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Peripheral Vestibular Involvement in Central Nervous System Diseases

Study #6. Abnormal Vestibulo—Ocular Reflex Function Correlates with Balance and Gait Impairment
in People with Multiple Sclerosis.

Published as: Tramontano M, Casagrande Conti L, Orejel Bustos AS, Ferri N, Lelli T, Nocentini U, Grasso MG,
Turolla A, Pillastrini B, Manzari L. Abnormal Vestibulo-Ocular Reflex Function Correlates with Balance and Gait

Impairment in People with Multiple Sclerosis. Audiol Res. 2024;14(5):799-808.%

Introduction

Multiple Sclerosis (MS) is a chronic, inflammatory, and degenerative disease of the CNS, affecting about 2.8
million people globally.®®*” Symptoms in people with MS (PwWMS) vary with lesion location, but fatigue and
walking difficulties are common, significantly impacting daily life and leading to disability. Balance
impairments, present in nearly 86% of individuals, are a primary mobility limitation and may be partly linked

to dysfunction of the vestibular system.%

Rehabilitation is crucial for improving function and activity in PwMS, with moderate-quality evidence
supporting its long-term benefits.*® Vestibular-specific training has been shown to be as effective as other
exercises and superior to no intervention in improving balance and dizziness.”® The role of the vestibular
system is further highlighted by its potential correlation with fatigue and non-motor functions.1%%1%! A key
limitation in existing studies showing positive effects of vestibular rehabilitation, however, is the lack of

instrumental assessment of vestibular reflexes before and after training.102103

The video Head Impulse Test (VHIT) is a modern tool that objectively measures the angular vestibulo-ocular
reflex (aVOR) gain through the Head Impulse Paradigm (HIMP).1% Its recent variant, the Suppressed Head
Impulse (SHIMP) paradigm, provides a complementary assessment that can give information about possible
gain recovery.'% Using this technological tool, previous studies have found significantly lower aVOR gains in
PwWMS with brainstem involvement, suggesting its utility in detecting related lesions.%%%” Worse aVOR

function has also been associated with greater MS-related disability.®

To our knowledge, no study has yet investigated the correlation between aVOR alterations and balance
disorders in PwMS, nor compared the HIMP and SHIMP paradigms for this purpose. We hypothesize that
altered semicircular canal function correlates with balance and gait impairment. Therefore, the primary aim
of this study is to assess aVOR gains in all six semicircular canals using both HIMP and SHIMP. A secondary

objective is to correlate these aVOR gains with balance and gait scale scores.

Methods
This cross-sectional study was conducted at Santa Lucia Foundation Hospital (Rome, Italy) with approval from
the Local Independent Ethics Committee (Prot. CE/2022_011). The study adhered to the ethical standards

outlined in the Declaration of Helsinki and the STROBE*® reporting guidelines.
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Adults diagnosed with relapsing-remitting or secondary-progressive MS (McDonald criteria)'®

were
consecutively recruited between March 2022 and July 2023. Eligibility required an Expanded Disability Status
Scale (EDSS)'° score of 1-6 and the ability to walk 50 meters independently. The exclusion criteria were
represented by other significant neurological/psychiatric disorders, by a clinical relapse or steroid use in the
previous 3 months, recent lower extremity fractures, or a history of vestibular disorders. All participants

provided written informed consent before entering the study.

Clinical and demographic data were collected at the time of enrollment. A researcher, blinded to the other
assessments, evaluated balance and gait using the Berg Balance Scale!!! (BBS; score 0-56, higher=better) and

the Mini-BESTest!'? (MBT; score 0-28, higher=better). The “Walking” sub-score of the MBT was also analyzed.

The vHIT was used to assess the aVOR gain for all six semicircular canals, following both the HIMP and SHIMP.

113

The protocol followed standardized procedures to ensure reliability,""® with two trained physiotherapists

performing all assessments under expert supervision.

The following tests were performed. For the HIMP assessment, participants fixated on a stationary target
during brief, passive, unpredictable head turns. VOR gain was calculated as eye velocity/head velocity, with
functional gain ranges defined as 0.76—1.29 for vertical canals and 0.80-1.29 for horizontal canals. For the
SHIMP assessment, participants tracked a laser dot moving with their head; gains outside the predefined

functional ranges (0.66—1.29 for SHIMP) were classified as hypo- or hyper-gain.

Data were analyzed using SPSS software (IBM Corp. Released 2021. Version 28.0. Armonk, NY, USA: IBM Corp).
Continuous data are presented as means * standard deviations, and categorical data are presented as counts
(percentages). Spearman’s correlation tests were used to assess relationships between balance scores and
VOR gains. A subgroup analysis was performed based on EDSS severity (Class 1: EDSS 1.0-3.5; Class 2: EDSS

4.0-6.0). The dataset was complete with no missing values.

Results
The study sample consisted of 27 PwMS, with a mean age of 47.9 years and a majority being female (n=18).
A comprehensive assessment of the aVOR was conducted, evaluating a total of 216 semicircular canals. This

included 162 canals tested with the HIMP paradigm and 54 canals with the SHIMP paradigm (Table 2).

Table 3. Sample characteristics

Sex F (%) 66.67
Age (years) 47.9348.51
Stature (m) 1.70+0.09
Weight (kg) 66.4+15.05
EDSS 1.0-3.5 (%) 25.93
EDSS 4.0-6.5 (%) 74.07
Time from diagnosis (years) 16.22+10.02
Education (years) 13.89+2.98
Mini-BESTest 17.30+5.74
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Walking MBT 6.00+2.13

BBS 44.67+8.85

HIMP VOR gain (mean SD) Left Right
Anterior 0.78 (+0.22) 0.86 (+0.14)
Horizontal 0.92 (+0.19) 0.98 (+0.24)
Posterior 0.82 (+0.12) 0.76 (+0.17)

SHIMP VOR gain (mean +SD) Left Right
Horizontal 0.78 (£0.21) 0.87 (£0.23)

EDSS: Expanded Disability Status Scale; MBT: MiniBESTest; BBS: Berg Balance Scale; Walking MBT: refers to the Walking
section of MBT; +=standard deviation

A high prevalence of vestibular dysfunction was observed, with 81% of participants exhibiting an abnormal
aVOR gain in at least one semicircular canal. A detailed breakdown revealed that 26.5% of the 162 canals
assessed with HIMP and 18.5% of the 54 canals assessed with SHIMP showed abnormal gains. These
abnormalities were categorized as either hyper-gain (abnormally high) or hypo-gain (abnormally low), with

specific clinical thresholds defined for each paradigm.

A statistically significant correlation was identified between the aVOR gain of the left anterior semicircular
canal (measured via HIMP) and patient performance on two clinical balance scales: the MBT and the BBS.
This relationship was particularly robust, as the correlation with the BBS remained significant even when

analyzing a subgroup of patients with milder disability (EDSS Class 2).

A notable and more nuanced finding emerged from the SHIMP testing. In seven instances involving the
horizontal canals, the aVOR gain itself was within a functional range. However, these cases were characterized
by a conspicuous absence of anti-compensatory saccades, a key expected response in the SHIMP paradigm.
This suggests a specific disruption in higher-level vestibular processing or saccadic suppression, even when

the basic reflex arc is intact.

Discussion

This study used the vHIT to evaluate the function of all six semicircular canals in PwMS. The results
demonstrated that PwMS often have impaired aVOR, and notably, the reduced function of the vertical canals
was significantly correlated with poorer balance scores measured by standard and validated scales. From a
rehabilitation perspective, these findings are crucial. They suggest that vestibular assessment could guide the
development of personalized rehab programs. Specifically, exercises targeting the aVOR reflex could be a
viable strategy to improve dynamic balance and gait in PwMS.102114-118 Fytyre research should utilize
instrumental vestibular measures to objectively track improvements in vestibular function following
rehabilitation. We found that the relationship between aVOR function and clinical scores varied depending
on the patients' level of disability (EDSS classification), and this aligns with existing evidence linking greater

disability to more severe vestibular dysfunction.®

The vestibular deficits observed in PwWMS, which often affect isolated canals, differ from those typically seen

in peripheral vestibular disorders.!’® This pattern suggests that the cause may be central, likely due to
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demyelinating plaques within the brainstem vestibular pathways or peripheral connections, which disrupts
signhal processing.!?° Interestingly, we identified both reduced (hypofunction) and increased (hyperfunction)
aVOR gains. While hypofunction is more common, hyperfunction may indicate a loss of inhibitory control
from the cerebellum, a phenomenon also observed in other CNS disorders.'?¥"123 The complex integration of
the vestibular reflex arc suggests that these impairments likely stem from central lesions in the brainstem,

rather than just the inner ear.

These findings address a significant knowledge gap and highlight the need for a standardized, interdisciplinary
approach to diagnose and treat vestibular issues in MS. Indeed, tailored vestibular rehabilitation could be key

to improving mobility and quality of life.

However, some limitations must be acknowledged. First, the observational design of the study prevents
establishing causation for the aVOR deficits. Second, the small sample size, which is predominantly composed
of individuals with moderate disabilities, may limit generalizability. Lastly, the absence of additional vestibular
tests (e.g., caloric testing) and the lack of comparison with the clinical Head Impulse Test are also limitations.
Thus, future studies with larger cohorts and more comprehensive testing are needed to elucidate these

complex vestibular dysfunctions further.

Conclusion

PwMS often exhibit impairments in the aVOR across one or more semicircular canals. Specifically, aVOR gain
deficits in the vertical canals are associated with balance and gait disorders measured by clinical scales. Both
the HIMP and SHIMP testing paradigms appear to be valid methods for evaluating vestibular canal function
in PWMS. However, further research is needed to confirm these findings and establish the role of instrumental

VOR assessment in the routine clinical management of PwMS.

Study #7. Video head impulse test in subacute and chronic stroke survivors: new perspectives for
implementation of assessment in rehabilitation.

Published as: Tramontano M, Ferri N, Turolla A, Orejel Bustos AS, Casagrande Conti L, Sorge C, Pillastrini P,
Manzari L. Video head impulse test in subacute and chronic stroke survivors: new perspectives for

implementation of assessment in rehabilitation. Eur Arch Otorhinolaryngol. 2024;281(10):5129-5134.1%

Introduction
The vHIT is a key instrumental test for objectively assessing the aVOR by measuring the gain, which is the ratio
of eye movement speed to head movement speed, during brief, unpredictable head turns.??® While its utility

126,127

is well-established for diagnosing peripheral vestibular disorders, such as vestibular neuritis, its role in

CNS pathologies is less defined.
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128,129 \15,107,108 and Parkinson's

Recent research has begun applying vHIT also to conditions such as stroke,

131 while

disease (PD).1*° Findings have been mixed; for instance, some MS studies show no aVOR deficits,
others link reduced aVOR gain to brainstem lesions.'%” In stroke, VHIT has proven helpful for acute differential

diagnosis,**133 but its relevance in recovery phases is less clear.*

Currently, the literature on vHIT in CNS disorders is still fragmented and conflicting. Furthermore, existing
studies are primarily confined to diagnostic settings, with limited application in neurorehabilitation. In this
study, we hypothesize that vHIT could identify semicircular canal dysfunctions in persons with stroke (PwS),
enabling more personalized rehabilitation to improve gaze and postural stability. Therefore, the objective is

to evaluate the VOR in PwS using both the HIMP and SHIMP vHIT paradigms.

Methods
This cross-sectional study was conducted at the Santa Lucia Foundation (Rome, Italy) and received ethical

approval from the Local Independent Ethics Committee (Prot. CE/2022_011). All procedures adhered to
national and institutional ethical standards, as well as the Declaration of Helsinki and the STROBE guidelines.

Written consent was obtained from all participants for the publication of their clinical and instrumental data.

PwS were recruited from the neurorehabilitation services between January and September 2023. Inclusion
criteria were: first-ever stroke with unilateral hemiparesis, ability to walk with or without a device, and a

135 score > 3. Exclusion criteria were: cognitive impairment (Mini-Mental

Functional Ambulation Classification
State Examination'®® > 24), severe unilateral spatial neglect, severe aphasia, and significant neurological,

orthopedic, or cardiac comorbidities.

Clinical and demographic data were collected at the time of enrollment. Balance and gait were assessed using
the BBS!! and the MBT!2, The BBS (0-56 points) and MBT (0—28 points) are standardized tools for evaluating

balance and fall risk, with higher scores indicating better function.

The VOR function was evaluated using the vHIT. Both the HIMP and the SHIMP paradigms were used to assess
semicircular canal function. The aVOR gain was considered normal between 0.8 and 1.29 for HIMP and 0.66
and 1.29 for SHIMP.137:138 |n particular, based on local norms, gains below 0.80 for horizontal canals and below

0.76 for vertical canals were classified as dysfunctional.

Data were analyzed using STATA 17 (StataCorp. 2023, College Station, TX, USA). Continuous data are presented
as mean * standard deviation, and categorical data as frequencies. Spearman’s correlation was used to
examine the relationships between balance outcomes and aVOR gains, given the non-normal distributions.
Then, a subgroup analysis compared participants in subacute (<6 months) and chronic (>6 months) phases

post-stroke.
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Results
The study included 36 participants with hemiparesis following a stroke. The sample characteristics are

reported in Table 4.

Table 4. Sample characteristics

Subacute (n = 22)

Chronic (n = 14)

Sex F (%) 22.73 42.86

Age (years) 56.13+15.00 53.50£15.65
Time from diagnosis (days) 87.20+£49.95 729.21+663.16
Mini-BESTest 19.1446.85 17.3047.18
BBS 44.90+13.29 41.07£16.55
Fallers in last year (%) 5.88 20.00

BBS: Berg Balance Scale. Unless stated otherwise, data are reported as mean * standard deviation.

Overall, the average aVOR gains for the semicircular canals were predominantly outside the normal

physiological range (Table 5).

Table 5. Vestibulo-ocular reflex gains (n = 36)

HIMP VOR gain 95% Cl
Left Anterior 0.73-0.87
Left Horizontal 0.92-1.02
Left Posterior 0.86-0.96
Right Anterior 0.74-0.91
Right Horizontal 0.85-0.93
Right Posterior 0.74-0.83

SHIMP VOR gain
Left Horizontal 0.70-0.83
Right Horizontal 0.81-0.95

Cl: confidence interval.

On an individual level, a significant number of participants showed impaired VOR function, with the highest
rates observed in the left anterior (38.9%) and right posterior (33.3%) canals. Impairments in the horizontal
canals were less frequent (right = 2.8%, left = 11.1%) and more often detected using the SHIMP paradigm
(right = 5.6%, left = 22.2%).

No significant differences in aVOR gains, balance, or motor function were found between participants in the

sub-acute and chronic phases of recovery.

Discussion

This study evaluated the aVOR gain in PwS using the vHIT with both the HIMP and SHIMP paradigms.
Assessments were conducted on 216 and 72 semicircular canals with HIMP and SHIMP, respectively, across
36 participants (22 subacute, 14 chronic). Seventy-five percent of PwS showed altered aVOR gain in at least
one canal. A key finding was the presence of isolated, sometimes bilateral, aVOR hypofunction, contrasting
with the pattern seen in unilateral peripheral vestibular loss. This indicates that stroke leads to vestibular

alterations that do not affect the entire system uniformly. Notably, the mean aVOR gains for some canals,
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particularly the vertical ones, were near the lower limit of the normal range (0.76), confirming a tendency
towards hypofunction. No statistical correlation was found between balance and vestibular function across
disease phases, suggesting the aVOR impairment is independent of the chronicity of the stroke in this cohort.
The prevalence of vertical canal deficits may explain the results from the SHIMP paradigm, which only tests

the horizontal canals.

The utility of VHIT in stroke is well-established for differential diagnosis in acute vestibular syndrome 139140

However, its application in neurorehabilitation remains limited. Our findings underscore the necessity of
including vestibular assessment in the care of PwS to create tailored rehabilitation programs. Standardizing
assessments and adopting an interdisciplinary approach could significantly improve care for post-stroke
balance disorders. Future studies should use aVOR metrics as outcomes to measure rehabilitation efficacy.
Consequently, rehabilitation should evolve beyond a purely neuromusculoskeletal focus. It must integrate
training that addresses continuous sensory integration, combining vestibular, proprioceptive, and visual

inputs, which underlie dynamic postural stability and gait.141-143

Finally, this study has some limitations to be acknowledged. The observational design prevents establishing a
causal link between neurological lesions and abnormal aVOR gain. Moreover, it is difficult to determine if
aVOR dysfunctions stem from the stroke itself, reduced physical activity, or other confounding factors. Lastly,
the lack of vestibular-evoked myogenic potential testing is another limitation that could have provided more

pathophysiological insights.

Conclusion
An altered aVOR gain can be present in stroke patients across subacute and chronic disease phases. Assessing
vestibular function instrumentally could assist the rehabilitation team in personalizing balance training

according to patient-specific deficits.

Study #8. Vestibulo-Oculomotor Reflex Dysfunction in Children with Cerebral Palsy Correlates with
Gross Motor Function Classification System.

Published as: Casagrande Conti L, Ferri N, Manzari L, Lelli T, Mangeruga M, Dal Piaz M, Manzotti A, Verrecchia
L, Tramontano M. Vestibulo-Oculomotor Reflex Dysfunction in Children with Cerebral Palsy Correlates with

Gross Motor Function Classification System. Audiol Res. 2025;15(2):21.4

Introduction
Cerebral palsy (CP) is a leading cause of childhood physical disability, affecting 2 to 3 per 1000 live births.* It

is a non-progressive disorder caused by damage to the developing brain, resulting in movement and postural

34



146

disturbances.* While motor impairments like spasticity are well-known,'¥1%® the impact of sensory

dysfunctions, particularly vestibular impairment, is less understood.

The vestibular system, crucial for balance, gaze stability, and spatial orientation, provides essential sensory
input for navigating the environment.* Its dysfunction can lead to poor balance, unstable gaze, and a higher
risk of falls.?>>1>2 For children with CP, who already have motor challenges, vestibular issues can further limit
their daily activities and social participation.* Despite its significance, vestibular function in CP remains
under-investigated, with research traditionally focusing more on motor and visual deficits.?>>*>” The vHIT now
allows for quantitative assessment of the aVOR in children,’*® where vestibular impairments likely affect

crucial multisensory integration for motor planning, impacting activities like walking and playing sports. 1481

While VHIT has been used in adults with neurological conditions,®>*?*10 its application in children with CP is
novel.®® We hypothesize that children with perinatal brain injury may have impaired aVOR pathways, even
with a developed vestibular system. Thus, this study aims to determine the prevalence of aVOR dysfunction
in children with CP, explore its correlation with motor function, and evaluate the feasibility of using vHIT in a

neurorehabilitation setting.

Methods
This cross-sectional study, approved by the Local Independent Ethics Committee (Prot. CE/2022_011), was
conducted at a pediatric neurorehabilitation center (Santa Lucia Foundation, Rome, Italy) from September

2023 to September 2024, following STROBE guidelines.*

Participants were children aged 3-11 years with cerebral palsy (spastic paresis or ataxia), a Level of Sitting

Scale®®!

score >4, and the ability to understand the visual fixation task. Children with significant spasticity or
bone deformities were excluded. Motor function was classified using the Gross Motor Function Classification

System (GMFCS).162163

Vestibular function was assessed using the vHIT to evaluate the aVOR gain. Two trained physiotherapists
performed the tests under supervision, using both the HIMP and SHIMP paradigms.10>12>164165 Standardized
protocols were followed for horizontal and vertical canal testing, with controlled lighting and techniques to

maintain child engagement.?3

Statistical analysis was performed using STATA 18 (StataCorp, 2023, College Station, TX, USA). Data normality
was assessed with the Shapiro-Wilk test, and the relationship between aVOR gain and GMFCS level was

analyzed using Spearman's rank correlation coefficient.

Results
A total of 20 children were initially recruited. However, seven were excluded from the final analysis: four could

not follow instructions, one could not be fitted with the goggles, and two discontinued due to discomfort.
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Consequently, thirteen children completed the assessment of the horizontal semicircular canals, but only one

completed the vertical plane evaluation. The SHIMP paradigm was successfully performed on only three

children, as the remaining ten found the procedure too difficult (Table 6).

Table 6. Sample characteristics (n = 13)

Female (n, %)
Age (years + SD)

Clinical characteristics (n, %)

GMFCS (n, %)

Ataxia
Diplegia
Hemiplegia
Other

Level |
Level Il
Level I
Level IV
Level V

8 (61.5)
7.8+2.7

23.1)
30.8)
15.4)

3
4
2
4(30.8)

(
(
(
(

(46.2)
(30.8)
(23.1)
0(0.0)
0(0.0)

6
4
3

GMFCS: Gross Motor Function Classification System.

Of the thirteen children who completed the horizontal canal assessment, six (46.2%) exhibited dysfunction in

at least one canal. Overall, eight out of twenty-six (30.8%) assessed horizontal canals were dysfunctional.

While the overall sample mean showed a functional aVOR gain (Table 7), subgroup analysis revealed that

children with ataxia had significantly reduced gains, with half of the horizontal canals being dysfunctional

(Table 8).

Table 7. Vestibulo-ocular reflex gains (n = 13)

HIMP aVOR gain

SHIMP aVOR gain

Left Horizontal
Right Horizontal
Left Anterior
Right Anterior
Left Posterior
Right Posterior

Left Horizontal
Right Horizontal

Total canals (n)

Total canals (n)

13
13

1
1
1
1

w

Mean + SD
0.80+0.17
0.90+0.17

0.86
1.22
0.92
0.60

Mean + SD
0.73+0.19
0.85+0.07

95% Cls
[0.69, 0.90]
[0.79, 1.01]

NA
NA
NA
NA
95% Cls
NA
NA

NA: not applicable.
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Table 8. Subgroup analysis (GMFCS levels)

HIMP aVOR Gain Total Canals (n) Mean + SD
i 91+0.
s o : 02005
i 75 %0.
s o : 06017
Left Hori | .65+0.1
s onont S omeom

GMFCS: Gross Motor Function Classification System.
Furthermore, correlation analysis identified a strong negative association between aVOR gain and the GMFCS
level (p =-0.73, p-value = 0.0092), indicating that vestibular function declined as motor impairment increased

(Figure 7).

Angular VOR assessment in children with
cerebral palsy

VOR gain of the horzontal SCs

Negative correlation

Gross Motor Function Classification

System

Children with functional SCs

Children with at least 1 dysfunctional 5C

Figure 7. Summary findings (source: Casagrande Conti L et al., 2025)

Discussion

This study found that children with CP, especially those with greater motor impairment, often exhibit
vestibular dysfunction in the horizontal semicircular canals. The observed reduction in aVOR gain underscores
the value of vestibular assessment in rehabilitation, aligning with existing evidence that links vestibular

deficits to the balance and postural control challenges in this population.'®®

The correlation between aVOR gain and motor function (GMFCS levels) provides crucial insight into the
multisensory deficits in CP. As motor impairment increases, the vestibular system's ability to compensate for
head movements diminishes, leading to problems with dynamic stability. Our findings are consistent with
other studies that identify impaired vestibular function and sensory integration as key contributors to

instability and gait difficulties in these children.>%%167 Notably, children with ataxia showed the most
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pronounced aVOR gain abnormalities, with half of the tested canals being impaired, suggesting significant

challenges with visual stability and motor coordination.

Using the vHIT proved effective for identifying these horizontal canal deficits, confirming its clinical utility in
a pediatric neurorehabilitation setting.'®®%° However, assessing the vertical canals was largely unfeasible due
to difficulties in testing children with cognitive-motor disabilities, highlighting a need for child-friendly

equipment and methods.

Clinically, these results argue for integrating vestibular assessments like vHIT into routine evaluations. Since

81,170—

vestibular rehabilitation can improve balance in other pediatric groups, 172 targeted therapies could likely

benefit children with CP, improving daily function and motor outcomes.

This study has some limitations, including its observational design, small sample size, and inability to fully
assess vertical canal function. Future research should involve larger, longitudinal studies that use
comprehensive vestibular and sensory assessments to develop more effective, personalized rehabilitation

strategies.

Conclusion

This study adds to the growing evidence of vestibular dysfunction in individuals with neurological disorders,
including children with cerebral palsy. Our results confirm that instrumental vestibular testing is feasible in
children with cognitive-motor disabilities, though currently limited to the horizontal canals using the HIMP
paradigm. Future research should explore the function of the vertical canals and central vestibular pathways.
Incorporating these assessments into standard clinical practice could enhance the understanding and

management of balance and motor deficits in this population.

Study #9. Video Head Impulse Test in Survivors From Severe Traumatic Brain Injury: New Perspectives
for Implementation of Assessment in Rehabilitation.

Published as: Ferri N, Whitney SL, Verrecchia L, Casagrande Conti L, Turolla A, Lelli T, Formisano R, Buzzi MG,
Pillastrini P, Manzari L, Tramontano M. Video Head Impulse Test in Survivors From Severe Traumatic Brain
Injury: New Perspectives for Implementation of Assessment in Rehabilitation. J Head Trauma Rehabil.

2025;40(5):337-345.173

Introduction

Traumatic brain injury (TBI) is a significant global health issue, with a prevalence of 599 per 100,000 people,
primarily caused by falls and road accidents. It imposes high costs on healthcare systems and disrupts
patients' families and work lives.'’#'’> Managing TBI is challenging due to the cognitive, neuromotor, and

behavioral changes that follow, underscoring the need for a person-centered, interdisciplinary approach.’¢177
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1178 and is a major risk factor for

Imbalance is a prevalent symptom, affecting up to 80% of individuals with TB
falls.?”® This can stem from various vestibular issues, including central or peripheral dysfunctions,® benign
paroxysmal positional vertigo,'®! or impaired sensory-motor integration.'28 Despite evidence of vestibular
system involvement, specific vestibular assessments are not routine in trauma wards, complicating diagnosis

and management.!®

The vHIT is an efficient tool for assessing the aVOR. It uses two procedures, the HIMP and the SHIMP

paradigms, to measure aVOR gain and its suppression, respectively.105:164

While vHIT has been used in various neurological conditions,07:108128-130 jnclyding TBI,' its application in
survivors of severe TBI (sTBI) to assess semicircular canal function remains unexplored. Evaluating the aVOR
slow phase in sTBI survivors could uncover vestibular dysfunction and help personalize neurorehabilitation.
This study, therefore, aims to describe the aVOR function in people with sTBI and explore its relationship with

balance measures.

Methods
This cross-sectional study, approved by the Local Independent Ethics Committee (Prot. CE/2022_011), was
conducted at the Santa Lucia Foundation (Italy, Rome), a neurorehabilitation research hospital, following

STROBE guidelines.*®

Adults (18-65 years) with sTBI, defined by a Glasgow Coma Scale®® score < 8, were recruited from inpatient
neurorehabilitation services. Eligible participants had a Level of Cognitive Functioning®®® > 7, could
understand commands, walk independently (Functional Ambulation Classification!®® >3), and were

undergoing balance rehabilitation. All participants provided written informed consent.

Balance and gait were assessed using the BBS'®188 and the MBT*'2%, Vestibular function was evaluated with
the vHIT using both the HIMP and SHIMP paradigms to measure the aVOR gain across all six semicircular

canals. The assessment followed a strict protocol'!® administered by trained physiotherapists.

During HIMP, patients fixated on a stationary target while the examiner delivered brief, unpredictable head
rotations. For SHIMP, patients tracked a head-fixed laser dot. The aVOR gains were classified as functional or

dysfunctional (hypo-gain/hyper-gain) based on established normative ranges.12>137,164

Analyses were performed using STATA 18 (StataCorp, 2023, College Station, TX, USA). Data are presented as
means/medians with standard deviations/interquartile ranges or as frequencies. The Shapiro-Wilk test
assessed normality, while Spearman’s rank correlation was used to examine relationships between aVOR

gains and clinical balance scores.
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Results
The study enrolled 22 patients with sTBI. Two participants were unable to complete the full vHIT protocol.
Thus, a total of 124 semicircular canals (SCCs) were assessed using the HIMP paradigm, and 40 using the

SHIMP paradigm (Table 9).

Table 9. Sample characteristics

Variables Mean (SD)
Age (years) 482 (27.00)
Body mass (kg) 72.95 (10.72)
Height (m) 1.76%(0.08)
Time from diagnosis (months) 8.182(7.38)
Education (years) 14.45 (2.39)
Fallers (n) 4°(20)
MBT 242(7.5)
BBS 52.5%(7.5)

Data are reported as mean and standard deviation, or median and IQR for continuous variables (according to
distribution properties), and frequency and percentage for categorical variables. °median and interquartile range,
bcounts and percentage. MBT: Mini-BESTest Scale, BBS: Berg Balance Scale.

VOR gain was abnormal in at least one canal for the vast majority of patients (19 out of 22, or 90.48%). Overall,
30% of the assessed canals showed abnormal gain. The right posterior canal was most frequently affected,
with 71% of participants showing an abnormal gain, followed by the left anterior canal (33%). The SHIMP

assessment identified 5 horizontal canals with functional gain and no anti-compensatory saccades. (Table 10).

Table 10. Vestibulo-ocular reflex gains

HIMP n Mean Standard Deviation Confidence Intervals
Right Horizontal 21 0.97 0.21 0.87 1.06
Left Horizontal 21 0.87 0.14 0.80 0.94
Left Anterior 21 0.80 0.15 0.73 0.87
Right Posterior 21 0.70* 0.17 0.62 0.78
Right Anterior 20 0.91 0.25 0.79 1.03
Left Posterior 20 0.86 0.15 0.79 0.93
SHIMP

Right Horizontal 20 0.80 0.26 0.68 0.92
Left Horizontal 20 0.73 0.22 0.63 0.84

*aVOR gain outside the functional range

No correlation was found between balance scale scores and aVOR gain. Notably, only two patients had
completely normal gains across all canals, and almost all (94%) of the identified abnormalities were

reductions in gain (hypo-gain).

Discussion
This study used the VHIT to assess SCC function in survivors of sTBI. Results indicated that over 90% of
participants had aVOR dysfunction in at least one canal, suggesting vestibular symptoms are a common,

though variable, part of the complex sTBI clinical picture. A notably high prevalence of right posterior canal
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dysfunction was observed, aligning with previous findings in stroke survivors,** which may point to a need

for comprehensive central and peripheral vestibular assessment in rehabilitation.

The dysfunction often presented in a seemingly random pattern across canals, underscoring the complexity
of vestibular damage in sTBI and challenging straightforward diagnostic approaches. Notably, aVOR gains did
not correlate with balance and gait scores using the BBS and MBT, indicating these tools may measure
different constructs. The high balance scores observed may be partly due to the median post-injury time of 8
months, which allows for partial neuromotor recovery through conventional rehabilitation that may not
specifically address vestibular deficits. This disconnect could also be influenced by vestibular agnosia, where

patients are unaware of their vestibular impairment.'®®

Analysis suggested a generalized aVOR deficit, which can cause gaze instability during head movements,
leading to dizziness and difficulty in dynamic environments. Moreover, whenever aVOR gain is normal, but
with a complete absence of anti-compensatory saccades in the SHIMP test, it strongly suggests a CNS lesion
affecting the aVOR suppression pathway. Thus, given the brainstem's role in processing vestibular signals, the

observed impairments are likely due to central, not just peripheral, damage from the trauma.!

This research addresses a significant gap in the literature,® highlighting the need for early identification of
vestibular dysfunction in sTBI. Future studies should investigate the underlying mechanisms and develop
targeted rehabilitation strategies, such as customized vestibular physical therapy or virtual reality, to improve

gaze stability, balance, and quality of life for sTBI survivors.

However, this study has some limitations. The observational design that prevents us to investigate a causal
link, the small sample size limiting generalizability, and the use of balance scales that may not be sensitive

enough to detect vestibular-specific deficits in this population.

Conclusion

Although individuals with sTBI can show impairments in the aVOR, these deficits were not correlated with
motor or balance outcomes. The clinical significance of this finding remains uncertain and warrants further
research. Nonetheless, it supports the growing consensus that vestibular assessment and rehabilitation

should be considered a valuable component of personalized management for sTBI.
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Study #10. Assessment of Vestibulo-Ocular Reflex Function in People with Parkinson's Disease: a

Cross-Sectional Study in a Rehabilitation Setting Using the Video Head Impulse Test
Published as: Ferri N, Casagrande Conti L, Manzari L, Piatti D, De Angelis D, Nocentini U, Tramontano M.
Assessment of vestibulo-ocular reflex function in people with Parkinson's disease: a cross-sectional study in a

rehabilitation setting using the video head impulse test. BMJ Open. 2025,;15(8):e099765.2%3

Introduction

PD is a progressive neurodegenerative disorder defined by motor symptoms such as bradykinesia, rigidity,
tremor, and postural instability.!®* Recently, growing evidence underscores the role of vestibular dysfunction
in worsening functional impairments, particularly postural instability and gait disturbances, which elevate fall

risk and reduce quality of life, 130184195

The vestibular system, via the aVOR, is essential for gaze stability and daily function.'®® However, while aVOR
impairment is recognized in neurological disorders, its prevalence and impact in PD remain unclear.
Dopaminergic deficits in the basal ganglia and vestibular nuclei may contribute to vestibular dysfunction in
PD,°71%8 yet studies report inconsistent aVOR abnormalities and their association with functional outcomes
like balance and gait.’®® The vHIT allows objective, quantitative aVOR assessment across all six semicircular
canals.’ It measures aVOR gains and detects corrective saccades in case of vestibular canal dysfunction. In
literature, research usually reported group-level mean gains, thus potentially missing individual canal-level
dysfunctions.?¥7:1%8200 |n fact, individual analysis can reveal subtle impairments that could be clinically relevant

but overlooked in averaged data.®***

In this context, conflicting findings exist. Some studies show no aVOR gain changes in PD,?® while others note
increased gains, possibly indicating compensatory mechanisms.?® However, many studies reported and
focused only on aVOR hypofunction, ignoring hyperfunction or compensatory increases.'®” Regardless, the
ability of vHIT to detect subtle aVOR changes could definitely inform disease management and

rehabilitation.?>%*

This study used vHIT with both HIMP and SHIMP protocols to evaluate semicircular canal function in PD.
Unlike previous work, we emphasized individualized aVOR gain analysis to determine the prevalence of canal-

specific dysfunction at the patient level.

Methods

This cross-sectional study was conducted at the Santa Lucia Foundation Institute for Research and Healthcare
(Rome, Italy) after local ethics committee approval (Prot. CE/2022_011). All procedures followed national and
international ethical guidelines, including the Declaration of Helsinki, and it was reported following the

STROBE reporting guidelines.®® All participants provided written consent for the use of their clinical data.
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Consecutive outpatients with PD were recruited from March to November 2024. Inclusion criteria were: no
cognitive impairment (MMSE®3® > 25), Hoehn and Yahr?! stage 2-3, and independent ambulation (Functional
Ambulation Category?®? > 3). Exclusion criteria included significant visual or vestibular impairments, limited
neck mobility, or other significant comorbidities, as determined by neurological screening and medical

records.

The aVOR function was evaluated using VHIT (ICS Impulse, Otometrics/Natus, Denmark) with both HIMP and
SHIMP paradigms. Functional aVOR gain was defined as 0.8-1.29 for HIMP and 0.66-1.29 for SHIMP.126:137

Gains outside these ranges indicated dysfunction.

Data were analyzed using STATA 18.5 (StataCorp. 2023, College Station, TX, USA). Continuous data are
presented as mean * SD and categorical data as frequencies. A bootstrap analysis with 2000 replications
calculated confidence intervals when there was an asymmetric data distribution. A post-hoc analysis
determined prevalence confidence intervals using the Wilson method, as this exploratory study used a

convenience sample due to lacking prior prevalence data.

Results
This study included 35 eligible participants with PD (mean age 69.9+8.4; 11 female). Their demographics are

shown in Table 11.

Table 11. Sample characteristics

Variables Mean
Age (years) 69.9+8.4
Time from diagnosis (years) 6.5+4.7
Education (years) 146+3.6
m-UPDRS 27.7+6.8

Data are reported as mean # standard deviation.

The HIMP assessment was completed for 34 participants; one was excluded due to persistent blinking, which
also prevented anterior canal assessment in another case. Finally, VOR gain for the SHIMP paradigm was

successfully collected from all 35 participants (Table 12).

Table 12. Vestibulo-ocular reflex gains

Vestibular canal n VOR gain 95% Confidence Intervals
Right Lateral 34 0.99+0.20 0.92 1.06
Left Lateral 34 0.94+0.16 0.88 0.99
Right Anterior 33 0.87 (0.25) 0.76 0.94
Left Posterior 34 0.87 (0.19) 0.77 0.92
Left Anterior 33 0.83 (0.15) 0.72 0.85
Right Posterior 34 0.82(0.13) 0.71 0.84
Right Lateral (SHIMP) 35 0.83+0.19 0.77 0.90
Left Lateral (SHIMP) 35 0.85+0.20 0.78 0.92

Data are reported as mean + SD, or median (IQR) according to their distribution.
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The vHIT revealed abnormal aVOR gains across all canals and paradigms (prevalence: 14-38%), with the right

posterior canal being most frequently affected (Figure 8).
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Figure 8. Prevalence of vestibulo-ocular reflex dysfunctions (Source: Ferri N et al., 2025).

Individually, 60% (95% Cl: 43.6 to 74.5%) of participants had at least one canal with hypo-gain. This prevalence
rose to 69% (95% Cl: 52.5 to 81.8%) when including hyper-gain dysfunctions. When incorporating SHIMP

results, 83% (95% Cl: 67.5 to 92.0%) of participants exhibited an abnormal aVOR gain in at least one canal.

Discussion

This study investigated semicircular canal function in people with PD using the vHIT test with both HIMP and
SHIMP paradigms. We demonstrated the feasibility of vestibular assessment in a neurorehabilitation setting
and found that 69% of participants had at least one abnormal result, including both hypo- and hyper-gain

dysfunctions.

These findings challenge a recent study reporting unchanged aVOR gain in PD.?® Indeed, our individual-level
analysis revealed isolated canal dysfunctions, consistent with our group's previous work in people with

124 and multiple sclerosis.”> While the mean aVOR gain for the entire sample appeared normal,

stroke,
individual prevalence analysis uncovered underlying clinical conditions. This highlights the need for

researchers to report the prevalence of dysfunction based on normative cut-offs, not just group means.

Our results align with Berkiten et al.’*° showing vestibular involvement in early-stage PD and its link to motor
and non-motor symptoms. Moreover, vestibular rehabilitation may improve postural balance in PD,”’
completing the range of neurological conditions managed in rehabilitation.>® Thus, systematic vestibular
assessment should become routine in neurorehabilitation, especially given the increasing commercial

availability of necessary equipment.
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Our work further extends the literature on vestibular alterations in PD. While some studies reported

P 200
’

preserved aVOR gain using HIM subsequent research using SHIMP revealed impaired aVOR

suppression,?®® and other works have shown abnormal otolith function and vestibulo-visual interactions.20%-204
This reinforces the need for multimodal assessment, including both HIMP/SHIMP paradigms, to fully

characterize vestibular phenotype in PD.

However, some limitations have to be reported: the cross-sectional design preventing causal inferences, the
focus solely on semicircular canal function via vHIT, and the inclusion of physically self-sufficient participants

with mild to moderate disability, suggesting that future studies should assess a broader population.

Conclusion

An aVOR gain impairment is common in people with PD. Incorporating vestibular function assessment into
routine balance evaluations could enhance rehabilitation care for this population. Further research is needed
to confirm these results and to determine if aVOR-profile specific vestibular rehabilitation can yield functional

benefits.

Rethinking Established Diagnostic Criteria: The Need to Consider Multiple Contributing
Factors

Study #11. Revisiting Diagnostic Criteria for Bilateral Vestibulopathy: A New Comprehensive
Instrumental Model.
Published as: Manzari L, Ferri N, Tramontano M. Revisiting Diagnostic Criteria for Bilateral Vestibulopathy: A

New Comprehensive Instrumental Model. Audiol Res. 2024;14(6):991-999.%%

Introduction

Bilateral vestibulopathy (BVP), or bilateral vestibular hypofunction (BVH), is a chronic condition involving
significant or complete loss of vestibular function on both sides.?’® This impairment disrupts vestibular signals
to the CNS, leading to symptoms such as persistent dizziness, imbalance, oscillopsia (i.e., visual instability

during head movement), and often a subjective feeling of mental cloudiness or "brain fog" 297211

Prior to updated diagnostic criteria, BVP prevalence in U.S. adults was estimated at around 28 per 100,000,
with incidence between 4% and 7%.2!2 The condition affects a wide age range, though acquired forms are
typically diagnosed between ages 50 and 60.213214 Etiologies are diverse, including toxic, infectious, traumatic,
otologic, and congenital causes, making early diagnosis difficult.?®® Nonetheless, BVP significantly impairs
daily function and quality of life, with common symptoms like imbalance (worsening in darkness or on uneven

ground) and oscillopsia due to aVOR dysfunction.?*
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Currently diagnosis relies on clinical evaluation and vestibular testing. Indeed, according to the 2017 Barany
Society criteria, BVP is confirmed by chronic symptoms and bilaterally reduced or absent aVOR function,
measurable via VHIT, caloric testing, or rotatory chair.2% However, these criteria focus only on horizontal
semicircular canal function and do not incorporate tests for vertical canals or otolithic organs (e.g., vestibular-

evoked myogenic potentials, VEMPs).

Thus, we hypothesize that current diagnostic criteria may miss specific BVP presentations, such as patients
with normal aVOR gain but abnormal VEMP results or vertical canal dysfunction.?62'” This study aimed to
assess both aVOR and otolithic function using a comprehensive battery of instrumental tests in individuals

with chronic vestibular symptoms and significant dizziness-related handicap.

Methods
This diagnostic accuracy study analyzed the medical records of patients diagnosed with probable BVP at the
MSA ENT Academy Center, a tertiary vestibular referral center, between July 2022 and December 2023. The

study, approved by the Institutional Review Board, followed the STARD guidelines.?*®

Consecutive patients from the center's records were included if they reported symptoms like gait

)219

unsteadiness, movement-induced blurred vision, and had a Dizziness Handicap Inventory (DHI)** score >54,

with an absence of symptoms while sitting or lying still.

The index test was a comprehensive vestibular assessment, including the vHIT to measure the aVOR gain
across all six semicircular canals, and cervical/ocular VEMPs to evaluate otolith function. The reference

standard was the Barany Society diagnostic criteria for BVP2%:
e A. Chronic vestibular syndrome with the following symptoms:
1. Unsteadiness when walking or standing plus at least one of 2 or 3;

2. Movement-induced blurred vision or oscillopsia during walking or quick head/body

movements and/or;
3. Worsening of unsteadiness in darkness and/or on uneven ground.
e B. No symptoms while sitting or lying down under static conditions.
e C. Bilaterally reduced or absent aVOR function documented by:

1. Bilaterally pathological horizontal aVOR gain <0.6, measured by the vHIT or scleral-coil

technique and/or;

2. Reduced caloric response (sum of bithermal max. peak SPV on each side <6°/s) and/or;
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3. Reduced horizontal aVOR gain <0.1 upon sinusoidal stimulation on a rotatory chair (0.1 Hz,

Vmax = 50°/s) and a phase lead >68 degrees (time constant <5 s).
e D. Not better accounted for by another disease.

For the vHIT, an expert clinician performed the test, applying brief, unpredictable head impulses. The aVOR

gain (ratio of eye to head velocity) was the primary measure, with a gain of >0.60 considered functional.

For the VEMPs, ocular and cervical VEMPs were used to assess utricular and saccular function, respectively.
Asymmetry ratios were calculated from the response amplitudes, and bilateral absence of responses also

indicated BVP.

The diagnostic accuracy (sensitivity, specificity, ROC area) of the comprehensive index test model (VHIT +
VEMPs) was compared to the Barany criteria model (horizontal vHIT only). A reverse analysis was also
conducted, treating the comprehensive model as the new reference standard. Incomplete records were

excluded from the final analysis.

Results
After screening 1,169 medical records, 78 patients (41 male, mean age 61.4 + 12.99 years) meeting the criteria

for BVP were included. The median (IQR) DHI score was 67 (6).
The new diagnostic criteria for BVP were compared against the established Barany criteria (Table 13).

Table 13. BPV diagnosis, according to different criteria

BPV (n, %)
Barany criteria 36 (46)
Comprehensive model 78 (100)
6-canals vHIT 59 (75)
oVEMPs dysfunction 52 (66)
cVEMPs dysfunction 41 (52)

BPV: bilateral vestibulopathy. The comprehensive model includes cVEMPs, oVEMPs, and 6-canals vHIT.

Furthermore, the diagnostic accuracies of the three proposed new criteria are shown in Table 14. A

comprehensive model combining the three tests could not be created due to structural zeros in the data.

Table 14. Multimodel diagnostic accuracy

Index test Sensitivity Specificity LR+ LR- ROC area 95% ClI

6-canals VHIT 100% 45.24% 1.82 0.00 0.72 [0.65, 0.80]
OoVEMPs 63.89% 30.95% 0.92 1.16 0.47 [0.36, 0.58]
cVEMPs 52.78% 47.62% 1.00 0.99 0.50 [0.38,0.61]

When the combined new criteria were treated as the reference standard, the Barany criteria demonstrated

low sensitivity (46%) and a high false-negative rate, indicating a poor ability to rule out BVP.
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The DHI scores were significantly different between patients classified as true positives and false negatives by

the Barany criteria (Wilcoxon test, p=0.0117, Figure 9).
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Figure 9. DHI median scores between false negatives and true positives (Barany Criteria). FN: false negatives, TP: true
positives (source: Manzari L et al., 2024)

Median DHI scores across all models ranged from 66 to 69. A significant difference in DHI scores between
test-positive and test-negative patients was found only for the Barany criteria and the six-canal vHIT model

(Figure 10).
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Figure 10. DHI scores according to different criteria (source: Manzari L et al., 2024)
Figure 11 illustrates different combinations of test results from the comprehensive model assessment.
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Figure 11. (A) Abnormal horizontal vHIT on the left with normal vertical canal function, combined with absent cVEMPs
(saccular dysfunction) but normal oVEMPs (utricular function). (B) Normal vHIT function in all six canals, but absent
oVEMPs (utricular dysfunction) with normal cVEMPs. (C) Abnormal vHIT in all six canals, combined with absent
oVEMPs and absent cVEMPs, indicating complete utricular and saccular dysfunction (source Manzari et al., 2024)

Discussion
This study evaluated both semicircular canal and otolithic function in patients with BVP. While aVOR gain is a

key measure of canal function, it often fails to capture the full scope of vestibular impairment. Moreover, the
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finding of significant otolithic dysfunction in patients with normal aVOR gain underscores the necessity of

including otolith testing in the diagnostic workup for BVP.

Given the observed variability in vestibular function, current diagnostic criteria should be revised to
incorporate a broader test battery, such as VEMPs. This would improve diagnostic accuracy, identify distinct
BVP subtypes, and enable earlier, more targeted rehabilitation. Indeed, tailoring treatment to a patient's

specific deficits, whether canal or otolith-based, is crucial for improving outcomes.

Future research should include longitudinal studies to determine if these BVP subtypes have different
prognoses and to explore their underlying mechanisms. Furthermore, based on our normative data, adjusting
the pathological aVOR gain cutoff from <0.6 to <0.76 should be considered, as the latter demonstrates

superior sensitivity and specificity.

Some study limitations have to be acknowledged. In particular, the lack of an international consensus for

ocular VEMPs protocols and the absence of true negative controls limited our analytical scope.

Conclusion

Our findings indicate that several forms of BVH exist that cannot be classified using the current Barany criteria.
It is essential to recognize these new clinical variants, as they can provide new insights into the etiology and
potential progression of the condition. We therefore recommend that diagnostic criteria be updated
promptly, taking into account modern instrumental tools such as the full vHIT assessment and VEMPs, now

available to clinicians.

From Methods to Meaning: Evidence Synthesis with Translational Impact on Emergency
Medicine

Study #12. Accuracy of Video Head Impulse Test in Stroke Diagnosis During Acute Vestibular
Syndrome: A Systematic Review With Meta-Analysis.

Published as: Ferri N, Bracci A, Metta Franceschelli G, Gnoli G, Turolla A, Pillastrini B, Manzari L, Tramontano
M. Accuracy of video head impulse test in stroke diagnosis during acute vestibular syndrome: a systematic

review with meta-analysis. J Neurol. 2025;272(6):436.1%

Introduction

Posterior circulation stroke (PCS) accounts for about 20% of ischemic strokes, impacting the brainstem,
occipital lobes, and cerebellum areas.??° Its diagnosis is often missed acutely because symptoms can be non-
specific and may not be flagged by standard stroke scales, leading to it being overlooked three times more

often than an anterior circulation stroke.?2-223
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Dizziness is the most frequent symptom of PCS, occurring in 47% of patients.??* Consequently, many present
with an acute vestibular syndrome (AVS), i.e., a persistent vertigo with nystagmus and nausea, or an acute
imbalance syndrome.??>"?2° However, only 3-4% of emergency department dizziness cases are actually due to

a stroke. 239231

Current guidelines recommend the HINTS+ exam (Head-Impulse, Nystagmus, Test-of-Skew, plus hearing test)

for evaluating acute dizziness, as it shows high sensitivity and specificity for detecting central causes.?3%233

The VHIT is an instrumental version of the bedside?* test, providing an objective measure of peripheral
vestibular function.?>2% |t is valuable in the ED for differentiating stroke from peripheral causes in patients
with AVS.132133 While a normal vHIT result often suggests a central problem, an abnormal result does not

always rule one out.'?

Although interest in VHIT for emergency triage is growing, inconsistent protocols have led to variable
outcomes, and no consensus exists on its diagnostic accuracy for stroke in AVS patients.?* This study aims to
systematically review the literature to determine the sensitivity and specificity of vHIT for diagnosing stroke

in individuals presenting with AVS, thereby clarifying its clinical utility.

Methods
This diagnostic test accuracy (DTA) systematic review and meta-analysis was conducted following Cochrane

guidelines?3®

and reported according to the Preferred Reporting Items for a Systematic Review and Meta-
analysis of Diagnostic Test Accuracy Studies (PRISMA-DTA) statement.?®’ The protocol was registered

prospectively in PROSPERO (CRD42024532776).

We included primary studies evaluating the accuracy of the vHIT for diagnosing stroke in adults presenting
with AVS in the Emergency Department. The reference standard was neuroimaging with clinical assessment.
We searched four major databases (MEDLINE, CENTRAL, CINAHL, SCOPUS) from 2009 to July 2024, alongside
grey literature sources. The search strategy was peer-reviewed by a librarian following the Peer Review of

Electronic Search Strategies (PRESS) guidelines.?®

Two reviewers independently screened records, assessed full texts, and extracted data using a predefined

form. Disagreements were resolved by consensus.

The risk of bias was evaluated using the Quality Assessment of Diagnostic Test Accuracy Studies 2 (QUADAS-

2)%° tool. Publication bias was assessed using Egger's regression test.

A bivariate meta-analysis was performed to pool sensitivity and specificity, using a Hierarchical Summary
Receiver Operating Characteristic (HSROC) model. In addition to pooled sensitivity and specificity, we also

calculated diagnostic odds ratios and likelihood ratios and assessed between-study heterogeneity. Sensitivity
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analyses were conducted to check robustness, and subgroup analyses were performed to compare vHIT

performance across the different device manufacturers.

Results

The initial search yielded 654 records. After removing duplicates and screening, 13 studies

129,132,133,240-249

involving 905 participants were included, with some potential sample overlap noted between a few of them

(Figure 12).

ldentification of new studies via databases and registers

Identification

Records identified from:
Databases (n = 653):
Medline (n = 271)
Central (n = 18)
Cinahl (n = 85)
Scopus (n = 279)
Registers (n=1):
Clinical trials (n = 1)

Records removed before screening:

Duplicate records (n = 240)
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(n=414)
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(n = 385)

i

Reports sought for retrieval
(n=28)

Reports not retrieved
(n=2)

Sereening
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(n=26)
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Wrong index test (n = 4)
Wrong population (n = 3)

Wrong study design (n = 2)
Wrong publication type (n = 2)
Wrong reference test (n = 2)

Included

New studies included in review
(n=13)

Figure 12. PRISMA-DTA flowchart (source: Ferri N et al., 2025)

Among the 13 studies, the most frequently used vHIT devices were EyeSeeCam (46%) and Otometrics (46%).

Normative cutoffs for the horizontal canals were reported in nearly all studies, with EyeSeeCam devices

generally having lower cutoff values (range: 0.57—0.70) than the others (range: 0.70—0.80). These cutoffs were

derived from various sources, including ROC curves and previously published data. Table 15 reports the

characteristics of the 13 studies.
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Table 15. Sample characteristics

Author, year

Country

Sample

Age
(v)

Sex
(F, %)

VHIT

Guler, 2017

Korda, 2022a

Korda, 2022b

Siepmann, 2021

Machner, 2021

Mantokoudis, 20153

Mantokoudis, 2016

Michailidou, 2024

Morrison, 2022

Nam, 2021

Nham, 2022

Nham, 2023

Thomas, 2022

Turkey

Switzerland

Switzerland

Germany

Germany

USA

USA

Switzerland

Switzerland

South Korea

Australia

Australia

Australia

n=40
24 VN
16 strokes

n=46
35 AUVP
11 strokes

n=>57
39 AUVP
18 strokes

n=30
11 central (4
strokes, 7 TIA)

19 peripherals

n =38
24 VN
14 strokes

n=26
16 VN
10 strokes

n=23
16 VN
7 strokes

n=76
52 VN
24 strokes

n=152
58 VN
27 strokes
67 NR

n=51
17 VN
17 strokes
17 healthy
controls

n =148
61 VN
46 strokes
41 other

n=262
134 VN
128 strokes

n=133
53 VN
20 strokes

49

55

55

55

69

60

60

56

56

61

60

62

62

35

46

NR

47

34

27

26

NR

NR

NR

NR

36

46

Otometrics

EyeSeeCam

EyeSeeCam

EyeSeeCam

EyeSeeCam

Otometrics

Otometrics

EyeSeeCam

EyeSeeCam

SLMED

Otometrics

Otometrics

Otometrics

Normative
cutoff
(HC)

>0.75

>0.69

>0.57

NR

>0.70

20.70

20.70

>0.67

>0.685

>0.71

20.74

>0.74
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21 migraines
39 other

VHIT: video Head Impulse Test, HC: horizontal semicircular canals, NR: not reported, AUVP: acute unilateral
vestibulopathy, TIA: transient ischemic attack, VN: vestibular neuritis

The risk of bias assessment using QUADAS-2 identified the 'flow and timing' domain as being at high risk in
four studies, while a common concern was the inconsistent reporting on whether clinicians performing the
VHIT were blinded to the patient's diagnosis. The timing of the vHIT test after symptom onset also varied
widely (Figure 13).
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Figure 13. Risk of bias of included studies (source: Ferri N et al., 2025)

For the meta-analysis on diagnostic accuracy, eight studies!?>132240244-246.248.249 (674 participants) were
included, excluding those that reported different results on the same sample. The vHIT demonstrated a
pooled sensitivity of 84% and specificity of 85% for stroke diagnosis. Consequently, vHIT may be helpful in

both ruling in and ruling out disease, showing excellent discriminative ability (Figure 14).
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Figure 14. Bivariate model for overall accuracy (source: Ferri N et al., 2025)
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However, some heterogeneity was observed among the studies. A subgroup analysis revealed that specificity
might differ between device types (Otometrics, 4 studies: 81%; EyeSeeCam, 3 studies: 63%), but these results
were uncertain due to small sample sizes. Statistical analyses like meta-regression were not feasible due to
the limited sample size, and although the Egger test indicated no publication bias (p = 0.826), this result must

be taken with caution, given the limited number of studies.

Discussion
This study systematically evaluated the accuracy of the vHIT for diagnosing stroke in patients with AVS. The

results demonstrate that vHIT is a valuable clinical tool, with high sensitivity (84%) and specificity (85%) for
differentiating central from peripheral causes of vertigo. Specifically, a negative vHIT result significantly lowers
the probability of stroke, making it a practical rule-out test in emergency settings. This could expedite

diagnosis and reduce reliance on more extensive neuroimaging.

However, significant variability in specificity was observed across studies, likely due to differences in vHIT
devices, clinician expertise, testing procedures, and the criteria for defining abnormal results. While a
comparison of the two primary devices, EyeSeeCam and Otometrics, suggested a slightly higher specificity
for the latter, the difference was not statistically significant. This highlights a critical need for standardized

testing protocols and normative values to ensure consistent performance.

When compared to the HINTS+ bedside exam, the gold standard for detecting stroke in AVS,?*° vHIT offers a
key advantage as an objective, instrument-based measure that does not require specialized neuro-otological
training. It thus shows promise as a complementary tool, particularly in settings where such expertise is

unavailable.

Future research should also incorporate the assessment of compensatory saccades and employ data-driven
methods to establish optimal, cross-device gain thresholds. This would significantly enhance the test's

standardization and diagnostic power.

Conclusion

This systematic review and meta-analysis confirm the vHIT as a highly sensitive and specific tool for diagnosing
stroke in emergency department patients with AVS. Its diagnostic value is highest when integrated into a
comprehensive clinical evaluation, rather than used in isolation. However, significant variability in specificity
was found, highlighting an urgent need for standardized protocols for test administration, interpretation, and

training to ensure consistent results.

Future research should refine vHIT interpretation criteria, investigate the role of compensatory saccades, and
evaluate its impact on clinical decisions, patient outcomes, and cost-effectiveness within stroke triage

pathways.

55



General discussion and future perspectives

The evidence base from these studies, primarily focused on the objective quantification provided by the vHIT,
clearly reveals a significant and often underappreciated prevalence of dynamic aVOR dysfunction across
various neurological conditions in neurorehabilitation settings. The use of instrumental assessment tools,
including the HIMP and the SHIMP paradigms, has demonstrated that vestibular impairment, characterized
by both hypo- and hyper-gain dysfunctions, affects the vast majority of patients: over 83% of individuals with
PD, more than 90% of sTBI survivors, and over 81% of people with MS. This high incidence highlights the
critical need for individualized assessment, as relying solely on mean aVOR gain values often masks prevalent
isolated canal dysfunctions, such as the specific impairment of vertical semicircular canals, which correlates
significantly with compromised balance and gait in MS, particularly in those with higher EDSS scores (Class
2). Further supporting its clinical relevance, studies in children with CP demonstrate a strong negative
correlation between aVOR gain in horizontal canals and functional motor ability (GMFCS level), suggesting
that aVOR performance declines directly as motor impairment increases. The utility of vHIT is also confirmed
in acute diagnostics, offering high sensitivity (84%) and specificity (85%) for differentiating stroke from
peripheral causes in AVS, thereby serving as a valuable tool for ruling out central involvement due to its low

negative likelihood ratio (0.18).

Despite mounting evidence, translating VPT knowledge into routine clinical practice remains significantly
hampered by systemic barriers, primarily the perceived lack of specialized skills and the cost of equipment.
Nearly half of the surveyed rehabilitation professionals report that they do not utilize instrumental
assessments. Moving forward, the imperative for the field of neurorehabilitation involves not only the routine
integration of objective vestibular assessment to complement standard balance evaluations but also a
concerted effort toward educational enhancement at the basic academic level and the development of
specific, standardized guidelines for VPT implementation in neurological disorders. Furthermore, the
identified low sensitivity (46%) of the current Barany Society criteria for BVP, which currently exclude the
assessment of vertical canals and otolithic function (VEMPs), mandates an urgent revision of diagnostic
standards to a comprehensive instrumental model that fully captures the heterogeneity and specific subtypes
of vestibular loss. Ultimately, future interventions must be explicitly tailored to the patient’s individual aVOR
profile. This goal may necessitate innovative resource distribution strategies, such as establishing specialized

Hub and Spoke centers for more complex instrumental testing.
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From NICU to Developmental Milestones: The Role of the Vestibular System

in Preterm Infants

Study #13. Effectiveness of Early Vestibular Habilitation in Preterm Infants: A Randomized Controlled
Trial Protocol

Introduction
Prematurity is defined as birth occurring before 37 weeks of gestation. It has a global prevalence of

approximately 10% and it is the leading cause of death in the first 5 years of life.?>! It is also a long-term risk
factor for the development of cognitive and neuromotor disabilities at school age, with a risk 5 times greater
compared to children born at term.?*? It is possible that the presence of stressful stimuli related to the
Neonatal Intensive Care Unit (NICU) stay and the reduced presence of functional stimuli may influence
neurocognitive development.®3 A recent systematic review with meta-analysis supported the efficacy of early
multisensory care in increasing the weight of preterm infants at discharge; however, the available primary
studies are still few and very heterogeneous in their treatment modalities.?>* Furthermore, the literature
supports the efficacy of parental participation in neonatal care programs, facilitated by their early active
involvement, which creates new perspectives for the parents, their child, and their mutual interaction and

relationship (zero separation and family-integrated care).?>®

The objectives of the present study are:

- to assess the efficacy of early and ecological vestibular habilitation in improving short-term
vital parameters, neurophysiological maturation, reducing the length of hospital stay,
reducing the time to achieve full enteral nutrition (FEN), and improving neuromotor
development at discharge and in the long term, compared to standard care.

- to assess the effect of movement during skin-to-skin contact on the level of perceived stress

in parents.

Methods

The present research will be conducted as a randomized intervention study with a 1:1 allocation ratio, with
blinded assessment for the primary outcome; the study design is identified as a superiority trial.
This protocol is reported in accordance with the Standard Protocol Items: Recommendations for

Interventional Trials (SPIRIT) guidelines.?® The trial will be reported following the CONSORT guidelines.?’

This clinical research will be conducted within the NICU of the “Infermi” Hospital in Rimini (Italy), which is

also a NIDCAP (Newborn Individualized Developmental Care and Assessment Program) training center.

We will include:
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e Preterm infants with a gestational age (GA) from 24 weeks (from 24+0 to 24+6 days) to 32 weeks

(from 3240 to 32+6 days) inclusive;

e Eligibility for skin-to-skin contact (SSC) according to national and international recommendations.
We will exclude:

e Cardiorespiratory instability

e Grade llI-lV intraventricular haemorrhage according to the Volpe classification

e Hydrocephalus

¢ Major malformations

e Major surgery

The control group (CON) will receive standard ward care, according to the NIDCAP approach, as codified in a
specific Unit procedure. Specifically, SSC will be offered using the traditional methodology, i.e., in a chair, in a
vertical, horizontal, or semi-reclined position, with the infant placed securely and under constant clinical and
instrumental monitoring on the mother's or father's chest. The NIDCAP approach and SSC have been the
subject of numerous studies in the scientific literature, providing significant evidence of efficacy in improving

the health status and psychomotor development of preterm infants.?5%2%°

The experimental group (EXP) will be managed with the same NIDCAP approach as the control group.
Furthermore, in this group, SSC will be supplemented by early vestibular integration: the parent will have the
possibility to perform SSC dynamically, i.e., by moving around the infant's station or within the Unit while
wearing the infant in a sling, securely and under constant clinical and multi-parametric monitoring. The
duration, intensity, and frequency of this activity will be at the parent's discretion, with the recommendation

to perform it at least once per day, for at least 15 minutes.

The CON and EXP interventions will begin after a minimum of 2 weeks of standard SSC for preterm infants
below 30 weeks GA, and after a minimum of 1 week of standard SSC for preterm infants > 30 weeks GA, to
allow for proper assessment of exclusion criteria, clinical stabilization, and adequate parental training in SSC.
In both groups, a certified and validated wearable device (HOWDY BABY©, Comftech, Italy) will monitor the
infant's vital parameters, the total duration of the activity, and the accelerometric parameters related to
movements performed at predefined intervals (Figure 13). Both parents will be allowed to perform SSC, even

taking turns, but not during the same session.
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Figure 15. Howdy Baby® (Comftech)

Primary Outcome

Motor development at 24 months of post-conceptional age, measured with the Bayley Scales of
Infant and Toddler Development (3rd Edition). A professional with at least 15 years of experience will

perform the assessment, who will be blinded to group allocation.

Secondary Outcomes

Vital parameters: heart rate (HR), respiratory rate (RR), transcutaneous oxygen saturation (Sp02),

recorded during SSC
Time to achieve FEF

260

Assessment with the Burdjalov score*®® on amplitude-integrated electroencephalography (aEEG) at

36 weeks post-conceptional age

Hammersmith Neonatal Neurological Examination (HNNE) at term-equivalent age (40 weeks)
Number of desaturation episodes (Sp02<89%) lasting at least 10 seconds

Heart Rate Variability (HRV)

Number of supra-threshold heartbeats (HR>180 bpm) for a consecutive duration of at least 10

seconds
Number of sub-threshold heartbeats (HR<90 bpm) for a consecutive duration of at least 10 seconds

Parental Stressor Scale: Neonatal Intensive Care Unit (PSS: NICU), a scale to measure parental stress

validated in Italian.?®!

Specifically:

During SSC, the following physiological parameters will be monitored in both groups: HR, RR, Sp02,

HRV, Desaturations, Supra-threshold beats, Sub-threshold beats.
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e At 36 weeks PCA, the Burdjalov score on a 3-hour aEEG recording will be assessed.

e At discharge, data will be collected on: length of stay, time to achieve FEF, and the PSS: NICU scale

administered to parents.
e At 40 weeks PCA, the HNNE will be administered.

e At 24 months corrected age, the Bayley Scales of Infant and Toddler Development (BSID) — Motor

Domain will be administered.

e At school age (6 years), cognitive and neuromotor outcomes will be collected via the Griffiths Mental
Development Scales — Extended Revised (GMDS-ER), which will be the subject of a secondary

analysis.

The recruitment period is estimated to be approximately 30 months, from March 2026 to September 2028.
The conclusion of the study is planned for September 2028 (endpoint: discharge), September 2030 (endpoint:
24 months), and August 2034 (endpoint: 6 years).

A cohort of 207 infants born at <32 weeks GA between September 2017 and June 2021, assessed at 24 months
corrected age using the BSID scale, showed a mean (SD) motor subscale score of 89.7 (11.6). Assuming a
pooled standard deviation of 11.6 in both the CON and EXP groups, to detect a statistically significant increase
of 6 points (motor score 95.7) in the EXP group with 80% statistical power and a 5% alpha error, 59 infants
per group are required (total 118 infants). Considering that the primary endpoint at 24 months is already a
standard follow-up visit for preterm infant care and that the treatment is administered during hospitalization,
a dropout rate of less than 5% is estimated. The final sample size, corrected for the dropout rate, is therefore
124 preterm infants, 62 in the EXP group, and 62 in the CON group. This population is recruitable within 36
months.

All infants admitted to the NICU of the "Infermi" Hospital will be assessed at 1 week of life according to the
inclusion and exclusion criteria. If the infant is eligible, an information letter will be provided to the parents,
and written informed consent for participation in the study will be obtained. The recruitment phase will

continue until the predefined sample size is reached.

Infant allocation will occur after obtaining informed consent. A permuted block randomization list (blocks of
2 and 4) will be used for patient assignment, with stratification based on three gestational age levels: 24-26
weeks, 27-29 weeks, 30-32 weeks. An independent off-site researcher will perform this process, and the list

will be kept concealed until assignment to the intervention or control group.

The quantity and direction of movement will be measured using a wearable monitoring device. This device
will also record outcomes related to vital parameters. Movement and vital parameters will be collected using
the HOWDY BABY© wearable textile sensor (Comftech - Monza, ltaly), composed of an electronic unit
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(certified Class Ilb medical device), a sensorized band (certified Class | medical device), and dedicated
software for data reading, enabling movement during skin-to-skin contact thanks to wireless technology (Fig.
1). A recent study highlighted the reliability of this instrument compared to the gold standard represented by

the electrocardiogram, with an average discrepancy of 1.3 bpm between the two instruments.2%2

The sensor will be positioned on the infant by clinically trained staff before the start of SSC. It will remain in
situ and operational during SSC in both the EXP and CON groups to monitor the effect of these activities and

ensure constant clinical monitoring.

The aEEG at 36 weeks will be performed by two independent assessors using the EB Neuro or Brainz device,
with a total recording duration of 3 hours during a period of infant rest. A maturational score will be calculated

according to the Burdjalov method.?®®

At discharge, the total length of stay (in days), the time to achieve FEF (in days) via medical record review, the
results of the PSS:NICU scale administered to parents, and the HNNE administered at 40 weeks PCA will be
collected. An assessor with at least 10 years of experience in neonatal neurological assessment will apply the
latter. Long-term cognitive and neuromotor outcomes will be collected at 2 years via the BSID-Motor Domain

and at 6 years via the GMDS-ER; both scales will be administered by a professional blinded to group allocation.

If, for primary clinical reasons, an infant cannot perform the activity as per allocation, they will not be excluded
from the trial. Still, they will be temporarily suspended from the study until resumption is possible, if feasible.

Adherence to the treatment will be monitored and subject to subsequent analysis between the two groups.

Data from the HOWDY BABYO sensor will be automatically transferred to the local server.
The aEEG data, length of stay, FEF, HNNE, BSID, and GMDS-ER data will be entered by the assessor into a
predefined Excel sheet on the day of collection and stored in the local server.
Each infant will be assigned a unique identification code that will be used in data management and analysis
through a pseudonymization procedure. The code attribution list, which links codes to identities, will be

stored separately in a dedicated, locked archive located within the Operating Unit.

Descriptive and inferential analyses will be conducted. Specifically, the sample will be described using the
mean and standard deviation (or median and interquartile range in case of asymmetric distribution) for
continuous  variables, and  frequencies  with percentages for  categorical  variables.
Inferential statistics will include within-group and between-group comparisons at baseline, weekly, discharge,
24 months, and 6 years. Analyses will be intention-to-treat, using a multiple imputation method for missing
data. A regression analysis will be performed to evaluate the effect of treatment dosage (intensity, duration,

frequency) on treatment efficacy.
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Considering the functional characteristics of the intervention, no serious adverse events are expected. As with
any external stimulus, a temporary increase in the variability of body temperature, HR, RR, and/or SpO2 may
be expected; this will be constantly monitored and recorded daily. Any unexpected adverse event and the
determination of a possible causal relationship will be promptly communicated to the Ethics Committee.
The HOWDY BABY© monitoring sensor is a certified device, and its use in the trial is consistent with the

technical data sheet and user manual.

This research has been positively evaluated by the Scientific Medical Board (CMS-Board) at the Romagnolo
Institute for the Study of Tumors (IRST) in Meldola (Italy) with report No. 7 on June 11, 2024. Following
approval by the National Pediatric Ethics Committee (AIFA), the protocol will be registered

on ClinicalTrials.gov.

Any deviation from the protocol will be reported to the Ethics Committee, all researchers, the parents of the
trial participants, the ClinicalTrials.gov registry, corporate regulators, and reported in the final manuscript.
Informed consent will be obtained in written form by a researcher during an informational meeting with the
parents, where sufficient time will be granted to clarify any requests for additional information.
The authors declare no conflicts of interest; the HOWDY BABY© sensors will be provided free of charge by

the manufacturing company, which will have no role in the conduct of the study, analyses, or reporting.

Disclaimer
| have no conflicts of interest to declare and have received no grants outside of the PhD scholarship. Artificial

intelligence tools have been used to edit reports and enforce rules against self-plagiarism, primarily because

these involve studies we published in scientific journals.
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