1

2

5

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Meta-science in physiotherapy research: a structured

review of what we know and what we still do not

Jiirgen Degenfellner

Institute of Physiotherapy, ZHAW Zurich University of Applied Sciences, Winterthur, Switzerland
degn@zhaw.ch - ORCID 0000-0001-6886-4583

Abstract

Introduction. Physiotherapy has built a large clinical evidence base, but whether that evidence
can be trusted depends not only on the trials inside it but on how the research is conducted,
reported, and shared. Meta-research, the empirical study of research itself, makes those questions

answerable, yet its findings for physiotherapy have never been drawn together.

Methods. I carried out a structured review that maps physiotherapy-specific meta-research
across the recognised themes of the field (methods, reporting, reproducibility, evaluation, and
incentives). I searched PubMed, Scopus, and Google Scholar in June 2026 with domain-
specific terms, charted the evidence by domain, and rated each domain’s maturity. Where no
physiotherapy-specific evidence existed, landmark general biomedical work is cited and flagged

as borrowed.

Results. The picture is uneven. Trial quality has risen slowly; nine in ten musculoskeletal
reviews are critically low on AMSTAR 2; spin appears in close to nine in ten “non-significant” trial
reports and shifts clinicians’ interpretation; baseline characteristics are tested for “significance”
in three-fifths of recent trials; only one-third of trials are usefully registered; and replication
is essentially absent while open data are rare. Conflicts of interest, citation bias, peer-review
quality, the incentive and evaluation systems, and the use of large language models remain

largely or wholly unstudied. No field-wide synthesis appears to exist.

Conclusions. Physiotherapy meta-research is real but young and patchy. I map what is known,
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separate genuine evidence gaps from unstudied ground, and propose a concrete agenda for

strengthening research integrity, transparency, and reproducibility.

Keywords: Bias; Physical Therapy Modalities; Reproducibility of Results; Research Design;

Review Literature as Topic; Statistics as Topic.

What is already known about this topic. Single audits have flagged problems in
physiotherapy research, including low methodological quality, frequent spin, and poor
data sharing, but these have never been synthesised or placed within the wider field of

meta-research.
What does this review add. It provides a first field-wide map of meta-research in
physiotherapy, distinguishes genuine evidence gaps from unstudied territory, and sets out

a concrete agenda for improving research integrity, transparency, and reproducibility.

1 Introduction

Evidence-based practice arrived in physiotherapy with real ambition. The PEDro database,
launched in 1999, now indexes tens of thousands of controlled trials; systematic reviews appear
faster than any clinician can read them; and guidelines for almost every musculoskeletal
complaint now rest on pooled trial data. The promise was that better evidence would mean

better care.

There is a catch, and it is one that medicine as a whole has been forced to confront. A body
of evidence is only as good as the studies inside it, and a growing literature suggests that
many studies, across many fields, are less dependable than their confident abstracts imply.
John loannidis put the provocation most sharply in 2005 with the claim that most published
research findings are false [1], though Douglas Altman had warned a decade earlier of a quieter
scandal, that of medical research done badly rather than dishonestly [2]. Iain Chalmers and
Paul Glasziou later estimated that around 85 per cent of the worldwide investment in biomedical
research is avoidably wasted, lost to poor questions, poor design, poor reporting, and results
that are never made usable [3-5]. When psychologists tried to repeat one hundred of their own

headline findings, fewer than half came out the same way [6]; cancer biologists fared little better

[7].
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7

These problems have given rise to a discipline of their own. Meta-research, or meta-science, is
research on research: the empirical study of how science is performed, reported, reproduced,
evaluated, and rewarded. Ioannidis and colleagues sort it into those five themes [8-10]. It
treats the scientific literature itself as data. Rather than asking whether a particular exercise
programme reduces back pain, meta-research asks whether the trials of that programme were
registered before they began, whether their results were reported in full, whether their statistics

were sound, and whether anyone could reproduce them.

Physiotherapy is an unusually good place to ask such questions, and an unusually neglected
one. Its interventions are complex and hard to blind; its outcomes are often subjective; its trials
are frequently small; and much of its literature sits behind paywalls in specialist journals that
receive little outside scrutiny. These features make physiotherapy more exposed to the problems
meta-research studies, not less. Yet while general medicine, psychology, and preclinical biology
have all been examined at length, the physiotherapy literature has been audited only in scattered
patches. This review draws those patches together. It asks whether a field-wide overview already
exists, maps the domains where physiotherapy-specific evidence has accumulated, names plainly

the domains where it has not, and moves from limitations to proposed solutions.

2 Methods

This is a structured review aimed at mapping a broad field and locating its gaps, in the tradition
of scoping reviews rather than focused systematic reviews. Its objective was to chart what
meta-research exists for physiotherapy across the five themes above and to identify where
physiotherapy-specific evidence is absent. As in a scoping review, I did not appraise the risk of
bias of individual studies or pool effects. I also state its pragmatic limits plainly: the review was
not pre-registered, the search was structured but not exhaustive, and I screened and charted
the evidence alone rather than in duplicate. I drew on the principles of PRISMA-ScR. and on
the SANRA guidance where they applied. Interpretation is therefore part of the method, with
the familiar risk that an author finds what an author expects, and the reader should weigh the

argument accordingly.

The literature was assembled through structured searches of PubMed, Scopus, and Google
Scholar, supplemented by citation tracking and a set of automated, multi-source searches

across the domains below. Priority went to physiotherapy-specific studies, meaning audits of
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physiotherapy, physical therapy, or rehabilitation journals and trials. Where no physiotherapy-
specific evidence existed, the relevant landmark work from general biomedical meta-research
is cited and flagged as borrowed rather than native. One of the most data-rich sources is a
preprint at the time of writing and is labelled as such. Where this review reports that a topic is
unstudied in physiotherapy, that judgement rests on a dedicated search carried out in June 2026
using terms specific to each domain; absence means that no qualifying physiotherapy-specific
study was found, not that none can exist, and I name the closest adjacent work wherever it

helps the reader judge.

Field-level meta-research overviews now exist for neighbouring disciplines, including a recent
scoping review of methodological issues in rehabilitation [11] and an overview of meta-research
in neuroscience [12]. I found no comparable field-wide review of meta-research in physiotherapy.
The evidence below is organised loosely around the five themes [8]; the map is fullest for
methods, reporting, and reproducibility, and thinner for evaluation and incentives, where I have
tried to be explicit that the gap is partly in my own coverage and not only in the literature.

Meta-research is itself a moving field, and no single review will capture every corner of it.

3 What we already know

The mature strands of physiotherapy meta-research cluster around a handful of questions about
trustworthiness: how good the studies are, how faithfully they are reported, how their results
are framed, how sound their statistics are, and how openly they are conducted. Each has

produced findings worth taking seriously.

3.1 Methodological quality and risk of bias

The longest-running evidence concerns trial quality. Using the PEDro scale, Moseley et al.
[13] examined 10,025 physiotherapy trials published between 1960 and 2009 and found that
methodological quality had improved, but at the unhurried pace of about 0.6 points per decade
on the ten-point PEDro scale. At that rate the average trial would take the better part of a
century to become convincingly rigorous. Systematic reviews fare no better, which matters
because they are produced in ever greater numbers and increasingly drive practice [14]. Applying

the AMSTAR 2 appraisal tool [15] to one hundred randomly selected reviews of musculoskeletal
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physiotherapy interventions, Ferri et al. [16] rated 90 per cent as critically low in confidence,
with no sign of improvement across the decade studied. The instruments are themselves not
interchangeable: comparing the Cochrane risk-of-bias tool with the PEDro scale across 1,442
trials from 108 Cochrane reviews, Moseley et al. [17] found only modest item agreement and
poor agreement on summary scores, a reminder that a trial’s apparent quality depends partly

on the ruler used to measure it.

3.2 Reporting completeness and guideline adherence

A trial that cannot be understood cannot be replicated. Reporting guidelines such as CONSORT
for trials [18], PRISMA for systematic reviews [19], and the TIDieR checklist for interventions
[20] were written to enforce that clarity, and they have had limited effect in physiotherapy.
Comparing intervention descriptions from 2000 with those from 2018, McCambridge et al. [21]
found that completeness on the TIDieR checklist rose only from 7.5 to 8.3 out of fourteen, an
improvement of around five per cent and well short of the 20 per cent difference the authors had
set in advance as meaningful. Two decades and a dedicated checklist later, a reader still often
cannot tell what the patients received. The wider record gives little ground for optimism: across
nearly 21,000 trials in Cochrane reviews, poor reporting and inadequate methods improved only

slowly over time [22].

A related question is not how completely outcomes are reported but which outcomes are chosen.
Here physiotherapy has been constructive: consensus core outcome sets now exist for major
conditions such as non-specific low back pain, specifying both the domains worth measuring and
the instruments to measure them [23, 24]. They are a direct answer to the outcome heterogeneity
that makes trials hard to combine, though how widely new trials adopt them has yet to be

audited.

3.3 Spin and the framing of results

If the numbers in a trial are fixed, the words around them are not. Spin, the reporting of a
study so as to make its results look more favourable than the data warrant, was named and
defined for randomised trials by Boutron et al. [25], who showed it arises most often when a
“non-significant” primary outcome is quietly talked up. Physiotherapy is no exception. Auditing

44 physiotherapy trials with “non-significant” primary outcomes, Kumar et al. [26] found spin in
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90 per cent of abstracts and 88 per cent of main-text conclusions. What lifts this from irritation
to genuine concern is that spin works: in a blinded randomised experiment, Khanpara and
Prakash [27] asked physiotherapists to rate, on a nought-to-ten scale, how much a treatment
had helped, judging it from the abstract of a trial whose primary outcome was “non-significant”.
The two groups saw the same abstract, differing only in its spin, and those given the spun
version rated the benefit 1.8 points higher on average (6.1 versus 4.3; 95% CI 0.8 to 2.8), a
medium-sized effect. The framing alone shifted how well clinicians judged the treatment to

have worked.

3.4 Statistical fragility and the significance habit

Physiotherapy trials are often small, and small trials make fragile claims, a lesson neuroscience
learned the hard way when its underpowered studies proved unreliable [28]. Examining high-
quality sports physiotherapy trials from the PEDro database, Bleakley et al. [29] estimated the
false-positive risk behind their “significant” findings: the median risk was about 9 per cent, but
63 per cent of “significant” results carried a risk above the conventional 5 per cent threshold,
and almost one in five carried a risk above 50 per cent, meaning the claimed effect was as
likely as not to be noise. These were the better trials, chosen for their high methodological
scores. The habit underneath is the reflexive reliance on statistical significance, what Gerd
Gigerenzer called the “mindless” ritual of running the test without thinking about what it
answers [30], and one the wider statistical community has spent a decade trying to break [31-33].
A 2025 preprint audited 465 articles in the national-association journals of the United States,
Canada, the United Kingdom, and Australia and found the habit alive and well: 63 per cent of
quantitative studies leaned primarily on significance testing, only a third stated a hypothesis at
all, hypotheses were reported as supported in 83 per cent of cases, and 39 per cent of “significant”
p-values fell in the fragile band just below 0.05, against the 26 per cent one would expect from
adequately powered studies [34]. Patterns like these are the signature of questionable research
practices; the sister field of sport and exercise medicine put a number on it, with hypotheses

supported in 82 per cent of papers, a rate too high to be honest [35].
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3.5 Registration, outcome switching, and selective reporting

Prospective registration, and the protocols good practice now expects alongside it [36], were
introduced so that a trial’s intended outcomes could be compared with what it eventually
reported, closing off the temptation to promote whichever measure reached “significance”. In
physiotherapy the mechanism is only half built. Across 138 musculoskeletal trials in fifteen
specialist journals, Riley et al. [37] found that only one-third were prospectively registered
with stated intentions consistent with the published report; for most of the rest, consistency
could not be checked. Registration has grown more common over time, but prospective, usable

registration remains the exception [38, 39].

3.6 Open science: data, code, and replication

The clearest single snapshot of physiotherapy’s open-science culture comes from the same 2025
preprint [34]: of 465 recent articles in four flagship journals, 28 per cent were preregistered, 12
per cent shared their data, and, tellingly, none were replication studies or registered reports.
A field that never repeats its own experiments has no internal check on whether its findings
hold, and the open-research practices designed to make such checks possible [40] are barely in
evidence. A parallel audit of 103 physical-activity systematic reviews told the same story from
the synthesis side, with fewer than five per cent reporting a public protocol [41]. How far this
extends to the many specialist journals current audits cannot reach, and to code as well as data,

remains open.

3.7 Research waste, retraction, and predation

The waste Chalmers and Glasziou described has a quiet local form. A new study is justified
only if it addresses a genuine gap, which is why leading journals increasingly ask authors to cite
a systematic review showing the question is still open; Rosen et al. [42] found that not one of
149 physiotherapy journals required this in their author guidelines. At the far edge sit retraction
and predation. A bibliometric analysis identified 280 retracted articles in rehabilitation between
1984 and 2020, a number the authors suspected was only the visible tip [43], and trials in
predatory physiotherapy journals scored markedly lower on the PEDro scale than those in

legitimate open-access journals [44], confirming that where peer review is weakest, the research
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Table 1: The state of meta-research in physiotherapy, by domain.

Domain Representative physiotherapy evidence Maturity

Trial methodological PEDro quality rising ~0.6 pts/decade [13] Established

quality

Systematic review quality ~ 90% critically low on AMSTAR 2 [16] Established

Reporting completeness TIDieR barely improved 2000-2018 [21] Established

Core outcome sets Consensus sets developed (e.g. low back pain) [23] Established

Spin and result framing Spin in ~88-90% of trials; alters clinician reading [26, 27]  Established

Statistical fragility 63% of “significant” findings exceed 5% false-positive risk ~ Emerging
[29]

Registration / outcome Only ~1/3 of trials usefully prospectively registered [37]  Emerging

switching

Open data, code, 12% open data, 0% replications [34] Emerging

replication

Retraction / predatory 280 rehabilitation retractions; lower quality in predatory = Emerging

journals journals [43, 44]

Baseline significance 61% of trials by 2018 [45) Emerging

testing

Overlapping-CI / Uncounted; commentary only [46] Absent

normality misuse

Bayesian methods uptake  Prevalence never estimated in physiotherapy Absent

Conflicts of interest / One sponsorship-bias study; disclosure unaudited [47] Sparse

funding

Authorship integrity Honorary authorship and inflation measured [48, 49] Sparse

Citation distortion Reference accuracy only, not bias [50] Absent

Peer-review quality Essentially unstudied Absent

Research evaluation & Citation-determinant bibliometrics only [51] Absent

incentives

AT and large language No empirical study; one perspective [52] Absent

models

is weakest too.

4 What is still missing

The domains above are the lit portion of the map. The dark portion is larger, and naming it

precisely matters more than gesturing at it (Table 1). Several gaps stand out.

Specific statistical errors are only half-counted. The Tuble 1 fallacy, testing baseline
characteristics for “significance” in a randomised trial, was shown to be logically incoherent
decades ago [53, 54] and is discouraged by CONSORT, yet it remains common; a 2025 audit
found it in nearly half of anaesthesiology trials [55], and physiotherapy is, if anything, worse,

with baseline “significance” testing in 61 per cent of trials by 2018, up from a third in 2000
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[45]. What remains uncounted is how often a spurious baseline “imbalance” then changes the
analysis. Two related errors have escaped measurement altogether: the overlapping confidence
interval fallacy [56], which physiotherapy has aired in a commentary [46] but never counted,
and the misuse of normality tests, which has no prevalence estimate at all. The toolkit is also
narrow: physiotherapy appears almost entirely frequentist, but even that is an impression, since

no estimate exists of how often Bayesian or other methods appear.

Incentives and integrity are barely examined. Here the evidence is thin rather than
absent. Industry funding has been looked at once, in a study of 393 rehabilitation trials that
found a weak signal of larger effects where the sponsor’s influence was unclear [47], but no audit
has asked how often physiotherapy papers disclose conflicts of interest at all. Authorship has
fared a little better, with a study of honorary authorship in rehabilitation journals, which a
strict ICMJE definition put at 55 per cent of surveyed authorships [48], and one of authorship
inflation, measured through letters to the editor, in exercise-science and physiotherapy journals
[49]. But citation behaviour has been examined only for reference accuracy, not bias [50]; the
quality and consistency of peer review in physiotherapy journals appears entirely unstudied;
and beyond a bibliometric look at what makes a trial get cited [51], no one has examined how
the field’s outputs are evaluated, how the impact factor is misused in hiring and promotion, or
how the publish-or-perish economy drives salami-slicing and authorship pressure. These reward

and evaluation systems are much of the reason the other problems persist.

The arrival of machine writing is unmeasured. Large language models are already used
to draft, translate, and review scientific text across biomedicine, and automated summaries
have been shown to overstate what studies found. How far this has reached physiotherapy has
not been studied; the only published engagement is a perspective urging clinicians to adopt
the tools [52], not an audit of how they are reshaping the literature. Reliable detection of
machine-written text remains an unsolved problem, which makes the question harder to answer,

not easier to ignore.

Publication bias is asserted more than measured. The fragile-p-value signal hints
strongly at selective publication [34], and the registration audits touch the same nerve from

the side of outcome reporting [37, 39]. What the field lacks is direct measurement: funnel-
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plot or small-study-effect analyses across physiotherapy meta-analyses, and tracking of how
many registered trials reach print with their results intact. The suspicion is well founded; the

measurement is thin.

5 Towards a research and reform agenda

The gaps suggest a programme that is as much editorial and institutional as academic.

1. Make prospective registration and registered reports the norm. Editors can require

prospective registration as a condition of review and offer registered reports, which evaluate
the question and methods before results exist and so blunt spin, outcome switching, and

publication bias at the source.

. Enforce reporting guidelines rather than merely endorse them. Physiotherapy

journals can move from listing CONSORT, PRISMA, and TIDieR to checking them at

submission, and meta-research can test whether enforcement changes what is published.

. Census the statistical fallacies. Estimate, across a defined trial corpus, the prevalence of

baseline “significance” testing, overlapping-confidence-interval misinterpretation, inappropri-
ate normality testing, and underpowered designs, and treat them together as indicators of

statistical culture.

. Measure openness routinely. Extend automated data-and-code detection across the full

journal landscape, including the paywalled specialist journals current audits cannot reach,

and report trends over time.

. Open the integrity and incentive questions. Build on the few existing studies of

sponsorship and authorship to measure conflict-of-interest disclosure, peer-review quality,

citation bias, and the metric-driven incentives that shape behaviour.

. Take artificial intelligence seriously. Study how language models are reshaping the

writing, reviewing, and reading of physiotherapy research, and what disclosure norms and

editorial safeguards the field needs, before the practice becomes universal.

. Build shared infrastructure. An open corpus of physiotherapy trials and reviews, with

reusable extraction tools, would let any of the above be done once and repeated cheaply,

turning one-off audits into continuous monitoring.

10
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6 Conclusions

It is tempting to read a review like this as an indictment, and it is not meant as one. Every
problem named here was named first in general medicine, often by the very people who built
evidence-based practice. A discipline mature enough to study its own weaknesses is in a stronger

position than one that assumes it has none.

The honest summary is that physiotherapy meta-research is real but young, strong in a few
places and silent in many. Its firmest findings, on reporting, spin, and openness, point the same
way: the literature is less dependable than its confidence suggests, and improvement has been
slow. Its largest gaps, on incentives, integrity, and the new machinery of automated text, are
barely mapped. A field that knows precisely where it is weak can choose where to look next,
and can act, through the editorial and institutional levers above, to raise the standard of the

evidence that patients ultimately depend on.
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