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ABSTRACT

Introduction: This narrative review outlines recent research highlights and uncertainties in the exercise
management of knee osteoarthritis (OA) published between January 2020 and February 2025. Methods: To
identify studies for inclusion, these electronic databases were searched: Medline, CINAHL Plus, Cochrane
Central Trial Register of Controlled Trials and Cochrane Database of Systematic Reviews. Search results were
screened and article selection was discussed among the entire research team. Studies that were deemed to be
of significant clinical importance, particularly high-quality and/or controversial were selected for inclusion.
Study findings were summarised according to overarching themes and future research directions were
suggested for each thematic area. Findings: This review highlighted six themes formulated as questions: Is
exercise as effective as previously thought? How does exercise work and who might benefit the most? Is
there an optimal exercise dose and type? Can patient adherence be improved - and does it matter? Do
patients need to be seen in person to deliver exercise? How does communication about osteoarthritis
influence patient beliefs about exercise? There were several key findings related to these themes. First, there
was reduced certainty in the effectiveness of exercise for knee OA. Additionally, the mechanisms by which
exercise improves clinical outcomes are largely unknown and it is unclear which individuals benefit the most
from exercise. Research has failed to demonstrate a dose-response relationship between exercise and clinical
outcomes and improving patient adherence to exercise may not lead to improved clinical outcomes.
Nonetheless, exercise therapy can be effectively delivered remotely via a variety of methods. Communicating
about OA using an impairment-based approach has been causally linked to negative beliefs about exercise.
[Haber T, Lawford BJ, Bennell K, Holden M, White DK, Hinman RS (2025) Recent highlights and uncer-
tainties in exercise management of knee osteoarthritis. Journal of Physiotherapy 71:158-166]
© 2025 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

replacement surgeries were performed in Australia in 2023."” Knee

OA also substantially reduces workforce productivity, costing Aus-

Knee osteoarthritis (OA) affects approximately 365 million adults
globally, with about 30 million people developing knee OA each year.'
Once thought to result from passive wear and tear associated with
ageing, OA is now best understood as an active, whole-joint condition
resulting from failed joint repair.>®> While repair responses may ini-
tially preserve joint function (eg, immune and inflammatory
responses), they can become maladaptive over time.*”” Pain is the
primary symptom of knee OA and a leading reason why people seek
treatment.® People with knee OA often experience pain and diffi-
culties with weight-bearing tasks, such as walking and using stairs.”
These functional difficulties can lead to mental health problems and
restrict participation in meaningful activities, such as working and
spending time with family.”'° Knee OA is also burdensome for soci-
ety. The Australian healthcare system spends approximately $4.3
billion (AUD) annually on OA,"" with most of these costs related to
hospital services for total knee replacements. About 78,125 knee

https://doi.org/10.1016/j.jphys.2025.06.010

tralia an estimated $424 billion in lost gross domestic product in
2019.”

Clinical guidelines consistently recommend exercise as the first-
line approach for all individuals with knee OA, irrespective of age,
radiographic findings or severity of clinical symptoms.'*~'® These
recommendations are based on synthesised evidence from rando-
mised controlled trials (RCTs). The 2015 Cochrane Review on exercise
for knee OA synthesised 54 RCTs and found that exercise reduced
knee pain and improved physical function.!” The authors concluded
that further evidence was unlikely to change these findings.'® How-
ever, recent evidence has highlighted greater uncertainty about the
benefits of exercise for this patient group than previously
thought.?°~24 It is also increasingly apparent that it is not understood
how exercise actually improves clinical outcomes, nor can we
readily identify the individuals with knee OA for whom it is most
effective.>?° Contrary to widely held clinical beliefs, a dose-response
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relationship between exercise and clinical outcomes has not yet been
observed.?®~%®

Evidence about exercise management for knee OA has also recently
evolved in other important ways. As exercise is a self-management
‘lifestyle’ strategy for knee OA, it is recognised that poor exercise
adherence is a barrier to its effectiveness.”® Research is increasingly
being focused on whether exercise adherence can be improved and, if
so, whether improved adherence translates to better clinical out-
comes.>® Access to clinician-delivered exercise therapy is a challenge
for many people with knee OA globally, including in Australia.’!
Accordingly, recent RCTs have sought to determine whether care can
be delivered remotely in ways that are both effective and acceptable to
patients.*>> Lastly, emerging qualitative literature has highlighted
how the prevailing narrative about OA - that it is a problem of ‘wear
and tear’ - negatively impacts beliefs about OA and the uptake of
recommended nonsurgical care, such as exercise.’*>” Recent RCTs
have sought to build evidence to inform recommendations on how to
change the way clinicians discuss OA with their patients.>®-4°

This narrative review explores these topical issues and ongoing
uncertainties related to the exercise management of knee OA. It
highlights high-quality research from the past 5 years that is per-
ceived to be of significant clinical importance or that has challenged
accepted knowledge in the field.

Methods

A narrative review was conducted, based on a systematic search of
Medline, CINAHL Plus, Cochrane Central Trial Register of Controlled
Trials and Cochrane Database of Systematic Reviews. Search and
MeSH terms related to knee OA and exercise were used to identify
relevant studies, including RCTs, systematic reviews, meta-analyses,
qualitative studies and observational studies, published between 1
January 2020 and 25 February 2025. After removing duplicates, the
initial search returned 4,814 records. Screening of titles and abstracts
was performed by one author (TH) against broad selection criteria
(Table 1). For efficiency, ASReview® was used, which is an artificial
intelligence method using machine learning with iterative rounds of
manual screening to prioritise unscreened studies to a reviewer, until

Table 1
Criteria for selecting studies.

159

the reviewer determines that no more screening is necessary, ie, no
more eligible records are being presented.*' Two authors (TH, BJL)
reviewed the full text of 294 records, from which the entire author
team collaboratively selected 31 articles for inclusion. Article selection
was based on their perceived clinical importance, quality (prioritising
systematic reviews, meta-analyses and RCTs where possible), and
whether their findings offered significant advances in (and/or
challenged) the prior evidence in the field. The selected papers were
summarised narratively according to overarching themes and
directions for future research were suggested. Finally, using our
knowledge of the field, we selected relevant commentaries, view-
points and editorials to highlight and support the identified themes.

Results

Thirty-one studies were selected, which were summarised under
six themes (Figure 1). Table 2 summarises potential future directions
for research in each theme. Key terms are explained in Box 1.

Theme 1: Is exercise as effective as previously thought?

Two major systematic reviews have raised uncertainty about
whether exercise meaningfully reduces knee pain and improves
physical function in people with knee OA. One was the first individual
participant data (IPD) meta-analysis of exercise treatment for people
with knee and/or hip OA, which included 31 RCTs involving 4,241
participants, most with knee OA.>* It compared exercise with non-
exercise controls (eg, waitlist, education alone or usual care). Meta-
analyses found that exercise led to a small reduction in knee pain
(MD -6.36 points, 95% CI -8.45 to -4.27 on a 0 to 100 scale) and a
small improvement in physical function (MD -4.46, 95% CI -5.95 to
-2.98 on a 0 to 100 scale) in the short term (nearest outcome to 12
weeks). It was uncertain whether these small treatment effects were
large enough to be clinically important, based on established mini-
mum important differences in pain ranging from 8.4 to 20.0 points.
Treatment effects were even smaller at medium- and long-term fol-
low-up (nearest to 6 and 12 months, respectively). Although the
authors could only obtain 31 datasets from 91 eligible studies, this

Criterion Inclusion criteria

Exclusion criteria

Population Knee OA diagnosed by clinical criteria, radiological cri-
teria or a healthcare professional, or self-reported.
Studies could include participants with other types of

joint OA, as long as most participants reported knee OA.

Knee pain attributable to conditions other than OA, such as rheumatoid arthritis and
patellofemoral pain

e Animal studies
o Studies of children

e Post-surgical populations (eg, following total knee replacement)

Intervention

Any land-based exercise regimens (defined as planned,
structured and repetitive activity)

Any education program seeking to change exercise
behaviours on intentions

Could include education as part of the exercise program
Could include behavioural change techniques, aiming to
enhance adherence to exercise interventions

Exercise intervention involving any of the following co-interventions: pharmacological
interventions, injections, surgery, weight loss/dietary interventions, complementary
medicine, electrotherapy and supplements

Comparator (for
quantitative

All comparators

studies)
Outcomes e Clinical outcomes (eg, pain and function)
e Treatment intentions for exercise (eg, beliefs about
exercise)
e Exercise and/or physical activity behaviours
e Process outcomes (eg, acceptability, adherence and sat-
isfaction with care)
Study design Systematic review Abstract/conference proceeding

Randomised controlled trial

Secondary analyses of randomised controlled trials
Observational study

Qualitative study

Available in full text

Narrative or scoping reviews

Pilot or feasibility studies

Study protocols

Non-randomised or quasi-randomised trials
Not published in English

Surveys (cross-sectional surveys)

OA = osteoarthritis.
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outcomes.

Itis uncertain whether exercise meaningfully improves clinical

e Effects may arise from placebo and contextual effects,
regression to the mean, and natural history.

e The mechanisms by which exercise improves clinical
outcomes are largely unknown.

e Treatment effects are similar across most patient factors.

Patients with more severe pain, poorer function, and shorter
symptom duration may benefit more.

type.

exercise.

outcomes.

e Exercising at higher dosages may not lead to greater
improvements in pain or function.

e Targeted strategies may improve patient adherence to

e Physiotherapy exercise delivered by telehealth is not less
effective or less safe than when provided in person.

* No type of exercise appears more effective than any other

¢ Increasing adherence does not appear to improve clinical

e Digital exercise programs (eg, websites and apps) with/without

physiotherapy support can reduce pain and improve function.

* Framing knee OA as structural changes, such as ‘wear and tear’,
leads to beliefs that exercise is harmful.

e To support patients to participate in exercise, focus on what
patients can do, address patient beliefs/needs, and provide
practical support alongside theory.

Figure 1. Themes arising from this literature review. OA = osteoarthritis.

review and meta-analysis marked an important shift in the presumed
effectiveness of exercise management for knee OA - a finding that an
updated Cochrane Review supported shortly thereafter.

The 2024 updated Cochrane Review of land-based exercise for
knee OA included 139 RCTs involving 12,468 participants.”* When
compared with usual care or no treatment, meta-analyses showed
that exercise may improve knee pain (MD 13,95% CI 10 to 16 ona 0 to
100 scale) and physical function (MD 13, 95% CI 10 to 15 on a 0 to
100 scale) immediately after the intervention. Exercise effects were
smaller when compared with attention control/placebo (MD in pain
9, 95% CI 6 to 12; MD in function 11, 95% CI 8 to 15). The authors
concluded that the observed exercise effects were of uncertain
clinical importance, based on minimum important differences of

12 points for pain and 13 points for function. The certainty of evi-
dence was graded as only low to moderate (generally a downgrading
from the previous Cochrane Review'?). These two recent, high-quality
syntheses raise questions about whether exercise is an effective
treatment for knee OA. This is partly because the size of the observed
effects is small and of uncertain clinical relevance, and partly because
the estimates primarily come from RCTs with a high risk of bias.
Relative to the number of trials using usual care/no exercise
control groups, placebo-controlled RCTs of exercise in knee OA are
rare. This is because the active ingredients of exercise are unknown,
which makes designing a placebo exercise intervention (and blinding
of patients and therapists) challenging. A recent innovative,
high-quality equivalence RCT sought to overcome some of these
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Future research directions.
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Themes

Future directions

1: Is exercise as effective as previously thought?

Three-arm RCTs that include a placebo control and a no-treatment arm.

RCTs need to be more rigorously designed and reported, to improve precision and certainty in treatment estimates
when pooled in meta-analyses.

RCTs should focus on a broader range of health outcomes important to people with knee OA, including health-related
quality of life** and broader health status (eg, preventing and managing comorbid health problems).

Research is needed to determine the smallest worthwhile effect of exercise from the perspectives of people living
with knee OA.

2: How does exercise work, and who might benefit
the most?

RCTs should consistently include and assess pre-defined moderators and mediators.
Broader investigation of potential biological (eg, inflammatory) and psychological (eg, treatment expectations)
mediators and moderators of exercise effects in knee OA.

3: Is there an optimal exercise dose and type?

RCTs comparing different exercise dosage parameters and types of exercise to inform more specific recom-
mendations for prescribing exercise to treat knee OA.

RCTs need to better report exercise interventions to allow replication and pooling in meta-analyses. For instance,
guidelines such as the Consensus on Exercise Reporting Template could be followed.”

Qualitative studies and/or surveys to identify the different types of exercises patients enjoy, prefer or feel they are
more likely and able to engage with (such as what has been done for aerobic exercise, ‘knee friendly’ exercises’”).

4: Can patient adherence be improved — and does it
matter?

e More consistent and transparent reporting of patient adherence to exercise in RCTs, enabling pooling of data.

RCTs that compare theoretically informed interventions, based on behaviour change theory, to determine how best
to increase exercise adherence, and whether improved adherence translates to improved clinical outcomes.

5: Do patients need to be seen in person to deliver
exercise?

RCTs comparing different models of care for delivering exercise therapy to people with knee OA, including analysis of
treatment moderators to determine which people are most likely to benefit from digitally delivered care models.
Implementation research to evaluate how to disseminate digital interventions at scale and low cost so that more
people with knee OA can access exercise therapy.

Research is needed to evaluate which individuals with knee OA are most likely to benefit from digitally delivered care

models.

6: How does communication about OA influence
patient beliefs about exercise?

RCTs with longitudinal follow-up to evaluate how different communication styles influence exercise behaviours.
Development of educational approaches, co-designed with consumers, for diverse global patient groups to increase

the uptake of exercise for knee OA.

OA = osteoarthritis, RCT = randomised controlled trial.

challenges.?® It compared a widely implemented supervised educa-
tion and group exercise program, Good Life with osteoArthritis:
Denmark (GLA:D®), with a saline knee injection presumed to be
inactive (ie, an open-label placebo). The RCT included 206 partic-
ipants with knee OA and found that the exercise program and saline
injection had equivalent pain-reducing effects at 9 weeks (MD 2.7,
95% CI —0.6 to 6.0 on a 0 to 100 scale). Similar findings were observed
with the 9-week secondary outcomes, including physical function,
and at 1-year follow-up.>* These findings are supported by another
high-quality RCT that used an attention control and included 377
participants with knee OA.”® It compared strengthening exercise
(thrice-weekly group training) with attention control group work-
shops that did not include exercise (biweekly for 6 months and
monthly thereafter), over 18 months. It found that neither high-
intensity nor low-intensity strengthening improved pain or function
more than the attention control group.

The implications of these important findings were highlighted in
an editorial in Osteoarthritis and Cartilage.”” It argued that there is
limited evidence that exercise is an effective treatment when com-
pared with a placebo, and that any observed clinical benefits of
exercise may be attributed more to contextual effects and regression
to the mean than specific exercise effects. Future three-arm RCTs that
include placebo control and no-treatment arms may help disentangle
the proportion of treatment effects due to specific exercise effects, as
opposed to contextual and placebo effects, regression to the mean
and natural history.

In summary, recent high-quality evidence from systematic
reviews and RCTs suggests that exercise probably reduces pain and
improves function in knee OA, but that these treatment effects may
not be clinically meaningful. However, limitations with this evidence,
such as low-quality RCTs and challenges in designing a placebo
exercise intervention, mean that further research is needed. Fur-
thermore, there are varying thresholds used in knee OA research to
determine whether a change in an outcome is clinically important,
and these thresholds were not always determined for the particular
treatments to which they were subsequently applied.>* Future
research needs to determine what changes in clinical symptoms with
exercise are meaningful to people with knee OA, when considering

the potential benefits, inconveniences, harms and costs of exercise
therapy.

Theme 2: How does exercise work and who might benefit the
most?

In knee OA, RCTs have traditionally focused on evaluating exercise
effectiveness rather than its mechanism of action. Thus, while exer-
cise is believed to achieve its benefits in knee OA via specific phys-
iological effects (eg, increase in muscle strength), this assertion has
largely remained untested. To address this gap, a recent IPD meta-
analysis assessed whether changes in knee extension strength, knee
joint proprioception, or knee joint range of motion mediated the
effects of therapeutic exercise on pain and physical function in knee
OA.?° It synthesised 12 RCTs involving 1,407 participants. Contrary to
hypotheses, only a change in knee extension strength was associated
with changes in knee pain and physical function. Changes in knee
extension strength explained only = 2% of exercise effects on pain
and physical function, meaning that 98% of the mechanism of action
of exercise remained unexplained. The implications of these findings
align with those presented under the first theme.?>?® The failure of
exercise to outperform open-label placebo injection and attention
control, and no evidence of a meaningful mediating effect of strength,
proprioception or range of motion, collectively suggest that the
benefits of exercise may not be due to its specific physiological effects.

A recent commentary in Lancet Rheumatology quantified the
extent to which regression to the mean accounts for improvements in
knee pain observed in knee OA research.”' Using data from the
Osteoarthritis Initiative (a large USA cohort of people with/at risk of
knee OA), the authors estimated that regression to the mean may
explain about a 1-unit improvement in pain on a 0 to 10 numerical
rating scale. Given that participants with knee OA typically enrol in an
RCT when they have higher pain levels than usual, their pain intensity
is likely to reduce over the course of a trial closer to their average pain
levels (by about 1 unit) - a pain reduction not attributable to any true
treatment effect. Regression to the mean may therefore partly explain
the improvements in knee pain from baseline observed within trial
arms in RCTs of exercise.
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Box 1. Glossary of key terms.

Attention control: A control group that interacts with
clinicians, but the interaction has no intended specific
therapeutic purposes.*?

Contextual effects: Changes in the clinical outcome that arise
because of exposure to contextual factors, such as: treatment
setting; patient and clinician beliefs and expectations; and
patient-therapist interactions (clinician attitudes and empa-
thy).*® Contextual effects help explain placebo effects, but
can arise without providing a placebo treatment.**
Equivalence trial: A trial evaluating whether a treatment is not
significantly better or worse than another treatment (ie,
treatment effects are close enough that one treatment cannot
be ruled as superior or inferior to the other).*®

Exercise: Planned, structured and repetitive physical activity.*®
Individual participant data meta-analysis: A type of meta-
analysis in which the raw individual-level participant data from
included studies is analysed, as opposed to traditional meta-
analyses that use the summary statistics from included stud-
ies (ie, aggregated data).*’

Natural history: The course and progression of a disease in an
individual over time in the absence of treatment, which may
involve periods of remissions or relapses (fluctuations),
eventual recovery or progression to death.*®

Minimum clinically important difference: The smallest
difference in change between two interventions that is
considered to be important, and is also referred to as the
minimum important difference by some authors, to remove
emphasis on the ‘clinical’ aspect of the importance of
change.*®

e Network meta-analysis: A type of meta-analysis that com-
pares three or more interventions by combining both direct
evidence (treatments compared in the same study) and
indirect evidence (treatments compared in different studies)
across a network of studies.”®

Non-inferiority randomised controlled trial: A trial evaluating
whether a treatment is not significantly worse than another
treatment (often an existing, standard treatment).*®
Open-label placebo: Both the provider (ie, clinician) and the
participant/patient know that they are administering and
receiving a placebo treatment.®’

Physical activity: Movement from skeletal muscle that results
in energy expenditure.*®

Placebo effect: Improvements in an outcome that occur due to
a placebo treatment, thought to be due to bioneurological and
biopsychological mechanisms.®’

e Placebo responses: All changes in an outcome that occur after
administering an inert treatment (treatment with no active
therapeutic ingredient), which include placebo effects
(contextual effects), natural history and regression to the
mean.”’

Placebo treatment: A placebo is a treatment that is presumed
to lack a specific treatment effect (see specific treatment
effects below).**

e Regression to the mean: A phenomenon where extreme
measurements (ie, unusually high or low scores) tend to move
toward the average when measured again.”?

Specific treatment effects (active treatment effects):
Treatment effects that are specifically attributable to the
mechanisms of the intervention.**

Treatment effect mediators: Possible mechanisms through
which a treatment might have its effects on clinical
outcomes.”®

Treatment effect moderators: Characteristics that explain who
might benefit most from what treatments and under which
circumstances.”®

Another priority for the OA field has been determining which
patients might benefit the most from exercise. Aiming to address
this research gap, an IPD meta-analysis,”> including 31 RCTs and
4,241 participants with hip and knee OA, evaluated potential mod-
erators of exercise treatment effects. Potential moderators included
pain severity, physical function, age, body mass index, physical

activity, arthritis self-efficacy, mental well-being, comorbidity,
quadriceps strength, educational level, pain duration and radio-
graphic joint structure. Of all these characteristics, only participants
with higher baseline pain and worse function experienced greater
improvements in pain and physical function with exercise (partic-
ularly in the short term) compared with those with lower baseline
pain and better baseline function. Another IPD meta-analysis,
including 10 RCTs and 1,767 participants with knee OA, found that
people with shorter symptom duration reported greater improve-
ments in pain (short- and long-term) and physical function (long-
term) than those with longer symptom duration.”® A cohort study
using data from the GLA:D® program also found comparable treat-
ment effects between those classified as early knee OA and those with
late-stage knee OA.”® Collectively, these findings suggest that tar-
geting exercise treatment to people with higher pain, poorer physical
function and/or relatively short symptom duration (around 3 months)
may lead to greater treatment benefits.

Given that participant characteristics are measured inconsistently
across RCTs®® and exercise mediators are measured infrequently,?®
relatively few studies can be pooled in IPD meta-analyses exploring
potential exercise moderators and mediators. Future exercise RCTs
should aim to consistently measure pre-defined moderators and
mediators and include a broader range of factors (eg, inflammatory
markers).>>?°> This will facilitate the pooling of data to enable
meta-analyses using much larger sample sizes than are currently
available. Qualitative research also offers a potential approach to
generating hypotheses about mediators and moderators for future
exploration in RCTs. For example, participants in a qualitative study
(nested within an RCT*#) believed that excess body weight prevented
them from experiencing exercise benefits.>’

Theme 3: Is there an optimal exercise dose and type?

When prescribing exercise, clinicians must consider the frequency,
sets, repetitions, time, intensity and duration - collectively referred to
as the exercise dosage. It has been a widely held clinical belief that
there is a dose-response relationship with exercise and knee OA
symptoms, such that the higher the dosage, the greater the clinical
benefits. However, recent evidence challenges this notion. A sys-
tematic review with meta-regressions, involving 280 studies and
25,189 participants with knee or hip OA, investigated whether
strengthening exercise volume (calculated by multiplying frequency,
time and duration) was associated with clinical outcomes.*° It found
no association between exercise volume and exercise effects on pain
or physical function. The only evidence of any relationship between
dosage and outcomes emerged from subgroup analyses. Exercise
programs of 3 to 6 months’ duration tended to yield greater benefits
than programs of < 3 months or > 12 months. Given that these
findings are based upon meta-regressions and subgroup analyses,
they should be considered exploratory and hypothesis-generating,
rather than conclusive. Furthermore, many RCTs failed to report
exercise interventions adequately, such as prescribed intensity, and so
could not be included in meta-regression analyses.

Several recent RCTs have aimed to specifically determine whether
clinical outcomes differ according to exercise dosage. One study
included 377 participants with knee OA and compared the effects of
high-intensity strength training, low-intensity strength training
and an attention control.”® Pain intensity did not differ between the
high-intensity and low-intensity exercise groups (MD in pain 0.7, 95%
Cl —0.1 to 1.6 on a O to 20 scale) at the primary end-point of
18 months. Physical function differed only slightly (likely not mean-
ingfully) between the high-intensity and low-intensity groups, and,
in contrast to the hypothesis, favoured the low-intensity group
(MD 2.9 units, 95% CI 0.2 to 5.6 on a 0 to 68 scale). These findings
suggest that exercise intensity does not influence pain or function in
knee OA. Two other RCTs similarly showed that exercise volume and
frequency may not influence treatment effects.’>?” In these studies,
higher-volume exercise (more sets, repetitions and number of
exercises) or prescribing the same program more frequently (two,
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four or six times/week) did not lead to greater improvement in pain
or function in people with knee OA compared with lower-dosage
programs.”®?” Collectively, research is yet to provide any strong evi-
dence that prescribing higher-dose exercise will yield greater
improvements in pain and function than lower-dose programs.

Clinicians are often uncertain about which type of exercise is most
effective for people with knee OA. Clinical decision-making has been
hampered by the fact that most RCTs do not compare different types
of exercise head to head. As a result, evidence is mainly confined to
subgroup analyses in systematic reviews or network meta-analyses.
Subgroup analyses in the 2024 Cochrane Review showed that the
effects of strength training, aerobic exercise and mixed exercise on
pain and function were generally similar immediately after the
intervention.’* Recent model-based analyses and network meta-
analyses in knee OA suggest that all the types of exercise that were
studied were effective, and they have not yielded any consistent,
compelling evidence that one type of exercise is meaningfully supe-
rior to another.”®>°

A limited number of recent RCTs have explored which types of
exercise may be most effective in managing knee OA. One RCT,
including 90 participants with knee OA, compared a 12-week neu-
romuscular exercise and education program (GLA:D®) with the same
intervention in addition to a low-dosage strength exercise (leg press
exercise).?’ It found no between-group differences in its primary
outcome of physical function (MD —1, 95% CI —7 to 4 on a 0 to 100
scale) or pain (MD 3, 95% CI —3 to 9 on a 0 to 100 scale) immediately
after the intervention. Another RCT, involving 123 participants with
knee OA and comorbid obesity, compared a 12-week weight-bearing
leg strengthening exercise program to a non-weight-bearing pro-
gram, similarly finding no between-group differences in pain or
function.°’ Overall, evidence does not support any type of exercise
being more effective than another for treating knee OA.

In a viewpoint article in Osteoarthritis and Cartilage,°* the lack of
evidence for an incremental increase in pain relief with higher
exercise dosages was argued as one reason why, at present, the evi-
dence is insufficient to support claims of a causal relationship
between exercise and improvements in pain in knee OA. To further
build the evidence base, more comparative effectiveness RCTs are
needed to determine whether there are causal relationships between
different types and dosages of exercise and clinical outcomes.

Theme 4: Can patient adherence be improved - and does it matter?

Since knee OA has no cure, exercise is recommended as a long-
term, self-management strategy; however, people with knee OA do
not always adhere to the exercise prescribed, which some clinicians
believe could compromise treatment outcomes. In two Panorama
viewpoint articles in the Journal of Rheumatology, a physiotherapist
and a physician both emphasise that a key focus of clinical practice is
supporting patients with OA to engage with, and sustain, exercise in
the long term.°>%* Given the clinical importance placed on adher-
ence, recent research has sought to determine whether there is a link
between exercise adherence and clinical outcomes. A systematic
review, including 257 studies and 25,189 people with hip and knee
OA, explored whether patient adherence to strengthening exercise
was associated with exercise treatment effects.>° Notably, only 69 of
the included studies reported usable adherence data, which limited
the sample size. Meta-regressions did not show an association
between exercise adherence and clinical outcomes of pain or func-
tion. Contrary to expectations, these exploratory findings suggest that
the extent to which patients with knee OA adhere to prescribed
exercise does not relate to improvements in pain or function.

Two recent RCTs have evaluated whether exercise adherence is
causally linked to clinical outcomes. One RCT, involving 526 partic-
ipants with knee OA, compared usual care physiotherapy (up to four
sessions of advice and exercise), individually tailored exercise (six to
eight sessions of tailored and progressive exercises) and targeted
exercise adherence (four sessions of individually tailored exercise
plus four to six contacts over 6 months to support physical activity
adherence).%® There were no clear between-group differences at 6
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months for pain or self-reported function. At 3 months, exercise
adherence was initially high in all groups, but it reduced at 6 months
in the usual care group and was maintained at higher levels for longer
in the more intensive treatment groups (noting that between-group
differences were small at 18 months and 36 months). However, pri-
mary outcomes did not clearly differ between groups, nor did they
depend on whether the participant reported high or low levels of
exercise. The authors suggested that their findings ‘questioned the
assumptions that doing more lower limb exercise, with greater
individualisation, exercise progression and supervision, leads to bet-
ter pain and function’.°® Another RCT (involving 110 participants with
knee OA and obesity) compared a home strengthening exercise pro-
gram with and without tailored SMS messages designed to improve
exercise adherence.°® As hypothesised, the SMS messages improved
self-reported exercise adherence at 24 weeks, but contrary to
hypotheses, did not improve pain or physical function at the same
time point (MD in pain —0.2, 95% CI —1.1 to 0.6 on a 0 to 10 scale, MD
in function —0.2, 95% CI —6.7 to 6.3 on a 0 to 100 scale). Two cohort
studies, using data from Swedish OA management programs, sim-
ilarly raised questions about the importance of exercise adherence.
Demographic, socioeconomic and OA-related factors could only
explain 1% of the variability in exercise adherence, highlighting the
difficulty in identifying patients at risk of poor adherence.®” Addi-
tionally, adherence was not associated with clinical outcomes fol-
lowing participation in a digital education and exercise program.°®

Collectively, recent research has not provided any strong evidence
that increasing adherence to exercise translates to improved clinical
outcomes in patients with knee OA. Given that most RCTs do not
report exercise adherence,’® future RCTs should include standardised
measurements of exercise adherence, enabling pooling of data sets in
meta-analyses. More RCTs comparing interventions designed to
increase exercise adherence, based on behaviour change theory, are
required to determine the most effective ways to improve adherence,
and whether improving adherence translates into better clinical
outcomes.

Theme 5: Do patients need to be seen in person to deliver
exercise?

Delivering care via telehealth (eg, via phone or videoconferencing)
can overcome some barriers to accessing exercise care, such as
restricted access to healthcare services in remote areas. Yet, some
patients and clinicians hold concerns that remote care may be less
effective and less safe than ‘traditional’ in-person care. Recent non-
inferiority RCTs yielded important new evidence supporting tele-
health. The largest of these included 394 participants with knee OA
and evaluated whether a strength, physical activity and education
intervention delivered via videoconferencing was not unacceptably
worse (ie, non-inferior) compared with the same intervention
delivered in person.>® It found that videoconferencing care was non-
inferior to in-person care at 3 months (MD in pain 0.16, 95% CI —0.26
to 0.57 on a 0 to 10 scale, MD in function 1.65, 95% CI —0.23 to 3.53 on
a 0 to 68 scale). Adverse events were similar between groups and
videoconferencing was superior for some secondary outcomes,
including patient satisfaction and exercise adherence. Another
smaller non-inferiority RCT in 100 participants with knee OA also
found that telehealth-delivered circuit training, including exercise
videos and asynchronous physiotherapy support, was non-inferior to
the same circuit training delivered in person for pain and function.*?
These trials suggest that telehealth is a viable alternative to in-person
exercise care for knee OA.

Another approach to improving accessibility to exercise therapy
for knee OA is digital exercise programs, delivered via mobile appli-
cations or websites. A recent RCT, including 206 participants with
knee OA, evaluated the effectiveness of a 24-week unsupervised
strengthening exercise and physical activity program delivered via a
website, supported by SMS messages designed to improve exercise
adherence.>® The control group was given access to a website con-
taining only simple information on OA and the importance of
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exercise. The digital exercise program improved primary outcomes at
6 months (MD in pain 1.6, 95% CI 0.9 to 2.2 on a 0 to 10 scale, MD in
function 5.2, 95% CI 1.9 to 8.5 on a 0 to 68 scale), and these differences
were deemed potentially clinically important. Importantly, partic-
ipants receiving the digital exercise program reported few, non-
serious adverse events. Other RCTs support these findings. For
example, an unsupervised digital exercise program, with telephone or
asynchronous support from physiotherapists if needed, improved
pain and function compared with usual care.°® An unsupervised yoga
program delivered via a website also improved function (but not
pain) compared with OA information alone.”® Collectively, increasing
RCT evidence shows that digitally delivered exercise, entirely or
largely unsupervised by clinicians, can be an effective and safe
method for providing knee OA exercise care.

Another option for in-person or digital exercise is a blended
approach tailored to a patient’s needs. An RCT, including 345 people
with knee OA, evaluated a stepped digital and supervised exercise
intervention against printed information.>* The stepped intervention
started with an unsupervised online exercise program (Step 1), which
progressed to bi-weekly telephone calls for participants not
responding to the initial intervention at 3 months (Step 2), and finally
to in-person physiotherapy visits for those not responding at 6
months (Step 3). Compared with online information, the stepped
intervention led to greater reductions in pain (MD —1.4, 95% CI —2.3
to —0.6 on a 0 to 20 scale) and greater improvements in function
(MD —6.8 points, 95% CI —10.5 to —3.2 on a 0 to 68 scale) at 9 months.
About 65% of participants progressed to Step 2 and 35% to Step 3,
suggesting that while some patients may not achieve a clinically
important change with an online program alone, digitally supported
care may still help one-third of patients avoid more intensive and
costly in-person clinician-delivered care.

Taken together, the evidence suggests that using technology to
deliver exercise care for knee OA is effective and safe, as it is for mus-
culoskeletal conditions in general.””’? Yet, as highlighted in an edito-
rial in Osteoarthritis and Cartilage, challenges remain in improving
access to exercise management for knee OA.”> Exercise management
for knee OA is currently underused globally, and disparities exist
within and across countries. Further research is needed to determine
how digital approaches can be disseminated at scale and low cost,
enabling more people with knee OA to access exercise care.

Theme 6: How does communication about osteoarthritis influence
patient beliefs about exercise?

The public continues to hold inaccurate beliefs about OA,
including that loading a joint affected by OA is harmful and joint
replacement is the only solution. These unhelpful beliefs can drive
people to seek and choose passive treatments rather than engaging in
recommended self-management, such as exercise. A 2024 global
call-to-action commentary paper, by the international OA research
community, outlined the actions needed to change communication
about OA.”* Key actions included developing resources that challenge
misconceptions about OA and providing evidence-based information
to the public, allowing them to better navigate OA care. Recent RCTs
have provided causal evidence to support these recommendations by
evaluating how communication and information about knee OA
impact patient beliefs about OA and its management. One RCT with
589 participants with knee OA compared the effects of two brief
educational videos about OA.*® One video employed a novel
approach, seeking to empower patients through participatory and
empowering language (ie, focusing on what patients can do); in
contrast, the other video employed more traditional impairment and
disease-focused language (ie, framing OA as a structural problem,
such as ‘bone-on-bone disease’). It found that participatory
language reduced fear of movement and increased self-efficacy for
managing OA pain (primary outcomes). Participatory language also
improved all secondary outcomes, such as enhancing beliefs that
physical activity is important and increasing motivation to be
physically active.

These findings are supported by recent innovative online RCTs
based on hypothetical healthcare encounters. One RCT, including
556 participants with and without knee OA, found that removing
pathoanatomic information from an OA brochure led people to
perceive exercise as less damaging to the knee.”® Another RCT with
617 participants with and without knee OA found that using radio-
graphs to diagnose and explain OA led people to believe that surgery
is more necessary and that exercise is more damaging than a clinical
diagnosis and explanation of OA without radiographs.>® However,
given that these findings come from a hypothetical healthcare setting,
it is unclear whether and to what extent differences in exercise beliefs
impact actual health behaviours (eg, exercise uptake).

Qualitative literature has also advanced understanding of how
education can support people with knee OA to exercise. For
example, a recent mixed-methods systematic review synthesised
findings from 80 quantitative, 12 qualitative and six mixed-methods
studies.”” It showed that while OA education can improve short-
term knowledge about OA, it does not necessarily shift existing
patient beliefs about OA or its management or change patient
health behaviours (eg, exercise uptake). Education programs
appeared better able to change beliefs and behaviours when they
sought to achieve three goals: engaging patients with the content
(eg, by tailoring information to individual beliefs and behavioural
needs), helping patients embody the information (eg, through
practical support that facilitates the translation of knowledge into
action) and empowering them to take control of their OA man-
agement (eg, by fostering new, helpful beliefs about OA and its
care). The review highlighted the need for more research partnering
with people living with OA to develop and evaluate educational
approaches for the condition.

In summary, there is an emerging imperative to change how the
research and clinical communities discuss and explain OA to people
living with OA and the general public. Recent RCTs have provided
causal evidence that using an impairment-based approach when
communicating about OA can lead to negative beliefs about the
benefits and safety of exercise. Future research should longitudinally
evaluate whether participatory approaches can positively shape
behaviours and empower patients to engage with exercise.

Conclusions and future directions

This narrative review highlights six themes related to exercise
management of knee OA (Figure 1), emerging from research over the
past 5 years. The themes span: exercise effectiveness; exercise
moderators and mediators; exercise dose and type; exercise adher-
ence; delivery of exercise; and OA communication. Relating to each of
these themes, areas of clinical uncertainty and suggested potential
future research directions have been highlighted (Table 2). These
directions may help build the evidence base to better inform clini-
cians in prescribing exercise for managing knee OA.

Footnotes: * ASReview, Version v2.0, Utrecht University, Nether-
lands.
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