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ABSTRACT

Objective To provide an overview of the effects of
exercise for osteoarthritis.

Design Overview.

Data sources Medline, Embase, Epistemonikos, PEDro,
Cochrane and registries from inception to 8 November
2025.

Eligibility criteria Reviews comparing exercise with
placebo, no intervention or other interventions on pain
and function for osteoarthritis. Supplementary trials were
included to update inconclusive areas.

Data extraction and synthesis Two independent
reviewers extracted data and assessed bias. Data were
standardised to a 0-100 scale and reanalysed using
random-effects meta-analysis. Certainty was rated using
Grading of Recommendations Assessment, Development
and Evaluation.

Results Five reviews (k=100; n=8631) and 28
supplementary trials (knee/hip k=23, hand k=3, ankle
k=2; n=4360) were included. Evidence indicated small,
short-term effects of exercise versus placebo (mean
difference —10.8, 95% Cl —19.1 to —2.6) and no-treatment
(—12.4,95% Cl —15.6 to —9.2) for knee osteoarthritis
pain, but certainty was very low and effects in larger

or longer-term trials were smaller. Moderate evidence
suggested negligible effects in hip (—6.7 95%Cl -9.3 to
—4.0) and small effects in hand (—=10.0 95%Cl —15.5 to
—4.5) osteoarthritis. Varying certainty evidence indicated
comparable outcomes to education, manual therapy,
analgesics, injections and arthroscopy. Single trials in
selected populations showed exercise was less effective
than knee osteotomy (12.4 95% Cl 4.7 to 20.2) and joint
replacement (knee 17.1 95%Cl 10.4 to 23.8; hip 24.2
95%Cl 18.2 t0 30.2) at longer term.

Conclusion and relevance Evidence on exercise for
osteoarthritis remains largely inconclusive, suggesting
negligible or short-lasting small effects comparable to,
or less effective than, other treatments. These findings
question its universal promotion and highlight the need to
revisit research priorities and clinical discussions around
its worthwhileness.

Registration CRD42023446888.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Exercise is recommended as first-line treatment for
various types of osteoarthritis. However, the effec-
tiveness of exercise for osteoarthritis is still contro-
versial and emerging evidence suggests that the
benefits of exercise may be overestimated. Despite
a plethora of systematic reviews, an overview of the
evidence on the effectiveness of exercise compared
with a range of different comparators (ie, placebo,
natural history/usual care, non-pharmacological and
pharmacological treatments) is lacking.

WHAT THIS STUDY ADDS

= Our study indicates that exercise therapy provides
negligible or small effects in pain and physical func-
tion when compared with placebo or no treatment
across knee, hip and hand osteoarthritis. The evi-
dence is largely inconclusive and effects are clini-
cally irrelevant in larger, longer-term trials. Scarce
head-to-head evidence of varying certainty, mainly
pertaining to knee osteoarthritis, suggests that ex-
ercise is comparable to pharmacological and non-
pharmacological treatments, but less effective than
osteotomy for medial compartment and total joint
replacement for severe osteoarthritis.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The study highlights considerable uncertainties in
the evidence on exercise for osteoarthritis, particu-
larly concerning prevailing research practices (with
ongoing publication and inclusion of small trials dis-
torting effects), the long-term durability of effects,
its effects compared with other active treatments
and its effectiveness across less-studied osteoar-
thritis subtypes. Research should focus on priority
questions with sound methodology to reliably inform
policy decisions. Practice should consider discuss-
ing with patients the worthwhileness of exercise
relative to other treatment options, incorporating
preferences, harms and their own expertise.

BM) Group
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INTRODUCTION

Despite the consistent recommendation' * and wide-
spread promotion® * of exercise therapy as firstline
treatment for patients with osteoarthritis, the underlying
evidence is primarily based on studies comparing exercise
therapy with no treatment.””” While numerous systematic
reviews with meta-analysis have synthesised this evidence,®
uncertainty remains about the worthwhileness and dura-
bility of exercise effects, as reported improvements vary
widely—from as little as five points’ '’ to as much as 20
points'' when back-transformed to a standardised 0100
scale—and most reviews report outcomes only in the
short term.!! 12 Moreover, most of the evidence focuses
on knee osteoarthritis, with considerably less available
for other burdensome types such as hip, hand, ankle or
shoulder osteoarthritis.'® '* Furthermore, these studies
have largely ignored how exercise therapy performs rela-
tive to other comparisons of interest. Doctors and phys-
iotherapists often need to decide on when to provide
one or another of different interventions in the clinic:
general practitioners may consider exercise and/or anal-
gesics; physiotherapists and orthopaedists may consider
exercise, manual therapy or intra-articular injections,
and orthopaedic surgeons have to make decisions on
whether to offer surgery or continued conservative care.

The current evidence base lacks a comprehensive
overview of the comparative effectiveness of exercise
therapy for osteoarthritis, with existing overviews mainly
summarising effect sizes for exercise versus no treat-
ment across multiple overlapping reviews.'” '® Without
reliable comparative evidence, clinicians are unable to
make optimal treatment decisions.'” Thus, gathering
knowledge about the effectiveness of exercise compared
with various alternative treatments (ie, placebo, natural
history/usual care, non-pharmacological and pharma-
cological treatments and surgery) is a critical next step
to thoroughly inform decision-making of doctors and
physiotherapists. Overviews of systematic reviews can
address several questions within a topic, particularly
when multiple reviews already exist and also allow for
the critical reassessment of meta-analyses and updating
with supplementary trials when the synthesised evidence
is incomplete or outdated." Thus, they allow for the inte-
gration of heterogeneous designs, making them a more
suitable approach for broad research questions than
network meta-analysis (NMA)." Consequently, overviews
serve as a valuable tool for comprehensively informing
decision making and highlighting uncertainties in the
evidence through a single, accessible document.”

Thus, the aim of this overview was to provide the latest
review, or where reviews were unavailable, randomised
controlled trial (RCT) evidence on the comparative
effects and durability of exercise on pain and physical
function compared with a range of different compar-
ators—including placebo, natural history/usual care,
non-pharmacological and pharmacological treatments
and surgery—across knee, hand, hip, shoulder and

ankle osteoarthritis and to identify areas of remaining
uncertainties.

METHODS

We prospectively registered the protocol for this overview
in PROSPERO (CRD42023446888). Protocol deviations
were minor (online supplemental data 3). We reported
our results in accordance with the Preferred Reporting
Items for Overviews of Reviews statement'® (online
supplemental data 2, table S2). Further, we followed
methodological guidance by the Cochrane Collabora-
tion.”! # The data and code of the underlying analyses
can be found in an open science repository.

Patient and public involvement

Originally, we did not involve a patient research partner
due to limited resources during the initial stages of the
study. However, following suggestions during peer review,
a patient research partner (MK) from the German Rheu-
matism League, with lived experience of osteoarthritis,
contributed to the interpretation of the results and criti-
cally revised the manuscript.

Eligibility criteria

We included reviews and RCTs, published in peer-
reviewed journals in the English language only, that
examined the effects of exercise therapy in adult patients
with either clinically or radiologically confirmed osteo-
arthritis of the knee, hip, hand, shoulder or ankle joint
and that reported one of the core outcomes self-reported
pain and/or physical function.”* The broad inclu-
sion criteria for osteoarthritis types were chosen to also
provide evidence on joints that are under-researched yet
in need of evidence synthesis to inform clinical practice
and guide future research. Comparators of interest were
placebo/sham/attention control (defined as such by the
study authors®), no intervention (eg, wait-list) or other
relevantinterventions thatare mostlikely to be prescribed
as an alternative to exercise at various stages of care/
disease (education, manual therapy, oral/topical non-
steroidal anti-inflammatory drugs[NSAIDs], corticoster-
oids, viscosupplementation, plateletrich plasma[PRP],
prolotherapy, arthroscopic surgery, osteotomy, partial/
total joint replacement’). We defined a systematic review
as a review that reports a clearly stated research question,
a systematic search in at least two databases, stated inclu-
sion and exclusion criteria, selection methods conducted
by at least two reviewers, critical appraisal of the included
RCTs and presentation of at least one pairwise meta-
analysis of aggregate data including at least two studies.?” %
We excluded studies examining broader populations (eg,
chronic musculoskeletal pain), presurgical and postsur-
gical rehabilitation interventions (unless outcomes for a
timepoint prior to surgery were presented) and NMAs
(as necessary information may be difficult to access from
them)." Supplementary RCTs were included when: (1)
the included reviews were deemed inconclusive (defined
as a low or very-low certainty of evidence level after the
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initial re-::m::llysis)29 or (2) the included reviews provided
incomplete coverage in relation to the scope of this over-
view (absence of a meta-analysis for certain type of OA or
a relevant comparator intervention)® *' (online supple-
mental data 4, table S6).

Search methods

Information sources

To identify reviews, we searched MEDLINE, Epistemon-
ikos, PEDro and the Cochrane Database of Systematic
Reviews from inception to 31 October 2025.°* Addi-
tionally, we conducted forward citation tracking of the
included reviews™ (online supplemental data 5). Supple-
mentary RCTs were searched in MEDLINE, EMBASE
and CENTRAL from inception to 8 November 2025.%' In
addition, we searched for registered studies in the WHO
International Clinical Trials Registry Platform and clini-
caltrials.gov (online supplemental data 6).

Search strategy

A sequential search strategy by searching first for reviews
and second for RCTs was used. The search strategy for
reviews combined the concepts (1) osteoarthritis, (2)
exercise and (3) systematic review. We searched for RCTs
from the reviews’ last date of search if the included review
was deemed inconclusive (new studies may change the
certainty of evidence). If the review provided incomplete
coverage regarding population or comparator (no meta-
analysis), the terms for the population were modified
(searched for the specific osteoarthritis type) or terms for
the comparator intervention were added.

Data collection and analysis

Selection process

We used Covidence (Veritas Health Innovation,
Melbourne, Australia) for automated deduplication
and manual screening. Two authors (TS and FT) inde-
pendentlyscreened the titles and abstracts of the retrieved
records against the inclusion criteria. The full texts of
eligible studies were screened again to confirm eligibility
for inclusion. Conflicts were resolved by consensus. If
eligibility was confirmed, the prioritisation process was
performed. The screening process was piloted on 20 arti-
cles.

Prioritisation and selection of reviews

We performed a prioritisation process to avoid
conflicting results and double-counting among
multiple reviews.” * To prepare the prioritisation
process, all eligible reviews were sorted by their popula-
tion, intervention, comparison and outcome (PICOs)
characteristics. The different exercise forms (eg, land-
based, aquatic) were grouped together in the same
category. Reviews that covered different types of oste-
oarthritis (eg, knee and hip) were classified according
to the joint that was the primary focus of the majority
of included trials. We had prospectively planned to
select the most comprehensive review in each cate-
gory. However, following new guidance on selecting

the most appropriate reviews for overviews,”® we post
hoc expanded our selection criteria to include: (a)
up-to-dateness (ie, reviews published within the last
ten years) and (b) adequacy of the reported results.
This was defined as (a) close alignment of the review
with our research question (addressing the effective-
ness of general exercise at different time points for
pain and physical function), (b) data presented in a
manner that allows for re-analysis and (c) no apparent
inconsistencies in the data (online supplemental data
7, figure S1). The primary study overlap (corrected
covered area, CCA) among the prioritised reviews was
calculated in R statistical software V.4.2.1 (R Founda-
tion for Statistical Computing, Vienna, Austria)®’ using
the ccaR package™ to rule out a moderate (6-10%) or
high (211%) amount of overlapping study informa-
tion.” We conducted a sensitivity analysis by describing
the effect sizes among the non-prioritised reviews.

Data extraction and management

One author (TS) extracted the information on study
characteristics using a customised Excel extrac-
tion sheet. Two authors (TS and FT) independently
extracted outcome data for meta-analyses. The items
extracted from the prioritised reviews were the main
study characteristics, number of trials included, infor-
mation on study designs and participant character-
istics, judgements of risk of bias for each individual
study, outcomes for pain and physical function for
each time point, information on meta-analytic models,
heterogeneity estimator and certainty of the evidence
ratings. Items extracted from the supplementary RCTs
were the main study characteristics, participant charac-
teristics, description of the exercise intervention and
comparator and outcomes for pain and physical func-
tion for each time point (online supplemental data 8).
If available, we extracted the mean and SD at baseline
and follow-up, the mean change scores and SDs from
each group and the adjusted (based on analysis of
covariance) or unadjusted mean between-group differ-
ence (MD). Data from intention-to-treat (ITT) analysis
were extracted with prioritisation of data from anal-
yses based on actual observations (‘modified’ ITTY).
When available, we extracted outcomes for short-term
(21 day but <3 months), medium-term (=3 months but
<12 months) and long-term (=12 months). When the
study assessed multiple time points that fell into a given
time period, we extracted data closest to 3months
(post intervention/short-term), closest to 6months
(medium-term) and closest to 12 months (long-term).
The equations published by Higgins et al’' were used to
convert the data if necessary (eg, SE to SD, 95% CI to
SD). The conversion sheet used is available on the open
science repository. If relevant data were presented in
figures only, the web app WebPlotDz'gitizer41 (available at
https://automeris.io/WebPlotDigitizer/) was used to
extract the data. When relevant information was not
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available within a study, the authors were contacted a
minimum of three times over a 4-week period.

Assessment of methodological quality of included reviews
Quality of included reviews

The methodological quality of the included reviews was
assessed with AMSTAR (A MeaSurement Tool to Assess
systematic Reviews) version 2.** To arrive at an overall
judgement, we interpreted no critical weakness as high
confidence, one critical weakness as moderate confi-
dence, two critical weaknesses as low confidence and
three or more critical weaknesses as very-low confidence
in the results of the review. Two authors (TS and RD)
independently assessed the items and formed judgements
of confidence by following an internal scheme (online
supplemental data 9, table S27). The overall quality of
the included reviews was classified as high, moderate, low
or critically low.

Risk of bias of primary studies

The risk of bias assessments conducted by the included
reviews was relied on, if they assessed bias using the orig-
inal Cochrane Risk of Bias tool (ROB-1)* or the revised
Risk of Bias tool (ROB-2).** As ROB-1 does not provide
an algorithm for an overall rating, we defined studies as
high risk of bias if more than one of the domains (selec-
tion bias, blinding, attrition bias, reporting bias, other
bias) was rated as high risk. If a review used a different
risk of bias tool, two authors (TS and FT) independently
assessed bias of each included trial using ROB-2. The
identified supplementary RCTs were also assessed using
ROB-2. A combined rating was prepared for pain and
physical function at the short-term follow-up time point.
The effect of assignment to the intervention (ITT effect)
was the specified effect of interest. The criteria used are
outlined in online supplemental data 10.

Statistical analysis
A re-analysis of the original and updated (incorporating
the supplementary RCTs) data of the included reviews
was performed. To ensure adequate homogeneity, each
osteoarthritis type, comparison and time point was
analysed separately. For meta-analysis, a random effects
(RE) model with the restricted maximum likelihood
heterogeneity estimator was used to estimate the effect of
exercise therapy on pain and physical function for each
comparison.”” * The Hartung-Knapp Sidik-Jonkmann
(HKSJ) adjustment was used to calculate the 95% CI
around the pooled effect estimate.'” As the HKS]J can be
uninformative because the CI may be overly wide (when
few studies are included in RE meta-analysis) or implau-
sibly narrow (if true heterogeneity is equal to zero) ¥ the
suggestions by Schulz et al*® were then followed to decide
on the synthesis method (online supplemental data 12,
figure S2).

The 95% prediction interval (95% PI) was computed to
report statistical heterogeneity in meta-analyses including
at least five studies. It represents the distribution of

treatment effects that can be expected in a new trial
that is similar to the ones included in the meta-analysis.
Experts strongly recommend the use of 95% PIs to aid
interpretation of results.”” > A bootstrapped approach®
was used in the presence of <10 studies. If no 95% PI
could be calculated, we visually examined the forest plot
for apparent differences in trial-specific treatment effects
(‘qualitative heterogeneity’™), inspected whether the
Q-test was significant® and whether T was greater than
six, which we considered indicative of moderate to high
heterogeneity.

Data extracted from the included reviews were assessed
for the common error of conflating SD with SE** leading
to large outlying effect sizes (values > three SDs from the
mean). If an error was suspected, the primary study was
re-examined and the error was corrected. When studies
reported SDs that were unexpectedly small, the primary
study authors were contacted for clarification.

To pool effect sizes for pain and physical function, all
used scales were rescaled to a 0-100 scale by dividing
the mean and SD by the range of the original scale
and multiplying it by the range of the new scale.”® The
results of the conducted re-analyses and new analyses are
presented in Forest plots. All analyses were performed in
R statistical software using the packages meta,”® metafor”
and dmetar.”® The data and code are available on an open
data repository.

Sensitivity analyses

To assess the robustness of the findings, sensitivity anal-
yses were conducted by removal of outlying studies™
and studies with overall high risk of bias.”” We decided
post hoc to change the prespecified sensitivity analysis
threshold for exclusion of small study samples, increasing
it from 20 participants per arm to studies with <100 partic-
ipants because many studies met the original threshold,
and trials with at least 100 participants can be considered
large in the conservative, non-pharmacological treatment
field.®" Further analysis included the use of the standard
DerSimonean-Laird (DL) method to calculate 95% CI
for the pooled effect.*?

Subgroup analyses

Pending the number of studies (=10 included in
meta-analysis), prespecified subgroup analyses were
performed. These included the treatment delivery mode
(individually, class or home) and interventions that
combined exercise with another conservative treatment.

Reporting bias

In the presence of >10 studies in meta-analysis, we
conducted assessment for reporting bias as outlined in
our certainty of evidence criteria (online supplemental
data 13). In addition, extended funnel plots were created
to assess the impact of a hypothetical new study on the
overall meta-analytic effect estimate. This can inform
future trial planning.62 An extended funnel plot visual-
ises which particular sample and effect size is needed to
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significantly influence the overall effect estimate.”® This
analysis was performed using the R package extfunnel2.%*

Certainty assessment

Two authors (TS and FT) independently conducted
new certainty assessments using the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) approach.”” The certainty of evidence was
rated as high, moderate, low or very low. The rating was
initially set to a high level of certainty as only evidence
from RCTs was included. The domain of indirectness was
not judged as the eligibility criteria were strictly defined.
We rated imprecision using a minimally contextualised
approach.” For this, we prespecified the minimum clini-
cally important difference (MCID), which is the smallest
difference in outcome patients may perceive as clinically
relevant,” as 8 points on a 0-100 scale to serve as the
smallest effect threshold for pain and physical function.
Given the lack of patient-centred, intervention-specific
and context-dependent estimates of clinical relevance for
interpreting treatment effects in osteoarthritis,” we used
the conceptually more robust smallest worthwhile effect
previously estimated in patients with chronic musculo-
skeletal conditions,” reasoning that this threshold is also
likely to be considered worthwhile by patients with osteo-
arthritis for a low-risk, low-cost intervention such as exer-
cise. To better capture the magnitude of effects, we clas-
sified effects as follows: <8 points as clinically irrelevant,
8—<12.5 points as small, 12.5—<20 points as moderate

and >20 points as large. These thresholds, when back-
transformed using the median pooled SD of 25 from
large osteoarthritis trials,” align with Cohen’s rule-of-
thumb thresholds for moderate and large effect sizes.”
We rated inconsistency in accordance with the Confi-
dence in Network Meta-Analysis, which is also applicable
to pairwise meta-analysis and overcomes limitations such
as relying solely on I” to interpret heterogeneity.”” The
informative statements suggested by Santesso et al”> were
used to communicate the findings and facilitate inter-
pretation. The detailed criteria are outlined in online
supplemental data 13.

RESULTS

Review selection process and characteristics

The search identified 3028 unique records, from which
155 reviews were assessed at full text, b5 were classified as
eligible and 14 of these were considered for the prioriti-
sation process (figure 1; Reasons for exclusion in online
supplemental data 14, table S30). After the prioritisation
(online supplemental data 14, table S31), we included
five reviews (two Cochrane and three non-Cochrane
reviews) K involving 100 unique RCTs on three different
treatment comparisons (exercise compared with placebo
k=1, no treatment/usual care k=3, and education k=1)
with a total of 8631 patients across three different types of
osteoarthritis (knee k=2, hip ¥=1, hand k=1, mixed k=1)
(table 1). The primary study overlap among the reviews

( Study selection process )

(M) [ 3028 Records screened ]

c v

3 [ 155 Full text articles assessed ]

<2

3

: v

H [ 55 Eligible reports ]

: i

[ 2 Reviews updated 5 Reviews included in overview ]—»[ No available review ]
N\ T T
Exercise versus placebo Exercise for hand osteoarthritis Exercise for ankle and shoulder Exercise versus manual therapy,

5 osteoarthritis pharmacotherapy, and surgery

: ! i i i

% [ 927 Records screened ] [ 368 Records screened ] [ 229 Records screened ] [ 6166 Records screened ]
é [ 8 Full text articles assessed J [ 18 Full text articles assessed J 1 Full text article assessed J [ 46 Full text articles assessed ]
<2

g v

2 4 reports of 3 stut_:lies included in 4 reports of 3 stur_iies included in 1 study included in overview 21 studies included in overview
N\ overview overview

Figure 1

Modified Preferred Reporting ltems for Systematic Reviews and Meta-Analysis diagram of the systematic review

and supplementary trial selection process. The overview employed a sequential search strategy: (1) identification of eligible
systematic reviews (Boxes 1-5), which were prioritised based on comprehensiveness, currency and adequacy of reported
results and (2) supplementary searches for randomised controlled trials (Boxes 6-9) when included reviews were incomplete,
required updating or did not address certain osteoarthritis subtypes or comparator interventions. In step 1, five reviews were
included, of which two were considered incomplete (exercise vs placebo; exercise for hand osteoarthritis). No eligible reviews
were identified for exercise in ankle or shoulder osteoarthritis or for comparisons with manual therapy, pharmacotherapy or
surgery, which prompted step 2, the supplementary search for primary trials.
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was characterised as slight (CCA 0.2%) (online supple-
mental data 14, figure S4).

Supplementary trial selection and characteristics

We performed supplementary RCT searches to update
two of the included reviews™® ”” and to fill areas lacking
an eligible review (exercise vs manual therapy, pharma-
cotherapy and surgery; exercise for ankle and shoulder
osteoarthritis) (online supplemental data 14, table S33).
Overall, the search for RCTs yielded 9425 records. After
screening, we included 30 reports from 28 studies”* "8
(figure 1; Reasons for exclusion in online supplemental
data 15, table S34), involving twelve different treatment
comparisons (exercise vs no treatment k=3, placebo
k=3, manual therapy k=3, NSAIDs k=2, corticosteroids
k=2, viscosupplements k=5, PRP k=2, prolotherapy k=1,
arthroscopy k=2, knee osteotomy k=1, total knee replace-
ment (TKR) k=2 and total hip replacement (THR) x=1)
with a total of 4360 patients (median sample size was 105)
across four different types of osteoarthritis (knee ¥=20,
hip k=2, knee and hip k=1, hand k=3, ankle k=2). The
mean age across all the trials was 63, the mean propor-
tion of female participants was 65%, the mean body mass
index was 29, the median baseline pain intensity and phys-
ical function (on a standardised 0-100 scale; lower values
are better) were 44 and 38, respectively. Most patients in
non-surgical trials had mild to moderate radiographic
severity of osteoarthritis (Kellgren-Lawrence grades
2-3), whereas patients included in surgical trials were
selected for medial-compartment involvement or severe
osteoarthritis (table 2). One study is awaiting classifica-
tion due to pending author response.'” Two additional
studies''’ """ were identified through experts but could
not be included due to being published in non-English
languages only (online supplemental data 15, tables S35
and 36). Five ongoing studies were identified through
the search of trial registries, four of which compare exer-
cise to surgery (knee osteotomy k=1, TKR k=1, shoulder
arthroplasty k=1, wrist denervation K=1) (online supple-
mental data 15, table S37).

Risk of hias in systematic reviews

Information on the AMSTAR-2 ratings for the included
reviews can be found in online supplemental data 16.
Overall, no review was rated as high or moderate quality;
two were rated as being of low quality’* ”® and three
reviews” 7 7 as being of critically low quality. Common
critical issues were the use of inappropriate methods for
statistical analysis (item 11) and the inadequate assess-
ment of heterogeneity (item 14).

Risk of bias in RCTs

Information on the risk of bias assessments can be found
in online supplemental data 17. Overall, no study was
rated as low risk of bias, 20 (71%) studies were at some
concerns, and eight (29%) studies were rated as high risk
of bias. Common sources of bias were the measurement
of the outcome (in none of the studies were patients

blinded) and the selection of the reported results (eight
trials were retrospectively registered).

Results of syntheses

Data handling and synthesis

For the re-analyses, the shared statistical code of two
reviews’* "® and the raw data presented in the forest plot of
anotherreview > were used. Two reviews ' onlypresented
precalculated effect sizes (final effect size with 95% CI) of
which the raw data could be obtained from the authors
of one review.”” For the review by Dean et al,”’ the data
were extracted from included primary studies. During
the re-evaluation of the data presented by the original
reviews, we identified some inconsistencies that namely
involved ignoring outliers (eg, SE instead of SD),” 7 use
of percentage scores in meta—analysis,77 use of baseline
rather than post-treatment scores,”” inappropriate exclu-
sion of studies with available data (eg, data available in
figures, data in precalculated effect size format)” s
and minor data extraction or conversion errors.” ™ After
contacting the authors, one review published a correc-
tion.” ''? Detailed information on the data management
for the re-analyses including the supplementary RCTs
is in online supplemental data 18 and 19. For concise-
ness, we report effect sizes for exercise compared with
no intervention, non-pharmacological comparators and
NSAIDs for the short term, intra-articular interventions
for the short or medium term (depending on where the
evidence could be meaningfully synthesised) and surgical
comparators for the longest follow-up term, unless stated
otherwise. Forest plots for each comparison can be found
in online supplemental data 20. An overview of the main
and the sensitivity results is presented in figures 2 and 3
and the corresponding GRADE ratings with the results
for each time point can be found in online supplemental
data 21.

Exercise therapy versus placebo, sham or attention controls
Mixed osteoarthritis (Knee k=6, hip x=2 and hand joint k=3)
When compared with placebo, exercise therapy may
result in a small reduction in pain (mean difference
-10.8,95% CI-19.1 to -2.6,95% PI -37.5 to 15.8, n=1037,
k=11; very-low certainty) but may not increase physical
function (MD -4.3, 95% CI -9.7 to 1.2, 95% PI -17.1 to
8.4, n=945, k=9; very-low certainty) in the short term but
the evidence is very uncertain. Exercise probably results
in little to no difference in pain (high certainty) and
function (low certainty) in the long term.

Exercise therapy versus no intervention

Knee osteoarthritis

When compared with no intervention, exercise therapy
may result in a small effect in pain (MD -12.4, 95% CI
-15.6 t0 -9.2, 95% PI -34.5 t0 9.7, n=4184, k=56; very-low
certainty) and physical function (MD -10.0, 95% CI
-12.8 to -7.2, 95% PI -29.0 to 9.0, n=4245, k=54; very-low
certainty) in the short term but the evidence is very
uncertain. Exercise may result in little to no difference in
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Table 2 Continued

FU-data

Radiographic Pain/function

severity (KL)
JSN<2mm

Mean age in Mean BMI
N participants % female years (SD)

110

Intervention and
comparator

availability

M, L

outcome

(SD)

Population
Hip OA;

Country

Study ID

28+4 HOOS-P

50

I: resistance training

Clinical and X-ray individually delivered

Denmark

Frydendal et

al‘l 08

HOOS-F

by physiotherapists (2x
per week; 1hour) for

12 weeks.

C: total hip

replacement

ACR, American College of Rheumatology; AOFAS, American Orthopaedic Foot and Ankle Society; BMI, body mass index; DASH, Disability of the Arm, Shoulder, and Hand outcome

measure; FAOS, Foot and Ankle Outcome Score Activites; FIHOA, Functional Index for Hand Osteoarthritis; FU, follow-up; GLA:D, Good Life with Osteoarthritis in Denmark; HOOS,

Hip disability and Osteoarthritis Outcome Score; IA, intra-articular; JSN, joint space narrowing; KL, Kellgren-Lawrence; KOOS-P/F, Knee Injury and Osteoarthritis Outcome Score Pain/
Function; L, long term; M, medium term; NRS, Numeric Rating Scale; NSAID, non-steroidal anti-inflammatory drugs; OA, osteoarthritis; PRP, Platelet-rich plasma; S, short term; SF-36,

Short form 36 health survey; VAS, Visual Analogue Scale; Womac-P/F, Western Ontario and McMaster Universities Arthritis Index Pain/Function; X-over, cross-over to surgical group at

primary time point.

pain (low certainty) and function (moderate certainty)
in the long term.

Hip osteoarthritis

When compared with no intervention, exercise therapy
probably results in little to no difference in pain (MD
-6.7, 95% CI -9.3 to -4.0, 95% PI -13.3 to 0.0, n=1261,
k=16; moderate certainty) and physical function (MD
-5.8, 95% CI -8.4 to -3.3, 95% PI -13.0 to 1.4, n=1233,
k=16; moderate certainty) in the short term. Exercise
probably results in little to no difference in pain and
function in the long term (moderate certainty).

Hand osteoarthritis

When compared with no intervention, exercise therapy
probably results in a small reduction in pain (MD -10.0,
95% CI -15.5 to -4.5, 95% PI -24.0 to 4.1, n=804, x=8;
moderate certainty) but probably does not increase
physical function (MD -6.2, 95% CI -10.0 to -2.4, 95%
PI -15.6 to 2.5, n=792, k=7; moderate certainty) in the
short term. Exercise may result in little to no difference
in pain and function in the medium and long term (low
certainty).

Exercise therapy versus education

Knee osteoarthritis

When compared with education, exercise therapy
probably results in little to no difference in pain (MD
-4.6, 95% CI -8.5 to -0.7, 95% PI -14.6 to 4.3, n=399,
k=5; moderate certainty) and physical function (MD
-4.0, 95% CI -12.3 to 4.4, 1=1.5, n=230, k=3; moderate
certainty) in the short term. Exercise probably results
in little to no difference in pain and function in the
medium and long term (moderate certainty). Data from
a small pilot trial (n=30)"" comparing exercise to educa-
tion for ankle osteoarthritis suggested similar results (low
certainty).

Exercise therapy versus manual therapy

Knee and hip osteoarthritis

When exercise was compared with manual therapy, results
from single trials® ** favoured manual therapy, indicating
small reductions in pain in the short and medium term
(low certainty). No important effects were found in the
long term® or for physical function (low certainty).

Exercise therapy versus oral NSAIDs

Knee osteoarthritis

When compared with NSAIDs, exercise therapy may
result in little to no difference in pain (MD -5.3, 95% CI
-11.4 to 0.7, 1=0, n=177, k=2; low certainty) and physical
function (MD -7.1,95% CI -12.1 to -2.0, 1=0, n=181, k=2;
low certainty) in the short term. Exercise may result in a
small effect in pain (low certainty) and a moderate effect
in function (moderate certainty) in the medium term.
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Osteoarthritis type and comparator Trials (N) Mean Difference (95%Cl) MD 95%ClI GRADE

Mixed osteoarthritis

Placebo (all trials) 11 (1037) —— -10.8 (-19.1 to —2.6) Very-low

Placebo (N >=100 participants) 5(716) - -3.3 (-6.3t0-0.3)

Knee osteoarthritis

No treatment (all trials) 56 (4184) - -12.4 (-15.6 to -9.2) Very-low

No treatment (N >=100 participants) 13 (2096) - -6.8 (-9.4t0o-4.1)

Therapeutic education 5 (399) - -4.6 (-8.5t0-0.7) Moderate

Manual therapy 1 (100) —— 56 (-59t017.1) Low

NSAIDs 2(177) —— -53 (-11.4t0 0.7) Low

Corticosteroid injections 2 (428) - -4.8 (-8.5t0-1.1) Moderate

Viscosupplementation 4 (527) 4 -1.3 (-3.5t0 0.8) Moderate

PRP injections 1 (50) —_|—— 6.5 (-3.4t016.4) Very-low

Prolotherapy 1 (55) —— 74 (-25t017.3) Low

Arthroscopic surgery 2 (444) —— -0.8 (-7.1to 5.5) High

Osteotomy 1(57) —— 12.4 ( 4.71020.2) Low

Total joint replacement 1 (95) —— 17.1 (10.4to 23.8) Moderate

Hip osteoarthritis

No treatment (all trials) 16 (1261) - -6.7 (-9.3to-4.0) Moderate

No treatment (N >=100 participants) 6 (764) —- -4.0 (-8.2to 0.1)

Manual therapy 1(94) —— 121 ( 2.5t022.9) Low

Total joint replacement 1 (103) —— 242 (18.21030.2) Moderate

Hand osteoarthritis

No treatment (all trials) 8 (804) —— -10.0 (-15.5 to —4.5) Moderate

No treatment (N >=100 participants) 4 (598) —— -8.0 (-16.4to 0.4)

Ankle osteoarthritis

No treatment 1 (26) L 2 -8.0 (-24.81t0 8.8) Low

Viscosupplementation 1 (15) ‘ ‘ f ‘ ‘ ‘ ‘ -11.0 (-29.7t0 7.7) Very-low
-30 -20 -10 O 10 20 30

Favours exercise Favours control
Figure 2 Main and sensitivity analysis (restricting analyses to large trials) for the outcome pain. For comparisons with meta-
analyses, time points with the largest number of studies are shown. For comparisons with only narrative synthesis or single
trials, the study or time point with the largest number of participants is reported. The shaded area represents the zone of trivial
effects (-8< MD < 8). GRADE, Grading of Recommendations Assessment, Development and Evaluation; MD, mean between-

group difference; NSAID, non-steroidal anti-inflammatory drug; PRP, Platelet-rich plasma.

Exercise therapy versus intra-articular injections

Knee osteoarthritis

When compared with corticosteroids, exercise therapy
probably results in little to no difference in pain (MD
-4.8, 95%CI -8.5 to 1.1, 1=0, n=428, «=2, moderate
certainty) and physical function (MD -2.9, 95% CI -7.2 to
-1.4, 1=0.8, n=428, k=2, high certainty) in the short term.
When compared with viscosupplementation, exercise
therapy probably results in little to no difference in pain
(MD -1.3,95% CI -3.5 to 0.8, =0, n=527, k=4, moderate
certainty) in the medium term, while the evidence for
physical function is very uncertain. Evidence comparing
exercise with prolotherapy, PRP and viscosupplementa-
tion (for ankle osteoarthritis) was very uncertain, with
heterogeneous findings from single trials indicating
moderate, small or no differences between interventions.

Exercise therapy versus arthroscopic surgery

Knee osteoarthritis

When compared with arthroscopy, exercise therapy
results in little to no difference in pain (MD -0.8, 95% CI

-7.1 to 5.5, 1=0, n=444, k=2; high certainty) and physical
function (MD -0.5, 95% CI -4.3 to 3.4, 1=0, n=441, x=2;
high certainty) in the long term.

Exercise therapy versus osteotomy

Knee osteoarthritis

When exercise was compared with medial opening
wedge high tibial osteotomy, small effects in pain (MD
12.4, 95% CI 4.7 to 20.2, n=57, x=1; low certainty) were
found in the long term in favour of osteotomy, but no
important effect was observed for physical function (MD
5.8,95% CI 1.6 to 9.9, n=57, k=1; low certainty).

Exercise therapy versus total joint replacement

Knee osteoarthritis

When exercise was compared with TKR, moderate
effects in pain (MD 17.1, 95% CI 10.4 to 23.8, n=95, k=1;
moderate certainty) and physical function (MD 12.9,
95% CI 6.8 to 19.1, n=95, k=1; low certainty) were found
in the long term in favour of TKR. Data from a small pilot
trial (n:15)107 assessing the feasibility of a large ongoing
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Osteoarthritis type and comparator Trials (N) Mean Difference (95%Cl) MD 95%ClI GRADE

Mixed osteoarthritis

Placebo (all trials) 9 (945) —— -4.3 (-9.7t0 1.2) Very-low
Placebo (N >=100 participants) 5 (716) - -1.7 (-5.2t0 1.8)

Knee osteoarthritis

All trials 54 (4245) - -10.0 (-12.8to -7.2) Very-low
>=100 participants 14 (2229) S -7.3 (-10.3t0 -4.4)
Therapeutic education 3 (230) —— -4.0 (-12.3to 4.4) Moderate
Manual therapy 1 (51( —— 29 (-55t011.3) Low
NSAIDs 2 (181) —— 74 (-12110-2.0) Low
Corticosteroid injections 2 (428) —- —29 (-7.2t0 1.4) High
Viscosupplementation 1 (248) 2 2 51 ( 3.8to 6.4) Very-low
PRP injections 1 (50) — 10.2 (-0.61t021.0) Very-low
Prolotherapy 1 (55) —— 79 (-14t017.2) Low
Arthroscopic surgery 2 (441) - -05 (-4.3t0 3.4) High
Osteotomy 1(57) —— 58 ( 1.6t0 9.9) Low
Total joint replacement 1 (95) —— 129 ( 6.8t019.1) Low
Hip osteoarthritis

All trials 16 (1233) 4 -5.8 (-8.4t0-3.3) Moderate
>=100 participants 6 (764) - -4.4 (-7.910-0.9)

Manual therapy 1 (94) —— 21 (-11.7t0 7.7) Low
Total joint replacement 1(103) —— 20.8 (15.2t026.3) Moderate
Hand osteoarthritis

Al trials 7 (292) - -6.2 (-10.0 to —2.4) Moderate
>=100 participants 4 (602) —— -5.4 (-11.9t0 1.2)

Ankle osteoarthritis

No treatment 1 (26) —— 43 (-3.4t012.0) Low
Viscosupplementation 1 (15) —— -3.8 (-13.5t0 5.9) Very-low

-30 -20 -10 O 10 20 30
Favours exercise Favours control
Figure 3 Main and sensitivity analysis (restricting analyses to large trials) for the outcome physical function. For comparisons
with meta-analyses, time points with the largest number of studies are shown. For comparisons with only narrative synthesis
or single trials, the study or time point with the largest number of participants is reported. The shaded area represents the zone
of trivial effects (-8 <MD < 8). GRADE, Grading of Recommendations Assessment, Development and Evaluation; MD, mean
between-group difference; NSAID, non-steroidal anti-inflammatory drug; PRP, Platelet-rich plasma.

RCT comparing conservative treatment (including exer- Use of the standard DL approach to calculate 95% CI
cise) to TKR suggested similar directions of effect. tended to increase the precision in analyses, which

. N included few trials (online supplemental data 23).
Hip osteoarthritis

When exercise was compared with THR, large effects in
pain (MD 24.2,95% CI 18.2 to 30.2, n=103, k=1; moderate
certainty) and physical function (MD 20.8, 95% CI 15.2
to 26.3, n=103, x=1; moderate certainty) were found in
the medium term in favour of THR.

Reporting bias

Funnel plots and results of Egger’s regression tests for
analyses with >10 trials are presented in online supple-
mental data 24. Visual and statistical evidence of small-
study bias was observed in analyses of short-term pain
Sensitivity and subgroup analyses and physical function in knee osteoarthritis, resulting
The nine reviews that were not prioritised showed effect ~ in a downgrade in the certainty of evidence. As some
sizes mostly similar to the prioritised reviews (online  contrasts included only single studies, the certainty was
supplemental data 14, table S32). In the subgroup anal- ~ downgraded due to early positive findings.

yses, only the treatment delivery mode in knee osteoar- An extended funnel plot for short-term pain in knee
thritis showed significant differences, in favour of individ- ~ osteoarthritis was not constructed because of consid-
ually delivered exercises for short-term physical function  erable heterogeneity, limiting the influence of any new
improvements (online supplemental data 22). Sensitivity (large) trial in a RE model. The extended funnel plots for
analyses on removing small studies (<100 participants) the comparison of exercise therapy versus no interven-
yielded markedly lower values in short-term pain for the tion for knee (long term) and hip osteoarthritis (short
comparisons of exercise vs no intervention and placebo. term) suggested that it is implausible that a new study
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of any size, when added to the respective meta-analyses,
could change current conclusions (online supplemental
data 25).

DISCUSSION

Main findings

This overview of systematic reviews and supplementary
RCTs evaluated evidence on the comparative effective-
ness of exercise therapy on pain and physical function
across different types of osteoarthritis. We found very
low certainty evidence that exercise results in only small
effects when compared with placebo and no treatment
in predominantly knee osteoarthritis. Analyses of larger
trials and longer follow-up time points suggest smaller
estimates. Moderate evidence showed negligible effects
of exercise in hip and small effects in hand osteoarthritis
when compared with no treatment. Evidence of varying
certainty and mainly concerned with knee osteoarthritis
suggests that exercise may yield outcomes comparable to
other conservative non-pharmacological interventions,
pharmacotherapy and arthroscopic surgery. We found
low to moderate certainty that exercise is less effective
than knee osteotomy and total joint replacement of the
knee and hip in the longer term in selected osteoarthritis
patients.

Strengths and limitations of this overview

This overview was prospectively registered, followed
rigorous and up-to-date methodology, applied a priori-
tisation process to overcome overlapping information
among a large volume of reviews, re-analysed and in
some instances, updated each meta-analysis presented
in the included reviews using recommended meta-
analytic methods. Through its broad scope, this overview
is comprehensive, offering valuable information on the
comparative effectiveness of exercise for decision-makers
within a single, accessible document.

Limitations of this overview are that the prioritisation
of certain reviews has led to the omission of the results
of other relevant reviews. We did a sensitivity analysis by
reporting the effect sizes from non-prioritised reviews,
showing very similar effect sizes. Given the availability
of multiple treatments and limited direct head-to-
head comparisons, an NMA might have been consid-
ered. However, we deliberately chose not to pursue an
NMA due to substantial heterogeneity in the included
populations (eg, mild osteoarthritis in exercise trials
vs moderate-to-severe osteoarthritis in surgical trials),
which likely violates the assumption of joint randomis-
ability across all interventions." Instead, we conducted
traditional pairwise meta-analyses, which should be
interpreted independently, without drawing indirect
comparisons between treatments. Further, the decision
to re-analyse certain reviews was based on the certainty
of evidence. However, clear criteria for defining conclu-
sive evidence are still lacking® and the GRADE approach
has been criticised for its subjectivity''® and low validity

in predicting the stability of an effect.''* Defining conclu-
siveness of evidence could prevent research waste and
shift the focus towards more important research areas.''”
For the GRADE ratings, we applied an MCID of 8 points,
representing the smallest worthwhile effect of exercise
compared with no treatment. We acknowledge that this
threshold may not be directly applicable to comparisons
with other active treatments. To address this limitation, we
have added a forest plot of our main results in the online
supplemental data, illustrating how the interpretation
may vary when applying small (8 points), moderate (12.5
points) and large (20 points) MCIDs. Given that many
treatment contrasts in our analyses included few trials
(<b), the estimates were often imprecise and heteroge-
neity was not reliably estimable. Bayesian methods incor-
porating prior information may be better suited for these
situations.''® We also acknowledge that some included
trials allowed co-interventions alongside exercise, which
may limit the ability to isolate the effect to exercise alone.
Where possible, we conducted subgroup analyses, which
did not indicate any substantial impact.

Interpretation of the findings
We found very-low certainty evidence that exercise is
slightly better than placebo interventions in the short
term, with findings not robust to sensitivity analysis
(including only larger, higher-quality trials employing
more credible controls). Conversely, the review found
large effect sizes in favour of exercise,” which were not
confirmed in our re-analysis because of errors in meta-
analysis. Given that many of the included trials do not
align with recent reporting standards for mechanistic and
efficacy trials''” and the trials lack a third no treatment
group that is required to estimate contextual effects,''®
the findings for this comparison remain inconclusive.
We found largely inconclusive evidence, indicating
negligible to small effects of exercise across knee, hip
and hand osteoarthritis compared with no treatment,
especially in larger and longer-term trials. Our effect
sizes were mostly similar to previous reviews.'? 7ATE 19 120
A recent individual participant data (IPD) meta-analysis'’
showed negligible effect sizes, which, however, align with
our sensitivity analyses restricted to larger trials. Never-
theless, heterogeneity remained high in most analyses
(wide 95% PIs), which has also been observed in another
review that reported PIs.'*' This suggests imbalance
in the distribution of effect modifiers across the trials,
which could be related to the ‘lumping’ of different exer-
cise interventions (eg, different types, modes of delivery
and doses), clinical populations (eg, different symptom-
atic severities) or trials with differing methodological
characteristics (eg, small vs very large trials). The limited
durability of exercise effects has also been reported in
other studies.’ ™ This may be explained by the fact that
most interventions were designed for short-term benefit
rather than long-term management of a chronic condi-
tion, by declining adherence to exercise over time or by
the natural fluctuating course of osteoarthritis, in which
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symptoms may return to baseline following temporary
improvement.'** Lastly, no treatment comparators inade-
quately control for contextual and specific effects, which
may overestimate and obscure the true effects of exer-
cise.” '

We found that exercise yields outcomes comparable
to conservative non-pharmacological treatments, phar-
macotherapy and arthroscopic surgery. However, this
evidence is mostly based on low to very-low certainty.
Due to the scarcity of primary evidence, few reviews
have yet summarised evidence on these comparators.
Two NMAs'** ' concluded that exercise is similar or
even superior to NSAIDs for knee osteoarthritis. They
included studies (k=2,"*" k=4'%), which we decided to
exclude as they did not adequately prescribe NSAIDs or
were in the non-English language. Considering the low
quality of these trials and the observed inconsistency
in the networks,124 125 the current evidence is uncer-
tain regarding this treatment contrast. Given the highly
controlled nature of pharmacological drug trials'*® and
that many patients with osteoarthritis use pain medica-
tion concurrently with exercise'®” '*® and they are typi-
cally prescribed on an as-needed basis,'® the feasibility
and validity of these (in-)direct comparisons can be ques-
tioned. Further, our work aligns with the conclusions
of existing reviews'™ ' that exercise is comparable to
arthroscopic surgery—which itself performs similarly to
placebo surgery—for degenerative knee conditions, with
our analysis being limited to patients with osteoarthritis
only.

We found low to moderate evidence that exercise is less
effective than knee osteotomy for medial compartment
and total joint replacement of the knee and hip in severe
osteoarthritis patients. THR tended to result in larger
effects and higher cross-over rates from non-surgical
to surgical group (77% after 2 years'™) compared with
replacement of the knee (32%'"), indicating a strong
rationale to opt for a joint replacement instead of
prolonged exercise therapy in the presence of severe
hip osteoarthritis. For knee osteoarthritis, however, cost-
effectiveness data support a prolonged non-surgical treat-
ment strategy with the option of later TKR."*

Implications for research

Given the stability of the mean estimates, but large
heterogeneity in the observed effects of exercise,
future research could focus on identifying subgroups of
patients that better respond to certain exercise types or
doses.”” ¥ This requires consistent reporting of poten-
tial effect modifiers, credible subgroup analyses and
sharing of IPD for meta-analysis. However, we also note
that the publication and inclusion of small studies has
led to distorted and heterogeneous effects, which are
considerably reduced when these are excluded. This
highlights the need for trialists and reviewers to direct
research resources on more meaningful questions,
informed by methodologically robust larger trials.'* '*’
Additionally, answering the causal question “is exercise

therapy effective?” requires a carefully designed control
condition that to date has been challenging to establish
due to the unclear mechanisms of action of exercise for
osteoarthritis symptoms.” Future pragmatic clinical trials
should focus on comparative effectiveness of exercise
and physical activity interventions (both against other
treatments and across different types/doses of exercise),
facilitating NMAs to identify the most effective treat-
ments for osteoarthritis. Lastly, future research should
evaluate the effects of exercise for less researched types
of osteoarthritis, its role in the early stages of the disease,
its effects on other disease-related outcomes (eg, cardio-
vascular and structural markers) and how the benefits of
exercise can be sustained in the long term.

Implications for practice

Our findings question the universal promotion of exer-
cise therapy as the sole focus in firstline treatment to
improve pain and physical function in all patients with
osteoarthritis. Given that exercise seemingly yields compa-
rable outcomes to many other treatments, doctors and
physiotherapists could decide based on the preferences
of patients, the possible harms of the treatment and their
own expertise. In this context, exercise may be preferable
due to its safety,'™ secondary health benefits'™ and lower
costs.'"” Further, we acknowledge that some patients may
consider exercise worthwhile even if expected effects
are small or absent, for example, to prevent worsening
of symptoms.141 However, exercise may not be pursued
for everyone, as patients with osteoarthritis often face
personal (eg, comorbidity) or social barriers (eg, lack
of access) that prevent them from adhering to regular
exercise. For instance, in patients with severe hip osteoar-
thritis, prolonged exercise therapy before joint replace-
ment is unlikely to alleviate symptoms enough to post-
pone the need for surgery.lOS

CONCLUSION

We found largely inconclusive evidence on exercise for
osteoarthritis, suggesting negligible or, at best, short-
lasting small effects on pain and function across different
types of osteoarthritis compared with placebo or no treat-
ment. These effects appear less pronounced in larger
and longer-term trials, questioning the universal promo-
tion of exercise and highlighting the need to revisit
research priorities. Varying certainty evidence indicates
that exercise yields outcomes comparable to common
non-pharmacological and pharmacological treatments
and arthroscopic surgery. Clinicians and patients should
engage in shared decision-making, weighing the worth-
whileness of exercise effects on pain and function along-
side secondary health benefits, safety, low-cost profile,
care stage and alternative treatment options. Low-to-
moderate certainty evidence also suggests that exercise is
less effective than knee osteotomy and total knee and hip
replacement in selected patients, with more pronounced
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effects for hip osteoarthritis, aiding informed decision-
making between patients and surgeons.
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