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Abstract

Purpose of review Exercise therapy is the first line treatment for patients with knee and
hip osteoarthritis (OA) but is consistently underutilized. In this review, we aim to provide
health care professionals with an overview of the latest evidence in the areas of exercise
therapy for OA, which can serve as a guide for incorporating the ideal exercise therapy
prescription in the overall management plan for their patients with OA.

Recent findings Evidence continues to be produced supporting the use of exercise therapy
for all patients with knee or hip OA. Ample evidence exists suggesting exercise therapy is a
safe form of treatment, for both joint structures and the patient overall. Several systematic
reviews show that exercise therapy is likely to improve patient outcomes, regardless of disease
severity or comorbidities. However, no single type of exercise therapy is superior to others.
Summary Health care practitioners and patients should be encouraged to incorporate exer-
cise therapy into treatment plans and can be assured of the safety profile and likelihood
of improvement in important patient outcomes. Since no single exercise therapy program
shows vastly superior benefit, patient preference and contextual factors should be central
to the shared decision-making process when selecting and individualising appropriate
exercise therapy prescriptions.
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Introduction

No cure for osteoarthritis (OA) is currently available.
Therefore, treatment is primarily aimed at symptomatic
control and reducing functional decline [1]. All major
international treatment guidelines recommend exer-
cise therapy as first line treatment for OA of the knee,
hip, and hand, [2-7] including the recently updated
guidelines from the National Institute for Health and
Care Excellence (United Kingdom) [8¢¢] and American
Academy of Orthopedic Surgeons [9¢¢]. This recom-
mendation is based on evidence from more than 80
randomized controlled trials (RCTs) performed over
the last 40 years [10].

Unfortunately, multiple international datasets show
that exercise therapy (and non-surgical/non-pharma-
cological treatments at large) remain an underutilized
management tool for most people with knee and hip
OA [11-16]. This may be due in part to beliefs amongst
clinicians that people with OA will ultimately require
a total joint replacement, despite most also acknowl-
edging exercise therapy is indicated for OA and is well-
supported by data [14] and some patients expressing
a need for exercise-based interventions [17]. It is also
common for patients to believe exercise will further
damage their joint and lead to increased pain, therefore
resulting in preferences for other treatment approaches

that could replace lost or damaged articular cartilage
[18]. Finally, system level barriers such as absent or
inadequately funded programs and complex referral
mechanisms also limit the usage of exercise interven-
tions [19].

The objective of this narrative review is to provide
health care professionals with an overview of the lat-
est evidence in the areas of commonly asked ques-
tions about exercise therapy and OA, which can serve
as a guide for incorporating the ideal exercise therapy
prescription in the overall management plan for their
patients with OA. In this article, we focus on knee and
hip OA, two of the most prevalent and disabling condi-
tions globally [20] and where the majority of clinical
OA research has been conducted [21]. We first present
the evidence for exercise therapy as a core treatment
for knee and hip OA, considering both the safety pro-
file and clinical effectiveness. Next, we review which
patients may benefit most (and which may not) from
exercise therapy. Furthermore, we discuss how exercise
therapy can impart benefits beyond OA and provide
suggestions for how to self-manage OA long term, and
finally, we highlight several OA exercise therapy pro-
grams offered around the world.

Is Exercise Therapy Safe for the Joint?

The knee joint includes several structures (e.g., menisci and ligaments) that
can be affected by OA, with loss of articular cartilage being the hallmark of
OA. It is a connective tissue that covers bone ends in the joints and provides
lubrication of the meeting surfaces, allowing the transmission of loads with
a low frictional coefficient [22]. The impact of exercise therapy specifically on
knee joint articular cartilage, in people at risk of, or with knee OA has been
summarised by two systematic reviews [23¢, 24¢]. The first systematic review
focused on the impact of exercise therapy on articular cartilage assessed with
MRI [23°¢] and the second focused on molecular biomarkers assessed via
urine, blood and plasma samples [24¢].

The first systematic review included nine RCTs including people who per-
formed therapeutic exercise 1-5 times per week for 12-48 weeks. Articular
cartilage assessed via MRI showed no harmful impact of exercise therapy
on cartilage morphometry (i.e., thickness and volume), morphology (i.e.,
cartilage defects) and composition (i.e., glycosaminoglycans and collagen)
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[23¢]. The second systematic review included 12 RCTs including people who
performed aerobic or strength-based exercise therapy, or a combination of
both, 2-5 times a week for 4-24 weeks. The findings of this systematic review
showed that therapeutic exercise did not trigger inflammatory reactions (e.g.,
C-reactive protein and IL-6) nor increased the concentration of molecular
biomarkers implicated in cartilage turnover (e.g., type II collagen carboxy pro-
peptide and cartilage oligomeric matrix protein) [24¢]. Additionally, another
systematic review investigating the long-term effect of exercise therapy on
other knee joint structures showed similar results [25]. No harmful effects on
radiographic severity, cartilage morphology, or synovitis and effusion were
found, but a slight increase in the likelihood of bone marrow lesion severity
was observed [25].

Altogether, these systematic reviews highlight that beliefs about exercise
therapy being harmful for articular cartilage and other knee joint structures
are not supported by the available scientific evidence. People with OA must
be reassured that exercise therapy seems not harmful to their knee joint.
However, it is important to consider that the quality of the evidence in these
systematic reviews were deemed low, suggesting that future trials may change
the confidence we have in these results. Unfortunately, evidence about the
impact of exercise therapy on hip OA are lacking.

Is Exercise Therapy Safe for the Patient?

Exercise therapy is a relatively safe intervention for many chronic conditions,
as exercise therapy does not increase the risk of serious adverse events (e.g.,
hospitalization) but slightly increases the risk of non-serious adverse events
(e.g., pain flares or muscle soreness which resolved without any additional
treatment) [26]. This also applies to people with knee and hip OA. A 2015
systematic review of studies assessing exercise and physical activity interven-
tions for people with knee OA/pain found no evidence of an increased risk
of serious adverse events [27]. Likewise, moderate adverse events (i.e., signifi-
cant enough to warrant a change in therapy) and minor adverse events (i.e.,
bothersome but not requiring a change in therapy) occurred in 0 to 6% and
0 to 22% of participants, respectively [27]. This finding of low numbers of
adverse events were reinforced in two recent reviews of harms from exercise
therapy for knee OA [28] and hip OA [29]. However, it is important to note
that all three reviews call for improved reporting of adverse events in exercise
therapy trials and there is need to investigate the safety of these interventions
in different groups of patients with knee or hip OA, such as in those with
comorbidity.

In addition to adverse events, patients often worry that exercise therapy
(or physical activity in general) will cause progression or worsening of their
OA [18]. As discussed above, exercise therapy seems not to have a detri-
mental effect on articular cartilage, but older studies have found conflict-
ing evidence on the relationship between exercise therapy and risk of joint
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arthroplasty [30-36]. A recent study from the Osteoarthritis Initiative—a large
prospective cohort study in the United States—investigating the association
between walking (the most common form of exercise for patients with OA)
and knee replacement in those with advanced disease found no increased
risk of replacement surgery over 5 years [37]. Evidence of a protective effect
against joint replacement was found with increased walking intensity (e.g.
37% reduction in risk of surgery when replacing 10 min per day of light
walking with moderating walking intensity) [37]. Another analysis from the
Osteoarthritis Initiative found those who walk for exercise are less likely to
report new frequent knee pain (40% decreased odds) and medial joint space
narrowing progression (20% decreased odds) [38]. Similar results were found
in a large cohort study investigating the association between running or walk-
ing and total hip replacement [39] and a recent review found no evidence
of worse imaging or clinical OA signs in elderly runners compared to non-
runners [40]. Overall, clinicians can be confident when advising patients that
exercise-based interventions have a high safety profile.

Is Exercise Therapy an Effective Treatment?

Several systematic reviews of randomized controlled trials have shown benefit
for a variety of exercise therapy interventions, including strengthening, aero-
bic, and neuromuscular approaches for managing symptomatic hip and knee
OA [41-46]. For example, in knee OA, a Cochrane systematic review includ-
ing 54 individual RCTs reported small-to-moderate effect sizes of land-based
exercise on pain (standardized mean difference (SMD) 0.49 [95% CI 0.39
to 0.59]), physical function (SMD 0.52 [95% CI 0.39 to 0.64]), and qual-
ity of life (SMD 0.28 [95% CI 0.15 to 0.40]) at end of treatment compared
to non-exercise controls [43]. However, these effects were not sustained at
medium-term (i.e., 2-6 months) or long-term (i.e., 6 months) follow-up. In
hip OA, a Cochrane systematic review including 5 individual RCTs reported
small-to-moderate effects on pain (SMD 0.30 [95% CI 0.10 to 0.49]) and
physical function (SMD 0.35 [95% CI 0.13 to 0.57]) at end of treatment
compared to non-exercise controls, and this effect was sustained for at least
2 to 6 months [42].

As highlighted above, there is an abundance of studies on exercise therapy
for knee OA compared to hip OA, and the conclusion that exercise therapy
is effective for managing knee OA symptoms is supported by sequential and
cumulative meta-analyses suggesting that further trials are unlikely to over-
turn these results [41, 45]. However, as most RCTs have compared exercise to
no-treatment controls [47¢¢], the impact of placebo, contextual factors, and
regression to the mean on effect estimates remains largely unknown. Con-
sequently, comparative effectiveness trials have tested exercise against other
clinically relevant treatments, including patient education and analgesics. A
recent trial comparing exercise to a comprehensive attention control interven-
tion (group-based educational sessions) found no significant difference in
effects between interventions [48¢]. This partly agrees with the findings from a
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systematic review by Goff et al. [49] showing that patient education is inferior
to exercise in the short term (< 6 months) but produces similar medium-term
(6 to< 12 months) and long-term (> 12 months) effects on pain. Despite
oral paracetamol and non-steroidal anti-inflammatory drugs being the most
commonly prescribed analgesics for management of OA symptoms, recent
systematic reviews concluded that exercise produces either similar or signifi-
cantly better effects on pain and function in patients with hip and knee OA
[50e, 51°].

When tested against placebo interventions, exercise therapy may produce
significantly larger reductions in pain but no difference in effect on physical
function [52]. Contrarily, a recent trial comparing an exercise therapy and
education intervention to intra-articular saline injections found no differences
in effects on pain, physical function, or quality of life between interventions
immediately after treatment [53¢] or at 1-year follow-up [54]. However, as the
placebo interventions were conceptually different from the active interven-
tions, interpretation of effect estimates remains difficult. The importance of
considering the type of comparator intervention when interpreting the effect
of exercise for knee OA was recently demonstrated by Pedersen et al., [47¢¢]
showing that the effect of exercise for symptomatic knee OA varies signifi-
cantly depending on the type of intervention applied in comparator groups,
with large effects of exercise therapy compared to passive modalities and no-
treatment controls, but a small effect of exercise therapy when compared to
patient education/self-management. Finally, a recent network meta-analysis
comparing all treatments for knee, hip, and hand OA concluded that exercise
may be slightly more effective than no-intervention control and diet/weight
loss for hip and knee OA, although there is only low-to-moderate confidence
in these estimates [55°].

Which Patients do and do not Benefit from Exercise?

Although systematic reviews suggest, on average, small-to-moderate effects
on pain, physical function, and quality of life, several studies have shown
marked differences in individual patients’ treatment response [54, 56, 57].
However, recent efforts to identify potential treatment response moderators
(i-e., characteristics that might impact patient response) of the effect of exer-
cise therapy for knee OA have produced inconclusive or conflicting results.
Few studies have attempted to identify moderators of the effect of exercise
therapy for hip OA.

In a systematic review of moderators of the effects of exercise therapy
for people with knee or hip OA, knee varus malalignment was identified
as a moderator of the effect of exercise therapy on pain compared to a
no-exercise control in people with knee OA, suggesting superiority of the
exercise intervention in reducing pain compared to no-exercise control
for people with neutral alignment but not in those with a varus mala-
lignment [58]. Neither obesity, anxiety & depression, cardiac problems,
diabetes, respiratory conditions, pain elsewhere, presence of comorbidity,
number of comorbidities, or exercise confidence & beliefs moderated the
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pain treatment response, and none of the included variables moderated
physical function treatment response [58]. A meta-analysis of individual
participant RCT data suggested that knee and hip OA patients with higher
baseline pain and physical function limitations may respond slightly better
to exercise therapy compared to no-exercise controls [59°¢].

In a secondary analysis of an RCT comparing exercise therapy and
patient education to intra-articular saline injections in people with knee
OA, better treatment responses immediately after treatment (favoring the
exercise interventions) were observed in participants who used analgesics
compared to those who did not and for participants with constant knee
pain at baseline [60]. Neither BMI, presence of a swollen knee, bilateral
radiographic tibiofemoral OA, radiographic disease severity, activity level
as a young adult, sex, age, treatment preference, or intermittent knee pain
significantly moderated the treatment response [60]. Only those using
analgesics had greater benefit at 1-year follow-up [54]. A register-based
cohort study from the same patient education and exercise therapy program
included 51 patient characteristics as potential predictors of individual
changes in knee pain intensity, but were unable to identify any relevant pre-
dictors [61]. Similarly, multiple meta-regression analyses have been unable
to identify any patient-level covariates impacting effect sizes of exercise
therapy for knee OA [47¢¢, 62]. However, a recent qualitative investigation,
despite finding multiple shared characteristics between responders and
non-responders, did find that non-responders perceived that high body
weight, other health conditions, and life stressors that impacted exercise
adherence contributed to a lack of response with exercise therapy [63].

Is there a Best Exercise Therapy for OA?

There is no single best exercise therapy prescription for knee or hip OA, in
terms of specific exercise movement or technique, intensity level, or deliv-
ery method. While it might be attractive to have a single optimal exercise
type, the available evidence highlights that the different types have com-
parable safety and effectiveness. Three systematic reviews have all found
that no specific type of exercise (e.g., aerobic, strengthening, flexibility) is
significantly superior for people with knee or hip OA [41, 62, 64]. Interest-
ingly, mixed exercise programs (containing two different types of exercise)
appear to be less effective than single-type programs, but the reasons for
this are unclear [62, 64]. Aquatic exercise, another option for people with
knee and hip OA, has been shown in multiple reviews to have similar
effects when compared to land-based exercise [65-67].

Exercise intensity level or dose also does not seem to alter effectiveness.
A 2015 Cochrane review found no difference in high- versus low-intensity
exercise on pain or physical in the short- and long-term in people with knee
or hip OA [68], and a 2017 review found exercise therapies designed accord-
ing to the American College of Sports Medicine (ACSM) criteria for strength
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training are no more beneficial for knee pain or disability [69]. Conversely, a
different 2017 review did find that ACSM compliant exercise programs were
more effective for pain in people with hip OA, but not physical function
[70]. Three recent reviews in people with knee OA have found no difference
between high-intensity and low-intensity strength training on pain, function,
and quality of life [71] and no benefit of ACSM compliant exercise therapies
on pain or function [47¢°, 72]. Moreover, two recent trials in people with
knee OA both found no benefit for high-intensity strength training over low-
intensity training on pain or function [48¢, 73], a third trial found no benefit
when randomizing patients awaiting knee replacement to 2, 4 or 6 strength
training sessions per week [74], and a fourth trial found no benefit when
stratifying patients to high- or low-intensity exercise therapy (based on base-
line muscle strength) compared to a usual exercise program [75]. These new
trials raise further doubts about the benefits of increased exercise intensity
levels or dose, especially for people with knee OA.

Remotely delivered exercise therapy programs are gaining popularity, espe-
cially since the beginning of the COVID-19 pandemic. These exercise pro-
grams can be delivered via web or mobile applications, virtual and telehealth
appointments, or in hybrid models. Remote delivery of exercise programs
appears to have a similar effect on patient outcomes [76]. For example, in
a large trial of Australian patients with knee OA and high body mass index
(28 to 40 kg/m?), a telehealth exercise program and telehealth exercise and
dietary intervention program both improved pain and function compared to
usual care [77]. Likewise, a self-directed web-based strengthening program
with automated behaviour-change text messages intervention improved pain
and function compared to only information available on the web-based plat-
form [78]. Despite some preconceived notions that exercise programs need
to be delivered in-person, clinicians and patients report positive experiences
with remote and hybrid delivery, although some do prefer more traditional
methods of delivery [79, 80]. However, a review of mobile applications for
chronic condition self-management, including exercise therapy, found apps
for OA were the lowest quality and had the least potential for behaviour
change when compared to other chronic conditions such as diabetes [81].

The exercise therapy interventions discussed above usually last 6 to
12 weeks. Therefore, the benefits gained from such interventions may dim-
mish over time, often due to the inability of the patient to continue exercis-
ing in the long-term. Therefore, educating patients about OA and how to
self-manage the symptoms caused by OA is also a cornerstone for managing
the condition [82]. The goal of self-management support is to teach problem
solving skills related for their conditions in everyday life. This includes the
ability to increase (or maintain) physical activity and continue exercising in
the long-term. Although evidence for helping people self-manage in the long
term is limited, the Behaviour Change Techniques ‘behavioural contract’,
‘non-specific reward’, ‘patient-led goal setting’ (behaviour), ‘self-monitoring
of behaviour’, and ‘social support (unspecified) seems to be the most prom-
ising to promote physical activity in people with OA (Table 1) [83]. Mobile
applications and other technologies may help support these efforts [84, 85].
However, a systematic review found that apps for OA have lower quality and
potential for behaviour change compared to other chronic conditions [81].
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Ongoing RCTs will improve understanding on the use of mobile applications
in the management of OA [86].

Are the Benefits of Exercise Therapy Greater than just for 0A?
]

Exercise therapy is a key treatment for 26 chronic conditions, including OA
[87]. It has anti-inflammatory effects at cellular, tissue and organ levels and
positive social, physical and physiological effects such as increases in mus-
cle strength, improved blood pressure regulation and insulin sensitivity [88,
89]. This highlights that exercise therapy has an overall positive effect for the
whole person and why exercise therapy seems to benefit people with sev-
eral chronic conditions [90]. Two thirds of individuals with knee or hip OA
live with an additional comorbidity, with common comorbidities including
cardiovascular and pulmonary diseases, diabetes, and depression [91]. This
exacerbates pain and disability compared to those without comorbidities
[92]. RCTs and observational studies suggest that exercise therapy improves
health outcomes in people with OA and comorbidities [90, 93-96]. As an
example, people with OA and type 2 diabetes mellitus improved to the same
extent as people with OA and heart failure [94]. Additionally, despite people
with OA and comorbidity having worse physical and mental health at base-
line compared to people with only OA, similar levels of improvement after
an exercise therapy intervention are attained [93]. These results suggest that
exercise therapy may be a valid treatment option regardless of the comorbid-
ity a person with OA experiences. Furthermore, exercise therapy can impart
benefits beyond just knee and hip OA symptoms and impairments, includ-
ing improvement in people’s mental, social and cardiovascular health [97].

Table 1. Strategies associated with increasing exercise/physical activity in OA randomized controlled trials

Strategy (Behavior change Example

technique)

Goal setting
Behavioural contract

Self-monitoring of behaviour
Unspecified social support

Non-specific reward

Agree on attending 2 sessions of exercise therapy/weekly with the person and reach
agreement about the goal

Sign a contract with the person e.g., specifying that they will attend the exercise therapy
sessions as planned

Give patient a pedometer and a form for recording daily total number of steps

Advise the person to call a ‘buddy’ when they do not feel to have the motivation to
attend the exercise therapy sessions

A reward was given to the patient if PA goals were met
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What Exercise Therapy Programs Exist?

There are many OA management programs that include exercise therapy avail-
able around the world. Through the Arthritis Foundation (United States),
patients can join the Walk with Ease program; a six week low-cost walking
program aimed at making physical activity part of everyday life (https://www.
arthritis.org/health-wellness/healthy-living/physical-activity/walking/walk-with-
ease). Patients can complete the self-guided program on their own by follow-
ing the guidebook or can join the group-based community walking program
(where available). Both the self-directed and group-based options reduce arthri-
tis pain and disability [98]. Also available from the Arthritis Foundation (in
select communities across the country) are group-based exercise and aquatic
exercise programs.

In Sweden, the Better Management of Patients with Osteoarthritis (BOA)
program is a self-management education program with an optional exercise
component [99]. The vast majority of patients choose to participate in the exer-
cise component and outcomes show significant reductions in symptoms [100].
Another global program originating in Scandinavia, Good Life with osteoAr-
thritis in Denmark (GLA:D®), is now offered in Australia, New Zealand, China,
Switzerland, Austria, Germany, the Netherlands, Ireland, and Canada [101].
GLA:D® is a group-based, but individualised program consisting of two patient
education sessions and six weeks of neuromuscular exercise [102]. Clinical
outcomes across countries have shown that patients have improved pain and
function and use less pain medications (including opioids) after participating
in GLA:D® [103-105].

There are also a number of remote/digital programs available that can
improve access to exercise therapy for OA, especially during times of reduced
in-person care like the COVID-19 pandemic or where geographical barriers exist.
The Osteoarthritis Research Society International recently produced a reposi-
tory of OA management programs including personalized exercise therapy (in
combination with education and/or weight loss) that can be delivered in-person
or remotely (https://www.keele.ac.uk/iau/oamps/) [106]. For example, the Ena-
bling Self-Management and Coping with Arthritic Pain using Exercise (ESCAPE
Pain; https://escape-pain.org/) [107, 108] in the United Kingdom and the Joint
Academy program (based on the BOA program) in Sweden and the United
States (https://www.jointacademy.com/us/en/) [109] offer structured exercise
programs delivered via online applications. The Physiotherapy Exercise and
Physical Activity for Knee Osteoarthritis (PEAK) program in Australia (https://
healthsciences.unimelb.edu.au/departments/physiotherapy/chesm/clinician-
resources/peak-training) includes five video consultations to support an edu-
cation and exercise plan [110]. Freely available web-based resources like OA
Optimism (https://www.oaoptimism.com/) also offer customizable exercise
programs.
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Conclusion

Exercise therapy should be considered a foundational aspect of treatment
plans for all individuals with knee and hip OA. Both clinicians and patients
can be assured of the safety profile of exercise therapy for both joint structures
and clinical symptoms. Only a minority of patients experience minor and
temporary increases in pain and emphasis should be made that increases in
pain do not equate to serious harm or worsening OA. Likewise, ample trial
evidence suggests that exercise therapy improves important outcomes like
pain and function, regardless of patient characteristics like disease severity
and the presence of other medical comorbidities.

While we have provided a summary of several aspects of exercise therapy
prescription, we wish to stress that patient preference and contextual factors
should be central to the selection of specific exercise therapy interventions.
Not only is patient autonomy integral to patient-centred care and shared
decision-making, but since there is no evidence for superiority of certain types
of exercise or specific exercise therapy programs, clinicians should encourage
the selection of exercise therapy interventions that are most preferable to the
patient. Wider considerations like social determinants [111] and the built
environment [112] are often an important aspect of management plans and
should factor into exercise selection, such that the patient is able to select
exercise therapy options that are enjoyable and feasible for their personal
situation. Numerous available, and ever-increasing, digital and remote deliv-
ery options may help overcome barriers to exercise like geographic access
and resource availability. We regard this more holistic approach to exercise
therapy prescription to be of greater importance than any minute differences
that might exist between different types of exercise therapy.
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