
A

s
r
C
a
p
d
c
u
b
a
c
h
©

K

C

A

1
d

Available online at www.sciencedirect.com

Journal of Science and Medicine in Sport 14 (2011) 4–9

Review

A review of the clinical evidence for exercise in
osteoarthritis of the hip and knee�

Kim L. Bennell ∗, Rana S. Hinman
Centre for Health Exercise and Sports Medicine, Department of Physiotherapy, The University of Melbourne, Australia

Received 1 July 2010; received in revised form 3 August 2010; accepted 6 August 2010

bstract

Osteoarthritis (OA) is a chronic joint disease with the hip and knee being commonly affected lower limb sites. Osteoarthritis causes pain,
tiffness, swelling, joint instability and muscle weakness, all of which can lead to impaired physical function and reduced quality of life. This
eview of evidence provides recommendations for exercise prescription in those with hip or knee OA. A narrative review was performed.
onservative non-pharmacological strategies, particularly exercise, are recommended by all clinical guidelines for the management of OA
nd meta-analyses support these exercise recommendations. Aerobic, strengthening, aquatic and Tai chi exercise are beneficial for improving
ain and function in people with OA with benefits seen across the range of disease severities. The optimal exercise dosage is yet to be
etermined and an individualized approach to exercise prescription is required based on an assessment of impairments, patient preference,
o-morbidities and accessibility. Maximising adherence is a key element dictating success of exercise therapy. This can be enhanced by the
se of supervised exercise sessions (possibly in class format) in the initial exercise period followed by home exercises. Bringing patients
ack for intermittent consultations with the exercise practitioner, or attendance at “refresher” group exercise classes may also assist long-term

dherence and improved patient outcomes. Few studies have evaluated the effects of exercise on structural disease progression and there is
urrently no evidence to show that exercise can be disease modifying. Exercise plays an important role in managing symptoms in those with
ip and knee OA.

2010 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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. Background

This paper provides an overview of appropriate exercise

ntervention for the special needs of people with osteoarthri-
is (OA) of the hip or knee. It is beyond the scope of this
aper to discuss exercise prescription for the prevention of
A or following joint replacement surgery. Instead, it will
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ocus on exercise for the management of symptoms in those
ith established hip and knee OA and briefly mention the lim-

ted research into the effects of exercise on structural disease
rogression.

Osteoarthritis is a chronic localized joint disease and a
eading cause of musculoskeletal pain and disability. In 2007,
.8% of Australians had OA1 and this is projected to increase
o 11% by 2050 due to population ageing and rising obesity
ates. The knees, followed by the hips, are the most commonly
ffected weight-bearing joints.

The OA disease process involves the whole joint includ-
ng cartilage, bone, ligament and muscle with changes such as
oint space narrowing, bony osteophytes and sclerosis seen
n X-ray. Risk factors are multifactorial and include older
ge, female gender, obesity (particularly in knee OA), previ-
us joint injury, genetics and muscle weakness. Pain is the
ominant symptom although it is important to note that the
everity of pain and the extent of changes on X-ray are not
ell correlated. Pain together with joint stiffness, instability,

welling and muscle weakness leads to physical and psy-
hological disability and impaired quality of life. Individuals
ith hip or knee OA have difficulty with activities of daily

iving, such as walking, stair-climbing and housekeeping.
urthermore people with OA commonly have a number of
o-existing obesity-related disorders such as heart disease,
ypertension and diabetes2 and the majority of people with
A do not achieve recommended levels of moderate physical
ctivity.3

There is currently no cure for OA and treatment options
ay be non-pharmacological, pharmacological or surgi-

al. Total knee or hip joint replacement is common for
dvanced disease. Clinical guidelines advocate conservative
on-pharmacological strategies, including exercise, given
heir ease of application, small number of potential adverse
ffects, and relatively low costs.4,5

. Role of exercise in treatment of hip and knee
steoarthritis

Given the large body of evidence demonstrating the ben-
ficial clinical effects of exercise in people with lower limb
A varying in severity from mild to severe, exercise therapy

s regarded as the corner-stone of conservative management
or the disease.3–5 The main goals of exercise in this patient
roup are to reduce pain, improve physical function and
ptimize participation in social, domestic, occupational and
ecreational pursuits 5. Regular exercise can improve phys-
ological impairments associated with OA including muscle
trength, joint range of motion, proprioception, balance and
ardiovascular fitness.6–9 Other potential benefits of exercise
or this patient group include improvements in mobility, falls

isk, body weight, psychological state and metabolic abnor-
alities. Exercise therapy for people with lower limb OA
ay take many forms however given the significant impact

f muscle weakness on pain and function in OA,10 muscle
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trengthening is a key component of most exercise regimes
or knee and hip OA.

Land-based exercise has been consistently shown to
educe knee pain and improve physical function in people
ith knee OA.11 A recent Cochrane Review identified 32

linical trials investigating land-based therapeutic exercise
or knee OA.12 A wide range of therapeutic exercise programs
ere assessed, including those delivered individually to the
atient, class-based programs and exercises designed to be
ndertaken by the patient at home. Treatment content varied
rom the relatively simple (e.g. quadriceps muscle strength-
ning, aerobic walking programs) through to very complex
e.g. including manual therapy, upper limb and/or truncal
uscle strengthening and balance coordination in addition to

ower limb muscle strengthening). A meta-analysis showed
oderate treatment benefits with effect sizes of 0.40 (95%
I 0.30–0.50) for pain and 0.37 (95% CI 0.25–0.49) for
hysical function.12 These effect sizes are similar to those
ffects achieved from simple analgesia and non-steroidal
nti-inflammatory drugs but with much fewer side effects.11

Systematic reviews have evaluated specifically the effi-
acy of strengthening13,14 and aerobic exercise13 in people
ith OA at any joint (but predominantly knee). Clinical trials
f strengthening exercise have spanned isometric, isotonic,
sokinetic, concentric, concentric/eccentric and dynamic
odalities. Strengthening improves strength, pain and phys-

cal function although the effects on quality of life and
epression are yet to be confirmed. There appears to be
o evidence that the type of strengthening exercise influ-
nces outcome.13 Regarding aerobic exercise, 12 trials were
dentified.13 Results indicated that aerobic exercise bene-
ts pain, joint tenderness, functional status and respiratory
apacity.

In contrast to knee OA, there is much less research into
he role of exercise in hip OA. A recent Cochrane Review
f land-based exercise for hip OA could only identify five
linical trials for inclusion.15 The authors demonstrated a
mall treatment effect for pain, but no benefit regarding self-
eported physical function. These findings are consistent with
hose of another recent systematic review where the authors
oncluded that there was insufficient evidence to suggest that
xercise therapy alone can be an effective short-term man-
gement approach for reducing pain levels and improving
unction, and quality of life in people with hip OA.16 These
eviews conflict with another meta-analysis that included
ater-based programs to evaluate the efficacy of all types of

xercise for hip OA.17 The review concluded that therapeutic
xercise, especially that incorporating specialized supervised
xercise training and an element of strengthening, is an effi-
acious treatment for hip OA.

Although hydrotherapy is frequently advocated for
atients with OA, relatively little robust research has been

onducted in this area compared to land-based exercise. A
ochrane Review evaluating the effectiveness and safety of
quatic-exercise interventions for knee and hip OA identified
nly six trials for inclusion.18 When all patients with knee
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Table 1
Summary of evidence-based recommendations for exercise in knee and hip
OA based on Roddy et al.26.

Proposition

Both strengthening and aerobic exercise can reduce pain and
improve function and health status

There are few contraindications to prescription of exercise
Prescription of both general (aerobic fitness training) and local

(strengthening) exercises is recommended
Exercise therapy should be individualized and patient-centred

taking into account factors such as age, co-morbidity and overall
mobility

To be effective, exercise programs should include advice and
education to promote a positive lifestyle change with an increase
in physical activity

Group exercise and home exercise are equally effective and patient
preference should be considered

Adherence is the principle predictor of long-term outcome from
exercise

Strategies to improve and maintain adherence should be adopted
E
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nd hip OA were combined, there was a small-to-moderate
ffect on function and a small-to-moderate effect on quality
f life. No effect of aquatic exercise was observed regarding
alking ability or joint range of motion. Aquatic exercise

s an option for exercise prescription in patients with OA
ut access to appropriate facilities and patient willingness to
ndertake water exercise need to be considered.

Tai Chi is a popular exercise intervention in older people
specially those with OA due to its use of slow gen-
le movement, weight shifting, functional strengthening in
eight-bearing postures and deep regulated breathing tech-
iques. Studies show that Tai Chi is beneficial for pain,
unction, balance, flexibility and aerobic capacity in patients
ith chronic conditions including OA19,20 although the
ethodological quality of research is generally less than that

f studies of strength and aerobic training.
A limited number of clinical trials have directly evalu-

ted the effect of exercise on structural disease progression
n people with established OA, all at the knee4,21,22 and with
nly one study including disease progression as the primary
utcome.22 In this 30-month clinical trial, strength training
ith an emphasis on quadriceps and hamstrings strengthen-

ng was compared to range of motion exercises as a control.
here was no significant difference in X-ray changes between

he groups. Other clinical trials have also failed to find reduc-
ions in the knee adduction moment, a measure of knee
oad and a predictor of structural disease progression,23 with
uadriceps24 and hip abductor25 strengthening in people with
nee OA. Thus, while exercise can reduce symptoms, there
s currently no evidence to suggest that exercise can also
nfluence structural disease and thus be disease modifying.

. Exercise prescription – boundaries of evidence

There are a number of areas where evidence is limited
r research has not been undertaken. Relative to knee OA,
here is far less research on exercise for hip OA and find-
ngs from studies involving patients with knee OA cannot
ecessarily be directly extrapolated to the hip given differ-
nces in biomechanics, impairments, rapidity of progression
nd risk factors. Therefore, while current international treat-
ent guidelines recommend therapeutic exercise for people
ith symptomatic hip OA,26,27 these recommendations are
ased largely on expert opinion. From a clinical perspec-
ive, the optimal exercise modality and dosage for OA is
urrently not known, as very few studies have compared
egimes on the basis of exercise modality, intensity, duration
nd/or frequency. In clinical practice, exercise is often deliv-
red in combination with other treatment modalities (such as
rugs or physiotherapy) for patients with OA. Most research
as tended to evaluate exercise therapy in isolation and fur-

her research is needed to evaluate the effects of exercise for
A when delivered as part of an overall treatment package.
or example, exercise combined with weight loss appears to
e more effective than either intervention alone.4 There are

e
o
m
p

ffectiveness of exercise is independent of presence or severity of
X-ray findings

ome types of exercise used in the treatment of OA that need
ore large-scale rigorous clinical trials before their efficacy

an be fully evaluated. These include aquatic exercise, bal-
nce programs, Tai Chi and neuromotor retraining programs.
inally, whilst some studies have evaluated effects of exercise
n depressive symptoms, self-efficacy, quality of life, need
or joint replacement, and use of analgesic medications these
ave been insufficiently studied across the range of exercise
odalities used in people with OA.

. Exercise prescription – recommendations

Recommendations for exercise prescription in those with
ip or knee OA have been developed by Roddy et al.26

nd are summarized in Table 1. Essentially exercise ther-
py should be individualized and patient-centred taking into
ccount factors such as patient age, mobility, co-morbidities
nd preferences. An assessment of specific impairments such
s strength, range of motion, aerobic fitness and balance is
eeded to determine the most appropriate exercise regime.

Type of exercise. There are relatively few direct head-to-
ead comparisons of different exercise modalities in people
ith OA. Based on the few well-designed clinical trials that

xist,4,28 evidence suggests that there is no clear benefit of
ne form of exercise type over another for improving pain and
unction in OA. For example, walking and strength training
ere equally effective over 18 months in a large study of peo-
le with knee OA.4 However, effect sizes from meta-analyses
or pain and function appear to be higher for land-based
xercise than for aquatic exercise and higher for aerobic

xercise than for strengthening exercise.11 Obese patients
r those with severe disease may find aquatic exercise that
inimizes joint load useful particularly in the initial phase

rior to commencing land-based exercise. Similarly, seated
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Table 2
General guidelines for training parameters in people with OA pain, as developed by the American Geriatrics Society.30

Exercise type Intensity Volume Frequency

Flexibility: static stretching initially Stretch to subjective sensation of resistance 1 stretch/muscle group; hold 5–15 s Once daily
Flexibility: longer term goal Stretch to full range of motion 3–5 stretches/muscle group; hold 20–30 s 3–5/week
Strengthening: isometric Low-moderate: 40–60% MVC 1–10 submax contractions/muscle group; hold 1–6 s Daily

Strengthening: isotonic Low: 40% 1 RM 10–15 reps 2–3/week
Mod: 40–60% 1 RM 8–10 reps
High: >60% 1 RM 6–8 reps

Aerobic Low–mod: 40–60% of VO2 max/HRmax Accumulation of 20–30 min/day 2–5/week

1 RPE = r
V
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RPE: 12–14 = 60–65% VO2 max

RM = one repetition maximum; MVC = maximal voluntary contraction;
O2 max = maximal aerobic capacity.

trength training, even at high intensity, may be more tolera-
le than weight-bearing aerobic exercise in these patients. In
verweight patients undergoing dietary-induced weight loss,
trength training is important to minimize loss of lean muscle
ass that would otherwise exacerbate muscle weakness.29

For the majority of people with OA, a combination of
oth general (aerobic fitness training) and local (strength-
ning) exercises is optimal to address the spectrum of
mpairments associated with OA.26 However, this may not
ecessarily be practical and the choice of one type over
nother will be based on an assessment of the individual
atient. Furthermore, whether to use weight-bearing exer-
ise or non-weight-bearing exercise should be based on
ndividual assessment as currently the evidence shows that
oth are equally effective.12 For strengthening exercise, the
uadriceps, hip abductors, hip extensors, hamstrings and calf
uscles are important for function and should be particularly

argeted. The type of aerobic exercise can be varied and may
nclude activities such as walking, cycling or seated stepper
epending on which is most comfortable and achievable for
he patient. Other forms of exercise such as stretching, range
f motion and balance may be incorporated to achieve specific
oals based on individual patient assessment. High impact
xercise should be avoided given the potentially deleterious
ffects of high joint load as shown in animal studies.30,31

Mode of delivery. Exercise may be delivered via individual
reatments, supervised group classes or performed unsuper-
ised at home. Advantages of group-based exercise programs
nclude the social interaction for participants and the abil-
ty to minimize resources and cost compared to personal
rainer/therapy session. Disadvantages include greater dif-
culty in tailoring exercise to individuals and the need to
ttend a specific location at a set time. Home exercise entails
ittle financial outlay and provides greater flexibility regard-
ng timing of the exercise session. However, there is a lack of
uitable equipment and a lack of supervision that may hinder
rogression to more challenging exercise regimens and pose
afety concerns.
It appears that all three modes of exercise delivery
re effective in reducing symptoms.12 However, practi-
ioner supervision may improve outcomes. One study found
hat supplementing a home-based exercise program with

I
e

e

ating of perceived exertion; HRmax = age-predicted heart rate maximum;

physiotherapist-supervised group exercise program for 8
eeks led to significantly greater improvements in locomo-

or function and walking pain at 12 months.32 The number
f directly supervised exercise sessions can also influence
reatment effect sizes. In a recent meta-analysis, studies
valuating exercise programs with less than 12 direct supervi-
ion occasions demonstrated small treatment effects whereas
hose with more than 12 direct supervision occasions demon-
trated moderate treatment effects.12 One mode of exercise
elivery that has been shown to be ineffective is a “minimal-
st” approach whereby patients are simply given a pamphlet
r audiovisual material outlining a standardised exercise
rogram.33 Therefore it appears that optimal improvements
n symptoms and function may be achieved through the use
f both individualized and group exercise treatment sessions
hat are supervised by an exercise practitioner followed by
home program. Newer remote delivery technologies such

s Internet and mobile phones are available but their specific
pplicability to this older patient group requires evaluation.

Dosage. The frequency, duration and intensity of the exer-
ise program may affect clinical outcomes, although as stated
hese have not been well studied in people with OA. Specific
uidelines for strengthening, aerobic exercise and flexibility
n people with OA have been devised by the American Geri-
trics Society34 (Table 2). The dosages in these guidelines are
omewhat less than current consensus recommendations by
he American College of Sports Medicine and the American
eart Association for healthy older adults.35 With regards to

erobic exercise, these recommend that if older adults cannot
o up to 150 min of moderate-intensity aerobic activity per
eek because of chronic conditions such as OA, they should
e as physically active as their abilities and conditions allow.

If obesity is an issue, then accumulating greater volumes
f weekly exercise is desirable. Weight loss of greater than
% or at a rate of >0.24% reduction per week over a 20-week
eriod can lead to significant improvements in disability36

nd reductions in knee load37 in people with knee OA.
he recommendation by the Osteoarthritis Research Society
nternational that people with hip OA lose weight is based on
xpert opinion unsupported by research evidence.11

High-intensity training (high resistance/load) might be
xpected to result in greater strength gains in people with
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ower limb OA than low-intensity training but could poten-
ially overload the joint and exacerbate symptoms. The only
tudy comparing high- and low-intensity strengthening pro-
rams found that both were equally beneficial for pain,
unction, walking time and muscle strength over 8 weeks
n people with knee OA.38 Importantly, adverse events were
o more likely in the high-intensity group, contrary to what
s often assumed. From a practical perspective, the high-
ntensity program took 20 min less which may improve
atient adherence. There are no studies that have directly
valuated whether the intensity of aerobic exercise influences
utcomes in patients with OA. However, in one study both
igh (70% heart rate reserve) and low (40% heart rate reserve)
ntensity cycling been improved peak VO2.39

. Special considerations

Safety. In general, exercise is safe and well tolerated
y most people with lower limb OA including those with
evere disease and there are few contraindications to exer-
ise resulting from the OA per se although co-morbidities
eed to be considered. It is not uncommon for patients to
xperience some discomfort at the affected joint during exer-
ise and patients should be advised that this is normal and
oes not indicate a worsening of their OA disease. Exercise
ractitioners should not adopt a pain-contingent approach
o exercise prescription in this patient group. However, sub-
tantial increases in pain and/or swelling during or following
xercise that last more than several hours can suggest that
odifications to the exercise program are needed. Given that

he patient group with OA is often older and overweight, other
afety considerations include adequate footwear, appropri-
te warm-up and cool-down, correct exercise technique and
radual increases in exercise dose.

Long-term exercise effectiveness and patient adherence.
espite consistent findings of short-term improvements with

xercise, the limited number of studies evaluating longer term
utcomes with exercise show that benefits decline.40 This is
ecause patient adherence to exercise reduces rapidly over
ime and is an important factor determining the long-term
ffectiveness of exercise for patients with OA.41

The challenge then remains to increase the proportion
f patients with OA exercising. Although not well stud-
ed, a complex array of possible factors can contribute to
dherence rates to exercise in individuals with OA. Adher-
nce is improved when patients receive attention from health
rofessionals rather than a primarily home-based exercise
rogram.42 Better adherence is related to the patient’s belief
n the effectiveness of the intervention and their understand-
ng of the pathogenesis of OA (those who are less adherent

end to believe that OA is part of the natural ageing process
r that it is simply a “wear and tear” disease).43 Self-efficacy,
r one’s belief in their own ability to perform tasks, is also
ssociated with higher adherence and better outcome.44
and Medicine in Sport 14 (2011) 4–9

Many strategies have been suggested to improve adher-
nce to exercise for those with OA. Catering the exercise
rogram to the unique requirements of the patient as well as
nsuring availability of resources can be effective in max-
mizing adherence.41 Other methods suggested to improve
dherence include educating patients about the disease and
enefits of exercise, long-term monitoring review by a
linical exercise professional, regular follow-up or booster
essions, use of pedometers or self-reported diary and support
rom family and friends.41

. Summary

Exercise is a key component of the management of OA
ymptoms and has been shown to be beneficial for individ-
als with OA disease of all severities. Exercise practitioners
lay an important role in prescribing appropriate exer-
ise for patients taking into account individual symptoms,
roblems and preferences. Encouraging exercise adherence
ehaviours and reinforcing healthy lifestyle habits will assist
n optimizing outcomes from treatment. Furthermore, exer-
ise programs should be combined with education and
ehavioural strategies to promote positive lifestyle change
nd increase overall physical activity levels. The benefits of
xercise are additive when delivered with other interventions
uch as weight loss45 particularly given the high prevalence
f overweight individuals with knee OA.
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