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Exercise Treatment for Osteoarthritis D isability
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Summary

Osteoarthritis (OA) is a chronic prevalent condition that affects the 
synovial joints and can lead to disability. There is no single treatment 
that is known to cure OA. Most treatments have aimed at reducing 
symptoms or slowing the progression of the disease and its conse­
quences. Exercise therapy is a common intervention in treating OA, 
with primary aims of improving functional movement and manag­
ing the problems associated with abnormal functional movement. 
We review the underlying process of exercise treatment and its 
importance for OA disability. A brief description of OA disease and 
an OA disability model are introduced, and then the importance of 
exercise and trends in prescribing exercises for OA are discussed. 
Finally, future directions and suggestions for research in this field 
are described.
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Osteoarthritis (OA) is a chronic prevalent con­
dition that affects the synovial joints and can 
lead to disability. In 1995, nearly 40 million 
people had OA in the USA, and by the year 

2020 almost 60 million (18.2% of population) Americans 
will be affected by arthritis.1 In Canada, 10% of adults re­
ported a long-term health problem due to OA.2 In Arabic 
countries there are not enough data to report the prevalence 
of OA. However, there is no reason to expect that OA is less 
prevalent in Arabic countries.

Exercise therapy is a common intervention used in treat­
ing OA, with the primary aims of improving functional 
movement and managing the problems associated with ab­
normal functional movement. The purpose of this article is 
to review the underlying process of exercise treatment and its 
importance for OA disability. The review uses the knee joint 
as an example but there are implications for other joints.

Osteoarthritis pathogenics and disability
Osteoarthritis is not an inflammatory disease, as implied by 
the name, but a degenerative joint disease.3 Studies have 
shown that OA involves more than just simple mechanical 
wear and tear; it involves mechanical, chemical, immunolog­
ical, hormonal and/or genetic factors (Table l).3-6 Although 
the pathological etiology of OA is not fully understood, it is 
not difficult to describe. OA disease causes pain, swelling, 
and loss of motion of the joint due to the bones under the 
cartilage rubbing together. The worst pain occurs due to 
bone-to-bone weight-bearing or due to pieces of bone or

cartilage breaking off and floating inside the joint space.3,6 In 
chronic cases, the joint may lose its normal shape by losing 
the cartilage and forming osteophytes that grow on the edge 
of the joint.

A common disability model that explains the relation 
between the disease and its role in disability was developed 
by Nagi.7 Based on that model, Jette8 explained the OA dis­
ability process by viewing it as a cyclical process with possible 
relevant risk factors and buffers (Figure 1). The OA disability 
model describes exercise intervention as a preventive mea­
sure, primary prevention when its target is to prevent the 
occurrence of the disease, secondary prevention when its 
target is to prevent the occurrence of functional limitation, 
and tertiary prevention when its target is to prevent further 
disability.8,9

Exercise treatment of osteoarthritis
Currently there are no treatments available that cure the un­
derlying process of OA disease.10 Treatment of OA is mainly 
directed toward decreasing the symptoms of the condition 
and slowing or preventing the progress of the condition.9 
Therapeutic exercise is a form of physical activity that is 
provided under the supervision of appropriate health profes­
sionals for specific treatment goals. Regular physical activity 
is associated with lower mortality rates for both older and 
younger adults. Moreover, it is associated with a decreas­
ing risk for a wide range of diseases and conditions, such as 
cardiovascular disease, osteoporosis, falling, cancer, diabetes, 
blood pressure and osteoarthritis.11
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Figure 1. Model of osteoarthritis disability cycle and its relation to  risk factors and buffers that affect progression of osteoar­
thritis disease.8

Patients with knee OA have a significant decrease in knee 
muscle strength and control as well as a decrease in velocity 
during gait in comparison to normal older subjects.12-13 Pain 
is strongly associated with decreased quadriceps strength 
even in very early joint degeneration. It has been suggested 
that quadriceps weakness is a risk factor for OA.17 The 
main reasons for prescribing exercises in general include 
(1) achieving therapeutic goals, (2) improving general 
health and reducing secondary disability, and (3) modify­
ing possible risk factors in disease progression.9,14,15 Minor14 
summarized the potential benefits of physical activity and 
exercise on OA as follows:

• Minimizes or slows the pathological process that 
takes place in the OA joint. Exercise helps in

increasing cartilage nutrition and remodeling, in­
creases the synovial blood flow, decreases swelling, 
and improves muscle strength. Thus, the patho­
logical effect of exercise may include slowing the 
cartilage degeneration process, decreasing bone 
stiffness, decreasing joint effusion and improving 
muscle strength.

• Decreases impairments that occur from OA by 
reducing the main impairment factors. Exercise 
helps in decreasing pain, improving strength and 
endurance, and improving range of motion and 
connective tissue elasticity.

• Decreases functional limitation by improving 
walking speed, gait, and physical activity and 
decreasing depression and anxiety. Fatigue, reduc-
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Figure 2. Structural levels where exercise m ight cause changes. The inner circle represents the microstructure o f the jo in t, the 
middle circle the jo in t as a functional unit, and the outer circle the whole body system.

tions in daily activity, poor sleep and depression 
are common factors associated with the OA con­
dition.

• Osteoarthritis may be associated with several dis­
ability problems such as decreased social activity, 
decreased quality of life, increased health risk of 
inactivity and decreased employment. Improving 
health status, physical fitness, and quality of life 
can minimize these disability problems.

Clinicians used to recommend that subjects with OA 
rest or avoid exercise based on the supposition that cartilage 
does not heal or repair itself and that OA is simply a condi­
tion of excessive wear and tear.10,16 The emphasis on rest 
and not doing exercise in OA has been reversed as a prepon­
derance of studies have shown that (1) OA is more than a 
simple wear and tear condition; its consequences can lead to 
physical limitation and disability beyond the affected joint; 
and (2) articular cartilage can heal or repair itself, despite 
the fact that the repair is only a mix of hyaline and fibro- 
cartilage.10,14-16 As a result of these observations, we suggest 
that exercise benefits be viewed in a comprehensive manner 
at the following three levels: first, at the micro level or inner

part of the joint that includes cartilage, synovial tissue, and 
subchondral bones; second, at the functional level of the 
joint, in which the joint is considered a functional unit that 
includes functional structures such as surrounding muscles, 
ligaments, tendons, capsule, proprioceptors, etc; and third, 
at a whole body system level from the point of view of the 
cardiovascular, musculoskeletal, neurophysiological, immu­
nological and/or psychological systems (Figure 2). Inside 
the joint, weight-bearing exercise can increase the pumping 
action which helps in increasing intra-articular nutrient dif­
fusion and stimulates cartilage healing or repair.15 Defining 
the joint as functional unit means including surrounding 
functional structures such as muscles, ligaments, tendons, 
capsule, and proprioceptors as part of a joint.10 It has been 
shown that exercise is very beneficial in improving muscle 
strength, joint range of motion, proprioception, and feed­
back.10,14-17 By knowing that persons with arthritis tend to 
be less active and less fit than their unaffected peers, exercise 
benefits should be viewed from a broader perspective that 
includes cardiovascular and musculoskeletal prospectives.18

The benefits of exercise intervention in OA have been 
shown in many clinical studies that compared exercise 
treatment to placebo or non-exercise treatments.17-27 Kover
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Table 1. Summary of the clinical, pathophysiologic, biochemi­
cal and biomechanical changes that characterize OA. Table 
contents extracted from text definition of OA by Flores et al5.

Changes Characteristics

Clinical Joint pain, tenderness, limitation  
of movement, crepitus, occasional 
effusion, swelling, and local (but not 
systemic) inflammation

Pathological Irregularly distributed loss of cartilage 
more frequently in areas of increased 
load, sclerosis of subchondral 
bone, subchondral cyst, marginal 
osteophytes, increased metaphyseal 
blood flow, and variable synovial 
inflammation

Histological Early fragm entation of the cartilage 
surface, cloning of chondrocytes, 
vertical cleft in cartilage, variable 
crystal deposition, remodeling and 
eventual violation of tidemark by 
blood vessels

Biochemical Reduction in the proteoglycan 
concentration, alteration in collagen 
fibril size and weave, and increased 
synthesis and degradation of matrix 
macromolecules

Biomechanical Alterations of the tensile, compressive, 
shear proprieties, and hydraulic 
permeability of the cartilage.
Increased stiffness of the subchondral 
bone.

et al18 conducted a controlled trial consisting of eight weeks 
of a supervised walking program and found significant im­
provement in timed walking distance and self-reported pain 
and functional status after the intervention compared to the 
control group. Moreover, the control group demonstrated a 
decrease in walking distance over the same period. Ettinger 
et al19 conducted a single blind clinical trial to study the 
effects of structured exercise programs on self-reported 
disability in 439 older subjects with knee OA. The results 
showed that both the group receiving aerobic exercise and 
the group receiving resisted exercise made greater gains in 
self-reported pain and disability scores after the exercise 
interventions than the group receiving health education. 
Functional capacity (walking, lifting and carrying, stair 
climbing and the time needed to get in and out of a car) 
was improved significantly for those who participated in 
the aerobic exercise group. Moderate aerobic and resisted 
exercises did not increase the severity of the knee OA, based 
on x-ray diagnosis. Chamberlain et al23 evaluated the ef­
fects of a 4-week exercise program that was designed to 
increase the strength and endurance of knee OA muscles 
and reported decreased pain and increased strength, endur­
ance and function. Borjesson et al24 evaluated the effect of

two 4-week exercise programs involving individual weight­
bearing exercises and supervised group therapy consisting 
of non-weight-bearing exercises. Patients in both exercise 
groups experienced an overall improvement compared to 
the control group, van Baar et al22 performed a systematic 
review of 11 randomized clinical trials that studied the ef­
fectiveness of exercise therapy in patients with osteoarthri­
tis of the hip and knee. The study concluded that exercise 
therapy is beneficial for knee OA patients.

Despite discrepancies in study criteria and outcomes, 
the above research attests to a positive effect of exercise 
treatment for OA. It is not clear whether positive functional 
outcomes were due to direct changes in the joint structure, 
changes in the surrounding tissue, in the cardiovascular ca­
pacity, and/or in participants’ subjective opinion of change, 
or a combination of these. The effectiveness of exercise on 
improving function and reducing pain can be viewed in 
three ways. First, exercise can reduce the load across painful 
areas within the joint and cause biomechanical changes.26 
Second, exercise can modify the neurological and/or psy­
chological perception of pain.13,26 Third, exercise can alter 
physiological, metabolic or structural properties of the 
joint.16 However, these possibilities have not been explored 
in detail. To understand the underlying effects of exercise 
those effects at the different levels explained in Figure 2 
need to be investigated. There is also a need to study the 
relationships among biomechanical, physiological, cogni­
tive, and functional changes that occur due to intervention 
for OA.

Exercise prescriptions for osteoarthritis patients
Several factors have to be considered when selecting or pre­
scribing exercise for OA patients. Ettinger et al10 posed the 
following questions:

- Does exercise exacerbate the disease?
- What type of exercise is the most beneficial?
- What is the most cost-effective method of screening?
- W hat are the optimal frequency, intensity and 

duration of exercise?
- Should exercise programs be facility-based or 

home-based?

Despite the promising results of many studies that 
recommend exercise for OA, there is no consensus on the 
answers to these questions about exercise programs for OA. 
One of the major concerns in exercise intervention for OA 
is the possibility that weight-bearing activity might not 
be recommended for OA joints because it involves wear 
and tear of joint cartilage which might accelerate disease 
progression. Advocates of the notion that weight bearing 
harms the OA knee joint have supported the use of open 
kinetic chain strengthening exercises (non-weight-bearing
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exercises such as knee isokinetic exercises, knee extension 
and flexion exercises from a sitting position, straight leg 
raising exercises, and knee curl exercises.) The specificity of 
such exercises is geared toward pure strengthening instead 
of improving a specific functional activity. However, issues 
relating to exercise extend beyond simple consideration of 
cartilage wear and tear. Exercise potentially involves con­
siderations of joint stability, joint motion, joint effusion, 
synovial fluid level, position sense, balance, and conduct 
of daily activities. Focusing only on open chain exercises 
compromises the specificity and selectivity principles of 
training, which state that optimal gains in a motor activ­
ity are made when the exercise most closely resembles the 
activity.28,30,31 Improvements in daily function would be 
best served by exercise resembling the daily activity. Thus, 
the trend in rehabilitation exercise for OA is to emphasize 
functional types of exercises that include weight-bearing ac­
tivity. The term “functional” relates to those activities that 
most closely resemble day-to-day activities, such as rising to 
stand, ascending and descending stairs, stepping, walking, 
squatting and lunging. Functional exercises (some might 
refer to them as closed kinetic chain exercises) have been 
shown to have many benefits over open chain exercises: 
they provide axial loading to the joint, exercise more than 
one joint at the same time, involve both concentric and ec­
centric muscle contraction, simulate daily activity, enhance 
muscle contraction and minimize the shear forces at the 
knee joint.32-34 Other proposed benefits include increased 
proprioception and coordination of the lower extremity 
and increased carry over to functional activities, including 
a quicker return to daily activities and advanced physical 
activities such as sports activities.35

Prescribing the proper exercises for a specific condi­
tion and for a specific person requires a melding of the 
knowledge of disease and injury, exercise physiology, exer­
cise biomechanics, and exercise behavior in an accessible, 
enjoyable and affordable setting. To design an exercise 
program for OA, the essential components that have to 
be taken into account are the mode(s), the intensity, the 
duration, the frequency and the progression of exercises. 
The American College of Sports Medicine (ACSM) rec­
ommends a framework of exercise sessions that include a 
warm-up, a core activity and a cool-down component.21 
Most of the studies that have dealt with exercise interven­
tions for OA disease introduced exercise programs that 
ranged in duration from 30 to 45 minutes per session, 2 
to 3 times per week, with an intensity of heart rate of 50% 
to 80% of HR maximum.17,24,27,33 These parameter ranges 
agreed with the ACSM guidelines, which recommend that 
exercise sessions should include a 10 minute warm-up, 20 
to 60 minutes of endurance activities and 5 to 10 minutes 
of cooling-down.33 However, this formula is dependent on 
the mode of exercise, the objectives of the program and the

type of subjects. Stretching exercises are better suited to the 
warm-up and cool-down phases and take the form of slow 
static stretches that are sustained for 10 to 30 seconds with 
a minimum of 4 repetitions for each exercise. The dura­
tion of aerobic exercises needs to be 30 minutes or longer 
at a moderate intensity to produce the appropriate aerobic 
fitness level. The resistance training should be performed 
at least twice a week, no more than 30 minutes for each 
session, with at least 48 hours of rest between sessions, at 
an intensity that elicits a fairly hard exertion rate (perceived 
exertion rating of a 12-13). Moreover, resistance exercises 
should achieve an overload initially by increasing the num­
ber of repetitions, and then by increasing resistance. The 
ACSM guidelines suggest that exercise intensity for elderly 
subjects with orthopedic conditions should start at a low 
level and progress according to the tolerance and prefer­
ences of the subject, with training sessions not longer than 
60 minutes, to maintain the appropriate adherence to exer­
cises.33 Based on the ACSM guideline and previous study in 
this area, we recommend a mixed type of exercise—aerobic 
and strength— for a period of 8 weeks, 3 times per week. 
Caution is needed when prescribing exercises for knee OA 
to avoid over stretching and hypermobility, specifically 
avoiding carrying loads over 10% of body weight, avoiding 
vigorous impact load exercises such as jumping, hopping 
or running up and down stairs and observing signs of over­
training or systematic changes such as joint redness, swell­
ing, etc. An instructor should always be ready to modify or 
change exercise type as needed.

Future directions
It is clear that exercise intervention is beneficial in reducing 
pain and disability in subjects with knee OA. The follow­
ing may account for reported changes in pain and function 
following exercise: first, exercise can reduce the load across 
painful areas within the joint and cause biomechanical 
changes;28 second, exercise can modify the neurological 
and/or psychological perception of pain;28 third, exercise 
can alter physiological, metabolic or structural properties 
of the joint.16 Despite evidence of change, none of these 
underlying processes have been understood. Moreover, the 
optimal exercise program for treating OA disease has not 
been defined. As such, we believe that future studies about 
exercise intervention for OA should explore (1) the rela­
tionship among cognitive, biomechanical, physiological, 
and functional outcomes of exercise; (2) the optimal type 
of exercise intervention for OA at different stages of the 
disease, and (3) the long-term effectiveness of exercise for 
subjects with knee OA.

Conclusion
The main purpose of this article was to discuss the concept 
of exercise intervention for OA disease. Studies suggest
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that the exercise effect should be examined at three levels, 
namely at the level of the joint, at the joint as a functional 
unit and at the level of whole body systems. The literature 
on exercise in OA concludes that exercise is beneficial in 
reducing pain, improving strength, improving function 
and reducing disabilities associated with OA. A mix of 
aerobic, functional, strengthening and stretching training is

more beneficial than single modes of activity such as knee 
strengthening exercises. The specific nature and causes of 
changes in pain and function after exercise interventions for 
OA are an area that needs to be explored in future studies. 
The optimal type, mode, and length of exercise programs 
and the long-term effect of such exercise are issues that also 
need to be explored.
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