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In discussing the effect of exercise on osteoarthritis (OA)
outcomes I will speak mostly about hip and knee OA
because it is for OA of those 2 joint sites that most of the
data have been obtained. When we look at the consequences
of lower extremity OA, we see that exercise or physical
activity can have a positive effect and that inactivity or
immobility contributes to the problem. A concept that has
emerged fairly recently is that OA is a risk factor for inac-
tivity. This is important insofar as the major diseases that
pose a serious public health problem today — e.g., obesity,
diabetes, hypertension, heart disease — all are associated
with inactivity, and arthritis is the major reason that people
over the age of 55 years limit their activity. Therefore, when
we think about exercise and activity in OA, in addition to
the direct consequences of OA, we must consider the conse-
quences of a disease that puts people into their chairs and
keeps them there.

Figure 1 illustrates the core set of 4 outcome measures
recommended by OMERACT (Outcome Measures in
Rheumatology Clinical Trials) for OA clinical trials1.
Notably, pain and function are the primary outcome
measures also in most exercise studies. However, perfor-
mance-based measures, which are not included in the inner
core of OA outcome measures, are also very important
outcome measures for exercise studies. Even if they are not
typical OA outcome measures, when we speak about exer-
cise we’re speaking about altering impairments in cardio-
vascular and neuromuscular function and we need to use
performance-based measures to assess the effectiveness of
OA clinical trials.

I will discuss 3 recent reviews of exercise and OA
(primarily knee OA) to consider (1) what we really mean by
the term “exercise” when we perform an exercise study in
patients with OA, and (2) the differential effects of different
types of exercise. If we were to list all the permutations of
exercise intensity, duration, frequency, and mode, we would
have more doses and more treatments than if we considered
the same variables in clinical trials of nonsteroidal antiin-
flammatory drugs (NSAID). Still, although the amount and
quality of research into the benefits of specific exercise in
OA is growing, fewer than 20 randomized controlled trials
(RCT) have been published.

Three reviews of exercise in OA (primarily knee OA) have
recently been published2-4. Although they encompass many of
the same RCT, the views and perspectives of the authors are
not the same in each. All the studies of aerobic exercise inter-
ventions in people with symptomatic hip or knee OA
primarily involved walking. When we consider walking as
exercise, we measure it in a variety of ways, but primarily
examine gait variables, e.g., velocity, speed, and stride
lengths. When we measure lower extremity strength, we
usually measure quadriceps strength because it is the easiest
— although not necessarily the best — thing to measure.

A summary of the 3 reviews leads to the conclusion that
the effects of the respective interventions on pain and self-
reported disability and walking performance varied consid-
erably. Longer trials tended to be more effective than those
of shorter duration and, the higher the dose of exercise, the
more effective. A home exercise program appeared to add to
the benefit of supervised exercise. Only weight-bearing
exercise appeared to improve function. Sitting in a chair and
lifting weights on your ankles is not nearly as effective in
improving your ability to climb stairs and perform daily
activities as exercises performed in a weight-bearing func-
tional manner. To improve cardiovascular fitness an aerobic
component must be included in the exercise program.
Therefore, we are not really asking, “Do we do strength-
ening exercise or do we do aerobic exercise?” We must talk
about how to do both, because both are important to overall
health.

Impact of Exercise on Osteoarthritis Outcomes
MARIAN A. MINOR

Figure 1. OMERACT recommendations for a core set of outcome
measures for OA clinical trials. The core set includes measures of joint pain
and function and the patient’s global assessment. In addition, for studies of
more than 1-year duration, serial imaging (e.g., radiography) of the index
joint was recommended as a safety measure. *Recommended for studies ≥
1 year in duration.
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Aerobic versus strengthening exercise. What type of exer-
cise does what, and for whom? In 1997, Ettinger, et al
published the results of the FAST trial5, a study of 439
people with knee OA who were randomized to either an
aerobic exercise group or strengthening exercise group or
health education control group. Subjects in the first 2 groups
received about 3 months of supervised controlled exercise
followed by 15 months of a home program.

Relative to the controls, significant improvement in pain
and self-reported disability was noted in both exercise
groups, although the magnitude of the changes was small.
Improvement in aerobic capacity (VO2, ml/kg) was noted in
the aerobic exercise group, although the value of 18.3 ml/kg
at the end of the study indicates that the subjects were in the
low to poor range for cardiovascular fitness even after treat-
ment. Further, no significant difference between the exercise
groups and the controls was apparent with respect to
improvement in knee extensor strength.

Effects of exercise on depression. Penninx, et al6 (Table 1)
performed a secondary analysis of the FAST data, exam-
ining the effects of the interventions on depression and loss
of activities of daily living (ADL). Among the 98 people
who were clinically depressed when they entered the study,
depression scores improved by 20–40%, on average.
However, only in the aerobic exercise group was the
improvement at 18 months significantly greater than that in
the controls. Among the 340 people who were not depressed
upon entry into the study, those who performed aerobic
exercise exhibited no change in depression score. In
contrast, depression scores in the control group worsened,
on average, by 31% (p = 0.01). Similarly, worsening of the
depression score by 26% was noted in the strengthening
group.

Before we can attribute changes in depression to a partic-
ular type of exercise, we must know if exercise compliance
(that is, the dose of exercise received) affects the results. To
answer this question, Penninx and colleagues studied the
effect of exercise compliance on changes in depression by
exercise group. The results of an analysis of the total sample

of 438 subjects revealed that the subjects who performed
more exercise had significantly lower depression scores
than subjects with poor compliance. This was true for both
aerobic and strengthening exercise (Table 1).

Effects of exercise on loss of ADL. Penninx, et al7 (Table 2)
also examined the effect of exercise upon loss of ADL.
Among the 250 people in the FAST study who did not report
any loss in ADL at the onset, a significant number in all 3
treatment groups reported loss of ADL 18 months later. The
incidence was significantly greater in the control group than
in either exercise group, reflecting some beneficial effect of
exercise on disability. Further, when the results were exam-
ined in relation to the level of compliance with the
prescribed exercise regimen, it was apparent that only those
with high compliance were protected against loss of the
ADL examined (e.g., getting in and out of a car, toileting,
getting into a bathtub, dressing, cooking). Protection was
greatest among those who did the most exercise. While this
convinces those of us who are involved in exercise research
that exercise is good for a person, it also makes us wonder
how we are going to get people to do enough exercise to be
effective, at least with respect to the prevention of depres-
sion and loss of ADL. This is a real challenge.

The findings of the FAST trial are similar to those in the
above reviews2-4 and provide enough specific data to make
us wonder why aerobic capacity did not improve more
within the aerobic exercise group and why quadriceps
strength did not improve in the strengthening group. I
believe the intensity of the exercise intervention in that
study did not provide enough of a training stimulus to
produce much change. The authors stated clearly that their
goal was to keep people in the study and keep them exer-
cising, rather than to achieve high intensity exercise.

Isometric versus isotonic exercise. The effects of strength
training in OA are easy to measure and the dose is easily
quantified. However, there are many different types of
strengthening exercise. Topp, et al8 compared isometric
exercise, in which the muscle is contracted without joint
movement, with isotonic or dynamic exercise, in which the

The Journal of Rheumatology 2004, Volume 31, Supplement 7082

Table 1. Effects of aerobic exercise and strengthening exercise on depression in the FAST study. Changes in
depression scores at 18 months, relative to baseline. A minus sign denotes improvement in depression score; a
plus sign denotes worsening in depression score. Derived from Penninx, et al. J Gerontol B Psychol Sci Soc Sci
2002; 57: 124-32.

Changes in Depression Score, 
Relative to Baseline Evaluation, %

Depression Status Aerobic Exercise Strengthening Exercise Controls

Depressed at baseline (n = 98) –40* –30 –20
Not depressed at baseline (n = 340) 0* +26 +31
Compliance with Exercise Regimen

Low –18 +24* +2
High –24* –28* +2

* Significant difference (p < 0.05), in comparison with a control group.
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joint moves while the muscle contracts and relaxes. When I
went to school and learned about exercise and arthritis, we
were taught that people with arthritis should perform only
isometric exercise; it was the safest thing to do.

Topp, et al8 used elastic bands to deliver their 2 interven-
tions. Subjects who performed isometric exercise used
bands that afforded so much resistance that the patient could
not achieve any movement from the muscle force generated.
In contrast, the isotonic exercises were performed using
bands whose resistance was graded and were designed to
progressively establish a fairly intense dose of training so
that after 8 repetitions, the subject would say, “Yes, I’m
fatigued, I don’t think I can do another one.” Regardless of
whether isometric or isotonic exercise was employed,
significant improvements occurred in joint pain, timed
performance for going up and down stairs, and pain with
stair climbing. However, isometric exercise did not improve
self-reported function (Table 3). The old idea that isometric
exercise is the correct exercise for people with arthritis is
challenged by this study, as well as by some other recent
work.

Isotonic versus functional exercise. McGibbon, et al9

performed a study of strength training in community-
dwelling elderly subjects, many of whom had knee impair-

ment presumably due to knee OA and/or hip pain. These
investigators compared isotonic strength training with func-
tional training. In this study, isotonic strength training uses
elastic resistance bands with progressive increases in resis-
tance to allow joint motion. Functional training is exercise
that simulates ADL (e.g., arising from and getting into a
chair; mounting and dismounting a step; squatting) and
which is graded in speed and in progression of difficulty;
these weight-bearing exercises rely on all of the muscles of
the lower extremity and trunk, and therefore relate closely to
real life activities.

Strength and walking speed improved in both exercise
groups. However, analysis of the data revealed an important
difference between the 2 exercise programs: In normal gait,
more work is done at the ankle and knee and less at the hip.
People with knee impairments (stiffness, pain, weakness)
employ a compensatory strategy that permits them to
decrease work at the knee while increasing work at the hip.
In the study by McGibbon, et al, the functional training
group returned to a more normal and, presumably, less
stressful pattern of gait, whereas the traditional exercise
intervention appeared to exaggerate the compensatory, i.e.,
pathologic, gait pattern. Thus, the kind of exercise we do
and how it is performed is important to outcomes in OA
(Figure 2).

Standardized exercise versus individualized physical
therapy-based exercise. How does self-managed, standard-
ized exercise compare with individualized, physical
therapy-based exercise? Standardized programs have the
advantage of moving us toward a public health perspective
and toward self-management. In an 8-week study of 177
subjects with radiographic OA and some disability, defined
as loss of ADL, Petrella, et al10 employed an intervention in
which subjects were seen once in a clinical setting for
instruction in a home exercise program (3 strengthening
exercises and 3 range of motion exercises to be performed
3–5 times a week, for 10 to 15 minutes at a time, at a very
low intensity). There were no home visits or other followup.

The authors reported 100% retention in the study and
compliance > 75% and demonstrated statistically significant
improvement in pain and function in the exercise group,
relative to the controls, and improvement also in the time
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Table 2. Risk of loss in activities of daily living (ADL) at 18 months in the FAST study, in relation to treatment
group. Derived from Penninx, et al. Arch Intern Med 2001; 161:2309-16.

Aerobic Exercise, % Strengthening Exercise, % Controls, %

Incidence of loss of at least one ADL
(n = 250), % 36 37 52*

Adjusted relative risk of ADL loss* 1.0
(n = 80), %
Low exercise compliance (n = 58) 0.77 0.57
High exercise compliance (n = 54) 0.38* 0.43*

* The risk in the control group was considered to be 1.0. 

Table 3. Effects of isometric and isotonic exercise in patients with knee
OA. Change relative to baseline value. The results were obtained in a
randomized controlled trial involving 102 subjects with knee OA (see text).
Isometric exercise and isotonic exercise both resulted in significant
improvement in stair-climb time and pain on climbing stairs, relative to the
control group. However, only isotonic exercise resulted in significant
improvement in function, relative to the control group at the end of the
week intervention. Derived from Topp, et al. Arch Phys Med Rehabil 2002;
83: 1187-95.

Exercise Group
Isometric Isotonic Control

Outcome measure
Pain –12%* –14%* 0%
Function –6% –14%* +2%
Stair climbing –17%* –17%* –9%
Pain on stair climbing –41%* –30%* –2%

* p < 0.05 for difference from the control.
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needed to ascend and descend stairs and in pain on stair
climbing. However, the magnitude of improvement in pain
and function may be regarded as being of only modest clin-
ical significance. The authors concluded that if exercise
dose (duration of a session or frequency of performance) is
increased, performance is improved.

Baker, et al11 conducted a well controlled RCT, albeit
with a small sample size (n = 46), in which entry criteria
required both symptomatic and radiographic OA. Like the
study by Petrella, et al10, it involved a home-based interven-
tion. Unlike the Petrella study, the trial by Baker, et al used
12 instructional home visits by a trained exercise instructor
over the 16 week period of the study. A progressive inten-
sive strengthening program was employed. Exercises were
directed not only at the quadriceps but at 5 lower extremity
muscle groups, and included functional exercises. Thus, the
treatment program included a comprehensive lower
extremity strengthening program, with an exercise regimen
more intense than that employed by Petrella10. The authors
reported an 83% completion rate with 84% adherence to the
exercise regimen. Statistically significant and clinically
meaningful changes in pain and function were noted, with
improvements larger than those reported by Petrella. The
magnitude of improvement in pain in the exercise group —
36%–43% — paralleled the degree of compliance with the
exercise program. Knee strength improved by 71% and find-
ings on physical examination of the knee by a rheumatolo-
gist improved by 37%. Measures of physical performance
and quality of life also improved (a surprising finding with
respect to the latter, in a study of only 4 months’ duration).
This study thus demonstrated impressive improvement with
a home exercise program augmented by a modest number of
home visits.

In a 2-year study by Thomas, et al12 the sample size (n =
786) was much larger than in either of the above studies.
This trial was also home based, although it involved 7 home
visits to train the subject in the program, followed by
monthly phone calls. Therefore, there was considerable
investment of staff time in this protocol. Lower extremity
exercises with elastic bands were to be performed 20 to 30
minutes daily, with resistance progressively increased from
low to moderate intensity. Outcomes were assessed every 6
months. Seventy-six percent of the subjects completed the
2-year protocol — a much higher completion rate than is
achieved with most home exercise programs. Although
effects on pain were small [effect size (ES) = 0.20–0.25],
when outcomes in high and low adherers to the regimen
were compared, the trend was identical to that in the other
studies (ES = 0.42, 0.16, respectively): the more exercise,
the greater the improvement in pain. Modest improvements
were achieved also in function, stiffness, and knee strength.

Individualized physical therapy assessment. Finally, I would
like to discuss 4 studies that involved individualized phys-
ical therapy assessments and prescriptions for home exer-
cise, rather than standardized exercise protocols: Hurley and
Scott13 performed a crossover study in 89 patients that
included a home exercise program of about 5 months’ dura-
tion. The program was initiated in the clinic, with 10 visits
to the physical therapist, followed by home exercise. The
therapist worked on balance and coordination exercises, as
well as on muscle strengthening. Subject retention over the
duration of the study was 67%; 9 subjects dropped out
because of knee pain.

Impressive improvement occurred in quadriceps strength
(ES = 0.93). Clinically meaningful improvement was seen

The Journal of Rheumatology 2004, Volume 31, Supplement 7084

Figure 2. Effects of functional training  and strength training  on work at the ankle, knee, and
hip. Functional training eliminated the compensatory increase in work at the hip by increasing
work at knee and ankle. Strength training, in contrast, resulted in an exaggeration of the work
at the hip due to the subject’s compensatory (i.e., pathologic) gait pattern, while having
minimal effects at the ankle and knee (see text). Derived from McGibbon, et al. Clin Biomech
2001;16:324-33.
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also in disability and in the time to perform specific tasks
(ES = 0.59). Parameters related to balance and coordination
— quadriceps activation and position sense (a measurement
of proprioception) —  also showed significant improve-
ment. Notably, the gains achieved in the self-directed envi-
ronment were maintained at 6 months.

In a study by van Baar, et al14, outcomes in a group of
patients treated by their general practitioner (GP) were
compared with those in patients in whom treatment by the
GP was augmented by physical therapy (strengthening and
range of motion exercise, pain management training, modi-
fication of ADL, and a home exercise program that included
biking or walking). On average, the patients made 17 visits
to the physical therapist. The results are presumably gener-
alizable insofar as this study involved 39 physical therapists
and 43 GP. Significant improvements in pain (ES = 0.58),
patient global assessment (ES = 0.64), and observed
disability (ES = 0.28) were noted in the physical therapy
group.

Deyle, et al15 conducted a study in a military population.
The protocol was initiated with an individualized assess-
ment and a prescription for a home exercise program
(primarily walking, biking). In addition, manual therapy
(i.e., “hands on” mobilization of the joints, with stretching
and efforts to improve range of motion) was performed in
the clinic. At 8 weeks, 52% improvement was noted in the
WOMAC (Western Ontario and McMaster University OA
Index) score and 12% improvement in the distance the
subject was able to walk in 6 minutes. Subjects who under-
went knee replacement or received an intraarticular steroid
injection during the study were not reevaluated at the one-
year followup, at which time only 60% of the subjects were
eligible for retesting. Twenty percent of the control group
and 5% of the exercise group had undergone knee replace-
ment and 15% of subjects in the control group and 5% in the
exercise group had received a steroid injection. Thus,
although this study involved a group of patients with severe
knee OA, differences in outcomes between the 2 treatment
groups were statistically significant and clinically mean-
ingful.

Finally, in a randomized controlled trial reported by
Fransen, et al16, comparing the results of 7 individualized
visits to a physical therapist with those achieved with group
physical therapy sessions, both treatments showed good
efficacy. Sixteen weeks after initiation of the program,
impressive improvements occurred in joint pain, function,
knee strength, and gait. Notably, no difference was observed
between group therapy and individual therapy — an impor-
tant point with respect to health policy decisions.

Conclusion. Based on the evidence, exercise — even home-
based — can decrease knee pain and improve function.
Initial professional instruction and periodic review may be
needed to achieve an effective exercise dose; merely telling
people to exercise and letting them go about their business

is not likely to achieve the desired results. Individualization
of exercise regimens at the outset may improve the effec-
tiveness of the overall program in some patients; we need to
identify those people and what they need, because we
cannot refer everyone with knee OA to a physical therapist.
Disease-related characteristics may affect the individual’s
response to exercise. I believe this is where our research
needs to go — what is the best type of exercise and for
whom?

Currently, we can say that the most effective exercise
programs provide regular aerobic activity of moderate inten-
sity, performed 3 days a week, and a well-designed strength-
ening program for all the muscle groups in the lower
extremity, performed 2 to 3 days per week. This can be
accomplished in exercise sessions of 30 to 50 minutes.
These recommendations mirror those of the American
Public Health Association and American College of Sports
Medicine aimed at the general population. Thus, this is not
an arthritis-specific dose; it is what is being recommended
for everyone. For some people with arthritis and those who
are sedentary, safety is increased by beginning the program
at a lower dose and progressively increasing duration and
intensity as tolerated. Finally, we must have the confidence
to include walking in exercise programs for people with
knee OA. The evidence clearly shows that patients with OA
of lower extremity joints can participate in walking
programs without an increase in the severity of their joint
pain or the need for an increase in dose of their anal-
gesic/NSAID.

Disability in OA is due not only to the arthritis but also
to the inactivity associated with the disease and with aging
(Figure 3). As we consider the effects of inactivity and aging
on muscle it is apparent that many of the problems we
encounter in people with OA are the same as those we find
in people who are inactive and growing older. Both inac-
tivity and aging result in loss of fast-twitch muscle fibers,
reduction in muscle mass, and diminution in the ability to
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Figure 3. In subjects with OA, disability in OA is due not only to the
arthritis, but also to inactivity associated with the disease and to the effects
of aging.
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respond quickly to changes in positioning that is needed to
protect joints from impulsive loading and prevent falls. If
we are to continue to speak about exercise and arthritis, we
must involve researchers knowledgeable about neuromus-
cular function and not only experts on bone and cartilage.
We must also include exercise scientists and therapists who
can identify and explain the relationships between disease,
aging, inactivity, and function.
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