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EFFECTIVENESS OF EXERCISE THERAPY IN PATIENTS WITH
OSTEOARTHRITIS OF THE HIP OR KNEE

A Systematic Review of Randomized Clinical Trials

MARGRIET E. VAN BAAR, WILLEM J. J. ASSENDELFT, JOOST DEKKER, ROB A. B. OOSTENDORP,
and JOHANNES W. J. BIJLSMA

Objective. To review the effectiveness of exercise
therapy in patients with osteoarthritis (OA) of the hip
or knee.

Methods. A computerized literature search of
Medline, Embase, and Cinahl was carried out. Random-
ized clinical trials on exercise therapy for OA of the hip
or knee were selected if treatment had been randomly
allocated and if pain, self-reported disability, observed
disability, or patient’s global assessment of effect had
been used as outcome measures. The validity of trials
was systematically assessed by independent reviewers.
Effect sizes and power estimates were calculated. A best
evidence synthesis was conducted, weighting the studies
with respect to their validity and power.

Results. Six of the 11 assessed trials satisfied at
least 50% of the validity criteria. Two trials had suffi-
cient power to detect medium-sized effects. Effect sizes
indicated small-to-moderate beneficial effects of exer-
cise therapy on pain, small beneficial effects on both
disability outcome measures, and moderate-to-great
beneficial effects according to patient’s global assess-
ment of effect.

Conclusion. There is evidence of beneficial effects
of exercise therapy in patients with OA of the hip or
knee. However, the small number of good studies re-
stricts drawing firm conclusions.

Osteoarthritis (OA) is a relatively common mus-
culoskeletal disorder. A population-based incidence
study from the US showed incident rates of 0.5/1,000 per
year for hip OA (presented for medical consultation)
and 2/1,000 per year for knee OA (1). Prevalence
increases with age (2,3). In recent treatment guidelines
for OA of the hip and knee (4,5), exercise therapy is
considered to be an important nonpharmacologic treat-
ment approach. The goal of exercise therapy in OA
patients is to reduce pain and disability. In order to
achieve this, exercise therapy aims at the improvement
of muscle strength, stability of joints, range of motion,
and aerobic fitness. These functions are frequently im-
paired in patients with OA, presumably contributing to
pain and disability (6). Improving these functions is
assumed to result in a reduction of pain and disability. In
addition, exercise therapy aims directly at reduction of
disability, e.g., through corrections of the walking pat-
tern (7).

Since the publication of the treatment guidelines
mentioned above, several new randomized clinical trials
(RCTs) on exercise therapy in OA patients have been
published (8–12). These newly published RCTs were not
included in previous reviews (7,13–19). Furthermore,
the methodology for reviews of the literature has
evolved considerably (20–22). Current methodology re-
quires several explicit and systematic steps to be made in
conducting reviews of the literature. These steps are a
systematic search of the literature (23), selection of
studies based on explicit inclusion and exclusion criteria
(24), assessment of methodologic quality (25), and a
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systematic approach toward data extraction and data
analysis (26). Neither the treatment guidelines nor the
previously published reviews satisfy the current method-
ologic requirements for literature reviews. Therefore,
considerable improvement can be made by summarizing
the evidence available on exercise therapy in OA of the
hip or knee by 1) including newly published RCTs, and
2) applying presently required review methodology.

Our objective was to determine the effectiveness
of exercise therapy in patients with OA of the knee or
hip, based on a systematic review of the evidence from
RCTs. We focused on the effects of exercise therapy on
pain, self-reported disability, observed disability, and
patient’s global assessment of effect. These outcome
measures are recommended for RCTs that involve pa-
tients with OA of the hip and knee (27).

MATERIALS AND METHODS

Literature search. A comprehensive computer-aided
search of the Medline (January 1966 to September 1997),
Embase (January 1988 to September 1997), and Cinahl (Jan-
uary 1982 to September 1997) databases was carried out by 1
reviewer (WJJA). A highly sensitive search strategy for RCTs
(28) and systematic reviews (29) was used. The Cochrane
Controlled Trial Register (30) was also searched. References
of relevant review articles and trials were screened.

Criteria for studies considered for inclusion. Trial
reports that met the following criteria were eligible. 1) The
trial concerned patients with OA of the knee or hip, and this
was assessed using either clinical or radiologic criteria (or a
combination) for OA. 2) Treatment had been allocated using
a random procedure (31). 3) At least 1 of the treatments had
included exercise therapy. Exercise therapy is defined as a
range of activities intended to improve strength, range of
motion, endurance, balance, coordination, posture, motor
function, or motor development. Exercise therapy can be
performed actively, passively, or against resistance (32). No
restrictions were made as to type of supervision and group size.
Additional interventions were allowed. 4) At least 1 of the
following outcome measures had been included: pain, self-
reported disability, observed disability, and patient’s global
assessment of effect. 5) Results had been published as a full
report.

Trial reports were excluded if 1) they concerned peri-
operative exercise therapy, or 2) intervention groups received
identical exercise therapy and therefore no contrast existed
between the intervention groups. No restrictions were made
concerning the language of publication (33).

Assessment of methodologic quality. A list of specific
criteria for the methodologic quality assessment was used,
consisting of internal validity criteria, descriptive criteria, and
statistical criteria (see Table 1). The internal validity criteria
refer to requirements for the design and conduct of interven-
tion research. The descriptive and statistical criteria refer to
the external validity of a study. This list of criteria, known as
the Maastricht-Amsterdam consensus list (22), is an adapta-

tion of a list that has already been used in a great number of
systematic reviews and also in the field of physical therapy (24).
It includes all of the criteria of Schultz et al (31), Jadad et al
(34), and Verhagen et al (35). For the present review, we
elaborated on some of the criteria (V9, D1, D2, and D6 in
Table 1) for application to OA and exercise therapy (for more
details, see the Netherlands Institute of Primary Health Care
web site at http://www.nivel.nl).

The information about each criterion from the study
reports was analyzed. If sufficient information was given, the
design and conduct of the study were assessed. If bias was
unlikely, the criterion was rated positive. If bias was likely, the
criterion was rated negative. In the case of insufficient or
missing information, the criterion was rated inconclusive
(“don’t know”). A total score for internal validity was calcu-
lated by summing up the number of positive criteria. Equal
weights were applied, resulting in an internal validity score
with a range of 0–12.

The methodologic quality of the study reports was
assessed by 2 reviewers (MEvB and WJJA) independently.
One trial report that was written by 1 of the reviewers (MEvB)
was assessed by the other initial reviewer (WJJA) and by
another uninvolved assessor (D. A. W. M. van der Windt). In
the case of disagreement, a consensus method was used to
discuss and resolve the disagreement between the reviewers.
Another reviewer (JD) was available to arbitrate in persisting
disagreement.

Data extraction and presentation. Quantitative data
were extracted by 1 reviewer (MEvB). Effect sizes (ES) and
their variances were computed (36). For differences in contin-
uous outcome measurements, Hedge’s g statistic was com-
puted; for differences in proportions, Cohen’s h was computed.
Computation of Hedge’s g required calculation of the mean
and SD for each group. In the absence of these data, the ES
was calculated from Z scores and sample sizes (36). If possible,
the ES was based on change scores (posttreatment minus
pretreatment). In the absence of change scores, posttreatment
scores were used. The ES was interpreted as described by
Cohen (37); i.e., an ES of 0.2 was considered a small beneficial
effect, 0.5 a medium effect, and 0.8 a large effect of exercise
therapy. Power estimates for an ES of 0.2 and 0.5 were made,
to study whether trials could detect an existing difference
between interventions using a significance level of 0.05 (37).

Best evidence synthesis. Studies were weighted as to 1)
their validity, and 2) their power level. Studies that satisfied at
least 50% (n 5 6) of the validity criteria were classified as
studies with “acceptable validity,” versus studies with “low
validity.” In addition, studies with a sufficient power of at least
0.80 (based on an ES of 0.5) were distinguished from studies
with a lower power. A power of 0.80 is generally considered
sufficient to detect medium significant differences between
interventions (37). Conclusions were mainly based on studies
that had both acceptable validity and sufficient power.

RESULTS

Selection of the studies. We initially identified 19
publications concerning 17 trials that met our inclusion
criteria. Seven studies were excluded from the review; 4
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of these concerned perioperative exercise therapy (38–
41) and 3 did not have a contrast for exercise therapy
between the intervention groups (42–44). Consequently,
12 publications concerning 10 trials were included in our
systematic review (8–12,45–51). The information was
combined for 2 trials that were reported twice in the
literature (ref. 11 combined with ref. 49, and ref. 47 with
ref. 48). In addition, 1 report that had been accepted for
publication was included (52).

Methodologic quality of the studies. There was
initial disagreement between the 2 independent review-

ers on 42 (21%) of the 200 (10 3 20) items scored.
Disagreement mainly concerned the following criteria:
control for cointerventions in trial design (V3), baseline
similarity (D2), adequate description of interventions
(D3), and intention-to-treat analysis (V12). Nearly all
disagreements were due to reading errors or a difference
in interpretation of the methodologic criteria. After the
consensus meeting, no disagreement persisted.

Table 2 presents, for each trial, the criteria for
which bias was considered likely or for which incomplete
information hampered the methodologic assessment.

Table 1. Criteria for the methodologic assessment of randomized clinical trials*

Criteria type, number Description of criteria

Validity criteria
V1 Randomization: adequate procedure for generation of a random

number list
V2 Randomization: concealed random allocation of treatments, by

an independent person not responsible for determining
eligibility of patients

V3 Cointerventions: control for cointerventions in design
V4 Cointerventions: reported for each group
V5 Adherence to interventions: .70% in index group, and also in

reference groups in placebo-controlled trials
V6 Care provider blinded
V7 Patient blinded
V8 Outcome assessment blinded
V9 Relevant outcome measures: $2 of the following outcome

measures: pain, disability, and patient global assessment
V10 Withdrawals and dropouts: #20% for short-term followup and

#30% for long-term followup, and no substantial bias
(inequality between groups; reason for withdrawal/dropout)

V11 Identical timing of outcome assessment for all intervention
groups

V12 Intention-to-treat analysis
Descriptive criteria

D1 Specification of eligibility criteria, including explicit classification
criteria for OA; both an established set of criteria (i.e.,
American College of Rheumatology) and clinical criteria,
including symptoms, were up to standard

D2 Baseline similarity regarding age, radiologic OA, duration of
disease, location of OA, and baseline main outcome
measure(s)

D3 Description of interventions: adequate description of type,
modality, application technique, intensity, duration, and
number (or frequency) of sessions for both the index
intervention and reference groups

D4 Adverse effects described and attributed to allocated treatment,
or explicit report of no adverse effects

D5 Short-term followup: outcome assessment at the end of the
intervention period

D6 Long-term followup: outcome assessment $6 months after
randomization

Statistical criteria
S1 Sample size: to be presented at randomization and for most

important outcome assessments
S2 Presentation of point estimates and distribution measures, for

each important outcome measure separately

* For details on the operationalization of criteria and assessment forms, see http://www.nivel.nl. OA 5
osteoarthritis.
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Validity criteria. Six trials satisfied at least 6 of
the 12 validity criteria (50% of the criteria) (9–11,50–
52). One trial did not satisfy any of the validity criteria
(46).

As a consequence of the nature of exercise
therapy, neither care providers nor patients can be
blinded to the exercise therapy. Thus, the criteria blind-
ing of care providers (V6) and blinding of patients (V7)
were not met in any of the trials studied. The most
prevalent shortcomings concerned cointerventions: the
design of 3 trials did not control for cointerventions
concerning physical therapy strategies or medication
(V3), and in 8 trials, there was no report of these
cointerventions for each group (V4). In 2 trials, bias was
likely due to the absence of an intention-to-treat analysis
(V12).

Many trials lacked sufficient information on sev-

eral validity criteria: concealment of treatment alloca-
tion (V2), the level of compliance (V5), control for
cointerventions in the design (V3), and blinding of
outcome assessment (V8).

Informativeness of the study. Information on
adverse effects of exercise therapy (D4) and long-term
($6 months after randomization) outcome assessment
(D6) was often missing in trial reports. In 2 trial reports
(50,52), long-term followup was mentioned, but no
results were presented. Other frequent deficiencies were
in reporting on specification of eligibility criteria (D1)
and description of the interventions (D3).

Sample size and power. The sample size and
power of the trials varied widely (Table 3). Five trials
compared groups of ,25 patients, while 2 trials com-
pared $100 patients (median group size 34). Two stud-
ies (11,52) were designed with sufficient power ($0.80)

Table 2. Methodologic assessment of trials of exercise therapy for osteoarthritis of the knee or hip, ranked in order of validity score*

First author (reference) Validity score† Bias considered likely
Incomplete information for

validity assessment
Incomplete information for

description and data extraction

Van Baar (52) 9 V6,7 V2 D6
Ettinger (11), Messier (49) 8 V3,4,6,7 D2,4
Callaghan (10) 7 V4,6,7 V2,5 D1,4,6; S2
Börjesson (9) 6 V6,7 V2,4,5,8 D4,6
Minor (50) 6 V3,6,7,12 V2,8 D2,4,6; S1
Sylvester (51) 6 V4,5,6,7 V2,3 D1,3,4,6
Kovar (47), Peterson (48) 5 V4,6,7,8 V2,3,12 D3,6
Schilke (12) 5 V3,4,6,7 V2,5,8 D1,2,3,4,6
Bautch (8) 4 V4,6,7 V2,3,5,8,12 D2,4,6
Chamberlain (45) 4 V4,6,7,10,12 V2,3,5 D2,6; S2
Jan (46) 0 V1,2,4,6,7,9,11 V3,5,8,10,12 D1,3,4,6; S1

* Equally ranked trials are ordered alphabetically. See Table 1 for definition of criteria numbers. V 5 validity; D 5 descriptive; S 5 statistical.
† The validity score is calculated as the sum of all items with bias unlikely. Each item is given equal weight (range 0–12). Incomplete information
for the validity assessment is considered as “bias likely,” thus having a score of 0.

Table 3. Power calculations for all included trials*

First author (reference)
Validity

score
Mean number of

patients per group
Power with effect

size of 0.2
Power with effect

size of 0.5

Van Baar (52) 9 100 0.29 0.94
Ettinger (11),

Messier (49)
8 146 0.40 0.99

Callaghan (10) 7 9 0.07 0.16
Börjesson (9) 6 34 0.13 0.53
Minor (50)† 6 38 0.14 0.57
Sylvester (51) 6 7 0.07 0.14
Kovar (47),

Peterson (48)
5 51 0.17 0.71

Schilke (12) 5 10 0.07 0.18
Bautch (8) 4 17 0.09 0.29
Chamberlain (45) 4 21 0.10 0.35
Jan (46) 0 47 0.16 0.67

* Based on a t test for differences between the means of 2 independent samples of equal size and equal
variances (see ref. 37); a power $0.80 is generally considered sufficient.
† Data extraction was confined to data from osteoarthritis patients.
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to detect medium-sized effects (ES of 0.5). Both of these
studies had acceptable validity ($50% criteria positive).
Two studies (46,47) were designed with a nearly suffi-
cient power (0.67 and 0.71, respectively) to detect
medium-sized effects; these latter studies had a low
validity score.

Effectiveness of exercise therapy in comparison
with placebo treatment or no treatment. The majority of
the trials included in this review were designed to study
the differences between exercise therapy and placebo
treatment or no treatment (8–12,47,52; see also http://
www.nivel.nl). One of these trials also aimed to study
differences between different exercise therapy interven-
tions (10). In Table 4, the ES and the 95% confidence
intervals (95% CI) are presented for all studied outcome
parameters.

Pain. Pain was used as an outcome measure in 7
trials. In these trials, 4 different outcome measures were
used to assess pain. No information was available on
timing of pain assessment in relation to the days of
exercise. In 1 trial (10), data presentation was insuffi-
cient to calculate the ES. One trial (11) included 2
comparisons between exercise therapy interventions
(aerobic exercise and resistance exercise) and a placebo
treatment. Therefore, these ES values are presented
separately in Table 4.

In the 2 trials with acceptable validity and suffi-
cient power, the lower limit of the 95% CI exceeded 0.2
(small effect) (11,52), and in 1 of the 2 trials, the lower
limit exceeded 0.5 (medium effect) (52). These trials,
however, differed in terms of participants and content of
intervention. The participants had either hip or knee OA
(52) or knee OA only (11). In both trials, radiographic
evidence indicated a mild-to-moderate stage of disease.

In both trials, patients were recruited through physi-
cians, and in 1 trial (11), this was supplemented with
community-based recruitment. The intervention in 1
trial (52) concerned supervised individual therapy,
including strengthening exercises, range of motion exer-
cises, and functional training. The other trial (11) con-
cerned supervised group therapy followed by a home-
based program. Exercises included aerobic exercises or
resistance exercises (11). In both trials, the supervised
parts of the interventions took 12 weeks to complete.

The only trial with acceptable validity, but low
power, was borderline significant (9). This study con-
cerned patients with knee OA who had radiographic
evidence and symptoms (both not specified) and were
recruited from a clinical setting. Two 4-week exercise
programs were compared: individual weight-bearing ex-
ercises and supervised group therapy consisting of non–
weight-bearing exercises.

Among the 3 trials with low validity and low
power (8,12,47), the lower limit of the 95% CI exceeded
0.2 in 1 of them (47). This study concerned patients with
knee OA for a mean duration of .10 years, and
participants were recruited from the community and the
clinic. The intervention concerned an 8-week supervised
group therapy that mainly consisted of “fitness walking”
(47). The other studies concerned patients with knee
OA according to the criteria of the American College of
Rheumatology who were recruited from both the com-
munity and the clinic (8), and patients with knee OA
(not specified) who were recruited in the clinic (12). The
exercise interventions consisted of a 12-week walking
program (8) or an 8-week strength training program
monitored on a dynamometer (12).

Thus, the evidence indicates a small-to-moderate

Table 4. Best evidence synthesis*

First author (reference) Pain
Self-reported

disability
Observed disability

in walking
Patient’s global

assessment of effect

Acceptable validity, sufficient power
Van Baar (52) 0.58 (0.54, 0.62) 0.26 (0.22,0.30) 0.28 (0.24, 0.32) 0.64 (0.60, 0.68)
Ettinger (11; aerobic exercise) 0.47 (0.44, 0.50) 0.41 (0.38, 0.44) 0.89 (0.85, 0.93) NM
Ettinger (11; resistance exercise) 0.31 (0.28, 0.34) 0.36 (0.33, 0.39) 0.31 (0.28, 0.34) NM

Acceptable validity, low power
Callaghan (10) NA NM NA NM
Börjesson (9) 0.20 (0.08, 0.32) NM 20.11 (20.17, 20.05) 1.40 (1.28, 1.52)

Low validity, low power
Kovar (47) 0.52 (0.43, 0.61) 0.88 (0.78, 0.98) 0.92 (0.82, 1.02) NM
Schilke (12) 0.07 (20.32, 0.46) NA NA NM
Bautch (8) 0.25 (20.01, 0.51) 20.65 (20.93, 20.37) NM NM
Jan (46) NM 1.01 (0.91, 1.10) NM NM

* Values are the effect sizes (95% confidence intervals) for each outcome measure.
NM 5 not measured; NA 5 not able to calculate effect sizes due to insufficient data presentation.
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beneficial effect of exercise therapy on pain in knee OA
and, to a lesser extent, in hip OA. This effect was found
in participants with minimal-to-moderate OA who were
recruited from both the community and the clinic and were
being treated with various types of exercise therapy.

Self-reported disability. Self-reported disability
was used as an outcome measure in 6 trials. Three
different outcome measures were used. In 1 trial (12),
data presentation was insufficient to calculate the ES. In
2 trials with acceptable validity and sufficient power
(11,52), the lower limits of the 95% CI exceeded an ES
of 0.2, indicating a small effect.

Among the 3 trials with low validity and low
power (8,46,47), the 95% CI indicates a large effect in 2
of the 3 trials (46,47). The 95% CI of the third trial (8)
included an extreme value of 20.9. This is probably a
biased estimate, due to the forced use of posttreatment
scores in combination with a significant baseline differ-
ence for this outcome parameter.

It can be concluded that there is evidence for a
small beneficial effect of exercise therapy on self-
reported disability. This evidence is based on partici-
pants with knee OA and, to a lesser extent, those with
hip OA. This effect was found in participants with
minimal-to-moderate OA who were recruited from both
the community and the clinic and were being treated
with various types of exercise therapy.

Walking. Walking, the most frequently used out-
come parameter for observed disability, was assessed in
6 trials. In these trials, 4 different assessments were used.
In 2 trials (10,12), data presentation was insufficient to
calculate the ES.

In the 2 trials with acceptable validity and suffi-
cient power (11,52), the lower limit of the 95% CI
exceeded 0.2, indicating a small beneficial effect of
exercise therapy on walking performance. In the Et-
tinger et al trial (11), the 95% CI for aerobic exercise
exceeded 0.8. The 95% CI of the trial that had accept-
able validity, but low power, ranged from 20.17 to 20.05
(9). Again, this is probably a biased estimate, due to the
forced use of posttreatment scores in combination with a
significant baseline difference for walking. The trial with
a low validity score and low power resulted in a 95% CI
exceeding 0.8 (47).

In conclusion, the evidence indicates a small bene-
ficial effect of exercise therapy on walking performance.

Patient’s global assessment of effect. In only 2
trials, a global assessment of effect by the patient was
used as the outcome parameter. In the trial with accept-
able validity and sufficient power (52), the lower limit of
the 95% CI was 0.6. In the trial with acceptable validity

and low power (9), the lower limit of the 95% CI
was 1.28.

These data indicate a medium-to-great beneficial
effect of exercise therapy according to the patient’s
global assessment.

Comparison between different exercise therapy
programs. Four trials (10,45,50,51) explicitly studied the
differences between different exercise therapy interven-
tions (for details, see http://www.nivel.nl).

Pain was assessed in all 4 trials. Three outcome
measures were used. In 2 studies, information was given
concerning the timing of pain assessment in relation to
the days of exercise. In 1 study (45), outcome assessment
preceded treatment, while in another study (51), pain
was assessed the week following the completion of
treatment. Self-reported disability was assessed in 3
trials (45,50,51), and walking in 2 trials (10,50).

Three trials (10,50,51) had an acceptable validity
score; however, power was insufficient (0.80) in all trials.
The ES could be calculated for 2 studies, 1 with accept-
able validity (3 outcome measures) (50) and 1 with low
validity (2 outcome measures) (45). All but 1 of the
calculated 95% CI included 0. The exception was the
95% CI for pain in the low-validity study (45), which
exceeded 0.2 with its lower limit, indicating a small
beneficial effect on pain in favor of home exercises. In
this study, participants with knee OA were recruited
from the clinic, and a 4-week supervised hospital-based
exercise regimen was compared with a 4-week home-
based exercise regimen. The other study for which the
ES could be calculated concerned both OA and rheu-
matoid arthritis in the hip, knee, and tarsal joints with
specified criteria (50). Subjects were recruited from the
community and outpatient clinics. Data extraction for
this review was confined to OA patients. Three exercise
interventions were compared: an aerobic walking pro-
gram, aerobic hydrotherapy, and a nonaerobic program
directed to range of motion. The calculated 95% CI of
this study included 0.

In conclusion, no evidence is available in favor of
one particular type of exercise therapy program.

DISCUSSION

In this systematic review, we have summarized
the available evidence on the effectiveness of exercise
therapy in OA of the hip or knee. We assessed the
methodologic quality and the power of 11 RCTs. It can
be concluded that exercise therapy is effective in patients
with OA of the hip or knee. Available evidence indicates
beneficial effects on all studied outcome parameters:
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pain, self-reported disability, observed disability in walk-
ing, and patient’s global assessment of effect. The ES
values indicated small effects on both disability outcome
measures, a small-to-moderate effect on pain, and a
moderate-to-great effect according to the patient’s
global assessment of effect. Since pain and disability are
the main symptoms in patients with OA, exercise ther-
apy seems indicated. However, the size of the effects is
modest and needs to be enlarged.

Some critical remarks have to be made. These
conclusions are based on a small number of good
studies. Only 2 RCTs had an acceptable validity score as
well as sufficient power (11,52). Another 2 studies had
an acceptable validity score, but low power (9,10).
Furthermore, trials frequently did not include all rele-
vant outcome measures as required in our criteria.
Therefore, for some outcome measures, evidence is
based on a limited number of studies, especially with
regard to observed disability (i.e., walking) and patient’s
global assessment of effect. In addition, a number of
different instruments have been used for assessment of
specific outcome measures. This complicates the com-
parison of ES, because of possible underlying differ-
ences in validity, reliability, and responsiveness. The
recently published list of candidate instruments provided
by Bellamy (53) can be seen as a first step in the
accomplishment of standardization of assessment.

Moreover, hardly any information is available on
long-term effects of exercise therapy. In only 2 publica-
tions describing the same trial, long-term effects were
reported, and beneficial effects were reported for pain
and disability (11,49). However, in this trial, exercise
therapy was continued to some extent during the entire
followup period. Therefore, no insight was gained into
duration of effects after completing exercise therapy.
This lack of information concerning long-term effects is
a remarkable omission, since the clinical impression is
that effects disappear over time.

Finally, the effectiveness of exercise therapy in
patients with hip OA has hardly been studied. Patients
with hip OA were included in only 1 trial (52). In that
trial, both hip and knee OA patients were studied.
Therefore, there is only limited insight into the effec-
tiveness of exercise therapy in OA of the hip.

There is insufficient evidence to draw conclusions
on the optimal content of an exercise therapy interven-
tion. The 2 trials with acceptable validity and sufficient
power showed beneficial effects of different types of
exercise therapy: aerobic exercises, resistance exercises,
or a mixture of several types of exercise therapy (11,52).
The ES of different exercise therapy interventions were

comparable. Trials comparing effects of different exer-
cise therapy programs remained inconclusive (10,45,
50,51).

The methodologic assessment revealed some ma-
jor threats to the validity of clinical trials concerning
exercise therapy. Blinding of providers and patients was
absent in all studies. As a consequence of the nature of
exercise therapy, blinding of both providers and patients
is not possible. Therefore, blinding of outcome measure-
ment is vital. However, in only half of the trial reports,
blinded outcome assessment was explicitly reported.
Another potential source of bias was the frequently
occurring absence of information on adherence to the
intervention. This hampers the interpretation of a study
with negative results. It remains unclear whether the
exercise therapy intervention was ineffective due to the
intervention itself or due to the participants’ failure to
adhere to the therapy.

We tried to satisfy the current requirements for
systematic review (20–22). We included a methodologic
quality assessment to elucidate sources of bias in in-
cluded trials. There is a multiplicity of lists available for
methodologic quality assessment, with a variable num-
ber of items (varying between 3 and 35). The choice of
a specific instrument has been found to affect the
outcome of assessment (54). We have used the
Maastricht-Amsterdam consensus list on quality assess-
ment (22), a comprehensive list including all items from
formal validated lists (31,34,35). The added value of this
list is that it addresses a great variety of items considered
relevant in rehabilitation and physical therapy research.
In addition, we studied the power of the included trials,
i.e., whether a trial could detect an existing difference
between interventions. Methodologic quality and power
were used to weight the level of evidence of a study (55).

Outcome assessment was focused on effects on
pain, self-reported disability, observed disability, and
patient’s global assessment of effect. Within the category
of observed disability, we chose to focus on walking,
because data on walking were the most frequently
presented. Trials were included if at least 1 relevant
outcome measure was assessed. In addition, as part of
the methodologic quality assessment, trials were graded
according to the number of relevant outcome measures
used, with the criterion of at least 2 relevant outcome
measures. No further criteria were applied, although
studies varied considerably in the number of outcome
measures. The quality of outcome assessment instru-
ments was not assessed. Our criteria should be viewed as
the minimum criteria for outcome measures necessary
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to significantly contribute to our knowledge of effective-
ness of exercise therapy in OA.

We examined studies for their control for co-
interventions concerning physical therapy strategies and
medication. Recent research, however, suggests that
control for health education and social interaction
should have been included as well (56).

We included the results from our own study to
provide an overview of all available evidence. This study
was reviewed by an independent assessor who was experi-
enced in reviewing musculoskeletal trials; similar review
procedures were used. Exclusion of our study, however,
would not have changed the conclusions of our review with
regard to the effectiveness of exercise therapy.

To enable direct comparison between trials, we
calculated the ES for the same outcome measures in
different trials. However, in our calculations, we were
hampered by insufficient data presentation in trial re-
ports. First, in several trials, we had to use posttreatment
data as a basis for ES calculations, instead of the
preferred change scores and their standard deviations.
ES based on posttreatment scores proved to be less
adequate, especially in trials with small sample sizes. In
these trials, treatment groups sometimes differed at
baseline for an outcome measure. As a consequence,
posttreatment outcomes were not informative, as were
(pooled) ES based on these data. Second, in 3 trials, no
ES could be calculated.

In conclusion, the available evidence indicates
beneficial short-term effects of exercise therapy in pa-
tients with OA of the knee and, to a lesser extent (less
evidence available), in those with OA of the hip. Given
the limited number of studies available, this conclusion
applies to patients with mild-to-moderate OA who are
recruited in outpatient settings and the community.
Beneficial effects have been found for various types of
exercise therapy. Exercise therapy may be recommended
for patients with OA of the knee and also for patients
with OA of the hip with a mild-to-moderate stage of
disease.

Further research could expand on this recom-
mendation. In particular, additional clinical trials are
needed to study the long-term effectiveness of exercise
therapy and effectiveness of exercise therapy in patients
with hip OA. In the design and conduct of these trials,
specific attention should be paid to a sufficient sample
size, adherence to exercise therapy, controls for cointer-
ventions, blinded outcome assessment, and an adequate
data analysis including an intention-to-treat analysis.
The incorporation of a standard set of outcome mea-
sures (27) in combination with the adoption of a stan-

dard for reporting results (57) will greatly enhance
evidence synthesis in this area.
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