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Abstract

Objective: We performed a systematic review and meta-analysis of randomized controlled trials to
investigate the differences in the efficacies between strengthening and aerobic exercises for pain relief in
people with knee osteoarthritis.

Data sources: This search was applied to Medline, Cochrane Central Register of Controlled Trials, the
Physiotherapy Evidence Database, and the Cumulative Index to Nursing and Allied Health Literature. All
literature published from each source’s earliest date to March 2013 was included.

Review methods: Trials comparing the effects of exercise intervention with those of either non-
intervention or psycho-educational intervention were collected. Meta-analysis was performed for trials in
which therapeutic exercise was carried out with more than three sessions per week up to eight weeks,
for pain in people with knee osteoarthritis. All trials were categorised into three subgroups (non-weight-
bearing strengthening exercise, weight-bearing strengthening exercise, and aerobic exercise). Subgroup
analyses were also performed.

Results: Data from eight studies were integrated. Overall effect of exercise was significant with a large
effect size (standardised mean difference (SMD): —0.94; 95% confidence interval —1.31 to —0.57). Subgroup
analyses showed a larger SMD for non-weight-bearing strengthening exercise (—1.42 [-2.09 to —0.75])
compared with weight-bearing strengthening exercise (—0.70 [-1.05 to —0.35]), and aerobic exercise
(—0.45 [-0.77 to —0.13]).

Conclusion: Muscle strengthening exercises with or without weight-bearing and aerobic exercises are
effective for pain relief in people with knee osteoarthritis. In particular, for pain relief by short-term exercise
intervention, the most effective exercise among the three types is non-weight-bearing strengthening exercise.
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Introduction

Osteoarthritis is a relatively common musculoskel-
etal disorder, with a high prevalence that increases
with age.! Worldwide, hip and knee osteoarthritis is
one of the leading causes of disability, particularly
in the elderly.>? Osteoarthritis is a joint disorder
characterised by progressive degeneration of the
articular cartilage, resulting in the loss of joint space
and reduction in the formation of new marginal and
central bone.* Structural abnormalities of all tissues
in the joints — including the cartilage, subchondral
bone, synovium, capsule, and ligaments — may also
be present.’ People with symptomatic osteoarthritis
chiefly complain of pain and functional limita-
tion."# In particular, pain is believed to affect the
quality of life; therefore, pain relief is an important
issue in clinical rehabilitation.

Several systematic reviews have outlined and
showed the effectiveness of muscle strengthening
or aerobic exercises in the osteoarthritis popula-
tion,*® and a meta-analysis performed in another
review found no difference between the two types
of exercise.” However, the meta-analysis in that
review included some trials incorporating addi-
tional interventions besides strengthening or aero-
bic exercise (e.g. range of movement exercise,
patellar taping, or non-steroidal anti-inflammatory
drug treatment). Consequently, the exact effects of
either strengthening or aerobic exercise on pain
relief remain unclear. Moreover, the effect of exer-
cise frequency and duration on pain relief was not
controlled, and the effect size of non-weight-bear-
ing strengthening exercise and that of weight-bear-
ing strengthening exercise were not investigated
separately in the meta-analysis. In order to deter-
mine the exact difference in efficacy between
strengthening and aerobic exercises, it is necessary
to perform a meta-analysis after confirming concep-
tual heterogeneity in exercise intervention, exercise
frequency, and duration.

The purpose of the present systematic review and
meta-analysis of randomized controlled trials was to
investigate the differences in the efficacies between
strengthening and aerobic exercises for pain relief in
people with knee osteoarthritis. We selected similar
trials in terms of the types of exercise and performed

a meta-analysis and subgroup analysis for the trials,
while controlling for the influence of exercise fre-
quency and duration on pain relief.

Methods

In this study, we first performed a systematic review
to identify the relevant studies, and then followed it
up with a meta-analysis on the basis of the initial
systematic review. This systematic review and
meta-analysis was performed according to the pre-
ferred reporting items for systematic reviews and
meta-analyses statement protocol, as described
elsewhere.!?

Inclusion and exclusion criteria for trials were
based on study design, participants, interventions,
comparisons, and outcomes as follows. Randomized
controlled trials on the efficacy of exercise were
included. Observational studies such as cohort stud-
ies were excluded.

Participants who had been diagnosed with knee
osteoarthritis were considered. No age, sex, or body
mass index restrictions were imposed. Preoperative
people were excluded from this review because
therapeutic exercise could not be applied to these
individuals. Furthermore, postoperative people (e.g.
total knee arthroplasty) were excluded from this
review.

The studies performing non-weight-bearing
strengthening exercise, weight-bearing strengthen-
ing exercise, or aerobic exercise were included. The
studies including intervention with combination
exercise (for example, trial including strengthening
exercise and aerobic exercise) were excluded from
our review, because of reducing the conceptual het-
erogeneity of exercise intervention. Moreover, in
order to minimise the influence of exercise fre-
quency and duration on pain relief, trials including
lower than the median of exercise frequency or lon-
ger than the median of exercise duration among
identified trials in our searching were excluded
from our analysis. In cardiac rehabilitation,
Berkhuysen et al.!! showed that high-frequency
patients (10 sessions per week) reported more posi-
tive change significantly in the self-reported out-
come than low-frequency patients (2 sessions per
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week). In addition, Fransen and McConnell'? con-
cluded in their the systematic review, which was
published in Cochrane library, that land-based ther-
apeutic exercise has at least short-term benefit in
terms of reduced knee pain, but there is a clinical
impression that the beneficial effects of exercise on
osteoarthritis of the knee disappear over time.!3
Therefore, if there was heterogeneity in exercise
frequency or duration among trials, we could not
determine the exact difference in the efficacy
between strengthening and aerobic exercises.

Trials comparing therapeutic exercises with
either non-intervention or psycho-educational inter-
ventions in people with knee osteoarthritis were
included. Jamtvedt et al.'4, in their systematic
review, wrote that psycho-educational interventions
improve psychological outcomes, but no clinically
important difference was found for pain.

The primary outcome measure was pain. Trials
using self-reported scales of pain were selected.

Studies were identified by searching electronic
databases. This search was applied to Medline,
Cochrane Central Register of Controlled Trials,
the Physiotherapy Evidence Database, and the
Cumulative Index to Nursing and Allied Health
Literature. Publication data was through 20 March
2013. Publication language was not restricted.
The first author (RT) developed and conducted
the search.

We used the following search terms to search all
trial registers and databases: osteoarthritis knee,
exercise, exercise therapy, and pain. The search
strategy consisted of a combination of free text
words and medical subject headings terms. Article
searches in the Medline database were limited to
clinical trials and randomized controlled trials.
Search strategies were peer reviewed as part of the
systematic review process. The search strategy is
available in the appendix, which is available online.

Two authors (RT and JO) scanned the articles
retrieved by the initial search to exclude obvi-
ously irrelevant studies. Study eligibility was
determined by reading the title and abstracts, and
obviously irrelevant trials were excluded at this
stage. Inclusion and exclusion criteria were estab-
lished a priori. Disagreements between reviewers
were resolved by consensus.

Two authors (RT and JO) read the full-text arti-
cles and independently decided whether the
retrieved trials met the inclusion criteria or not. Two
authors (RT and JO) extracted the data using special
standardised forms developed for this review. We
contacted no author for further information. The
primary outcome data were entered into the Review
Manager 5.1 software (The Cochrane Collaboration,
Copenhagen, Denmark) for further statistical analy-
sis. All differences resulting from discrepant assess-
ments during data extraction and analysis were
resolved by consulting a third author (NK) or dis-
cussion among the authors. Information was
extracted from each included trial on: (a) the char-
acteristics of trial participants; (b) the contents of
exercise intervention and regimen; and (c) the out-
come scale.

The quality of the trials that were included in our
review was determined by using the PEDro scale.!
The PEDro scale is based on the Delphi list devel-
oped by Verhagen and colleagues at the Department
of Epidemiology, University of Maastricht.!® The
PEDro scale contains 10 check items: ‘random allo-
cation’, ‘concealed allocation’, ‘baseline compara-
bility’, ‘blind subjects’, ‘blind therapists’, ‘blind
assessors’, ‘adequate follow-up’, ‘intention-to-treat
analysis’, ‘between-group comparisons’, and ‘point
estimates and variability’.

Since the outcome consisted of continuous data,
which were standardised to the same scale, the stan-
dardised mean difference was used as the effect
measure. The standardised mean difference is the
difference in mean outcome between groups divided
by the standard deviation of the outcome.!” The
standardised mean difference and their correspond-
ing 95% confidence interval were calculated for the
continuous outcome data. The selection of using
either a fixed-effect model'” or a random-effect
model!” was decided after examination of statistical
heterogeneity between trials.

The inverse variance method!” was used to syn-
thesise the results by means of the Review Manager
5 software. If a standard deviation was not given, it
could be calculated from the 95% confidence inter-
val or the standard error of the mean values. Trials
that did not give means and standard deviation,
95% confidence interval, or the standard error of
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the mean values were excluded from the synthesis
in our study. Positive values indicate that the control
group improved on average more than the exercise
group. Effect sizes of 0.2—0.5 can be interpreted as
small, 0.5-0.8 as medium, and greater than 0.8 as
large effects.!® Heterogeneity between trials was
examined by the y? test and the /7 test.!” The /> test
does not inherently depend on the number of studies
and is accompanied by an uncertainty interval. A
rough guide to interpretation is as follows:!7 0%—
40% might not be important; 30%—60% may repre-
sent moderate heterogeneity; 50%-90% may
represent substantial heterogeneity; 75%—100%
considerable heterogeneity.

We stratified the trials according to the type of
exercise and subgroup analyses were performed. The
trials stratified according to type of exercise were
classified as non-weight-bearing strengthening exer-
cise category, weight-bearing strengthening exercise
category, and aerobic exercise category. In our study,
the stratification according to the delivery mode (e.g.
individual treatments, exercise classes, or home pro-
gramme) was not performed, because the mode of
treatment delivery was not significantly associated
with the magnitude of treatment benefit.!°

For each trial, we plotted the effect by the inverse
of its standard error. The symmetry of such ‘funnel
plots’ was assessed both visually and formally. As a
subsequent check of publication bias, the test of
Egger et al.?0 was incorporated. In the Egger test the
standard normal deviation is regressed on precision,
defined as the inverse of the standard error.?! This is
a formal statistical analysis that is intended to assess
the same assumption as the funnel plot, and may be
used as a ‘cross-check’ to the physical inspection of
the data.

Results

The search of Medline, Cochrane Central Register
of Controlled Trials, Physiotherapy Evidence
Database, and Cumulative Index to Nursing and
Allied Health Literature provided a total of 559 cita-
tions. We excluded 551 studies as shown in Figure 1
and performed the meta-analysis for eight studies
(11 exercise groups) consequently.

A list of the included studies is shown in Table 1.
Of 11 exercise groups in eight studies, six exercise
groups in four studies?”? examined the effect of
non-weight-bearing muscle strengthening only (i.e.
concentric-eccentric, isometric, or isokinetic exer-
cise under non-weight-bearing conditions). Two
exercise groups in one study?® examined the effect
of weight-bearing muscle strengthening (i.e. exer-
cise with a leg press machine) with or without non-
weight-bearing muscle strengthening, but did not
examine the effect of aerobic exercise. Three exer-
cise groups?”-2? examined the effect of acrobic exer-
cise (i.e. walking, Baduanjin, or Tai Chi exercise).
The result of PEDro scoring is available in the
appendix, available online.

The means of original data, standard deviation,
sample sizes, and the standardised mean difference
(95% confidence interval) of each type of exercise
is seen in the forest plots (Figure 2). All eight stud-
ies showed that the effect of the exercise group was
better than that of the control group. Five of the
eight studies suggested significant differences
between the exercise and control groups. No studies
indicate that the effect of the control group was sig-
nificantly better than that of the exercise group. The
effect integrated with all trials was significant (P <
0.00001), and the pooled standardised mean differ-
ence was large (—=0.94 [-1.31 to —0.57]).

All trials were stratified according to the type of
exercise and subgroup analyses were performed.
The results according to type of exercise are shown
in Table 2. Statistical substantial heterogeneity
between the trials for non-weight-bearing strength-
ening exercise and the trials for weight-bearing
strengthening exercise or aerobic exercise was
observed (2 =71.1% and 84.6%, respectively). The
pooled standardised mean difference of trials for
non-weight-bearing strengthening exercise was
larger than that of trials for weight-bearing strength-
ening exercise or aerobic exercise. There was not
important heterogeneity between the trials for
weight-bearing strengthening exercise and the trials
for aerobic exercise (/> =7.5%).

Analysis of funnel plots (Figure 3) as well as
results from the Egger’s test suggested negative evi-
dence of publication bias for all trials (P = 0.123).
The number of studies in each subgroup is four at
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4 studies 559 records
added from identified through
past database
systematic searching

revews

264 records after duplicates
removed

295 records
screened

| 241 records excluded

26 full-text articles excluded,
because of

+ being added any intervention in
the control group (n = 12)

- Insufficient statistical data (n = 5)

« inclusion diagnosis other than
knee osteoarthritis (n = 4)

- being added non-exercise
intervention in the exercise group
(n=2)

54 full-text articles
assessed for the

eligibility

+ secondary analysis for previous
study (n = 2)

« lack of the contral group (n = 1)

!

32 studies
assessed the type
of exercise therapy

24 studies excluded, because of
- the combination of multiple type (n = 14)

- lower exercise frequency or longer term
than other studies (n = 10)

8 studies (11 exercise groups) included in
quantitative synthesis (meta-analysis)

Figure I. Flow diagram of included and excluded studies.
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Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Non-weight-bearing strengthening exercise
Gur 2002 10.3 4.5 9 28 5.2 6 3.3% -3.48 [-5.27, -1.70]
Salli 2010 2.8 1.7 23 6.5 1.8 24 9.2% -2.08 [-2.80, -1.36] —_
Gur 2002 16.6 7.3 8 28 5.2 6 5.3% -1.64 [-2.92, -0.36] -
Salli 2010 3.9 1.9 24 6.5 1.8 24 10.0% -1.38 [-2.02, -0.75] -
Lin 2009 4.2 3 36 7.3 3.4 36 11.4% -0.96 [-1.45, -0.47] -
Schilke 1996 9.7 472 10 101 6.44 10 7.9% -0.07 [-0.94, 0.81] —_
Subtotal (95% CI) 110 106 47.2% -1.42 [-2.09, -0.75] <o

Heterogeneity: Tau? = 0.48; Chi? = 19.98, df =5 (P = 0.001); I> = 75%
Test for overall effect: Z =4.13 (P < 0.0001)

1.1.2 Weight-bearing strengthening exercise

Jan 2008 48 27 34 71 34 34 114% -0.74 [-1.23, -0.25]
Jan 2008 48 35 34 71 34 34 114% -0.66 [-1.15, -0.17] -
Subtotal (95% CI) 68 68 22.8%  -0.70 [-1.05, -0.35] 'S

Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.82); 1> = 0%
Test for overall effect: Z = 3.95 (P < 0.0001)

1.1.3 Aerobic exercise

An 2008 711 1101 11 1382 1126 10 7.9% -0.58 [-1.46, 0.30] —
Kovar 1992 377 173 47 477 212 45 121% -0.51[-0.93, -0.10] -
Brismee 2006 1539 57 22 1664 457 18 10.1% -0.23 [-0.86, 0.39] —r
Subtotal (95% CI) 80 73 301%  -0.45[-0.77,-0.13] *

Heterogeneity: Tau? = 0.00; Chi? = 0.63, df =2 (P = 0.73); I? = 0%
Test for overall effect: Z =2.73 (P = 0.006)

Total (95% CI) 258 247 100.0% -0.94 [-1.31, -0.57] ¢
Heterogeneity: Tau? = 0.25; Chi? = 34.24, df = 10 (P = 0.0002); I?=71% T T 1 T
Test for overall effect: Z = 4.96 (P < 0.00001)

Test for subgroup differences: Chi? = 6.59, df = 2 (P = 0.04), I> = 69.6%

Favors exercise Favors control

Figure 2. Forest plots (eight studies, | | exercise groups).
A random-effect model was used because of significant heterogeneity (1 = 71%).The standardised mean difference of trials was
different among subgroups (2 = 69.6%).

Table 2. The results of subgroup analysis according to the type of exercise.

The type of exercise The SMD of trials [95% CI] Heterogeneity ()

NWBSE WABSE AE
NWABSE —1.42 — 71.1% 84.6%
(6 exercise groups) [—2.09,—0.75]
WABSE —0.70 — 7.5%
(2 exercise groups) [—1.05,—0.35]
AE —0.45 —
(3 exercise groups ) [—0.77,—0.13]

NWABSE, non—weight—bearing strengthening exercise; WBSE, weight—bearing strengthening exercise; AE, aerobic exercise; SMD,
standardised mean difference; Cl, confidence interval.

maximum. According to the Cochrane handbook there are at least 10 studies included in the meta-
for systematic reviews of interventions,!” tests for analysis, because when there are fewer studies the
funnel plot asymmetry should be used only when power of the tests is too low to distinguish chance
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Figure 3. Funnel plots (eight studies, | | exercise groups).

Asymmetrical funnel plots suggest the negative publication bias. SE, standard error; SMD, standardised mean difference.

from real asymmetry. Consequently, we could not
assess the risk of publication bias for subgroups.

Discussion

Our study involved a meta-analysis and subgroup
analysis to compare the exact effect of strengthen-
ing and aerobic exercises on pain relief in people
with knee osteoarthritis. The synthesised trials data
suggested statistical heterogeneity among trials.
Subgroup analysis was performed after the stratifi-
cation of trials according to the type of exercise.
Both types of strengthening exercise were effec-
tive for pain relief, regardless of whether the weight-
bearing condition was used. Moreover, we observed
that the pooled effect size of non-weight-bearing
strengthening exercise was larger than that of weight-
bearing strengthening exercise. In only one trial
reported by Jan et al.3? that compared the effects of
non-weight-bearing versus weight-bearing exercise
in participants with knee osteoarthritis, but pain was

not included as an outcome measure. To our knowl-
edge, no studies have reported the comparative effec-
tiveness of weight-bearing positions in muscle
strengthening exercise for pain relief. Exercise in the
standing or weight-bearing positions for participants
with painful knee osteoarthritis might aggravate
symptoms such as pain, swelling, and inflammation
if the knee joint is overloaded.’!, 32 Overloaded
weight-bearing positions should not be suggested for
strengthening exercise to relieve pain.

The pooled effect size of non-weight-bearing
strengthening exercise was also larger than that of
aerobic exercise. Roddy et al.? indirectly compared
the effect of strengthening exercise and aerobic exer-
cise on pain relief and concluded that there were no
differences between them. Although they performed
a systematic review and meta-analysis, non-weight-
bearing strengthening exercise in people with knee
osteoarthritis was used in only three of 11 exercise
groups categorised as those involving strengthening
exercise. Another eight trials included subjects with
hip osteoarthritis®3 and not knee osteoarthritis,?* an
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exercise group involving weight-bearing strengthen-
ing exercise,> 3% and a control group with exercise
(e.g. stretching or range of movement exercise).>
Accordingly, their findings did not always reflect a
lack of difference between non-weight-bearing
strengthening exercise and aerobic exercise in pain
relief in people with knee osteoarthritis.

Our findings suggest that the advantage of
strengthening exercise exists only for non-weight-
bearing regimens. Ettinger et al.?> showed that both
resistance exercise and aerobic exercise reduced
pain significantly compared with health education
over the course of the study. However, they did not
reveal an advantage of resistance exercise over aer-
obic exercise. Our findings seem to be inconsistent
with their results; this contradiction might be
explained by the difference of exercise content in
the resistance group, which included weight-bear-
ing strengthening exercise. As mentioned above,
exercise in weight-bearing positions for people with
painful knee osteoarthritis might aggravate pain.3!-32

Our results might suggest that exercise therapy
for pain relief should be performed under reduced
loading conditions in people with knee osteoarthri-
tis. However, persistent reductions in joint loading
may have harmful effects on cartilage metabolism.
Hinterwimmer et al.*0 showed that even during
short-term reduced loading conditions (partial
weight-bearing at the knee joint for seven weeks
after a surgical intervention at the ankle), a signifi-
cant degree of cartilage thinning was observed.
These data indicate that the cartilage undergoes
some process of atrophy in the absence of mechani-
cal stimulation. Furthermore, Jan et al.3 reported
that equally significant improvements were appar-
ent on both the Western Ontario and McMaster
Universities Arthritis Index function scale and mus-
cle torque after weight-bearing and non-weight-
bearing exercises, except for reposition error, for
which improvement was greater in the weight-bear-
ing exercise group. If people with knee osteoarthri-
tis performed non-weight-bearing exercises for pain
relief, exercise with a loading condition at the knee
joint should be performed immediately after suffi-
cient pain relief is achieved in order to inhibit carti-
lage thinning and improve position sense.

The major strength of this study is its design,
which controls for the effects of confounding fac-
tors on the efficacy of exercise. Although previ-
ously published systematic reviews have reported
differences in efficacy between various types of
exercise,”!” no systematic reviews including meta-
analyses have been performed that control for the
effects of exercise frequency and exercise duration
of the efficacy of exercise. In our study, almost all
of the included trials used frequencies of three exer-
cise sessions per week for a duration of eight weeks.
However, it should be pointed out that we excluded
studies that were very effective but fell outside the
scope of our study because of their lower exercise
frequency or longer term than that seen in other
studies. Accordingly, we would like to emphasise
our interpretation that the advantage of non-weight—
bearing strengthening exercise for pain relief com-
pared with weight-bearing strengthening or aerobic
exercise would be restricted to the first eight weeks
following the start of the exercise intervention with
over three sessions per week.

Our study has several limitations; one of these is
the quality of trials included in our study. The influ-
ence of the quality of trials on the results of meta-
analysis has been reported.!” This meta-analysis
showed that all three study categories (low, medium,
or high risk of bias) achieved significant mean treat-
ment benefits in terms of pain, and that studies at a
low risk of bias showed small mean treatment
effects for pain. The studies at a high risk of bias in
this review included those that were not blinded to
outcome assessment, had no appropriate handling
of participant attrition, and lacked adequate alloca-
tion concealment. Studies with a high risk of bias
showed mostly moderate mean treatment effects. In
our study, we performed the meta-analysis on trials
including those with low quality,?>?327.28 which
means a high risk of bias in past meta-analyses.!®
Therefore, the quality of trials may be considered to
have been incorporated in our study.

Evidence of publication bias for all trials was not
detected by Egger’s test in our results. This result
suggests that the effect size of overall exercise ther-
apy has not been influenced by publication bias.
However, an estimation of publication bias for each
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subgroup could not be determined, because the sub-
groups were too small to perform this test.
Consequently, we could not judge whether publica-
tion bias in the effect size for pain relief from
strengthening or aerobic exercise exists. As shown
in Figure 3, one exercise group in a trial reported by
Gur et al.,”? which was categorised as a subgroup
involved in non-weight-bearing exercise, showed
particularly higher standardised mean difference
than in other trials. If the existence of publication
bias is recognised and eliminated in future system-
atic reviews using an Egger’s test, it is probable that
the pooled effect size for pain relief from non-
weight-bearing exercise would become smaller than
our data at present.

We observed a difference in therapeutic efficacy
between strengthening and aerobic exercises. In
short-term, non-weight-bearing strengthening exer-
cises are recommended to reduce exercise pain in
people with knee osteoarthritis. Future studies
involving meta-analysis to examine the effects of
both strengthening exercise with or without weight-
bearing and aerobic exercise on pain relief in people
with knee osteoarthritis should consider the issues
of the quality of trials and publication bias.

Clinical messages

e Muscle strengthening exercises with or
without weight-bearing and aerobic exer-
cises are effective for pain relief in peo-
ple with knee osteoarthritis.

e In particular the first eight weeks follow-
ing the onset of the exercise interven-
tion, the most effective exercise among
the three types is non-weight-bearing
strengthening exercise.
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