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Abstract. [Purpose] This study aimed to investigate the influence of land-based exercise frequency and duration
on pain relief for people with knee osteoarthritis (OA). [Subjects and Methods] The systematic review included
randomized controlled trials that investigated this influence, which were identified by searches of PubMed, the
Cochrane Central Register of Controlled Trials, the Physiotherapy Evidence Database, and the Cumulative Index
to Nursing and Allied Health Literature. The exercise groups in the identified trials were categorized according to
their type, frequency, and duration of exercise, and subgroup analyses were performed. [Results] Data integration
of 17 studies (23 exercise groups) revealed a significant effect and a medium effect size. In subgroups involving
strengthening exercise programs of >9 weeks duration, heterogeneity was found between subjects who performed
up to 3 sessions/week and those who performed >4 sessions/week. In subgroups involving strengthening exercise
programs of up to 3 sessions/week, there was heterogeneity between subjects who exercised for up to 8 weeks and
those who exercised for >9 weeks. Heterogeneity was not confirmed in aerobic exercise subgroups. [Conclusion]
Differences in exercise frequency and duration influence pain relief in effects of strengthening exercises but do not

influence the effect size of aerobic exercise for people with knee OA.
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INTRODUCTION

Osteoarthritis (OA) is a highly prevalent musculoskeletal
disorder? and it is a leading cause of disability, particularly
in the elderly> . It most commonly involves the hip and
knee, and is characterized by progressive degeneration of
the articular cartilage resulting in loss of joint space, and
by marginal and central new bone formation®. Pain and
functional limitation are the main complaints of people
with symptomatic OA* 3. As pain affects the quality of life,
pain relief should be the focus of OA treatment. Muscle-
strengthening and aerobic exercises, classified as land-
based therapeutic exercises, have almost similar effects on
pain relief®). Resistance training in a non-weight-bearing
position” ¥ and use of a leg press machine in a weight-bear-
ing position as muscle-strengthening exercises® 19, as well
as walking'!- 12 and tai chi as aerobic exercises'> ¥ have
been found to be effective for pain relief. Several systematic
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reviews have also outlined the effectiveness of land-based
exercise therapy on pain relief in OA populations®~17), and
have reported the results of meta-analyses of clinical tri-
als supporting the positive effects of exercise for people
with knee OAS% 18- 19 However, the trials in these reviews
had widely varying delivery modes, dosages, and types of
exercises performed. Moreover, the impact of these fac-
tors on the ultimate effect of exercise was not determined.
Fransen and McConnell showed a positive relation between
the number of sessions directly supervised by a healthcare
provider and the effect size; however, they did not control
for the influence of exercise type, frequency, and duration
on the effect size in their subgroup analysis'®. In fact, the
factors influencing the effect of different exercise program
elements are unknown. Moreover, the selection criteria for
the type, intensity, and duration of exercises beneficial for
patients with knee OA remain unclear?”). This systematic
review and meta-analysis of randomized controlled trials
(RCTs) aimed to investigate the influence of exercise fre-
quency and duration on pain relief for people with knee OA.

SUBJECTS AND METHODS
RCTs comparing land-based therapeutic exercises with

no intervention or psychoeducational intervention for peo-
ple with knee OA were included. Jamtvedt et al.?), in their
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systematic review, indicated that psychoeducational inter-
ventions improve psychological outcomes, but are not as-
sociated with a clinically important difference in pain. Tri-
als including interventions with a combination of multiple
exercise types, such as muscle-strengthening and aerobic
exercises, were excluded from our review, as they would
cause conceptual heterogeneity of exercise intervention.
No restrictions with respect to publication date or publica-
tion status, and frequency, duration, or intensity of exercise
were imposed. Observational studies such as cohort studies
were excluded. All participants diagnosed with knee OA,
except for those scheduled to undergo knee surgery (e.g.,
total knee arthroplasty), and those who had already under-
gone knee surgery, were considered. The primary outcome
measure was pain.

Studies were identified by a search of the electronic da-
tabases of PubMed, the Cochrane Central Register of Con-
trolled Trials (CENTRAL), the Physiotherapy Evidence Da-
tabase (PEDro), and the Cumulative Index to Nursing and
Allied Health Literature (CINAHL) conducted by the first
author (R.T.), who scanned the reference lists of the identi-
fied systematic reviews through December 30, 2010.

The following terms were used to search the trial regis-
ters and databases: osteoarthritis, knee; exercise; exercise
therapy; and pain. The search strategy (Table 1) consisted
of a combination of free text words and Medical Subject
Headings (MeSH) terms. The publication language was re-
stricted to English.

Study eligibility was determined by two of the authors
(R.T. and J.0.) who read the titles and abstracts, and ex-
cluded obviously irrelevant trials. The inclusion and ex-
clusion criteria were established a priori. Disagreements
between reviewers were resolved by consensus. The two
authors (R.T. and J.0.) then read the full-text articles and
independently decided whether the retrieved trials met the
inclusion criteria. The following data were then extracted
from each trial: characteristics of trial participants; contents
of exercise intervention and program design elements; and
outcome scale. The primary outcome data were entered into
Review Manager (RevMan) 5.1 software provided by the
Cochrane Collaboration for statistical analysis. The risk of
bias was determined using the PEDro scale??.

Since the outcomes consisted of continuous data stan-
dardized to the same scale, the standard mean difference
(SMD) was used as the effect measure. The SMD values
and their corresponding 95% confidence interval (95%
CI) values were calculated, and the decision to use either a
fixed-effect model®® or a random-effect model?® was made
after examination of statistical heterogeneity among trials.
If a standard deviation (SD) value was not given, it was cal-
culated from the 95% CI or the standard error of the mean
(SE) values. Trials that did not give means and SD, 95% CI,
or SE values were excluded from the synthesis in our study.
Positive values indicated that the control group showed a
greater average improvement than the exercise group. An
effect size of 0.2—0.5 was interpreted as small, 0.5-0.8 as
medium, and >0.8 as large?¥. Effects were considered sig-
nificant at p < 0.05. Heterogeneity between trials was exam-
ined by the y? test and the /2 test??. In cases of homogeneity

Table 1. Search strategy
(1) PubMed

#1 Osteoarthritis, knee [MeSH Terms]
#2 Exercise [MeSH Terms]

#3 Exercise therapy [MeSH Terms]
#4 Pain

#5 (#1 AND (#2 OR #3) AND #4)
Limits: Randomized Controlled Trial
#1 Osteoarthritis, knee [MeSH Terms]
#2 Exercise [MeSH Terms]

#3 Exercise therapy [MeSH Terms]
#4 Pain

#5 (#1 AND (#2 OR #3) AND #4)
-Advance search

Therapy: Strength training OR Fitness training
Body Part: Lower leg or knee
Problem: Pain

Title or Abstract: Knee Osteoarthritis
Method: Clinical trial

#1 Osteoarthritis, knee [MeSH Terms]
#2 Exercise+ [MeSH Terms]

#3 Therapeutic Exercise+ [MeSH Terms]
#4 Pain

#5 (#1 AND (#2 OR #3) AND #4)
Limits: Randomized Controlled Trial

(2) CENTRAL

(3) PEDro

(4) CINAHL

(7 > 25%), a fixed-effects model was used, and in cases of
heterogeneity, a random-effects model was used.

If heterogeneity between trials was significant, factors
including type, frequency, and duration of exercise might
influence its efficacy solely or interactively. To elucidate
this possibility, the influence of these confounding fac-
tors on the efficacy of exercise was controlled. The exer-
cise groups included in the trials were stratified according
to type, frequency and duration of exercise, and subgroup
analysis was performed. Stratification according to exercise
frequency and duration was based on the median value to
avoid the deviation of the number of trials in each subgroup.
Stratification according to the delivery mode (e.g., individ-
ual treatments, exercise classes, or home program) was not
performed because the mode of treatment delivery was not
significantly associated with the magnitude of treatment
benefit!®.

RESULTS

Of the 424 citations identified by the search of the da-
tabases, 13 studies remained after adjusting for duplicates
and excluding studies that did not meet the inclusion crite-
ria. An additional 4 studies that met the criteria for inclu-
sion were identified by checking the references of past sys-
tematic reviews. A total of 17 studies (23 exercise groups)
were included in the meta-analysis.

The included studies (Table 2) involved 1,816 partici-
pants (890 comparisons and 926 interventions). The exer-
cise groups included in trials were categorized based on
the type of exercise into 2 groups: strengthening exercise,
and aerobic exercise. Of the 23 exercise groups, 17 exercise
groups! 710- 253D were examined for the effect of strength-
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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% Cli IV, Random, 95% Cl
Gur 2002 103 45 9 28 52 6 0.8% -3.48[-5.27,-1.70) ¥
Salli 2010 28 17 23 65 1.8 24 33% -2.08 [-2.80, -1.36] -
Gur 2002 166 7.3 8 28 52 6 1.5% -1.64 [-2.92, -0.36]
Salli 2010 3.9 1.9 24 6.5 1.8 24 3.8% -1.38 [-2.02, -0.75] —
Lin 2009 4.2 3 36 7.3 3.4 36 4.9% -0.96 [-1.45, -0.47] -
Jan 2008 48 27 34 71 3.4 34 48% -0.74 [-1.23, -0.25] —
Song 2003 -245 39 22 061 5.1 21 4.0% -0.66 [-1.28, -0.05] D
Lim 2008 228 169 27 336 154 28 4.5% -0.66 [-1.20, -0.12] -
Jan 2008 48 35 34 71 3.4 34 49% -0.66 [-1.15, -0.17] -
O'Reilly 1999 -1.45 3.1 78 042 29 113 6.4% -0.62 [-0.92, -0.33] -
An 2008 711 1101 11 1382 1126 10 2.6% -0.58 [-1.46, 0.30] -
Kovar 1992 377 173 47 477 212 45  54% -0.561[-0.93, -0.10] -
Bennell 2010 4.9 3.3 39 6.5 33 37 5.1% -0.48 [-0.94, -0.02] -
Lim 2008 285 169 26 362 162 26 4.4% -0.46 [-1.01, 0.09] e
Ettinger 1997 214 06 144 24 061 149 69% -0.43 [-0.66, -0.20] -
Lund 2008 515 205 25 581 208 27 4.4% -0.31 [-0.86, 0.23] T
Quity 2003 428 251 43 505 256 44 5.4% -0.30{-0.72, 0.12} -7
Ettinger 1997 221 072 146 24 061 149 6.9% -0.28 [-0.51, -0.05] ™
Brismee 2007 15639 57 22 1664 457 18 3.9% -0.23 [-0.86, 0.39] T
Topp 2002 10.38 3.168 32 10.77 3.195 35  49% -0.12 [-0.60, 0.36] -
Schilke 1996 97 472 10 101 6.44 10 2.6% -0.07 [-0.94, 0.81] T
Topp 2002 10.71 3.136 35 10.77 3.195 35  50% -0.02 [-0.49, 0.45) T
Bautch 1997 219 167 15 208 209 15 3.4% 0.06 [-0.66, 0.77] T
Total (95% Cl) 890 926 100.0% -0.57 [-0.74, -0.40] ¢
Heterogeneity: Tau? = 0.10; Chi? = 61.07, df = 22 (P < 0.0001); I* = 64% ” -2 5 é 2

Test for overall effect: Z = 6.43 (P < 0.00001)

Favours exercise Favours control

Fig. 1. Forest plots for RCTs on the effect of land-based therapeutic exercise on pain

ening exercise (e.g., resistance-training exercises performed
by using Thera-Band® elastic bands and exercise with a leg
press machine). Six exercise groups!'~'% 332 were exam-
ined for the effect of aerobic exercise (walking, Baduanjin,
or tai chi exercise). The median number of exercise ses-
sions/week was 3. All included exercise groups were cat-
egorized into 2 subgroups according to the median number
of weekly sessions: up to 3 sessions! 714 27-2%. 3D and more
than 4 sessions?> 2% 30- 32 The median exercise duration
was 8 weeks. All included exercise groups were categorized
into 2 subgroups according to the median duration: up to 8
weeks11:13:27.29.32) and 9 or more weeks!- 12: 14.25.26.28.30.31)
Measurement scales for pain were the visual analogue scale
(VAS)!-8:10.12,25) "the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC)?- 13. 14, 26-28, 30.32),
the arthritis impact measurement scale (AIMS)'), the os-
teoarthritis screening index (OASI)?*, the numerical rat-
ing scale (NRS)?), or an original scale’). Of 17 studies, 15
studies had a PEDro score of at least 5 (88%). Of the 17
studies, however, 5 studies’ !> 28 2% 32) (29%) had no con-
cealed allocation, no blind assessors, and no intention-to-
treat analysis.

The means of original data, SDs, sample sizes, and the
SMD (95% CI) values of each trial are presented in the for-
est plots of Fig. 1. Of the 23 exercise groups, 22 showed a
better effect than the control group. Pooled SMD values of
all trials can be seen in the forest plots of Fig. 1. The inte-
grated effect of all trials was significant, and the effect size
was medium. There was significant statistical heterogeneity
between all the included trials.

All exercise groups included in the trials were stratified
according to the type, frequency and duration of exercise,
and subgroup analysis was performed. The results for the
exercise frequency are shown in Table 3. In subgroups of
strengthening exercise of >9 weeks, heterogeneity was
found between subjects who performed up to 3 sessions/

week and those who performed >4 sessions/week. In sub-
groups of aerobic exercise as exercise type, heterogeneity
between subgroups was not observed.

The results of subgroup analysis according to exercise
duration are shown in Table 4. In subgroups of strengthen-
ing exercise up to 3 sessions/week, there was heterogeneity
between subjects who exercised for up to 8 weeks and those
who exercised for >9 weeks. However, in subgroups of aer-
obic exercise as the type, heterogeneity between subgroups
was not observed.

DISCUSSION

In this study, the influence of frequency and duration of
exercise therapy on pain of people with knee OA was inves-
tigated. The results of trial data synthesis suggested statisti-
cal heterogeneity among trials (/> = 64%; Fig. 1). Subgroup
analysis was performed after stratification of the exercise
groups included in the trials according to exercise type, fre-
quency and duration.

First, the difference in the effect due to the difference in
exercise frequency between the subgroups was confirmed.
In the category of strengthening exercise and >9 weeks’ ex-
ercise duration, the effect of trials involving >4 sessions/
week was larger than that of trials involving up to 3 sessions
per week (12 = 84.0%; Table 3). However, heterogeneity was
not confirmed in the category including the trials of aerobic
exercise. These results indicate no consistent influence of
exercise frequency on efficacy within each category classi-
fied by the type of exercise. In the guidelines?%333% no rec-
ommendation of exercise frequency has been emphasized.
In the case of strengthening exercise, however, our find-
ings raise the possibility that exercise frequency influences
pain. Strengthening exercise for >4 sessions/week would be
moderately effective for pain relief for people with knee OA
even after 9 weeks from the start of exercise.
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Table 2. Summary of included studies

d Participants Exercise intervention o PED
Study . utcome ro
. Age Sex Frequency Duration
(Year)  Size o Contents Type scale score
(Average) (% Female) (per aweek) (week)
Giir El: 8 EIL:55 N El: Concentric-eccentric exercise  El: SE
et al. E2:9  E2:56 re([))torted E2: Concentric exercise E2: SE 3 8 NRS 5
(2002) c:9  C:57
Salli E1:25 EL:557 El 83% El Comb.med concentric-eccen- El: SE
1 tric exercise 3 8 VAS 7
281'0) E2:25 E2:571 E2:83%  E2:Isometric exercise E2: SE
C:25 (C:583 C:79%
Lin E36  E 616 E: 67% Strer.lgth tra}r.llng in a non-weight-
etal. bearing position SE 3 8 WOMAC 8
(2009) C:36 C:622 C:72%
El: Leg press machine, high-resis-
El: 34 El:68. E1: 799 . El: SE
Jan 3 68.3 9% tance exercise (60% of IRM) S
etal. . ) 00 E2: Leg press machine, low-resis- . 3 8 WOMAC 7
(2008) £2:34 E2:618  E2:79% tance exercise (10% of 1 RM) E2: SE
C:34 C:62.8 C: 83%
Lund Strengthening/endurance exercise,
un E:25 E:68 E: 88% balance exercise and stretching
et al. . SE 2 8 VAS 8
(2008) exercise
C:27 C:170 C: 66%
Schilke B 10 E: 645 Not Isokinetic strength testing was
et al. reported performed on a Cybex SE 3 8 OASI 4
(2006) C:10 C:68.4
Quilty B4 E 668 Not Patella Faplng, 7 exercises, p(?sture 9 sessions
et al. correction, and footwear advice SE 10 VAS 8
reported
(2003) C:44 C:66.7 /10 week
El: Leg extension, leg curl, step
Ettinger El: 146 EI: 68 El1: 73%  up, chest fly, upright row, military ~El: SE o
. ‘e Original
et al. press, biceps curl, and pelvic tilt 3 7 : 6
(1997) E2: 144 E2:69  E2:69%  E2: Walking E2: AE seale
C:149 C: 69 C: 69%
El: Resistance-training exercise
El:35 El:65.6 El:71%  performed using Thera-Band El: SE
Topp elastic bands
etal. E2: Resistance-training exercise 3 16 WOMAC 5
(2002)  E2:32 E2:63.5 E2:66%  using standard isometric training  E2: SE
techniques
C:35 C:609  C:80%
El: Quadriceps strengthening ex-
El:26 El: 672 E1:50% ercise (for participants with more ~ El: SE
) varus malalignment)
lel E2: Quadriceps strengthening ex- P 12 WOMAC 8
ctal. E2:26 E2:64.1 E2:63% ercise (for participants with more ~ E2: SE
2008
( ) neutral alignment)
Cl:27 Cl1:66.6 Cl:46%
C2:28 (C2:60.8 C2:61%

Next, the influence of different exercise durations on pain
relief was examined. For strengthening exercise performed
for up to 3 sessions per week, subgroup analysis showed
that the trials involving >9 weeks of exercise had a lesser

effect than those involving up to 8 weeks of exercise (2 =
91.3%; Table 4). Furthermore, in the case of acrobic exer-
cise performed for up to 3 sessions/week, the effect size for
trials involving 8 weeks of exercise was the same as that of
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1) Isometric quadriceps contrac-
tion in full extension held for five
seconds, 2) Isotonic quadriceps
contraction held in mid flexion for

O'Reilly E:78 E: 619 E: 64.8% five seconds, 3) Isotonic hamstring
etal. . . . SE 7 24 WOMAC 7
contraction, 4) Isotonic quadriceps
(1999) contraction with resistance band
held for five seconds, 5) Dynamic
stepping exercise
C: 113 C:622 C: 68.1%
Resistance-training exercise per-
Bennell E:45  F:645 E: 48.9% formed in side-lying and standing
et al. with ankle cuff weights or elastic ~ SE 5 12 VAS 8
(2010) bands
C:44  C:64.6 C:54.5%
Kovar E:52 E:704 E: 77% Walking and patient education
et al. C:50  C:68.5 C: 90% AE 3 8 AMS 5
(1992) ' o T
Brismee E:22  E:70.8 E: 86.4%  Tai chi training
etal. C19  C 688 C: 78.9% AE 3 6 WOMAC 5
Song E:38 E: 648 E: 100%  Sun-style tai chi exercise
etal. G4 C 6L C: 100% AE 3 12 K-WOMAC 5
Bautch E: 17 Not Walking
et al. 17 E,C: 69 reported AE 3 12 VAS 5
(1997) )
Anetal. E: 14  E: 654 E: 100%  Baduanjin
(2008) C:14 C:64.6  C:100% AR > 5 WOMAC 4

SE: Strengthening exercise, AE: Aerobic exercise, E: Exercise group, C: Control group. Some studies had multiple exercise or control
groups, their groups are shown as El, E2, C1, or C2 in this Table.

Table 3. The results of subgroup analysis according to exercise frequency

i Heterogeneit Heterogeneity be-
Type of EXCI‘C.ISC Exercise frequency Number of Effect size s & Y & Y
. duration . . within subgroup  tween subgroups
exercise (sessions per week) trials [95% CI]
(weeks) (7 value) (P2 value)
-1.06
Upto3 9 74%
Up to 8 P [-1.50, —0.61] ’ Not applicable
More than 4 0 Not estimable Not applicable
SE -0.23 o
Upto3 4 [~0.40, —0.06] 0%
More than 9 0.58 84%
: 0,
More than 4 4 [-0.78, ~0.37] 0%
—-0.43
2 0,
Upto3 [-0.77,~0.08] 0%
Upto8 —0.58 0%
AE More than 4 1 ’ licabl
ore than [-1.46, 0.30] Not applicable
More than 9 Up to 3 3 —o4l 13% Not applicable
P [-0.62, —0.21] o pp

SE: Strengthening exercise, AE: Aerobic exercise, Cl: Confidence interval

trials involving >9 weeks of exercise. This finding suggests
that the effect on pain relief does not increase with time. In
a previous systematic review, long-term effectiveness (>6
months after treatment) of exercise therapy for patients with

hip or knee OA was examined?. That review showed that
positive post-treatment effects (at least 6 months after the
end of the treatment) of exercise therapy on pain of patients
with hip and/or knee OA are not long-term>. However, ad-
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Table 4. The results of subgroup analysis according to exercise duration

i Heterogeneit Heterogeneit
Type of EXGI‘C.ISG Exercise frequency =~ Number of Effect size 1 N Y £ Y
. duration . . within subgroup between subgroups
exercise (sessions per week) trials [95% CI]
(weeks) (2 value) (% value)
-1.06
0,
Upto 8 9 [-1.50, ~0.61] 74%
Upto3 023 91%
- 0,
SE More than 9 4 [0.40, ~0.06] 0%
Upto8 0 Not estimable Not applicable
More than 4 —-0.58 o Not applicable
More than 9 4 [-0.78, ~0.37] 0%
—-0.43 o
Upto8 2 [-0.77, ~0.08] 0%
Upto3 —041 0%
: 0,
AE More than 9 3 [-0.62,~0.21] 13%
More than 4 Upto 8 1 ~0.58 Not applicable Not applicable
P [1.46, 0.30] PP PP

SE: Strengthening exercise, AE: Aerobic exercise, CI: Confidence interval

ditional booster sessions after the treatment period positive-
ly influenced the long-term maintenance of beneficial post-
treatment effects on pain. These findings indicate that the
efficacy of exercise on pain relief disappears after exercise
discontinuation, but continuous exercise might maintain the
efficacy. Our results are in agreement with these findings.
More specifically, in the case of aerobic exercise, the small
effect of exercise on pain relief might be significant and sta-
ble even after 9 weeks from the start of exercise. However,
in the case of strengthening exercise, the effect size of pain
relief decreases in spite of continuous exercise. These new
findings in the field of exercise science will prove useful in
clinical practice.

The major strength of our study is its design, which
controls for the influence of confounding factors on the
efficacy of exercise. There are several systematic reviews
which have conducted meta-analyses of exercise for knee
OA% 1% 35 which support the effect of exercise on pain
relief. However, the influence of confounding factors on
efficacy was not controlled in the meta-analyses of these
reviews. In our study, all exercise groups included in the
trials were stratified into subgroups, categorized according
to the type, frequency and duration of exercise, and the ef-
fect size between the subgroups was compared. As a result,
it was possible for us to show an indirect causal relationship
between exercise frequency and duration, and the effect of
exercise therapy on pain relief.

Our study, however, had several limitations. The first
limitation of our study was the dissimilar protocol designs
employed in the trials. The exercise intensity, session dura-
tion, and the number of sets in all trials were not always in
the same. Although SMD was used as the summary mea-
sure, high statistical heterogeneity was observed within
particular subgroups in trials of strengthening exercise (/> =
74%; Tables 3 and 4); the reason for this could not be deter-
mined. Meta-analyses in the future should be performed for
RCTs with similar exercise protocols to decrease the vari-
ance of the effect at the study level. A second limitation of

our study was the risk of bias. All articles included in our
study were in English and as language bias involving the
investigation of the effect of exercise on people with knee
OA has not been reported thus far, the degree to which lan-
guage bias affected the results of our study is not known.
The influence of bias risk estimates at the study level on
the results of meta-analysis has been reported'®. Some of
the trials included in our meta-analysis had a high risk of
bias” 11-28.29,32) Therefore, the risk of bias at the study level
might not have been excluded from our study. Furthermore,
publication bias could not be tested. Thus, our present find-
ings might not be high-quality evidence. The third limita-
tion of our study was the availability and inclusion of only
a limited number of trials in the meta-analysis. As a result
of this subgroup analysis could not be performed for some
of the categories. Future research should involve a higher
number of trials to confirm the consistency of our present
findings.

Our results showed that differences in frequency and
duration of strengthening exercise possibly ameliorate pain
of patients with knee OA. Although the effect size did not
increase over time, continuous strengthening exercise or
aerobic exercise intervention had a significant effect on
knee pain of people with knee OA after 9 weeks. Our find-
ings in this review may be biased and should be interpreted
with caution. Future studies involving meta-analysis to ex-
amine the effect of exercise on pain of people with knee
OA should consider the influence of the design elements of
exercise programs such as exercise frequency and duration,
and publication bias.

REFERENCES

1)  Quilty B, Tucker M, Campbell R, et al.: Physiotherapy, including quadri-
ceps exercises and patellar taping, for knee osteoarthritis with predomi-
nant patello-femoral joint involvement: randomized controlled trial. J
Rheumatol, 2003, 30: 1311-1317. [Medline]

2)  Guccione AA, Felson DT, Anderson JJ, et al.: The effects of specific medi-
cal conditions on the functional limitations of elders in the Framingham
Study. Am J Public Health, 1994, 84: 351-358. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/12784408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8129049?dopt=Abstract
http://dx.doi.org/10.2105/AJPH.84.3.351

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Woolf AD, Pfleger B: Burden of major musculoskeletal conditions. Bull
World Health Organ, 2003, 81: 646—656. [Medline]

Lin CW, Taylor D, Bierma-Zeinstra SM, et al.: Exercise for osteoarthritis
of the knee. Phys Ther, 2010, 90: 839-842. [Medline] [CrossRef]

Pisters MF, Veenhof C, van Meeteren NL, et al.: Long-term effectiveness
of exercise therapy in patients with osteoarthritis of the hip or knee: a sys-
tematic review. Arthritis Rheum, 2007, 57: 1245-1253. [Medline] [Cross-
Ref]

Roddy E, Zhang W, Doherty M: Aerobic walking or strengthening exer-
cise for osteoarthritis of the knee? A systematic review. Ann Rheum Dis,
2005, 64: 544-548. [Medline] [CrossRef]

Giir H, Cakin N, Akova B, et al.: Concentric versus combined concentric-
eccentric isokinetic training: effects on functional capacity and symptoms
in patients with osteoarthrosis of the knee. Arch Phys Med Rehabil, 2002,
83: 308-316. [Medline] [CrossRef]

Salli A, Sahin N, Baskent A, et al.: The effect of two exercise programs on
various functional outcome measures in patients with osteoarthritis of the
knee: A randomized controlled clinical trial. Isokinet Exerc Sci, 2010, 18:
201-209.

Jan MH, Lin JJ, Liau JJ, et al.: Investigation of clinical effects of high- and
low-resistance training for patients with knee osteoarthritis: a randomized
controlled trial. Phys Ther, 2008, 88: 427-436. [Medline] [CrossRef]
Lund H, Weile U, Christensen R, et al.: A randomized controlled trial of
aquatic and land-based exercise in patients with knee osteoarthritis. J Re-
habil Med, 2008, 40: 137-144. [Medline] [CrossRef]

Kovar PA, Allegrante JP, MacKenzie CR, et al.: Supervised fitness walk-
ing in patients with osteoarthritis of the knee. A randomized, controlled
trial. Ann Intern Med, 1992, 116: 529-534. [Medline] [CrossRef]

Bautch JC, Malone DG, Vailas AC: Effects of exercise on knee joints with
osteoarthritis: a pilot study of biologic markers. Arthritis Care Res, 1997,
10: 48-55. [Medline] [CrossRef]

Brismée JM, Paige RL, Chyu MC, et al.: Group and home-based tai chi
in elderly subjects with knee osteoarthritis: a randomized controlled trial.
Clin Rehabil, 2007, 21: 99—-111. [Medline] [CrossRef]

Song R, Lee EO, Lam P, et al.: Effects of tai chi exercise on pain, balance,
muscle strength, and perceived difficulties in physical functioning in older
women with osteoarthritis: a randomized clinical trial. J Rheumatol, 2003,
30: 2039-2044. [Medline]

Fransen M, McConnell S, Bell M: Therapeutic exercise for people with
osteoarthritis of the hip or knee. A systematic review. J] Rheumatol, 2002,
29: 1737-1745. [Medline]

van Baar ME, Assendelft WJ, Dekker J, et al.: Effectiveness of exercise
therapy in patients with osteoarthritis of the hip or knee: a systematic re-
view of randomized clinical trials. Arthritis Rheum, 1999, 42: 1361-1369.
[Medline] [CrossRef]

Smidt N, de Vet HC, Bouter LM, et al. Exercise Therapy Group: Effective-
ness of exercise therapy: a best-evidence summary of systematic reviews.
Aust J Physiother, 2005, 51: 71-85. [Medline] [CrossRef]

Fransen M, McConnell S: Land-based exercise for osteoarthritis of the
knee: a metaanalysis of randomized controlled trials. J] Rheumatol, 2009,
36: 1109—1117. [Medline] [CrossRef]

Jansen MJ, Viechtbauer W, Lenssen AF, et al.: Strength training alone,
exercise therapy alone, and exercise therapy with passive manual mobilisa-
tion each reduce pain and disability in people with knee osteoarthritis: a
systematic review. J Physiother, 2011, 57: 11-20. [Medline] [CrossRef]
Jordan KM, Arden NK, Doherty M, et al. Standing Committee for Inter-

21

=

22

-

23)

24

=

25

-

26)

27

-

28

=

29

=

30

=

31

=

32)

33)

34

=

35

-

975

national Clinical Studies Including Therapeutic Trials ESCISIT: EULAR
Recommendations 2003: an evidence based approach to the management
of knee osteoarthritis: Report of a Task Force of the Standing Committee
for International Clinical Studies Including Therapeutic Trials (ESCISIT).
Ann Rheum Dis, 2003, 62: 1145-1155. [Medline] [CrossRef]

Jamtvedt G, Dahm KT, Christie A, et al.: Physical therapy interventions for
patients with osteoarthritis of the knee: an overview of systematic reviews.
Phys Ther, 2008, 88: 123-136. [Medline] [CrossRef]

Maher CG, Sherrington C, Herbert RD, et al.: Reliability of the PEDro
scale for rating quality of randomized controlled trials. Phys Ther, 2003,
83: 713-721. [Medline]

Deeks JJ, Higgins JP, Altman DG: Analysing data and undertaking meta-
analyses. In: Higgins JPT and Green S (eds.): Cochrane Handbook for Sys-
tematic Reviews of Interventions. West Sussex: Wiley-Blackwell, 2008,
pp 243-296.

Cohen J: A power primer. Psychol Bull, 1992, 112: 155-159. [Medline]
[CrossRef]

Bennell KL, Hunt MA, Wrigley TV, et al.: Hip strengthening reduces
symptoms but not knee load in people with medial knee osteoarthritis and
varus malalignment: a randomised controlled trial. Osteoarthritis Carti-
lage, 2010, 18: 621-628. [Medline] [CrossRef]

Lim BW, Hinman RS, Wrigley TV, et al.: Does knee malalignment mediate
the effects of quadriceps strengthening on knee adduction moment, pain,
and function in medial knee osteoarthritis? A randomized controlled trial.
Arthritis Rheum, 2008, 59: 943-951. [Medline] [CrossRef]

Lin DH, Lin CH, Lin YF, et al.: Efficacy of 2 non-weight-bearing interven-
tions, proprioception training versus strength training, for patients with
knee osteoarthritis: a randomized clinical trial. ] Orthop Sports Phys Ther,
2009, 39: 450—457. [Medline] [CrossRef]

Topp R, Woolley S, Hornyak J 3rd, et al.: The effect of dynamic versus
isometric resistance training on pain and functioning among adults with
osteoarthritis of the knee. Arch Phys Med Rehabil, 2002, 83: 1187-1195.
[Medline] [CrossRef]

Schilke JM, Johnson GO, Housh TJ, et al.: Effects of muscle-strength
training on the functional status of patients with osteoarthritis of the knee
joint. Nurs Res, 1996, 45: 68—72. [Medline] [CrossRef]

O’Reilly SC, Muir KR, Doherty M: Effectiveness of home exercise on pain
and disability from osteoarthritis of the knee: a randomised controlled tri-
al. Ann Rheum Dis, 1999, 58: 15-19. [Medline] [CrossRef]

Ettinger WH Jr, Burns R, Messier SP, et al.: A randomized trial comparing
aerobic exercise and resistance exercise with a health education program
in older adults with knee osteoarthritis. The Fitness Arthritis and Seniors
Trial (FAST). JAMA, 1997, 277: 25-31. [Medline] [CrossRef]

An B, Dai K, Zhu Z, et al.: Baduanjin alleviates the symptoms of knee
osteoarthritis. J Altern Complement Med, 2008, 14: 167-174. [Medline]
[CrossRef]

Zhang W, Moskowitz RW, Nuki G, et al.: OARSI recommendations for
the management of hip and knee osteoarthritis, Part II: OARSI evidence-
based, expert consensus guidelines. Osteoarthritis Cartilage, 2008, 16:
137-162. [Medline] [CrossRef]

Philadelphia Panel: Philadelphia Panel evidence-based clinical practice
guidelines on selected rehabilitation interventions for knee pain. Phys
Ther, 2001, 81: 1675-1700. [Medline]

Devos-Comby L, Cronan T, Roesch SC: Do exercise and self-management
interventions benefit patients with osteoarthritis of the knee? A metaana-
lytic review. J Rheumatol, 2006, 33: 744-756. [Medline]


http://www.ncbi.nlm.nih.gov/pubmed/14710506?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20515871?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20100084
http://www.ncbi.nlm.nih.gov/pubmed/17907210?dopt=Abstract
http://dx.doi.org/10.1002/art.23009
http://dx.doi.org/10.1002/art.23009
http://www.ncbi.nlm.nih.gov/pubmed/15769914?dopt=Abstract
http://dx.doi.org/10.1136/ard.2004.028746
http://www.ncbi.nlm.nih.gov/pubmed/11887109?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2002.30620
http://www.ncbi.nlm.nih.gov/pubmed/18218827?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20060300
http://www.ncbi.nlm.nih.gov/pubmed/18509579?dopt=Abstract
http://dx.doi.org/10.2340/16501977-0134
http://www.ncbi.nlm.nih.gov/pubmed/1543305?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-116-7-529
http://www.ncbi.nlm.nih.gov/pubmed/9313390?dopt=Abstract
http://dx.doi.org/10.1002/art.1790100108
http://www.ncbi.nlm.nih.gov/pubmed/17264104?dopt=Abstract
http://dx.doi.org/10.1177/0269215506070505
http://www.ncbi.nlm.nih.gov/pubmed/12966613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12180738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10403263?dopt=Abstract
http://dx.doi.org/10.1002/1529-0131(199907)42:7<1361::AID-ANR9>3.0.CO;2-9
http://www.ncbi.nlm.nih.gov/pubmed/15924510?dopt=Abstract
http://dx.doi.org/10.1016/S0004-9514(05)70036-2
http://www.ncbi.nlm.nih.gov/pubmed/19447940?dopt=Abstract
http://dx.doi.org/10.3899/jrheum.090058
http://www.ncbi.nlm.nih.gov/pubmed/21402325?dopt=Abstract
http://dx.doi.org/10.1016/S1836-9553(11)70002-9
http://www.ncbi.nlm.nih.gov/pubmed/14644851?dopt=Abstract
http://dx.doi.org/10.1136/ard.2003.011742
http://www.ncbi.nlm.nih.gov/pubmed/17986496?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20070043
http://www.ncbi.nlm.nih.gov/pubmed/12882612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565683?dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/20175973?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2010.01.010
http://www.ncbi.nlm.nih.gov/pubmed/18576289?dopt=Abstract
http://dx.doi.org/10.1002/art.23823
http://www.ncbi.nlm.nih.gov/pubmed/19531879?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2009.2923
http://www.ncbi.nlm.nih.gov/pubmed/12235596?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2002.33988
http://www.ncbi.nlm.nih.gov/pubmed/8604366?dopt=Abstract
http://dx.doi.org/10.1097/00006199-199603000-00002
http://www.ncbi.nlm.nih.gov/pubmed/10343535?dopt=Abstract
http://dx.doi.org/10.1136/ard.58.1.15
http://www.ncbi.nlm.nih.gov/pubmed/8980206?dopt=Abstract
http://dx.doi.org/10.1001/jama.1997.03540250033028
http://www.ncbi.nlm.nih.gov/pubmed/18315512?dopt=Abstract
http://dx.doi.org/10.1089/acm.2007.0600
http://www.ncbi.nlm.nih.gov/pubmed/18279766?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2007.12.013
http://www.ncbi.nlm.nih.gov/pubmed/11589643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16583478?dopt=Abstract

