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Effect of Land-Based Generic Physical Activity Interventions on
Pain, Physical Function, and Physical Performance in Hip

and Knee Osteoarthritis

A Systematic Review and Meta-Analysis
Shanelle Fernandopulle, BPhty, Meredith Perry, PhD, Donald Manlapaz, MSPT, and Prasath Jayakaran, PhD

Objective: The aim of this study was to evaluate the effects of land-based generic physical activity interventions on pain, physical function, and
physical performance in individuals with hip/knee osteoarthritis, when compared with a control group that received no intervention, minimal
intervention, or usual care.

Methods:A systematic search for randomized controlled trials on 11 electronic databases (from their inception up until April 30, 2016) identified
27 relevant articles. According to the compendium of physical activities, interventions were categorized into: recreational activities (tai chi/
Baduajin—6 articles), walking (9 articles), and conditioning exercise (12 articles).

Results:Meta-analysis for recreational activity (n = 3) demonstrated significant mean difference (MD) of −9.56 (95% confidence interval [CI],
−13.95 to −5.17) for physical function (Western Ontario and McMaster Universities Arthritis Index) at 3 mos from randomization. Pooled es-
timate for walking intervention was not significant for pain intensity and physical performance but was significant for physical function (n = 2)
with a MD of −10.38 (95% CI, −12.27 to −8.48) at 6 mos. Meta-analysis for conditioning exercise was significant for physical function
(n = 3) with a MD of −3.74 (95% CI, −5.70 to −1.78) and physical performance (6-minute walk test) with a MD of 42.72 m (95% CI,
27.78, 57.66) at 6 mos. The timed stair-climbing test (n = 2) demonstrated a significant effect at 18 mos with a MD of −0.49 secs (95%
CI, −0.75 to −0.23).

Conclusion:Very limited evidence to support recreational activity andwalking intervention was found for knee osteoarthritis, in the short-term on
pain and physical function, respectively.
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O steoarthritis (OA) of the hip and knee is a chronic pro-
gressive condition which affects physical function and

quality of life.1 Generally, non-pharmacological and non-
surgical strategies are considered important in managing
people with OA symptoms such as pain, decreased mobility,
and muscle strength.2

A number of reviews have investigated the evidence for
effectiveness of interventions such as physiotherapy, man-
ual therapy, and non-pharmacological management for hip
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and knee OA.2,3 Physiotherapy interventions have typically
included a combination of targeted muscle strengthening exer-
cises and aerobic activities. The effectiveness of these inter-
ventions have regularly been reviewed or updated and
generally suggest a positive evidence for pain and physical
function.4,5 However, a number of international societies ad-
vocate for exercise and physical activity (PA) as core inter-
ventions in all stages of the disease,6–9 in order to maintain
general fitness and thereby prevent further degeneration
and progression to surgery.

PA is also an integral part of management and prevention
of lifestyle-related comorbidities such as cardiovascular dis-
eases, diabetes, and obesity.10 The World Health Organization
defines PA as “any bodily movement produced by skeletal
muscles that requires energy expenditure.”11 Accordingly, PA
can include a spectrum of activities such as simple walking ac-
tivity, aerobic activity with ergometers, aquatic activity, and
highly active recreational activity. Furthermore, the type of ac-
tivity (specific exercises, sport and PA) has been distinguished
to be different and may have different health benefits and/or
risk of injury.12

Recent Cochrane reviews on aquatic activity and thera-
peutic exercises suggested moderate evidence for short-term
benefits, as measured by pain and physical function.5,13 A
number of other reviews highlighted the importance of other
forms of PA in the rehabilitation of hip and knee OA14–16;
yet, there has not been any recent reviews to evaluate the
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evidence for its effectiveness on pain and physical function.
Therefore, the aim of this systematic review was to evaluate
the short-term and long-term effects of PA interventions on
pain and physical performance measures in people with hip
or knee OA, when compared with a control group that re-
ceived no intervention, minimal intervention, or usual care.
METHODS

Search Strategy Used for Identification
of Studies

A systematic literature search was performed, with refer-
ence to the Cochrane review guidelines, in the following 11
databases from their inception: Academic Search Complete,
The Allied and Contemporary Medicine Database, Cumula-
tive Index to Nursing and Allied Health Literature, EMBASE,
MEDLINE, PsychInfo, PubMed, Science Direct, Scopus,
SPORTDiscuss, and Web of Science. Initial search was
conducted on November 28, 2014, by one of the reviewers
(S. Fernandopulle) and was further updated and checked by a
second reviewer (D. Manlapaz) on August 3, 2015. The search
was further monitored for any new/relevant publications until
April 30, 2016. Search terms were analogous to osteoarthritis,
hip joint or knee joint, physical activity, and randomized con-
trolled trial using key words or subject terms as appropriate
to the database. The search strategy adapted for each database
has been detailed in Appendix A (http://links.lww.com/PHM/
A410). The reference list of the included articles was searched
for further relevant publications.

The search was executed by one of the reviewers (S.
Fernandopulle) and exported to Endnote X7 program for step-
by-step screening. The removal of duplicates and screening of title
and abstract were completed by one reviewer (S. Fernandopulle).
The full-text screening was done independently by two re-
viewers (S. Fernandopulle and P. Jayakaran) to determine the
eligibility to be included in the review. Any difference in opin-
ion was discussed with the third reviewer (M. Perry) to reach a
consensus. This review conforms to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines17

and the required information has been reported accordingly
(please refer Appendix B for the checklist, http://links.lww.
com/PHM/A411). Although the review protocol was deter-
mined a priori, because of a limited timeframe for execution
of search and data extraction, the protocol was not able to be
registered prospectively. However, the modifications made after
extracting the data have been included in the results section.

Criteria for Considering Studies for
This Review
Types of Studies

Randomized or quasi-randomized controlled trials investi-
gating the effectiveness or efficacy of PA were included. The
definitions as described by Cochrane Collaboration were used
as a reference guide for the types of studies.18 Studies were ex-
cluded if they were cohort, case-controlled, or observational
studies. In addition, commentaries, conference proceedings,
editorials, reviews, thesis, and studies with a sample size fewer
than 10 in each group were excluded.
774 www.ajpmr.com
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Types of Participants
Studies with adult participants (≥18 yrs old) with hip or

knee OA confirmed by a physician/specialist using clinical or
radiological criteria were considered for inclusion in the re-
view. Studies that investigated post-operative interventions such
as hip or knee replacements were excluded from the review.

Types of Intervention
Studies that included PA as an intervention were eligible

to be included in the review. Studies that investigated aquatic
activity and therapeutic exercise were not a focus of this review
and were therefore excluded. Studies on therapeutic exercises
such as muscle strengthening and stretching exercises tailored
to the impairment/joint condition reportedly have better effects
on the outcomes of interest in this study.4,5

Types of Controls/Comparator
Studies that compared the effects of PA intervention with

those of a control group, which may have received usual care,
minimal intervention, or no intervention, were eligible to be in-
cluded in the review. For the purposes of the review, usual care
was defined as regular care supplied in everyday practice (as
defined by the authors) and any intervention that were one-
off advice, education, and/or periodic contact with no active in-
tervention were defined as minimal intervention.

Types of Outcomes
Studies that reported measures of pain (such as visual

analog scale [VAS] and numerical pain rating scale), physical func-
tion (measured by subjective and objective scales), and physical
performance (such as timed walking tests) as either the primary
or secondary outcome measures were considered for inclusion
in the review. Outcome measures considered in this review were
in line with previous recommendations and guidelines.19,20

Measures obtained/reported up to 3 mos (or 12 wks) from ran-
domization were considered as short-term and measures ob-
tained 6 mos or after were defined as long-term.

If more than one publication/output was located from a
trial, all publications were crosschecked for author names, out-
come variables, and number of study participants to avoid
duplication bias. This was discussed among the reviewers
(P. Jayakaran, S. Fernandopulle, D.Manlapaz, andM. Perry) after
their independent review of the publications to arrive at a con-
clusion. If duplication of data were observed, only the data
from the latest publication were considered for further analysis.
Assessment of Risk of Bias
All included articles were screened for internal validity

with risk of bias items adopted from the Cochrane Back and
Neck review group's checklist.21 Articles were marked as
“yes” or “no” for each item and “unclear”was used if adequate
details were not available to make a clear decision. Citations
such as trial registration, protocol, or a publication if cited by
the included article were referred for further details. Authors
were not contacted to clarify these details. One of the reviewers
(S. Fernandopulle) completed the risk of bias assessment for all
included articles. Two other reviewers (P. Jayakaran and M.
Perry) independently completed the assessment for 14 and 13
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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articles, respectively. Any discrepancy in the assessment was
discussed among the reviewers to reach a consensus.

Data Extraction and Synthesis
The data were extracted using a predetermined data ex-

traction template that was developed for this purpose by one
of the reviewers and cross-checked by a second reviewer. The
data extraction included bibliographic information such as title,
authors, journal; aims/objective of the study; study sample de-
tails such as, hip/knee OA, number of participants, mean (SD)
age of the participants; randomization process; blinding; de-
tails of primary and secondary outcome measures; details of
intervention for experimental and control groups; mean/mean
difference (MD) of the outcome measures; and details of statis-
tical tests/intention-to-treat analysis. Adverse events as reported
by the included studies that may or may not have been a result of
participating in the intervention program were also extracted.

Deviations from a Priori Decision
A wide range of interventions was observed in the in-

cluded studies. Therefore, to assist with the pooling of studies
for descriptive and meta-analysis, the interventions were cate-
gorized based on the compendium of physical activities22,23

into walking intervention, recreational activity, and condition-
ing exercise protocol that primarily included an aerobic com-
ponent. This classification was determined to present homogenous
mixture of studies, after extraction of the data with regard to
the intervention and before proceeding to any descriptive or
meta-analysis.

Meta-Analysis
Data pooling and meta-analysis were performed if two or

more studies were homogeneous. The homogeneity was assessed
independently by two reviewers (P. Jayakaran and M. Perry)
and the inclusion/exclusion of an article from meta-analysis
was discussed between the two reviewers. The clinical diver-
sity (participant characteristics) and methodological diversity
(intervention, duration of the intervention, follow-up) of the in-
cluded trials were evaluated in determining the homogeneity
between studies.18

Meta-analysis was performed to determine the effect of
walking intervention on pain (at 3 and 6 mos) and physical
function (at 6 and 12 mos), the effect of recreational activity
on physical function at 3 mos, and the effect of conditioning
exercise on function at 6 mos. The heterogeneity of the pooled
estimates (variability in effect estimates) was determined using
I2 values and was interpreted using the Cochrane's general
guidelines of interpretation.18

RESULTS
Figure 1 illustrates the step-by-step article selection pro-

cess for the review. The electronic search identified 3391 titles.
After removal of duplicates, 2192 articles went through the
title, abstract, and full-text screening process. Twenty-seven ar-
ticles that satisfied the criteria were identified and included in
this review. Hand search of reference lists of the included stud-
ies identified another 16 potentially relevant articles. However,
on full-text screening, these references were excluded for the
following reasons: non-randomized studies (n = 7); protocols
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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of the included studies (n = 2); interventions such as muscle
strengthening and diet, which were not of interest to the review
(n = 4); conference abstract (n = 1); and not on OA or sample
size fewer than 10 (n = 2).

The mean age of the participants of the included articles
ranged between 54 and 73 yrs, and most them included more
female thanmale participants. Two articles24,25 included partic-
ipants with either hip or knee OA, whereas the remaining in-
vestigated participants with knee OA.

The number of participants in each study varied between
21 and 435 participants per study. The maximum follow-up
time was 18 mos postintervention, and 13 studies reported a
follow-up of at least 6 mos. The measures of physical function
of the included studies were the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) in 15 articles, Arthritis
Impact and Measurement Scale (AIMS) in 5 articles, and Knee
Injury and Osteoarthritis Outcome Score (KOOS) in 3 articles.
Two studies also used other conventional measures such as
the Japanese Knee OA measurement and a customized mea-
sure of disability. Physical performance was measured by the
6-minute walk test (6MWT) in 12 articles, timed up and go test
(TUG) in 3 articles, and timed stair-climbing test in 5 articles.
Pain intensity was measured by 9 of the included articles.

PA interventions of the included studies were recreational
activity in the form ofmartial arts (namely, tai chi and Baduajin),
customized and/or individualized walking interventions, and
conditioning exercise interventions with combinations of aero-
bic exercise, strength training, and flexibility. A number of stud-
ies also included an educational component as a cointervention.
Table 1 shows the descriptive data of the included articles and a
summary of the reported effect on outcome measures.

Recreational Activity as an Intervention
All six articles studying the effect of recreational activity

interventions in the form of martial arts found a significant im-
provement inn pain scales in the short-term (8 wks to 3 mos)
compared with the control group that received no intervention
or minimal intervention.25–30 Most of these studies also showed
that therewas a significant improvement in theWOMAC phys-
ical function subscale for the intervention group.26–29 However,
the effect on the WOMAC stiffness subscale was inconsistent. Of
the two articles that followed up participants for longer than
3 mos,27,30 neither found a significant difference for any of
the WOMAC subscales. Both articles studying pain found a
significant improvement in VAS scores. The article studying
physical performance using TUG25 found no significant im-
provement and the two articles studying physical performance
with 6MWT had differing results.26,30 The meta-analysis of
three studies25,27,29 for physical function (Fig. 2.1.1) at 3 mos
from randomization indicated a significant effect (MD, −9.56;
95% confidence interval [CI], −13.95 to −5.17) for tai chi
and Baduajin. No heterogeneity was observed in the statistical
analysis (I2 = 0%).

Walking as an Intervention
Nine articles studied the effect of walking interventions in

people with OA, three studies were home based31–33 and six
were class based or supervised.34–39 According to the individ-
ual study results, the walking intervention was effective on
www.ajpmr.com 775
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FIGURE 1. Flowchart of the article selection process.
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physical performancemeasures (6MWT) in the short-term (8wks37

and 3mos36) and in the longer-term (9, 12, and 18 mos)36,38

when compared with the control group that received minimal
intervention or usual care. Of the two studies that used TUG
for physical performance, only one study reported significant
improvement when compared with the control group (active
control) at 4 wks,32 whereas the other reported no difference
in the short- or at longer-term.35 No significant effect was ob-
served in physical function as measured by WOMAC sub-
scales31,35,38 or the AIMS34,39 when compared with the control
group, which constituted minimal intervention or usual care.

Of five articles that measured pain intensity, three found
no statistically significant difference between groups,33,36,39

whereas the other two reported significant improvement within
the experimental group.31,34 However, only two of the five
studies included an active control group (usual care or regular
776 www.ajpmr.com
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health education), whereas the other studies either did not inter-
vene or had only one-off educational component.

The meta-analysis of two studies for the physical function
(WOMAC) measure at 6 mos31,38 from randomization (Fig. 3.1.1)
indicated a significant effect (MD, −10.38; 95% CI, −12.27 to
−8.48) for walking interventions, whereas at 12 mos35,38,39

(Fig. 3.1.2), it was not significant (standardized MD, −0.03;
95% CI, −0.35 to 0.28). There was no heterogeneity in these
comparisons (I2 = 0%).

Themeta-analyses for pain at 3 mos33,34 (standardizedMD,
0.19; 95%CI, −0.31 to 0.68) and 6mos31,33 (standardizedMD,
−1.55; 95% CI, −3.62 to 0.52) were not significant (Figs. 3.1.4
and 1.5). A substantial heterogeneity was observed for
comparisons at 6 mos (I2 = 94%) but not at 3 mos (I2 = 0%).
Although the individual studies reported significant difference
in physical performance as measured by the 6MWT, the pooled
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Effect of recreational activity and conditioning exercise interventions on physical function and performance.
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FIGURE 3. Effect of walking intervention on pain, physical function and performance.
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estimate (meta-analysis) was not significant at 12 mos for the
walking intervention (Fig. 3.1.3) when compared with the
control group.35,38

Conditioning Exercise (Including Aerobic
Component)

Ten articles reported on interventions that were a combina-
tion of strength training, flexibility, and aerobic interventions.24,40–48

Four of 6 articles described significant improvement in physi-
cal performance when compared with the control group at
3 mos40 and at 6 mos41–43 when compared between or within
groups. Three of 4 studies reported a significant improvement
in the pain when compared with the control group.24,43–45With
regard to physical function, Miller et al.43 and Hughes et al.24

found significant improvement on the WOMAC stiffness
scale, whereas only one out of four reporting on the WOMAC
physical function subscale found a significant improvement
when compared with the control group.43 Of the two studies
reported on the KOOS for physical function,40,46 Thorstensson
et al.46 found significant improvement in only the QOL sec-
tion, while Wang et al.40 found significant improvement in all
sections. Of the studies reporting on AIMS, one study reported
significant improvement compared with the control group for
walking and bending and arthritis pain.47 In addition, it reported
significant improvement in the exercise group compared with
baseline for support from friends and family, arthritis pain,
work, and level of tension. Two other studies classified under
this category included interventions such as individualized cy-
cling program49 and acupuncture as a cointervention, along
with conditioning exercise.50 Both these studies reported im-
proved pain and function in the short-term (12 wks).

The meta-analysis for physical performance (Fig. 2.2.1)
was significant in 6MWT, with a MD of 42.72 m (95% CI,
27.78–57.66) for conditioning exercise.41–43 A moderate level
of heterogeneity was observed, with an I2 of 56%. The timed
stair-climbing test was not significant at 6 mos43,44 (Fig. 2.2.3)
but was significant at 18 mos41,44 (Fig. 2.2.4) from randomization
(MD, −0.49 s; 95% CI, −0.75 to −0.23), with no heterogeneity
(I2 = 0%). The meta-analysis for physical function (WOMAC)
at 6 mos (Fig. 2.2.2) was significant,24,42,43 with a MD of −3.74
(95% CI, −5.70 to −1.78). A substantial level of heterogeneity
was observed, with an I2 of 83%.

Dropouts and Adverse Events
With the exception of three studies,32,36,50 all included

studies provided some or all details of dropouts. Only one
out of six studies on recreational activity reported exacerbation
of symptoms due to the intervention and which did not result in
withdrawal from study participation. One other study reported
11 adverse events, which were not related to the intervention,
whereas three other studies did not provide any details. Of
the studies that had walking as an intervention, Peterson et al.37

reported exacerbation of symptoms in a participant and Hughes
et al.24 reported no adverse events. Other studies provided de-
tails with regard to the adverse events. In the conditioning ex-
ercise category, exacerbation of symptoms was reported by
three studies,40,47,49 and three other studies reported injuries
sustained because of trips/fall while participating in the inter-
vention program.42,44,48 Table 2 shows details of data extracted
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer H
with regard to dropouts, adverse events, and adherence to the
intervention. Adherence to intervention was measured and re-
ported by 17 of the included studies.

Risk of Bias Assessment
The individual scoring of the risk of bias for each item is

as shown in Table 3, and Figure 4 illustrates the overall sum-
mary of the included articles for each item. At least 50% of
the included articles had a low risk of bias inmost items, except
for the blinding (participant and care provider), compliance,
and intention-to-treat analysis.
DISCUSSION
The primary aim of this systematic review was to review

and summarize the evidence for generic PA interventions, such
as group classes or walking, in improving pain and physical
function outcomes in people with OA. Three categories of PA
interventions were identified by the review, namely, recrea-
tional activity, walking intervention, and conditioning exercise
(a combination of aerobic and strengthening exercises). There
is a low-level evidence to support recreational activity (tai chi
and Baduanjin) and walking intervention in the short-term (3
and 6 mos, respectively). However, the effects of these inter-
ventions in the longer-term were unable to be ascertained.
The conditioning exercise that included aerobic and muscle
strengthening exercise reportedly had a greater effect size on
physical function than control intervention.

A previous systematic review on the effectiveness of tai
chi in OA suggested that it may be effective to control pain.51

However, it is still inconclusive if this effect is sustained in
the longer term. Six included studies investigated the effect/
efficacy of martial arts such as tai chi and Baduanjin on hip
and/or knee OA. With the exception of one that had followed
up for 48 wks,30 most studies had an intervention and/or follow-
up duration of less than 6 mos. The individual studies reported
significant improvement in pain and/or function at 3 mos but
no significant effect when compared with the control group
at 6 mos or beyond. The meta-analysis of two studies also re-
inforced this with an effect size of −7.94 for physical function
(as measured by WOMAC) at 3 mos. However, these MDs are
below the threshold for minimal detectable change in the short-
term for WOMAC (hip, −9.152; knee, −14.153).

Walking is a low-cost, feasible PA program that can be un-
dertaken as a home-based activity and does not require super-
vision or special training. The effects of a walking intervention
have been investigated by nine studies, with most studies fol-
lowing up for 6 mos or longer. However, the evidence to sup-
port its effect on pain and physical function is limited. The
meta-analysis for pain with two studies at 3 and 6 mos sug-
gested no effect, whereas for the physical function showed an
effect size of −10.38 at 6 mos but not at 12 mos.

The dosage of walking and adherence to the intervention
is most likely to have an effect on the significance of the results
in studies using walking as an intervention to improve PA.
Generally, adherence to walking intervention in the included
studies was greater than 60%, ranging up to 80%. However,
not all included studies reported adherence to PA after the in-
tervention period (during follow-up). Post-intervention adher-
ence and subsequent inclusion of this data in the analysis
www.ajpmr.com 785
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may provide more meaningful findings and the importance of
PA. Although all included studies used a graduated walking
program, significant differences in function were systemati-
cally observed in studies that were most likely to meet the rec-
ommended PA guidelines.

The reports of articles with a combination of aerobic,
strengthening, and endurance circuit exercises included in this
reviewweremostly positive on pain and physical function. Pre-
viously, a number of systematic reviews on exercise therapy in-
terventions have determined its positive effect on pain and
function in both short- and long-term.3,54 Although this may
be attributed to a physiological response such as increased
muscle strength55 and balance, it may be prudent to also postu-
late a social-cognitive paradigm owing to the communal nature
of these interventions used in most of the studies.56

PA interventions typically teach individuals to pace them-
selves back to activities, which reflects the positive effect on
the functional outcomes in individuals with OA. Nevertheless,
the effects may also be attributed to the levels of PA of the in-
cluded interventions. When these activities are mapped to the
compendium of physical activities, the average metabolic
equivalent for each of the categories included in the review
are 2.5 to 3.8 for walking (codes 17150 to 17200), 4.0 for tai
chi (15670), and 7.0 to 8.0 for conditioning exercises (02010;
02040); thus, activities vary from light to vigorous intensity.
The conditioning exercises in addition to the higher metabolic
equivalent also have the potential to enhance strength, balance,
and joint stability and thereby improve function, which may
have contributed to better outcomes.

OA is a long-term condition, which often results in chronic
pain. Currently, there is very limited evidence to show that pain
levels can be changed with recreational activity (martial arts) or
walking program. Although these PA interventions may be effec-
tive in the long-term in OA, these need to be investigated further.

Risk of Bias
The quality of the included articles as assessed by the risk

of bias checklist suggests that the reporting of blinding of par-
ticipants and providers and the compliance of the study partic-
ipants need to be stated explicitly. Although the CONSORT
guidelines may have been adhered to in most of the included
articles, it was unable to be ascertained in the absence of a com-
mon taxonomy and/or inadequate reporting.

Strengths and Limitations
To the authors' knowledge, this is the first study to review

the evidence for PA interventions in hip and knee OA. How-
ever, the review included only peer-reviewed journal publica-
tions and excluded conference and thesis publications. Also,
the review only considered published data and the authors
did not attempt to contact the authors for unpublished data as
some of the included studies were published more than a de-
cade ago. Therefore the meta-analysis has to be interpreted
with due caution. Furthermore, the review protocol was never
registered and therefore a protocol is not available.

CONCLUSION
PA interventions such as recreational activity (tai chi,

Baduajin) and walking have very limited evidence to suggest
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. Summary of risk of bias assessment.
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a positive effect on pain and function in individuals with knee
OA in the short-term. The effect of these interventions in the
long-term needs future investigations. Conditioning exercises
have moderate level of evidence for effectiveness on physical
function in individuals with knee OA, in the short- and in
the longer-term.
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