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Abstract

Objective

To investigate the effectiveness of exercise and/or educational intervention on physical
activity and pain in patients with hip/knee osteoarthritis (OA) using systematic review and
meta-analysis.

Methods

We searched randomized controlled trials that investigated physical activity and pain and
compared exercise and/or educational intervention with usual care in patients with hip/knee
OA in MEDLINE (PubMed), ProQuest, Scopus, and the Physiotherapy Evidence Database
(PEDro), including all those published by April 30, 2022 and written in English. Studies that
newly applied analgesics after onset of the intervention were excluded. The revised
Cochrane risk-of-bias tool for randomized trials was used to assess the methodological
qualities. The random-effects model was used for meta-analysis with standard mean differ-
ences using RevMan version 5.4. The body of evidence for each study was synthesized
using the Grading of Recommendations, Assessment, Development, and Evaluation
(GRADE) approach.

Results

Twenty studies including 2,350 patients were included (7 exercise studies, 8 educational
intervention studies and 5 combination studies). The meta-analysis demonstrated that there
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is very low evidence that combination therapy of exercise and educational intervention
improve the physical activity level at the endpoint (4 articles; SMD 0.33, 95% CI 0.04 to
0.51, P =0.03). Low evidence was observed for combination therapy reducing pain (4 arti-
cles; SMD -0.15, 95% CI -0.29 t0 -0.02, P = 0.03).

Discussion

The current evidence indicated that combination therapy of exercise and educational inter-
vention leads to improved physical activity and pain reduction in hip/knee OA patients, but
the risk of bias in each study, especially in allocation concealment, downgraded the evi-
dence level. These findings support the use of a combination therapy of exercise and educa-
tional intervention to promote physical activity levels in patients with hip/knee OA.

Trail registration

There was no financial support for this research. The protocol was registered at the Interna-
tional Prospective Register of Systematic Reviews (registration code: CRD42020205804).

Introduction

Osteoarthritis (OA) is a locomotive disease that has a high incidence in the lower limbs, partic-
ularly in the hip and knee joints. It is estimated that 24% of the general adult population suffers
from osteoarthritis [1]. The prevalence of hip OA is reported to be 27% in individuals over the
age of 45 years, and that of knee OA is 37.4% in individuals over 60 years [2], and up to 80% in
those over 65 years in high-income countries [1].

A low level of physical activity in patients with hip or knee OA undergoing non-surgical
treatment is associated with greater disease severity [3-7] and is known to worsen pain [8-10]
and physical function [9, 11, 12] in OA patients. Pain and loss of physical function lead to
more time spent in sedentary behavior. This dynamic contributes to a vicious circle in which
more sedentary time leads to increased pain and loss of physical function [12, 13]. Conversely,
higher levels of physical activity reduce disease severity and improve muscle strength and gait
function in patients with hip or knee OA [4, 7, 9, 11, 12, 14]. Therefore, management to
improve physical activity is important in patients with hip or knee OA.

Exercise therapy and/or educational intervention is recommended as the first-line treat-
ment for hip or knee OA [15-19]. However, previous meta-analyses have reported that high-
intensity exercise and educational intervention did not improve long-term physical activity in
patients with hip or knee OA [20, 21]. These results may have been influenced by the condition
of the group setting and differences in the time points of each outcome measure. Specifically,
in the group setting, since the control group included various interventions, such as exercise,
educational intervention, and physical therapy, the effect on physical activity could not be
accurately compared with the intervention group. Additionally, the overlap of the endpoints
and follow-up examinations made it impossible to examine the factor of the timing of the eval-
uation. Therefore, it is necessary to establish these conditions in detail and to re-examine the
effects of exercise or educational intervention on increasing long-term physical activity in
patients with OA. Moreover, in recent years, the combination therapy of exercise and educa-
tional intervention has been attracting attention, and the effects of combination therapy on
physical activity have been reported at the randomized controlled trial (RCT) level. Previous
RCTs have reported that such combination therapy improved long-term physical activity in
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patients with hip and knee OA [22-24]. Although RCT's examining the effects of combination
therapy on physical activity have been conducted, no meta-analysis has been conducted to
integrate these results.

Pain frequently occurs in patients with hip or knee OA who have not undergone surgical
treatment. Exercise and educational interventions are applied in cases where pain is associated
with decreased physical activity in hip or knee OA. Previous meta-analyses have shown incon-
sistent results regarding the effects of exercise or educational intervention on pain reduction
[17, 25, 26]. One meta-analysis study has reported that a combination therapy of exercise and
educational intervention reduces pain [25]; however, the control group included various inter-
ventions, such as exercise, educational intervention, acupuncture, and usual care, such that the
exact effect of the combination therapy on pain reduction was not clear.

Therefore, we established the research question of this meta-analysis as follows: whether
single or combination therapy with exercise and/or educational intervention is effective in
improving physical activity and reducing pain in patients with hip or knee OA, compared to
“pure” (no treatment) control or placebo patients.

Methods

This systematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [27, 28] and Cochrane Recommendation for System-
atic Reviews [29, 30]. Bias assessment of included studies was performed using the Revised
Cochrane risk-of-bias tool for randomized trials (RoB 2) according to the Cochrane Hand-
book for Systematic Reviews of Interventions [29-31]. The protocol of this systematic review
was registered at the International Prospective Register of Systematic Reviews (registration
code: CRD42020205804).

Eligibility criteria

We established the research question using “Population, Intervention, Comparator, Outcome”
(PICO) framework. Studies were included in the review if they: (1) met the PICO framework:
(a) population: people with hip /knee OA of any severity and duration without hip /knee joint
replacement, diagnosed by a doctor; (b) intervention: exercise, educational interventions, or
both; (c) control: a pure control or placebo; (d) outcome measures: physical activity and pain;
(2) were written in English; (3) were published as RCTs in peer-reviewed journals up until
April, 2022; and (4) were available in full-text versions. Studies that newly applied analgesics
after onset of the intervention as one of the coping mechanisms were excluded.

Information sources and search strategy

According to the PRISMA-S [32], electronic database searches were performed in MEDLINE
(PubMed), ProQuest, Scopus, and the Physiotherapy Evidence Database (PEDro), from the
earliest records through December 31, 2020, and were later updated through April 30, 2022.
The initial search concluded August 8, 2021. Two additional meta-analyses were identified by
another reviewer in November, 2021, and we rechecked the databases for articles published
through April, 2022.

The search combined key terms and synonyms for the categories of population (osteoar-
thritis), intervention (exercise, education), outcomes (pain, physical activity) and design (ran-
domized controlled trials) based on the PICO framework. Synonyms within categories were
combined with ‘OR’ and categories were then combined with the ‘AND’ operator. The actual
search terms, search strategy and results of each database are shown in S1 File. The reference
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lists of the included studies and relevant systematic reviews were also examined for potential
studies to include.

Selection process

Four independent reviewers screened the titles and abstracts of all the retrieved citations for
eligibility. Full-text articles were searched and reviewed to determine whether they met the
inclusion criteria if there was insufficient information in the abstract and title to make a deci-
sion. The final inclusion of articles was based on an assessment by two independent reviewers,
with disagreements resolved through a consensus or by bringing in another independent
reviewer.

Data collection process

Initially, the data were independently extracted by two investigators. The following data were
extracted from each study: author/year, patient characteristics, intervention (methods, dura-
tions, and frequencies), time points, and outcomes. When two different treatments were com-
pared in the same study, both interventions were included as independent study outcomes for
the purposes of the meta-analysis because the aim of this study was to compare the effects of
various interventions. Primary and secondary outcomes were collected at baseline, at interven-
tional endpoint, and at final follow-up, if measured. For each study analysis, we required the
mean difference between the baseline and final data, as well as the baseline and follow-up, and
the standard deviation of that difference for each intervention. When the required data were
not described in the studies, we calculated the mean difference and standard deviation needed
to perform the meta-analysis using the data provided in each study, as described previously
[33, 34]. If the data were described in medians and quartiles, the article was considered
unadoptable. Checks occurred during the extraction process for potential discrepancies by
another two investigators.

Data items for intervention

To address our main aim, we defined exercise as any type of land-based or aquatic-based exer-
cise program, such as aerobic exercise, strengthening, stretching, mind-body exercise (yoga,
tai chi, and qigong), and combined interventions using more than one of these exercises. Edu-
cational intervention was defined as some form of education, such as pain management and
coping skills, discussion of findings on the importance of physical activity, and specific guid-
ance on the management of OA symptoms. Educational intervention could be delivered via a
range of modalities, including face-to-face communication, teleconferencing, internet-based
sessions, and/or the use of other multimedia content. Cognitive behavioral therapy and behav-
ioral management were also included as educational interventions.

Data items for outcome measures

The primary outcome measure was physical activity, which was measured using either subjec-
tive or objective measures. Subjective measures included self-answered questionnaires, such as
the Physical Activity Scale for the Elderly, International Physical Activity Questionnaire, and
Short Questionnaire to Assess Health-enhancing Physical Activity. Objective measures were
obtained using a pedometer and activity tracker, with indicators such as the number of daily
steps, activity duration, and actigraphy. The secondary outcome measure was pain relief using
the following outcomes: Western Ontario and McMaster Universities Osteoarthritis Index
pain, visual analog scale, and numerical rating scale of pain during activity, knee injury and
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osteoarthritis outcome score / hip disability and osteoarthritis outcome score, and the Japanese
Knee Osteoarthritis Measure.

Study risk of bias assessment

Three reviewers independently performed a quality assessment of each study using RoB 2 [31]
according to the Cochrane Handbook for Systematic Reviews of Interventions [29, 30]. Risk of
bias was assessed for each outcome individually. Five components of bias were evaluated: bias
arising from the randomization process; bias due to deviations from intended interventions:
bias due to missing outcome data; bias in measurement of the outcome; and bias in selection
of the reported result [35]. Bias in selection of the reported result was assessed directly, as
described in the guidance [28]. The risk of bias was classified as low risk of bias, some concern,
or high risk of bias for each item, and the overall risk of bias for each study was discussed.

Effect measures and synthesis methods

We performed the meta-analysis using Review Manager software, ver. 5.4 (Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration, 2020). We analyzed two time points:
(1) endpoints, the data measured immediately after the final therapeutic intervention, and (2)
follow-up, the final data measured during the follow-up period. To adopt an outcome indica-
tor for both physical activity and pain, we utilized standard mean differences (SMDs) with
95% confidence intervals (CIs) to calculate pooled estimates for all comparisons. Continuous
outcomes were analyzed using the random-effects model to calculate the weighted mean dif-
ference and 95% confidence interval, which were visualized in forest plots. Since the random-
effects model incorporates both within- and between-study variance, it is better suited than
the fixed-effects model. The treatment effects were further classified as small (< 0.20), moder-
ate (0.21 to 0.79), and large (> 0.80) according to Cohen’s criteria [36]. Heterogeneity was
investigated using the chi square test. In cases of severe heterogeneity, additional analyses were
performed when the outliers were excluded. The statistical significance was set at P < 0.05.

Reporting bias and certainty assessments

Reporting bias was assessed directly as described in the guidance [28]. If there were more than
ten studies included in a single comparison, reporting bias was assessed using Funnel plots.
The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
approach was used to interpret and evaluate the quality of evidence [37]. The methods and rec-
ommendations described in the Cochrane handbook and by the GRADE working group were
used to assess the quality of the body of evidence using five domains: risk of bias [38], inconsis-
tency [39], indirectness of evidence [40], imprecision of effect estimates [41], and potential
reporting bias [42]. The strength of evidence was classified into four categories: high, moder-
ate, low, or very low. The GRADEpro Guideline Development Tool (McMaster University,
2021, developed by Evidence Prime, Inc.) was used to evaluate the overall quality of evidence.

Results
Study selection

Fig 1 illustrates the different stages of the search and selection of studies included in our

review. The initial search of the four electronic databases identified 39,886 titles and abstracts,
of which 481 were retrieved for a full-text review. When the exclusion criteria were applied, 20
studies satisfied the criteria to be included in this review [22-24, 43-59]. The main reasons for
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Fig 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources. *Consider, if feasible
to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). **If
automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. From: Page MJ,
McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/.

https://doi.org/10.1371/journal.pone.0275591.g001

exclusion were as follows: (1) no reports of outcomes of physical activity or pain and (2) the
absence of a pure control group (S3 File).

Study characteristics

The characteristics of the participants and the interventions applied in the 20 studies are sum-
marized in Table 1. The sample sizes of the included studies ranged from 31 to 393 patients. A
total of 16 studies recruited participants with knee OA [22, 23, 43, 44, 46, 48, 50-59]; one study
recruited participants with hip OA [44]; and three studies recruited participants with both
knee and hip OA [24, 47, 49]. The interventions to promote physical activity varied across the
included studies: seven studies investigated exercise programs, such as internet-based exercise
programs, walking programs, home exercise programs, manual therapy, and aquatic therapy
[43, 45, 47, 54, 56, 57, 59]; eight studies investigated educational programs implementing moti-
vational interviewing, educational sessions, individual counseling, self-monitoring and goal
setting, and/or CBT programs [44, 46, 48, 50-53, 55]; and five studies included a combination
program of exercise and educational interventions [22-24, 49, 58]. Regarding the assessment
method, six studies used subjective outcomes of physical activity [43, 45, 47, 48, 54, 59], and 15
studies used objective outcomes [22-24, 44-46, 49-53, 55-58].
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Table 1. Characteristics of the studies’ participants and interventions.

Study author,
year (ref.)

Allen KD et al.
2018 [43]

Bartholody C
et al. [44]

Bennell KL
etal. [45]

Gilbert AL
et al. 2018 [46]

Hinman RS
etal. [47]

Hinman RS
et al. 2020 [48]

Hughes SL
et al. 2004 [49]

Condition and patient characteristics 1)
subject; 2) number of participants; 3)
duration of OA; 4) severity of OA; 5) age

1) Knee OA

2) 350 patients (group 1 = 140
(female = 98), group 2 = 142

(female = 100), group 3 = 62

(female = 53))

3) 13.1 years

5) group 1, 65.3 £ 11.1 years; group 2,
65.7 + 10.3 years; group 3, 64.3 £ 12.2
years

1) Knee OA

2) 38 patients (group 1 = 19 (female = 15),
group 2 = 19 (female = 14))

3) no listed

5) group 1, 68.0 + 7.3 years; group 2,

62.0 + 9.7 years

1) Hip OA

2) 102 patients (group 1 = 49

(female = 26), group 2 = 53 (female = 36)
4) grade 2/3/4: group 1 24/11/14; group 2
27/14/12

5) group 1, 68.0 * 7.3 years; group 2,
62.0 + 9.7 years

1) Knee OA

2) 155 patients (group 1 = 76

(female = 57.89%), group 2 = 79

(female = 62.03))

4) grade 2/3/4 (%): group 1 50.0/27.6/22.4;
group 2 58.2/26.6/15.2

5) group 1, 61.4 + 13.3 years; group 2, 64.
8 + 12.4 years

1) Hip/Knee OA

2) 71 patients (group 1 = 36 (female = 24),
group 2 = 35 (female = 24))

3) group 1 8.0 years, group 2 8.0 years

5) group 1, 63.3 + 9.5 years; group 2,

61.5 £ 7.8 years

1) Knee OA

2) 71 patients (group 1 = 87 (female = 55),
group 2 = 88 (female = 55))

3) group 1 10.0 years, group 2 9.0 years

5) group 1, 62.4 + 9.1 years; group 2,

62.5 + 8.1 years

1) Hip/Knee OA

2) 150 patients (group 1 = 80

(female = 81.0%), group 2 = 70

(female = 87.1%))

4) ACR class (grade 1/2/3) (%): group 1,
23.0/66.2/10.8, group 2, 21.0/66.1/12.9
5) group 1, 73.5 * 6.8 years; group 2,
73.7 £ 6.3 years

Intervention

Group 1 (Ex): Internet-based exercise training
program (Encouraged to complete strengthening
and stretching exercises at least 3 times per week
and to engage in aerobic exercises daily, or as often

as possible)

Group 2 (Ex): Home exercise program and up to
eight 1 h supervised physical therapy sessions
(home exercise program including strengthening,
stretching/range of motion, and aerobic exercises,

activity pacing)

Group 3 (Con): Waiting list.

Group 1 (Edu): Motivational text message
(Information and general advice about the

importance of performing daily physical activity)

Group 2 (Con): No intervention

Group 1 (Ex): Home exercise (strengthening,
stretching, range of motion, functional balance, and

gait drills), education, and advice

Group 2 (Con): Inactive ultrasound and inert gel

Group 1 (Edu): Motivational interviewing (45-60

minutes; individual counseling based on

motivational interviewing, individualized goal
setting, and tailored strategies for increasing

physical activity and monitoring progress)

Group 2 (Con): Physician-conducted physical

activity counseling session only

Group 1 (Ex): Aquatic physical therapy program
(Encouraged to continue independent aquatic
physical therapy 2 times weekly and recorded in a
logbook the sessions of independent aquatic

physical therapy)

Group 2 (Con): Usual activities and medication

regimen

Group 1 (Edu): In addition to Group 2, 5-10

consultations with a physiotherapist using

telephone planning for “hard” to “very hard” levels

of physical activity.

Group 2 (Con): Provided information about OA;

treatments and self-management strategies;

community resources; assistance navigating
services; emotional support and care escalation, that

was delivered once by nurses.

Group 1 (Ex + Edu): Fit and Strong intervention
(Resistance training for the lower extremities and
trunk, 30 min fitness walking (intensity is to 40% to
60% of maximum heart rate or 13 to 15 on the Borg
Scale) + Education (30 min group-discussion-
educational component: self-efficacy for exercise,
exercise adherence, for manage pain and other
arthritis-related symptoms, goal settings and
feedback to participants on progress made toward

the achievement of these goals)

Group 2 (Con): The Arthritis Helpbook, a list of

exercise programs

1) Intervention period

2) frequency

1) 4 months

2) group 1 at least 3 times /

week, group 2 not listed

1) 6 weeks
2) 3 times / week

1) 12 weeks

2) group 1 4 times / week,

group 2 3 times / week

1) 24 months

2) (in first year) 3, 6, and 12

months, (in second year)
every 6 months

1) 6 weeks
2) 2 times / week

1) 6 months
2) 5-10 times / 6 months

1) 8 weeks

2) 90 min / 3 times / week

Outcome of 1)
physical activity, 2)
pain, and 3) time
points

1) PASE

2) WOMAC

3) BL, 4 months, 12
months (f)

1) Activity time
2) KOOS
3) BL, 6 weeks

1) PASE, Steps/day
2) VAS, KOOS

3) BL, 13 weeks, 36
weeks (f)

1) Activity time

2) WOMAC

3) BL, 3 months, 6
months, 12 months,
24 months

1) PASE
2) VAS, WOMAC
3) BL, 6 weeks, 12
weeks (f)

1) PASE

2) NRS, WOMAC
3) BL, 6 months, 12
months (f)

1) Time spent
walking

2) WOMAC

3) BL, 2 months, 6
months (f)

(Continued)
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Table 1. (Continued)

Study author, | Condition and patient characteristics 1)
year (ref.) subject; 2) number of participants; 3)

duration of OA; 4) severity of OA; 5) age
Hughes SL 1) Hip/Knee OA

etal. 2006 [24] | 2) 215 patients (group 1 = 115
(female = 80.6%), group 2 = 100
(female = 85.9%))

4) ACR class (grade 1/2/3) (%): group 1

Intervention 1) Intervention period
2) frequency
Group 1 (Ex + Edu): Fit and Strong intervention 1) 8 weeks

(Resistance training for the lower extremities and
trunk, 30 minutes’ fitness walking (intensity is to
40% to 60% of maximum heart rate or 13 to 15 on
the Borg Scale) + Education (30 min group-

2) 90 min / 3 times / week

Outcome of 1)
physical activity, 2)
pain, and 3) time
points

1) Time spent
walking

2) WOMAC

3) BL, 2 months, 6
months (f), 12

22.6/64.5/12.9, group 2 22.2/64.2/13.6 discussion-educational component: self-efficacy for months (f)
5) group 1, 73.3 years; group 2, 73.4 years | exercise, exercise adherence, for manage pain and
other arthritis-related symptoms, goal settings and
feedback to participants on the progress made
toward the achievement of these goals)
Group 2 (Con): The Arthritis Helpbook, a list of
exercise programs
LiLCetal 1) Knee OA Group 1 (Edu): 1.5-h session; standardized group 1) 2 months 1) MVPA
2017 [50] 2) 34 patients (group 1 = 17 (female = 14), | education session about physical activity (the 2) 4 weekly 20 min 2) KOOS
group 2 = 17 (female = 14)) benefits of physical activity, the detrimental effects | telephone call 3) BL, 1 months, 2
4) Diagnosis OA: yes: 20 (59%), No, but of sedentary behavior, ways to be active without months
met the "likely OA" criteria: 14 (41%) aggravating OA symptoms), individual weekly
5) 55.5 + 8.6 years; (group 1, 52.3 + 9.7 activity counseling with a PT via telephone (identify
years; group 2, 58.7 + 6.0 years) activity goals, develop an action plan, identify
barriers and solutions, rate their confidence in
executing the plan), and tracking the participant’s
physical activity behavior by using Fitbit Flex
Group 2 (Con): Waiting list
LiLCetal. 1) Knee OA Group 1 (Edu): 1.5-h session; standardized group 1) 2 months 1) MVPA
2018 [51] 2) 61 patients (group 1 = 30 (female = 22), | education session about physical activity (the 2) 4 weekly 20 min 2) KOOS
group 2 = 31 (female = 28)) benefits of physical activity, the detrimental effects | telephone call 3) BL, 1 months, 2
4) Diagnosis OA: yes: 52 (85%), No, but of sedentary behavior, ways to be active without months, 4 months
met the "likely OA" criteria: 9 (15%) aggravating OA symptoms), individual weekly (f), 6 months (f)
5) 61.7 + 8.9 years; (group 1, 61.3 £ 9.4 activity counseling with a PT via telephone (identify
years; group 2, 62.1 + 8.5 years) activity goals, develop an action plan, identify
barriers and solutions, rate their confidence in
executing the plan), and tracking the participant’s
physical activity behavior by using Fitbit Flex
Group 2 (Con): Waiting list
LiLCetal. 1) Knee OA Group 1 (Edu): 3 components; an in-person session | 1) 12 weeks 1) Daily steps,
2020 [52] 2) 51 patients (group 1 = 26 (female = 23), | with 20 min of group education and 30 min of 2) 4 biweekly telephone call | MVPA
group 2 = 25 (female = 19)) individual counseling with a PT, use of pedometer 2) KOOS
4) Diagnosis OA: yes: 37 (73%), No, but (Fitbit Flex-2 wristband), PT counseling by phone 3) BL, 13 weeks, 26
met the "likely OA" criteria: 14 (27%) to review physical activity goals (20-30 min). weeks (f), 39 weeks
5) 64.9 + 8.5 years; (group 1, 65.0 + 8.0 During weeks 1 to 8, PT remotely reviewed the 63)
years; group 2, 64.8 + 9.0 years) participants’ progress and counseled them to
modify their physical activity goals via 4 biweekly
phone calls. During weeks 9 to 12, the participants
continued using their Fitbit without counseling.
Group 2 (Con): Waiting list
Moseng T 1) Knee OA Group 1 (Ex + Edu): 3-hour group-based education | 1) 8-12 weeks 1) sitting time
etal. 2020 [22] | 2) 393 patients (group 1 = 284 program, focused on knowledge of OA, 2) 2 times / weeks 2) NRS, KOOS,
(female = 211), group 2 = 109 recommend treatments, emphasizing the HOOS
(female = 68)) importance of exercise. 1 hour group exercise with 3) BL, 3 months, 6
3) no listed 5-10 patients. 2-4 sets with 8-12 repetitions of 60- months (f)
5) group 1 63.0 + 10.0 years; group 2 70% of 1 RM were set up. 30-60 minutes of walking
65.0 + 10.0 years and pedaling exercises at home were also
recommended.
Group 2 (Con): Usual care excluding individual
exercise and education program.
(Continued)
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Table 1. (Continued)

Study author,
year (ref.)

Murphy SL
etal. 2018 [53]

Rewald S et al.
2020 [54]

Schlenk EA
et al. 2020 [23]

Condition and patient characteristics 1)
subject; 2) number of participants; 3)
duration of OA; 4) severity of OA; 5) age

1) Knee OA

2) 57 patients (group 1 = 38 (female = 24),
group 2 = 19 (female = 11))

3) no listed

5) 63.5 + 8.3 years (group 1 64.8 + 8.0
years; group 2 60.7 + 8.5 years)

1) Knee OA

2) 102 patients (group 1 = 55

(female = 70.9%), group 2 = 47

(female = 51.1%))

4) K/L grade: group 1 2.0 + 0.6, group 2
20+05

5) group 1, 59.0 + 9.5 years; group 2,
61.0 £ 7.4 years

1) Knee OA
2) 182 patients (group 1 =91

Intervention

Group 1 (Edu): 1-hour session with occupational
therapist (explanation of the program’s focus on
lifestyle changes to help manage osteoarthritis
symptoms through self-monitoring and goal
setting,) and online program about CBT program
(exercise, sleep, hygiene, pleasant activity
scheduling, relaxation, activity pacing, problem
solving, wrap-up session that focused on further
goal attainment)

Group 2 (Con): Usual osteoarthritis care

Group 1 (Ex). The participants rowed the aqua bike
in an upright position in the pool and adjusted their
legs to be soaked during the entire row. The
participants were immersed in warm water (32°C)
between the xiphoid process and the first rib. The
participants also incorporated an unsaddled
posture, leg exercises, and upper body exercises.
Group 2 (Con): Usual care, follow-up of treatment
received outside the study is not prohibited.

Group 1 (Ex + Edu): 6 weekly 60-65 min individual
face-to-face sessions including graduated LEE, and

1) Intervention period
2) frequency

1) 6 months
2) 8 times / week

1) 12 weeks
2) 45 min / 2 times / week

1) 6 months
2) 6 weekly face-to-face

Outcome of 1)

physical activity, 2)
pain, and 3) time

points

1) average activity

counts
2) BPI
3) BL, 6 months

1) SQUASH

2) KOOS, NRS
3) BL, 12 weeks,
weeks (f)

1) activity time
2) WOMAC

24

(female = 67), group 2 = 91 (female = 66)) | progressive fitness walking. Nine biweekly 15-20 sessions and Nine biweekly | 3) BL, 6 months, 12
3) group 1 11.7 + 9.9 years, group 2 min telephone sessions with the licensed registered | 15-20 min telephone call months (f)
11.3 £9.2 years nurse for ongoing goal setting and support, which
5) 64.7 + 8.1 years; (group 1, 64.5 + 8.5 were conducted in the project office; and daily e-
years; group 2, 65.0 + 7.8 years) diary for self-monitoring physical activity during
the 6-month intervention.
Group 2 (Con): Usual care and 15 sessions of 15-20
min telephone sessions. 15 sessions covered health
topics from the National Institute on Aging website
that avoided any mention of knee OA and their
management, including physical activity.
Shahine NF 1) Knee OA Group 1 (Edu): Pedometer self-monitoring, aerobic | 1) 12 weeks 1) Daily steps
etal. 2020 [55] | 2) 66 patients (group 1 = 33 (female = 21), | weekly step count goals and weekly telephone 2) 10-15 minutes telephone | 2) WOMAC
group 2 = 33 (female = 16)) follow ups. Educational booklet used for improving | / week, 4 session for 3) BL, 12 weeks
3) (less than 5 years/ 5-10 years/ +10 the patient’s knowledge level in four sessions. The | education with booklet
years): group 1 16/10/7, group 2 14/13/6 | patients received their individualized daily step
5) group 1, 65.6 * 5.0 years; group 2, count goals every week to increase gradually by 10%
66.9 * 5.8 years of baseline steps/d for weeks 2-12. Patients received
a weekly telephone call of duration10-15 min for
feedback and providing new step count goals.
Group 2 (Con): Usual care
Vincent KR 1) Knee OA Group 1 (Ex): Concentrically focused resistance 1) 4 months 1) Daily steps,
etal. 2020 [56] | 2) 88 patients (group 1 = 17 (female = 11), | training of 12 repetitions with 60% 1 RM. One set 2) 2 times / week activity time
group 2 = 19 (female = 13), group 3 =17 | of each of the following exercises was completed 2) NRS
(female = 11)) during each session: leg press, knee flexion, knee 3) BL, 4 months
3) group 1 7.8 + 8.1 years; group 2 extension, calf press, chest press, seated row,
12.8 + 11.9 years; group 3 7.9 + 8.1 years | shoulder press, and biceps curl. The resistance load
5) 68.3 + 6.4 years (group 1, 69.5 £ 6.5 was raised for the set to keep the rating of perceived
years; group 2, 66.8 + 5.4 years; group 3, exertion value at approximately 17-18 of 20 points
68.6 + 7.1 years) for each exercise over the study duration.
Group 2 (Ex): Eccentrically focused resistance
training enhanced eccentric training continually
performs the eccentric muscle action with the
equivalent of the 1RM and to sequentially reduce
the load to 60% of 1RM for the concentric muscle
action.
Group 3 (Con): Usual activity
(Continued)
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Table 1. (Continued)

Study author,
year (ref.)

Condition and patient characteristics 1)
subject; 2) number of participants; 3)
duration of OA; 4) severity of OA; 5) age

Waller B et al.
2017 [57]

1) Knee OA

2) 87 patients; all women (group 1 =43,
group 2 = 44)

4) grade 1/2: group 1 23/20; group 2 24/20
5) group 1, 63.8 + 2.4 years; group 2,

63.9 + 2.4 years

Wallis JA et al.
2017 [58]

1) Knee OA

2) 46 patients (group 1 = 23 (female = 9),
group 2 = 23 (female = 11))

4) grade 3/4: group 1 1/21; group 2 2/21
5) group 1, 68.8 + 8.0 years; group 2,
67.0 = 7.0 years)

Wortley M
etal. 2013 [59]

1) Knee OA

2) 31 patients (group 1 = 13 (female = 9),
group 2 = 12 (female = 9), group 3 =6
(female = 4))

4) K/L grade (median(range)): group 1 2
(2); group 2 3 (3); group 3 2 (1)

5) group 1, 69.5 * 6.7 years; group 2,
68.1 + 5.3 years; group 3, 70.5 + 5.0 years

Intervention 1) Intervention period

2) frequency

1) 16 weeks
2) 1 hour / 3 times / week

Group 1 (Ex): Aquatic resistance training sessions
(three resistance levels (barefoot, small resistance
fins, large resistance boots)) Training intensity was
set at as “hard and fast as possible”

Group 2 (Con): Usual care (continue their usual
leisure time activities, participate in two sessions
consisting of 1 h of light stretching, relaxation, and
social interaction)

Group 1 (Ex + Edu): Walking (at least moderate
intensity: determined by the Rate of Perceived
Exertion Scale (0 to 10) where level 3 = “T am still
comfortable but am breathing a little harder”),
behavioral change techniques and strategies
(@planning session with a physiotherapist (up
to 30 min to plan the location, day and time of
day for each walk) @regular physiotherapy
supervision and monitoring each week (one-to-
one supervised walking sessions or group
supervised walking sessions based on patient
preference, and regular phone calls or SMS
reminders) ®wearing a pedometer and
recording the number of steps taken and time
spent walking during each session in a logbook
@®engaging social supports such as walking
with a friend, family member or other research
participants) + usual care

Group 2 (Con): Non-operative management to
manage pain and symptoms including
pharmacological and non-pharmacological
interventions

1) 12 weeks
2): at least 10 min / time, 70
min / week

Group 1 (Ex): Open-kinetic chain resistance 1) 10 weeks
training program including seated leg extension, 2) 1 hour/ section; 2 times /
standing hamstring curl, straight leg raise, standing | week

hip abduction, standing hip adduction, standing hip

flexion, standing calf raise, which started with either

a51b. or 10 Ib. ankle weight and progressed from

two sets of eight repetitions to three sets of 12

repetitions during the first 6 weeks, and were

allowed to increase the weight as needed during the

final 4 weeks.

Group 2 (Ex): 1-hour training of 12 basic

movements adapted from the Yang Style Tai Ji. The

program began by learning the first two movements

during the first session, and then adding a new

movement during each session for the first 5 weeks.

Group 3 (Con): Usual physical activity

Outcome of 1)
physical activity, 2)
pain, and 3) time
points

1) LTPA

2) KOOS

3) BL, 4 months, 16
months (f)

1) Steps, Walking
time

2) NRS, WOMAC
3) BL, 13 weeks

1) PASE
2) WOMAC
3) BL, 6 months

Abbreviations. ref, reference number; OA, osteoarthritis; Ex, exercise; Edu, educational intervention; Ex + Edu, Combination therapy of exercise and educational

intervention; Con, control; ACR, American College of Rheumatology; K/L, Kellgren-Lawrence; PT, physical therapy; RM, repetition maximum; CBT, cognitive

behavioral therapy; LEE, lower extremity exercise; BL, baseline; PASE, physical activity scale for Elderly; WOMAC, Western Ontario and McMaster Universities

Osteoarthritis Index; KOOS, knee injury and osteoarthritis outcome score; VAS, visual analog scale; NRS, numerical rating scale; MVPA, moderate to vigorous physical

activity; HOOS, hip disability and osteoarthritis outcome score; BPI, brief pain inventory; SQUASH, short questionnaire to assess health-enhancing physical activity;

LTPA, average monthly leisure time physical activity

https://doi.org/10.1371/journal.pone.0275591.t001
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Missing outcome data B Low risk of bias

Measurement of the outcome
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Overall bias [ I g
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B. Outcomes on Pain
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Fig 2. Summary in risk of bias 2. (A) Outcomes on physical activity. (B) Outcomes on pain. Green, Low risk of bias; Yellow, Some concerns; Red, High risk of
bias.

https://doi.org/10.1371/journal.pone.0275591.9002

Risk of bias in studies

Fig 2 provides a summary of the RoB 2 results for the 20 included studies. In addition, S2 File
shows the justification for each rating in each outcome of each study. Although we scored each
outcome respectively, the RoB 2 results were in perfect agreement. In the bias arising from the
randomization process, seven studies were identified as having low risk of bias [46-48, 52, 56—
58], and four as having high risk of bias [45, 49, 55, 59]. In the bias due to deviations from
intended interventions, 11 studies were rated as low risk of bias [22, 23, 43, 48, 50-52, 54, 55,
58, 59]. In the bias due to missing outcome data, 18 studies were identified as low risk of bias
[23, 24, 43-53, 55-59]. In the bias in measurement of the outcome, 10 studies were identified
as having low risk of bias [23, 43, 45-48, 53, 54, 56, 58], and eight as having high risk of bias
[24, 44, 49-52, 55, 57]. In the bias in selection of the reported result, 11 studies were identified
as having low risk of bias [22, 43-46, 48, 50-52, 54, 56]. Only one study [48] showed low risk
of bias in all five components while 10 studies showed a high risk of bias in at least one compo-
nent [24, 44, 45, 49-52, 55, 57, 59].

Result of individual studies and synthesis

Effect of exercise on physical activity. Seven studies with 1,116 participants evaluated the
effect of exercise interventions on physical activity levels immediately post-intervention. There
was low GRADE evidence that exercise interventions were not associated with differences in
physical activity at this end point (SMD 0.11, 95% CI -0.04 to 0.25, P = 0.20, I* 27%; Fig 3).
Although there were not serious issues in quality assessment except for risk of bias, the evi-
dence GRADE was low (Table 2). This comparison included both subjective and objective out-
comes, but no significant differences in results were found when subgroup analysis (objective
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Std Mean Difference
IV, Random, 95%ClI

Std Mean Difference
IV, Random, 95%CI

Sample size

Study Outcome Time points  Control/ Interv.

Educational intervention vs Control follow up

Gilbert AL 2018 Activity time BL/24m 40/ 35 -0.30 [0.76, 0.16] —
Gilbert AL 2018 MVPA time BL/24m 40/ 35 -0.37 [0.83, 0.09] —at

Hinman RS2020  PASE BL/12m 88/ 82 0.28[-0.02, 0.58] to—

Murphy SL 2018 LTPA BL/ 6w 15/ 31 0.78[0.14, 1.42) —_——
Subtotal (95% CI) 1837183 0.07 [-0.38, 0.53] e

Heterogeneity: Tau? = 0.16; Chi? = 12,68, df = 3 (P = 0.005); I2 = 76%
Test for overall effect: Z=0.31 (P = 0.75)

Combination therapy of exercise and education vs Control end point

Hughes SL 2004 Exercising time BL/ 2m 43/ 68 0.38[-0.00, 0.77] —a—
Hughes SL 2006 Exercising time BL/ 2m 55/ 83 0.49[0.14,0.83] —a
Moseng T 2020 Sitting time BL/ 3m 109/ 242 0.00 [-0.23, 0.23] —o—

Schlenk EA2020  Fitness walking BL/ 6m 91/ 9N 0.62[0.32,0.92) —a—
Schlenk EA2020  LEE BL/ 6m 91/ 9N 1.30[0.98, 1.62] —o—
Schlenk EA2020  Accel, Nonetoverylow  BL/ 6m 91/ 9N 0.22[-0.07, 0.52] o

Schlenk EA2020  Accel, Light BL/ 6m 91/ 9N -0.08 [-0.37, 0.21] —ap—

Schlenk EA2020  Accel, MVPA BL/ 6m 91/ 9N -0.19 [-0.48, 0.10] —ot

Wallis JA 2017 Daily steps BLA3w 23/ 22 0.35[-0.24, 0.94] —t——

Wallis JA 2017 Walking time BLA3w 23/ 22 0.21[-0.37, 0.80] —
Subtotal (95% Cl) 662/848 0.33[0.04, 0.61] <

Heterogeneity: Tau? = 0.18; Chi2 = 67.40, df = 9 (P < 0.00001); I2= 87%
Test for overall effect: Z=2.23 (P = 0.03)

Combination therapy of exercise and education vs Control follow up

Hughes SL 2004 Exercising time BL/ 6m 36/ 60 0.36 [-0.06, 0.77] T+

Hughes SL 2006 Exercising time BL/12m 32/ 58 0.32[-0.12,0.75] -+

Moseng T 2020 Sitting time BL/ 6m 109/239 0.00[-0.23, 0.23] ——

Schlenk EA 2020 LEE BL/12m 91/ AN 0.84[0.54,1.15) —a—

Schlenk EA 2020 Accel, None to very low BL/12m 91/ AN 0.16 [-0.13, 0.45] -+

Schlenk EA 2020 Accel, Light BL/12m 91/ AN -0.08 [-0.32, 0.26] —a—

Schlenk EA 2020 Accel, MVPA BL/12m 91/ AN -0.26 [-0.56, 0.03] —o—

Schlenk EA 2020 Fitness walking BL/12m 91/ AN 0.58[0.28, 0.88] —a—

Subtotal (95% Cl) 632/812 0.24 [-0.02, 0.50] K>

Heterogeneity: Tau? = 0.11; Chi2 = 39.50, df = 7 (P < 0.00001); I2 = 82%

Test for overall effect: Z=1.81 (P = 0.07)
; } } }
-2 -1 0 1 2

Favours [Control] Favours [Interv.]

Fig 3. The mean difference and 95% CI values in physical activities. Results from each study. Interv., intervention; Std Mean
Difference, standardized mean difference; IV, inverse variance; 95% CI, 95% confidence interval; PASE, Physical Activity Scale for
the Elderly; SQUASH, short questionnaire to assess health-enhancing physical activity; LTPA, average monthly leisure time physical
activity; MVPA, moderate to vigorous physical activity; METSs, metabolic equivalents; LEE, Lower-extremity exercise; Accel,
accelerometer.

https://doi.org/10.1371/journal.pone.0275591.9003

vs. subjective) was performed. In addition, there were no significant differences for end point
physical activity among the intervention types.

Regarding follow-up, four studies with 702 participants evaluated the effect of exercise
interventions on physical activity levels at the end of the follow-up. There was low GRADE evi-
dence that exercise was not associated with differences in physical activity at follow-up (SMD
0.10, 95% CI -0.05 to 0.25, P = 0.20, I? 0%). Because the risk of bias was defined as very serious,
the GRADE evidence at follow-up was determined to be “low”.
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Table 2. Evidence for outcome measures. SMD, standardized mean difference; 95% CI, 95% confidence interval.

Comparison No, studies (ref.)

Risk of bias
Physical Activity, Ex vs Con
End point 7 (43, 45, 47, 54, 56, 57, Very
59) Serious

Follow up 4 (43, 45, 54, 57) Very
Serious
Physical Activity, Edu vs Con
End point 7 (44, 46, 48, 50-52, 55) Very
Serious
Follow up 3 (46, 48, 53) Very
Serious
Physical Activity, Ex + Edu vs Con
End point 5 (22-24, 49, 58) Very
Serious
Follow up 4 (22-24, 49) Very
Serious
Pain, Ex vs Con
End point 7 (43, 45, 47, 54, 56. 57, Very
59) Serious
Follow up 4 (43, 45, 54, 57) Very
Serious
Pain, Edu vs Con
End point 7 (44, 46, 48, 50-52, 55) Very
Serious
Follow up 3 (46, 48, 53) Very
Serious
Pain, Ex + Edu vs Con
End point 5 (22-24, 49, 58) Very
Serious
Follow up 4 (22-24, 49) Very
Serious

https://doi.org/10.1371/journal.pone.0275591.t002

Quality assessment No. patients Effect, SMD (95% Quality
Inconsistency Indirectness | Imprecision | Intervention | Control Cn
Not Serious (I* = Not Serious | Not Serious 668 528 0.11 (-0.04 to 0.25) ®Poo Low
27%)
Not Serious (I = 0%) | Not Serious | Not Serious 401 301 0.10 (-0.05 to 0.25) @@Poo Low
Very Serious (I’ = Not Serious | Not Serious 474 494 0.24 (-0.00 to 0.48) @ooo Very
70%) Low
Very Serious (1’ = Not Serious Serious 183 183 0.07 (-0.38 to 0.53) @ooo Very
76%) Low
Very Serious (1’ = Not Serious | Not Serious 848 662 0.33 (0.04 to 0.61) @ooo Very
87%) Low
Very Serious (I* = Not Serious | Not Serious 812 632 0.24 (-0.02 to 0.50) @ooo Very
82%) Low
Not Serious (I = 0%) | Not Serious | Not Serious 746 609 -0.25 (-0.36 to @@Poo Low
-0.14)
Not Serious (I = 0%) | Not Serious | Not Serious 464 341 -0.15 (-0.29 to @@oo Low
-0.01)
Very Serious (I* = Not Serious | Not Serious 436 443 -0.39 (-0.74 to @ooo Very
83%) -0.05) Low
Not Serious (I> = 0%) | Not Serious | Not Serious 327 319 -0.12 (-0.28 t0 0.03) ®Poo Low
Not Serious (I> = 0%) | Not Serious | Not Serious 569 344 -0.15 (-0.29 to @®Poo Low
-0.02)
Not Serious (I = 0%) | Not Serious | Not Serious 492 268 -0.18 (-0.33 to @@®oo Low
-0.03)

Effect of educational intervention on physical activity. Seven studies with 968 partici-
pants evaluated the effect of educational interventions on physical activity levels immediately
post-intervention. There was very low GRADE evidence that educational intervention was not
associated with differences in physical activity (SMD 0.24, 95% CI -0.00 to 0.48, P = 0.05, I?
70%; Fig 3). However, the authors concluded that the GRADE level was "very low" because of
the significant risk of bias and severe inconsistencies (Table 2). In addition, although the out-
lier data [55] were excluded and heterogeneity remained at 2%, there were also no effects in
the educational intervention on physical activity at the end point.

At the follow-up, three studies with 366 participants evaluated the effect of educational
interventions on physical activity levels at the end of follow-up. There was very low GRADE
evidence that educational intervention was not associated with differences in physical activity
at follow-up (SMD 0.07, 95% CI -0.38 to 0.53, P = 0.75, I” 76%). Because the risk of bias was
defined as very serious and severe inconsistency was noted, the GRADE evidence at follow-up
was determined “very low”.

Effect of combination therapy of exercise and educational intervention on physical
activity. Five studies with 1,510 participants evaluated the effect of the combination of exer-
cise and educational interventions on physical activity levels immediately post-intervention.
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Sample size Std Mean Difference  Std Mean Difference
Study Outcome Time points  Control/ Interv. IV, Random, 95%ClI IV, Random, 95%CI
Educational intervention vs Control follow up
Gilbert AL 2018 WOMAC BL/24m 40/ 35 -0.22 [-0.67,0.24] —or
Hinman RS 2020 NRS (overall pain) BL/12m 88/ 87 -0.03 [-0.33, 0.26] -
Hinman RS 2020 WOMAC BL/12m 88/ 87 -0.21 [-0.51, 0.08] o
Hinman RS 2020 NRS (walking pain) BL/12m 88/ 87 -0.06 [-0.36, 0.24] .
Murphy SL 2018 BPI BLY 6w 157 3 -0.22 [-0.83, 0.40] ——
Subtotal (95% ClI) 3191/327 -0.12 [-0.28, 0.03] Lo
Heterogeneity: Tau? = 0.00; Chi2 = 1.13, df = 4 (P = 0.89); 1= 0%
Test for overall effect: Z=1.56 (P =0.12)
Combination therapy of exercise and education vs Control end point
Hughes SL 2004 WOMAC BL/ 2m 43/ 68 -0.12 [-0.50, 0.26] —a-
Hughes SL 2006 WOMAC BL/ 2m 55/ 83 -0.14 [-0.48, 0.20] —a-
Moseng T 2020 NRS BL/ 3m 109/283 -0.20 [-0.43, 0.02] —o]
Schlenk EA 2020 WOMAC BL/ 6m 91/ AN -0.08 [-0.37, 0.21] -
Wallis JA 2017 NRS BL/12m 23/ 22 -0.25[-0.83, 0.34] —
Wallis JA 2017 WOMAC BL/16m 23/ 22 -0.14 [-0.73, 0.44] —a—
Subtotal (95% Cl) 3441569 -0.15 [-0.29,-0.02] e
Heterogeneity: Tau? = 0.00; Chi? = 0.60, df =5 (P = 0.99); I12= 0%
Test for overall effect: Z = 2.20 (P = 0.03)
Combination therapy of exercise and education vs Control follow up
Hughes SL 2004 WOMAC BL/ 6m 36/ 60 -0.16 [-0.58, 0.25] e
Hughes SL 2006 WOMAC BL/12m 32/ 58 0.11[-0.32, 0.54] —t—
Moseng T 2020 NRS BL/ 6m 109/283 -0.27 [-0.49,-0.05] -
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Fig 4. The mean difference and 95% CI values in pain. Results from each study. Interv., intervention; Std Mean Difference,
standardized mean difference; IV, inverse variance; 95% CI, 95% confidence interval; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; VAS, visual analogue scale; HOOS, Hip disability and Osteoarthritis Outcome Scale; KOOS, Knee
injury and Osteoarthritis Outcome Scale; NRS, numerical rating scale; BPI, brief pain inventory.

https://doi.org/10.1371/journal.pone.0275591.9004

The combination of exercise and educational interventions was associated with differences in
physical activity (SMD 0.33, 95% CI 0.04 to 0.61, P = 0.03, I* 87%; Fig 3), but the GRADE level
was very low because very serious risks of bias and severe inconsistency were noted (Table 2).

At the follow-up, four studies with 1,444 participants evaluated the effect of the combined
intervention of exercise and educational interventions on physical activity levels at the end of
follow-up condition. There was evidence that combined intervention of exercise and educa-
tional interventions was not associated with differences in physical activity at follow-up (SMD
0.24, 95% CI -0.02 to 0.50, P = 0.07, I* 82%), but the GRADE level was very low because the
risk of bias was defined as very serious and severe inconsistency noted.

Effect of exercise on pain. Seven studies with 1,355 participants evaluated the effect of
exercise interventions on pain immediately post-intervention. There was evidence that exer-
cise interventions were associated with differences in pain (SMD -0.25, 95% CI -0.36 to -0.14,
P < 0.01, I* 0%; Fig 4) but the GRADE level was determined to be low because there was very
serious risk of bias (Table 2).
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At the follow-up, four studies with 805 participants evaluated the effect of exercise interven-
tions on pain at the end of the follow-up condition. There was evidence that exercise was also
associated with differences in pain at follow-up (SMD -0.15, 95% CI -0.29 to -0.01, P = 0.04, 2
0%), but the GRADE level was low because the risk of bias was defined as very serious.

Effect of educational intervention on pain. Seven studies with 879 participants evaluated
the effect of educational interventions on pain immediately post-intervention. There was evi-
dence that educational interventions were associated with differences in pain (SMD -0.39, 95%
CI -0.74 to -0.05, P = 0.03, I* 83%; Fig 4) but the GRADE level was determined to be very low
because very serious risk of bias and severe inconsistency were noted. Even with the exclusion
of outlier data [55] and heterogeneity, the effects of educational intervention on pain at the
end point were remained very low (Table 2).

Three studies with 646 participants evaluated the effect of educational interventions on
pain at the end of follow-up condition. There was evidence that educational intervention was
not associated with differences in pain at follow-up (SMD -0.12, 95% CI -0.28 to 0.03, P = 0.12,
I” 0%) but the GRADE level was low because the risk of bias was defined as very serious.

Effect of combination therapy of exercise and educational intervention on pain. Five
studies with 913 participants evaluated the effect of the combination of exercise and educa-
tional interventions on pain immediately post-intervention. There was evidence that the com-
bination of exercise and educational interventions were associated with differences in pain
(SMD -0.15, 95% CI -0.29 to -0.02, P = 0.03, I* 0%; Fig 4) but the GRADE level was low because
a very serious risk of bias was identified (Table 2).

Four studies with 760 participants evaluated the effect of combined intervention of exercise
and educational interventions on pain at the end of follow-up condition. There was evidence
that combined intervention of exercise and educational interventions was associated with dif-
ferences in pain at follow-up (SMD -0.18, 95% CI -0.33 to -0.03, P < 0.01, I* 0%) but the
GRADE level was low because the risk of bias was defined as very serious.

Discussion

Exercise and education are non-pharmacological interventions recommended as first-line
management strategies for patients with OA [19, 60]. However, it remains unknown whether
intervention with exercise and/or education is effective at increasing physical activity. There-
fore, we investigated the effectiveness of exercise and/or educational intervention for physical
activity and pain in patients with nonsurgical OA using a meta-analysis method.

At the end point (immediately post-intervention), we found very low evidence that exercise
intervention alone was not effective for activate physical activity levels. In addition, there were
also very low evidence that exercise intervention alone cannot upregulate the physical activity
levels at follow up. These results are similar to those of Oliveira CB et al. [20], which showed
no effectiveness of exercise on improving physical activity. Looking at the extracted articles, an
article investigating the effect of aquatic exercise [57] found an increase in physical activity.
On the other hand, no increase in physical activity was observed in the other studies that
examined the effects of water exercise [47, 54], which is also a part of other interventions [43,
45, 56, 59]. Although seven articles were included in the comparison, our analysis may suggest
that exercise intervention alone does not allow for an increase in physical activity regardless of
the type of exercise. Therefore, exercise alone might be insufficient to improve physical activity
at either the endpoint or final follow-up in OA patients.

Likewise, we found very low evidence that educational intervention alone is ineffective for
increasing physical activity levels at each time point. This result suggests that it may be difficult
to improve physical activity using educational interventions alone in patients with hip or knee

PLOS ONE | https://doi.org/10.1371/journal.pone.0275591 November 21, 2022 15/23


https://doi.org/10.1371/journal.pone.0275591

PLOS ONE

Effect of exercise and/or educational interventions on physical activity and pain

OA. With a chronic painful condition like OA, patients sometimes think that physical activity
is harmful and ineffective for management of their conditions [61]. To counter this miscon-
ception, patient education has recently been recommended as a first-line management strategy
as well as exercise therapy [60, 62, 63]. However, the patient education included in the studies
we examined was not sufficient to increase physical activity, suggesting that patient education
alone is not sufficient for behavioral modification. The effect varied from article to article, and
the results differed depending on which article was excluded at follow up. In other words, the
evidence regarding the effectiveness of patient education at follow-up is not yet consistent, and
further RCTs are needed to examine effective interventions. For example, Shahine et al. [55]
shows a strong effect at end point, but the type of intervention was not as specific as in other
articles, except for intervention frequency. This may indicate that effect of patient education
might be influenced by the frequency of feedback rather than the content of the education.
Therefore, it seems important to note that high-frequency feedback may contribute to
increased physical activity.

Although there was no effectiveness in exercise or educational intervention alone in
increasing physical activity, combination therapy of exercise and educational intervention
does appear to be effective for increasing physical activity at the end point, with the quality of
the evidence rated as very low. Although the contents of the exercise and educational interven-
tions of single and combination therapy were similar, no effectiveness was found in the single
intervention of exercise or educational intervention, but it was found in combination therapy.
Again, OA patients sometimes avoid physical activities because they believe that exercise will
worsen their conditions [61]. However, accurate knowledge about the importance of physical
activities facilitates adherence to the practice of exercise [64]. Based on these findings, educa-
tional intervention combined with exercise increases adherence to physical activity, which
leads to behavioral modifications for managing OA symptoms. Recently, a multidisciplinary
approach for OA patients has been advocated to improve their several symptoms [65]. Our
current result that combination therapy for exercise and educational intervention is recom-
mended for increasing physical activity may contribute to the importance of a multidisciplin-
ary approach for OA patients. Meanwhile, there was not a difference physical activity levels at
follow-up between combination therapy of exercise and educational intervention and pure
control or placebo with the quality of the evidence rated as very low. This result may suggest
that combination therapy of exercise and educational intervention cannot lead to behavioral
modifications until follow up. Intervention strategies examined in previous studies have not
reported increases in physical activity or maintenance of behavior change at follow-up, and
further investigation of intervention strategies is needed. However, some papers reported
increases in low-intensity physical activity and steps. Behavior modification affected by combi-
nation therapy for exercise and educational intervention might persist only for low physical
activity levels and not for high-intensity physical activity levels. Therefore, controlled analysis
of outcomes would be helpful in the development of future intervention strategies.

We also investigated the effects of exercise and/or educational intervention on osteoarthri-
tis-associated pain. According to the results, exercise is effective for pain management. It is
well known that exercise is effective for pain management in chronic pain conditions [16],
which supports our results. The present study may provide evidence that exercise is effective
for pain in patients with OA, despite its lack of effect on physical activity. Exercise may be
another mechanism of decreasing pain; this mechanism is sometimes called exercise-induced
hypoalgesia and is related to the exercise intensity [66, 67]. In addition, exercise was also effec-
tive for pain at follow-up, with low evidence. Therefore, as a point of pain management, the
effects of exercise remain effective through follow up. This finding may suggest that regular
exercise is effective for pain control and, persists even after the exercise intervention finishes.
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The educational intervention was also effective for pain at the endpoint, but not at follow-
up. Interestingly, these results of educational intervention for pain were similar to the findings
of an article that investigated the effectiveness of pain neurophysiology education on musculo-
skeletal pain [68], which was also part of the education in a knee osteoarthritis study [25]. In
other words, educational intervention alone might be effective for short-term effects. It might
be that educational intervention modifies the way we think about pain while having no effect
on the damaged tissue itself. Importantly, there was evidence, albeit low by the GRADE scale,
that the combination therapy of exercise and educational intervention is effective for pain
management both at the end point and at follow up. These results are similar to the article of
Pitsillides et al. [69], although the control condition of that article is a mixture of the usual con-
trol and single interventions. The results of our current study is very important because the
paper has a strict control group. In accordance with our results, combination therapy of exer-
cise and educational intervention may have a long-term effect on pain management by affect-
ing both the inflamed tissue and the perception of pain.

We determined the evidence quality using the GRADEpro guideline development tool,
which consists of four components: risk of bias, inconsistency, indirectness, and imprecision.
At the risk-of-bias component, almost all studies demonstrated high risk for overall risk of
bias. Notably, bias of the randomization process and bias of measurement of the outcome are
were very common in papers with a high risk of bias. Four of the five comparisons remained
the same even when heterogeneous data were excluded, although one comparison (physical
activity, educational intervention vs. control at follow-up) had different results when heteroge-
neous data were excluded. Additionally, we used the random-effects model for statistical anal-
ysis in this study. Therefore, it may not be necessary to consider the inconsistency component
in each comparison, except for one comparison (physical activity, educational intervention, vs.
control at follow-up) in this study. In the indirectness component, we chose “not serious” in
all comparisons because there were no data where we needed to downgrade the results of indi-
rectness according to previous guidelines [40]. In addition, we assigned “not serious” to most
of the comparisons regarding data imprecision, except for one comparison (physical activity,
educational intervention, vs. control at follow-up). This is because there were over 400 partici-
pants in each comparison, which previously described the criterion of imprecision data com-
ponent [41]. In the publication bias component, we chose “undetected” in all comparisons
because there were fewer articles included in each comparison. Therefore, we used the ran-
dom-effects model to compare each outcome because publication bias was not considered. For
these reasons, the comparisons in this study were assigned “low” to “very low” level of quality
of evidence. If the risk of bias included in the study, especially the randomization process and
dropouts in the participants, could be clarified and thus eliminated, the evidence level might
be upgraded.

We found that a combination therapy of exercise and educational intervention improved
physical activity and pain in patients with hip or knee OA at the end point. However, at the
end of follow-up, this therapy did not increase the physical activity. Increased physical activity
has been reported to inhibit OA [9], and it is known to improve physical function [9, 11].
According to the results and literature review, educational intervention combined with exer-
cise upregulates exercise adherence [64], thereby increasing physical activity, which might pro-
mote the efficacy of exercise on pain. Although there was no effect on the physical activity at
follow-up, we can recommend providing combination therapy of exercise and educational
intervention to improve physical activity and pain with low evidence. Clearly, it is important
to continue exercise, and patient education is essential for improving exercise adherence.
However, further research is required to clarify the relationship between changes in physical
activity and pain using a combination therapy of exercise and educational intervention.
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This study had some limitations. First, we recruited all RCTs that investigated the effective-
ness of exercise and/or educational intervention for patients with OA rather than specific exer-
cise and educational content. In other words, the current study did not restrict either the
methods and place of exercise and/or educational intervention, or the frequency and duration
of these interventions. Thus, there is wide variation among the exercise and educational inter-
ventions applied in the studies, which may have affected the results. Additional studies are
needed to clarify which type of intervention is most effective in increasing the physical activity
in patients with knee or hip OA. Second, this study did not define the inclusion criteria for OA
severity, and no subgroup analyses were performed according to OA severity. The effects of
exercise and/or educational intervention may be affected by OA severity. Further studies are
required to clarify this issue. Third, we did not use controlled vocabulary terms such as MeSH
in the search strategy. If MeSH had been adopted, the number of articles identified might have
been higher than the number found in this study. Fourth, we only searched the articles written
in English, which might create a bias. Therefore, it is important to pursue studies written in
other languages. Finally, we only investigated physical activity and pain in patients with OA.
As mentioned above, there are several locomotive disabilities, such as muscle weakness and
walking disability in hip/knee OA patients. Although there were differences in pain reduction,
further studies are needed to clarify the effects of exercise and/or educational intervention for
other locomotive disabilities.

Conclusion

Our findings suggest that a combination therapy of exercise and educational intervention is
more effective in increasing the amount of long-term physical activity and reducing pain in
patients with knee or hip OA. Conversely, exercise or educational intervention alone is not
effective at improving long-term physical activity. Improvements in long-term physical activity
through the combination of exercise and educational intervention may secondarily improve
pain. This meta-analysis provides evidence that combination therapy contributes to improve-
ment of pain and physical activity in patients with OA. It is expected that further clinical stud-
ies will investigate both physical activity and pain in patients with OA.
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