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Abstract: The most prevalent joint disease is osteoarthritis (OA), which affects an estimated
240 million individuals worldwide. Knee osteoarthritis (KOA) is one of the top 10 causes of disability
worldwide. The aim of this study is to systematically evaluate the effect of circuit training (CT) on
patients with KOA. We searched through PubMed, Scopus, ScienceDirect, Cochrane, and Google
Scholar up to 12 February 2022. We used random-effects statistical analysis for continuous variables
and reported the results as a standardized mean difference (SMD) with 95 percent confidence intervals
(CI). Seven trials involving 346 patients were included. A significant improvement in the intervention
group was observed for the parameter, pain level (SMD −0.96, 95% CI −1.77 to −0.14; p = 0.02;
seven trials, 346 participants; high quality evidence), while no significant improvement was found in
physical function (SMD 0.03, 95% CI −0.44–0.50; p = 0.89; five trials, 294 participants; high-quality
evidence), quality of life (SMD −0.25, 95% CI −1.18–0.68; p = 0.60; three trials, 205 participants;
high-quality evidence), the activity of daily living (SMD 0.81, 95% CI −0.85–2.48; p = 0.34; three trials,
223 participants; high-quality evidence), and knee stiffness (SMD −0.65, 95% CI −1.96–0.66; p = 0.33;
two trials, 71 participants; high-quality evidence). The findings in this meta-analysis suggest that CT
could effectively complement the conventional treatment of KOA, particularly in alleviating pain.
However, comprehensive data on the guidelines for the CT approach would be needed to adequately
examine the effects of CT on quality of life and biochemical markers in patients with KOA.

Keywords: circuit training; pain; osteoarthritis; knee

1. Introduction

Osteoarthritis (OA) is the most common joint disease and the main source of chronic
pain and disability [1]. Pain is the predominant symptom of OA [1]. Knee osteoarthritis
(KOA) is one of the top ten causes of disability worldwide [2–4], accounting for more than
80% of the entire OA disease burden [5]. Clinical OA, as defined by symptoms and physical
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findings, affects about 27 million US individuals and 8.5 million UK individuals [6,7]. OA
is more common as people become older; 13.9% of persons aged 25 and above have clinical
OA in at least one joint, whereas 33.6% of those aged 65 and above have OA [8].

A major symptom that impedes functional ability is pain, and when it affects the knees,
it is considerably more destructive to the well-being of the individual [9]. Psychological
factors, such as depression, anxiety, and psychological distress, have been associated with
KOA pain [10]. Although psychological variables might likely play a role in exacerbating
pain, it is also plausible that pain can lead to a depressed mood. In KOA, pain becomes the
primary issue since it is a precursor to other detrimental features of the person’s life. For
instance, a sedentary lifestyle contributes to reduced muscular strength and gait pattern
alterations, leading to slower walking [10,11]. Furthermore, the presence of muscular
weakness and joint proprioception impairment limits everyday activities, resulting in a
decrease in postural control and a higher risk of falls [12,13]. Individuals with KOA are
likely to have pain, functional limitation, and physical restriction. These significantly affect
their activities of daily living, work, leisure, sleep, and social activities. The result is a
decrease in their quality of life [14,15]. Quality of life is a broad concept covering all aspects
of human life, whereas health-related quality of life focuses on the effects of illness, and
specifically, on the impact of treatment on quality of life [16]. Quality of life indicates how
a person is living and it indirectly implies the standard of the physical, mental, social, and
environmental health status of that person [17]. The benefits of exercise on KOA have
been extensively studied in the literature. Exercise protocols are designed to decrease pain,
enhance muscular strength and joint stability, as well as improve cardiovascular fitness.
All of these contribute to increased functioning [18–20]. Exercise, has been demonstrated
to strengthen the knee joint as well as lower inflammatory cytokines [21,22]. It has been
shown that combining training techniques, including resistive and aerobic exercise is
beneficial in dealing with the different symptoms associated with OA [23]. Despite the
fact that rehabilitation, especially exercise therapy and strength training, is a frequently
recommended critical treatment for OA due to its abundant benefits [24,25], the best
strategy for exercise programs remains elusive [24].

One strategy to combine the benefits of these techniques is circuit training (CT), which
promotes cardiovascular and muscular development. The effect of CT on a variety of
chronic diseases, including KOA, may be beneficial as CT involves performing a sequence
of exercises repeatedly with no rest or with only short resting intervals [26]. CT is a type
of exercise involving resistance and callisthenic exercises to maintain raised heart rate
throughout the workout [27,28]. This exercise program consists of sets of several exercises
performed in order, each activating different muscle groups. The participant progresses
briskly from one exercise to the next, with shorter rest intervals than in traditional strength
training, resulting in a substantially reduced overall practice time. CT may be more
beneficial than traditional aerobic exercise [29,30]. Due to the short total duration of
the exercises, many people may engage in the same training session, which encourages
participant retention and adherence [31–34]. It was reported that lack of time is a typical
reason for non-participation in physical exercise programs due to their longer duration and
lack of a structural program, particularly among patients with severe pain [31]. Therefore,
in this regard, expanding the reasons for exercise prescription in knee OA is a gap that
needs to be filled [32]. Even though various studies have shown the effect of CT in
improving strength, decreasing pain, and improving functioning, to our knowledge, no
study has systematically reviewed the effects of CT in people with KOA [33]. Therefore,
this meta-analysis study aimed to investigate the effect of CT in patients with KOA.

2. Materials and Methods
2.1. Protocol and Registration

The protocol for this study was registered in the international prospective register for
systematic reviews (PROSPERO) with the registration number CRD42022325630.
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2.2. Types of Outcome Measures
2.2.1. Primary Outcomes

1. Pain
2. Quality of life.

2.2.2. Secondary Outcomes

1. Physical function;
2. Activity of daily living;
3. Health-related quality of life;
4. Anxiety;
5. Depression;
6. Stiffness;
7. KOA symptom;
8. High-density lipoprotein;
9. Triglycerides.;
10. HDL;
11. Sport and recreation activities.

2.3. Data Sources

According to the Medline method, the search strategy was conducted using keywords
and Medical Subject Headings with the boolean operators “OR” and “AND” to find relevant
literature. Three independent authors (S.A, B.K, and H.A) conducted an electronic literature
search up to 12 February 2022. The keywords used were (“exercise” OR” training”) AND
(“circuit*”) AND (“Knee osteoarthritis”) (Supplementary File S1).

2.4. Eligibility Criteria

A search of the literature was carried out to identify experiments that investigated
the impact of CT on patients with knee OA. Three researchers (S.A, B.K., and H.A.) used
the criteria by PICOS category (population, intervention, comparison, outcome, and study
design [34]) to examine the extensive texts of the papers and define the inclusion and
exclusion criteria. In the case of disagreements, the judgment of a fourth researcher (A.A.I.)
was employed.

2.4.1. Inclusion Criteria

1. Patients with KOA and with no age limit.
2. Publications with no language limitation and with full text available.
3. CT.
4. Randomized controlled trials and controlled clinical studies.

2.4.2. Exclusion Criteria

Case reports, review articles, letters, commentaries, short communications, studies
without intervention, with no control group, and unclear data.

2.5. Study Selection

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) guide-
lines were applied in this study. Three authors, S.A., B.K., and H.A., monitored the selection
and exclusion of articles using a linear assessment of titles, abstracts, and full texts (in cases
of doubt). The remaining articles were entirely screened using the qualifying criteria before
making a final selection. This procedure was employed independently and with the help
of a fourth researcher (A.A.I.) if any disagreements or uncertainties existed.
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2.6. Data Extraction

After reading the full manuscripts, two authors (S.B.A. and A.A.I.) performed inde-
pendent sampling and data extraction from eligible studies. The studies that were included
contained substantial data that were extracted. The data includes the name of the first
author, population, year of publication, gender, age of patients, number of patients, and
method (exercise name, duration, intensity, sets, frequency, intervention timing, study
duration, and outcome measures).

2.7. Assessment of Risk of Bias

The risk of bias was checked based on random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of outcome assessors, completeness
of outcome data, selectivity of outcome reporting, and other bias, as described in the
Cochrane Handbook for Systematic Reviews of Interventions [35].

2.8. Analysis
2.8.1. Measurement of Treatment Effect

To draw forest plots for trials with categorical outcomes, we used relative risk ratios
(RR) and 95% confidence intervals (CI), as well as risk differences (RD), estimates and %CI.
We intended to analyze continuous data using mean differences (MD) or standardized
mean differences (SMD) and 95% of CI where applicable.

The heterogeneity of the studies was determined through two steps. First, we screened
the demographics, contexts, treatments, and outcomes to determine whether there was any
noticeable variability. Second, we used the I2 statistic [36] to analyze statistical heterogeneity.
We performed a subgroup analysis on the duration of intervention when it was feasible.

2.8.2. Sensitivity Analysis

In the studies that were included, we performed a sensitivity analysis to evaluate how
the risk of bias influenced sequence generation and allocation concealment.

2.9. Summary of Findings Table

To assess the quality of evidence, we used the GRADEpro technique developed by
the Cochrane Collaboration. The GRADEpro system assigns four degrees of quality, the
highest being randomized trial evidence. It might be downgraded to moderate, low, or
even extremely poor-quality evidence depending on the presence of the following four
elements: (i) constraints in study design and implementation; (ii) indirectness of evidence;
(iii) unexplained heterogeneity or inconsistency of results; (iv) imprecision of outcomes.
The GRADEpro application was used to present the evidence quality for each specific
outcome, and the evaluation is being phased in alongside the summary of findings (SoF)
table [36].

The SoF table is made up of the following elements:

• Key findings that were summarized (participants, comparative, and baseline data, and
results) [37];

• Statistical results that have been condensed;
• A summary of the evidence’s quality, the degree of the effect, and the source of

information utilized in the assumed risk.

3. Results
3.1. Included Studies

A total of 402 studies were retrieved from the following databases: PubMed, Scopus,
Science Direct, Cochrane, and Google scholar as indicated in Figure 1. After identifying
duplicate articles, 256 studies were screened for further selection. After reading the titles
and abstracts of the articles, a total of 226 were excluded according to pre-set inclusion and
exclusion criteria. The full text of the remaining 30 articles was assessed thereafter, of which
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23 were excluded. Finally, data were extracted from the seven trials with 346 participants
that met the eligibility criteria [33,38–43].
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3.2. Participants Characteristics

Three of the seven trials were from high-income countries [41–43], and four were from
middle-income countries [33,38–40]. Two out of the seven trials recruited their respondents
from hospital settings [42,43], while three trials reported enrolling their participants through
an informative text or email distributed on social media platforms (Facebook), radio, and
newspapers, all of which included interviews with members of the research team [35,43,44].
In one trial, the participants were recruited from the residents of the city of Ribeirao Preto,
Sao Paulo, Brazil [39]. Meanwhile, in one trial, information regarding the recruitment of
the participants was not provided [38]. Five of the seven trials performed the exercise at
healthcare sites [32,39–42], while one conducted the exercise at both the healthcare site and
the participants’ homes [43]. Meanwhile, in one trial, information regarding the exercise
site was not stated [38]. In relation to comorbidity, one trial included patients with stable
comorbidities such as type 2 diabetes, cardiovascular or respiratory disease, or lower, back,
or upper limb pain [42]. Meanwhile, another trial used the Charlson comorbidity index
and reported that 45 patients had a single comorbidity, while multi-comorbidities were
found in 15 patients [43]. Table 1 describes the characteristics of the included trials.
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Table 1. Characteristics of the included trials.

Reference Status of the Patient
at Intervention Sample Size Age/Population Control Intervention Duration Outcome Measures Pro Instrument Measure

1. [42] Grades-
Reported comorbidities

48
EX = 21
CO = 27
BMI = -

From 53 to
81 years old

UK

Usual
care

CT included 10 EX, for two
sessions/W for five W. The

EX was for 60 (Min).
Supervised

12 month

1. Physical function
2. Pain
3. Anxiety
4. Depression
5. Health-related quality of life
6. Activities of daily living

1. WOMAC-
functioning

2. WOMAC-pain
3. HADS-A
4. HADS-D
5. EQ5D
6. AFPT

2. [38] Grades I and II OA

30
EX = 15
CO = 15
BMI = -

From 50 to 60
years old

India

Usual
care

CT includes warm-up for 5 Min,
walking, balance training, straight

lunges, and one leg balance for
20 min/session, for four W,

3 times/W, 3 and sets.

4 W
1. QOL
2. Pain

1. WOMAC-QOL
2. VAS

3. [39] Grades I, II, and III OA

31
EX = 15
CO = 16

BMI = 30.21 ± 4.63

From 45 to
75 years old

Brazil

Usual
care

CT includes
warm-up for (10 min),

strengthening exercises, aerobic
exercise on a stationary bicycle
(20 min), starting at 65–70% of
maximum heart rate (MHR),

stretching for (5 min), sitting and
standing from a low chair. and

walking while changing direction.
The exercise was for 60 (min)

supervised

8 W
1. Pain
2. Physical function
3. Stiffness

1. WOMAC-pain
2. WOMAC-

functioning
3. WOMAC

4. [40] Grades II and III

40
EX = 20
CO = 20

BMI = 26 ± 3.08

From 40 to
65 years old

Brazil

Usual
care

CT includes a total of 42 exercise
sessions and is conducted in three

sessions/W. Each session consists of
warm-up for 5 (min), CT, and

cool-down for (5 min). During the
CT, the exercises were classified as
light 20 min, moderate 30 min, and

intense 40 min. There was a maximum
of 30 s of rest between each stage.

Supervised

14 W 1. Pain 1. VAS
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Table 1. Cont.

Reference Status of the Patient at
Intervention Sample Size Age/Population Control Intervention Duration Outcome Measures Pro Instrument Measure

5. [33] Grades II and III

40
EX = 20
CO = 20

BMI =< 30 kg/m2

From 40 to
65 years old

Brazil

Usual
care

The CT included lower, upper body,
and trunk exercises with intensity

levels (light, moderate, and intense).
The CT for (W 2, 3, and 5) was light
exercise moderate exercises were in
(W 6, 8, and 9) and intense exercises

were in the (W 11, 12, and 14).
Between each stage, there was a
maximum of 30 s rest. The CT

was for 3/W
supervised

14 W

1. Pain
2. Physical function
3. Stiffness
4. HDL
5. Triglycerides

1. WOMAC-pain
2. 40 M WT
3. WOMAC
4. Serum samples
5. Serum samples

6. [43] Grades I, II, III, and IV
Reported comorbidities

82
EX = 44
CO = 38

BMI = 30.6 ± 5.6

64.8 ± 8.7
years old
Denmark

Usual
care

CT for lower and upper extremities,
consists of warm-up and cooldown
periods. CT includes four exercise
circles; in between the exercise was

postural function: postural
orientation, muscle strength, and
functional exercises. The intensity

was increased if the exercise quality
could be maintained. The exercise

was two/W with each
session lasting 60 min.

Supervised

12 W

1. Pain
2. Knee symptom
3. ADL
4. QOL
5. Physical function
6. General health
7. Sport and recreation

1. KOOS-Pain
2. KOOS-symptom
3. KOOS-ADL
4. KOOS-QOL
5. Timed Up and Go test
6. EQ-5D 5
7. KOOS—sport, and

recreation

7. [41] Grades I, II, and III

93
EX = 47
CO = 46

BMI = 27 ± 4 kg/m2

From 40 to
70 years old

Denmark

Usual
care

CT consisted of five-stage: warming
up (10 min of aerobic activity,

functional exercise, proprioceptive
(comprised three exercises),

endurance strengthening exercise,
and cooling down. The exercise was

two/W (each session 60 min)
fo 8 W. Each exercise included three

to four difficulty levels to ensure
the progression.

Supervised

8 W

1. Pain
2. Symptom
3. ADL
4. QOL
5. Physical function
6. Sport and recreation

1. KOOS-Pain
2. KOO—symptom
3. KOOS-ADL
4. KOOS-QOL
5. Maximum number

of knee-bendings in
30 s

6. KOOS—sport, and
recreation

EX: exercise group; CO: control group; BMI: Body Mass Index; CT: circuit training; HDL: High Density Lipoprotein; W: week; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index; Min: minute; QOL: quality of life; AFPT: aggregated functional performance time; HADS: hospital anxiety and depression scale; EQ5D: health-related quality of life;
KOOS: Knee injury and Osteoarthritis Outcome Score; ADL: activities of daily living; VAS–: Visual Analogue Scale.
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3.3. Intervention Characteristics

Patients in the included studies were randomly assigned to intervention and control
groups. In all seven trials, the intervention was CT [33,38–43]. There was a difference in
the duration of the intervention among the included studies. In two trials, the intervention
was for eight weeks [39,41]. In another trial, the intervention was for one month [38].
In two trials, the intervention was for 14 weeks [33,40]. In one trial, the intervention was
for 12 months [42]. In the last trial, the intervention was for 12 weeks [43]. In five trials,
the CT was performed at healthcare sites [33,39–42], while one trial conducted the exercise
at the healthcare site and home-based exercise [43]. Meanwhile, one trial did not state
information regarding the exercise site [38].

3.4. Comparison

In the seven studies, the patients with KOA who underwent CT were compared to the
control group who received only standard treatment [33,38–43].

3.5. Risk of Bias in Included Studies

The risk of result assessment bias is depicted in Figures 2 and 3. Figure 2 displays
the proportion of studies categorized as low or unclear risk of bias for each risk of bias
indicator. Figure 3 depicts the risk of bias indicators for individual studies. The details of
the trials are provided in the table of characteristics of included studies.
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3.5.1. Random Sequence and Allocation Concealment

In four trials, the randomization method was described, and the random sequence
generation was judged to have a low risk of bias [33,40,41,43]. In the remaining three
trials, the randomization method was not explained; thus, we judged random sequence
generation to have an unclear risk of bias [41,42,45]. Allocation was concealed in two trials
by central randomization and was only revealed after baseline assessment [38,42]. In two
trials, the allocation was performed by randomization and balance distribution [33,40].
In the remaining three trials, the allocation numbers were concealed in opaque envelopes
prepared by a staff member who was independent of the study [42,44,46]. Thus, we judged
allocation concealment to have a low risk of bias (Supplementary Materials).

3.5.2. Blinding of Participants, Personnel, and Outcome Assessment

In three trials, participants were blinded throughout the research procedure, and the
trials were deemed to have a low risk of bias [42,44,45]. In two trials, the information
regarding the blinding of the participant was not provided and was therefore deemed
an unclear risk of bias [38,43]. In two trials, the participants were aware of all exercise
procedures and, thus, they were judged to have a high risk of bias [33,40]. The assessors
were blinded in six trials and blinding of the outcome assessment was judged to have a low
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risk of bias [33,39–43]. Meanwhile, one trial did not report if the assessors were blinded,
and blinding of the outcome was judged to have an unclear risk of bias [38].
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3.5.3. Incomplete Outcome Data

Six trials reported that all participants completed the study, and the bias due to incom-
plete outcome data was judged as low risk [33,38–41,43]. However, in two trials, a total
of four participants, two in each of the intervention and control groups, did not complete
the post-treatment assessment because they refused to participate [33,40]. Moreover, in
one trial, three participants in the intervention group did not complete the post-treatment
assessment. Of the three participants, one died, one canceled, and one was no longer inter-
ested. In the control group, six participants did not complete the post-treatment assessment.
Of these, one died, two were no longer interested, one canceled, one was unhappy with
group allocation, and one had personal or health issues [43]. Meanwhile, the intention
to treat analysis was applied. One trial reported that five participants in the intervention
group did not complete the post-treatment assessment [42]. One had a hip complication,
one had knee surgery, one moved away, and one discontinued the post-treatment assess-
ment. However, the trial did not mention why the fifth participant had not completed the
assessment, and the bias due to incomplete outcome data was judged as an unclear risk.
Meanwhile, intention to treat analysis was applied and the trial measured the primary
outcome at 12 months [42].

3.5.4. Selective Reporting

All seven trials reported the outcomes as specified in their methods section [33,38–43]
and were regarded as low risk of bias.

3.5.5. Other Potential Sources of Bias

We did not detect any other potential source of bias.
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3.6. Outcomes

The primary outcomes in this review were pain level and quality of life. Seven trials
reported pain levels. Out of the seven, three trials measured the pain level post-intervention
using the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [35,42,45].
In two trials, the pain level was measured using the Visual Analogue Scale (VAS) [38,40].
Another two trials measured the pain level using the Knee Injury and Osteoarthritis Out-
come Score (KOOS) [41,43]. Three trials reported the quality of life using KOOS-quality of
life [41,43], and WOMAC-quality of life [38]. The secondary outcomes were physical func-
tion, the activities of daily living, health-related quality of life, sport and recreation function,
anxiety, depression, stiffness, KOA symptoms, triglycerides, and high-density lipoprotein.
Five trials reported on physical function using the WOMAC-physical function [39,42] timed
up-and-go test [43], a maximum number of knee bends in 30 s [41], and a 40-m walk test [33].
Three trials reported on the activities of daily living post-intervention using KOOS [41,43]
and aggregated functional performance time (AFPT) of four common activities of daily
living [42]. Two trials reported on health-related quality of life post-intervention using
the EQ-VAS from the EQ-5D 5 Dimensional form 3 level version (EQ-5D-3L) [42,43]. Two
trials reported sport and recreation activities post-intervention using KOOS-sport and recre-
ation [41,43]. One trial reported on anxiety post-intervention using the hospital anxiety
and depression scale (HADS-A) [42]. One trial reported depression post-intervention using
the hospital anxiety and depression scale (HADS-D) [42]. Two trials reported on stiffness
post-intervention using WOMAC-stiffness [33,39]. Two trials reported on knee symptoms
post-intervention using KOOS [41,43]. One trial reported on triglycerides and high-density
lipoprotein using serum samples [33].

3.6.1. Primary Outcomes

The primary outcomes in this review were pain level and quality of life. Seven trials
reported pain levels [33,38–43], while three trials reported on the quality of life [41,44,46].

Knee Pain

There was a significant difference in knee pain outcomes (SMD −0.96, 95% CI −1.77–−0.14;
I2 statistic = 92%; p = 0.02; seven trials, 346 participants; high quality evidence) [33,38–43]
(Figure 4, Table 2) between the CT group and the standard treatment group.
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Table 2. Summary of finding using GRADE quality assessment.

Outcome

Certainty Assessment No. of Patients Effect Certainty

No. of
Studies

Study
Design Risk of Bias Inconsistency Indirectness Imprecision Other

Considerations
Circuit

Training
Standard
Treatment

Absolute
(95% CI)

Pain level 7 RCT Serious a Very serious b Not serious Serious d None 182 182 SMD 0.30 higher
(0.37 higher to 0.56 higher)

⊕###
Very low

Quality of life 3 RCT Not serious Very serious b Not serious Serious d None 106 99 SMD 0.25 lower
(1.18 lower to 0.68 higher)

⊕###
Very low

Physical
function 5 RCT Serious a Serious c Not serious Serious d None 147 147 SMD 0.03 higher

(0.44 lower to 0.5 higher)
⊕###

Very low

Health-related
quality of life 2 RCT Not serious Not serious Not serious Serious d None 65 65 SMD 0.36 higher

(0.01 higher to 0.71 higher)
⊕⊕⊕#

Moderate

HDL 1 RCT Serious a Serious c Not serious Serious d None 20 20 SMD 0.13 higher
(0.49 lower to 0.75 higher)

⊕###
Very low

Triglyceride 1 RCT Serious a Serious c Not serious Serious d None 20 20 SMD 0.13 higher
(0.49 lower to 0.75 higher)

⊕###
Very low

Depression 1 RCT Not serious Serious c Not serious Serious d None 21 27 SMD 0.12 higher
(0.45 lower to 0.69 higher)

⊕⊕##
Low

Anxiety 1 RCT Not serious Serious c Not serious Serious d None 21 27 SMD 0.12 higher
(0.45 lower to 0.69 higher)

⊕⊕##
Low

Sports
recreation 2 RCT Not serious Not serious Not serious Serious d None 91 84 SMD 0.07 higher

(0.23 lower to 0.37 higher)
⊕⊕⊕#

Moderate

Knee stiffness 2 RCT Serious a Serious c Not serious Serious d None 35 36 SMD 0.65 lower
(1.96 lower to 0.66 higher)

⊕###
Very low

The activity of
daily living 3 RCT Not serious Very serious b Not serious Serious d None 112 111 SMD 0.81 higher

(0.85 lower to 2.48 higher)
⊕###

Very low

Knee
osteoarthritis

symptom
2 RCT Not serious Not serious Not serious Serious d None 91 84 SMD 0.26 higher

(0.05 lower to 0.58 higher)
⊕⊕⊕#

Moderate

CI: confidence interval, MD: mean difference, SMD: standardized mean difference, RCT: randomized control trials, a: participants were aware of all exercise procedures, b: there
is considerable heterogeneity in the studies, c: there is substantial heterogeneity in the studies, d: the included studies recorded a small sample size for both the control and
intervention group.



Healthcare 2022, 10, 2041 12 of 17

Quality of Life

There was no difference in the quality-of-life outcomes (SMD −0.25, 95% CI −1.18–0.68;
I2 statistic = 90%; p = 0.60; three trials, 205 participants; high-quality evidence) [38,41,43]
(Figure 5, Table 2) between the CT group and standard treatment group.
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3.6.2. The Secondary Outcomes
Physical Function

There was no difference in physical function outcomes (SMD 0.03, 95% CI −0.44–0.50;
I2 statistic = 73%; p = 0.89; five trials, 294 participants; high-quality evidence) [33,39,41–43]
(Figure 6, Table 2) between the CT group and the standard treatment group.
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Knee Stiffness

There was no difference in knee stiffness outcomes (SMD −0.65, 95% CI −1.96–0.66;
I2 statistic = 86%; p = 0.33; two trials, 71 participants; high-quality evidence) [33,39] (Figure 7,
Table 2) between the CT group and standard treatment group.
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Health-Related Quality of Life

There was a significant difference in health-related quality of life outcomes (SMD 0.36,
95% CI −0.01–0.71; I2 statistic = 0%; p = 0.04; two trials, 130 participants; high-quality
evidence) [42,43] (Figure 8, Table 2) between the CT group and standard treatment group.
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Knee Symptom

There was no difference in knee symptom outcomes (SMD 0.26, 95% CI −0.05–0.58;
I2 statistic = 11%; p = 0.10; two trials, 175 participants; high-quality evidence) [41,43]
(Figure 9, Table 2) between the CT group and standard treatment group.
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Depression

There was a significant difference in depression outcome (SMD 0.67, 95% CI 0.08–1.26;
I2 statistic = 0%; p = 0.02; one trial, 48 participants; high quality evidence) [42] (Table 2)
between the CT group and standard treatment group.

Anxiety

There was no difference in anxiety outcome (SMD 0.12, 95% CI −0.45 to −0.69;
I2 statistic = 0%; p = 0.69; one trial, 48 participants; high quality evidence) [42] (Table 2)
between the CT group and standard treatment group.

Sports Recreation

There was no difference in sports recreation outcomes (SMD 0.07, 95% CI −0.23–0.37;
I2 statistic = 0%; p = 0.64; two trials, 175 participants; high-quality evidence) [41,43]
(Figure 10, Table 2) between the respiratory rehabilitation group and standard treatment group.
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The Activity of Daily Living

There was no difference in activity of daily living outcomes (SMD 0.81, 95% CI −0.85–2.48;
I2 statistic = 97%; p = 0.34; three trials, 223 participants; high-quality evidence) [41–43]
(Figure 11, Table 2) between the CT group and standard treatment group.
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Triglycerides

There was no difference in triglyceride outcome (SMD 0.01, 95% CI −0.61–0.63;
I2 statistic = 0%; p = 0.98; one trial, 40 participants; high quality evidence) [33] (Table 2)
between the CT group and standard treatment group.
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High-Density Lipoprotein

There was no difference in high density lipoprotein outcome (SMD 0.15, 95% CI −0.47
to −0.77; I2 statistic = 0%; p = 0.63; one trial, 40 participants; high quality evidence) [33]
(Table 2) between the respiratory rehabilitation group and standard treatment group.

4. Discussion
4.1. Summary of Main Results

The current review was designed to incorporate all randomized controlled trials eval-
uating the effectiveness of CT among patients with KOA. The activities of daily living,
depression, physical function, quality of life, and knee stiffness were not different between
the CT and standard treatment groups. There was no difference in the anxiety, sports
recreation, HDL, triglyceride, and knee symptom outcomes between the CT and standard
treatment groups for the limited number of trials included. Yet, the pain level, depres-
sion, and health-related quality of life significantly differed between the CT and standard
treatment groups.

4.2. Overall Completeness and Applicability of Evidence

We conducted an extensive and elaborate literature review to evaluate the effectiveness
of CT among patients with KOA. The RCT included in this review comprehensively
illustrate CT outcomes among OA patients. Seven trials were included in the meta-analysis.
We found a significant improvement in the intervention group for pain levels.

4.3. Quality of the Evidence

The quality of trial evidence ranged from moderate to very low certainty. In many
domains, the risk of bias was uncertain or low for most trials. No evidence of selective
reporting bias was found. A lack of adequate random sequence generation in the original
study and subsequent review may have contributed to treatment effect bias in the original
trial and subsequent review. The risk of performance bias was present in two trials.
Performance bias was high in two trials because the participants were aware of all the
exercise procedures. Two trials reported that four participants (two in each group) did
not complete the post-treatment assessment. One trial stated that three participants in the
intervention group did not complete the post-treatment assessment. One trial indicated that
five participants in the intervention group did not complete the post-treatment assessment.
However, in all the aforementioned trials, intention-to-treat analysis was carried out. The
study’s random-effects meta-analysis revealed low to moderate heterogeneity. There was
no shift in the effect estimate where the random-effects meta-analysis was performed, and
although the 95% CI was wider in all cases, the overall quality of evidence contributing to
this review, as assessed using the GRADE approach, was moderate to very low.

4.4. Potential Biases in the Review Process

We aimed to reduce publication bias by searching different databases without language
restrictions and analyzing all relevant papers’ reference lists for extra information. We
cannot claim to have identified all the studies in this area with absolute certainty. We were
unable to create a funnel plot for publication bias relative to each outcome because there
were seven studies included. All included papers satisfied all the inclusion criteria, and
we did not introduce any bias through the review process; all studies were thoroughly
evaluated, and secondary citations were examined. Though all the studies included in this
meta-analysis showed a similar trend, we identified substantial heterogeneity in the knee
pain, quality of life, and daily living activities outcomes. Due to limited trials, we were
unable to explain this in our analysis.

4.5. Agreements and Disagreements with Other Studies or Reviews

To the best of our knowledge, this is the first systematic review and meta-analysis
carried out to determine the effectiveness of CT among patients with KOA. Three different
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reviews examined the effects of exercise on patients with KOA [45–47]. Xie, Wang [47] eval-
uated the effects of a rehabilitation program on patients with KOA and showed significant
improvement in pain levels. Meanwhile, there was no significant improvement in physical
function among the patients who participated in the rehabilitation program compared with
conventional rehabilitation. The study included four trials with a total of 791 patients with
KOA. Li, Su [45] included 17 trials with a total of 1705 patients and found that resistance
exercise relieves pain, alleviates stiffness, and improves physical function in patients with
KOA. Hall, Castelein [46] conducted a systematic review and meta-analysis to evaluate
the effects of combined diet and exercise and found moderate improvement in physical
function and pain in overweight or obese people with KOA.

5. Conclusions
5.1. Implications for Practice

In this meta-analysis, CT was found to have a significant effect in improving pain
levels in individuals with KOA. Hence, it could effectively complement the conventional
treatment of KOA. However, comprehensive data on the guideline for the CT approach
would be needed to adequately examine the effects of CT on quality of life and biochemical
markers in patients with KOA.

5.2. Implications for Research

If further studies are carried out to investigate the application of CT on patients with
KOA, they should comprise a detailed pain-assessing test/outcome and outlined safety
information. Data on aerobic exercise or combined aerobic and resistance exercise for
patients with KOA and other joint problems should also be collated. If studies are carried
out in isolated and under-developed regions or settings with no or little access to standard
clinical care, the adjuvant treatment should include a comprehensive designed CT program
of tolerable duration to improve KOA.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/healthcare10102041/s1. Table S1: Risk of bias assessment for
studies included in Table 1; File S1: Research question and search strategy employed in the study.

Author Contributions: Conceptualization, N.M.N., A.A.I., S.B.A.-M., W.S.W.G. and M.M.; Data
curation, A.A.I., S.B.A.-M., H.A.A. and Y.B.M.; Formal analysis, N.M.N.; Methodology, M.I.A., S.B.A.-
M., H.A.A., Y.B.M. and K.E.B.; Software, N.M.N. and S.B.A.-M.; Supervision, W.S.W.G., N.M.N., M.I.A.
and M.M.; Validation, K.E.B.; Visualization, A.A.I., K.E.B., Y.B.M. and H.A.A.; Writing—original draft,
S.B.A.-M., H.A.A., Y.B.M. and A.A.I.; Writing—review and editing, W.S.W.G., N.M.N., M.M. and
M.I.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Neogi, T. The epidemiology and impact of pain in osteoarthritis. Osteoarthr. Cartil. 2013, 21, 1145–1153. [CrossRef] [PubMed]
2. Vos, T.; Flaxman, A.D.; Naghavi, M.; Lozano, R.; Michaud, C.; Ezzati, M.; Shibuya, K.; Salomon, J.A.; Abdalla, S.; Aboyans, V.;

et al. Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990–2010: A systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012, 380, 2163–2196. [CrossRef]

3. Murray, C.J.; Vos, T.; Lozano, R.; Naghavi, M.; Flaxman, A.D.; Michaud, C.; Ezzati, M.; Shibuya, K.; Salomon, J.A.; Abdalla, S.;
et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: A systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012, 380, 2197–2223. [CrossRef]

https://www.mdpi.com/article/10.3390/healthcare10102041/s1
https://www.mdpi.com/article/10.3390/healthcare10102041/s1
http://doi.org/10.1016/j.joca.2013.03.018
http://www.ncbi.nlm.nih.gov/pubmed/23973124
http://doi.org/10.1016/S0140-6736(12)61729-2
http://doi.org/10.1016/S0140-6736(12)61689-4


Healthcare 2022, 10, 2041 16 of 17

4. Afolabi, H.A.; bin Zakaria, Z.; Hashim, M.N.M.; Vinayak, C.R.; Shokri, A.B.A. Body Mass Index and predisposition of patients to
knee osteoarthritis. Obes. Med. 2019, 16, 100143. [CrossRef]

5. Segal, N.; Glass, N.; Niu, J.; Mcculloch, C.; Felson, D.; Guermazi, A.; Roemer, F.; Lewis, C.; Nevitt, M.; Torner, J. Does the rate of
knee OA progression increase with age? Articular cartilage changes over seven years in most. Osteoarthr. Cartil. 2015, 23, A178.
[CrossRef]

6. Lawrence, R.C.; Felson, D.T.; Helmick, C.G.; Arnold, L.M.; Choi, H.; Deyo, R.A.; Gabriel, S.; Hirsch, R.; Hochberg, M.C.; Hunder,
G.G.; et al. Estimates of the prevalence of arthritis and other rheumatic conditions in the United States: Part II. Arthritis Rheum.
2008, 58, 26–35. [CrossRef]

7. National Collaborating Centre for Chronic Conditions (Great Britain); National Institute for Clinical Excellence (Great Britain).
Osteoarthritis: National Clinical Guidelines for Care and Management in Adults; Royal College of Physicians: London, UK, 2008.

8. Laslett, L.L.; Quinn, S.J.; Winzenberg, T.M.; Sanderson, K.; Cicuttini, F.; Jones, G. A prospective study of the impact of mus-
culoskeletal pain and radiographic osteoarthritis on health related quality of life in community dwelling older people. BMC
Musculoskelet. Disord. 2012, 13, 168. [CrossRef]

9. Hawker, G.A.; Gignac, M.A.; Badley, E.; Davis, A.M.; French, M.R.; Li, Y.; Perruccio, A.V.; Power, J.D.; Sale, J.; Lou, W. A
longitudinal study to explain the pain-depression link in older adults with osteoarthritis. Arthritis Care Res. 2011, 63, 1382–1390.
[CrossRef]

10. Lee, J.; Chang, R.W.; Ehrlich-Jones, L.; Kwoh, C.K.; Nevitt, M.; Semanik, P.A.; Sharma, L.; Sohn, M.W.; Song, J.; Dunlop, D.D.
Sedentary behavior and physical function: Objective evidence from the Osteoarthritis Initiative. Arthritis Care Res. 2015, 67,
366–373. [CrossRef]

11. Nebel, M.B.; Sims, E.L.; Keefe, F.J.; Kraus, V.B.; Guilak, F.; Caldwell, D.S.; Pells, J.J.; Queen, R.; Schmitt, D. The relationship
of self-reported pain and functional impairment to gait mechanics in overweight and obese persons with knee osteoarthritis.
Arch. Phys. Med. Rehabil. 2009, 90, 1874–1879. [CrossRef]

12. Sanchez-Ramirez, D.; van der Leeden, M.; Knol, D.; van der Esch, M.; Roorda, L.; Verschueren, S.; van Dieën, J.; Lems, W.F.;
Dekker, J. Association of postural control with muscle strength, proprioception, self-reported knee instability and activity
limitations in patients with knee osteoarthritis. J. Rehabil. Med. 2013, 45, 192–197. [CrossRef] [PubMed]

13. Afolabi, H.A.; Zakariya, Z.B.; Shokri, A.B.A.; Hasim, M.N.B.M.; Vinayak, R.; Afolabi-Owolabi, O.T.; Elesho, R.F. The relationship
between obesity and other medical comorbidities. Obes. Med. 2020, 17, 100164. [CrossRef]

14. Kawano, M.M.; Araújo, I.L.A.; Castro, M.C.; Matos, M.A. Assessment of quality of life in patients with knee osteoarthritis. Acta
Ortop. Bras. 2015, 23, 307–310. [CrossRef]

15. Vitaloni, M.; Botto-van Bemden, A.; Sciortino Contreras, R.M.; Scotton, D.; Bibas, M.; Quintero, M.; Monfort, J.; Carné, X.; de
Abajo, F.; Oswald, E.; et al. Global management of patients with knee osteoarthritis begins with quality of life assessment:
A systematic review. BMC Musculoskelet. Disord. 2019, 20, 493–512. [CrossRef]

16. Guyatt, G.H.; Ferrans, C.E.; Halyard, M.Y.; Revicki, D.A.; Symonds, T.L.; Varricchio, C.G.; Kotzeva, A.; Valderas, J.M.; Alonso,
J.L.; Clinical Significance Consensus Meeting Group. Exploration of the value of health-related quality-of-life information from
clinical research and into clinical practice. Mayo Clin. Proc. 2007, 82, 1229–1239. [CrossRef] [PubMed]

17. Datta, D.; Datta, P.P.; Majumdar, K. Relationship of activity of daily living with quality of life. Br. Biomed. Bull. 2014, 4, 757–764.
18. Beavers, D.P.; Beavers, K.M.; Loeser, R.F.; Walton, N.R.; Lyles, M.F.; Nicklas, B.J.; Shapses, S.A.; Newman, J.J.; Messier, S.P. The

independent and combined effects of intensive weight loss and exercise training on bone mineral density in overweight and
obese older adults with osteoarthritis. Osteoarthr. Cartil. 2014, 22, 726–733. [CrossRef] [PubMed]

19. Juhl, C.; Christensen, R.; Roos, E.M.; Zhang, W.; Lund, H. Impact of exercise type and dose on pain and disability in knee
osteoarthritis: A systematic review and meta-regression analysis of randomized controlled trials. Arthritis Rheumatol. 2014, 66,
622–636. [CrossRef] [PubMed]

20. Frontera, W.R.; Reid, K.F.; Phillips, E.M.; Krivickas, L.S.; Hughes, V.A.; Roubenoff, R.; Fielding, R.A. Muscle fiber size and function
in elderly humans: A longitudinal study. J. Appl. Physiol. 2008, 105, 637–642. [CrossRef]

21. Beavers, K.M.; Beavers, D.P.; Newman, J.J.; Anderson, A.M.; Loeser, R.F., Jr.; Nicklas, B.J.; Lyles, M.F.; Miller, G.D.; Mihalko,
S.L.; Messier, S.P. Effects of total and regional fat loss on plasma CRP and IL-6 in overweight and obese, older adults with knee
osteoarthritis. Osteoarthr. Cartil. 2015, 23, 249–256. [CrossRef]

22. Olson, T.P.; Dengel, D.; Leon, A.; Schmitz, K. Changes in inflammatory biomarkers following one-year of moderate resistance
training in overweight women. Int. J. Obes. 2007, 31, 996–1003. [CrossRef] [PubMed]

23. Bennell, K.L.; Hinman, R.S. A review of the clinical evidence for exercise in osteoarthritis of the hip and knee. J. Sci. Med. Sport
2011, 14, 4–9. [CrossRef] [PubMed]

24. Nguyen, C.; Lefèvre-Colau, M.-M.; Poiraudeau, S.; Rannou, F. Rehabilitation (exercise and strength training) and osteoarthritis:
A critical narrative review. Ann. Phys. Rehabil. Med. 2016, 59, 190–195. [CrossRef] [PubMed]

25. Al-mhanna, S.B.; Afolabi, H.A.; Sheikh, A.M.; Mohamed, A.A.; Ahmed, A.Y.; Abdulle, M.M.; Mohamed, S.I.; Mohamed, M.H.;
Mohamed, A.H. The Effectiveness of Mirror Therapy on Lower Extremity Motor Function among Stroke Patients: A Review.
Altamash J. Dent. Med. 2022, 1, 1–8.

26. Bocalini, D.S.; Lima, L.S.; de Andrade, S.; Madureira, A.; Rica, R.L.; Dos Santos, R.N.; Serra, A.J.; Silva, J.A., Jr.; Rodriguez, D.;
Figueira, A., Jr. Effects of circuit-based exercise programs on the body composition of elderly obese women. Clin. Interv. Aging
2012, 7, 551. [CrossRef] [PubMed]

http://doi.org/10.1016/j.obmed.2019.100143
http://doi.org/10.1016/j.joca.2015.02.951
http://doi.org/10.1002/art.23176
http://doi.org/10.1186/1471-2474-13-168
http://doi.org/10.1002/acr.20298
http://doi.org/10.1002/acr.22432
http://doi.org/10.1016/j.apmr.2009.07.010
http://doi.org/10.2340/16501977-1087
http://www.ncbi.nlm.nih.gov/pubmed/23223845
http://doi.org/10.1016/j.obmed.2019.100164
http://doi.org/10.1590/1413-785220152306150596
http://doi.org/10.1186/s12891-019-2895-3
http://doi.org/10.4065/82.10.1229
http://www.ncbi.nlm.nih.gov/pubmed/17908529
http://doi.org/10.1016/j.joca.2014.04.002
http://www.ncbi.nlm.nih.gov/pubmed/24742955
http://doi.org/10.1002/art.38290
http://www.ncbi.nlm.nih.gov/pubmed/24574223
http://doi.org/10.1152/japplphysiol.90332.2008
http://doi.org/10.1016/j.joca.2014.11.005
http://doi.org/10.1038/sj.ijo.0803534
http://www.ncbi.nlm.nih.gov/pubmed/17299382
http://doi.org/10.1016/j.jsams.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/20851051
http://doi.org/10.1016/j.rehab.2016.02.010
http://www.ncbi.nlm.nih.gov/pubmed/27155923
http://doi.org/10.2147/CIA.S33893
http://www.ncbi.nlm.nih.gov/pubmed/23271901


Healthcare 2022, 10, 2041 17 of 17

27. Miller, M.B.; Pearcey, G.E.; Cahill, F.; McCarthy, H.; Stratton, S.B.; Noftall, J.C.; Buckle, S.; Basset, F.A.; Sun, G.; Button, D.C. The
effect of a short-term high-intensity circuit training program on work capacity, body composition, and blood profiles in sedentary
obese men: A pilot study. BioMed Res. Int. 2014, 2014, 191797. [CrossRef] [PubMed]

28. Romero-Arenas, S.; Blazevich, A.J.; Martínez-Pascual, M.; Pérez-Gómez, J.; Luque, A.J.; López-Román, F.J.; Alcaraz, P.E. Effects of
high-resistance circuit training in an elderly population. Exp. Gerontol. 2013, 48, 334–340. [CrossRef]

29. Balachandran, A.; Krawczyk, S.N.; Potiaumpai, M.; Signorile, J.F. High-speed circuit training vs hypertrophy training to improve
physical function in sarcopenic obese adults: A randomized controlled trial. Exp. Gerontol. 2014, 60, 64–71. [CrossRef]

30. Kim, H.-J.; Kang, C.-K.; Park, H.; Lee, M.-G. Effects of vitamin D supplementation and circuit training on indices of obesity and
insulin resistance in T2D and vitamin D deficient elderly women. J. Exerc. Nutr. Biochem. 2014, 18, 249. [CrossRef]

31. Seo, Y.G.; Noh, H.M.; Kim, S.Y. Weight loss effects of circuit training interventions: A systematic review and meta-analysis. Obes.
Rev. 2019, 20, 1642–1650. [CrossRef]

32. De Almeida, A.C.; Pedroso, M.G.; Aily, J.B.; Gonçalves, G.H.; Pastre, C.M.; Mattiello, S.M. Influence of a periodized circuit
training protocol on intermuscular adipose tissue of patients with knee osteoarthritis: Protocol for a randomized controlled trial.
BMC Musculoskelet. Disord. 2018, 19, 421. [CrossRef] [PubMed]

33. De Almeida, A.C.; Aily, J.B.; Pedroso, M.G.; Gonçalves, G.H.; Pastre, C.M.; Mattiello, S.M. Reductions of cardiovascular and
metabolic risk factors after a 14-week periodized training model in patients with knee osteoarthritis: A randomized controlled
trial. Clin. Rheumatol. 2021, 40, 303–314. [CrossRef]

34. Higgins, J.P.; Green, S.; Scholten, R. Maintaining reviews: Updates, amendments and feedback. In Cochrane Handbook for Systematic
Reviews of Interventions; John Wiley & Sons: Hoboken, NJ, USA, 2008; p. 31.

35. Higgins, J. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1. 0 [Updated March 2011]. The Cochrane
Collaboration. 2011. Available online: www.cochrane-handbook.org (accessed on 20 January 2021).

36. GRADEpro GDT. Computer Program; Version [July, 2016]; McMaster University: Hamilton, ON, USA, 2014; Available online:
www.gradepro.org (accessed on 20 January 2021).

37. Schünemann, H.J.; Oxman, A.D.; Higgins, J.P.; Vist, G.E.; Glasziou, P.; Guyatt, G.H. Presenting results and ‘Summary of findings’
tables. In Cochrane Handbook for Systematic Reviews of Interventions; John Wiley & Sons: Hoboken, NJ, USA, 2008; p. 5.

38. Bhagat, P.; Jagtap, V.; Devi, P. Effect of circuit training in osteoarthritis of knee. Asian J. Pharm. Clin. Res. 2017, 10, 333–335.
[CrossRef]

39. Braghin, R.D.M.B.; Libardi, E.C.; Junqueira, C.; Nogueira–Barbosa, M.H.; de Abreu, D.C.C. Exercise on balance and function for
knee osteoarthritis: A randomized controlled trial. J. Bodyw. Mov. Ther. 2018, 22, 76–82. [CrossRef]

40. De Almeida, A.C.; Aily, J.B.; Pedroso, M.G.; Gonçalves, G.H.; de Carvalho Felinto, J.; Ferrari, R.J.; Pastre, C.M.; Mattiello, S.M. A
periodized training attenuates thigh intermuscular fat and improves muscle quality in patients with knee osteoarthritis: Results
from a randomized controlled trial. Clin. Rheumatol. 2020, 39, 1265–1275. [CrossRef]

41. Holsgaard-Larsen, A.; Clausen, B.; Søndergaard, J.; Christensen, R.; Andriacchi, T.; Roos, E. The effect of instruction in analgesic
use compared with neuromuscular exercise on knee-joint load in patients with knee osteoarthritis: A randomized, single-blind,
controlled trial. Osteoarthr. Cartil. 2017, 25, 470–480. [CrossRef] [PubMed]

42. Jessep, S.A.; Walsh, N.E.; Ratcliffe, J.; Hurley, M.V. Long-term clinical benefits and costs of an integrated rehabilitation programme
compared with outpatient physiotherapy for chronic knee pain. Physiotherapy 2009, 95, 94–102. [CrossRef]

43. Skou, S.T.; Rasmussen, S.; Laursen, M.B.; Rathleff, M.S.; Arendt-Nielsen, L.; Simonsen, O.; Roos, E.M. The efficacy of 12 weeks
non-surgical treatment for patients not eligible for total knee replacement: A randomized controlled trial with 1-year follow-up.
Osteoarthr. Cartil. 2015, 23, 1465–1475. [CrossRef]

44. Liu, Y.; Yang, Y.-Q.; Liu, Y.; Pei, S.-L.; Yang, H.-H.; Wu, J.-J.; Luo, C.-K. Effects of group psychological intervention combined with
pulmonary rehabilitation exercises on anxiety and sleep disorders in patients with mild coronavirus disease 2019 (COVID-19)
infections in a Fangcang hospital. Psychol. Health Med. 2022, 27, 333–342. [CrossRef]

45. Li, Y.; Su, Y.; Chen, S.; Zhang, Y.; Zhang, Z.; Liu, C.; Lu, M.; Liu, F.; Li, S.; He, Z.; et al. The effects of resistance exercise in patients
with knee osteoarthritis: A systematic review and meta-analysis. Clin. Rehabil. 2016, 30, 947–959. [CrossRef] [PubMed]

46. Hall, M.; Castelein, B.; Wittoek, R.; Calders, P.; Van Ginckel, A. Diet-induced weight loss alone or combined with exercise in
overweight or obese people with knee osteoarthritis: A systematic review and meta-analysis. Semin. Arthritis Rheum. 2019, 48,
765–777. [CrossRef]

47. Xie, S.-H.; Wang, Q.; Wang, L.-Q.; Wang, L.; Song, K.-P.; He, C.-Q. Effect of internet-based rehabilitation programs on improvement
of pain and physical function in patients with knee osteoarthritis: Systematic review and meta-analysis of randomized controlled
trials. J. Med. Internet Res. 2021, 23, e21542. [CrossRef] [PubMed]

http://doi.org/10.1155/2014/191797
http://www.ncbi.nlm.nih.gov/pubmed/24707476
http://doi.org/10.1016/j.exger.2013.01.007
http://doi.org/10.1016/j.exger.2014.09.016
http://doi.org/10.5717/jenb.2014.18.3.249
http://doi.org/10.1111/obr.12911
http://doi.org/10.1186/s12891-018-2325-y
http://www.ncbi.nlm.nih.gov/pubmed/30497420
http://doi.org/10.1007/s10067-020-05213-1
www.cochrane-handbook.org
www.gradepro.org
http://doi.org/10.22159/ajpcr.2017.v10i7.18322
http://doi.org/10.1016/j.jbmt.2017.04.006
http://doi.org/10.1007/s10067-019-04892-9
http://doi.org/10.1016/j.joca.2016.10.022
http://www.ncbi.nlm.nih.gov/pubmed/27836677
http://doi.org/10.1016/j.physio.2009.01.005
http://doi.org/10.1016/j.joca.2015.04.021
http://doi.org/10.1080/13548506.2021.1916956
http://doi.org/10.1177/0269215515610039
http://www.ncbi.nlm.nih.gov/pubmed/26471972
http://doi.org/10.1016/j.semarthrit.2018.06.005
http://doi.org/10.2196/21542
http://www.ncbi.nlm.nih.gov/pubmed/33399542

	Introduction 
	Materials and Methods 
	Protocol and Registration 
	Types of Outcome Measures 
	Primary Outcomes 
	Secondary Outcomes 

	Data Sources 
	Eligibility Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Study Selection 
	Data Extraction 
	Assessment of Risk of Bias 
	Analysis 
	Measurement of Treatment Effect 
	Sensitivity Analysis 

	Summary of Findings Table 

	Results 
	Included Studies 
	Participants Characteristics 
	Intervention Characteristics 
	Comparison 
	Risk of Bias in Included Studies 
	Random Sequence and Allocation Concealment 
	Blinding of Participants, Personnel, and Outcome Assessment 
	Incomplete Outcome Data 
	Selective Reporting 
	Other Potential Sources of Bias 

	Outcomes 
	Primary Outcomes 
	The Secondary Outcomes 


	Discussion 
	Summary of Main Results 
	Overall Completeness and Applicability of Evidence 
	Quality of the Evidence 
	Potential Biases in the Review Process 
	Agreements and Disagreements with Other Studies or Reviews 

	Conclusions 
	Implications for Practice 
	Implications for Research 

	References

