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Background: Exercise is an effective nonpharmaceutical therapy for knee osteoarthritis (KOA).

Purpose: To identify the most effective type of exercise therapy for KOA with regard to pain, stiffness, joint function, and quality of
life.

Study Design: Systematic review; Level of evidence, 3.

Methods: The PubMed, Web of Science, Embase, and Cochrane Library databases were searched, from inception to April 4,
2022. Included were randomized controlled trials that assessed the efficacy on KOA among 5 different exercise therapy groups
(aquatic exercise [AE], stationary cycling [CY], resistance training [RT], traditional exercise [TC], and yoga [YG]) and compared with
the control group. Outcomes among the groups were assessed with the Western Ontario and McMaster University Osteoarthritis
Index (WOMAC), 6-minute walk test (6-MWT), visual analog scale (VAS) for pain, and Knee injury and Osteoarthritis Outcome Score
(KOOS); weighted mean differences (WMDs) and 95% confidence intervals were calculated. Network meta-analyses comparing
outcomes between all groups and with controls were performed, and group rankings were calculated using the surface under the
cumulative ranking curve (SUCRA).

Results: A total of 39 studies (N ¼ 2646 participants) were included. Most of the studies failed to blind participants and
researchers, resulting in a high risk of performance bias. Significantly worse WOMAC-Pain scores were seen in controls compared
with all exercise interventions except AE (WMD [95% CI]: CY, –4.45 [–5.69 to –3.20]; RT, –4.28 [–5.48 to –3.07]; TC, –4.20 [–5.37 to
–3.04]; and YG, –0.57 [–1.04 to –1.04]), and worse scores were seen in controls compared with YG regarding WOMAC-Stiffness
(WMD, –1.40 [95% CI, –2.45 to –0.34]) and WOMAC-Function (WMD, –0.49 [95% CI, –0.95 to –0.02]). According to the SUCRA, CY
was the most effective for improving WOMAC-Pain (80.8%) and 6-MWT (76.1%); YG was most effective for improving WOMAC-
Stiffness (90.6%), WOMAC-Function (77.4%), KOOS–Activities of Daily Living (72.0%), and KOOS–Quality of Life (79.1%); AE was
the most effective regarding VAS pain (77.2%) and KOOS-Pain (64.0%); and RT was the most effective regarding KOOS-
Symptoms (84.5%).

Conclusion: All 5 types of exercise were able to ameliorate KOA. AE (for pain relief) and YG (for joint stiffness, limited knee function,
and quality of life) were the most effective approaches, followed by RT, CY, and TC.
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Knee osteoarthritis (KOA) is a chronic degenerative disease
that most frequently affects middle-aged and elderly peo-
ple. It is mainly characterized by articular cartilage degen-
eration and bone hyperplasia. The common clinical
manifestations include knee swelling and pain with motion
restrictions, and even joint deformity in severe cases. Rel-
evant studies have indicated that the prevalence of KOA
reached 23% in people older than 60 years of age.15,49 Some
studies have reported that the proportion of middle-aged
and elderly population will more than double by 2050, and
the number of patients with KOA is likely to soar

accordingly.10 KOA causes adverse impacts on the work
and life of the elderly population, increases medical costs,
and places a heavy burden on society. Therefore, it is of
great significance to explore effective treatment for KOA.

There are many options for the treatment of KOA,
including pharmacotherapy, physical therapy, surgery,
and rehabilitation therapy.33 However, pharmacotherapy
is correlated with multiple adverse effects such as conges-
tive heart failure, hypertension, and renal toxicity.22 Phys-
ical therapy has some limitations as well, such as being
inappropriate for terminal patients. Terminal patients are
those who need surgery and physical therapy is not appro-
priate for them. Patients with early KOA do not need sur-
gery and can be treated nonoperatively.16 It is necessary to
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find an effective nonsurgical approach to alleviate the
symptoms in patients with KOA in that surgery is not indi-
cated for patients at the early stage. A systematic review
regarding therapeutic exercise for KOA has revealed that
exercise could significantly alleviate joint pain and improve
patients’ bodily function and quality of life.12 Exercise ther-
apy aims to achieve functional improvements in any part of
the human body by virtue of the patient’s own strength,
therapist assistance, or rehabilitation equipment.44 Addi-
tionally, exercise could improve cardiac and pneumonic
functions, enhance muscular strength, increase body sta-
bility, and promote psychological well-being.14 Therefore,
exercise is an effective complementary therapy and plays
a critical role in KOA treatment.

Studies have demonstrated that traditional exercise (TC)
therapies (tai chi, qi gong, ba duan jin, yi jin jing), yoga
(YG), Pilates, aquatic exercise (AE) and muscle strengthen-
ing were found to be significantly effective in alleviating
KOA-related symptoms,62 while there is evidence showing
that the therapeutic effect of exercise varies by type of exer-
cise (such as resistance training [RT] and aerobics).21 How-
ever, the relative effects of different exercises on different
outcomes remain elusive.

Most randomized controlled trials (RCTs) on exercise
therapy for KOA have focused on comparing exercise inter-
ventions with nonexercise interventions rather than a
direct comparison of different exercise types. Given this
situation, a network meta-analysis (NMA) could be per-
formed to compare different types of exercise indirectly.9

It could make full use of all available evidence, either direct
or indirect, to enhance the assessment performance.7 The
aim of the current study was to use NMA to assess RCTs so
as to identify the most effective exercise therapy for KOA.

METHODS

Literature Search

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews incorporating Net-
work Meta-Analyses (PRISMA-NMA) guidelines and was
registered on PROSPERO (CRD42022335738). The Web
of Science, PubMed, Embase, and Cochrane Central Regis-
ter of Controlled Trials databases were searched from
inception to April 2022. The International Clinical Trials
Registry Platform of the World Health Organization
(ClinicalTrials.gov) was also searched for eligible studies.
Finally, the reference lists of systematic reviews published
in the past 3 years were screened and searched for potential

eligible studies. The search strategy was reviewed by
experts in exercise and health to ensure its comprehensive-
ness and accuracy. Details of the search strategies for each
database are presented in Supplemental Table S1.

Study Selection

The titles and abstracts of the retrieved articles were
screened by 2 reviewers (L.M. and B.J.) independently to
identify relevant studies. Studies meeting the inclusion cri-
teria were confirmed and evaluated by the same 2
reviewers. Disagreements were settled via discussion or,
if necessary, consultation with a third reviewer (T.M.).
The inclusion criteria were as follows:

1. RCTs;
2. Participants older than 50 years who were diagnosed

with KOA; diagnosis could be based on the American
Rheumatism Association criteria for osteoarthritis
classification,2 imaging, or laboratory indicators;

3. Exercise-based interventions, such as AE, YG, RT, tai-
chi, or stationary cycling (CY);

4. Control group in which patients received either no
intervention, routine care, health education, or sham
exercise;

5. Outcome measures including the Western Ontario and
McMaster University Osteoarthritis Index (WOMAC),
6-minute walk test (6-MWT), visual analog scale (VAS)
for pain, or Knee injury and Osteoarthritis Outcome
Score (KOOS);

6. Reported and published in the English language.

The exclusion criteria were as follows:

1. Animal studies;
2. Data unavailable;
3. Full text unavailable;
4. Meta-analyses, review articles, conference summaries,

case reports, or abstracts.

Duplicate studies were removed. If >1 article reported the
same study and the same results, the article with the latest
published results was included.

Data Extraction

Data extraction was conducted by 2 reviewers (L.M. and
B.J.) independently and included study characteristics
(first author, country, publication information), participant
characteristics (sample size, mean age, sex distribution),
interventions (type, frequency, intensity, time of each
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regimen, duration, comparisons), control group character-
istics, and outcomes. We divided exercise interventions into
the following 5 categories: AE (all types of AE), RT (exer-
cises aiming to enhance muscular strength), TC (exercises
such as tai chi, qi gong, and ba duan jin), CY, and YG, and
compared the effects of different types of exercise according
to the Physical Activity Guidelines for Americans38 and
previous systematic reviews on exercise intervention
classification.55,62

Outcome Measures

The primary outcome measure was the WOMAC (Pain,
Stiffness, and Function subscales). Secondary outcomes
included the 6-MWT, VAS pain, and KOOS (Pain, Symp-
toms, Activities of Daily Living [ADL], Sports, and Quality
of Life [QoL] subscales). Outcomes were compared between
the exercise interventions and with the control group.

Risk of Bias Assessment

Study quality was evaluated by 2 reviewers (B.J. and D.Z.)
using the risk of bias assessment tool in the Cochrane
Handbook.17 Disagreements were settled by a third
reviewer. Review Manager 5.4 was adopted for risk of bias
assessment for studies. Seven domains of bias were
assessed: randomization sequence generation (selection
bias), allocation concealment (performance bias), blinding
of participants and personnel (performance bias), blinding
of outcome assessment (detection bias), incomplete data
(withdrawal bias), selective reporting (reporting bias), and
other sources of bias. Each domain was graded as high risk,
low risk, or unclear risk. Studies with no direct evidence
indicating selective bias or other sources of bias were
graded as low risk or unclear risk.

Data Analysis

For interrater reliability of study selection and data extrac-
tion, we calculated the proportion of the consistent data
extracted by the 2 reviewers to the total extracted data.

NMA was performed on the primary and secondary out-
comes using the frequentist framework of Stata software
(Version 15.0; Stata Corp), which assembled the results of
every study. It combined direct evidence from the RCTs
with head-to-head comparison and indirect evidence, allow-
ing 2 intervention groups to be compared separately with a
common control group. A network diagram for each out-
come measure was generated in which each node repre-
sented a group (including the control group), and the line
between every 2 nodes represented one or more RCTs in
which the 2 groups were directly compared. The size of each
node was weighted based on the number of participants in
the group, and the thickness of the lines connecting the 2
nodes was weighted according to the number of studies that
applied the connected interventions. Inconsistency within a
network, which occurs when the direct and indirect evi-
dence conflict, was tested for each outcome measure.

Random-effects models were applied to interpret the het-
erogeneity caused by clinical and other study factors, and

95% confidence intervals were provided for pooled point
estimation. For each outcome measure, weighted mean dif-
ferences (WMDs) and 95% confidence intervals between
groups were calculated by subtracting the baseline data
from endpoint data to estimate the effects of the outcomes,
with a statistically significant difference indicated when
the 95% confidence interval did not cross zero.

For each outcome measure, the intervention and control
groups were ranked using the surface under the cumulative
ranking curve (SUCRA). The SUCRA values ranged from
0% to 100%, with higher values indicating a more effective
intervention. Finally, for outcome measures involved in �10
studies, a funnel plot analysis was performed to identify
potential publication bias and small-sample effects.

RESULTS

Included Studies

A total of 13,338 articles were initially identified, and 6738
remained after removal of duplicates. After applying inclu-
sion and exclusion criteria, 39 RCTs§ (2646 participants) on
exercise therapy for KOA were included. A flow diagram of
the study selection process is shown in Figure 1, and the
characteristics of the included studies are presented in
Supplemental Table S2.

All included articles were published between 2002 and
2022. Sample size in included studies ranged from 6 to 134.
The proportion of female patients (82%) was higher than that
of male patients (12%). For the intervention group,
13 studiesk applied AE, 14 studies{ applied RT, 17 studies#

applied TC, 3 studies1,28,43 applied CY, and 3 studies8,23,37

applied YG. There were 11 studies** that compared the
effects of different exercise interventions. Control groups
included attention control (n ¼ 3), health education (n ¼ 8),
and no intervention (n ¼ 28). Among the 39 studies, 11 were
conducted in China, 10 in the United States, 3 in Australia,
and 1 or 2 in South Korea, Iran, Canada, Greece, Malaysia,
Finland, the Netherlands, Denmark, Brazil, and Thailand.
The consistency rates of study selection and data extraction
between the 2 reviewers were 83.7% and 80.8%, respectively.

Results of Risk of Bias Assessment

Regarding the overall risk of bias assessment, the percen-
tages of low, medium, and high risk of bias for each evalu-
ated domain are shown in Figure 2A.

The results of the risk of bias assessment by study are
shown in Figure 2B. All included studies used simple ran-
domization; 32 studies described the process of randomiza-
tion and the generation of randomization sequences (eg,
computer numerical randomization or random number
tables). Studies that included details of the randomization

§References 1, 3, 4, 6, 8, 11, 13, 19, 20, 23, 25–29, 35–37, 39–43, 45,
46, 48, 50–54, 57–61, 63–65.

kReferences 1, 4, 11, 13, 27, 29, 35, 41, 42, 45, 48, 53, 61.
{References 4, 11, 19, 20, 27, 29, 39, 40, 45, 46, 50, 52, 57, 61.
#References 3, 6, 13, 23, 25, 26, 28, 36, 51, 55, 57–59, 60, 63–65.
**References 1, 4, 11, 13, 23, 27–29, 45, 57, 61.
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process were deemed to have a low risk of bias in allocation
concealment. Most of the studies failed to blind participants
and researchers because of the implementation of exercise
intervention, resulting in a high risk of bias. There were 29
studies that provided information on patients who with-
drew and the corresponding reasons.

Results of NMAs

Primary Outcome Measure: WOMAC Score

Forest plots, cumulative probability graphs, and network
diagrams of the intervention and control group compari-
sons for the WOMAC are shown in Figure 3, and SUCRA
rankings based on the cumulative probability diagrams are
shown in Table 1. The network analysis–based inconsis-
tency test showed no significant global inconsistencies for
the WOMAC.

A total of 25 studies†† (1695 participants) reported
WOMAC-Pain scores. Interventions included AE (n ¼ 5),
RT (n ¼ 4), TC (n ¼ 4), CY (n ¼ 2), and YG (n ¼ 2). Five
studies1,11,13,57,61 performed direct comparisons for various
exercise interventions via a 3-arm design. Significantly
worse scores were seen in controls compared with all exer-
cise interventions except AE (WMD [95% CI]: CY, –4.45 [–
5.69 to –3.20]; RT, –4.28 [–5.48 to –3.07]; TC, –4.20 [–5.37 to
–3.04]; YG, –0.57 [–1.04 to –1.04]). Significantly better
WOMAC-Pain scores were seen with CY, RT, and TC com-
pared with YG (WMD [95% CI]: CY, 3.88 [2.55 to 5.21]; RT,
3.71 [2.42 to 5.00]; TC, 3.64 [2.38 to 4.90]). Significantly
worse WOMAC-Pain scores were seen with AE compared
with controls (WMD, –4.28 [95% CI, –5.48 to –3.07]) and CY
(WMD, –3.92 [95% CI, –5.10 to –2.74]), and significantly
better scores were seen with AE versus RT (WMD, 4.28
[95% CI, 3.24 to 5.31]) and TC (WMD, 5.43 [95% CI, 3.95
to 6.91]). Group rankings based on a cumulative probability
diagram and SUCRA showed that CY was the most

effective exercise intervention for patients with KOA in
terms of WOMAC-Pain score. According to SUCRA rank-
ing, the top 3 most effective exercises were CY (80.8%), RT
(68.6%), and AE (67.9%) (Table 1).

WOMAC-Stiffness scores were reported in 21 studies‡‡

(n ¼ 1261 participants). Interventions included AE
(n ¼ 2), RT (n ¼ 5), TC (n ¼ 12), CY (n ¼ 2), and YG
(n ¼ 1). Four studies1,4,11,45 performed direct comparison
for various types of exercise intervention via a 3-arm
design. Controls had significantly worse scores compared
with YG (WMD, –1.40 [95% CI, –2.45 to –0.34]). Other pair-
wise comparisons showed no statistical significance. Group
rankings based on a cumulative probability diagram and
SUCRA showed that YG was the most effective interven-
tion for improving the WOMAC-Stiffness score. According
to SUCRA ranking, the top 3 effective exercises were YG
(90.6%) > CY (64.3%) > AE (63.6%) (Table 1).

There were 23 studies§§ (1387 participants) that reported
WOMAC-Function score. Interventions included AE
(n ¼ 3), RT (n ¼ 6), TC (n ¼ 12), CY (n ¼ 2), and YG
(n¼ 2). Five studies1,11,13,27,57 performed direct comparison
for various types of exercise intervention via a 3-arm
design. Significantly worse scores were seen in controls
versus YG (WMD, –0.49 [95% CI, –0.95 to –0.02]). Other
pairwise comparisons showed no statistical significance.
Group rankings based on a cumulative probability diagram
and SUCRA showed that YG was the most effective type
of exercise for improving the WOMAC-Function score.
According to SUCRA, the top 3 effective exercises were
YG (77.4%) > AE (67.2%) > TC (56.8%) (Table 1).

Secondary Outcome Measures

The network analysis–based inconsistency test showed no
significant global inconsistencies regarding the 6-MWT,

Figure 1. Flowchart of study selection.

††References 1, 3, 6, 8, 11, 13, 19, 20, 25, 36, 37, 39, 43, 48, 50, 51, 54,
57–61, 63–65.

‡‡References 1, 3, 4, 6, 8, 11, 20, 36, 39, 43, 45, 50, 51, 54, 57–60,
63–65.

§§References 1, 3, 6, 8, 11, 13, 19, 20, 25, 27, 36, 37, 39, 43, 50, 51, 54,
57, 58, 60, 63–65.
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VAS pain, or KOOS. Forest plots, cumulative probability
graphs, and network diagrams comparing the intervention
and control groups for all secondary outcome measures are
shown in Supplemental Figure S1, and group rankings
based on a cumulative probability diagram and SUCRA are
shown in Supplemental Tables S3 to S5.

6-MWT. Overall, 14 studieskk (n ¼ 678 participants)
reported a 6-MWT score. Interventions included AE
(n ¼ 2), RT (n ¼ 4), TC (n ¼ 8), CY (n ¼ 2), and YG
(n ¼ 1). Three studies1,23,57 performed direct comparison
for various types of exercise intervention via a 3-arm
design. However, other pairwise comparisons showed no
significant differences. Group rankings based on a cumula-
tive probability diagram and SUCRA showed that the 3

Figure 2. (A) Overall risk of bias of the included studies. For each domain evaluated, the percentages of low, medium, and high risk
of bias were as follows: randomization sequence generation (79%, 19%, and 2%), allocation concealment (52%, 48%, and 0%),
blinding of participants and personnel (32%, 15%, and 53%), blinding of outcome assessment (24%, 33%, and 43%), incomplete
outcome data (74%, 17%, and 9%), selective reporting (97%, 3%, and 0%), and other source of bias (24%, 6%, and 0%). (B) Risk
of bias for each included study. *Reference 39. **Reference 40.

kkReferences 1, 3, 20, 23, 25, 26, 36, 41, 43, 46, 52, 54, 57, 58.
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most effective exercises were CY (76.1%)>YG (59.5%)>AE
(58.4%) (Supplemental Table S3).

VAS Pain. Eight studies4,6,20,29,45,48,61,63 (n ¼ 432 parti-
cipants) reported VAS pain scores. Interventions included
AE (n ¼ 4), RT (n ¼ 2), and TC (n ¼ 2). Four studies4,29,45,61

performed direct comparison for various types of exercise
intervention via a 3-arm design. However, the pairwise
comparisons showed no significant differences. Group

rankings based on a cumulative probability diagram and
SUCRA showed that the top 3 effective exercises were AE
(77.2%)>RT (65.5%)>TC (32.2%) (Supplemental Table S4).

KOOS. There were 8 studies23,28,29,35,41-43,53

(n ¼ 537 participants) that reported KOOS-Pain and 7
studies23,28,29,35,41,43,53 (n ¼ 507 participants) that reported
KOOS-Symptoms, KOOS-ADL, KOOS-Sports, and KOOS-
QoL. Regarding KOOS-Symptoms, better scores were seen

Figure 3. Forest plots (left), cumulative probability graphs (middle), and network diagrams (right) for (A) WOMAC–Pain, (B) WOMAC-
Stiffness, and (C) WOMAC-Function. On the forest plots, for treatment effect 1 vs 2, a negative WMD favors 1 and a positive WMD
favors 2. On the network diagrams, the size of each node is weighted based on the number of participants receiving a certain
intervention, and the thickness of the lines connecting 2 nodes is weighted according to the number of studies that applied the
connected interventions. A and AE, aquatic exercise; B and CG, health education (control); C and CY, stationary cycling; D and
RT, resistance training; E and TC, traditional exercise; F and YG, yoga; WMD, weighted mean difference; WOMAC, Western Ontario
and McMaster University Osteoarthritis Index.
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with CY versus AE (WMD, –0.44 [95% CI, –0.73 to –0.15]),
and worse scores were seen with TC versus control (WMD,
0.62 [95% CI, 0.13 to 1.10]). Regarding KOOS-QoL, better
scores were seen with CY versus AE (WMD, –0.44 [95% CI,
–0.73 to –0.15]) and with TC versus RT (WMD, –0.89 [95%

CI, –1.75 to –0.02]), and worse scores were seen with RT
(WMD, 1.04 [95% CI, 0.36 to 1.71]) and YG (WMD, 1.07
[95% CI, 0.11 to 2.03]) versus the control group.

Group rankings based on a cumulative probability dia-
gram and SUCRA showed that the 3 most effective exer-
cises for improving the KOOS values were as follows:
KOOS-Pain, AE (64.0%) > RT (63.4%) > YG (51.7%);
KOOS-Symptoms, TC (84.5%) > RT (71.3%) > AE
(54.8%); KOOS-ADL, YG (72.0%) > RT (63.6%) > CY
(55.8%); KOOS-Sports, AE (65.4%) > RT (61.9%) > TC
(45.4%); and KOOS-QoL, YG (79.1%) > RT (79.1%) > TC
(67.3%) (Supplemental Table S5).

Publication Bias

The only outcome measure that was included in�10 studies
was the WOMAC. Publication bias assessment showed that
WOMAC-Pain, WOMAC-Stiffness, and WOMAC-Function
had symmetric funnel plots, indicating no significant publi-
cation bias existed, as shown in Supplemental Figure S2.

DISCUSSION

In this review of 39 studies, we found that all the evaluated
exercise interventions were beneficial to patients with KOA
for relieving pain, alleviating stiffness, improving function,
and improving quality of life when compared with patients
who had no intervention. AE (for pain relief) and YG (for
joint stiffness, limited knee function, and quality of life)
were shown to be the most effective interventions, followed
by RT, TC, and CY.

With regard to pain, outcome measures included (in des-
cending order) the WOMAC-Pain subscale, VAS pain, and
KOOS-Pain subscale. The ranking results of the WOMAC-
Pain subscale were CY> RT > AE > TC > YG; VAS pain,
AE > RT > TC; and KOOS-Pain subscale, AE > RT > YG>
TC > CY. We found that CY was most effective regarding
WOMAC-Pain (SUCRA, 80.8%; WMD vs control, –4.45
[95% CI –5.69 to –3.20]), and AE was the most effective
regarding VAS pain (SUCRA, 77.2%; WMD vs control,
0.04 [95% CI, –1.86 to 1.95]) and KOOS-Pain (SUCRA,
64.0%; WMD vs control, 3.10 [95% CI, –6.67 to 12.88]).
Thus, AE ranked highly in terms of improving patient pain.

AE typically refers to hydrotherapy or exercise per-
formed in the water, which has been applied to treat dis-
eases for >18 years.32 Studies have revealed that AE could
significantly alleviate pain and improve body function
through thermal stimulus and buoyancy.18 Water tempera-
tures ranging from 33.5�C to 35.5�C would be appropriate
in that such temperatures allow patients to soak for long
periods of time, ensuring a long enough exercise duration to
achieve the therapeutic effect, and patients would not feel
cold or overheat.5 Different water depths could provide dif-
ferent buoyancies. Deeper water could provide more buoy-
ancy to reduce weightbearing of the joint so as to alleviate
symptoms in patients with KOA.24

Alkatan et al1 found that regular swimming could alle-
viate joint pain and stiffness and improve muscular func-
tion and strength in middle-aged and elderly patients with
KOA. The pain-relieving effects of AE are subject to multi-
ple factors, such as exercise regimen, intensity, frequency,
and duration, and the optimal regimen and intensity
remain to be further elucidated. Various types of AE could
alleviate KOA joint pain and improve joint function.47,56

Silva et al45 compared water-based exercise with land-
based exercise and found that at the final follow-up, AE
was more effective in relieving pain before and after
walking, and was accompanied with fewer adverse effects.
However, another study found that increasing the exercise
intensity yielded a dissatisfactory effect,19 which was
consistent with results of an RCT conducted to compare
the effect of aerobics, high-intensity RT, and low-intensity
RT,30 indicating that more other theories are needed to
elucidate the role of exercise intensity in pain relief.

As for improvements in stiffness, limited function, and
quality of life, the ranking results of stiffness were YG >
AE > CY > RT > TC; limited function,YG > AE > TC >
RT > CY; and quality of life, YG > RT > TC > AE > CY.
Compared with the control group, we found that YG was the
most effective exercise intervention for improving stiffness
(WOMAC-Stiffness: WMD, –1.40 [95% CI, 0.–2.45 to –0.34]),

TABLE 1
WOMAC Efficacy Ranking Table
(Treatment-Relative Ranking)a

Intervention SUCRA, % Probable Bestb Mean Rankc

WOMAC-Pain
AE 67.9 9.5 2.6
Control 0.2 0.0 6.0
CY 80.8 50.2 2.0
RT 68.6 24.7 2.6
TC 62.7 15.6 2.9
YG 19.8 0.0 5.0

WOMAC-Stiffness
AE 63.6 5.2 2.8
Control 15.6 0.0 5.2
CY 64.3 18.5 2.8
RT 44.5 1.8 3.8
TC 21.4 2.1 4.9
YG 90.6 72.5 1.5

WOMAC-Function
AE 67.2 12.9 2.6
Control 18.0 0.0 5.1
CY 32.4 9.3 4.4
RT 48.3 7.5 3.6
TC 56.8 21.0 3.2
YG 77.4 49.2 2.1

aAE, aquatic exercise; CY, stationary cycling; RT, resistance
training; SUCRA, surface under the cumulative ranking curve;
TC, traditional exercise; WOMAC, Western Ontario and McMaster
University Osteoarthritis Index; YG, yoga.

bThe probability of that intervention being the most efficient
treatment.

cThe evaluation ranking of the intervention.
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function (WOMAC-Function: WMD, –0.49 [95% CI, 0–0.95
to –0.02]), and quality of life [KOOS-QoL: WMD, -1.07 [95%
CI, 0.11 to 2.03]). YG is a TC in India and is beneficial to
physical and mental health. It alleviates pain via simulating
baroreceptors, increasing vagal tone and the serotonin level,
and decreasing the generation of cortisol and substance P.31

An RCT by Moonaz et al34 found that YG could safely
improve body activity, physical and mental health, and
health-related quality of life in sedentary patients with
arthritis. However, studies regarding YG for KOA differ in
many aspects, such as different types of YG, duration, and
frequency. Two studies23,37 adopted a comprehensive YG
regimen, which included not only body posture (Asanas) but
also respiration (Pranayama) and meditation. This makes
the identification of the most effective YG type more difficult.
According to Cheung et al,8 Hatha YG training 5 times per
week (1-time practice in class and 4 times at home) for 8
weeks showed better effect in pain relief, stiffness allevia-
tion, and function improvement in elderly female patients
with KOA, compared with other types of YG. This effect
lasted for 20 weeks during the follow-up.8 A 60-minute
“mindfulness” YG training (3 times a week for 12 weeks)
could be as effective as traditional YG in alleviating debili-
tating symptoms in female patients with KOA, whereas AE
could be more effective in alleviating pain, improving self-
reported body function, and improving quality of life. The
effect was also satisfactory during the follow-up.23 To sum-
marize, YG is an effective treatment for KOA, especially for
female patients, while few studies focus on male patients.
More studies are needed to fill this gap.

Limitations

One limitation of this review and meta-analysis is that there
was a measure of heterogeneity among included studies
because of differences in the effects and exercise cycles of
different types of exercise. Second, lack of study with a large
sample size, missing data, and uneven sex distribution
might also be sources of heterogeneity, which remains unre-
solved in that subgroup analysis could not be performed.
Third, un-unified scoring scales could lead to heterogeneity,
even though we applied WMD to pool the effects. All
included studies failed to perform blinding of participants
because of the characteristics of the exercise interventions,
which might affect the results of this study. Lastly, we only
included studies reported and published in English, which
might cause some information loss as well as heterogeneity.

CONCLUSION

This review and meta-analysis showed that all 5 types of
exercise could effectively attenuate KOA. AE (for pain
relief) and YG (for joint stiffness, limited knee function, and
quality of life) were revealed to be the most effective
approaches, followed by RT, CY, and TC. More RCTs with
a larger sample size and higher quality are needed to fur-
ther validate the efficacy of exercise therapy for KOA.
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