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Abstract

IMPORTANCE There is limited evidence on the comparative effectiveness of different exercise
modalities, such as yoga and strengthening exercises, for managing knee osteoarthritis (OA).

OBJECTIVE To compare the effectiveness of yoga vs strengthening exercise for reducing knee pain
over 12 weeks in patients with knee OA.

DESIGN, SETTING, AND PARTICIPANTS This single-center, assessor-blinded (for nonpatient-
reported outcomes), parallel-arm, active-controlled, superiority randomized clinical trial included
adults aged 40 years or older with knee OA and knee pain levels of 40 or higher on a 100-mm visual
analog scale (VAS) in Southern Tasmania, Australia. Participants were recruited from April 2021 to
June 2022, and follow-up was completed in December 2022. Data were analyzed from May 2023 to
July 2024.

INTERVENTIONS Participants were randomized 1:1 to the yoga and strengthening exercise groups.
Both groups attended 2 supervised and 1 home-based session per week for 12 weeks followed by 3
unsupervised home-based sessions per week for weeks 13 to 24.

MAIN OUTCOMES AND MEASURES The primary outcome was the between-group difference in
VAS score over 12 weeks assessed using a range of 0 (no pain) to 100 (worst possible pain) with a
prespecified noninferiority margin of 10 mm. Secondary outcomes included knee pain over 24
weeks; Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) knee pain,
function, and stiffness; patient global assessment; Osteoarthritis Research Society International–
Outcome Measures in Rheumatology Clinical Trials response; physical performance measures; leg
muscle strength; health-related quality of life assessed via the Assessment of Quality of Life–8
Dimensions (AQol-8D) utility score; depression assessed with the Patient Health Questionnaire–9;
and neuropathic pain assessment over 12 and 24 weeks. Analyses were based on the intention-to-
treat principle.

RESULTS In total, 117 participants were randomized to the yoga (n = 58) or strengthening exercise
(n = 59) program. Baseline characteristics of the participants were similar, with a mean (SD) age of
62.5 (8.3) years, and 85 participants (72.6%) were female. The mean (SD) baseline VAS knee pain
score of 53.8 (16.0) indicated moderate knee pain. Over 12 weeks, the between-group mean
difference in VAS knee pain change was −1.1 mm (95% CI, −7.8 to 5.7 mm), which was not statistically
significant but remained within the prespecified noninferiority margin. Of 27 secondary outcomes
assessed over 12 and 24 weeks, 7 were statistically significant in favor of yoga. The yoga group
showed modestly greater improvements than the strengthening exercise group (between-group
differences) over 24 weeks for WOMAC pain (−44.5 mm [95% CI, −70.7 to −18.3 mm]), WOMAC
function (−139 mm [95% CI, −228.3 to −49.7 mm]), WOMAC stiffness (−17.6 mm [95% CI, −30.9 to
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Abstract (continued)

−4.3 mm]), patient global assessment (−7.6 mm [95% CI, −15.1 to −0.2 mm]), and 40-m fast-paced
walk test (1.8 [95% CI, 0.4-3.2]). In addition, the yoga group had a modestly greater improvement
than the strengthening exercise for depression at 12 weeks (between-group difference in PHQ-9
score, −1.1 [95% CI, −1.9 to −0.2]) and quality of life at 24 weeks (between-group difference in
AQoL-8D score, 0.04 [95% CI, 0.0 to 0.07]). Adverse events were similar in both groups and mild.

CONCLUSION AND RELEVANCE In this randomized clinical trial, yoga did not significantly reduce
knee pain compared with strengthening exercises. However, yoga was found to be noninferior to
strengthening exercises, suggesting that integrating yoga as an alternative or complementary
exercise option in clinical practice may help in managing knee OA.

TRIAL REGISTRATION ANZCTR.org Identifier: ACTRN12621000066886.
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Introduction

Osteoarthritis (OA) is a prevalent musculoskeletal disorder that affects more than 595 million people
worldwide,1 including about 51.8 million adults in the US and 3.2 million people in Australia.2 Knee
OA is characterized by joint pain and dysfunction and is associated with impaired quality of life (QOL).
Exercise therapy is recommended by all international guidelines as a first-line treatment for knee OA
to improve pain and function.3 Both aerobic and strengthening exercises are effective, but there is
limited evidence on the comparative effectiveness of different exercise modalities, such as yoga and
strengthening exercises.4 To date, there is also uncertainty about the effect that mind-body exercise,
such as yoga, has on knee OA.4

Yoga and strengthening exercises are 2 distinct interventions with potentially different
mechanisms for relieving pain and improving physical function in knee OA. Strengthening exercises
are primarily designed to improve muscle strength around the knee joint, enhancing joint stability
and reducing pain caused by mechanical stress.5 In contrast, yoga incorporates physical postures,
mindfulness, and breathing techniques, which may reduce pain through a combination of improved
flexibility, stress reduction, and mind-body awareness.6,7

A systematic review pointed to the potential efficacy of yoga in improving pain, function, and
stiffness in knee OA.8 However, the study highlighted the lack of methodologic quality and potential
sources of bias within the original studies. A comprehensive network meta-analysis aimed at
evaluating nonpharmacological interventions for pain relief in patients with OA highlighted that yoga
was effective, especially among female participants, and yoga programs had high adherence.9

Many clinical guidelines recommend yoga for knee OA4,10,11; however, these recommendations
remain conditional due to very low quality of evidence,4,11 often limited by small sample sizes,12-15 lack
of prospective trial registration,12,13,16 high risk of bias,12-14,16,17 nonstandardized diagnostic
criteria,12,17 and short follow-up durations.12,13,15-17 Most of the clinical trials compared yoga with usual
care, while only a small number of trials directly compared yoga with another active
intervention.8,12,14 Multiple international clinical practice guidelines recommend strengthening
exercise for the management of knee and hip OA4,10,11,18; however, to our knowledge, no studies have
directly compared yoga with an evidence-based strengthening exercise program.

Considering the limited availability of high-quality, conclusive evidence supporting the
effectiveness of yoga for OA and the uncertainty about the most effective type of exercise for knee
OA, this study aimed to assess the comparative effectiveness of yoga vs strengthening exercise over
24 weeks in patients with knee OA. We hypothesized that yoga would demonstrate superior efficacy
compared with strengthening exercise in alleviating joint pain and improving functional limitations
and QOL among patients with knee OA given the distinct mechanisms of yoga emphasizing
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mindfulness, flexibility, and holistic well-being, which are known to be independently associated with
pain reduction.6,7 Additionally, establishing yoga as at least noninferior to strengthening exercise
would support offering a patient-centered, holistic option that may enhance adherence and overall
outcomes.

Methods

Trial Design and Oversight
The randomized comparative effectiveness trial of yoga and strengthening exercise for knee
osteoarthritis (YOGA) study was a single-center, parallel-arm, assessor-blinded (for nonpatient-
reported outcomes), active-controlled superiority, randomized clinical trial with a 1:1 allocation ratio
and prespecified noninferiority margin. Participants were recruited from April 2021 to June 2022,
and follow-up was completed in December 2022. The trial was registered at
ACTRN12621000066886 prior to recruitment.19 The trial protocol was approved by the Tasmanian
Health and Medical Human Research Ethics Committee. All participants gave written informed
consent. Details of the trial protocol have been published20 and are provided in Supplement 1. This
study report followed the 2013 Consolidated Standards of Reporting Trials Extension (CONSORT
PRO Extension) for the reporting of patient-reported outcomes in randomized clinical trials.21

Participants
We recruited 129 participants with knee OA from the Southern Tasmania region of Australia. We used
various recruitment strategies, including collaboration with general practitioners, specialist
rheumatologists, orthopedic surgeons, physiotherapists, and advertising through radio, TV,
newspaper, social media, community notice boards, hospital notice boards, community newsletters,
local press, physiotherapy practices, and exercise physiologists in the region. Participants were
invited to the study center (Menzies Institute for Medical Research, Hobart, Australia) for a screening
visit after the initial telephone screening. The visit comprised symptom assessment, medication
history, safety for exercise clearance, and clinical assessment for American College of Rheumatology
clinical criteria. The eMethods in Supplement 2 give a detailed list of eligibility criteria.

Randomization and Blinding
Participants were randomly allocated to either the yoga program or the strengthening program with
a 1:1 ratio allocation via computer-generated random numbers prepared by a statistician with no
involvement in the trial. The administering institute maintained the code break for the full
randomization schedule. Allocation concealment and blinding were maintained through the
collaboration of 2 research nurses coordinating the trial. The clinical assessments were conducted by
a research nurse who was unaware of the group allocation. Due to the nature of the intervention,
participants were not blinded to the treatment allocation. Thus, patient-reported outcomes were
not blinded.

Interventions
A detailed description of the yoga and strengthening exercise protocol has been published20 and is
included in the eAppendix in Supplement 2. Participants were randomly allocated to either a
24-week yoga program or strengthening program (each consisting of two 1-hour in-person group-
based sessions and one 1-hour home-based session per week for the initial 12 weeks followed by 3
home-based sessions per week for another 12 weeks). Physiotherapists and yoga teachers led the
group sessions during the first 12 weeks, with each trainer leading a group of 10 participants.
Participants were instructed to continue their yoga or strengthening exercise routines at home for
the subsequent 12 weeks. Weekly emails were sent through REDCap to encourage adherence to the
home-based program, and leaflets and video instructions were provided to assist each participant
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with the home-based activities. The eAppendix in Supplement 2 gives a detailed description of
interventions.

Outcomes Measures
We assessed key clinical outcomes focused on knee symptom severity drawn from previous clinical
trials and recommendations by Osteoarthritis Research Society International (OARSI).22 Each
participant was evaluated at baseline and at 4, 8, 12, 16, 20, and 24 weeks for visual analog scale
(VAS) knee pain, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), patient
global assessment, and pain medication use. Additionally, assessments were conducted at baseline,
12 weeks, and 24 weeks for core physical function measures, leg muscle strength test, painDETECT,
Patient Health Questionnaire–9 (PHQ-9), and assessment of QOL (Assessment of Quality of Life–8
Dimensions and EuroQol 5-Dimension 5-Level instruments) (eFigure 1 in Supplement 2).

Primary Outcome
The primary outcome was a change in knee pain assessed by the VAS score (range, 0 to 100 mm, with
higher numbers indicating greater pain) over 12 weeks. The minimal clinically important difference
(MCID) for VAS knee pain between the groups was 15 mm.23

Secondary Outcomes
Secondary outcomes20 were defined as the overall change from baseline to week 12 and the change
from baseline to week 24 separately. Secondary outcomes included change in knee pain (assessed
using the 100-mm VAS score) over 24 weeks, WOMAC pain score (range, 0-500 mm), WOMAC
function (range, 0-1700 mm), WOMAC stiffness (range, 0-200 mm), and change in patient global
assessment (range, 0-100 mm). An OARSI-recommended set of physical performance measures was
also a secondary outcome,24 including a 30-second chair stand test (MCID, 2 stands),25 40-m fast-
paced walk test (MCID, 0.2 m/s),25 and stair climb test (the MCID has not been established), and
health-related QOL assessed by the Assessment of Quality of Life–8 Dimensions (AQoL-8D; MCID
score, 0.06)26 and EuroQol 5-Dimension 5-Level27 instruments scored from −0.04 to 1.00, with
higher scores indicating better QOL28 and 1.00 indicating full health. Other secondary outcomes
included depression assessed using the PHQ-9 score,29 neuropathic pain assessed by painDETECT
(scores ranged from −1 to 38, with <12 indicating negative symptoms of neuropathic pain and �12,
possible neuropathic pain),30 leg muscle strength assessed by dynamometry at the lower limb
(involving both legs simultaneously), pain medication use, OARSI–Outcome Measures in
Rheumatology Clinical Trials responder criteria to assess the treatment response,31 adverse events
(AEs), and adherence to the intervention. We also estimated the noninferiority of VAS knee pain over
12 weeks based on a predefined noninferiority margin of 10 mm.32 Knee pain change from baseline
to 24 weeks assessed using VAS and WOMAC scores in patients with painDETECT scores higher than
12 and in those with scores lower than 12, as an additional prespecified secondary outcome. The
eMethods in Supplement 2 give detailed information on the secondary outcomes.

Secondary outcomes not reported here due to ongoing analyses include health economics,
physical activity, gait characteristics, and body fat. Biochemical markers, a prespecified secondary
outcome, were not assessed due to budget constraints.

Adherence to Programs
Participants self-reported their adherence to the yoga or strengthening exercise program using an
online logbook from baseline to 12 weeks and from baseline to 24 weeks. Adherence was defined as
the percentage of prescribed sessions undertaken.

AEs
Adverse events were monitored throughout the study and were defined as any issue persisting for
more than 2 days or prompting the participant to seek additional treatment. All AEs were recorded
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and monitored throughout the study, and the chief investigator (B.A.) was notified within 24 hours if
any serious AEs occurred.

Sample Size Calculation
The power calculations for our study were based on a sample size that could have documented the
superiority of yoga in comparison with strengthening by an amount that met the MCID. Using an
MCID of 15 mm on the VAS pain scale (0 to 100), a 2-sided significance level of 0.05, 90% power, and
an SD of 22.5 for the change in VAS pain score, a total of 98 participants was initially deemed to be
necessary. Anticipating a dropout rate of around 20%, we adjusted the required participants to 123.

We determined a recruitment target of 126 participants to ensured adequate power for
detecting the noninferiority of yoga compared with strengthening exercises. Noninferiority would be
declared if the mean change in VAS knee pain score over 12 weeks in the yoga group was not
significantly different from the mean change in the strengthening group, with a predefined margin of
noninferiority set at 10 mm.33 Overall, 126 participants would provide 80% power to detect the
noninferiority of yoga compared with strengthening exercise.

Statistical Analysis
The primary analysis assessed the change in VAS knee pain score over 12 weeks. The primary analyses
were performed from May 2023 to July 2024 based on the intention-to-treat principle and using all
randomly assigned participants. We also conducted sensitivity analyses (based on only participants
who completed the 12-week and 24-week follow-up periods) for the primary and secondary
outcomes. A mixed-effects linear regression model was fitted with change from baseline in knee
pain, WOMAC subscale (pain, function, and stiffness), patient global assessment, painDETECT score,
PHQ-9 score, QOL-derived utility values, and physical performance measures, including fixed effects
for treatment arm, week, and the treatment arm × week interaction. The correlated random
variation within the repeated measures was addressed by using participant record identification as a
random effect. Each model was adjusted for baseline values of corresponding outcomes, age, sex,
and body mass index. Binary outcomes were analyzed using log binomial regression, fitted via a
generalized linear model, and between-group comparisons were conducted using risk ratios and risk
differences. The linear mixed-effects model included all participants and assumed the paradigm that
the participants who were missing follow-up were missing at random.

A prespecified analysis was conducted to assess the noninferiority of yoga compared with
strengthening exercises in managing knee pain over a 12-week follow-up period. The noninferiority
margin was set at 10 mm, with noninferiority established if the 95% CI for the between-group change
in VAS pain score did not cross this margin.32 To test the null hypothesis regarding the noninferiority
of yoga compared with strengthening exercises in managing knee pain over 12 weeks, a 95% CI for
the appropriate linear contrast was generated. Noninferiority was established if the lower boundary
of the 95% CI excluded the noninferiority margin of 10 mm. The Cohen d effect size was calculated as
the difference in treatment effects divided by the pooled SD estimated from the mixed model for
repeated measures. Additional details on the statistical methods used can be found in the eMethods
in Supplement 2. Statistical analysis was performed using Stata, version 18 (StataCorp LLC).
Two-sided P < .05 was considered statistically significant, and no adjustment was made for multiple
comparisons.

Results

Figure 1 shows the participant flow through the study. Between June 2021 and June 2022, a total of
213 participants were screened, with 117 participants randomized to either the yoga program (n = 58)
or the strengthening program (n = 59). Among them, 91 participants (77.8%) completed the week
12 assessment, and 87 participants (74.4%) completed the week 24 assessment. Baseline
demographics and clinical characteristics of the 2 groups were comparable (Table 1). The mean (SD)
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age was 62.5 (8.3) years; 85 participants (72.6%) were female, and 32 participants (27.3%) were
male. The mean (SD) baseline VAS knee pain score of 53.8 (16.0) indicated moderate knee pain.

Primary Outcome
There was no significant between-group difference in the change in mean VAS knee pain over 12
weeks (between-group difference, −1.1 mm [95% CI, −7.8 to 5.7 mm]; P = .76; Cohen d, −0.2 [95% CI,
−1.6 to 1.2]) (Table 2 and eFigure 2 in Supplement 2). Compared with strengthening exercise, the VAS
knee pain score reduction in the yoga group was within the prespecified noninferiority margin of 10
mm over 12 weeks (eFigure 4 in Supplement 2). Both groups showed improvement in VAS knee pain
score over 12 weeks (yoga: −17.7 mm [95% CI, −22.4 to −13.0 mm]; strengthening: −16.7 mm [95%
CI, −21.4 to −11.8 mm]). Primary outcome analysis in the per-protocol population (complete cases) at
week 12 showed similar results (eTable 1 in Supplement 2).

Secondary Outcomes
Secondary outcomes are presented in Table 2 and eTable 2 in Supplement 2. There was no significant
between-group difference for the change in VAS pain score over 24 weeks (between-group
difference: −5.8 mm [95% CI, −12.9 to 1.2 mm]; P = .11; Cohen d, −1.1 [95% CI, −2.5 to 0.3]).

Among the 27 secondary outcomes assessed over 12 and 24 weeks, 7 were statistically
significant in favor of yoga. Over 12 weeks, there were no statistically significant differences between

Figure 1. Screening, Randomization, and Completion of 12- and 24-Week Follow-Up

213 Participants prescreened by telephone for eligibility

129 Clinical screening and baseline assessment

12 Excluded
1 Knee replacement surgery

9 Other reason

1 Schedule conflict
1 Withdrew following general practitioner advice

117 Randomized

58 Randomized to yoga

45 Completed 12-wk follow-up

58 Included in primary analysis

43 Completed 24-wk follow-up

59 Randomized to strengthening

84 Excluded
28 Not meeting inclusion criteria

5 Currently participating in strengthening exercise

26 Schedule conflicts or time constraints
7 Exclusionary health conditions

5 Knee injury and surgery

9 Other reasons

2 Currently participating in other clinical trials
2 Moved too far from study location

13 Discontinued

1 Unable to contact

1 Adverse event
1 Relocation

7 Other
3 Personal reason

2 Discontinued
1 Diagnosed with hernia
1 Adverse event

46 Completed 12-wk follow-up

59 Included in primary analysis

44 Completed 24-wk follow-up

13 Discontinued

6 Personal reason

2 Adverse event
1 Unable to contact

4 Other

2 Discontinued
2 Other
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groups for any of the secondary outcomes apart from the PHQ-9 score favoring the yoga group
(between-group difference, −1.1 [95% CI, −1.9 to −0.2]). However, this between-group difference was
not seen over 24 weeks (Table 2).

Over 24 weeks, the yoga group had modestly greater improvement (between-group
differences) in WOMAC pain (−44.5 mm [95% CI, −70.7 to −18.3 mm]), function (−139 mm [95% CI,
−228.3 to −49.7 mm]), and stiffness (−17.6 mm [95%CI, −30.9 to −4.3 mm]) scores; AQoL-8D–derived
utility score (0.04 [95% CI, 0.0-0.07]; patient global assessment of symptoms; and the 40-m fast-
paced walk test compared with the strengthening group. The 95% CI of the between-group
difference in the change of other secondary outcomes over 24 weeks included the null (Table 2 and
Figure 2). Results for the sensitivity analyses (based only on participants who completed week 12 and

Table 1. Baseline Characteristics of Participants by Group

Characteristic

Yoga (n = 58) Strengthening (n = 59)

Total No. Valuea Total No. Valuea

Age, y 58 61.2 (7.8) 59 63.7 (8.3)

Sex, No. (%)

Female 58 41 (70.7) 59 44 (74.6)

Male 58 17 (29.3) 59 15 (25.4)

BMI 58 29.4 (5.8) 58 28.4 (4.9)

Waist-to-hip ratio 58 0.88 (0.08) 58 0.87 (0.07)

Symptoms

Knee VAS, mmb 57 54.2 (15.1) 58 53.4 (16.8)

WOMACc

Total, mm 57 1011.3 (438.1) 57 962.3 (398.9)

Pain, mm 57 217.7 (88.2) 58 197.3 (80.9)

Function, mm 57 702.5 (327.3) 58 670.1 (297.0)

Stiffness, mm 57 91.0 (40.1) 57 94.1 (34.8)

Patient global assessment, mmd 57 35.7 (21.6) 57 33.1 (21.3)

Questionnaires

PainDETECTe

Score 54 7.2 (4.3) 55 7.6 (4.7)

No. (%)

<12 54 46 (85) 55 43 (78)

≥12 54 8 (15) 55 12 (22)

PHQ-9 scoref 57 4.6 (4.2) 57 3.9 (3.4)

Quality of life

AQoL-8D utility scoreg 56 0.7 (0.1) 57 0.73 (0.1)

EQ-5D-5L index scoreh 57 0.8 (0.1) 57 0.83 (0.1)

Performance and strength

Leg muscle strength, kg 57 66.3 (38.4) 58 59.6 (28.0)

30-s Chair stand test (repetition) 58 10.3 (2.7) 58 10.6 (2.1)

40-m Fast-paced walk test, m/s 58 1.8 (0.3) 57 1.8 (0.2)

Stair climb test, s 58 11.2 (5.3) 58 11.3 (3.4)

Laterality, No. (%)

Unilateral symptoms 58 54 (93.1) 59 55 (93.2)

Bilateral symptoms 58 4 (6.9) 59 4 (6.8)

Pain medication, No. (%)

Paracetamol 58 17 (29.3) 59 19 (32.2)

NSAIDs 58 19 (32.8) 59 17 (28.8)

Opioid 58 1 (1.7) 59 1 (1.7)

Topical analgesics 58 2 (3.4) 59 0

Gabapentin 58 1 (1.7) 59 1 (1.7)

Dietary supplement, No. (%)i 58 11 (19.0) 59 19 (32.2)

Abbreviations: AQoL-8D, Assessment of Quality of
Life-8 Dimensions; BMI, body mass index (calculated
as weight in kilograms divided by height in meters
squared); EQ-5D-5L, European Quality of Life
5-Dimension 5-level; PHQ-9, Patient Health
Questionnaire-9; NSAIDs, nonsteroidal anti-
inflammatory drugs; VAS, visual analog scale; WOMAC,
Western Ontario and McMaster Universities
Osteoarthritis.
a Data are presented as mean (SD) value unless

otherwise indicated. Percentages may not total 100
because of rounding.

b Scores range from 0 (no pain) to 100 (worst pain
possible).

c The WOMAC indexes range from 0 to 500 for pain,
from 0 to 1700 for function, and from 0 to 200 for
stiffness, with higher scores indicating more severe
symptoms.

d Assessed with the use of VAS; range 0 (very well) to
100 (very poor).

e A 13-item screening survey for neuropathic pain with
scores ranging from −1 to 38; less than 12 indicates
negative symptoms of neuropathic pain, and 12 or
greater indicates possible neuropathic pain.

f Assesses depression; range is 0 to 27, with higher
scores indicating more severe symptoms.

g Obtained by AQoL utility formulae; scores range
from −0.04 to 1.00, with −0.04 representing the
worst possible health-related QOL; and 1.00, full
health-related QOL.

h Calculated using the UK utility index and range from
−0.04 to 1.00, with −0.04 representing the worst
possible health-related QOL; and 1.00, full health-
related QOL.

i Turmeric, glucosamine, chondroitin, algae extract,
collagen, zingiber officinale, piper nigrum,
ashwagandha, garlic, and fish oil (omega-3).
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Table 2. Change in Primary and Secondary Outcome Measures Over 12 and 24 Weeks for 117 Participants Within and Between the Yoga and Strengthening Groups

Outcome

Change within groups, mean (95% CI) Difference in change
between groups,
mean (95% CI) Cohen d (95% CI) P valueYoga Strengthening

VAS knee pain score, mma,b

Week 12 −17.7 (−22.4 to −13.0) −16.7 (−21.4 to −11.8) −1.1 (−7.8 to 5.7) −0.2 (−1.6 to 1.2) .76

Week 24 −24.4 (−29.2 to −19.6) −18.6 (−23.6 to −13.6) −5.8 (−12.9 to 1.2) −1.1 (−2.5 to 0.3) .11

WOMAC pain index, mma,c

Week 12 −59.8 (−77.4 to −42.2) −49.2 (−67 to −31.3) −10.6 (−35.9 to 14.6) −0.6 (−1.9 to 0.8) .41

Week 24 −92.4 (−110.5 to −74.3) −47.9 (−66.6 to −29.2) −44.5 (−70.7 to −18.3) −2.2 (−3.6 to −0.8) .001

WOMAC function index, mma,c

Week 12 −183.2 (−243.1 to −123.4) −120 (−181.8 to −58.9) −63.1 (−149.3 to 23) −0.9 (−2.3 to 0.5) .15

Week 24 −268.5 (−330.2 to −206.9) −129.6 (−193.3 to −65.9) −139 (−228.3 to −49.7) −1.9 (−3.3 to 0.6) .002

WOMAC stiffness index, mma,c

Week 12 −26.6 (−35.4 to −17.8) −18.4 (−27.6 to −9.3) −8.2 (−21.1 to 4.7) −0.8 (−2.2 to 0.5) .22

Week 24 −40.3 (−49.4 to −31.2) −22.6 (−32.1 to −13.2) −17.6 (−30.9 to −4.3) −1.8 (−3.1 to −0.4) .009

Patient global assessment, mma,d

Week 12 −6.3 (−11.3 to −1.3) −3.2 (−8.4 to 1.9) −3.1 (−10.3 to 4.2) −0.6 (−2.0 to 0.7) .41

Week 24 −12.1 (−17.2 to −6.8) −4.3 (−9.7 to 0.9) −7.6 (−15.1 to −0.2) −1.6 (−2.9 to −0.2) .04

PainDETECT questionnairea,e

Week 12 −1.2 (−2.3 to −0.2) −0.4 (−1.4 to 0.7) −0.8 (−2.4 to 0.7) −0.9 (−2.3 to 0.5) .30

Week 24 −2.3 (−3.4 to −1.2) −1.6 (−2.8 to −0.5) −0.7 (−2.3 to 0.9) −0.7 (−2.1 to 0.7) .40

PHQ-9 scorea,f

Week 12 −1.06 (−1.68 to −0.45) 0.03 (−0.60 to 0.66) −1.10 (−1.99 to −0.21) −2.0 (−3.4 to −0.7) .02

Week 24 −0.64 (−1.28 to 0.00) 0.09 (−0.75 to 0.56) −0.55 (−1.47 to 0.37) −1.0 (−2.4 to 0.4) .24

AQol-8D utility scoreg,h

Week 12 0.05 (0.03 to 0.07) 0.03 (0.00 to 0.05) 0.02 (−0.01 to 0.05) 1.0 (−0.3 to 2.4) .20

Week 24 0.06 (0.04 to 0.08) 0.03 (0.00 to 0.05) 0.04 (0.00 to 0.07) 1.7 (0.3 to 3.1) .03

EQ-5D-5L index scoreg,i

Week 12 0.03 (0.01 to 0.05) 0.00 (−0.02 to 0.03) 0.03 (0.00 to 0.06) 1.4 (−0.02 to 2.8) .10

Week 24 0.05 (0.03 to 0.07) 0.02 (0.00 to 0.04) 0.03 (0.00 to 0.06) 1.4 (0.01 to 2.8) .08

Leg muscle strength, kgg

Week 12 17.8 (13.3 to 22.3) 21.2 (16.8 to 25.6) −3.4 (−9.8 to 2.9) −0.8 (−2.2 to 0.6) .29

Week 24 22.0 (17.4 to 26.5) 23.4 (18.9 to 27.8) −1.4 (−7.9 to 5.0) −0.4 (−1.8 to 0.9) .67

30-s Chair stand test, repetitionsg

Week 12 1.9 (1.3 to 2.6) 1.8 (1.1 to 2.4) 0.2 (−0.8 to 1.1) 0.3 (−1.1 to 1.7) .72

Week 24 3.5 (2.8 to 4.1) 3.2 (2.5 to 3.8) 0.3 (−0.6 to 1.2) 0.5 (−0.9 to 1.9) .51

40-m Fast-paced walk test, m/sg

Week 12 0.07 (0.04 to 0.1) 0.05 (0.02 to 0.09) 0.02 (−0.03 to 0.07) 0.6 (−0.7 to 2.0) .44

Week 24 0.13 (0.09 to 0.17) 0.07 (0.04 to 0.11) 0.06 (0.01 to 0.11) 1.8 (0.4 to 3.2) .03

Stair climb test, sa

Week 12 −1.6 (−2.1 to −1.2) −1.4 (−1.8 to −0.9) −0.3 (−0.9 to 0.4) −0.7 (−2.1 to 0.7) .38

Week 24 −2.3 (−2.8 to −1.9) −1.9 (−2.4 to −1.5) −0.4 (−1.1 to 0.2) −1.1 (−2.4 to 0.3) .18

OARSI-OMERACT response, No. (%)

Week 12 20 (44.4) 14 (32.6) 1.4 (0.8 to 2.3) NA .26

Week 24 24 (58.5) 19 (50.0) 1.2 (0.8 to 1.8) NA .45

Abbreviations: AQoL-8D, Assessment of Quality of Life-8 dimensions; EQ-5D-5L,
European Quality of Life 5-Dimension 5-Level; PHQ-9, Patient Health Questionnaire-9;
MCID, minimal clinically important difference; OARSI-OMERACT, Osteoarthritis
Research Society International–Outcome Measure in Rheumatology Clinical Trial; NA,
not applicable; VAS, visual analog scale; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis.
a Negative within-group change indicates improvement. Negative between-group

difference favors yoga.
b Range is 0 (no pain) to 100 (worst pain possible) (MCID, 15).
c Ranges from 0 to 500 for pain, 0 to 1700 for function, and 0 to 200 for stiffness;

higher scores indicate more severe symptoms.

d Assessed with VAS: 0 (very well) to 100 (very poor).
e A 13-item screening survey for neuropathic pain; scores range from −1 to 38 (<12,

negative neuropathic pain; �12, possible neuropathic pain).
f Assesses depression. Range is 0 to 27; higher scores indicate more severe symptoms.
g Positive within-group change indicates improvement. Positive between-group

difference favors yoga.
h Scores range from −0.04 to 1.00; higher scores indicate better QOL (MCID, 0.06).
i Calculated by the UK utility index, ranging from −0.04 to 1.00; higher scores indicate

better QOL.
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week 24) (eTable 1 in Supplement 2) were consistent with those presented in Table 2. Change in pain
medication and supplement use is presented in eTable 4 in Supplement 2.

Adherence to yoga and strengthening exercises is shown in eTable 5 in Supplement 2. Over the
12-week period, both groups showed similar adherence, attending a mean (SD) of 25.1 (9.8) sessions
in the yoga group and 26.0 (8.6) sessions in the strengthening exercise group. Mean (SD) completion
rates were 69.8% (27.2%) for yoga and 71.9% (23.9%) for strengthening exercises over 12 weeks.
Home exercise adherence from weeks 13 to 24 was higher in the yoga group than in the
strengthening exercise group, with the mean (SD) percentage of prescribed sessions performed at
70.2% (28.5%) vs 60.0% (29.5%), respectively. From weeks 1 to 24, the mean (SD) weekly session
attendance was 2.4 (0.9) for yoga and 2.3 (1.0) for strengthening exercises, and the groups attended
a mean (SD) of 63.1% (31.1%) yoga sessions and 60.3% (27.8%) strengthening exercise sessions.
Participant fidelity to the protocol was high in both groups (eTable 6 in Supplement 2), with no
crossover between the yoga and strengthening exercise groups.

A Priori Subgroup Analyses
The results of a priori subgroup analyses are given in eTable 3 and eFigure 3 in Supplement 2. The
results showed no significant difference in the effects of yoga and strengthening exercises on VAS

Figure 2. Mean Visual Analog Scale (VAS) Knee Pain and Western Ontario and McMaster Universities Osteoarthritis (WOMAC) Index Subscale Scores
in the Yoga and Strengthening Groups Over 24 Weeks
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Values are adjusted means, error bars indicate 95% CIs, and P values correspond to
between-group differences observed at 24 weeks. Data are estimates from linear mixed
effect models with all 117 participants included in the analysis. Scores on the VAS range
from 0 to 100, with higher scores indicating more severe symptoms. Scores on the

WOMAC pain index ranged from 0 to 500; on the WOMAC function index, from 0 to
1700; and on the WOMAC stiffness index, from 0 to 200, all 3 with higher scores
indicating more severe symptoms.
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knee pain and WOMAC pain in participants with vs without possible neuropathic-like pain (eResults
in Supplement 2).

AEs
Adverse event rates are shown in Table 3. At least 1 AE was reported by 22 participants (37.9%) in the
yoga group and 16 participants (27.1%) in the strengthening group over 24 weeks, mostly unrelated
to the interventions. No serious AE was reported. There were 9 AEs in the yoga group (15.5%) and 4
AEs in the strengthening exercise group (6.8%) that were considered possibly and probably related
to the interventions. The incidence of intervention-related AEs was higher in the yoga group.
Aggravated knee pain occurred 7 times in the yoga group (n = 6) and 6 times in the strengthening
exercise group (n = 5).

Discussion

In this randomized clinical trial, we investigated the comparative effectiveness of yoga and
strengthening exercise for treating knee OA over 24 weeks. We found that the change in VAS knee
pain over 12 weeks was not significantly different between the 2 groups and was within our
prespecified noninferiority margin of 10 mm. Both groups reported pain reduction following
treatment that was of a magnitude deemed to be clinically relevant. Over 12 weeks, none of the
secondary outcome measures showed differences between the 2 groups except for a small
improvement in depression favoring the yoga group. At the 24-week assessment, modestly greater
improvements in several outcomes, including WOMAC pain, function, and stiffness scores; health-
related QOL; patient global assessment; and the 40-m fast-paced walk test, were reported for the
yoga group compared with the strengthening group.

There are several possible explanations for our findings. Our study compared yoga with an
active, evidence-based strengthening exercise, distinguishing it from previous studies that compared
yoga with traditional strengthening exercise or a combination of aerobic and strengthening exercise.
Another potential reason could be a type II error. However, the study had statistical power exceeding

Table 3. Reported AEs Over 24 Weeks

Events

Participants, No. (%)

Yoga (n = 58) Strengthening (n = 59)
Any AEa 32 (55.2) 26 (44.1)

≥1 AE 22 (37.9) 16 (27.1)

Serious AE 0 0

Death 0 0

Treatment related 9 (15.5) 4 (6.8)

Withdrawal related to AE 2 (3.4) 2 (3.4)

Type of AE

Musculoskeletal and joint pain 16 (27.6) 13 (22.0)

Increased knee pain 6 (10.3) 5 (8.5)

Back pain 4 (6.9) 5 (8.5)

Hip pain 3 (5.2) 1 (1.7)

Other musculoskeletal-related AEb 3 (5.2) 2 (3.4)

Nonmusculoskeletal 14 (24.1) 13 (22.0)

Influenza virus infection 5 (8.6) 5 (8.5)

COVID-19 1 (1.7) 3 (5.1)

COVID-19 vaccine AE 1 (1.7) 1 (1.7)

Injuryc 5 (8.6) 0

Knee replacement surgery 0 1 (1.7)

Cataract surgery 1 (1.7) 0

Otherd 1 (1.7) 3 (5.1)

Abbreviation: AE, adverse event.
a Could include multiple AEs in a single participant.
b Included polymyalgia, ankle pain, heel pain, groin

injury, and nerve pain in the lower leg.
c Included falling, twisted knee injury, and hand injury.
d Included headache, transient ischemic attack, and

general unwellness.

JAMA Network Open | Rheumatology Yoga or Strengthening Exercise for Knee Osteoarthritis

JAMA Network Open. 2025;8(4):e253698. doi:10.1001/jamanetworkopen.2025.3698 (Reprinted) April 8, 2025 10/15

Downloaded from jamanetwork.com by guest on 10/03/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.3698&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.3698


90% to detect clinically important differences if these had been present. Perhaps the placebo effect
should not be underestimated,34 as both yoga and strengthening exercises may have induced a
placebo effect, leading to improvements in outcomes across both groups. This effect could mask any
true difference in patient-reported outcomes between the interventions, as individuals in both
groups may have perceived benefits from engaging in structured exercises.35 However, it is
important to note that we compared 2 active interventions, and even if a placebo effect was present,
comparability between the groups was maintained.

Our study was designed as a comparative effectiveness trial and had the recommended exercise
therapy (strengthening exercise) as the control arm. We ensured that any potential contextual
effects were comparable between the 2 groups by maintaining a similar number of patient-therapist
contacts during the intervention period. Unlike our findings for our primary outcome, Cheung et al12

reported a significantly greater reduction in knee pain (VAS score) with yoga compared with a
combination of aerobic and strengthening exercise over 8 weeks. However, similar to our findings at
24 weeks, they reported modest benefit of yoga compared with a combination of aerobic and
strengthening exercise for WOMAC pain and function and VAS pain scores. A study assessing an
unsupervised online yoga program demonstrated modest improvements in physical function,
though below the MCID, and no significant reduction in knee pain over 12 weeks compared with an
online education group among individuals with knee OA.36

Our secondary outcomes included a prolonged home-based intervention period of up to 24
weeks, and we found modest statistically significant differences in multiple secondary outcomes,
suggesting a medium-term benefit of yoga compared with strengthening exercise. Home adherence
to yoga was higher than for strengthening exercise, which might be partly responsible for the
difference in secondary outcomes at 24 weeks. These results are similar to a recent meta-analysis
that reported yoga is superior in mitigating pain, enhancing function, and alleviating stiffness among
individuals with knee OA.8 The secondary outcomes highlight the potential for yoga to be a viable
medium-term alternative to strengthening exercise for improving pain, function, stiffness, and QOL
in individuals with knee OA. Furthermore, the observed reduction in depression in the yoga group
over 12 weeks shows the potential mental health benefits of yoga compared with strengthening
exercise, as depression is a common comorbidity in knee OA and yoga may be well-suited for patients
with both conditions.

Our results indicated a modest effect of yoga compared with strengthening exercise over 24
weeks. However, this effect size was smaller than that reported in a meta-analysis comparing yoga
with exercise (combination of aerobic and strengthening exercise, strengthening exercise, and
physiotherapy-based exercise) for OA,8 possibly indicating a more realistic effect when compared
with an active intervention in knee OA.

Both groups demonstrated good safety and adherence overall; however, the incidence of AEs
was slightly higher in the yoga group. This may be attributed to participants being unfamiliar with
some of the yoga poses. Additionally, some AEs in the yoga group, such as falls, were unrelated to the
intervention.

Strengths and Limitations
A strength of our study is that we compared yoga with an active evidence-based strengthening
exercise program. Previous studies have predominantly explored the benefits of yoga compared with
an attention control or health education group,13,15,17,36,37 but our approach offered several
advantages. First, it allowed us to directly assess the relative effects of 2 active interventions,
providing insights into which approach might yield better outcomes for knee OA management.
Second, this study added yoga to the clinician toolbox as an alternative exercise option, supporting
shared decision-making with patients on self-management strategies. The holistic approach of yoga,
emphasizing flexibility, balance, and mental well-being, may offer promise for individuals with knee
OA, especially those who find conventional strengthening exercises challenging. While some yoga
poses may initially cause discomfort for some participants, it complements strengthening exercises
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as a viable option to improve physical and mental health. Moreover, the active comparator design
improved the methodologic quality of the study by making comparable contextual effects between
groups that could bias the outcomes. We also powered our study to detect both superiority and
noninferiority. A notable strength is that both the evidence-based yoga program and the
strengthening exercise program were designed by experts in the field.

Some limitations warrant caution in interpreting our findings. We randomized fewer
participants to receive the interventions than the planned sample (117 instead of 126) due to the
COVID-19 pandemic. However, we had higher than 90% power to detect superiority, even with 117
participants. This was a program designed specifically for patients with arthritis and does not reflect
the safety or effectiveness of general community-based yoga classes. Participants were recruited
from a single Australian state, which may limit the generalizability of the findings globally. While our
findings are promising, further research is needed to investigate the long-term effects of yoga and
strengthening exercises beyond the 24-week period, providing insights into the sustainability of
benefits. Additionally, investigating the mechanisms underlying the observed improvements, such as
pain, function, stiffness, physical performance, and depression, could yield a deeper understanding
of how these interventions exert their effects.

Conclusions

In this randomized clinical trial, a 12-week yoga program did not significantly reduce knee pain
compared with a strengthening program among adults with knee OA. The yoga program was
noninferior to the strengthening program, as both groups reported pain reductions that were
deemed to be clinically relevant over 12 weeks. Secondary outcomes favoring yoga, including
depression, health-related QOL, patient global assessment, the 40-m fast-paced walk test, and
WOMAC pain, function, and stiffness scores, should be interpreted as exploratory. Overall, these
findings suggest that integrating yoga as an alternative or complementary exercise option in clinical
practice may help in managing knee OA.
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