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IMPORTANCE Exercise therapies are advocated in osteoarthritis (OA) clinical guidelines.
However, challenges to accessing exercise may be limiting widespread uptake.

OBJECTIVE To evaluate the effects of a self-directed web-based strengthening exercise and
physical activity program supported by automated behavior-change text messages on knee
pain and function for people with knee OA.

DESIGN, SETTING, AND PARTICIPANTS The participant-blinded and assessor-blinded
randomized clinical trial enrolled 206 people who met clinical criteria for knee OA in
communities across Australia from July 2018 to August 2019, with follow-up taking place at
24 weeks.

INTERVENTIONS The control group was given access to a custom-built website with
information on OA and the importance of exercise and physical activity. The intervention
group was given access to the same information plus a prescription for a 24-week
self-directed strengthening regimen and guidance to increase physical activity, supported by
automated behavior-change text messages encouraging exercise adherence.

MAIN OUTCOMES AND MEASURES Primary outcomes were change in overall knee pain
(numeric rating scale, 0-10) and difficulty with physical function (Western Ontario and
McMaster Universities Osteoarthritis Index, 0-68) over 24 weeks. Secondary outcomes were
another knee pain measure, sport and recreation function, quality of life, physical activity,
self-efficacy, overall improvement, and treatment satisfaction.

RESULTS Of 206 participants, 180 (87%; mean [SD] age, 60 [8.4] years; 109 [61%] women)
completed both 24-week primary outcomes. The intervention group showed greater
improvements in overall knee pain (mean difference, 1.6 units; 95% CI, 0.9-2.2 units;
P < .001) and physical function (mean difference, 5.2 units; 95% CI, 1.9-8.5 units; P = .002)
compared with the control. There was evidence of differences in the proportion of
participants exceeding the minimal clinically important improvement in pain (intervention
group, 72.1%, vs control, 42.0%; risk difference, 0.30 [95% CI, 0.16-0.44]; P <. 001) and
function (intervention group, 68%, vs control, 40.8%; risk difference, 0.27 [95% CI,
0.13-0.41]; P < .001) favoring the intervention. Between-group differences for all secondary
outcomes favored the intervention except for physical activity, self-efficacy for function, and
self-efficacy for exercise, for which there was no evidence of differences.

CONCLUSIONS AND RELEVANCE This randomized clinical trial found that a self-directed
web-based strengthening exercise regimen and physical activity guidance supported by
automated behavior-change text messages to encourage exercise adherence improved knee
pain and function at 24 weeks. This unsupervised, free-to-access digital intervention is an
effective option to improve patient access to recommended OA exercise and/or to support
clinicians in providing exercise management for people with knee OA at scale across the
population.

TRIAL REGISTRATION Australian New Zealand Clinical Trials Registry Identifier:
ACTRN12618001167257
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K nee osteoarthritis (OA) is highly prevalent and has no
known cure.1 Recommended first-line management in-
cludes education and strengthening exercise.2-6 How-

ever, exercise remains underutilized,7-10 partly because of lim-
ited access to appropriately trained health professionals to
prescribe and support exercise.11-14 Access challenges will con-
tinue to worsen given the aging population and rising obe-
sity, and the burden of knee OA is forecast to overwhelm health
care systems by 2030.15 Therefore, there is an urgent need to
innovate how exercise is prescribed.16

Digital technologies may be a feasible solution given that
people with knee OA are increasingly seeking information about
their condition from internet sources.17 This information is of
variable quality, inconsistently evidence based, and poten-
tially difficult for the general public to comprehend.18 Some
high-quality online OA self-management platforms are freely
available through consumer organizations (eg, MyJointPain.
org.au). However, they provide general exercise information
only. This is problematic as a lack of clear instructions pre-
vents people with knee OA from exercising.13,19 Adherence to
exercise is typically poor in people with knee OA,20,21 which may
explain why the clinical benefits of exercise are not
sustained.21-23 Barriers include participation costs and lack of
support.13 Cell phone text messages positively influence chronic
disease self-management and physical activity behavior.24,25

Thus, text messages may help support exercise participation
without the need for health professional involvement.

We developed a 24-week self-directed intervention con-
sisting of a website and automated text messages. The web-
site contains educational information on OA and exercise, plus
guidance to increase physical activity and a prescription for a
structured 24-week self-directed strengthening regimen.26 The
text messaging system was developed using behavior change
theory27 to support home exercise and has been shown to in-
crease physiotherapist-prescribed home exercise adherence.28

We hypothesized that use of the website and cell phone–
based intervention would lead to greater improvements in knee
pain and function in people with knee OA compared with a con-
trol website offering only educational information on OA and
the importance of exercise and physical activity. The control
website content was similar to content currently available
through high-quality online platforms.

Methods
Trial Design
Study Oversight
We conducted a parallel, 2-arm, superiority randomized clinical
trial that was prospectively registered in the Australian New Zea-
land Clinical Trials Registry (ACTRN12618001167257). Reporting
aligned with the Consolidated Standards of Reporting Trials
(CONSORT) guideline,29 relevant Consolidated Standards of
Reporting Trials Extension (CONSORT Extension) guideline,30-32

and the template for intervention description and replication
(TIDieR) guideline.33 The study protocol is available in
Supplement 1 and has been published elsewhere.26 Approval was
obtained from The University of Melbourne Human Research

Ethics Committee (No. 1851085). Digital informed consent was
obtained using an online form prior to baseline assessments.

Study Participants
Study participants were recruited nationwide in Australia from
July 2018 to August 2019 via online advertisements and the
Centre for Health Exercise and Sports Medicine’s volunteer da-
tabase. Screening was via an electronic survey developed using
REDCap software (Vanderbilt University), and eligibility was
confirmed by telephone. Inclusion criteria were: (1) OA clini-
cal criteria (age ≥45 years, activity-related knee pain, and morn-
ing knee stiffness ≤30 minutes)5; (2) knee pain on most days
for 3 months or more; (3) average overall knee pain severity
of 4 or greater on an 11-point numeric rating scale (NRS) dur-
ing the previous week; (4) own a cell phone with text messag-
ing; (5) home internet access; and (6) ability to consent, par-
ticipate, and complete assessments. Exclusion criteria are
presented in eTable 1 in Supplement 2.

Study Design and Procedures
Randomization, Allocation Concealment, and Blinding
Participants were randomized with a 1:1 ratio. Computer-
generated randomization was prepared by the biostatistician
(J.K.) in permuted blocks of sizes 6 to 12. To ensure conceal-
ment, the randomization schedule was accessed via a pass-
word-protected computer program by a researcher not in-
volved in participant screening, recruitment scheduling, or
assessment (S.S. or P.C.). Limited disclosure was used to blind
participants who were also assessors, as all outcomes were par-
ticipant reported. Participants were informed that the study
was investigating a range of digital resources (eg, computer,
cell phone) to promote knee pain self-management that might
include exercise and email or text messaging but were not given
specific details of either the intervention or the control groups
nor the hypothesis under investigation. The biostatisticians
(J.K. and S.J.C.C.) were blinded.

Intervention: My Knee Exercise Website Plus Text Messages
Adetaileddescriptionoftheintervention(MyKneeExerciseweb-
site and automated text messages) and its development have

Key Points
Question How does adding a 24-week self-directed
strengthening exercise regimen and physical activity guidance
supported by automated behavior-change text messages to
web-based osteoarthritis (OA) information affect pain and
function in people with knee OA?

Findings This randomized clinical trial of 206 adults with a clinical
diagnosis of knee OA found that a web-based exercise
intervention supported by text messaging improved knee pain and
function at 24 weeks compared with web-based information
alone.

Meaning This freely available digital intervention is a useful and
effective option for improving access to recommended OA
exercise and/or supporting clinicians in providing exercise
management to people with knee OA at scale across the
population.
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beenpublished.26,27 Interventiondesignfeaturesaresummarized
in eTable 2 in Supplement 2. The website is accessed via https://
mykneeexercise.org.au/, and the text messaging system, My
ExerciseMessages,wasadaptedforreleaseasanappandisdown-
loadable via app stores. Access is free of charge for both.

The study coordinator (R.K.N.) sent an email to participants
in the intervention group describing the intervention (access to
the My Knee Exercise website containing a prescription for a 24-
week knee strengthening regimen supported by periodic text
messages), website access details (the web address and a unique
login username and password), and a request to commence the
exercise regimen within 1 week. The website was divided into
4 sections (eTable 3 in Supplement 2).

All participants in the intervention group received the same
standardized website and were permitted to access it at will
for 24 weeks. Participant details were added to the text mes-
saging system, triggering the 24-week automated messages de-
signed to encourage adherence to the prescribed strengthen-
ing exercise. Descriptions of all text message types and their
frequencies during the 24 weeks are provided in eTable 4 in
Supplement 2. Messages were personalized with first names.
No changes were made to the website or text messaging sys-
tem during the trial.

Control Website: My Knee Education Website
The study coordinator (R.K.N.) sent an email to the participants
in the control group describing the intervention (access to the My
Knee Education website containing information on knee pain,
knee OA, and the importance of exercise and physical activity),
website access details (the web address and a unique login user-
name and password), and a request to access the website within
1 week. At enrollment, control participants received a text mes-
sage prompting them to access the website.

The control website contained the same textual informa-
tion as the My Knee Education section of the intervention web-
site, but references to the specific strengthening exercise regi-
men and physical activity guidance were removed. Only
general recommendations were retained, similar to those freely
accessible from OA web-based consumer resources (eg, ge-
neric information on the importance of strengthening exer-
cises and meeting physical activity guidelines).

Outcomes
Outcomes were participant reported and collected via elec-
tronic surveys at baseline and at 24 weeks. The 2 primary out-
comes were reliable and valid (1) pain and (2) physical func-
tion measures recommended for knee OA clinical trials.34-36

Average overall knee pain in the past week was assessed using
an 11-point NRS with terminal descriptors of no pain (score 0)
and extreme pain (score 10).37 Limitations with physical func-
tioning during the past week were measured by the physical
function subscale of the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC, Likert version 3.1),35

extracted from the Knee Injury and Osteoarthritis Outcome
Score (KOOS),38 with a total score ranging from 0 (no dysfunc-
tion) to 68 (maximum dysfunction).

Secondary outcomes were (1) KOOS pain, function in sport
and recreation, and knee-related quality-of-life subscales38;

(2) Assessment of Quality of Life (version AQoL-6D)39; (3) Physi-
cal Activity Scale for the Elderly40 (PASE); (4) Arthritis Self-
Efficacy Scale (ASES)41 pain and physical function subscales;
(5) Self-Efficacy for Exercise scale (SEE)42; (6) participant-
perceived change overall since baseline (24-week follow-up
only)43; and (7) overall satisfaction (24-week follow-up only).

Adverse events were participant-reported at 24 weeks, de-
fined as any problem believed to be caused by the study in-
tervention requiring treatment or medication and/or interfer-
ing with function for 2 days or more. Custom-developed
surveys collected cointervention use (pain medications and
other knee OA treatments) at 24 weeks (retrospective recall over
previous 6 months). Exercise adherence was assessed by the
number of days that knee exercises were performed during the
previous week and the Exercise Adherence Rating Scale sec-
tion B44 at 24 weeks. A range of process measures was col-
lected (eTable 5 in Supplement 2). Another article reports quali-
tative evaluation.45

Sample Size
We aimed to detect a conservative effect size of 0.40 (small
to moderate between-group difference)46 for the primary out-
comes. We believed self-directed unsupervised exercise may
have smaller effects than the 0.49 for pain and 0.52 for physi-
cal function observed with land-based supervised exercise for
knee OA.23 To obtain 80% power, a 2-sided significance level
of .05, and a correlation between baseline and follow-up mea-
surements of 0.35 with a 15% loss to follow-up,47,48 103 par-
ticipants were required per arm. Assuming between-
participant SDs of 2.3 for pain and 11.7 for WOMAC function48

and a pre-post correlation of 0.35, this sample allowed greater
than 99% power to detect a minimal clinically important dif-
ference (MCID) in pain of 1.8 units49 and 95% power to detect
a MCID in function of 6 units.50

Statistical Analysis
Analyses were performed by biostatisticians (S.J.C.C. and J.K.)
using Stata, release 16 (StataCorp LLC), and intention-to-
treat with all available data from all randomized participants
using their randomized group allocation. Baseline character-
istics of participants who provided both primary outcomes and
those who did not were compared using t tests or χ2 tests. P
values were 2-tailed and statistical significance was defined
as P < .05. Missing outcomes were imputed using chained
equations with predictive mean matching and 5 nearest neigh-
bors for continuous outcomes, and logistic regression impu-
tation models for binary improvement outcomes. Imputa-
tion models for continuous outcomes at 24 weeks included all
primary and secondary outcomes at both baseline and 24
weeks, along with age, sex, body mass index (calculated as
weight in kilograms divided by height in meters squared), edu-
cation level, geographical location, employment status, du-
ration of symptoms, and laterality. The imputation model for
the binary variable of global improvement was similar except
that all secondary outcome variables at 24 weeks were omit-
ted owing to the tendency for perfect prediction. Data were im-
puted for each treatment group separately. Estimates from 15
imputed data sets were combined using Rubin rules.51
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For continuous outcomes, the mean (95% CI) difference
in change (baseline minus follow-up) between groups was es-
timated using linear regression models, adjusted for baseline
scores. The proportion of participants with self-perceived im-
provement overall and the magnitude of improvements that
met or exceeded MCIDs for NRS pain and WOMAC function
were compared between groups using logistic regression mod-
els, with results presented as risk ratios and risk differences
(both obtained using marginal standardization).52 Validity of
model assumptions and imputed data sets was assessed using

standard diagnostic plots. Analyses were repeated using
complete-case data.

Results
Study Participants
We randomized 206 participants, of which 180 (87%; mean [SD]
age, 60 [8.4] years; 109 [61%] women) completed both pri-
mary outcome measures at 24 weeks (Figure). Groups were

Figure. Participant Flow Through the Randomized Clinical Trial

1218 Assessed for eligibility by an online
questionnaire and/or by telephone

299 Baseline assessment

919 Excluded

438 Failed inclusion criteria
315 Morning stiffness >30 min
64 Low knee pain level
25 Age <45 y
12 Knee pain <3 mo
11 No access to internet or cell phone/text 

messaging
6 Unable to commit for 6 mo
5 No activity-related pain

481 Met exclusion criteria
297 Not interested/not able to contact
67 Current participation in structured exercise
60 Previous knee replacement
43 Not cleared by general practitioner
14 Systemic arthritic conditions

93 Excluded
77 Met exclusion criteria

64 Did not complete consent/baseline
13 Declined to participate

16 Failed inclusion criteria
16 Low knee pain level

206 Randomization

103 Analyzed
0 Excluded from analysis

103 Analyzed
0 Excluded from analysis

90 Completed both 24-wk primary outcomes
13 Lost contact

90 Completed both 24-wk primary outcomes
11 Lost contact
2 Study withdraw

103 Randomized to control group 103 Randomized to intervention group

Website access to educational information
about OA and the importance of exercise and
physical activity

24-wk intervention
Website access to educational information about OA
and the importance of exercise and physical activity
plus guidance to increase physical activity and a
self-directed knee strengthening regimen
 +
Automated text messages providing adherence 
support
 +
Home exercise 3/wk

24-wk intervention

OA denotes osteoarthritis.
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similar at baseline (Table 1). Participants who did not com-
plete both primary outcomes at 24 weeks reported greater past
use of injections, nonsteroidal anti-inflammatory drugs, and
oral opioids to manage knee pain and higher rates of foot prob-
lems at baseline (eTable 6 in Supplement 2). Website and text
message usage are outlined in eTable 7 in Supplement 2. Four-
teen (8%) participants reported no website access in the first
month (intervention: n = 3 [3%]; control: n = 11 [13%]) and 85
(49%) participants reported no website access in the past month
(intervention: n = 35 [39%]; control: n = 50 [60%]) in the past
month. The mean (SD) number of website logins per partici-
pant was 6.0 (4.9) in the intervention group and 3.2 (2.6) in
the control group. In the intervention group, the mean (SD)
number of text messages sent to each participant during the
24 weeks was 60.0 (7.5) and the average participant reply rate
was 73% (34%).

At 24 weeks, the number of participant-reported knee ex-
ercise sessions in the previous week was similar in both groups
(eTable 8 in Supplement 2). There was evidence of between-
group differences in adherence to knee exercise measured by
the Exercise Adherence Rating Scale (mean difference, 2.6 units;
95% CI, 0.8-4.4 units; P = .005), favoring intervention. Few ad-
verse events were reported, and none were serious (eTable 9 in
Supplement 2). More intervention participants experienced knee
pain than control participants (n = 8 [9.6%] vs n = 1 [1.3%];
P = .019). Use of pain medications and other treatments for the
knee during the 24 weeks was similar across groups, except more
control participants used massage, heat or cold, and topical anti-
inflammatories (eTable 9 in Supplement 2).

Primary Outcomes
There was evidence of greater improvements in overall pain
(mean difference, 1.6 units; 95% CI, 0.9-2.2 units; P < .001) and
in WOMAC function (mean difference, 5.2 units; 95% CI, 1.9-
8.5 units; P = .002) favoring the intervention (Tables 2 and 3).
More participants in the intervention group reached MCIDs in
pain and in function than in the control group (Table 4). Analy-
ses using complete case data produced similar results
(eTables 10 and 11 in Supplement 2).

Secondary Outcomes
There was evidence of between-group differences favoring the
intervention in most secondary outcomes—all 3 KOOS sub-
scales (pain, sports/recreation, and quality of life), AQoL, ASES
pain, participant change since baseline, and overall satisfac-
tion. Changes in PASE, ASES function, and SEE were similar
in both groups (Table 3). More participants in the interven-
tion group reported overall improvement than in the control
group (Table 4). Analyses using complete case data produced
similar results (eTable 10 and eTable 11 in Supplement 2).

Discussion
This randomized clinical trial provides robust evidence of the
effectiveness of adding a 24-week self-directed strengthen-
ing exercise regimen and physical activity guidance sup-
ported by automated text messages to web-based informa-

tion similar to what is currently available online through
reputable OA consumer organizations. We found significant
between-group differences in pain of 1.6 units (95% CI, 0.9-
2.2 units) and function of 5.2 units (95% CI, 1.9-8.5 units) fa-
voring the intervention. While these were just below the
MCIDs for pain (1.8 units) and function (6 units), the 95% CIs
include these differences within the plausible ranges. Addi-
tionally, substantially more participants reached the MCIDs in
the intervention group than in the control group, while within-
group changes in pain and function exceeded MCIDs in the in-
tervention group but not in the control group. Furthermore,
effect sizes (pain, 0.68 and function, 0.39) favoring the inter-
vention group were similar to those observed with land-
based therapist-supervised exercise.23

Taken together, the findings of the present study demon-
strate that this easily scalable, unsupervised, free-to-access in-
tervention is effective and may be clinically relevant on a popu-
lation level. Further supporting its effectiveness are the findings
of beneficial effects on secondary outcomes. An additional knee
pain measure, function in sport and recreation, 2 quality-of-
life measures, pain self-efficacy (3 KOOS subscales, AQoL, and
ASES pain), perceived improvement overall, and treatment sat-
isfaction all showed the intervention’s significant benefit, al-
though other measures (PASE, ASES function, and SEE) showed
similar changes in both groups.

To our knowledge, only 2 other randomized clinical
trials53,54 have evaluated web-based interventions without
health professional contact in OA. One trial evaluated a self-
directed progressive lower-limb strength, flexibility, and walk-
ing program (Help My Knees)53 in people with knee OA com-
pared with a wait-list control group. Unlike the present study
findings, no between-group differences were found with the
primary outcome of total WOMAC score (combined measure
of pain, stiffness, and function) or secondary outcomes of
physical function and pain at 4 months. The other trial evalu-
ated a 9-module physical activity program (Join2Move)54 in
adults with knee and/or hip OA compared with a wait-list con-
trol. Similar to the present study findings, there was evi-
dence of between-group differences in physical function
(KOOS; mean difference, 6.5 units; 95% CI, 1.8-11.2 units) and
in proportion of participants reporting improvements (odds ra-
tio, 10.7; 95% CI, 4.3-26.4), favoring intervention at 3 months.
In contrast with the present study findings, there was no evi-
dence of between-group differences in quality of life or func-
tion in sport and recreation at 3 months.

Conflicting findings across studies may partially be ex-
plained by low engagement levels with web-based programs.
In the Help My Knees study,53 20% of participants did not ac-
cess the program during the 4-month intervention. Similarly,
only 55% of participants completed the second of 9 modules
of Join2Move.54 The present intervention had much higher lev-
els of user engagement—participant-reported website access
was 97% in the first month and 61% in the final month. These
differences may be due to variation in the type and level of sup-
port provided. In Help My Knees and Join2Move, automated
support and exercise reminders seemed to occur just once per
week. In contrast, the present intervention used automated text
messages (average, 2.5 messages sent per participant per week),
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Table 1. Baseline Characteristics of Participants by Group

Characteristic

Mean (SD)
Standardized
difference, %a

Intervention
(n = 103)

Control
(n = 103)

Age, y 60.3 (8.2) 59.0 (8.5) 15.4

Female, No. (%) 60 (58) 66 (64) −12.0

Height, m 1.7 (0.1) 1.7 (0.1) 5.3

Body mass, median (IQR), kg 89.0 (76.0-105.0) 90.0 (76.0-106.0) 2.4

BMI, median (IQR) 31.1 (26.6-34.9) 31.6 (26.9-36.4) −0.2

Geographic location,b No. (%)

Metropolitan 64 (62) 58 (56) 11.9

Regional 39 (38) 45 (44) −11.9

Education level

Secondary 49 (48) 48 (47) 2.0

Tertiary (university or equivalent) 54 (52) 55 (53) −2.0

Currently employed, No. (%) 62 (60) 70 (68) −16.2

Symptom duration, y 8.5 (10.0) 7.7 (8.0) 8.1

Laterality, No. (%)

Unilateral OA 38 (37) 42 (41) −8.0

Bilateral OA 65 (63) 61 (59) 8.0

Problems in other joints, No. (%)

Back 35 (34) 37 (36) −4.1

Hip 27 (26) 31 (30) −8.6

Shoulder 26 (25) 28 (27) −4.4

Hand 26 (25) 25 (24) 2.3

Neck 23 (22) 21 (20) 4.7

Foot 21 (20) 27 (26) −13.8

Treatments for knee OA in past 6 mo, No. (%)

≥1 Treatment 87 (84) 96 (93) −28.0

Land-based exercises 55 (53) 49 (48) 11.7

Heat/cold treatment 51 (50) 66 (64) −29.7

Massage 32 (31) 42 (41) −20.3

Knee braces 26 (25) 39 (38) −27.4

Orthotics, arch supports 23 (22) 24 (23) −2.3

Manual therapy 21 (20) 22 (21) −2.4

Hydrotherapy 20 (19) 14 (14) 15.7

Walking stick 16 (16) 10 (10) 17.6

TENS 13 (13) 11 (11) 6.1

Injections (eg, cortisone, hylan G-F 20,
platelet-rich plasma)

9 (9) 9 (9) 0.0

Therapeutic ultrasound 8 (8) 9 (9) −3.5

Acupuncture 8 (8) 8 (8) 0.0

Arthroscopic surgery 4 (4) 8 (8) −16.6

Low-level laser therapy 0 2 (2) −19.9

High-tibial osteotomy surgery 0 2 (2) −19.9

Ligament reconstruction 0 3 (3) −24.5

Current pain medication use,c No. (%)

≥1 Medication used 86 (83) 91 (88) −14.0

Analgesics (paracetamol combinations) 66 (64) 73 (71) −14.6

Topical anti-inflammatory drugs 59 (57) 69 (67) −20.1

Nonsteroidal anti-inflammatory drugs 55 (53) 63 (61) −15.8

Cyclooxygenase-2 inhibitors 12 (12) 16 (16) −11.4

Oral opioids 5 (5) 5 (5) 0.0

Oral corticosteroids 1 (1.0) 0 14.0

(continued)
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designed to address common exercise barriers and facilita-
tors in knee OA.13 Such communication has been shown to en-
hance adherence to physiotherapist-prescribed exercise in
people with knee OA.28 The text messages provided along with
the web-based exercise program may have facilitated better
engagement and enhanced its effectiveness. Furthermore, ad-
ditional qualitative research45 highlights that participants val-
ued the text messages as a prompt to exercise, keeping them
accountable to the program.

In the present study, 72% of intervention participants
experienced clinically important improvements in pain and

68% in function, demonstrating that most participants expe-
rienced meaningful improvements in knee OA symptoms
without needing health professional contact. Conversely,
30% of participants did not benefit from the unsupervised
approach, suggesting that more intensive, personalized
management may be required. This gap could be addressed
through a stepped-care approach where people move
through a hierarchy of evidence-based interventions based
on outcomes.55

Our free-to-access, unsupervised program could serve
as an entry-level intervention, with participants who do not

Table 1. Baseline Characteristics of Participants by Group (continued)

Characteristic

Mean (SD)
Standardized
difference, %a

Intervention
(n = 103)

Control
(n = 103)

Comorbid conditions, No. (%)

≥1 Comorbid condition 55 (53) 57 (55) −3.9

High blood pressure 36 (35) 37 (36) −2.0

Depression 14 (14) 15 (15) −2.8

Diabetes 10 (10) 6 (6) 14.6

Spine condition, including arthritis 9 (9) 11 (11) −6.6

Lung disease 7 (7) 7 (7) 0.0

Other 10 (10) 9 (9) 3.4

Exercise importanced 6.1 (1.2) 6.1 (1.2) 0.8

Abbreviations: BMI, body mass index calculated as weight in kilograms divided
by height in meters squared; IQR, interquartile range; OA, osteoarthritis;
TENS, transcutaneous electrical nerve stimulation.
a Calculated as intervention minus control group.
b Based on residential postal code, in accordance with Australian Statistical

Geography Standard.
c Defined as �1 per week during the prior 6 mo.
d Rated by level of agreement with the statement “How important is it to you to

do regular exercise to manage your knee condition?” Scores range from 1-7,
with higher scores indicating higher agreement.

Table 2. Mean (SD) Scores on Continuous Outcome Measures Across Time, by Group

Outcome measurea

Baseline Follow-up (24 wk)

Intervention (n = 103) Control (n = 103) Intervention (n = 91)b Control (n = 92)c

Primary outcomes

Overall average knee pain (NRS) 6.3 (1.5) 6.2 (1.5) 3.5 (2.2) 5.0 (2.4)

Physical function (WOMAC) 26.7 (11.8) 25.0 (12.2) 16.6 (13.0) 20.7 (13.9)

Secondary outcomes

Pain (KOOS) 50.8 (16.0) 53.1 (14.6) 69.1 (17.0) 60.5 (19.1)

Sport and recreation (KOOS) 31.7 (19.2) 30.0 (21.5) 47.7 (23.0) 39.6 (26.4)

Knee-related quality of life (KOOS) 35.0 (18.0) 34.3 (15.7) 49.9 (18.5) 43.3 (21.4)

Health-related quality of life (AQoL) 0.68 (0.16) 0.68 (0.17) 0.75 (0.16) 0.69 (0.20)

Physical activity levels (PASE) 146.9 (71.7) 136.0 (68.2) 157.5 (75.6) 144.5 (73.0)

Self-efficacy (ASES)

Pain 6.0 (1.7) 6.0 (1.7) 6.7 (2.3) 6.0 (1.9)

Function 7.9 (1.5) 8.1 (1.3) 8.2 (2.0) 8.3 (1.3)

Self-efficacy exercise (SEE) 60.6 (21.5) 58.8 (18.6) 55.4 (22.7) 52.7 (20.0)

Treatment satisfaction NA NA 5.6 (1.5) 4.4 (1.7)

Abbreviations: AQoL, Assessment of Quality of Life; ASES, Arthritis Self-Efficacy
Scale; KOOS, Knee Injury and Osteoarthritis Outcome score; NA, not applicable;
NRS, numerical rating scale; PASE, Physical Activity Scale for the Elderly;
SEE, Self-Efficacy for Exercise; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Instruments and scoring ranges: AQoL, −0.04 to 1.0, with higher scores

indicating better quality of life; ASES function subscale, 1-10, with higher
scores indicating greater self-efficacy; ASES pain subscale, 1-10, with higher
scores indicating greater self-efficacy; KOOS, 0-100, with lower scores
indicating worse pain/symptoms/function/quality of life; NRS, 0-10 with
higher scores indicating worse pain; PASE, 0-400+, with higher scores

indicating more activity; SEE scale, 0-90, with high scores indicating greater
self-efficacy; treatment satisfaction, 1-7, with higher scores indicating greater
treatment satisfaction; and WOMAC physical function subscale, 0-68, with
higher scores indicating worse function.

b For overall knee pain, n = 91; for physical function (WOMAC) and pain (KOOS),
n = 90; and for all other outcomes, n = 89.

c For overall knee pain, n = 92; for physical function (WOMAC), n = 90; for pain
(KOOS), n = 89; for sport and recreation (KOOS) and knee-related quality of
life (KOOS), n = 88; for AQoL, n = 87; and for all other outcomes, n = 86.
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experience clinical benefits progressing to subsequent
steps for more intensive, personalized management.
Such an approach has the potential to better distribute
limited health care resources and reduce demand for con-
tact with health professionals, thus improving access for
those requiring it. The present intervention may also be
valuable in low-income to middle-income countries with
large unmet needs for physiotherapy care.56 Further
research is required to evaluate the effectiveness of this pro-
gram when stepped care and/or face-to-face care is incorpo-
rated.

Strengths and Limitations
There are several study strengths. The robust randomized clini-
cal trial design with reliable and valid outcomes, participant

blinding and assessor blinding, and excellent participant re-
tention enhances internal validity. Generalizability is maxi-
mized by broad inclusion criteria, recruitment of participants
nationwide, and no restrictions placed on cointervention and
medication use. Another strength is the rigorous interven-
tion design, which was evidence informed, incorporated be-
havior change theory, and included input from clinicians and
people with knee OA.

Several limitations are acknowledged. There was poten-
tial for bias with participants self-selecting to volunteer for a
study investigating different digital resources to support
knee OA management, which may have led to inclusion of
people with more favorable views of technology. Partici-
pants had completed high school or higher education and
reported moderate to high self-efficacy at baseline, meaning

Table 3. Change Within Groups and Difference in Change Between Groups for Continuous Outcomes, Using Multiply Imputed Data

Outcome measuresa

Change within groups, mean (SD) Difference in change between groupsb

Baseline minus week 24 Baseline to week 24

Intervention (n = 103) Control (n = 103) Mean difference (95% CI) P value
Primary outcomes

Overall average knee pain (NRS)c 2.8 (2.1) 1.2 (2.2) 1.6 (0.9 to 2.2) <.001

Physical function (WOMAC)d 10.1 (10.8) 4.4 (11.9) 5.2 (1.9 to 8.5) .002

Secondary outcomes

Pain (KOOS)d −18.5 (15.3) −6.4 (15.9) −11.3 (−15.7 to −7.0) <.001

Sport and recreation (KOOS)d −16.9 (22.2) −8.4 (22.8) −9.1 (−15.3 to −2.9) .004

Knee-related quality of life (KOOS)d −15.3 (19.6) −8.2 (17.8) −7.4 (−12.6 to −2.2) .005

Health-related quality of life (AQoL)d −0.07 (0.16) −0.00 (0.14) −0.07 (−0.11 to −0.02) .002

Physical activity levels (PASE)d −14.0 (67.1) −9.6 (78.7) −9.6 (−29.8 to 10.5) .35

Self-efficacy (ASES)d

Pain −0.7 (2.6) −0.0 (1.9) −0.6 (−1.3 to −0.0) .046

Function −0.3 (2.2) −0.2 (1.3) 0.0 (−0.4 to 0.5) .89

Self-efficacy exercise (SEE) 4.8 (23.5) 6.2 (19.5) −2.4 (−7.9 to 3.1) .39

Treatment satisfactionc NA NA 1.2 (0.7 to 1.6) <.001

Abbreviations: AQoL, Assessment of Quality of Life; ASES, Arthritis Self-Efficacy
Scale; KOOS, Knee Injury and Osteoarthritis Outcome score; NA, not applicable;
NRS, numeric rating scale; PASE, Physical Activity Scale for the Elderly;
SEE, Self-Efficacy for Exercise; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
a Instruments and scoring ranges: AQoL, −0.04 to 1.0, with higher scores

indicating better quality of life; ASES function subscale, 1-10, with higher
scores indicating greater self-efficacy; ASES pain subscale, 1-10, with higher
scores indicating greater self-efficacy; KOOS, 0-100, with lower scores
indicating worse pain/symptoms/function/quality of life; NRS, 0-10 with
higher scores indicating worse pain; PASE, 0-400+, with higher scores
indicating more activity; SEE scale, 0-90, with high scores indicating greater

self-efficacy; treatment satisfaction, 1-7, with higher scores indicating greater
treatment satisfaction; and WOMAC physical function subscale, 0-68, with
higher scores indicating worse function.

b Adjusted for baseline value of outcome where possible.
c For change within groups, positive changes indicate improvement. For

difference in change between groups, positive differences favor the
intervention.

d For change within groups, negative changes indicate improvement. For
difference in change between groups, negative differences favor the
intervention.

Table 4. Percentage of Participants Achieving Minimal Clinically Important Improvements and Reporting Global Improvement,
Using Multiply Imputed Data

Measurement Intervention Control

Relative risk Risk difference

(95% CI)a P value (95% CI)b P value
Improvement, units

NRS, ≥1.8c 72.1 42.0 1.72 (1.25-2.18) <.001 0.30 (0.16-0.44) <.001

WOMAC, ≥6c 68.0 40.8 1.66 (1.19-2.13) <.001 0.27 (0.13-0.41) <.001

Improved overalld 57.3 27.4 2.09 (1.26-2.92) <.001 0.30 (0.16-0.44) <.001

Abbreviations: NRS, numeric rating scale; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
a Relative risk of >1 favors the intervention.
b Risk difference of >0 favors the intervention.

c Minimal clinically important improvements.
d Rated using 7-point scales with terminal descriptors of much worse to much

better, with those indicating moderately better or much better classified as
improved.
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the study findings may not generalize to people with lower
levels of education or self-efficacy. At baseline, participants
not completing 24-week outcomes used more analgesics
and injections, although symptom severity was similar
between groups; therefore, the intervention may not meet
the needs of those who prefer pharmacological treatments.
We did not include a long-term follow-up; therefore,
whether the intervention effects are maintained beyond 24
weeks is unknown. Finally, because the comparator was
web-based education, it remains unknown how the inter-
vention compares with clinician-delivered interventions
(1-on-1 or group based).

Conclusions

A web-based intervention of self-directed strengthening ex-
ercise and physical activity guidance supported by auto-
mated behavior-change text messages improved knee pain and
function at 24 weeks. The benefits may be clinically relevant
and indicate that this unsupervised, free-to-access interven-
tion could be an effective option for improving patient access
to recommended OA exercise and supporting clinicians in pro-
viding exercise management to people with knee OA at scale
across the population.
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