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Background: Effective, accessible biopsychosocial treatments
are needed to manage chronic knee pain on a population level.

Objective: To evaluate the effectiveness of Internet-delivered,
physiotherapist-prescribed home exercise and pain-coping skills
training (PCST).

Design: Pragmatic parallel-group randomized, controlled
trial. (Australian New Zealand Clinical Trials Registry:
ACTRN12614000243617)

Setting: Community (Australia).

Patients: 148 persons aged 50 years or older with chronic knee
pain.

Intervention: The intervention was delivered via the Internet
and included educational material, 7 videoconferencing (Skype
[Microsoft]) sessions with a physiotherapist for home exercise,
and a PCST program over 3 months. The control was Internet-
based educational material.

Measurements: Primary outcomes were pain during walking
(11-point numerical rating scale) and physical function (Western
Ontario and McMaster Universities Osteoarthritis Index) at 3
months. Secondary outcomes were knee pain, quality of life,
global change (overall, pain, and functional status), arthritis self-
efficacy, coping, and pain catastrophizing. Outcomes were also
measured at 9 months.

Results: Of participants enrolled, 139 (94%) completed primary
outcome measures at 3 months and 133 (90%) completed sec-
ondary outcome measures at 9 months; multiple imputation was
used for missing data. The intervention group reported signifi-
cantly more improvement in pain (mean difference, 1.6 units
[95% CI, 0.9 to 2.3 units]) and physical function (mean difference,
9.3 units [CI, 5.9 to 12.7 units]) than the control group at 3
months, and improvements were sustained at 9 months (mean
differences, 1.1 units [CI, 0.4 to 1.8 units] and 7.0 units [CI, 3.4 to
10.5 units], respectively). Intervention participants showed signif-
icantly more improvement in most secondary outcomes than
control participants. At both time points, significantly more inter-
vention participants reported global improvements.

Limitation: Participants were unblinded.

Conclusion: For persons with chronic knee pain, Internet-
delivered, physiotherapist-prescribed exercise and PCST pro-
vide clinically meaningful improvements in pain and function
that are sustained for at least 6 months.

Primary Funding Source: National Health and Medical Re-
search Council.
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Osteoarthritis is the leading cause of persistent knee
pain, affecting around one quarter of adults (1, 2),

and is a major contributor to global disability (3). Knee
osteoarthritis causes loss of function, reduced quality of
life, and psychological disability (4). It has no cure and,
given the aging population and increasing obesity
rates, disease burden is rapidly increasing (5, 6). The
urgent need for effective and accessible models of
health service delivery that can be provided on a pop-
ulation level has been recognized as a research priority
by key stakeholders (7). Such models should take a
biopsychosocial approach; emphasize nondrug, non-
surgical treatment; and foster self-management, of
which appropriate educational information is a core
component (8).

Exercise has well-established benefits for pain and
function in persons with knee osteoarthritis (9–11) and
is recommended by clinical guidelines as the corner-
stone of conservative management (12). It is often pre-
scribed by a health professional and can be performed
effectively at home (9). Evidence also supports pain-

coping skills training (PCST), an approach based on
cognitive behavioral principles, to target psychological
factors, such as low self-efficacy, poor pain coping, and
pain catastrophizing, that are common in persons with
chronic pain (13, 14). However, for many, accessing
specialist clinicians to prescribe and supervise these
treatments may be difficult due to cost, transport is-
sues, or geographic location, particularly in regional
and rural areas where services may be limited or non-
existent (15, 16).

The Internet is a time-efficient and convenient
method to deliver health interventions with broad
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reach (17, 18). Educational material is often accessed
online by persons with chronic pain (19). Remotely de-
livered physiotherapy and exercise can benefit persons
with knee pain and osteoarthritis (20–22) and those
who have undergone knee joint replacement, albeit
often using sophisticated technology (23). An Internet-
based interactive PCST program (PainCOACH), de-
signed to translate key therapeutic elements of
clinician-delivered face-to-face PCST (24), showed im-
proved outcomes in persons with hip or knee osteoar-
thritis (25). An online intervention combining these
treatments aligns with a biopsychosocial approach to
chronic disease management (8) but has not been in-
vestigated in this patient population.

This study aimed to evaluate the effectiveness of
an innovative Internet-based intervention combining
physiotherapist-prescribed home exercise delivered
via videoconferencing (Skype [Microsoft]) and auto-
mated PCST in addition to educational material in per-
sons with chronic knee pain. Our primary hypothesis
was that the intervention would reduce pain and im-
prove physical function after 3 months compared with
educational material only.

METHODS
Design Overview

We conducted a parallel, 2-group pragmatic ran-
domized, controlled trial. The protocol has been pub-
lished (26). The trial was prospectively registered with
the Australian New Zealand Clinical Trials Registry
(ACTRN12614000243617). Initial registration errone-
ously listed the Depression, Anxiety and Stress Scale
(DASS-21) as a secondary outcome rather than an eli-
gibility screening tool. We amended the registry after
enrolling 16 participants but before collecting
follow-up data. No interim analyses were performed.
The Institutional Human Ethics Committee approved
the trial, and participants provided informed consent.

Recruitment occurred from March 2014 to May
2015, with follow-up completed in February 2016. Par-
ticipants and physiotherapists were unblinded to group
allocation and were aware of the alternative treatment
components, but study hypotheses were not disclosed
to participants. The statistician was blinded. A nested
health economic evaluation and a qualitative study ex-
ploring patients' and physiotherapists' experiences will
be published separately.

Setting and Participants
We recruited community-dwelling participants

from Australia via print, radio, and social media adver-
tisements and our database. Eligibility was confirmed
using an online survey followed by a telephone inter-
view. Inclusion criteria were age 50 years or older, knee
pain for more than 3 months and on most days of the
previous month, knee pain during walking (score of ≥4
on an 11-point numerical rating scale [NRS], with termi-
nal descriptors of “no pain” and “worst pain possible”)
in the previous week, mild to moderate physical dys-
function (score >20 out of 68 on the physical function

subscale of the Western Ontario and McMaster Univer-
sities Osteoarthritis Index [WOMAC]), and an active
e-mail account and a computer with Internet access.

Exclusion criteria were joint replacement in the
symptomatic knee, awaiting joint replacement surgery,
intra-articular corticosteroid injection or knee surgery in
the previous 6 months or planned joint surgery in the
subsequent 9 months, treatment for knee pain or par-
ticipation in a strengthening exercise or PCST program
in the previous 6 months, systemic arthritic condition,
neurologic condition affecting the lower limb or limit-
ing exercise, pain at another site that was worse than
knee pain or limited exercise, and high-level depres-
sion (score >21 on the depression subscale of the
DASS-21 [27]).

Randomization and Interventions
Computer-generated randomization was con-

ducted by random permuted blocks of size 2 to 8 strat-
ified by sex and residence (metropolitan or regional/
rural). The randomization schedule was prepared by an
independent biostatistician and concealed from the re-
searcher enrolling participants in sequentially num-
bered, opaque, sealed envelopes.

Intervention
Participants received 3 Internet-delivered treat-

ments. The first was educational material about exer-
cise and physical activity, pain management, emotions,
healthy eating, complementary therapies, and medica-
tions (www.arthritisaustralia.com.au). Participants were
encouraged to access the material at their leisure. The
second was an interactive automated PCST program
(PainCOACH) (24, 25). Participants were asked to com-
plete eight 35- to 45-minute modules (1 per week com-
mencing in week 1) and practice pain-coping skills
daily (Appendix Table 1, available at Annals.org).
These skills included progressive relaxation, activity–
rest cycling, scheduling pleasant activities, changing
negative thoughts, pleasant imagery and distraction
techniques, and problem solving. The third was 7
Skype sessions with a physiotherapist over 12 weeks (in
weeks 2, 3, 4, 6, 8, 10, and 12). Sessions lasted 45 min-
utes in weeks 2 and 12 and 30 minutes in the other
weeks. Physiotherapists were allocated to participants
on the basis of availability, and the same physiothera-
pist undertook all consultations with any given partici-
pant. The physiotherapist performed a brief assess-
ment and prescribed a lower-limb–strengthening home
exercise program to be performed 3 times per week
(26, 28) (Appendix Table 2, available at Annals.org).
Exercise progression was provided by varying the exer-
cises, repetitions, load, or difficulty to approximate a
10-repetition maximum level and a self-rated effort
level of at least 5 out of 10 (hard) on a modified Borg
Rating of Perceived Exertion scale (29). Participants
were provided with instructions, video demonstrations,
and equipment (such as resistance bands and ankle
weights). They also were encouraged to increase phys-
ical activity levels, received written information about

ORIGINAL RESEARCH Internet-Delivered Exercise and Pain-Coping Skills Training for Knee Pain

2 Annals of Internal Medicine Annals.org

Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/0/ by a NYU Medical Center Library User  on 02/21/2017

http://www.arthritisaustralia.com.au
http://www.annals.org
http://www.annals.org
http://www.annals.org


how to do so, and were given the option of using a
pedometer for motivation (provided at no cost).

Generic e-mail reminders to complete PainCOACH
modules were sent weekly during the first 8 weeks. At
week 11 and at monthly intervals from week 13, partic-
ipants received e-mails encouraging them to review the
final module, revisit useful or meaningful modules, and
continue home exercise and pain-coping skills practice.

Eight physiotherapists (4 men) with an average of
16 years (range, 3 to 28 years) of clinical musculoskel-
etal experience were trained to deliver the exercise
component. Physiotherapists attended a 1-day training
course conducted by the researchers and were given
an exercise manual. They also were provided with an
overview of PainCOACH and were asked to encourage
participants to complete modules and practice skills.
Regular telephone and Skype meetings between the
physiotherapists and the researchers were held to dis-
cuss implementation of the intervention. A brief video
showing a mock physiotherapy session is provided in
Supplement 1 (available at Annals.org).

Control
The control group received access to the same on-

line educational material as the intervention group.

Outcomes and Follow-up
Participants completed measurements online at

baseline, 3 months (primary time point), and 9 months.
They received a $50AUD gift voucher for completing all
questionnaires. The primary outcomes were valid and
reliable self-reported measures of pain and physical
function that are recommended for knee osteoarthritis
clinical trials (30). Overall average pain during walking
over the previous week was measured with an NRS,
with terminal descriptors of “no pain” (score of 0) and
“worst pain possible” (score of 10) and a minimum clin-
ically important difference (MCID) of 1.8 units (31). Dif-
ficulty with physical function over the previous 48 hours
was measured with the WOMAC (Likert version 3.1)
physical function subscale (32), with total scores rang-
ing from 0 (no dysfunction) to 68 (maximum dysfunc-
tion) and an MCID of 6 units (33).

Secondary outcomes included knee pain over the
previous 48 hours, measured using the WOMAC pain
subscale (32) (scores range from 0 [no pain] to 20 [max-
imum pain]); global change overall, in pain, and in
physical function, measured using 7-point Likert scales
with terminal descriptors of “much worse” to “much
better” (measured at 3 and 9 months); health-related
quality of life, measured using the Assessment of Qual-
ity of Life instrument (34) (version 2, with scores ranging
from �0.04 [lowest quality] to 1.00 [highest quality]
[35]); self-efficacy for pain and function, measured us-
ing the Arthritis Self-Efficacy Scale (36) (scores range
from 1 to 10, with higher scores indicating greater self-
efficacy); pain catastrophizing, measured using the Pain
Catastrophizing Scale (37) (scores range from 0 to 52,
with higher scores indicating greater catastrophizing);
and use of coping skills to manage pain, measured us-
ing the Coping Attempts Scale of the Coping Strategies

Table 1. Baseline Descriptive Characteristics*

Characteristic Intervention
(n � 74)

Control
(n � 74)

Mean age (SD), y 60.8 (6.5) 61.5 (7.6)

Female, n (%) 43 (58) 40 (54)

Geographic location, n (%)
Metropolitan 42 (57) 42 (57)
Regional/rural 32 (43) 32 (43)

Mean height (SD), cm 170.0 (5.9)† 168.3 (4.4)‡

Mean weight (SD), kg 92.1 (38.2)† 87.3 (30.5)‡

Mean body mass index (SD), kg/m2 32.0 (13.9)† 30.1 (10.2)‡

Symptom duration, n (%)
<2 y 11 (15) 24 (32)
2–10 y 38 (51) 35 (47)
>10 y 24 (34) 15 (20)

Level of education, n (%)
<3 y of high school 3 (4) 5 (7)
≥3 y of high school 13 (18) 19 (26)
Some education beyond high school 15 (20) 22 (30)
Tertiary or higher 43 (58) 28 (38)

Employment status, n (%)
Currently employed 40 (54) 45 (61)
Retired (not due to health reasons) 23 (31) 21 (28)
Unemployed/student 4 (5) 2 (3)
Homemaker 2 (3) 3 (4)
Unable to work due to health reasons 5 (7) 3 (4)

Current drug/supplement use, n (%)§
Analgesia (acetaminophen combinations) 28 (38) 29 (39)
Nonsteroidal anti-inflammatory drugs 17 (23) 17 (23)
Cyclooxygenase-2 inhibitors 3 (4) 4 (5)
Topical anti-inflammatory drugs 16 (22) 15 (20)
Glucosamine/chondroitin products 19 (26 22 (30)
Opioids 1 (1) 0 (0)
Other 23 (31) 27 (37)

Expectation of treatment outcomes,
n (%)

No effect 0 (0) 0 (0)
Minimal improvement 11 (15) 24 (32)
Moderate improvement 38 (51) 35 (47)
Large improvement 25 (34) 15 (20)
Complete recovery 0 (0) 0 (0)

Years using the Internet, n (%)
>1 0 (0)�� 1 (2)¶
1–4 2 (3)�� 1 (2)¶
≥5 61 (97)�� 54 (96)¶

Internet use for social media, including
Skype, n (%)

Never 4 (6)�� 4 (7)¶
Once per month or less 5 (8)�� 7 (13)¶
Once per week 3 (5)�� 6 (11)¶
Several times per week 10 (16)�� 8 (14)¶
Daily 41 (65)�� 31 (55)¶

Self-rated ability to use the Internet,
n (%)

Poor 1 (2)�� 1 (2)¶
Fair 3 (5)�� 9 (14)¶
Good 28 (44)�� 23 (37)¶
Excellent 31 (49)�� 23 (37)¶

* Percentages may not sum to 100 due to rounding.
† 64 responses.
‡ 69 responses.
§ Defined as at least once per week.
�� 63 responses.
¶ 56 responses.
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Questionnaire (38) (scores range from 0 to 163, with
higher scores indicating more frequent use of coping
skills [39]).

Adverse effects of treatment (any problem be-
lieved by the participant to be caused by treatment and
lasting ≥2 days and/or requiring medication or treat-
ment) and co-interventions were recorded via log-
books during the first 3 months and an online survey at
3, 6, and 9 months. Use of health services and co-

interventions was collected using an online survey at 0,
3, and 9 months.

Demographic information was collected at base-
line. Before randomization, participants were asked to
rate their expected treatment effect using a 5-point
Likert scale ranging from “no effect” to “complete
recovery.”

Adherence was measured by the number of Skype
physiotherapy sessions attended; the number of Pain-

Figure. Study flow diagram.

Assessed for initial eligibility (n = 702)

Baseline assessment (n = 148)

Randomization (n = 148)

Allocated to exercise and PCST
intervention (n = 74)

Over 3 mo: online educational material,
7 individual physiotherapist sessions

over Internet, home exercise 3 times per
week, and Internet-based PCST (8 weekly
sessions plus monthly reminder e-mails)

Physiotherapists performing
   the intervention (n = 8)
Patients treated by each physiotherapist: 
   median, 9 (IQR, 1.8; range, 5 to 11)

Over the next 6 mo: continue online 
education use, home exercise, and

PCST practice

Over the next 6 mo: continue online
education use

Assessed at 9 mo (n = 66)
Lost to follow-up (n = 4)
   Unable to contact: 2
   Health issues: 1
   Deceased: 1

Assessed at 9 mo (n = 67)
Lost to follow-up (n = 2)
   Deceased: 1
   Declined: 1

Assessed at 3 mo (n = 70)
Lost to follow-up (n = 4)
   Unable to contact: 3
   Family issues: 1

Assessed at 3 mo (n = 69)
Lost to follow-up (n = 5)
   Unable to contact: 4
   Family illness: 1

Analyzed (n = 74) Analyzed (n = 74)

Allocated to educational intervention
control (n = 74)

Over 3 mo: online educational material
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Excluded (n = 554)
   Did not meet inclusion criteria: 287
      Low pain level: 128
      Low WOMAC score: 123
      Knee pain not on most days: 14
      No or poor home Internet access: 14
      Aged <50 y: 6
      Pain for <3 mo: 2
   Met exclusion criteria: 149
      Unwilling to commit to 9 mo: 27
      Other major joint problem: 24
      High DASS score: 16
      Systemic arthritis: 15
      Other: 67
   Eligible but did not participate: 49
      Withdrew: 45
      Changed mind: 4
   Uninterested/unable to contact: 69

DASS = Depression, Anxiety and Stress Scale; IQR = interquartile range; PCST = pain-coping skills training; WOMAC = Western Ontario and
McMaster Universities Osteoarthritis Index.
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COACH sessions completed (extracted from the pro-
gram); the self-reported number of exercise sessions
and pain-coping skills practice sessions in the previous
2 weeks at 3, 6, and 9 months, converted to a percent-
age of total prescribed sessions; self-reported adher-
ence to home exercise over the previous 3 months at 3,
6, and 9 months, measured using an 11-point NRS (with
terminal descriptors of “not at all” and “completely as
instructed”); and the percentage of participants access-
ing online educational material in the previous 3
months. Satisfaction with treatment was assessed at
week 13 using a 5-point Likert scale ranging from “very
satisfied” to “very dissatisfied” (9).

Statistical Analysis
Moderate between-group treatment effects of

around 0.5 have previously been reported for pain and
function after exercise programs in persons with knee
osteoarthritis (9). Therefore, to detect an effect size of
at least 0.5 between groups in either pain or function
with 80% power, a 2-sided significance level of 0.05,
and 15% attrition, we aimed to recruit 74 participants in
each group.

Analyses were performed using Stata, version 14.1
(StataCorp). An intention-to-treat analysis was used that
included all randomly assigned participants in their as-
signed treatment group, with 2-sided hypothesis tests
and a P value less than 0.05 considered significant.
Missing outcome data were imputed using chained
equations with predictive mean matching drawing from
the 3 nearest neighbors for continuous outcomes and
logistic regression imputation models for global
change outcomes, with data imputed for each treat-
ment group separately (Stata mi impute chained com-
mand). Due to collinearity of global change variables,
each was imputed separately while all continuous vari-
ables were imputed iteratively. Missing baseline body

mass index values were imputed using single-mean im-
putation (40). Estimates from 20 imputed data sets
were combined using Rubin rules (41). Each imputed
data set was visually compared with the complete
outcome data set. For continuous outcomes, mean
between-group differences in change (baseline minus
follow-up) and the corresponding 95% CIs were esti-
mated using mixed linear regression models (Stata
mixed command).

Longitudinal analyses were conducted, with differ-
ences between baseline and follow-up as outcomes,
with adjustment for baseline scores and stratification
variables (sex and residency) and an interaction be-
tween month and treatment group as fixed effects, and
with random effects for physiotherapists and individu-
als included. Within-group differences from baseline at
each follow-up time point were summarized using ad-
justed mean changes and 95% CIs; these were also
computed by allocated physiotherapists for primary
outcomes.

The proportion of participants in each group who
attained the MCID for the primary outcomes (reduction
of 1.8 units for pain and 6 units for function) was calcu-
lated. Based on perceived global change overall and in
pain and function, participants reporting “moderately
better” or “much better” function were classified as im-
proved, and others were classified as not improved.
Binary outcomes were compared across groups using
risk differences calculated (Stata margins command) af-
ter fitting longitudinal logistic regression models that
were adjusted for stratification variables using general-
ized estimating equations to account for clustering by
physiotherapist (Stata xtgee command) (42).

Sensitivity analyses for the primary outcomes, as-
suming systematic differences between participants
who withdrew and those who remained, were con-

Table 2. Mean Scores on Continuous Outcome Measures Across Time, by Group*

Outcome Baseline Month 3 Month 9

Intervention
(n � 74)

Control
(n � 74)

Intervention
(n � 70)

Control
(n � 69)

Intervention
(n � 66)

Control
(n � 67)

Primary
Pain during walking (NRS)† 6.1 (1.4) 6.2 (1.3) 3.3 (2.2) 5.1 (2.0) 3.6 (2.2) 4.7 (2.5)
Physical function (WOMAC)‡ 33.1 (8.0) 32.5 (8.3) 18.3 (10.7) 27.6 (11.7) 18.7 (10.2) 25.7 (11.6)

Secondary
Knee pain (WOMAC)§ 9.0 (2.4) 9.2 (2.5) 5.1 (2.7) 7.7 (3.3) 5.1 (2.9) 6.9 (3.5)
Quality of life (AQoL-2)�� 0.7 (0.2) 0.7 (0.1) 0.8 (0.1) 0.7 (0.1) 0.8 (0.2) 0.7 (0.2)
Self-efficacy (ASES)¶

Pain 6.1 (1.8) 5.9 (1.8) 7.6 (2.0) 5.7 (2.1) 7.5 (2.0) 6.2 (1.8)
Function 7.6 (1.6) 7.5 (1.4) 8.6 (1.4) 7.8 (1.6) 8.6 (1.8) 7.9 (1.4)

Pain catastrophizing (PCS)** 8.8 (9.2) 10.1 (9.6) 5.7 (6.3) 9.4 (9.4) 6.2 (7.4) 9.3 (8.7)
Coping attempts (CSQ)†† 61.7 (24.9) 65.7 (24.9) 72.7 (26.1) 69.8 (23.3) 74.6 (26.6) 67.0 (28.0)

AQoL-2 = Assessment of Quality of Life, version 2; ASES = Arthritis Self-Efficacy Scale; CSQ = Coping Strategies Questionnaire; NRS = numerical
rating scale; PCS = Pain Catastrophizing Scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
* Values in parentheses are SDs.
† Ranges from 0 to 10; lower scores indicate less pain.
‡ Ranges from 0 to 68; lower scores indicate better function.
§ Ranges from 0 to 20; lower scores indicate less pain.
�� Ranges from −0.04 to 1.00; higher scores indicate better quality of life.
¶ Ranges from 1 to 10; higher scores indicate greater self-efficacy.
** Ranges from 0 to 52; higher scores indicate greater catastrophizing.
†† Ranges from 0 to 163; higher scores indicate more frequent use of coping skills.
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ducted using a pattern-mixture model approach to
quantify the degree of violation of the missing-
at-random assumption (43). Three scenarios were con-
sidered: violation of the assumption in both groups and
in each group only.

Role of the Funding Source
The National Health and Medical Research Council

had no role in study design, conduct, or analysis or the
decision to submit the manuscript for publication.

RESULTS
We enrolled 148 participants from 7 of 8 Australian

states, 43% of whom were from regional or rural areas.
Participants in both treatment groups were similar at
baseline, although those in the intervention group had
longer symptom duration and higher educational levels
(Table 1). Three participants randomly assigned to the
intervention group were not assigned a physiotherapist
(1 could not be contacted and 2 declined because of
other commitments). Nine (6%) and 15 (10%) of the 148
participants were lost to follow-up at 3 and 9 months,
respectively, and loss to follow-up was similar across
groups (Figure). Participants who were lost to follow-up
at 3 months were more likely to live in regional or rural
areas and to have higher body mass index and less
likely to be retired than those who remained, with no
differences at 9 months.

Adherence, adverse events, co-interventions, and
treatment satisfaction are shown in Appendix Table 3

(available at Annals.org). In the first 3 months, educa-
tional material was accessed by 78% and 88% of partic-
ipants in the intervention and control groups, respec-
tively. Participants in the intervention group attended a
mean of 6.3 (95% CI, 5.9 to 6.7) of 7 Skype physiother-
apy sessions and completed 6.4 (CI, 5.7 to 7.0) of 8
PainCOACH modules. In the first 3 months, 68% (CI,
60% to 75%) of prescribed home exercise sessions and
64% (CI, 56% to 72%) of PCST practice sessions were
completed, with numbers decreasing during follow-up
to 47% (CI, 39% to 56%) and 41% (CI, 33% to 49%),
respectively. During treatment, more participants in the
intervention group (n = 22) than the control group (n =
3) reported adverse events. Adverse events were mi-
nor, with increased knee pain being most common
in both groups (15 and 3 events, respectively). Co-
interventions and medication use were similar between
groups. Satisfaction with intervention components was
high.

Table 2 summarizes continuous outcomes over
time, and Table 3 shows changes between and within
groups. For the primary outcomes at 3 months, the
intervention group reported significantly greater im-
provement in pain (mean difference, 1.6 units [CI, 0.9 to
2.3 units]) and WOMAC physical function (mean differ-
ence, 9.3 units [CI, 5.9 to 12.7 units]) than the control
group, and these effects were sustained at 9 months
(mean differences, 1.1 units [CI, 0.4 to 1.8 units] and 7.0
units [CI, 3.4 to 10.5 units], respectively). Both groups

Table 3. Mean Change Within Groups and Adjusted Mean Difference in Change Between Groups for Multiply Imputed Data*

Outcome Change Within Group

Baseline � Month 3 Baseline � Month 9

Intervention (n � 70) Control (n � 69) Intervention (n � 66) Control (n � 67)

Primary
Pain during walking (NRS)‡§ 2.7 (2.2 to 3.2) 1.2 (0.7 to 1.6) 2.5 (2.0 to 3.0) 1.5 (0.9 to 2.1)
Physical function (WOMAC)‡�� 14.4 (11.8 to 17.0) 4.9 (2.3 to 7.5) 13.9 (11.2 to 16.6) 6.6 (4.0 to 9.3)

Secondary
Knee pain (WOMAC)‡¶ 3.9 (3.1 to 4.7) 1.5 (0.7 to 2.3) 3.7 (2.9 to 4.5) 2.3 (1.4 to 3.1)
Quality of life (AQoL-2)**†† −0.1 (−0.1 to 0) 0 (−0.1 to 0) −0.1 (−0.1 to 0) 0 (0 to 0)
Self-efficacy (ASES)**‡‡

Pain −1.5 (−2.0 to −1.0) 0.3 (−0.3 to 0.8) −1.3 (−1.8 to −0.8) −0.2 (−0.7 to 0.3)
Function −0.9 (−1.3 to −0.5) −0.3 (−0.7 to 0.1) −0.8 (−1.3 to −0.4) −0.4 (−0.7 to −0.1)

Pain catastrophizing (PCS)‡§§ 0.6 (0.3 to 1.0) 0.1 (−0.3 to 0.5) 0.5 (0.1 to 1.0) 0.2 (−0.2 to 0.6)
Coping attempts (CSQ)**�� �� −11.3 (−16.8 to −5.8) −4.7 (−9.5 to 0.1) −13.1 (−19.4 to −6.8) −0.3 (−5.5 to 4.9)

AQoL-2 = Assessment of Quality of Life, version 2; ASES = Arthritis Self-Efficacy Scale; CSQ = Coping Strategies Questionnaire; NRS = numerical
rating scale; PCS = Pain Catastrophizing Scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
* Values in parentheses are 95% CIs.
† Adjusted for baseline value of outcome, sex, and geographic location, as well as clustering effects for physiotherapist and measurements from the
same participant.
‡ For change within groups, positive values indicate improvement. For differences in change between groups, positive values favor the intervention
and negative values favor the control.
§ Ranges from 0 to 10; lower scores indicate less pain.
�� Ranges from 0 to 68; lower scores indicate better function.
¶ Ranges from 0 to 20; lower scores indicate less pain.
** For change within groups, negative values indicate improvement. For differences in change between groups, negative values favor the inter-
vention and positive values favor the control.
†† Ranges from −0.04 to 1.00; higher scores indicate better quality of life.
‡‡ Ranges from 1 to 10; higher scores indicate greater self-efficacy.
§§ Square-root transformation of outcome due to nonnormality of residuals. Results are interpreted in terms of increases on the square-root scale
of the outcome; relative to the control group, the intervention group increases the square root of the outcome by the amount shown. Ranges from
0 to 52; higher scores indicate greater catastrophizing.
�� �� Ranges from 0 to 163; higher scores indicate more frequent use of coping skills.
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showed significant improvements from baseline at 3
and 9 months, with a significantly greater proportion of
participants in the intervention group exceeding MCIDs
at both time points (Appendix Table 4, available at
Annals.org). Although there was variability across phys-
iotherapists in mean difference in change from base-
line, sizes of observed differences were consistent
across physiotherapists (Appendix Table 5, available at
Annals.org). Sensitivity analyses indicated that relatively
large systematic differences between participants who
did and did not drop out were required to ameliorate
estimated differences (Appendix Figures 1 to 4, avail-
able at Annals.org).

All secondary outcomes except coping attempts at
3 months and self-efficacy (function) at 9 months
showed significant between-group differences favoring
the intervention (Table 3). The intervention group had
significant improvements in all secondary outcomes at
both time points, whereas the control group improved
only on WOMAC pain at 3 months and WOMAC pain
and self-efficacy (function) at 9 months (Table 3). At
both time points, significantly more participants in the
intervention group reported global improvements (Ap-
pendix Table 6, available at Annals.org).

Sensitivity analyses that adjusted for symptom du-
ration and educational level revealed minor changes to
the estimates that favored the intervention more
strongly (Appendix Tables 7 and 8, available at Annals
.org).

DISCUSSION
In this study, an innovative online intervention com-

bining physiotherapist-prescribed home exercise and
an interactive PCST program provided substantial clin-
ical benefits for persons with chronic knee pain. The
intervention had broad reach, being accessed by par-
ticipants from throughout Australia in both metropoli-
tan and regional or rural localities. Of note, participants
were highly satisfied with the intervention. Uptake of
and adherence to Skype physiotherapy and Pain-
COACH were excellent, and home exercise adherence
was consistent with that reported for face-to-face phys-
iotherapy (44).

Improvements in pain and function with the inter-
vention were large at 3 months and were significantly
greater than those in the control group. Between-
group differences exceeded the MCID for function and
almost reached the MCID for pain. Significantly greater
improvements with the intervention were also seen in
almost all secondary outcomes. Benefits were apparent
at 9 months, although between-group differences were
slightly reduced; this was mainly due to improvement
in the control group rather than loss of benefit in the
intervention group. These results support the short-
and longer-term effectiveness of this intervention
across several patient-relevant domains for persons
with chronic knee pain.

Although there are no directly comparable studies,
our findings align with several studies investigating re-
mote delivery of care in persons with knee pain or os-
teoarthritis. A 6-week exercise program provided by
telephone was as beneficial as in-clinic exercise for 50
patients with knee osteoarthritis in Nigeria (21, 45), and
an exercise program delivered via group-based video-
conferencing improved clinical outcomes in an uncon-
trolled study of 22 older patients with knee pain in
Hong Kong (22). Research investigating sophisticated
telerehabilitation service models has involved patients
who had knee arthroplasty for osteoarthritis, with out-
comes similar to those with face-to-face delivery (23,
46–50). In the only study of Internet-delivered PCST,
Rini and colleagues (25) found that in a racially diverse
sample of persons with osteoarthritis in the hip, the
knee, or both—some of whom had low income, lived in
a rural area, or had little computer experience—Pain-
COACH led to significant pain reductions in women
and improvements in self-efficacy in both men and
women. The larger benefits in our study are likely due
to the combination of exercise and PCST. This is con-
sistent with the finding that an intervention consisting
of in-clinic physiotherapist-prescribed exercise and
face-to-face PCST is more effective than either alone in
persons with knee osteoarthritis (14), emphasizing the
benefits of addressing both biological and psychoso-
cial factors to optimize outcomes.

Given that Internet use is increasing among older
adults (51), our online intervention offers an effective,
safe, acceptable, and viable alternative to traditional
treatment delivery. Participants were highly satisfied
with the physiotherapy component. This agrees with
limited telerehabilitation research in patients after knee
arthroplasty, who valued development of a bond with
the therapist while maintaining privacy and personal
space (50, 52). Similarly, satisfaction with and adher-
ence to PainCOACH were high, which is notable be-
cause adherence to online treatment resources can be
low (53, 54). Cognitive behavioral treatments from clin-
ical psychologists are rarely available to persons with
chronic knee pain (55). Because PainCOACH requires
no clinician input, it can be an economical approach
to self-management. We are in the process of making
PainCOACH freely and publicly available on the
Internet.

Table 3—Continued

Difference in Change Between Groups†

Baseline to Month 3 P Value Baseline to Month 9 P Value

1.6 (0.9 to 2.3) <0.001 1.1 (0.4 to 1.8) 0.003
9.3 (5.9 to 12.7) <0.001 7.0 (3.4 to 10.5) <0.001

2.5 (1.5 to 3.5) <0.001 1.6 (0.6 to 2.6) 0.003
−0.1 (−0.1 to 0) 0.023 −0.1 (−0.1 to 0) 0.018

−1.9 (−2.5 to −1.2) <0.001 −1.2 (−1.9 to −0.6) <0.001
−0.7 (−1.2 to −0.2) 0.006 −0.4 (−0.9 to 0.1) 0.093

0.7 (0.2 to 1.1) 0.006 0.5 (0 to 1.0) 0.049
−5.3 (−12.4 to 1.8) 0.142 −11.6 (−18.7 to −4.4) 0.002
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We found significant improvements in pain and
function outcomes in our control group. However,
these improvements were smaller than those in the in-
tervention group and were of questionable clinical rel-
evance because they did not reach MCIDs for primary
outcomes. Furthermore, only 32% of participants in the
control group exceeded the MCID for change in pain
during walking and change in WOMAC physical func-
tion compared with 76% and 72%, respectively, in the
intervention group. The extent to which improvements
in the control group can be attributed to online educa-
tional material, which was accessed by 88% of partici-
pants, cannot be determined. Nevertheless, although
education is a key component of self-management and
a core recommended treatment for knee osteoarthritis
(12), a systematic review of 29 studies investigating var-
ious osteoarthritis educational interventions showed
that they resulted in no or small benefits (56). This sug-
gests that other contextual factors, such as attention
from the researchers, natural symptom improvement,
or regression to the mean, may explain the observed
improvements in the control group (57).

Strengths of our study include the pragmatic treat-
ment delivery by practicing physiotherapists, use of
freely and readily available videoconferencing technol-
ogy (Skype) and an automated PCST program not re-
quiring clinician input, and the inclusion of participants
in metropolitan and regional settings. Other strengths
include outcomes recommended for osteoarthritis clin-
ical trials covering various patient-relevant domains,
longer follow-up, and good participant retention and
adherence.

The study also has limitations. We could not deter-
mine the contribution of each treatment component to
the observed benefits or the minimum number of
Skype sessions required for clinical effectiveness. Al-
though participants were blinded to study hypotheses,
they were not blinded to treatment, which could have
resulted in overestimation of the benefits. We did not
control for nonspecific treatment effects. Although par-
ticipants had chronic knee pain, we did not perform a
clinical examination or radiography to confirm a diag-
nosis of knee osteoarthritis; this prevented us from ex-
amining whether radiographic severity influenced re-
sponse to treatment. Participants in the intervention
group had longer symptom duration and higher edu-
cational levels than those in the control group. How-
ever, sensitivity analyses showed that this imbalance
did not alter the findings. Our results may not necessar-
ily be generalizable to persons with lower educational
levels or with less competence and experience using
the Internet.

In conclusion, an Internet model of service delivery
combining education, physiotherapist-prescribed
home exercise, and interactive PCST, consistent with a
biopsychosocial approach to chronic disease manage-
ment, conferred clinically relevant benefits in both the
short term and the longer term for persons with chronic
knee pain. Such a model may greatly improve access to
these effective treatments.
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Appendix Table 1. Summary of the Internet-Based PainCOACH Content*

Module
Number

Coping Skill Content

1 Progressive relaxation Teach Gate Control Theory (how thoughts, feelings, and actions affect and are affected by
pain). Introduce and demonstrate progressive relaxation with animation; walk user
through use of the technique and active practice; help user identify/address circumstances
that might impede relaxation and chose strategies to overcome obstacles; plan regular
practice times; set practice goal.

2 Mini-practices Review prior session content and practices; introduce and demonstrate “mini-practices”
(brief relaxation) with animation; walk user through use of the technique and active
practice, gather/evaluate pre- and postactivity pain; help user identify/address
circumstances that might impede relaxation and choose strategies to overcome obstacles;
discuss benefits and reminders for practicing; plan regular practice times; set and review
practice goals.

3 Activity–rest cycling Review prior session content and practices; introduce concept of activity–rest cycling;
identify activities user tends to overdo; vicarious learning exercise demonstrate how to
change overdone activities; create personal plan to fit daily routine and personal goals;
review how other skills help with use of this one; plan regular practice times; set and
review practice goals.

4 Pleasant activity scheduling and identify
negative automatic thoughts

Review prior session content and practices; introduce concept of pleasant activity
scheduling; lead user through exercise for adding pleasant activities to their lives;
mini-practice of 10-minute pleasant activity to be done immediately (gather/evaluate pre-
and postactivity pain); schedule 3 pleasant activities for week; problem-solve barriers with
interactive vicarious learning exercise; introduce concept of negative automatic thoughts;
describe connections between thoughts, emotions, behaviors, and pain; walk user
through a thoughts exercise; plan regular practices; set and review practice goals.

5 Identify/change negative automatic
thoughts and coping thoughts

Review prior session content and practices; continue and advance prior session's activities
related to automatic thoughts and introduce coping thoughts. Practice identifying
negative thoughts and accompanying emotional and physical reactions of virtual patients,
then self; exercise to teach generation of alternative thoughts, then practice and record
accompanying sensations. Focus on teaching generation of alternative thoughts, practice
generating calming self-statements; practice skills and get feedback; identify and address
circumstances that impede use of these skills and strategies to overcome obstacles;
“mini-practices” for specific circumstances; plan regular practices; set and review practice
goals.

6 Pleasant imagery and distraction
techniques

Review prior session content and practices; introduce pleasant imagery and auditory and
focal point distraction techniques; complete exercises with audio instructions; plan regular
practices; set and review practice goals.

7 Problem solving Review prior session content and practices; introduce concept of problem solving and
describe steps; demonstrate problem solving with character stories; generate list of
challenging situations; exercise to help users select skills for each situation, with
personalized plan for overcoming barriers; plan regular practices; set and review practice
goals.

8 Monitoring for maintenance Review all session content; evaluate skill frequency, helpfulness, and comparison to other
users; exercises to develop plan for maintenance of skills; motivate further practice and
skill development; remind how skills facilitate personal goals; review practice goals.

– Monthly reminder e-mails Review module 8 as well as revisit any useful/meaningful sessions.

* Originally published by Springer Open (26).
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Appendix Table 2. Home Exercise Program Protocol*

Maximum of 6 exercises (with progression as appropriate)
2 knee extensor strengthening exercises
1 hip abductor strengthening exercise
1 hamstring strengthening exercise
1 calf strengthening exercise
1 other exercise chosen based on assessment findings

1. Quads strengthening (each program must include 2 exercises)
Knee extension Non–weight-bearing A. Seated knee extension (with resistance) with

5-second hold
Indications: Suggested as an initial exercise
Progression: Increase cuff weight or theraband

resistance—red through to black
Simplification: Eliminate weight or use 1B

Non–weight-bearing B. Inner range quads over roll (with resistance)
with 5-second hold

Indications: Usually only required when any flair
ups with seated knee extension (1A)

Progression: Use appropriate level of ankle cuff
weight

Simplification: Eliminate weight if flare up
Sit-to-stand Weight-bearing C. Sit to stand without using hands Indications: Suggested as an initial exercise

Progression: Lower chair height, hover above
the seat without touching down, more weight
on affected leg, slit leg position (affected leg
closer to seat)

Simplification: Use hands
Steps Weight-bearing D. Step-ups Indications: Suitable progression from sit to

stand (1C)
Progression: Increase step height, hold extra

weight (in hands or backpack)
Simplification: Sit to stand (1C)

Weight-bearing E. Forward touchdowns from a step Indications: Suitable progression from step-ups
(1D)

Progression: Increase step height, hold extra
weight (in hands or backpack), don't touch
down

Simplification: Step-ups (1D)
Partial squats Weight-bearing F. Partial wall squats Indications: Suitable progression from sit to

stand (1C)
Progression: Increase to 5-second hold, more

weight on study side
Simplification: If find flare/problematic step

back to sit to stand (1C)

2. Hip abductor strengthening (1 exercise)
Standing hip abduction Non–weight-bearing A. Side leg raises in standing Indications: Suggested as an initial exercise

Progression: Increase cuff weight or theraband
resistance—red through to black

Simplification: Eliminate weight
Side stepping Weight-bearing B. Crab walk with resistance band Indications: Good progression from standing

leg side raises (2A)
Progression: Increase theraband

resistance—red through to black
Simplification: Side leg raises in standing (2A)

Standing hip abduction Weight-bearing C. Wall push standing on study leg Indications: Good progression from crab
walking (2B) and for variety at final session

Progression: Increase step height. Hold extra
weight (in hands or backpack)

Simplification: If unable to tolerate static
standing on joint then avoid and use 2B or
2A. Precaution in those with increased varus.

3. Hamstring strengthening (1 exercise)
Standing knee flexion Non–weight-bearing Standing over bench knee curls with weight Progression: Increase cuff weight or theraband

resistance—red through to black
Simplification: Eliminate weight

4. Calf strengthening (1 exercise)
Standing plantar-flexion Weight-bearing Double heel raises Progression: Single heel raises, raises from the

edge of a step

5. Others (1 exercise if appropriate)
Knee range Weight-bearing A. Deep squats holding onto a bench/chair Progression: Increase squat depth
Hip range Weight-bearing B. Deep lunges holding onto back of

chair/bench
Progression: Increase lunge depth

Hip extensors Weight-bearing C. Bridging Progression: Split leg bridge, single bridge
with a hold, bridging 1 leg

* Originally published by Springer Open (26).
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Appendix Table 3. Adherence, Adverse Events, Co-interventions, and Treatment Satisfaction, by Group*

Measure Intervention Control

Adherence
Mean physiotherapy sessions attended (0–7) (95% CI), n 6.3 (5.9–6.7) –
Mean self-rated home exercise adherence during treatment (0–10) (95% CI)† 7.9 (7.4–8.5) –
Mean self-rated home exercise adherence during follow-up (0–10) (95% CI)‡ 4.7 (3.9–5.5) –
Mean home exercise sessions completed during treatment (95% CI), %†§ 68 (60–75) –
Mean home exercise sessions completed during follow-up (95% CI), %‡§ 47 (39–56) –
Mean PainCOACH sessions completed (0–8) (95% CI), n† 6.4 (5.7–7.0) –
Mean home PCST practices completed during treatment (95% CI), %†�� 64 (56–72) –
Mean home PCST practices completed during follow-up (95% CI), %‡�� 41 (33–49) –
Participants who accessed online education during treatment, n/N (%)† 51/65 (78) 59/67 (88)
Participants who accessed online education during follow-up, n/N (%)‡¶ 27/64 (42) 40/70 (57)

Adverse events, n/N (%)
Participants reporting adverse events during treatment†** 22/65 (34) 3/67 (4)
Adverse events during treatment 26 3

Increased knee pain 15/65 (23) 3/67 (4)
Muscle cramping/soreness 5/65 (8) 0/67 (0)
Pain in other area 5/65 (8) 0/67 (0)
Swelling 1/65 (2) 0/67 (0)

Participants reporting adverse events during follow-up‡¶** 5/64 (8) 5/70 (7)
Adverse events during follow-up‡¶** 5 6

Increased knee pain 3/64 (5) 2/70 (3)
Muscle cramping/soreness 0/64 (0) 2/70 (3)
Pain in other region 2/64 (3) 2/70 (3)

Medication use/co-interventions, n/N (%)
Participants using medication in the past month at month 3 40/65 (62) 46/67 (69)
Medications used in past month at month 3 59 74

Analgesia (acetaminophen combinations) 24/65 (37) 25/67 (37)
Nonsteroidal anti-inflammatory drugs 10/65 (15) 12/67 (18)
Cyclooxygenase-2 inhibitors 4/65 (6) 5/67 (7)
Topical anti-inflammatory drugs 7/65 (11) 13/67 (19)
Oral corticosteroids 0/65 (0) 1/67 (1)
Glucosamine/chondroitin products 14/65 (22) 18/67 (27)

Participants using medication in past month at month 9 36/62 (58) 42/64 (66)
Medications used in past month at month 9 54 75

Analgesia (acetaminophen combinations) 21/62 (34) 24/64 (38)
Nonsteroidal anti-inflammatory drugs 11/62 (18) 14/64 (22)
Cyclooxygenase-2 inhibitors 3/62 (5) 7/64 (11)
Topical anti-inflammatory drugs 6/62 (10) 12/64 (19)
Oral corticosteroids 0/62 (0) 1/64 (2)
Oral opioids 0/62 (0) 1/64 (2)
Glucosamine/chondroitin products 13/62 (21) 16/64 (25)

Other treatments used during treatment phase†
Weight loss efforts 41/65 (63) 43/67 (64)
Exercise 56/65 (86) 54/67 (81)
Shoe insoles 18/65 (28) 28/67 (42)
Heat/cold treatment 25/65 (38) 34/67 (51)

Other treatments used during follow-up††
Weight loss efforts 44/62 (71) 45/64 (70)
Exercise 55/62 (89) 52/64 (81)
Shoe insoles 27/62 (44) 35/64 (55)
Heat/cold treatment 21/62 (34) 30/64 (47)

Mean treatment satisfaction (95% CI)‡‡
Satisfaction with online education 1.8 (1.6–2.0) 2.2 (2.0–2.4)
Satisfaction with Internet-delivered physiotherapy 1.2 (1.1–1.4) –
Satisfaction with Internet-delivered PCST (PainCOACH) 2.0 (1.7–2.3) –

PCST = pain-coping skills training.
* Denominators for adverse events and medication use/co-interventions are the numbers of participants who provided data in each group. P values
for continuous variables are based on t tests, and those for binary variables are based on chi-square tests.
† Data obtained at 3 mo.
‡ Data obtained at 6 and 9 mo.
§ Participants were asked how many times they had completed the exercises in the past 2 wk (maximum of 6).
�� Participants were asked how many days they practiced PCST in the past 2 wk (maximum of 14).
¶ n = 70 for control group because 3 participants who did not provide data at 3 mo provided data during follow-up.
** An adverse event was defined as any problem from the treatment that lasted >2 d and/or caused the participant to take medication or seek other
treatment.
†† Data obtained at 9 mo.
‡‡ Scale of 1 to 5; where 1 = very satisfied and 5 = very dissatisfied.
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Appendix Table 4. Percentage of Participants Exceeding the MCID for Primary Outcomes of Change in Pain During Walking
and Change in WOMAC Physical Function With Risk Differences for the Intervention Group Relative to the Control Group*

Variable Participants Reaching
MCID, %†

Risk Difference (95% CI),
percentage points‡

P Value

Intervention Control

MCID in pain during walking (NRS) (1.8 units of improvement)
Month 3 73.0 39.4 33.8 (19.7–48.0) <0.001
Month 9 67.3 50.6 17.0 (3.3–30.6) 0.015

MCID in physical function (WOMAC) (6 units of improvement)
Month 3 80.5 39.4 40.0 (24.9–55.1) <0.001
Month 9 76.4 48.9 26.5 (10.0–43.0) 0.002

MCID = minimum clinically important difference; NRS = numerical rating scale; WOMAC = Western Ontario and McMaster Universities Osteoar-
thritis Index.
* Adjusted for clustering of intervention participants within physiotherapists and stratifying variables of sex and geographic location for multiply
imputed data.
† Averaged across 20 multiple imputation data sets.
‡ Values >0 favor the intervention group.

Appendix Table 5. Number of Participants Assigned to Each Physiotherapist With Mean Change Within Groups for
Complete-Case Data for the Primary Outcomes*

Variable Change Within Groups

Baseline � Month 3 Baseline � Month 9

Participants, n Mean Change
(95% CI)

Participants, n Mean Change
(95% CI)

Pain during walking (NRS)
Physiotherapist 1 6 2.5 (1.4 to 3.6) 5 2.0 (–0.3 to 4.3)
Physiotherapist 2 11 2.7 (1.1 to 4.4) 11 3.1 (1.7 to 4.5)
Physiotherapist 3 8 1.8 (–0.3 to 3.8) 8 1.8 (–0.6 to 4.1)
Physiotherapist 4 8 3.8 (2.0 to 5.5) 8 3.1 (0.9 to 5.4)
Physiotherapist 5 10 2.5 (1.1 to 3.9) 10 2.9 (1.6 to 4.2)
Physiotherapist 6 9 2.7 (1.2 to 4.1) 8 2.6 (0.5 to 4.8)
Physiotherapist 7 9 3.0 (1.3 to 4.7) 9 2.8 (0.8 to 4.8)
Physiotherapist 8 6 3.3 (1.3 to 5.4) 5 1.6 (0.2 to 3.0)
Control participants 69 1.1 (0.7 to 1.6) 67 1.5 (0.9 to 2.1)

Physical function (WOMAC)
Physiotherapist 1 6 19.5 (5.9 to 33.1) 5 17.0 (5.1 to 28.9)
Physiotherapist 2 11 15.5 (9.3 to 21.6) 11 17.7 (11.4 to 24.1)
Physiotherapist 3 8 12.8 (–0.3 to 25.8) 8 16.1 (4.7 to 27.5)
Physiotherapist 4 8 14.6 (5.2 to 24.1) 8 10.8 (–0.4 to 21.9)
Physiotherapist 5 10 13.6 (6.2 to 21.0) 10 14.4 (7.9 to 20.9)
Physiotherapist 6 9 13.9 (7.8 to 20.0) 8 14.1 (5.9 to 22.4)
Physiotherapist 7 9 14.8 (11.0 to 18.6) 9 12.4 (4.1 to 20.8)
Physiotherapist 8 6 16.3 (0.2 to 32.5) 5 10.8 (–1.6 to 23.2)
Control participants 69 5.0 (2.4 to 7.6) 67 6.9 (4.4 to 9.4)

NRS = numerical rating scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
* 3 participants assigned to the intervention group did not visit a physiotherapist; these participants have been included in the analyses assigned
to their randomized group but have been excluded from this table.
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Appendix Figure 1. Sensitivity analysis for pain during walking (measured with numerical rating scale) at 3 mo.
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“Missing � Observed” quantifies the systematic difference in outcomes between nonresponders and responders. When Missing � Observed = 0,
the results in Table 3, under the assumption that data are missing at random, are returned. Results for 3 scenarios are included. The “both groups”
line indicates when deviations from the missing-at-random assumption are equal in the control and intervention groups. “Control only” assumes that
the missing-at-random assumption is violated in the control group only. “Intervention only” assumes that the missing-at-random assumption is
violated in the intervention group only.

Appendix Figure 2. Sensitivity analysis for pain during walking (measured with numerical rating scale) at 9 mo.
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A description of the plot is provided in Appendix Figure 1.
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Appendix Figure 3. Sensitivity analysis for Western Ontario and McMaster Universities Osteoarthritis Index physical function
at 3 mo.
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A description of the plot is provided in Appendix Figure 1.

Appendix Figure 4. Sensitivity analysis for Western Ontario and McMaster Universities Osteoarthritis Index physical function
at 9 mo.
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Appendix Table 6. Percentage of Participants Reporting Global Improvement in the Intervention Group Relative to the Control
Group for Multiply Imputed Data*

Variable Month 3 Month 9

Intervention
Participants
(n � 74), %

Control
Participants
(n � 74), %

Risk
Difference
(95% CI),
percentage
points†

P Value Intervention
Participants
(n � 74), %

Control
Participants
(n � 74), %

Risk
Difference
(95% CI),
percentage
points†

P Value

Improvement in pain 73.0 16.8 55.8 (40.9–70.6) <0.001 41.5 23.0 18.3 (1.8–34.7) 0.030
Improvement in function 64.3 17.1 46.6 (30.0–62.9) <0.001 38.3 21.8 15.9 (0.5–31.4) 0.044
Improvement overall 69.3 16.6 51.9 (36.0–67.8) <0.001 43.4 22.9 19.9 (3.9–35.9) 0.015

* Averaged across 20 multiple imputation data sets.
† Values >0 favor the intervention; adjusted for sex and geographic location as well as clustering effects for physiotherapist. Improvement defined
as “moderately better” or “much better” based on a 7-point Likert scale.

Appendix Table 7. Adjusted Mean Difference in Change Between Groups for Multiply Imputed Data: Sensitivity Analysis
Including Symptom Duration and Educational Level

Outcome Difference in Change Between Groups*

Baseline to
Month 3 (95% CI)

P Value Baseline to
Month 9 (95% CI)

P Value

Primary
Pain during walking (NRS)†‡ 1.8 (1.1 to 2.5) <0.001 1.2 (0.5 to 1.9) <0.001
Physical function (WOMAC)†§ 9.7 (6.4 to 13.0) <0.001 7.4 (4.0 to 10.8) <0.001

Secondary
Knee pain (WOMAC)†�� 2.6 (1.6 to 3.6) <0.001 1.7 (0.7 to 2.8) <0.001
Quality of life (AQoL-2)¶** −0.1 (−0.1 to 0) 0.013 −0.1 (−0.1 to 0) 0.010
Self-efficacy (ASES)¶††

Pain −2.0 (−2.6 to −1.3) <0.001 −1.3 (−1.9 to −0.6) <0.001
Function −0.7 (−1.1 to −0.2) 0.006 −0.4 (−0.9 to 0.1) 0.111

Pain catastrophizing (PCS)†‡‡ 0.7 (0.2 to 1.2) 0.003 0.6 (0 to 1.1) 0.033
Coping attempts (CSQ)¶§§ −5.1 (−12.4 to 2.3) 0.177 −11.3 (−18.6 to −3.9) 0.003

AQoL-2 = Assessment of Quality of Life, version 2; ASES = Arthritis Self-Efficacy Scale; CSQ = Coping Strategies Questionnaire; NRS = numerical
rating scale; PCS = Pain Catastrophizing Scale; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
* Adjusted for baseline value of outcome, sex, geographic location, symptom duration, and educational level, as well as clustering effects for
physiotherapist and measurements from the same participant.
† For change within groups, positive values indicate improvement. For differences in change between groups, positive values favor the intervention
and negative values favor the control.
‡ Ranges from 0 to 10; lower scores indicate less pain.
§ Ranges from 0 to 68; lower scores indicate better function.
�� Ranges from 0 to 20; lower scores indicate less pain.
¶ For change within groups, negative values indicate improvement. For differences in change between groups, negative values favor the interven-
tion and positive values favor the control.
** Ranges from −0.04 to 1.00; higher scores indicate better quality of life.
†† Ranges from 1 to 10; higher scores indicate greater self-efficacy.
‡‡ Square-root transformation of outcome due to nonnormality of residuals. Results are interpreted in terms of increases on the square-root scale
of the outcome; relative to the control group, the intervention group increases the square root of the outcome by the amount shown. Ranges from
0 to 52; higher scores indicate greater catastrophizing.
§§ Ranges from 0 to 163; higher scores indicate more frequent use of coping skills.
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Appendix Table 8. Percentage of Participants Reporting Global Improvement in the Intervention Group Relative to the Control
Group for Multiply Imputed Data: Sensitivity Analysis Including Symptom Duration and Educational Level*

Variable Month 3 Month 9

Risk Difference
(95% CI), %†

P Value Risk Difference
(95% CI), %†

P Value

Improvement in pain 58.8 (44.4–73.1) <0.001 22.3 (6.6–37.9) 0.005
Improvement in function 50.3 (35.1–65.5) <0.001 20.6 (5.8–35.3) 0.006
Improvement overall 55.3 (39.6–71.1) <0.001 24.3 (9.1–39.4) 0.002

* Averaged across 20 multiple imputation data sets.
† Values >0 favor the intervention; adjusted for sex, geographic location, symptom duration, and educational level, as well as clustering effects for
physiotherapist. Improvement defined as “moderately better” or “much better” based on 7-point Likert scale.
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