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Abstract

Background: Practice guidelines emphasize the use of exercise and weight reduction as the first line of management for knee
osteoarthritis (OA). However, less than half of the people with mild OA participate in moderate intensity physical activity. Given
that physical activities have been shown to reduce pain, improve quality of life, and have the potential to reduce the progression
of joint damage, many people with OA are missing the benefits of this inexpensive intervention.

Objective: The objectives of this study are (1) to develop a behavioral theory-informed Internet intervention called Osteoarthritis
Physical Activity & Exercise Net (OPEN) for people with previously undiagnosed knee OA, and (2) to assess the efficacy of the
OPEN website for improving physical activity participation through a proof-of-concept study.

Methods: OPEN was developed based on the theory of planned behavior. Efficacy of this online intervention is being assessed
by an ongoing proof-of-concept, single-blind randomized controlled trial in British Columbia, Canada. We are currently recruiting
participants and plan to recruit a total of 252 sedentary people with previously undiagnosed knee OA using a set of validated
criteria. Half of the participants will be randomized to use OPEN and receive an OA education pamphlet. The other half only
will receive the pamphlet. Participants will complete an online questionnaire at baseline, 3 months, and 6 months about their
participation in physical activities, health-related quality of life, and motivational outcomes. In addition, we will perform an
aerobic fitness test in a sub-sample of participants (n=20 per study arm). In the primary analysis, we will use logistic regression
to compare the proportion of participants reporting being physically active at or above the recommended level in the 2 groups,
adjusting for baseline measurement, age, and sex.

Results: This study evaluates a theory-informed behavioral intervention at a time when people affected with OA tend to be
more motivated to adopt an active lifestyle (ie, at the early stage of OA). Our approach, which consisted of the identification of
early knee OA followed immediately by an online intervention that directly targets physical inactivity, can be easily implemented
across communities.
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Conclusions: Our online intervention directly targets physical inactivity at a time when the joint damage tends to be mild. If
OPEN is found to be effective in changing long-term physical activity behaviors, it opens further opportunities to promote early
diagnosis and to implement lifestyle interventions.

Trial Registration: Clinicaltrial.gov: NCT01608282; http://clinicaltrials.gov/ct2/show/NCT01608282 (Archived by WebCite
at http://www.webcitation.org/6G7sBBayI)

(JMIR Res Protoc 2013;2(1):e17) doi: 10.2196/resprot.2553
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Introduction

Background
Arthritis is the most common cause of severe chronic pain and
disability [1,2], affecting about 4.6 million Canadians (aged 15
or older) and projected to affect 7 million by 2031 [2]. It is
estimated that the majority of these people are affected by
osteoarthritis (OA) [3]. Being physically active has been shown
to reduce pain, improve quality of life [4-6], and have the
potential to slow the progression of joint damage [7]. However,
the gap between the knowledge about OA management and the
action of being physically active is extremely large.

Sedentary lifestyle and obesity are predictors of poor health
outcomes in people with OA [8-10]. Recent guidelines by the
OA Research Society International (OARSI) specifically
recommend the use of aerobic, muscle strengthening, and
water-based exercises, as well as weight reduction as first line
management of knee OA [11], but the majority of people with
OA are physically inactive. In 2002, the Arthritis Foundation
developed 22 indicators to assess the quality of care in OA
[12-14]. When the indicators were applied to a community-based
sample in Ontario, 40.1% of people with OA who had no
contraindication to exercise had tried exercise [15]. A survey
of 1713 people with OA in British Columbia, Canada found
that although 79% reported spending time “walking for exercise
in the past week”, the majority walked less than one hour per
week [16].

Several factors are associated with low participation in physical
activities in people with arthritis, some of which are related to
the disease (eg, higher levels of pain and fatigue [17-19]),
sociodemographics (eg, lower education [20] and income [21]),
the person (eg, other commitments, lack of time and motivation
[17], doubts about the effectiveness of exercise [19]), and other
enabling factors (eg, access to transportation [18], weather
[17,18]). People who are newly diagnosed with knee OA tend
to have mild pain, stiffness, and functional disability [22]. For
these patients, disease-related factors may be a less important
barrier to engaging in physical activities. It should be noted that
factors associated with physical activity participation were often
studied without an overall explanatory framework, making it
challenging to develop interventions that work equally well for
people with different needs.

Adapting Knowledge to the User’s Context:
Theory-Informed Lifestyle Interventions
In health promotion, the Theory of Planned Behavior (TPB)
has been used extensively to understand and predict
health-related/lifestyle change behavior [23]. TPB posits that
the adoption of a health behavior is driven by the person’s
intention and perceived behavioral control (PBC) [24]. The
latter represents the perceived skills/ability, resources, and
opportunities of performing the behavior [25]. Furthermore, the
strength of intention is determined by PBC, the attitudes toward
the behavior (ie, affective attitude—enjoyment, pleasure
evaluations about the behavior; and instrumental
attitude—benefit, utility evaluations about performing the
behavior) and subjective norm (eg, the perception of how others
view the behavior and the importance of these views to the
person). In a metaanalysis, Hagger et al [26] reported that
intention and PBC accounted for about 30% of the variance in
physical activity behaviors, while attitude and PBC accounted
for about 40% of the variance in intention. A 2009 metaanalysis
by Rhodes found that interventions targeting affective judgement
constructs such as affective attitude (eg, enjoyment, pleasure)
were effective for predicting intention and physical activity
behaviors above the instrumental attitude construct [27].

Although the TPB has not yet been used in the study of physical
activity in people with early OA, it has been applied in
comparable populations, including older adults [28], those with
painful intermittent claudication [29], and those who are obese
[30], to inform the development of interventions for improving
physical activity. For example, Godin observed that in people
with a body mass index (BMI) ≥30, PBC, past behavior, and
anticipated regret (ie, the perceived feeling of regret if the
behavior is not performed) substantially improved the predictive
power of intention, explaining 59% of the variance [30]. Another
study examining social cognitive constructs in people awaiting
joint replacement surgery for end-stage OA found that pain was
a predictor of pre-operative physical activity [31]. Hence, proper
monitoring and control of symptoms may be important for
people with knee OA during physical activity.

There is no consensus on the timing to offer physical activity
interventions, but sociopsychological research suggested that
after a major life experience (eg, having a child) or a health
event (eg, a new diagnosis), people tend to be more amenable
to adopting healthy behaviors [32,33]. This “teachable moment”
[34] is thought to be the ideal time for lifestyle interventions
because people are more motivated. Systematic reviews of
chronic diseases such as cancer suggest that people who are
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newly diagnosed are more likely to respond to interventions
aimed at smoking cessation and healthy eating [34-36]. A recent
study in people with previously undiagnosed knee OA also
found that about 40% started exercising within the first month
after receiving a pamphlet on OA and completing a volunteer-led
self-management program [37]. Although, the mechanism of
this behavior change was unclear, the diagnosis of OA appeared
to present a “teachable moment” for engaging people who have
been sedentary to become physically active.

Why Use Internet-Based Physical Activity
Interventions?
In recent years, computerized programs have gained popularity
as tools for promoting healthy lifestyles because of their
potential to improve the delivery and presentation of
information. Evidence suggested that computerized health
information programs could improve disease knowledge and
clinical outcomes in people with rheumatoid arthritis, diabetes,
asthma, and hypertension [38], as well as self-care behaviors
and patient satisfaction in those with chronic conditions [39].
A 2008 systematic review suggested that mediated interventions
such as telephone prompts, emails, and websites can increase
duration of walking in healthy participants, with the added
advantage of saving time for busy individuals because none of
these interventions require a visit to an exercise professional
[40]. They also have the benefit of reaching patients outside of
urban centers who are often marginalized with respect to health
care.

To capitalize on this “teachable moment”, our goal was to
develop a Web-based tool, Osteoarthritis Physical Activity and
Exercise Net (OPEN), and evaluate its ability to improve
physical activity participation in people with early knee OA.
OPEN has interactive modules that allow users to prioritize
their daily activities, set goals, and find venues where they can
participate in different types of activities according to their
preferences and the local availability. We have begun the
participant recruitment phase of this study, with the following
objectives and goals:

1. To develop a behavioral theory-informed Internet
intervention for people with early knee OA.

2. To assess the efficacy of OPEN through a proof-of-concept
randomized controlled trial (RCT). The primary goal of
this ongoing RCT was to determine if OPEN could increase
participation in physical activity in people with previously
undiagnosed, early knee OA at 6 months. We hypothesized
that the Internet intervention plus an information pamphlet
about OA would improve participation in physical activities
in persons with early OA, compared to those who would
receive only the pamphlet (ie, controls). Our secondary
goals were to assess: (1) whether the intervention has an
effect on knee pain, stiffness, and physical function at 6
months, (2) whether differences between groups could be
explained through a mediation model based on a behavioral
theory (ie, the TPB), and (3) in a subsample of participants,
the agreement between self-reported exercise behaviors
and a performance-based measure of physical activity.

Guided by Graham’s Knowledge-to-Action process [41], this
study will directly address a key recommendation from the 2005
Summit on Standards for Arthritis Prevention and Care:

Every Canadian must be informed about the
importance of achieving and maintaining a healthy
body weight, and actively encouraged to engage in
physical activity to prevent the onset and worsening
of arthritis. [42]

Methods

Overview
Our research plan was guided by the 8-phase Action Cycle of
Graham’s Knowledge-to-Action Process [41]. Co-developed
with the Centre for Digital Media and hosted by the Arthritis
Research Centre (ARC) of Canada, OPEN was designed to
mainly target perceived behavioral control (ie, the person’s
skills/knowledge, resources, and opportunities to be physically
active) and affective attitude (ie, enjoyment)[27]. The website
consists of 4 main components: (1) information on OA, benefits
of physical activity in OA, and the association between
sedentary lifestyle and poor outcomes (to target knowledge),
(2) tips about how to be physically active (to target skills and
opportunities), (3) an interactive calendar for goal setting (to
target resources), (4) local resources (walking trails, parks,
shopping malls for indoor walking) and community fitness
facilities using Google Maps (to target resources and
enjoyment).

To populate OPEN with these local resources, the team
(researchers, patient/consumer, and health professional
collaborators) first defined the breadth of resources to be
included. Next, the geographic locations of these resources were
determined (through Web searches and strategic calling) for all
BC communities with populations of 5000 or greater and
geocoded (ie, a postal code or street address was recorded).
Following this, local resources were compiled onto a Google
Map that was embedded within the OPEN website. Tags were
added to each resource to provide information such as operating
hours and contact information.

Randomized Controlled Trial
The efficacy of OPEN is currently being assessed by a
proof-of-concept, single-blinded RCT. Individuals with early
OA will be identified using validated criteria developed by
Marra at al [22]. Eligible participants are those who:

1. have had pain/discomfort in or around the knee during the
previous year lasting over 28 separate or consecutive days,

2. are age 50 years or older,
3. have no previous physician diagnosis of OA, rheumatoid

arthritis, psoriatic arthritis, gout, ankylosing spondylitis,
polymyalgia rheumatica, connective tissue diseases, or
fibromyalgia,

4. have no history of using disease-modifying anti-rheumatic
drugs or gout medications,

5. have no prior knee arthroplasty,
6. have not had knee surgery within 4 months prior to enrolling

in the study,
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7. have no history of acute injury to the knee in the past 6
months,

8. have been physically inactive (defined as participation in
moderate intensity activities less than 150 minutes a week)
within 6 months prior to study,

9. are not using medication that may impair physical activity
tolerance (eg, beta blockers), and

10. have Internet access and used their email accounts.

People who may be at risk by exercising, as identified by the
Physical Activity Readiness Questionnaire (PAR-Q) [43], will
be asked to obtain permission from their physicians before
enrolling in the study.

Individuals will be mainly recruited from the following sources:
(1) community health centers across Metro Vancouver, (2) the
ARC website, newsletters, and Facebook site, (3) social
networking websites (eg, Craigslist, Kijiji), (4) local television
network (community event posting), and (5) local newspapers.

The research coordinator will contact eligible individuals and
obtain consent via password-protected email documents. After
completing the baseline measures, they will be randomly
assigned to the Internet intervention group or the control group
in 1:1 allocation ratio. Randomization will be performed using
computer-generated random numbers in unequal blocks, which
is necessary to ensure adequate allocation concealment.

The intervention group will receive an emailed password.
Participants will receive an automatically generated email
prompt to access the website every 2 weeks, with a short
newsletter about the ongoing projects at ARC, for the first 3
months. The website will remain accessible throughout the
study, but no further prompting emails will be sent after 3
months. In addition, they will receive, by email, an education
pamphlet. It will contain information about OA, physical
activity, and other treatments.

The control group will receive the same pamphlet by email. For
the first 3 months, participants will also receive the same
newsletter about the ongoing projects at ARC every 2 weeks
by email. During the intervention period, both groups will be
able to contact a physical therapist for a consultation via email
if they experience increased discomfort after activities.

Outcome measures will be administered online at baseline, 3
months, and 6 months. The primary outcome will be the
proportion of participants to meet the American College of
Sports Medicine physical activity recommendation of 150
minutes or more of weekly physical activity (moderate or heavy
intensity) at 6 months, as measured using the modified
Minnesota Leisure Time Physical Activity Questionnaire
(MLTPAQ). The MLTPAQ assesses the frequency and amount
of time spent on 63 activities in 8 categories: walking,
conditioning exercise, water activities, winter activities, sports,
garden activities, home repair activities, fishing, and hunting.
The average time spent on moderate and heavy physical activity
and average weekly energy expenditure (kilocalories/week) will
be calculated using the standardized intensity code associated
with each activity [44]. It has shown test-retest reliability in
both men and women (r=.79-.82) [45] and has been validated
against caloric intake and treadmill tests [46-48].

Secondary outcomes will be measured with the Knee Injury &
OA Outcome Score (KOOS) [49,50]. The KOOS consists of 5
subscales: knee pain, stiffness, daily activity, sports/recreation,
and quality of life. It was originally developed for people
recovering from injuries such as anterior cruciate ligament and
meniscus injury, and has been validated in people with OA
[49,50]. KOOS includes all items of the Western Ontario
MacMaster OA Index (WOMAC) in its original format [51]
and has a normalized aggregate score ranging from 0 (worst
outcome) to 100 (best outcome). Motivation for physical activity
will be measured with Rhodes’s 7-point Likert-type TPB
questionnaire [52-54]. It consists of 16 items measuring all
components of the TPB model, including behavioral, normative,
and control beliefs. Previous studies using this measure have
shown good predictive validity and internal consistency in adult
populations [52-54]. Demographic variables and comorbid
conditions will also be collected at baseline. Website statistics
(frequency and duration of use, intervention group only) and
adverse events (falls, cardiovascular, and musculoskeletal
events) [55] will be tracked monthly.

Finally, in a convenient subsample of participants (n=20 per
arm), we will perform an aerobic fitness test at baseline, 3
months, and 6 months. Aerobic fitness tests (VO2Peak) will be
conducted by an assessor who is blinded to the group
assignment. Heart rate, blood pressure, and VO2 will be recorded
at rest, during each exercise stage, and in recovery.

Sample Size and Data Analysis
Based on the Pharmacist Identification of New, Diagnostically
Confirmed OA (PhIND-OA) study [22,37], 40% of residents
from British Columbia in Canada (N=194, mean age=62 years)
started to exercise after receiving an OA diagnosis and minimal
intervention (ie, a pamphlet and the self-management program).
We expect that, if OPEN is efficacious, 60% of the intervention
group will meet or exceed the recommended level of physical
activity at follow-up. Taking into account a 15% loss to attrition
over 6 months, 80% power to detect a difference of 20% in
physical activity rates between groups and alpha level of .05, a
total of 252 participants (126 per group) will be needed. To
validate the self-reported physical activity measure, the
MLTPAQ, a subsample of 40 participants will be
recruited. Assuming we observe a Pearson correlation of .5 for
MLTPAQ and VO2Peak, a 95% confidence interval around the
estimate would range from 0.26 to 0.74.

As the aim of a proof-of-concept study is to demonstrate
evidence of efficacy, a per-protocol analysis will be performed.
For the primary outcome, dichotomized physical activity
participation (ie, yes/no to meeting the American College of
Sports Medicine recommendation) from baseline to 3 and 6
months will be analyzed in a logistic regression model after
adjusting for the baseline measurement, age, and sex.
Intention-to-treat analysis will assess the robustness of the
findings. Analysis of covariance (ANCOVA) will analyze the
difference in KOOS scores (overall and subscales) between the
groups over time. No adjustment will be made for multiple
comparisons because Type II error is a greater concern than
Type I error in proof-of-concept studies [56,57].
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We will examine the mechanisms of OPEN on physical activity
participation by conducting mediation analysis using the
bootstrapped sampling distribution model by Preacher and Hayes
[58,59]. Changes in TPB variables over the intervention period
(ie, between baseline and 3 months) will be examined as
potential mediators on physical activity behavior at 3 months.
In addition, changes in TPB variables over the entire study
period (ie, baseline to 6 months) will be examined as potential
mediators on physical activity participation at 6 months. Finally,
an exploratory analysis using Pearson’s correlations will
examine the association between MLTPAQ (ie, energy
expenditure) and the VO2Peak.

Timeline
Development and usability testing of OPEN were completed in
November 2012 and RCT recruitment commenced in December
2012. Final follow-up assessment is expected to conclude in
January 2014. The study protocol has been approved by the
University of British Columbia Clinical Research Ethics Board
(certificate number: H12-00493).

Discussion

The proposed study will be one of the first to evaluate a
theory-informed behavioral intervention at a time when people
tend to be more motivated to adopt an active lifestyle (ie, at the
“teachable moment”). Our approach, consisting of identifying
people with early knee OA using a set of validated criteria [22]
followed immediately by an online intervention that directly
targets physical inactivity, can be easily implemented across
communities. This proof-of-concept study will provide a

foundation to further study and implement lifestyle interventions
in managing chronic musculoskeletal conditions. If the
intervention is found to be effective in changing physical activity
behaviors, it will open further opportunities to promote early
diagnosis and to implement lifestyle interventions. Conversely,
if the intervention shows no difference in improving physical
activity behavior compared to the control, this study will still
offer the opportunity to examine relationships between the TPB
constructs and physical activity participation.

The OPEN project also has potential to improve primary and
community-based care in people with arthritis. The value of
this project is summed up by our Knowledge User
Co-Investigator and a primary care physician, Dr. James
Pencharz:

I see the impact of physical inactivity on my patients
daily. Even though I work within an interdisciplinary
team environment specifically designed to manage
chronic disease, we still struggle to consistently
motivate and educate our patients about how to
increase their physical activity…I see the innovative
approach of OPEN as an excellent initiative to
educate patients about osteoarthritis, but more
importantly customize and realize their physical
activity goals. Simply, we need this type of tool in our
clinical practice.

The partnership with Centre for Digital Media allows for the
development of OPEN using the latest digital media
technologies and provides training to digital media students in
health research. Once the research is completed, OPEN will be
available free of charge for public use.

Acknowledgments
The authors are grateful for the support of collaborators including Ms. Nadia Prestley and Ms. Joyce Ma (Arthritis Research
Centre of Canada Consumer Advisory Board), Ms. Sue Borwick (Canadian Arthritis Patient Alliance), and Ms. Karen Gordon
(Arthritis Health Professions Association).

This study is funded by a Canadian Institutes of Health Research (CIHR) operating grant: knowledge-to-action grant competition
(funding reference number: KPC 113990).

Conflicts of Interest
None declared.

References

1. Woolf AD, Akesson K. Understanding the burden of musculoskeletal conditions. The burden is huge and not reflected in
national health priorities. BMJ 2001 May 5;322(7294):1079-1080 [FREE Full text] [Medline: 11337425]

2. Public Health Agency of Canada. Ottawa, Canada: Centre for Chronic Disease Prevention and Control, Chronic Disease
Surveillance Division Resource Team; 2010. Life with Arthritis in Canada: A Personal and Public Health Challenge URL:
http://www.phac-aspc.gc.ca/cd-mc/arthritis-arthrite/lwaic-vaaac-10/pdf/arthritis-2010-eng.pdf [accessed 2013-04-30]
[WebCite Cache ID 6GGjcpHXx]

3. Badley EM, Wang PP. Arthritis and the aging population: projections of arthritis prevalence in Canada 1991 to 2031. J
Rheumatol 1998 Jan;25(1):138-144. [Medline: 9458217]

4. Brosseau L, MacLeay L, Robinson VA, Tugwell P. Wells G: Intensity of exercise for the treatment of osteoarthritis.
Cochrane Database Syst Rev 2006 2006:4. [Medline: 12804510]

5. Ottawa Panel. Ottawa panel evidence-based clinical practice guidelines for therapeutic exercises and manual therapy in the
management of osteoarthritis. Physical Therapy 2005;85:907-971. [Medline: 16117601]

JMIR Res Protoc 2013 | vol. 2 | iss. 1 | e17 | p. 5http://www.researchprotocols.org/2013/1/e17/
(page number not for citation purposes)

Li et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/11337425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11337425&dopt=Abstract
http://www.phac-aspc.gc.ca/cd-mc/arthritis-arthrite/lwaic-vaaac-10/pdf/arthritis-2010-eng.pdf
http://www.webcitation.org/

                                                6GGjcpHXx
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9458217&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12804510&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16117601&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI recommendations for the management
of hip and knee osteoarthritis, part I: critical appraisal of existing treatment guidelines and systematic review of current
research evidence. Osteoarthritis Cartilage 2007 Sep;15(9):981-1000. [doi: 10.1016/j.joca.2007.06.014] [Medline: 17719803]

7. Marra C, Colley L, Oteng B, Cibere J, Esdaile JM, Gastonguay L, et al. What do they do and how does it impact on quality
of life? Arthritis Rheum 2008;56(supplement):S511.

8. Bliddal H, Christensen R. The management of osteoarthritis in the obese patient: practical considerations and guidelines
for therapy. Obes Rev 2006 Nov;7(4):323-331. [doi: 10.1111/j.1467-789X.2006.00252.x] [Medline: 17038126]

9. Christensen R, Bartels EM, Astrup A, Bliddal H. Effect of weight reduction in obese patients diagnosed with knee
osteoarthritis: a systematic review and meta-analysis. Ann Rheum Dis 2007 Apr;66(4):433-439 [FREE Full text] [doi:
10.1136/ard.2006.065904] [Medline: 17204567]

10. Wendelboe AM, Hegmann KT, Biggs JJ, Cox CM, Portmann AJ, Gildea JH, et al. Relationships between body mass indices
and surgical replacements of knee and hip joints. Am J Prev Med 2003 Nov;25(4):290-295. [Medline: 14580629]

11. Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI recommendations for the management
of hip and knee osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines. Osteoarthritis Cartilage 2008
Feb;16(2):137-162. [doi: 10.1016/j.joca.2007.12.013] [Medline: 18279766]

12. Pencharz JN, MacLean CH. Measuring quality in arthritis care: the Arthritis Foundation's Quality Indicator set for
osteoarthritis. Arthritis Rheum 2004 Aug 15;51(4):538-548 [FREE Full text] [doi: 10.1002/art.20521] [Medline: 15334425]

13. Shekelle PG, MacLean CH, Morton SC, Wenger NS. Assessing care of vulnerable elders: methods for developing quality
indicators. Ann Intern Med 2001;135(8 Pt 2):647-652 [FREE Full text] [Medline: 11601947]

14. MacLean CH. Quality indicators for the management of osteoarthritis in vulnerable elders. Ann Intern Med 2001 Oct
16;135(8 Pt 2):711-721. [Medline: 11601954]

15. Pencharz JN, MacLean CH. Measuring quality in arthritis care: the Arthritis Foundation's Quality Indicator set for
osteoarthritis. Arthritis Rheum 2004 Aug 15;51(4):538-548 [FREE Full text] [doi: 10.1002/art.20521] [Medline: 15334425]

16. Li LC. British Columbia Osteoarthritis Survey. Vancouver, Canada: Arthritis Research Centre of Canada; 2008. URL:
http://arthritis.rehab.med.ubc.ca/files/2011/08/BCOASurvey.pdf [accessed 2013-04-26] [WebCite Cache ID 6GB32qa1L]

17. Gyurcsik NC, Brawley LR, Spink KS, Brittain DR, Fuller DL, Chad K. Physical activity in women with arthritis: examining
perceived barriers and self-regulatory efficacy to cope. Arthritis Rheum 2009 Aug 15;61(8):1087-1094 [FREE Full text]
[doi: 10.1002/art.24697] [Medline: 19644901]

18. Kang HS, Ferrans CE, Kim MJ, Kim JI, Lee EO. Aquatic exercise in older Korean women with arthritis: identifying barriers
to and facilitators of long-term adherence. J Gerontol Nurs 2007 Jul;33(7):48-56. [Medline: 17672168]

19. Reed RK, Townsley MI, Pitts VH, Laurent TC, Taylor AE. Increased lymphatic flux of hyaluronan from cat intestine during
fat absorption. Am J Physiol 1992 Jul;263(1 Pt 1):G6-11. [Medline: 1636716]

20. Li LC, Sayre EC, Kopec JA, Esdaile JM, Bar S, Cibere J. Quality of nonpharmacological care in the community for people
with knee and hip osteoarthritis. J Rheumatol 2011 Oct;38(10):2230-2237. [doi: 10.3899/jrheum.110264] [Medline:
21807776]

21. Li LC, Maetzel A, Pencharz JN, Maguire L, Bombardier C, Community Hypertension and Arthritis Project (CHAP) Team.
Use of mainstream nonpharmacologic treatment by patients with arthritis. Arthritis Rheum 2004 Apr 15;51(2):203-209
[FREE Full text] [doi: 10.1002/art.20244] [Medline: 15077260]

22. Marra CA, Cibere J, Tsuyuki RT, Soon JA, Esdaile JM, Gastonguay L, et al. Improving osteoarthritis detection in the
community: pharmacist identification of new, diagnostically confirmed osteoarthritis. Arthritis Rheum 2007 Oct
15;57(7):1238-1244 [FREE Full text] [doi: 10.1002/art.23019] [Medline: 17907209]

23. Godin G, Kok G. The theory of planned behavior: a review of its applications to health-related behaviors. Am J Health
Promot 1996;11(2):87-98. [Medline: 10163601]

24. Heilbroner RL, Ajzen I, Thurow LC, Fishbein M. Understanding attitudes and predicting social behavior. Englewood Cliffs,
N.J: Prentice-Hall; 1980.

25. Ajzen I. The theory of planned behaviour. Organizational Behaviour and Human Decision Processes 1991;50:179-211.
26. Hagger MS, Chatzisarantis NL. Integrating the theory of planned behaviour and self-determination theory in health behaviour:

a meta-analysis. Br J Health Psychol 2009 May;14(Pt 2):275-302. [doi: 10.1348/135910708X373959] [Medline: 18926008]
27. Rhodes RE, Fiala B, Conner M. A review and meta-analysis of affective judgments and physical activity in adult populations.

Ann Behav Med 2009 Dec;38(3):180-204. [doi: 10.1007/s12160-009-9147-y] [Medline: 20082164]
28. Courneya KS. Understanding readiness for regular physical activity in older individuals: an application of the theory of

planned behavior. Health Psychol 1995 Jan;14(1):80-87. [Medline: 7737078]
29. Galea MN, Bray SR. Predicting walking intentions and exercise in individuals With intermittent claudication: an application

of the theory of planned behavior. Rehabilitation Psychology 2006;51:299-305 [FREE Full text]
30. Godin G, Amireault S, Bélanger-Gravel A, Vohl MC, Pérusse L. Prediction of leisure-time physical activity among obese

individuals. Obesity (Silver Spring) 2009 Apr;17(4):706-712. [doi: 10.1038/oby.2008.599] [Medline: 19148116]
31. Fiala B. Social cognitive correlates of physical activity among total joint replacement patients (unpublished Master's thesis).

Victoria, BC, Canada: School of Exercise Science, Physical Health Education, University of Victoria; 2010.

JMIR Res Protoc 2013 | vol. 2 | iss. 1 | e17 | p. 6http://www.researchprotocols.org/2013/1/e17/
(page number not for citation purposes)

Li et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.joca.2007.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17719803&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2006.00252.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17038126&dopt=Abstract
http://europepmc.org/abstract/MED/17204567
http://dx.doi.org/10.1136/ard.2006.065904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17204567&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14580629&dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2007.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18279766&dopt=Abstract
http://dx.doi.org/10.1002/art.20521
http://dx.doi.org/10.1002/art.20521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15334425&dopt=Abstract
http://www.rand.org/content/dam/rand/pubs/reprints/2005/RP1129.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11601947&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11601954&dopt=Abstract
http://dx.doi.org/10.1002/art.20521
http://dx.doi.org/10.1002/art.20521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15334425&dopt=Abstract
http://arthritis.rehab.med.ubc.ca/files/2011/08/BCOASurvey.pdf
http://www.webcitation.org/

                                                6GB32qa1L
http://dx.doi.org/10.1002/art.24697
http://dx.doi.org/10.1002/art.24697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19644901&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17672168&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1636716&dopt=Abstract
http://dx.doi.org/10.3899/jrheum.110264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21807776&dopt=Abstract
http://dx.doi.org/10.1002/art.20244
http://dx.doi.org/10.1002/art.20244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15077260&dopt=Abstract
http://dx.doi.org/10.1002/art.23019
http://dx.doi.org/10.1002/art.23019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17907209&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10163601&dopt=Abstract
http://dx.doi.org/10.1348/135910708X373959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18926008&dopt=Abstract
http://dx.doi.org/10.1007/s12160-009-9147-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20082164&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7737078&dopt=Abstract
http://psycnet.apa.org/index.cfm?fa=buy.optionToBuy&id=2006-21080-003
http://dx.doi.org/10.1038/oby.2008.599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19148116&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Hochbaum GM. Public participation in medical screening programs: a sociopsychological study. In: Public Health Service
publication, no. 572. Washington, DC: US Government Printing Office; 1958.

33. Blanchard CM, Denniston MM, Baker F, Ainsworth SR, Courneya KS, Hann DM, et al. Do adults change their lifestyle
behaviors after a cancer diagnosis? Am J Health Behav 2003;27(3):246-256. [Medline: 12751621]

34. McBride CM, Emmons KM, Lipkus IM. Understanding the potential of teachable moments: the case of smoking cessation.
Health Educ Res 2003 Apr;18(2):156-170 [FREE Full text] [Medline: 12729175]

35. Demark-Wahnefried W, Peterson B, McBride C, Lipkus I, Clipp E. Current health behaviors and readiness to pursue
life-style changes among men and women diagnosed with early stage prostate and breast carcinomas. Cancer 2000 Feb
1;88(3):674-684. [Medline: 10649263]

36. Demark-Wahnefried W, Aziz NM, Rowland JH, Pinto BM. Riding the crest of the teachable moment: promoting long-term
health after the diagnosis of cancer. J Clin Oncol 2005 Aug 20;23(24):5814-5830 [FREE Full text] [doi:
10.1200/JCO.2005.01.230] [Medline: 16043830]

37. Grindrod KA, Marra CA, Colley L, Cibere J, Tsuyuki RT, Esdaile JM, et al. After patients are diagnosed with knee
osteoarthritis, what do they do? Arthritis Care Res (Hoboken) 2010 Apr;62(4):510-515. [doi: 10.1002/acr.20170] [Medline:
20391506]

38. Krishna S, Balas EA, Spencer DC, Griffin JZ, Boren SA. Clinical trials of interactive computerized patient education:
implications for family practice. J Fam Pract 1997 Jul;45(1):25-33. [Medline: 9228910]

39. Lewis D. Computers in patient education. Comput Inform Nurs 2003;21(2):88-96. [Medline: 12802949]
40. Williams DM, Matthews CE, Rutt C, Napolitano MA, Marcus BH. Interventions to increase walking behavior. Med Sci

Sports Exerc 2008 Jul;40(7 Suppl):S567-S573 [FREE Full text] [doi: 10.1249/MSS.0b013e31817c7006] [Medline: 18562974]
41. Graham ID, Logan J, Harrison MB, Straus SE, Tetroe J, Caswell W, et al. Lost in knowledge translation: time for a map?

J Contin Educ Health Prof 2006;26(1):13-24. [doi: 10.1002/chp.47] [Medline: 16557505]
42. Arthritis isn't a big deal until you get it. Ask 4 million Canadians. Ottawa, Ontario, Canada: Alliance for the Canadian

Arthritis Program; 2006. URL: http://www.arthritis.ca/document.doc?id=566 [accessed 2013-04-26] [WebCite Cache ID
6GB4fTLwp]

43. Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci
1992 Dec;17(4):338-345. [Medline: 1330274]

44. Richardson MT, Leon AS, Jacobs DR, Ainsworth BE, Serfass R. Comprehensive evaluation of the Minnesota Leisure Time
Physical Activity Questionnaire. J Clin Epidemiol 1994 Mar;47(3):271-281. [Medline: 8138837]

45. Folsom AR, Jacobs DR, Caspersen CJ, Gomez-Marin O, Knudsen J. Test-retest reliability of the Minnesota Leisure Time
Physical Activity Questionnaire. J Chronic Dis 1986;39(7):505-511. [Medline: 3722314]

46. Taylor HL, Jacobs DR, Schucker B, Knudsen J, Leon AS, Debacker G. A questionnaire for the assessment of leisure time
physical activities. J Chronic Dis 1978;31(12):741-755. [Medline: 748370]

47. De Backer G, Kornitzer M, Sobolski J, Dramaix M, Degré S, de Marneffe M, et al. Physical activity and physical fitness
levels of Belgian males aged 40-55 years. Cardiology 1981;67(2):110-128. [Medline: 7273039]

48. Leon AS, Jacobs DR, DeBacker G, Taylor HL. Relationship of physical characteristics and life habits to treadmill exercise
capacity. Am J Epidemiol 1981 Jun;113(6):653-660. [Medline: 7234853]

49. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome Score
(KOOS)-development of a self-administered outcome measure. J Orthop Sports Phys Ther 1998 Aug;28(2):88-96. [Medline:
9699158]

50. Roos EM, Roos HP, Ekdahl C, Lohmander LS. Knee injury and Osteoarthritis Outcome Score (KOOS)-validation of a
Swedish version. Scand J Med Sci Sports 1998 Dec;8(6):439-448. [Medline: 9863983]

51. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a health status instrument
for measuring clinically important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis
of the hip or knee. J Rheumatol 1988 Dec;15(12):1833-1840. [Medline: 3068365]

52. Rhodes RE, Courneya KS, Blanchard CM, Plotnikoff RC. Prediction of leisure-time walking: an integration of social
cognitive, perceived environmental, and personality factors. Int J Behav Nutr Phys Act 2007;4:51 [FREE Full text] [doi:
10.1186/1479-5868-4-51] [Medline: 17974022]

53. Rhodes RE, Fiala B. Building motivation and sustainability into the prescription and recommendations for physical activity
and exercise therapy: the evidence. Physiother Theory Pract 2009 Jul;25(5-6):424-441. [Medline: 19842866]

54. Rhodes RE, Blanchard CM, Courneya KS, Plotnikoff RC. Identifying belief-based targets for the promotion of leisure-time
walking. Health Educ Behav 2009 Apr;36(2):381-393. [doi: 10.1177/1090198107308376] [Medline: 18077658]

55. Ory M, Resnick B, Jordan PJ, Coday M, Riebe D, Ewing Garber C, et al. Screening, safety, and adverse events in physical
activity interventions: collaborative experiences from the behavior change consortium. Ann Behav Med 2005 Apr;29
Suppl:20-28. [doi: 10.1207/s15324796abm2902s_5] [Medline: 15921486]

56. Schoenfeld D. Statistical considerations for pilot studies. Int J Radiat Oncol Biol Phys 1980 Mar;6(3):371-374. [Medline:
7390914]

57. Carter RE, Woolson RF. Statistical design considerations for pilot studies transitioning therapies from the bench to the
bedside. J Transl Med 2004 Dec 28;2(1):37 [FREE Full text] [doi: 10.1186/1479-5876-2-37] [Medline: 15511289]

JMIR Res Protoc 2013 | vol. 2 | iss. 1 | e17 | p. 7http://www.researchprotocols.org/2013/1/e17/
(page number not for citation purposes)

Li et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12751621&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=12729175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12729175&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10649263&dopt=Abstract
http://europepmc.org/abstract/MED/16043830
http://dx.doi.org/10.1200/JCO.2005.01.230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16043830&dopt=Abstract
http://dx.doi.org/10.1002/acr.20170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20391506&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9228910&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12802949&dopt=Abstract
http://europepmc.org/abstract/MED/18562974
http://dx.doi.org/10.1249/MSS.0b013e31817c7006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18562974&dopt=Abstract
http://dx.doi.org/10.1002/chp.47
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16557505&dopt=Abstract
http://www.arthritis.ca/document.doc?id=566
http://www.webcitation.org/

                                                6GB4fTLwp
http://www.webcitation.org/

                                                6GB4fTLwp
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1330274&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8138837&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3722314&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=748370&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7273039&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7234853&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9699158&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9863983&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3068365&dopt=Abstract
http://www.ijbnpa.org/content/4//51
http://dx.doi.org/10.1186/1479-5868-4-51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17974022&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19842866&dopt=Abstract
http://dx.doi.org/10.1177/1090198107308376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18077658&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm2902s_5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15921486&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7390914&dopt=Abstract
http://www.translational-medicine.com/content/2/1/37
http://dx.doi.org/10.1186/1479-5876-2-37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15511289&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


58. Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating indirect effects in simple mediation models. Behav Res
Methods Instrum Comput 2004 Nov;36(4):717-731. [Medline: 15641418]

59. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple
mediator models. Behav Res Methods 2008 Aug;40(3):879-891. [Medline: 18697684]

Abbreviations
ANCOVA: analysis of covariance
ARC: Arthritis Research Centre of Canada
BMI: body mass index
KOOS: Knee Injury & Osteoarthritis Outcome Score
MLTPAQ: Minnesota Leisure Time Physical Activity Questionnaire
OA: osteoarthritis
OARSI: Osteoarthritis Research Society International
OPEN: Osteoarthritis Physical Activity and Exercise Net
PAR-Q: Physical Activity Readiness Questionnaire
PBC: perceived behavioral control
PhIND Study: Pharmacist Identification of New, Diagnostically Confirmed OA Study
RCT: randomized controlled trial
TPB: Theory of Planned Behavior
VO2Peak: maximum aerobic capacity
WOMAC: Western Ontario MacMaster OA Index

Edited by G Eysenbach; submitted 29.01.13; peer-reviewed by N Salbach; comments to author 19.02.13; revised version received
27.03.13; accepted 11.04.13; published 09.05.13

Please cite as:
Li LC, Lineker S, Cibere J, Crooks VA, Jones CA, Kopec JA, Lear SA, Pencharz J, Rhodes RE, Esdaile JM
Capitalizing on the Teachable Moment: Osteoarthritis Physical Activity and Exercise Net for Improving Physical Activity in Early
Knee Osteoarthritis
JMIR Res Protoc 2013;2(1):e17
URL: http://www.researchprotocols.org/2013/1/e17/
doi: 10.2196/resprot.2553
PMID: 23659903

©Linda C Li, Sydney Lineker, Jolanda Cibere, Valorie A Crooks, Catherine A Jones, Jacek A Kopec, Scott A Lear, James
Pencharz, Ryan E Rhodes, John M Esdaile. Originally published in JMIR Research Protocols (http://www.researchprotocols.org),
09.05.2013. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2013 | vol. 2 | iss. 1 | e17 | p. 8http://www.researchprotocols.org/2013/1/e17/
(page number not for citation purposes)

Li et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15641418&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18697684&dopt=Abstract
http://www.researchprotocols.org/2013/1/e17/
http://dx.doi.org/10.2196/resprot.2553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23659903&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

