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Abstract

Background: The cardina feature of osteoarthritis (OA) is pain. Although heterogeneity in pain and function have been
demonstrated in thelong-term course of OA, the more proximate determinants of acute flare-upsremain less clear. How short-term
intermittent or transient exposurestrigger acute flare-ups hasimportant implications for effective and sustai nabl e sel f-management
strategies.

Objective: The primary objective of this study isto identify potential triggers of acute flaresin knee OA. Secondary objectives
areto determine their course and consequences and describe high-risk participant profiles.

Methods: We carried out a Web-based case-crossover study. This study aims to recruit 620 community-dwelling adults aged
>40 years, resident in England, and who have knee pain, with or without a recorded diagnosis of knee OA, and no preexisting
diagnosis of inflammatory arthropathy. Participants will be recruited via 3 routes: (1) general practice registers, (2) offline
community advertisement, and (3) online social media advertisement. By using questionnaires comparing periods before
participants’ self-reported flare-up episodes (hazard periods) with periods during the study when their knee OA symptoms are
stable (control periods), triggers preceding flare-ups will be identified and examined using conditional logistic regression.
Time-to-resolution of flare-up will be examined by monitoring people's daily pain, bothersomeness, and medication usage until
the participant reports when their flare-up episode ends. Rates of flare-ups will be examined across different participant and flare
characteristics using regression modelsto identify high-risk participant profiles. A study-specific Patient Advisory Group (PAG)
is providing suggestion, input, and ongoing support for all stages of the research process.

Results: Participant recruitment opened in July 2018 and is anticipated to continue for 6 months. The study results will be
disseminated through anumber of channels, including relevant national or international conferences and peer-reviewed publication
in amedical journal, via advocacy or charity organizations, such as Versus Arthritis and across social media. Findings will be
fed back to members of our PAG, study participants, and clinicians from participating primary care general practices. The PAG
will also take an active role in the overall dissemination strategy.

Conclusions: This study will provide empirical evidence to help patients identify common knee OA flare triggers and provide
health care professionals with questions to identify patients at most risk of frequent flare-ups.

International Registered Report Identifier (IRRID): DERR1-10.2196/13428
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Introduction

Pain caused by osteoarthritis (OA) isamajor cause of functional
limitation and disability worldwide[1]. The course of OA pain
and functional limitation is heterogeneous among people[2-8],
and within different long-term trajectories, there is evidence of
substantial within-person variability over time. Shorter episodes
of more severe pain (acute flare-ups) deserve further
investigation for anumber of reasons: (1) unpredictable episodes
of severe pain are distressing and disabling in themselves and
become more common in the late stages of OA [9], (2) they
may disrupt patterns of healthy behavior that serve to reduce
therisk of OA progression (eg, weight control, keeping active,
and reducing sedentary time) [10], and (3) episodic flare-ups
may herald (or may even cause) a transition to less favorable
long-term trajectory.

Evidence of short-term daily impact of flare-ups of knee pain
is emerging internationally [11,12] as are musculoskeletal
studies specifically demonstrating the utility of case-crossover
designsto examinetransient physical and psychological triggers
of low back pain [13-15], knee OA [16-18], and hip OA [19].
Although flare-ups appear to be real phenomena experienced
by people with knee OA [11], the antecedents that cause
flare-ups and their consequences remain unclear. Our hypothesis
isthat although susceptibility to flares may be determined by a
range of factors, they are ultimately triggered by short-term
exposures. The etiopathogenesis of OA is believed to reflect a
joint’slong-term attempt to accommadate or regul ate cumul ative
excessive or aberrant loading [20]. We postul ate that intermittent
or transient activity—related exposuresthat precipitate short-lived
recurrent painful flare-ups are key to this process and related
management.

The primary objective of this study is to identify the most
common and consi stently associated proximate causes (triggers)
of knee OA flares to help make acute flares more predictable
and therefore potentially preventable. Secondary objectivesare
to
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1 estimate the time course of acute flares in knee OA with
regard to symptoms, activities, and role interference to
provide better information to patients and practitioners on
the likely short-term prognosis.

2. determinewhether characteristics of the participant and his
or her problem can identify individual swho are susceptible
to flares (frequent flare phenotypes) to target flare
management and preventive advice in practice.

Methods

Study Design

This study is a Web-based case-crossover study [21]. This
self-controlled design assembles within-person case-control
comparisons to establish if transient or intermittent exposures
(potential triggers) before acute or abrupt-onset events (knee
OA flare-up) may explain these episodes. Case-crossover
designs have been used to investigate triggers of acute-onset
disease (eg, myocardial infarction [22] and stroke [23]), health
care events (eg, [24,25]), and acute-on-chronic episodes (eg,
gout flares [26]). In this study, the case-crossover design was
chosen as an efficient method to identify recurrent
acute-on-chronic events [27], while capturing proximate
exposures. This design is particularly valuable in the context
of triggers of acute flares because it controls for time invariant
confounders, under the assumption that there are no timetrends
in exposures over the period of investigation [28]. By conducting
this study using a Web-based platform, data collection is
efficient in terms of time and cost, while also enabling capture
of real-time information on recurrent flares [29].

Target Population

Community-dwelling adults aged 40 years and over, who are
resident in England, with knee pain and/or knee OA and have
daily accessto email and theinternet will beinvited to take part
in this study. A full list of eigibility criteria is presented in
Table 1.
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Table 1. Eligibility criteria.
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Eligibility criteria

Mode of ascertainment

Inclusion criterion

Male or female aged 240 years, resident in England

Registered as a permanent resident with participating general practiceﬁb

Consultation for knee OA or knee OA-related joint symptomsin the last 2 yearsb’C

Daily access to an email account and to the internet (laptop, desktop, tablet, or smartphone)

Exclusion criterion

Known diagnosis of inflammatory arthropathy, spondyloarthropathy or crystal arthropathy (eg, rheumatoid arthritis,

GPSS? or registration page
GPSS

GPSS

PCRFY or registration page

GPSS or registration page

ankylosing spondylitis, reactive arthritis, systemic lupus erythematosus, gout, and psoriatic arthritis), fibromyalgia®

Symptoms are from a knee that has been replaced
Surgery to either knee within the past 3 months
Unable to complete questions written in English

GPSS or registration page
GPSS or registration page
PCRF or registration page

Vulnerableindividuals (eg, psychiatric illness, learning difficulties, dementia, terminal illness, and severeenduring GPSS

mental ill health)®

8GPSS: General practice search and screen.

ba pplicable only to participants recruited via general practices.
®Based on code lists (available upon request).

9PCRF: patient-completed reply form.

Recruitment Procedures

Recruitment will be done via 3 routes. (1) genera practice
registers, (2) offline community advertisement, and (3) online
community advertisement.

General Practice Registers

In total, 5000 potentially eligible adults with suspected or
diagnosed clinical knee OA will be identified from up to 17
general practices across England and will be mailed a study
pack (letter of invitation, Participant Information Sheet (PI1S),
reply form, and prepaid return envelope). General practitioners
at each practice will also beinvited to screen the samplelist for
patients whom they consider should be excluded from the
invitation mailing (eg, vulnerableindividuals). A reminder | etter,
together with a repeat PIS, reply form, and prepaid return
envelope, will be sent to people who have not responded after
2 weeks. People who have not responded within 4 weeks will
not be contacted again. Practice mailing will be performed in
stages.

Participants who return areply form will be providing implied
consent to further contact. Those who, on their reply form, fulfill
the eligibility criteria and provide their name, a valid personal
email address, and maobile phone number (optional) will be sent
a preconsent welcome email containing a Web link to the
ACT-FLARE study website (developed using Microsoft Visual
Studio). The Web link will direct them to an online copy of the
PIS, and from there to the informed electronic consent
(e-consent) form. For people who return a reply form with
illegible, ambiguous, or invalid responses or personal details
(eg, invalid email address), an attempt to clarify thisinformation
will be made with 1 follow-up email or letter, as appropriate,
asking the individual to contact the study team by phone or
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email. If thereisno response, these people will not be contacted
again.

Offline Community Advertisement

Study posters, flyers, or business card advertisements will be
displayed in the waiting areas and patient information points of
all participating general practices; additional general practices;
selected community pharmacies; patient waiting areas in
community hospitals, and public libraries across England, where
permission to do so is granted. Wherever possible, the study
will aso be publicized through local newspapers and radio.

The advertising material will include the study title, summary
study information and €eligibility, the Web address for the
ACT-FLARE study registration webpage, and study contact
email address and telephone number. Members of the public
who areinterested intaking part and believethey may be digible
will be invited to visit the ACT-FLARE study registration
webpage where summary information, eligibility, and contact
details are again displayed. Interested members of the public
who deem themselves dligible will be asked to submit key data
(implied confirmation of eligibility, email address, name
(optional), mobile phone number (optional), postcode (to ensure
they are an England resident), and how they heard about the
study) to Keele Clinical Trials Unit, which will generate a
unique study identification number and the preconsent welcome
email containing aWeb link to the ACT-FLARE study website.
The Web link will direct them to a copy of the PIS and to the
informed e-consent process.

Online Community Advertisement

We will use targeted social media advertising in Facebook to
publicize the ACT-FLARE study. This will aso include
placement of adverts on selected key organizational or group
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pages, such as Arthritis Research UK, Arthritis Care, Age UK,
and Patient UK, aswell as Keele University Research Institute
for Primary Care & Health Sciences website, Facebook page,
Twitter account, and blog. Interested, potentially eligible
participants will be directed to the ACT-FLARE study
registration page where the same subsequent process of
recruitment as described in the offline route will be followed.

All participants will be invited to provide informed e-consent
before setting up a username and password for login access to
the ACT-FLARE study website to participate in the study.

Ethical approval has been obtained from Yorkshire & The
Humber—Leeds East Research Ethics Committee (REC
reference number: 18/Y H/0075).

Data Collection

Data will be collected via self-complete questionnaires by the
participant using a Web-based data collection platform
previously developed as part of our feasibility and pilot study
[30]. All participantswill be followed up for a 13-week period,
irrespective of how many flare-up episodes are experienced.
Data collection will comprise 4 elements. (1) baseline
guestionnaire, (2) scheduled questionnaires, (3) event-driven
guestionnaires, and (4) daily questionnaires during a flare-up.
Data collection has the following general features:

1. All questionnaires can be completed on a desktop, laptop,
tablet, or mobile smartphonein under 15 min, in accordance
with feedback from our Patient Advisory Group (PAG).

2. Questionnaires must be completed in onetime point by the
participant. There is no facility for partial completion and
return at alater time. This approach was selected to ensure
that questionnaires are completed as contemporaneously
as possible.

3. Once a questionnaire has been completed and submitted
by a participant through the website, the participant no
longer has repeat access to the questionnaire.

4. A short onscreen thank you statement will be generated
following the completion of each questionnaire.
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5. Remembering to notify the research team about a flare-up
has been identified as a critical issue. Participants who
provide a mobile tel ephone number (optional) will be sent
a reminder text message about the study once a fortnight
for the duration of the study. This will be calculated from
the date each participant completes their baseline
guestionnaire, and all texts will be sent to participants at
18:00 Greenwich Mean Time.

6. At the end of the study, participants will be invited to
provide feedback on their participation in the study and
whether they would be willing to additionally participate
in clinical examinations during a knee flare-up, should a
similar study be conducted in thefuture, toinclude magnetic
resonance imaging and synovial fluid sampleviakneejoint
aspiration.

Baseline Questionnaire

The purpose of the basdline questionnaire is to provide
descriptive information on participants' history of knee pain
and flare-ups, current knee features, health care use for knee
pain, general hedth, including norma physical activity
exposures, and demographics. The content of the baseline
guestionnaire is provided in Table 2. It includes domains and
measurement instruments of potential relevance based on
previous literature and critical input from a PAG.

Once participants activate their log-in with the study website,
they will be directed to the baseline questionnaire, which
becomes available for completion immediately. At this point,
participants will also receive emailed instructions to use their
username and password to log-in to the website. If participants
do not compl ete the baseline questionnaire, an email reminder
will be sent after 3 days and a repeat email reminder after a
further 3 days. If no response is received after 7 days from the
initial date of invitation, participants can no longer continuein
the study. The participant will receive an email notification
confirming this.
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Table 2. Baseline questionnaire.

Concept, measurement method Detail Timeavailable  Reminder sent
for completion
Section A: Your knee pain
Time since onset Not applicable, <1 year, 1-4 years, 5-9 years, 10+ years. 7 days Yes
Left, right
Pattern [31] 5 flare pattern illustrations. Left, right 7 days Yes
Experience of knee pain [32] In past 6 months: No pain, predictable pain, someunpre- 7 days Yes
dictability, constant. Left, right
Pain, aching, stiffnessin last month [33,34] No days, few days, some days, most days, all days. Left, 7 days Yes
right
Worst and least in last week, average, current  0-10 Numerical Rating Scale with anchors (no pain, pain 7 days Yes
[35] as bad as you can imagine)
Kneeinjury and Osteoarthritis Outcome Score  7-items and 5-option categories for difficultieswith daily 7 days Yes
Physical Function [36] activitiesin last week
Kneeinjury and Osteoarthritis Outcome Score  4-items and 5-option categories for quality of lifeinlast 7 days Yes
Quality of Life[37] week
Bothersomenessin last 24 hours [38] Not at al, dightly, moderately, very much, extremely. Left, 7 days Yes
right
Flare-up at present Yes, No. Left, right 7 days Yes
Self-reported main flare trigger Free text 7 days Yes
Varus-valgus malalignment [39] Very bow legged, bow legged, normal, knock-knee, very 7 days Yes
knock-knee. Left, right
Foot rotation [39] Very turned out feet, turned out feet, straight, turned in 7 days Yes
feet, very turned in feet. Left, right
Previous knee injury [40] Injury induced walking problemsfor at least 1 week. Left, 7 days Yes
right
Family history of total knee replacement [40]  Mother, father, sister or brother. Yes, No, don't know 7 days Yes
Section B: Health care use for your knee pain
Medications, last week 17-option categories for drug use, tick asmany boxesas 7 days Yes
apply
Health professional consultation, last year General practitioner, practice or district nurse, physiother- 7 days Yes
apist, surgeon, rheumatol ogist, acupuncturist, occupational
therapist
Any kind of previous knee surgery Yes, No. Left, right 7 days Yes
Previous knee injections last 3 months Left, right, both, not applicable 7 days Yes
Previous knee surgery last 3 months [40] L eft, right, both, not applicable 7 days Yes
Previous total knee replacement Left, right, both, not applicable 7 days Yes
Onwaiting list for total knee replacement L eft, right, both, not applicable 7 days Yes
Section C: Your general health
Perceived general health [41] Excellent, very good, good, fair, poor 7 days Yes
Physical activity [42] Work physical activity (5-response options), general 7 days Yes
physical activity in last week (5-response options, 4-option
categories), walking pace
Self-reported weight Stones and Ibs or kg 7 days Yes
Self-reported height Feet and Inches or cm 7 days Yes
Normal physical activitieson a normal day
Walking outside without rest Not at all, A little, A lot 7 days Yes
Standing for long periods without rest Not at all, A little, A lot 7 days Yes
Sitting for long periods without a break Not at all, A little, A lot 7 days Yes
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Concept, measurement method Detail Timeavailable ~ Reminder sent
for completion
Moderate-to-vigorous physical activity (this Not at all, A little, A lot 7 days Yes
may include activitiesthat make you breath
harder than normal) [43]
Going up and down stairs Not at all, A little, A lot 7 days Yes
Driving Not at all, A little, A lot 7 days Yes
Squatting or kneeling Not at all, A little, A lot 7 days Yes
Lifting or moving heavy objects Not at all, A little, A lot 7 days Yes
Going up and down ladders Not at all, A little, A lot 7 days Yes
Section D: About you and your circumstances
Gender Male, female 7 days Yes
Date of birth Date, Month, Year 7 days Yes
Current employment Paid employment or self-employed, retired, looking after 7 days Yes

home and/or family, unable to work because of sickness
or disability, unemployed, doing unpaid or voluntary work,
full or part-time student.

Scheduled Questionnaires

The purpose of the scheduled questionnaires is to measure
activities and exposures (potential triggers) during control
periods (ie, daysthat are not followed by aflare-up). The content
for the scheduled questionnaireis provided in Table 3. It features
amatrix for reporting the occurrence and amount of 21 physical,
psychosocial, and environmental potential triggers on the day
of questionnaire completion and the 3 days before this. These
potential triggers have been selected from previous literature,
PAG discussion, and clinical experience.

In total, 4 scheduled questionnaires will be sent to participants
1 week, 5 weeks, 9 weeks, and 13 weeks after completion of
the baseline questionnaire. The timing of al scheduled
questionnaires remains the same in the event of delayed or
nonresponse to 1 or more scheduled questionnaires. All
participants will be sent an email inviting them to complete
each scheduled questionnaire about their activities and exposures
during the last 3 days. The email will contain a direct link to
the questionnaire, which will aso become accessible at the
correct point in time should the participant log-in to the website
independently of the email link.

As a part of each scheduled questionnaire, participants will
initially be asked if they are currently experiencing a flare-up
of their knee pain. If no, they will continue to complete the
scheduled questionnaire. If yes, the participant will be redirected
to complete the event-driven questionnaire (see below).

Nonresponders will be sent an email reminder after 3 days and
arepeat email reminder after afurther 3 days. If no responseis
received after 7 days, the questionnaire becomes deactivated
and can no longer be completed. The participant will receive
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an email notification confirming this. Nonrespondents to
scheduled questionnaires remain in the study.

Event-Driven Questionnaires

The purpose of the event-driven questionnaires is to measure
activities and exposures (potential triggers) during hazard
periods (ie, the 3 days before experiencing a flare-up) and to
gauge whether flare-ups are often anticipated by participants.
The content for the event-driven questionnaire is provided in
Table 4. As per the scheduled questionnaire, this features the
same matrix for reporting the occurrence and amount of 21
physical, psychosocial, and environmental potential triggerson
the day the flare-up started and the 3 days before this. In
addition, participants will be asked about features of their
flare-up.

Participants will be invited to complete an event-driven
questionnaire immediately if they provide notification through
the website that they are currently experiencing a self-reported
flare-up. This notification can be initiated either viaaWeb link
provided in the welcome email, scheduled questionnaire email,
text message correspondence, or by logging onto the study
website. There is no limit to the number of times a participant
can self-report a flare-up episode during the study period.

After providing aflare-up notification, if a participant does not
compl ete the event-driven questionnaire, an email reminder will
be sent after 1 day. A repeat email reminder will be sent after
a further day. If no response is received after 2 days, the
event-driven questionnaire becomes deactivated and can no
longer be completed. The participant will receive an email
notification confirming this. Nonrespondents to event-driven
questionnaires remain in the study.
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Table 3. Scheduled questionnaire. Potential trigger questions answered for today, day before, 2 days earlier, and 3 days earlier.

Concept?, measurement method Detail Timeavailable  Reminder sent
for completion
Knee pain
Flare-up at present Yes, No. Left, right 7 days Yes
Average painin last 24 hours [44] 0-10 Numerical Rating Scale with anchors 7 days Yes
(no pain, pain as bad as you can imagine).
Left, right
Potential triggers
Physical activities
Walking outside without rest Not at all, A little, A lot 7 days Yes
Standing for long periods without rest Not at al, A little, A lot 7 days Yes
Sitting for long periods without a break Not at al, A little, A lot 7 days Yes
Moderate-to-vigorous physical activity (thismay include Not at al, A little, A lot 7 days Yes
activities that make you breath harder than normal) [43]
Going up and down stairs Not at al, A little, A lot 7 days Yes
Driving Not at all, A little, A lot 7 days Yes
Squatting or kneeling Not at al, A little, A lot 7 days Yes
Lifting or moving heavy objects Not at all, A little, A lot 7 days Yes
Going up and down ladders Not at al, A little, A lot 7 days Yes
Slips, trips, sprains, and strains
Slip, trip or fall No, Yes 7 days Yes
Episode of buckling or giving way [45] No, Yes 7 days Yes
Health and health care use
Reduce or miss medication No, Yes 7 days Yes
Take extramedication No, Yes 7 days Yes
Cough, cold, or other minor infection No, Yes 7 days Yes
Stressand other things
Work-related stress [46] No, Yes 7 days Yes
Home-related stress [46] No, Yes 7 days Yes
Friend/family-related stress [46] No, Yes 7 days Yes
Low mood/depression No, Yes 7 days Yes
Feeling angry, irritable, or hostile No, Yes 7 days Yes
Poor night's sleep No, Yes 7 days Yes
Generally cold and damp weather [47] No, Yes 7 days Yes

3Questionnaire opens with orientation text: The following questions are about your knee symptoms at the moment. Please answer all questions below.
Some of these questions will ask you about things you may have been doing on the last 3 days. Please can you take a moment to remind yourself what
you were doing on each of these days to help you answer some of the questions below.
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Table 4. Event-driven questionnaire. Potential trigger questions answered for day of flare-up, day before, 2 days earlier, and 3 days earlier.

Concept?, measurement method Detail Timeavailable  Reminder sent
for completion

Natureof flare

Kneepain
When did this flare-up start? Today, yesterday, 2 days ago, 3days 2 days Yes
ago, 4 or more days ago
Was this flare-up unexpected? Yes, No 2 days Yes
Which knee currently experiencing aflare-up? Left, right 2 days Yes
Average painin last 24 hours [44] 0-10 Numerical Rating Scale with 2 days Yes

anchors (no pain, pain as bad as you
can imagine). Left, right

Changes noticed since flare-up

Morethan usual: limping, swelling, stiffness, increased difficulty  Tick as many boxes as apply 2 days Yes
with activities of daily living, sleep disturbance by knee pain

Potential triggers

Physical activities

Walking outside without rest Not at all, A little, A lot 2 days Yes
Standing for long periods without rest Not at all, A little, A lot 2 days Yes
Sitting for long periods without a break Not at al, A little, A lot 2 days Yes
Moderate-to-vigorous physical activity (thismay includeactivities Not at all, A little, A lot 2 days Yes
that make you breath harder than normal) [43]

Going up and down stairs Not at all, A little, A lot 2 days Yes
Driving Not at all, A little, A lot 2 days Yes
Squatting or kneeling Not at all, A little, A lot 2 days Yes
Lifting or moving heavy objects Not at all, A little, A lot 2 days Yes
Going up and down ladders Not at all, A little, A lot 2 days Yes

Slips, trips, sprains, and strains
Slip, trip, or fall No, Yes 2 days Yes
Episode of buckling or giving way [45] No, Yes 2 days Yes
Health and health care use

Reduce or miss medication No, Yes 2 days Yes
Take extramedication No, Yes 2 days Yes
Cough, cold, or other minor infection No, Yes 2 days Yes

Stressand other things

Work-related stress [46] No, Yes 2 days Yes
Home-related stress [46] No, Yes 2 days Yes
Friend/family-related stress [46] No, Yes 2 days Yes
Low mood/depression No, Yes 2 days Yes
Feeling angry, irritable, or hostile No, Yes 2 days Yes
Poor night’s sleep No, Yes 2 days Yes
Generally cold and damp wesather [47] No, Yes 2 days Yes

Your flare-up

What do you think caused this flare-up of your knee pain? Free text 2 days Yes

@Questionnaire opens with orientation text: The following questions are about your current flare-up of knee pain. Please answer all questions below.
Some of these questions will ask you about things you may have been doing on the 3 days before your flare-up and also on the day it started. Please
can you take a moment to remind yourself what you were doing on each of these days to help you answer some of the questions bel ow.
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Daily Questionnaires During a Flare-Up

The purpose of the daily questionnaire during a flare-up is to
collect information regarding the natural course of flare-up
episodes. These comprise 4 brief questions on pain intensity,
bothersomeness, health care use, and participant judgment on
whether their flare-up has ended. The content for the daily
guestions during flare-up is provided in Table 5.

Upon compl etion of the event-driven questionnaire, participants
will be invited to complete the 4 questions, starting one day
later, via email until resolution of their flare-up. Resolution is
defined as participants reporting that their symptoms have
returned to their preflare normal state for 2 consecutive days.

Table 5. Daily questions during aflare-up.

Thomas et al

There will be no reminders for the daily questionnaires during
flare-up and participants can only complete questionnaires on
the day they are sent, with any earlier incomplete dates
becoming deactivated. Emails will be sent to participants at
18:00 Greenwich Mean Time for the duration of the flare-up
episode. Broderick et al [48] have previously demonstrated that
end-of-day pain measurement adequately reflectsaveragedaily
pain levels. If a participant is still reporting that they arein a
flare-up episode at the end of the study period, they will not be
followed up to flare-up resolution beyond this time point. If a
participant is having a flare-up, they will not receive a further
scheduled questionnaire until the participant notifies usthat the
flare-up episode has resolved.

Concept, measurement method Detail Time available Reminder sent
for completion
Kneepain
Average pain in last 24 hours [44] 0-10 Numerical Rating Scale with anchors (no pain, pain asbad as 6 hours No
you can imagine). Left, right
Impact of pain
Bothersomenessin last 24 hours[38]  Not at al, dightly, moderately, very much, extremely. Left, right 6 hours No
Medication use
Pain medication taken in last 24 hours  No; yes, but lessthan usual; yes, about the same as usual; yes, more 6 hours No
than usual
Flare-up resolution
Has your flare-up ended Yes, No 6 hours No

Patient | nvolvement

This study is a patient-confirmed research priority, and a
study-specific PAG has assisted with the study development
frominception. So far, this hasincluded advice and suggestion
on all aspects of questionnaire and website devel opment as part
of this full-scale study and our previous feasibility and pilot
study [30]. Engagement has taken place through workshops,
written and verbal feedback on study questionnaires, and
practical hands-on trial of website utility during devel opment.
One member of our PAG has remained an active member of
the study management group from inception (CP).

Outcome Definition

Self-reported flare-up of symptomatic knee OA is defined as
“an event in the natural course of the condition characterized
by a change in the participant’s baseline pain that is beyond
normal day-to-day variation, sustained for at least 24 hours, and
is sudden or quick in onset. It may impact on the ability to
perform everyday activitiesand result in anincreasein analgesic
intake”. This definition was derived from our pilot study [30],
which used a qualitative approach based on self-assessment, a
previous literature review [49], group discussions with patients
and members of the public, and findings from a previous survey
and 3-month pen-and-paper daily diary study (unpublished data
at time of submission).

https://www.researchprotocols.org/2019/4/e13428/

Sample Size

A sample size of 434 participants will have 80% power at a 5%
2-tailed significance level to detect an unadjusted odds ratio of
2 for knee pain flare-up in the hazard period relative to control
period if the probability of exposure (potential trigger) among
control periodsisat least 0.1, the correlation coefficient for the
exposure between matched hazard periods and control periods
is no more than 0.3 [16], and assuming a 1:1 ratio of control
periods to hazard periods.

We will recruit 620 participants, alowing for approximately
30% of participants who may not experience a flare-up or
drop-out during the study period [16]. We estimate a total of
17 general practiceswill be required for thisrecruitment target.
This is based on 8% of adults aged =40 years consulting for
knee OA or kneejoint pain over a2-year period [50], an average
practice list size of 7000 patients, half of whom are aged >40
years, and acombined dligibility, response, and consent rate of
12%.

Recruitment of participants via offline and online community
advertisementswill efficiently supplement the above recruitment
method, which will be particularly valuable in the event of
lower-than-expected participation and reported flare frequency,
and for reducing imprecision in important subgroup analyses,
for example, restricting analysis to participants who provide
early notification of flare-up and those whose flare-up proves
to be more than transient.
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Statistical Analysis
Summary of Baseline Data and Flow of Participants

Recruitment and Retention

Production of a Consolidation Standards of Reporting
Trials-style participant flowchart and simple descriptive
statistics for response rates (including age, gender, and
deprivation score, derived from participant postcodes, of
responders compared with eligible nonresponders at baseline)
in accordance with standard definitions [51].

Summary Descriptive Characteristics of the Study Sample

Demographic and self-report clinical characteristics will be
described. Participants will be compared with ineligible and
nonconsenting participants on available data. Summary
descriptive characteristics of flare-ups, symptoms, and
consequences during the flare-up will be described.

Triggers, Course, Consequences, and High-Risk
Participant Profiles

Proximate Triggers of Acute Flares (Primary Objective)

The odds of identified potential flare-up antecedentsor triggers
occurring in the hazard period will be compared with therelative
occurrence in the control period using conditional logistic
regression using m:n matching, as each participant may have
multiple hazard and control periods[52]. Modeled datawill be
presented as odds ratios with 95% Cls. The assumption of no
time-trend in exposure will be verified.

The optimal duration of the hazard (effect) period for flare-ups
isunknown. Our primary analysiswill be based on the scheduled
guestionnaires (Weeks 1, 5, 9, and 13) being the main source
of control exposure measurements comparison for with the
event-driven questionnaire. Therelative merits of hazard periods
of 24, 48, and 72 hours will be explored to test the induction
period, while also protecting the analysis against rare exposures.

In the advent of low levels of completion of the scheduled
guestionnaire, we will explore aternative sources of control
measurement; (1) norma physical activity exposure
measurements ascertained in the baseline questionnaire and (2)
by exposure measurement in the preceding 48 and 72 hours (for
hazard period exposure defined in the preceding 24 hours) within
the event-driven questionnaire.

Owing to alack of consensus definition for aflare-up inthe OA
literature, our statistical analysis plan will allow for analysis of
aternative definitions, for example, no defined minimum
flare-up duration, or imposed knee pain change score of =2 on
a numerical rating scale, between baseline and self-reported
flare-up. We will also consider the potential for combining
related exposures.

By describing the proportion of triggers during the hazard
window that were reported by participants as being
unanticipated, the extent to which triggerswere predictable will
be explored.

https://www.researchprotocols.org/2019/4/e13428/
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Time Cour seand Consequencesof AcuteFlares(Secondary
Objective 1)
Using the daly questionnaires during a flare-up,
time-to-resolution of symptoms will be compared across
participants.

Frequency of Acute Flares (Secondary Objective 2)

The rate of acute flares reported during follow-up will be
modeled using regression models. This will identify whether
certain participants and flare characteristics (collected in the
baseline questionnaires) are more or less likely to experience
flare-ups.

The amount of missing data will be calculated and the effects
on each of the analyses may be investigated using multiple
imputation.

Results

Participant recruitment opened in July 2018 and is anticipated
to continuefor 6 months. The study resultswill be disseminated
through a number of channels, including relevant national or
international conferences and peer-reviewed publication in a
medical journal, viaadvocacy or charity organizations, such as
Versus Arthritis and across social media. Findings will be fed
back to members of our PAG, study participants, and clinicians
from participating primary care general practices. The PAG will
also take an active role in the overall dissemination strategy.

Discussion

Recognition of the potential importance of episodic flares in
the natural history of OA is gaining momentum among the
clinica research community [49,53,54]. In this 13-week
Web-based case-crossover study, we will combine genera
practice—based recruitment with social mediaadvertising across
England to identify proximate causes (triggers) of acute
flare-ups in knee OA, estimate their time course and
consequences, and describe individuals most susceptible to
flares.

By embracing both digital epidemiology and within-person
study design to examine OA flares, it is hoped that real-time
observations of individual episodic symptom variability can
provide insights into these phenomena and their potential
relation to short-term prognosis. However, this endeavor is not
without limitations. Major challenges of this approach are the
recruitment of individuals to a Web-based data collection
platform and timely capture of events and exposures. With no
agreed objective measurement for an OA flare, the ascertainment
of onset is reliant on participant self-report. There is also the
potential for recall bias owing to differential reporting of
exposure in the hazard and control periods. For example,
parti cipants answering questions about potential exposures over
the last 3 days while currently experiencing a flare-up
(event-driven questionnaire) may respond differently to the
same questions when they are not experiencing a flare-up
(scheduled questionnaire). Despite this, all comparisons are
within-person, therefore eliminating time-invariant person-level
confounders by design. Conditional regression is then used to

JMIR Res Protoc 2019 | vol. 8| iss. 4 | €13428 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

compare exposure status between the hazard and control periods
within the same person. Factors that do not change over time,
such as gender and genetics remain constant in all periods. In
addition, inviting participants to reflect on recent experiences
to help understand the behavior of their symptoms can be easily

Thomas et al

that can occur in the community and be supported by al primary
care encounters. This study will provide empirical evidenceto
help patients identify common knee OA flare triggers, provide
health care professionals with questions to identify patients at
most risk of frequent flare-ups, and inform clinical guidelines.

integrated into patient-oriented approachesto self-management

Acknowledgments

The study research team was also supported by Kris Clarkson, Victoria Harper, Sarah Lawton, Jo Smith, and Tracy Whitehurst.
The authorswish to acknowledge service support from the West Midlands Clinical Research Network (CRN) and the Kent, Surrey
and Sussex CRN, and thank the staff at participating general practices. The authors would also like to thank Nativve Health
Research for targeted social media advertising in Facebook and Matthew Boulton for assistance with the production of video
footage included within the study website.

This report is independent research arising from an Integrated Clinical Academic Programme Clinical Lectureship awarded to
MJT (ICA-CL-2016-02-014), supported by the National Institute for Health Research (NIHR) and Health Education England
(HEE). ELPreceived funding from an NIHR In-Practice Fellowship (IPF-2014-08-03) and an NIHR Academic Clinical Fellowship
and is currently supported by an NIHR School for Primary Care Research GP Progression Fellowship. TN is supported by NIH
RO1AR062506 and K24AR070892. The views expressed in this publication are those of the authors and not necessarily those of
the National Health Service (NHS), the NIHR, HEE, or the Department of Health and Social Care.

Authors Contributions

MJT and GP conceived the study. MJT, TR-M, ELP, CP, TN, and GP designed the study. TR-M developed the analysis planin
conjunction with MJT and GP. MJT and SH designed and devel oped the study’s Web-based data collection platform. MJT drafted
the paper, and all authors contributed to the paper. All authors approved the final version.

Conflictsof I nterest
None declared.

References

1.  CrossM, Smith E, Hoy D, Nolte S, Ackerman |, Fransen M, et a. The global burden of hip and knee osteoarthritis: estimates
from the global burden of disease 2010 study. Ann Rheum Dis 2014 Jul;73(7):1323-1330. [doi:
10.1136/annrheumdis-2013-204763] [Medline: 24553908]

2. Leffondré K, Abrahamowicz M, Regeasse A, Hawker GA, Badley EM, McCusker J, et a. Statistical measureswere proposed
for identifying longitudinal patternsof changein quantitative health indicators. JClin Epidemiol 2004 Oct;57(10):1049-1062.
[doi: 10.1016/j.jclinepi.2004.02.012] [Medline: 15528056]

3. HoallaJFM, van der Leeden M, Heymans MW, Roorda LD, Bierma-Zeinstra SMA, Boers M, et a. Three trgjectories of
activity limitationsin early symptomatic knee osteoarthritis: a 5-year follow-up study. Ann Rheum Dis 2014
Jul;73(7):1369-1375. [doi: 10.1136/annrheumdis-2012-202984] [Medline: 23716068]

4.  CollinsJE, Katz JN, Dervan EE, LosinaE. Trajectories and risk profiles of pain in persons with radiographic, symptomatic
knee osteoarthritis: data from the osteoarthritis initiative. Osteoarthritis Cartilage 2014 May;22(5):622-630 [FREE Full
text] [doi: 10.1016/j.joca.2014.03.009] [Medline: 24662734]

5. NichollsE, ThomasE, van der Windt DA, Croft PR, Peat G. Pain trajectory groupsin personswith, or at high risk of, knee
osteoarthritis: findings from the Knee Clinical Assessment Study and the Osteoarthritis Initiative. Osteoarthritis Cartilage
2014 Dec;22(12):2041-2050 [ FREE Full text] [doi: 10.1016/j.joca.2014.09.026] [Medline: 25305072]

6. Wesseling J, Bastick AN, ten Wolde S, Kloppenburg M, Lafeber FP, Bierma-Zeinstra SM, et al. Identifying trajectories of
pain severity in early symptomatic knee osteoarthritis: a 5-year follow-up of the Cohort Hip and Knee (CHECK) study. J
Rheumatol 2015 Aug;42(8):1470-1477. [doi: 10.3899/jrheum.141036] [Medline: 26136492]

7.  Bastick AN, Wesseling J, Damen J, Verkleij SP, Emans PJ, Bindels PJ, et al. Defining knee pain trajectoriesin early
symptomatic knee osteoarthritisin primary care: 5-year results from a nationwide prospective cohort study (CHECK). Br
J Gen Pract 2016 Jan;66(642):€32-e39 [FREE Full text] [doi: 10.3399/bjgp15X 688129] [Medline: 26639946]

8.  WhiteDK, Neogi T, Nguyen UD, Niu J, Zhang Y. Tragjectories of functional declinein knee osteoarthritis: the Osteoarthritis
Initiative. Rheumatol ogy (Oxford) 2016 May;55(5):801-808 [ FREE Full text] [doi: 10.1093/rheumatology/kev419] [Medline:
26705330]

9. Hawker GA, Stewart L, French MR, Cibere J, Jordan JM, March L, et al. Understanding the pain experiencein hip and
knee osteoarthritis--an OARSI/OMERACT initiative. Osteoarthritis Cartilage 2008 Apr;16(4):415-422 [FREE Full text]
[doi: 10.1016/j.joca.2007.12.017] [Medline: 18296075]

https://www.researchprotocols.org/2019/4/e13428/ JMIR Res Protoc 2019 | vol. 8| iss. 4| 13428 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1136/annrheumdis-2013-204763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553908&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2004.02.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15528056&dopt=Abstract
http://dx.doi.org/10.1136/annrheumdis-2012-202984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23716068&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(14)01010-3
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(14)01010-3
http://dx.doi.org/10.1016/j.joca.2014.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24662734&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(14)01278-3
http://dx.doi.org/10.1016/j.joca.2014.09.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25305072&dopt=Abstract
http://dx.doi.org/10.3899/jrheum.141036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26136492&dopt=Abstract
http://bjgp.org/cgi/pmidlookup?view=long&pmid=26639946
http://dx.doi.org/10.3399/bjgp15X688129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26639946&dopt=Abstract
http://europepmc.org/abstract/MED/26705330
http://dx.doi.org/10.1093/rheumatology/kev419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26705330&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(07)00403-7
http://dx.doi.org/10.1016/j.joca.2007.12.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18296075&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thomaset a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Peat G, Thomas E. When knee pain becomes severe: a nested case-control analysisin community-dwelling older adults. J
Pain 2009 Aug;10(8):798-808 [FREE Full text] [doi: 10.1016/j.jpain.2009.01.323] [Medline: 19638327]

Murphy SL, Lyden AK, Kratz AL, Fritz H, Williams DA, Clauw DJ, et a. Characterizing pain flares from the perspective
of individualswith symptomatic knee osteoarthritis. Arthritis Care Res (Hoboken) 2015 Aug;67(8):1103-1111 [FREE Full
text] [doi: 10.1002/acr.22545] [Medline: 25580697]

Parry E, Ogollah R, Peat G. Significant pain variability in personswith, or at high risk of, knee osteoarthritis: preliminary
investigation based on secondary analysis of cohort data. BMC Muscul oskelet Disord 2017 Feb 14;18(1):80 [FREE Full
text] [doi: 10.1186/s12891-017-1434-3] [Medline: 28196504]

Steffens D, FerreiraML, Maher CG, Latimer J, Koes BW, Blyth FM, et al. Triggers for an episode of sudden onset low
back pain: study protocol. BMC Musculoskelet Disord 2012 Jan 24;13:7 [FREE Full text] [doi: 10.1186/1471-2474-13-7]
[Medline: 22273001]

Steffens D, FerreiraML, Latimer J, FerreiraPH, Koes BW, Blyth F, et al. What triggers an episode of acute low back pain?
A case-crossover study. Arthritis Care Res (Hoboken) 2015 Mar;67(3):403-410 [FREE Full text] [doi: 10.1002/acr.22533]
[Medline: 25665074]

Machado GC, FerreiraPH, Maher CG, Latimer J, Steffens D, KoesBW, et al. Transient physical and psychosocial activities
increase the risk of nonpersistent and persistent low back pain: a case-crossover study with 12 months follow-up. Spine J
2016 Dec;16(12):1445-1452. [doi: 10.1016/].spinee.2016.08.010] [Medline: 27503263]

Makovey J, Metcalf B, Zhang Y, Chen JS, Bennell K, March L, et al. Web-based study of risk factorsfor pain exacerbations
in osteoarthritis of the knee (SPARK-Web): design and rationale. IMIR Res Protoc 2015 Jul 8;4(3):e80 [FREE Full text]
[doi: 10.2196/resprot.4406] [Medline: 26156210]

FerreiraML, Zhang Y, Metcalf B, Makovey J, Bennell KL, March L, et al. The influence of weather on the risk of pain
exacerbation in patientswith knee osteoarthritis - acase-crossover study. Osteoarthritis Cartilage 2016 Dec;24(12):2042-2047
[FREE Full text] [doi: 10.1016/j.joca.2016.07.016] [Medline: 27492467]

Zabel 1, Erfani T, Bennell KL, Makovey J, Metcalf B, Chen JS, et a. Relationship of buckling and knee injury to pain
exacerbations in knee osteoarthritis: a web-based case-crossover study. Interact JMed Res 2016 Jun 24;5(2):e17 [FREE
Full text] [doi: 10.2196/ijmr.5452] [Medline: 27342008]

Fu K, Makovey J, Metcalf B, Bennell K, Zhang Y, Asher R, et al. The Role of Hip Injury and “Giving Way” in Pain
Exacerbation in Hip Osteoarthritis: An Internet - Based Case - Crossover Study. Arthritis Care Res (Hoboken) 2018 Jul
25. [doi: 10.1002/acr.23708] [Medline: 30044548]

Brandt KD, Dieppe P, Radin EL. Etiopathogenesis of osteoarthritis. Rheum Dis Clin North Am 2008 Aug;34(3):531-559.
[doi: 10.1016/j.rdc.2008.05.011] [Medline: 18687271]

Maclure M. The case-crossover design: amethod for studying transient effects on therisk of acute events. Am J Epidemiol
1991 Jan 15;133(2):144-153. [doi: 10.1093/aje/kwx105] [Medline: 1985444]

Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg RJ, Muller JE. Triggering of acute myocardial infarction
by heavy physical exertion. Protection against triggering by regular exertion. Determinants of Myocardial Infarction Onset
Study Investigators. N Engl JMed 1993 Dec 2;329(23):1677-1683. [doi: 10.1056/NEJM 199312023292301] [Medline:
8232456]

Boehme AK, Ranawat P, LunaJ, Kamel H, Elkind M S. Risk of acute stroke after hospitalization for sepsis. acase-crossover
study. Stroke 2017 Mar;48(3):574-580 [FREE Full text] [doi: 10.1161/STROKEAHA.116.016162] [Medline: 28196938]
Haat S, Haines A, Sarran C, Sharma A, Bates C, Fleming LE. The effect of ambient temperature on type-2-diabetes:
case-crossover analysis of 4+ million GP consultations across England. Environ Health 2017 Jul 12;16(1):73 [FREE Full
text] [doi: 10.1186/s12940-017-0284-7] [Medline: 28701216]

Jones A, Schumacher C, Bronskill SE, Campitelli MA, Poss JW, Seow H, et al. The association between home care visits
and same-day emergency department use: a case-crossover study. CMAJ 2018 Apr 30;190(17):E525-E531 [FREE Full
text] [doi: 10.1503/cmaj.170892] [Medline: 29712671]

Neogi T, Chen C, Niu J, Chaisson C, Hunter DJ, Zhang Y. Alcohol quantity and type on risk of recurrent gout attacks: an
internet-based case-crossover study. Am JMed 2014 Apr;127(4):311-318 [EREE Full text] [doi:
10.1016/j.amjmed.2013.12.019] [Medline: 24440541]

Tsai C, Camargo Jr CA. Methodological considerations, such as directed acyclic graphs, for studying “acute on chronic”
disease epidemiology: Chronic obstructive pulmonary disease example. J Clin Epidemiol 2009 Sep;62(9):982-990. [doi:
10.1016/j.jclinepi.2008.10.005] [Medline: 19211222]

Mittleman MA, Mostofsky E. Exchangeability in the case-crossover design. Int J Epidemiol 2014 Oct;43(5):1645-1655
[FREE Full text] [doi: 10.1093/ije/dyu081] [Medline: 24756878]

Zhang Y, Chaisson CE, McAlindon T, Woods R, Hunter DJ, Niu J, et a. The online case-crossover study isanovel approach
to study triggers for recurrent disease flares. J Clin Epidemiol 2007 Jan;60(1):50-55. [doi: 10.1016/].jclinepi.2006.04.006]
[Medline: 17161754]

Thomas MJ, Butler-Walley S, Rathod-Mistry T, Mayson Z, Parry EL, Pope C, et al. Acute flares of knee osteoarthritisin
primary care: afeasibility and pilot case-crossover study. Pilot Feasibility Stud 2018 Nov 5;4:167 [FREE Full text] [doi:
10.1186/s40814-018-0359-4] [Medline: 30410785]

https://www.researchprotocols.org/2019/4/e13428/ JMIR Res Protoc 2019 | vol. 8| iss. 4| €13428 | p. 12

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1526-5900(09)00311-3
http://dx.doi.org/10.1016/j.jpain.2009.01.323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19638327&dopt=Abstract
https://doi.org/10.1002/acr.22545
https://doi.org/10.1002/acr.22545
http://dx.doi.org/10.1002/acr.22545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25580697&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-017-1434-3
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-017-1434-3
http://dx.doi.org/10.1186/s12891-017-1434-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28196504&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-13-7
http://dx.doi.org/10.1186/1471-2474-13-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22273001&dopt=Abstract
https://doi.org/10.1002/acr.22533
http://dx.doi.org/10.1002/acr.22533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25665074&dopt=Abstract
http://dx.doi.org/10.1016/j.spinee.2016.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27503263&dopt=Abstract
http://www.researchprotocols.org/2015/3/e80/
http://dx.doi.org/10.2196/resprot.4406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26156210&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1063-4584(16)30205-9
http://dx.doi.org/10.1016/j.joca.2016.07.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27492467&dopt=Abstract
http://www.i-jmr.org/2016/2/e17/
http://www.i-jmr.org/2016/2/e17/
http://dx.doi.org/10.2196/ijmr.5452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27342008&dopt=Abstract
http://dx.doi.org/10.1002/acr.23708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30044548&dopt=Abstract
http://dx.doi.org/10.1016/j.rdc.2008.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18687271&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwx105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1985444&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199312023292301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8232456&dopt=Abstract
http://europepmc.org/abstract/MED/28196938
http://dx.doi.org/10.1161/STROKEAHA.116.016162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28196938&dopt=Abstract
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-017-0284-7
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-017-0284-7
http://dx.doi.org/10.1186/s12940-017-0284-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28701216&dopt=Abstract
http://europepmc.org/abstract/MED/29712671
http://europepmc.org/abstract/MED/29712671
http://dx.doi.org/10.1503/cmaj.170892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29712671&dopt=Abstract
http://europepmc.org/abstract/MED/24440541
http://dx.doi.org/10.1016/j.amjmed.2013.12.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24440541&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2008.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19211222&dopt=Abstract
http://europepmc.org/abstract/MED/24756878
http://dx.doi.org/10.1093/ije/dyu081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24756878&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2006.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17161754&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-018-0359-4
http://dx.doi.org/10.1186/s40814-018-0359-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30410785&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thomaset a

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.
43.

45,

46.

47.

48.

49,

50.

51.

Campbell P, Hill JC, Protheroe J, Afolabi EK, LewisM, BeardmoreR, et al. Keele Achesand Pains Study protocol: validity,
acceptability, and feasibility of the Keele STarT MSK tool for subgrouping musculoskeletal patientsin primary care. JPain
Res 2016 Oct 14;9:807-818 [FREE Full text] [doi: 10.2147/JPR.S116614] [Medline: 27789972]

Rayahin JE, Chmiel JS, Hayes KW, Almagor O, Belisle L, Chang AH, et a. Factors associated with pain experience
outcome in knee osteoarthritis. Arthritis Care Res (Hoboken) 2014 Dec;66(12):1828-1835 [FREE Full text] [doi:
10.1002/acr.22402] [Medline: 25047144]

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al. Development of criteriafor the classification and
reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and Therapeutic Criteria Committee of
the American Rheumatism Association. Arthritis Rheum 1986 Aug;29(8):1039-1049. [Medline: 3741515]

Williamson A, Hoggart B. Pain: areview of three commonly used pain rating scales. J Clin Nurs 2005 Aug;14(7):798-804
[FREE Full text] [doi: 10.1111/j.1365-2702.2005.01121.x] [Medline: 16000093]

Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inventory. Ann Acad Med Singapore 1994
Mar;23(2):129-138. [Medline: 8080219]

Perruccio AV, Lomander LS, Canizares M, Tennant A, Hawker GA, Conaghan PG, et al. The development of a short
measure of physical function for knee OA KOOS-Physical Function Shortform (KOOS-PS) - an OARSI/OMERACT
initiative. Osteoarthritis Cartilage 2008 May;16(5):542-550 [ FREE Full text] [doi: 10.1016/j.joca.2007.12.014] [Medline:
18294869]

Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee Injury and Osteoarthritis Outcome Score
(KOOS)--devel opment of a self-administered outcome measure. J Orthop Sports Phys Ther 1998 Aug;28(2):88-96. [doi:
10.2519/jospt.1998.28.2.88] [Medline: 9699158]

Dunn KM, Croft PR. Classification of Low Back Pain in Primary Care: Using “Bothersomeness’ to Identify the Most
Severe Cases. Spine (PhilaPa1976) 2005 Aug 15;30(16):1887-1892. [doi: 10.1097/01.brs.0000173900.46863.02] [Medline:
16103861]

Ingham SL, Moody A, Abhishek A, Doherty SA, Zhang W, Doherty M. Development and validation of self-reported line
drawings for assessment of knee malalignment and foot rotation: a cross-sectional comparative study. BMC Med Res
Methodol 2010 Jun 18;10:57 [FREE Full text] [doi: 10.1186/1471-2288-10-57] [Medline: 20565825]

Nevitt MC, Felson DT, Lester G. OsteoArthritisInitiative. 2006. The Osteoarthritis Initiative. Protocol for the Cohort Study
URL: https://oai.epi-ucsf.org/datarel ease/docs/studydesi gnprotocol .pdf [accessed 2019-01-03] [WebCite Cache ID
7595zM pgu]

HaysRD, Bjorner JB, Revicki DA, Spritzer KL, CellaD. Development of physical and mental health summary scoresfrom
the patient-reported outcomes measurement information system (PROMIS) global items. Qual Life Res 2009
Sep;18(7):873-880 [FREE Full text] [doi: 10.1007/s11136-009-9496-9] [Medline: 19543809]

GOV.UK. Genera Practice Physical Activity Questionnaire URL : http://tinyurl.com/y37d9665[ WebCite Cache I D 754fil Sod]
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:

10.1249/01.M SS.0000078924.61453.FB] [Medline: 12900694]

Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz NP, IMMPACT. Core outcome measures for
chronic pain clinical trials: IMMPACT recommendations. Pain 2005 Jan;113(1-2):9-19. [doi: 10.1016/j.pain.2004.09.012]
[Medline: 15621359]

Felson DT, Niu J, McClennan C, Sack B, Aliabadi P, Hunter DJ, et al. Knee buckling: prevalence, risk factors, and associated
limitations in function. Ann Intern Med 2007 Oct 16;147(8):534-540. [doi: 10.7326/0003-4819-147-8-200710160-00005]
[Medline: 17938391]

Sliwinski MJ, AlmeidaDM, Smyth J, Stawski RS. Intraindividual change and variability in daily stress processes: findings
from two measurement-burst diary studies. Psychol Aging 2009 Dec;24(4):828-840 [FREE Full text] [doi: 10.1037/a0017925]
[Medline: 20025399]

Timmermans EJ, Schaap LA, Herbolsheimer F, Dennison EM, Maggi S, Pedersen NL, EPOSA Research Group. The
influence of weather conditions on joint pain in older people with osteoarthritis: results from the European Project on
OSteoArthritis. J Rheumatol 2015 Oct;42(10):1885-1892. [doi: 10.3899/jrheum.141594] [Medline: 26329341]

Broderick JE, Schwartz JE, Schneider S, Stone AA. Can end-of-day reports replace momentary assessment of pain and
fatigue? J Pain 2009 Mar;10(3):274-281 [FREE Full text] [doi: 10.1016/j.jpain.2008.09.003] [Medline: 19070550]

Parry EL, Thomas MJ, Peat G. Defining acute flares in knee osteoarthritis: a systematic review. BMJ Open 2018 Jul
19;8(7):€019804 [FREE Full text] [doi: 10.1136/bmjopen-2017-019804] [Medline: 30030311]

Jordan KP, Joud A, Bergknut C, Croft P, Edwards JJ, Peat G, et al. International comparisons of the consultation prevalence
of muscul oskeletal conditions using population-based healthcare data from England and Sweden. Ann Rheum Dis 2014
Jan;73(1):212-218 [FREE Full text] [doi: 10.1136/annrheumdis-2012-202634] [Medline: 23345602]

The American Association for Public Opinion Research. Illinois, USA: AAPOR,; 2016. Standard Definitions: Final Disposition
of Case Codes and Outcome Ratesfor Surveys, Ninth Edition URL: https.//www.aapor.org/AAPOR_Main/media/publications/
Standard-Definitions20169theditionfinal.pdf [accessed 2019-04-01] [WebCite Cache ID 771eRKPK0]

https://www.researchprotocols.org/2019/4/e13428/ JMIR Res Protoc 2019 | vol. 8| iss. 4| €13428 | p. 13

(page number not for citation purposes)


https://dx.doi.org/10.2147/JPR.S116614
http://dx.doi.org/10.2147/JPR.S116614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27789972&dopt=Abstract
https://doi.org/10.1002/acr.22402
http://dx.doi.org/10.1002/acr.22402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25047144&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3741515&dopt=Abstract
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2702.2005.01121.x
http://dx.doi.org/10.1111/j.1365-2702.2005.01121.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16000093&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8080219&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(07)00405-0
http://dx.doi.org/10.1016/j.joca.2007.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18294869&dopt=Abstract
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9699158&dopt=Abstract
http://dx.doi.org/10.1097/01.brs.0000173900.46863.02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16103861&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-10-57
http://dx.doi.org/10.1186/1471-2288-10-57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20565825&dopt=Abstract
https://oai.epi-ucsf.org/datarelease/docs/studydesignprotocol.pdf
http://www.webcitation.org/

                                            7595zMpgu
http://www.webcitation.org/

                                            7595zMpgu
http://europepmc.org/abstract/MED/19543809
http://dx.doi.org/10.1007/s11136-009-9496-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19543809&dopt=Abstract
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/192450/GPPAQ_-_pdf_version.pdf
http://www.webcitation.org/

                                            754fiISod
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900694&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2004.09.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15621359&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-147-8-200710160-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17938391&dopt=Abstract
http://europepmc.org/abstract/MED/20025399
http://dx.doi.org/10.1037/a0017925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20025399&dopt=Abstract
http://dx.doi.org/10.3899/jrheum.141594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26329341&dopt=Abstract
http://europepmc.org/abstract/MED/19070550
http://dx.doi.org/10.1016/j.jpain.2008.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19070550&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=30030311
http://dx.doi.org/10.1136/bmjopen-2017-019804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030311&dopt=Abstract
http://ard.bmj.com/cgi/pmidlookup?view=long&pmid=23345602
http://dx.doi.org/10.1136/annrheumdis-2012-202634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23345602&dopt=Abstract
https://www.aapor.org/AAPOR_Main/media/publications/Standard-Definitions20169theditionfinal.pdf
https://www.aapor.org/AAPOR_Main/media/publications/Standard-Definitions20169theditionfinal.pdf
http://www.webcitation.org/

                                            77IeRkPKo
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

52.

53.

Luo X, Sorock GS. Analysis of recurrent event data under the case-crossover design with applications to elderly falls. Stat

Med 2008 Jul 10;27(15):2890-2901. [doi: 10.1002/sim.3171] [Medline: 18095315]

Cross M, DubouisL, Mangin M, Hunter DJ, March L, Hawker G, et al. Defining flare in osteoarthritis of the hip and knee:
asystematic literature review-OMERACT virtual specia interest group. J Rheumatol 2017 Dec;44(12):1920-1927. [doi:

10.3899/jrheum.161107] [Medline: 28668808]

CostaN, FerreiraML, Cross M, Makovey J, Hodges PW. How is symptom flare defined in musculoskeletal conditions: a
systematic review. Semin Arthritis Rheum 2018 Oct;48(2):302-317. [doi: 10.1016/j.semarthrit.2018.01.012] [Medline:

29496226]

Abbreviations

©Martin J Thomas, Trishna Rathod-Mistry, Stephen Harper, Emma L Parry, Christopher Pope, Tuhina Neogi, George Peat.
Originally published in IMIR Research Protocols (http://www.researchprotocols.org), 22.04.2019. Thisis an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the origina publication on

CRN: clinical research network

e-consent: electronic consent

HEE: Health Education England

NIHR: National Institute for Health Research
OA: osteoarthritis

PAG: Patient Advisory Group

PIS: Participant Information Sheet

Thomas et al

Edited by G Eysenbach; submitted 17.01.19; peer-reviewed by H Nero, J Dekker; comments to author 20.02.19; revised version
received 01.03.19; accepted 03.03.19; published 22.04.19

Please cite as:

Thomas MJ, Rathod-Mistry T, Harper S Parry EL, Pope C, Neogi T, Peat G

Acute Flares of Knee Osteoarthritis (the ACT-FLARE Study): Protocol for a Web-Based Case-Crossover Sudy in Community-Dwelling
Adults

JMIR Res Protoc 2019;8(4):€13428

URL: https://www.researchprotocols.org/2019/4/e13428/

doi: 10.2196/13428

PMID: 31008709

http://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2019/4/e13428/

RenderX

JMIR Res Protoc 2019 | vol. 8 | iss. 4| €13428 | p. 14
(page number not for citation purposes)


http://dx.doi.org/10.1002/sim.3171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18095315&dopt=Abstract
http://dx.doi.org/10.3899/jrheum.161107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28668808&dopt=Abstract
http://dx.doi.org/10.1016/j.semarthrit.2018.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29496226&dopt=Abstract
https://www.researchprotocols.org/2019/4/e13428/
http://dx.doi.org/10.2196/13428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31008709&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

