JMIR RESEARCH PROTOCOLS Hill et al

Protocol

Computer-Based Stratified Primary Care for Musculoskeletal
Consultations Compared With Usual Care: Study Protocol for the
STarT MSK Cluster Randomized Controlled Trial

Jonathan Hill*, BSc, MSc, PhD; Stefannie Garvin?, BA; Ying Chen', PhD; Vincent Cooper', MD; Simon Wathall?;
Bernadette Bartlam?®, PhD; Benjamin Saunders', PhD; Martyn Lewis', PhD; Joanne Protheroe', PhD; Adrian Chudyk®,
PhD; Hollie Birkinshaw', MSc; Kate M Dunn®, PhD; Sue Jowett*, PhD; Raymond Oppong*, PhD; Elaine Hay*, MD:
Danielle van der Windt*, PhD; Christian Mallen®, PhD; Nadine E Foster!, PhD

L nstitute for Primary, Community and Social Care, Keele University, Stoke-on-Trent, United Kingdom

%Keele Clinical Trials Unit, Institute for Primary, Community and Socia Care, Keele University, Stoke-on-Trent, United Kingdom

3Nanyang Technological University, Singapore, Singapore

“Health Economics Unit, Institute of Applied Health Research, University of Birmingham, Birmingham, United Kingdom

Corresponding Author:

Jonathan Hill, BSc, MSc, PhD

Ingtitute for Primary, Community and Social Care
Keele University

David Weatherall Building

Keele University

Stoke-on-Trent, ST5 5BG

United Kingdom

Phone: 44 01782733900

Email: j.hill @keele.ac.uk

Abstract

Background: Musculoskeletal (MSK) painisamajor cause of pain and disability. We previously developed a prognostic tool
(Start Back Tool) with demonstrated effectiveness in guiding primary care low back pain management by supporting decision
making using matched treatments. A logical next step isto determine whether prognostic stratified care has benefits for abroader
range of common MSK pain presentations.

Objective: This study seeks to determine, in patients with 1 of the 5 most common MSK presentations (back, neck, knee,
shoulder, and multisite pain), whether stratified care involving the use of the Keele Start MSK Tool to alocate individuals into
low-, medium-, and high-risk subgroups, and matching these subgroups to recommended matched clinical management options,
isclinical and cost-effective compared with usual nonstratified primary care.

Methods: Thisis a pragmatic, two-arm parale (stratified vs nonstratified care), cluster randomized controlled trial, with a
health economic analysis and mixed methods process evaluation. The setting is UK primary care, involving 24 average-sized
general practicesrandomized (stratified by practicesize) inal:1ratio (12 per arm) with blinding of trial statistician and outcome
data collectors. Randomization units are general practices, and units of observation are adult MSK consulters without indicators
of serious pathologies, urgent medical needs, or vulnerabilities. Potential participant records are tagged and individuals invited
using agenera practitioner (GP) point-of-consultation electronic medical record (EMR) template. The intervention is supported
by an EMR template (computer-based) housing the Keele Start MSK Tool (to stratify into prognostic subgroups) and the
recommended matched treatment options. The primary outcome using intention-to-treat analysis is pain intensity, measured
monthly over 6 months. Secondary outcomes include physical function and quality of life, and an anonymized EMR audit to
capture clinician decision making. The economic evaluation is focused on the estimation of incremental quality-adjusted life
years and MSK pain—elated health care costs. The process evaluation is exploring a range of potential factors influencing the
intervention and understanding how it is perceived by patients and clinicians, with quantitative analyses focusing on a priori
hypothesized intervention targets and qualitative approaches using focus groups and interviews. The target sample size is 1200
patients from 24 general practices, with >5000 MSK consultations available for anonymized medical record data comparisons.
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Results: Trial recruitment commenced on May 18, 2018, and ended on July 15, 2019, after a 14-month recruitment period in
24 GP practices. Follow-up and interview data collection was completed in February 2020.

Conclusions: Thistria isthefirst attempt, as far as we know, at testing a prognostic stratified care approach for primary care
patients with MSK pain. The results of thistrial should be available by the summer of 2020.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(7):€17939) doi: 10.2196/17939
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Introduction

Background

Muscul oskeletal (M SK) pain from common conditions such as
back pain and osteoarthritis is a major cause of pain and
disability. Estimates from the most recent global burden of
disease study suggest that it is the leading cause of
disability-adjusted life years (DALY s) in Western Europe and
Australia [1]. Overall, it accounts for 6.8% of global DALY's,
comparable with cancer (7.8%), ischemic heart disease (5.2%),
and mental health disorders (7.4%). Thisburdenisreflected in
health care use, particularly in UK primary care where MSK
pain accounts for around one-fifth of all consultations [2-4]. It
also accounts for 8.8 million physiotherapy consultations and
over 3.5 million calls annually to emergency services [5].
Usually, general practitioner (GP) care for MSK pain involves
a long-term management approach carried out during short
10-min face-to-face consultations during which patients are
assessed and treated with advice, education and reassurance,
analgesic medication, referral for investigation(s), referral to
other services offering conservative treatments such as
physiotherapist-led exercise, or referral to secondary care
medical specialists such as orthopedic consultants and
rheumatologists. For many patients, primary care clinicians
should reassure them that their MSK pain isnot associated with
serious underlying pathol ogy, that the prognosisisusually good,
and that further tests are not indicated, combined with advice
and support to help them stay active [6]. However, evidence
suggests substantial variability in clinical practice, with
treatment often not in line with best practice recommendations
in guidelines, particularly with respect to opioid medication and
X-ray investigation [7].

Due to the high prevalence of these common symptoms, M SK
pain has overtaken mental health issues such as stress as the
number one reason why people take time off work in Europe
and the United States[1]. The early identification and improved
management of those at risk of severe disabling MSK painin
primary care, wherethe majority of these patients are managed,
isthereforeahigh priority [8]. Patientswith different MSK pain
presentations (eg, back, neck, knee, shoulder, or multisite pain)
share common prognostic factors [9]. Co-occurrence of MSK
pain located in more than one body region iscommon [10], with
the risk of a poor outcome increasing for those with multisite
pain [11]. For example, the Chronic Pain Risk Score [12] has
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been shown to have predictive validity among patients with
MSK painin different body regions[13-15]. However, previous
prognostic questionnaires such as the Chronic Pain Risk Score
and the Orebro-MSK Pain Screening Questionnaire [16] were
not designed to guide primary care management, and their use
in primary care clinical practice is uncommon.

Consequently, we previously devel oped a prognostic tool (Start
Back Tool) specifically for use in primary care to guide the
management of patients with low back pain [17]. Prognostic
stratified care models involve matching treatments to the
patient’s prognostic profile to support clinical decision making
in an effort to maximize treatment benefits, reduce harm, and
increase health care efficiency [18]. The Start Back Tool consists
of 9 questions summed into an index score. It utilizes cutoff
points to identify 3 prognostic subgroups (patients at low,
medium, or high risk of persistent disabling pain). In 2 previous
UK studies, stratified care for back pain, based on matching
treatment to prognosis, led to superior clinical and economic
outcomes compared with best current practice and usua primary
care [19,20]. The evidence suggested that patients at low risk
received fewer investigations and referral to secondary care,
and in contrast, patients at medium or high risk were matched
to treatments that could better meet their needs, leading to
improved outcomes.

Rationale

A logical next step isto determine whether a similar model of
prognostic stratified care might also have benefits for primary
care patients with a much broader range of MSK pain
presentations. The 5 most common MSK pain presentationsin
UK primary care are low back pain, knee pain, shoulder pain,
neck pain, and multisite pain [2]. In aresearch program with 4
work packages (the Start MSK program), our team first
developed and validated a new 10-item prognostic tool, the
Keele Start MSK Tool, to stratify patients with the 5 most
common M SK pain presentations into subgroups (those at low,
medium, and high risk of persistent pain and disability) [21].
Second, we agreed on evidence-based recommended matched
treatment options for patients in each subgroup following a
systematic review [22] and expert consensus process[23]. Third,
we conducted an external feasibility and pilot randomized trial
with 524 patients from 8 general practices (4 intervention and
4 control) [21,24]. The pilot trial confirmed the acceptability
of using astratified care approach in primary care consultations
and also helped to refine our recruitment, retention, and sample
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size estimates, ahead of the main trial. The findings informed
the final wording of the self-report version of the Start MSK
Tool, led to a clinician-completed version of the tool, and
allowed us to simplify the recommended matched treatment
options. All changes made to the main tria protocol following
the pilot trial were discussed, shared, and agreed with the trial
funder the National Institute for Health Research (NIHR), the
Trial Steering Committee (TSC), and the Data Monitoring
Committee (DMC).

Aims and Objectives

Primary Objective

The primary objective of the Stat MSK main tria is to
determine, in patients presenting with 1 of the 5 most common
MSK pain presentationsin UK primary care, whether stratified
careinvolving the use of the Keele Start MSK Tool to allocate
individuals into low-, medium-, and high-risk subgroups, and
matching these subgroups to recommended matched clinical
management options, is more clinically and cost effective
compared with usual nonstratified primary care. The primary
clinical outcomeisaverage pain intensity over the past 2 weeks
measured each month for 6 months.

Secondary Objectives
The secondary objectives of the trial were as follows:

1. Examining differencesin secondary clinical outcomes, clinical
decision making and behaviors, and health economic outcomes
at the 6-month follow-up:

- Patient outcomes include physical function, confidencein
managing their pain (pain self-efficacy), psychological
distress, fear-avoidance beliefs, patient-perceived
reassurance from their clinician, pain interference with
dleep, hobbieyleisure activities, pain interference with work
and daily routine, health-related quality of life, and patient
satisfaction with care received.

- Clinical decisions and behaviors of interest include
identifying whether stratified care changesthe primary care
management of MSK patients. We anticipate that primary
care clinical management will become more consistent for
patients within each risk group and be more in line with
dtratified care, where patients at low risk of persistent
disabling pain are less likely to be referred for additional
health care, whereas patients at medium or high risk are
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morelikely to bereferred for additional health careinways
that match the recommended management options. Using
the practices medical record data, we will examine
differences between the trial arms in clinical decision
making and behaviors.

«  Health economic evaluation will determine the cost-utility
of stratified care in comparison with usual, nonstratified
care. A cost-consegquence analysiswill initially be reported,
with a subsequent cost-utility analysis from a health care
perspective to determine cost per quality-adjusted life years
(QALYs) gained, calculated using EuroQol-5D-5L
(EQ-5D-5L) responses from the initial and 6-month
guestionnaires. A broader costing perspective will be
considered in a sengitivity analysis, taking into account
National Health Service (NHS)/Persona Social Services
(PSS) costs and productivity costs associated with time off
work. The outcome of interest for the economic analysis
will be QALYs. Additional exploratory anayses will
consider the cost-effectiveness of stratified care compared
with usual nongtratified care for patients at low, medium,
and high risk of persistent disabling pain.

2. Undertaking a process evaluation to explore how stratified
care, as acomplex intervention, interacts with existing patterns
of service organization, professional practice, and
professional -patient interaction. The evaluation will use mixed
guantitative (eg, amediation analysis) and qualitative methods,
integrating data both at the collection and analysis stages, to
generate more detailed and comprehensive findings.

Methods

Study Design and Setting

The Start MSK trial is a pragmatic, two-arm, parallel, cluster
randomized controlled trial (RCT), with a linked health
economic analysis and mixed methods process evaluation. The
setting is UK primary care, and the trial will include
approximately 24 average-sized general practices with a total
registered adult population of approximately 120,000. General
practices will be randomized to either the stratified care
intervention (12 practices) or the usual, nonstratified care (12
practices). The units of randomization are the general practices,
and the units of observation are adults consulting for MSK pain
with 1 of the 5 most common MSK pain presentations (Figure
1).
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Figure 1. Flowchart of patient recruitment. CTU: clinical trials unit; GP: general practice; MSK: musculoskeletal .

Approximately; 24 GP practices with 120,000 adult population (target of 9000 MSK consulters in 6 months)

GP practice consents to trial, as patient guardian

Randomization of GP practices

v

h 4

Control practices (12)

Approximately 60,000 registered adults
4500 adult consulters with MSK pain over a 6-month

recruitment window

Intervention practices (12)

Approximately 60,000 registered adults
4500 adult consulters with MSK pain over a 6-month

recruitment window

pJ

pJ

Electronic template appears on Read code entry
GP opt-out screen for patient suitability

Pain location and pain intensity questions/answers
Usual primary care provided

Electronic template appears on Read code entry
GP opt-out screen for patient suitability
Pain location and pain intensity questions/answers
GP completes STarT MSK tool and identifies subgroup
Matched clinical management options provided
according to low-, medium-, and high-risk subgroup

Y

A 4

Patients with tagged Read code identified weekly

Patients with tagged Read code identified weekly

Y

h J

Patient address sent by practice to Keele CTU

Patient address sent by practice to Keele CTU

Y

E

41% (n=1875) patients mailed invite pack (40% invited
based on pilot trial data)

41% (n=1875) patients mailed invite pack (40% invited
based on pilot trial data)

A

h 4

600 patients (33%) complete initial questionnaire and
consent for data collection (individual patient consent)

600 patients (33%) complete initial questionnaire and
consent for data collection (individual patient consent)

h J

h 4

Follow-up SMS text or 1-page postal questionnaire at
months 1, 2, 3,4,5,6

Follow-up SMS text or 1-page postal questionnaire at
months 1, 2, 3,4,5,6

A 4

h 4

Follow-up 6-month questionnaire

Follow-up 6-month questionnaire

Y

h J

Medical record review after month 6

Medical record review after month 6

The intervention in both arms of the trial will include an
embedded template within the general practice computer system,
which will pop-up during the first relevant Read-coded M SK
pain consultation within the specified study period (termed the
MSK consultation; this may be thefirst consultation or arepeat
consultation for MSK pain). However, the content of the
template will differ between the 2 arms of thetrial. In the control
arm, it includes 3 questions: (1) the digibility of the patient to
be invited to participate, (2) the location/site of MSK pain for
which the patient is consulting, and (3) the average MSK pain
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intensity in the past 2 weeks (primary outcome). In the
intervention arm, in addition to these 3 questions, the template
also includes the Keele Start MSK Tool and recommended
matched treatment options [21].

A cluster RCT rather than anindividual patient RCT was chosen
for both scientific and practical reasons. Stratified careisanew
way of working, and thetool, training, and support are delivered
at the genera practice level (eg, the computer template once
installed will pop-up on al computersin practice). Primary care
clinicians would likely find it difficult to behave differently
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toward individual srandomized to control and intervention arms,
and therefore, the probability of contamination between the 2
armswould be high using anindividual patient randomized trial
design. This tria can be thought of as a professional-cluster
intervention type [25], in that the stratified care intervention
involves changing the professional’s behavior during the
consultation, in this case, using a prognostic tool and matching
patients to clinical management options. Although the patient
can opt out of data collection, the intervention is still likely to
have an effect on them as it involves introducing specific
questions and recommendations about matched treatment
options into the consultation.

Minimizing Systematic Bias

The risk of selection bias, specificaly of recruitment and
participation bias, is a known concern in cluster RCTs [26]. A
number of steps have been taken to minimize this, which were
tested in the pilot RCT, where we observed no evidence of
selection bias:

« Theinitia part of the computer template to help identify
eligible patients is automated based on diagnostic codes
entered during the consultation and operates in the same
way in both arms of thetrial.

« If the clinician deems a patient to be ineligible, they are
asked to give a reason for this exclusion so that these
reasons can be compared across intervention and control
arms. This process is monitored during trial recruitment,
with monthly feedback provided to participating practices
showing the frequency of template noncompletion, and the
proportions of different reasons for ineligibility.

« Patientsinboth armsof thetrial will receiveidentical study
invitation packs comprising the same patient information
leaflet (PIL; which does not mention stratified care, only
that the study seeksto better understand how common aches
and pains affect patients and how primary care can be
improved), invitation letter, questionnaire, and consent form
for data collection, minimizing the risk of patients in
intervention or control arms being more or less likely to
participate (participation bias).

General Practice Recruitment and Consent

It is anticipated that an estimated eligible target population of
approximately 9000 patientswill beidentified within a6-month
recruitment window from approximately 24 average-sized
general practices (approximately 120,000 registered adults).
Practices will include those that range in size (based on patient
list size and number of GPs) and a range of settings (urban,
semi-urban, and rural). The practice eigibility criteriaincludes
those that use the Egton Medical Information Systems (EMIS)
web clinical system (most commonly used electronic medical
record [EMR] system in the United Kingdom), those proficient
a using Read codes (diagnostic codes) during MSK
consultations evidenced through an audit of their recent Read
coding behavior, willingnessto undergo the training and support
sessions needed to become familiar with the stratified care
intervention, willingness to participate in anonymized
aggregated medical record audits of M SK consultations during
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thetrial recruitment period, and willingness to engage with the
process eval uation.

The balance between scientific considerations and the need for
consent is a known issue for cluster RCTs [25,26]. Informed
consent for practicesto participate isformalized through written
agreements led by the senior GP partner in each practice acting
as a guardian for patients in their care, following agreement
with their team to provide either usual care or stratified carefor
the period of the trial (dependent on random allocation). It is
anticipated that practices will actively recruit patients for
approximately 6 months, with practice recruitment periods
staggered over a 12-month period. Reimbursement for the
practicetimeto recruit and participatein thetraining is provided.

Individual Patient Participants

Potential individual patient participants will consult at a
participating practice with 1 of the 5 most common MSK pain
presentations (back, neck, knee, shoulder, or multisite pain) as
determined by the clinician at the point of consultation.

Patient inclusion criteriawere aged 18 yearsand over, registered
at the practice during the recruitment period, with a recorded
relevant MSK pain Read code entered into the computer system
(this may be the first or a repeat consultation), a completed
study template, consent to study data collection, consent for
research team to have access to their medical record data, and
completion of theinitial postal questionnaire within 4 weeks of
the first mailing.

Patient exclusion criteriawere those with indications of serious
red flag pathology (eg, recent trauma with significant injury;
acute, red, hot swollen joint; suspected fracture; joint infection;
cancer; and inflammatory arthropathy such as rheumatoid
arthritis, spondyloarthropathy, polymyalgia rheumatica, and
crystal disease [gout]), those with urgent medical care needs
(eg, cauda equina syndrome), vulnerable patients (including
any patients on the severe and enduring mental health register,
those who have a diagnosis of dementia, those with a recent
diagnosis of a terminal illness, those who have experienced
recent trauma or bereavement, or those nearing the end of their
life), and those who are unable to communicate in English (both
in reading and speaking).

Patient Recruitment for Outcome Data Collection

As described above, an electronic computer template designed
to automatically fire to help identify patients will be installed
on participating practice computer systems, when 1 of
approximately 200 different MSK pain—+elated Read codes
(symptom or diagnostic codes) is entered, as defined by Jordan
et a [2] and informed by our pilot RCT (Figure 2). Clinicians
will be trained to use this system, but it is already standard
practice in NHS primary care since 1985 for clinicians to use
this standard vocabulary to record patient findings and
procedures in health and social care Information Technology
(IT) systems across the United Kingdom. In the consultation,
when an MSK-related Read code is entered onto the EMR
system, the trial-specific template will be activated. Initialy, it
prompts the clinician to notify eligible patients about the
research study by reading the following:
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Figure 2. Details of thetrial recruitment template. GP: general practice; MSK: musculoskeletal; Q: question.

Patients who do not give this consent do not have their contact

GP enters MSK Read code based on fulllist of trial inclusion codes
(exclusion codes also applied to prevent template firing if inappropriate)

|

Screen la
“Our practice is working with Keele University on a research study about ways to improve
treatment for common aches and pains such as back, neck, knee and shoulder pain. As you have
consulted today for one of these conditions, we would like to share your contact details with the
researchers so that they can send you details of the study. Is that ok with you?"

Yes No/Unable to use the tool
If YES - Screen 1b If “Unable to use the tool” - select from:
Please confirm the primary painsite the patient is e Patient declines and does not want invite
consulting withtoday: e Vulnerable patient—so not suitable
Knee pain  Neck pain Back pain * Suspected serious pathology
Shoulder pain Multisite pain ¢ Not clinically significant
None of the above e Patient not present
e No time to complete
Screen 1 ¢ e Telephone entry
Please ask the patient: * Administrative entry

“Over the last 2 weeks, on average, how intense
was your pain?” (Responses on a0-10 scale,
where 0 is “no pain” and 10 is “pain as bad as

could be”)
GP entersvalue0Oto 11
Intervention practices Control Practices
Screen 2: * Matched treatment
STarT MSK Tool options for low risk Usual GP care
Qi,az,a3 * Matched treatment
Q4, @5, Q6 options for medium risk
Q7, @8, 09, Q10
Calculate Score...... = Ma.tched tre?tme.nt
options for high risk

Our practice is working with Keele University on a previously asked not to be part of any research within the
research study about ways to improve treatment for practice are given a Read code that prevents the template from
common aches and pains such as back, neck, knee firing in the first place. Retention of identifiable patient datais
and shoulder pain. As you have consulted today for restricted to the limited period of invitation only, after which,
one these conditions, we would like to share your the data of subsequent nonconsenters to the trial will be
contact details with the researchers so that they can destroyed. The Keele Clinical Trials Unit (CTU) operates this
send you details of the study. Is that ok with you? activity in compliance with the provisions of the Data Protection

Act (1998) and adheres to appropriate standards of governance

details shared with the research team. Individuals who have
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and security as outlined by the sponsor’s (Keele University)
standard operating procedures (SOPs).

Practice staff supported by the NIHR Clinical Research Network
(CRN), where possible, will regularly (typically weekly) send
the contact details of patients for whom the template has been
successfully completed to Keele CTU for the purpose of mailing
patients their invitation letter, using a secure NHS.net email to
transfer data including name, address, Read code for pain site,
date of consultation, and EMIS patient identification number.
On a monthly basis, the participating practices provide
anonymized information about the number of patientsfor whom
the study template is activated and how many of those are not
fully completed. This facilitates the provision of a monthly
report of their template completion rate and, for intervention
practices, additional details about their fidelity to choosing
recommended matched clinical management optionsfor patients
at low, medium, and high risk.

Eligible participants (from both trial arms) will be sent identical
study packs in the post containing a letter from the patient’s
genera practice introducing the study; a PIL, which describes
the study and includes instructions on what to do if they wish
to take part; aninitial questionnaire, including a consent form
to record consent for data collection; and a stamped addressed
envelope. The following mechanisms will ensure that only
eligibleand appropriate patientsareinvited: (1) alist of relevant
exclusion Read codes (eg, recent cancer diagnosis) will be used
to automatically prevent the template from firing and (2)
clinicians will be able to screen individual patients for their
suitability at the point of consultation.

In the initial questionnaire sent to patients, participants will
provide their written consent for researchers to use their data
for this research. A study team member (blind to practice
allocation) will support patients who telephone with questions
or who need additional support to complete their postal
guestionnaires, monthly SMS texts, or 1-page questionnaires.
The same set of MSK Read codes that trigger the automated
template was successfully used as the identification method in
our pilot RCT. The electronic identification method is designed
to ensure that the template pop-up is only activated once per
patient, so individuals can only be invited once to participate
in this study. Eligible patients who do not respond within 2
weeks of their initial study invitation will be contacted again
with another study pack. Patients who do not complete their
initial questionnaire within 4 weeks of the initial mailing date
will not be contacted again for follow-up data. Patients who
return their initial questionnaire and consent to further data
collection will be included in the study. The primary outcome
(painintensity) will be collected once amonth for 6 monthsvia
SMS text or 1-page posta questionnaire (depending on
participant preference).

The procedures for reminders for the SMS text monthly
communications are as follows: the initial contact will be sent
on the next Sunday afternoon that is closest to acalendar month
following their initial questionnaire mailing date. If thereisno
response to thisinitial contact, areminder communication will
be sent on Tuesday afternoon. If again, there is no response
after 48 hours, we will send the monthly 1-page postal
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guestionnaire. On the second consecutive month, wewill repeat
this procedure; however, if there is no response, in addition to
sending the monthly 1-page postal questionnaire, a study team
member will telephone the patient to establish what the problem
is, seek to resolve it, provide appropriate support, and collect
the datawhere possible. For those receiving the monthly 1-page
postal questionnaire, nonresponse after 2 weeks will lead to
another 1-page postal questionnaire. Nonresponse on a second
consecutive month will lead to astudy team member telephoning
the patient to establish what the problem is, seek to resolveit,
provide appropriate support, and collect the datawhere possible.
Participantswill also receive a6-month follow-up questionnaire
to collect further outcomes. Nonresponders to the 6-month
follow-up questionnaire will be sent a reminder postcard at 2
weeks and a full questionnaire 2 weeks later (ie, at 4 weeks),
and for those who have not responded, a brief questionnaire
will be sent after 6 weeksto collect key outcome measures. We
will try to collect minimum data over the telephone from
participants at 8 weekswhere needed. These follow-up methods
have been used successfully in previous studies [27-30],
including the pilot RCT.

Randomization and Blinding

Practiceswill be randomized in aratio of 1:1 to intervention or
control using stratified block randomization [31] based on
practice patient list size using aKeele CTU computer-generated
random sequence and concealment by ensuring that each
practice has an anonymized code. The randomization sequence
and stratification will be carried out by the senior trial
statistician. The block randomization will follow Keele CTU’s
randomization SOP, and the data sequence will be held on a
secure server. Blinding for individual cliniciansis not possible,
but any staff involved in the collection or database entry of
patients outcome datawill be blind to allocation. Accessto the
allocation sequencewill berestricted to those with authorization.
Allocation will be shared with the study team (except for the
trial statistician and data entry staff who are to remain blind)
who will then arrange to inform each practice about their
allocation. Data cleaning/checking through stage 1 data-freeze
and stage 2 data-lock reviews will be carried out by the trial
statistician, thus maintaining blinding to allocation. The TSC
will also be blinded to allocation unless it becomes absolutely
necessary to revea alocation. The DMC tria statistician will
beinvolved in the alocation assignment and, therefore, will not
be blinded throughout the study. These processes follow
recommendationsfor cluster trials[26] to reduce selection bias
where randomization is before patient data collection.

I nterventions

Practice Recruitment Template I nstallation

Following confirmation that a practice is eligible and willing
to take part, an initial setup meeting will be held between the
practice, study research team, and a CRN member. This will
take place for all practicesin both arms of the trial and will be
followed by training sessions where the computer template will
be installed and demonstrated on the practice’s EMIS clinical
system. Once the template isinstalled, the practice is live, and
potentially eligible participants will be identified in
consultations.
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Intervention Arm

The recommended matched clinical management options are
not new but summarize available evidence-based options into
those considered by expert consensus to be appropriate for
patients at low, medium, and high risk of persistent pain and
disability.

The Start MSK stratified care approach has 2 components: (1)
prognostic tool and (2) matched options.

Prognostic Tool

The Keele Start MSK Tool (clinician-completed version) is
freely available [32]; is used in the patient consultation [21];
and is supported by an embedded template in the practice's
computer system, dedicated training and support sessions,
regular audits, peer feedback, and clinical mentoring
opportunities using an evidence-based clinician support package
to support clinician behavior change [33]. The prognostic tool
has 10 questions from which the patient’s score and subgroup

Hill et &

(low, medium, or high risk of persistent pain and disability) are
calculated.

Matched Options

Appropriate matched clinical management options based on an
individual’s prognosis on the Kedle Start MSK Tool will be
displayed to support clinical decision making. The matched
clinica management options were identified by an evidence
synthesis[22], followed by 3 expert consensusworkshops[23],
during an earlier phase of research, and then further refined
following the Start MSK feasibility and pilot [21].

Per Protocol Treatment Decision Rules

Patientsat low risk will be considered to betreated per protocol
if they receive only treatment options 1 or 2 (Figure 3). Patients
at medium risk will be per protocol if they receive any of
options 3-6 (although option 5 is for specific pain sites only).
Patients at high risk will be per protocol if they receive option
3 or any options between 7 and 11.

Figure 3. Recommended matched treatment options. GP: general practice; MSK: musculoskeletal; NSAIDS: Nonsteroidal anti-inflammatory drugs.

L=Low-risk; M=Medium-risk; H=High-risk Back Knee Multisite Neck Shoulder
Tick mark (v') denotes matchedtreatments |[L | M| H |L | M|H |L|M LM LIM|H
1. Education and advice, including
exercise, activity modification, weight | v [ v | ¥ [ v | v | vV | ¥ | ¥ | v |
loss, etc
2. Simple oral and topical medications
limited to those available over the VIV |V vV V| v¥ v | Y
counter
3. Refer to physiotherapy/MSK service vI|v v | v v v v [ v
4. Consider weak opioid if acute pain as vl v v | v B v v
alternative to NSAIDs
5. Consider corticosteroid injection vV v v [ v
6. Refer to supported self-management
or locally available community
resources (eg, walking group, exercise| vl v 7 || e v v [
on prescription/personalized exercise
program, expert patient program,
dietician, slimming world)
7. Consider atypical analgesia if
neuropathic pain present (gg, v v v
amitriptyline, pregabalin, gabapentin)
8. Consider referral t_o pain v v v
management service
9. Consider referral to secondary care v v v
10. Consider imaging v v v
11. GP management of comorbidities,
distress, frailty, polypharmacy and v v v
pain management

The matched optionsfor patientsat low risk include advice and
education (using printed materids where possible),
over-the-counter analgesics, and avoidance of MSK
investigations and referrals (where possible). Matched options
for patients at medium risk, in addition to the low-risk options,
include GPs being encouraged to refer patientsto physiotherapy,
to review their pain medication, and to consider investigations
where necessary. Matched options for patients at high risk, in
addition to the medium- and low-risk options, include
prescription of atypical analgesiaif neuropathic painis present;
referral to specialist services (eg, orthopedics, rheumatol ogy,
and pain clinics); imaging; and/or booked reviews to manage
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complex clinical factors such as comorbidities, polypharmacy,
and frailty.

Clinician Support for Delivering Stratified Care

The training and support sessions provided to intervention and
control clinicians are designed to equip them with the knowledge
and skills to complete the study recruitment template and
understand the study inclusion/exclusion criteria. In addition,
for intervention practices, a2-hour intervention training session
will be provided. Thisincludes|earning about previous stratified
care research [19,20], the rationale for developing this new
intervention, and investigating whether it will benefit patients
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with a broader range of MSK pain. Training will describe the
aim to reduce unnecessary health care for patients at low risk,
while better targeting health care resources for patients at
medium or high risk. Clinicians will have a demonstration of
how to use the new approach and have the opportunity to try it
out and ask questions and explore how it can be integrated into
routine practice. The session will aso include discussion and
clarification about how the approach differs from usual care
and each of the recommended clinical management options.
We will also invite a representative from the local MSK
physiotherapy service to the training sessions and discuss how
best to ensure that patient referrals to physiotherapy include a
record of the index consultation and the patient’s Start MSK
Tool risk group and determine the best method for
physiotherapists to communicate with referring GPsiif they are
concerned about the patient. A feedback meeting will be held
with all participating practices (intervention and control) roughly
6 weeks after starting recruitment to discuss the report of their
use and completion of the study-specific IT template. For
intervention practices, additional feedback on their fidelity to
the recommended matched clinical management options will
also be provided, comparing each clinician with their colleagues
in the same practice and with other clinicians in the trial
(anonymized). Monthly email feedback reports will be sent to
participating practices.

Physiotherapists linked to intervention practices will also have
the opportunity to attend a short training session about the trial
and be required to avoid treating patients from control practices
for the period of the trial to avoid contamination. However,
other key features of physiotherapy care will be as similar as
possible for patients irrespective of whether they come from
intervention or control practices, including physiotherapy
waiting times, treatment session length and number, and the
clinical grade of the treating therapist. We will collect these
process data from physiotherapy services using a mix of usual
clinical record data and standardized case report forms for the
study.

Control Arm

In the usual care control arm, patients who consult at their
general practice will be assessed and receive advice and
treatment asusud (eg, advice and education; medication; referral
for investigations or tests; or referral to other services such as
physiotherapy, MSK interface clinics, or secondary care
specialists such as orthopedics and rheumatol ogy), without the
use of formal stratification tools. To keep the control arm as
close to usual care as possible, clinicians will be advised to
follow their usual approach for responding to a patient’s pain
intensity rating for the presenting MSK problem. Asking a
patient theintensity of their pain and wheretheir painiscoming
from is common practice [30] and therefore should have little
impact on the usual care provided.
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Data Callection
There will be 3 different types of data collection:

1. Individua patient data, collected from:

« The practices’ completed computer templates at the point
of consultation

« Initial and 6-month postal questionnaires to participants
(full and minimum data versions)

«  Monthly SMStext or 1-page postal questionnaire.

2. Clinician decision making and behaviors using data collected
from medical records and case report forms

3. Practice-level anonymized aggregated data of MSK Read
codes and templ ate use.

Individual Patient Outcomes

General Practice I nformation Technology Template

The first item on the template asks the primary care clinician
to confirm if their patient gives consent to have their contact
details shared with the research team. If the answer isyes, then
the clinician will record thelocation of the patient’sM SK pain.
How this is answered determines which study letter and
guestionnaire the patient will be sent, as these are dightly
different for patients with back, neck, knee, shoulder, or
multisite pain. Theitem reads* Please confirm the primary pain
site the patient is consulting with today.” Possible response
optionsinclude back pain, neck pain, knee pain, shoulder pain,
multisite pain, or unable to complete template (which leads to
the exit screen). The third question on the template asks the
clinician to record the patient’'s MSK pain intensity by asking
“How intense wasyour pain, on average, over thelast 2 weeks?’
(Responses are recorded on a scale of 0-10, where 0 isno pain
and 10 isworst pain ever.)

Initial and 6-Month Follow-Up Questionnaires

The initial and 6-month follow-up postal questionnaires are
designed to collect information on descriptive characteristics
of the participants, pain-related characteristics, and primary and
secondary outcome measures (see Table 1 below). Patients are
informed in their study invitation that they have been contacted
because they recently visited their general practice (the date of
their visit will be given) for their MSK pain, which will be
prepopulated in the letter (eg, knee pain, shoulder pain) using
information from weekly downloaded template codes.

Participantswill also betold that it isimportant they think about
their MK pain asthey answer the following question: “ Thinking
about your (eg, neck) pain: Over the last 2 weeks, on average,
how intense was your pain?’ (Responses were recorded on a
scale of 0-10, where 0 isno pain and 10 isworst pain ever.)
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Table 1. A summary of patient-reported data collected.

Hill et &

Conceptua domain Operational definition Empirical measure Number Time
of items
Primary outcome
Pain intensity Usual pain intensity NRSA0-10 1 GPTb, I°, 6FUd,
MF®, and MDC'
Secondary outcomes
Risk status—Start MSK9 Tool Risk of persistent disabling pain Yes/no 9 | and 6FU
MSK hedlth Impact from MSK symptoms M SK-HQh, 5-point Lik- 14 | and 6FU
ert scale
Overal rating of change Change since MSK pain consultas  —-5to +5 scale 1 | and 6FU
tion
Physical activity level Dayspast week of moderate activity 1-7 days 1 | and 6FU
Fear-avoidance beliefs Fear of movement Tampa Scae of Kinesio- 11 | and 6FU
phobia-11
Satisfaction Satisfaction with care 5-point Likert scale 1 | and 6FU
Perceived reassurance from general practitioner  Patient-perceived reassurance 4 12 items with 7-point 12 |
consultation subscales: information gathering,  Likert scale
relationship building, generic reas-
surance, and cognitive reassurance
Receipt of written education material fromgen- Singleitemtoaskif patientreceived Yes/no/don't remember 1 |
eral practitioner written information at their general
practitioner visit
Pain self-efficacy Single item: confidenceto manage NRS 0-10 1 | and MF
pain
Psychological distress Singleitem regarding level of diss NRSO0-10 1 | and MF
tress
Site-specific function depending on MSK pain site
Back pain function Physical function RMDQ' —origina ver- 24 | and 6FU
sion
Neck pain function Physical function NDIJ 10 | and 6FU
Shoulder pain function Physical function spaDIK 13 I and 6FU
Knee pain function Physical function KOOS-PS 7 | and 6FU
Multisite pain function Physical function SF-12 pcS™ 12 | and 6FU
Quality of life measures
Health-related quality of life Utility-based quality of life EuroQol-5D 5 I, 6FU, and MDC
Health care costs
Health care resource use Use of primary care, other National Yes/no and if yesdetails 3 6FU
Health Service services, and private  of resources used
health care
Performance at work How productivity at work isaffected NRS 0-10 1 | and 6FU
Absenteeism from work Number of days absent fromwork  Yes/no and details 1 | and 6FU
Patient descriptors
Age Ageat MSK consultation Date of birth 1 GPT
Sex Sex Mae/femae 1 GPT
Employment status and absence from work Employment status at time of ques-  Yes/no and details 1 | and 6FU

tionnaire
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Conceptua domain Operational definition Empirical measure Number Time
of items
Socioeconomic status Theindividual’scurrent or mostre- Job title: categorizedas 2 |
cent job title manual/nonmanual
MSK pain location Site of MSK pain complaint Choice of anatomical re- 1 GPT
gion
Episode duration Time since last whole month pain  Episode duration 1 |
free
Health literacy screen Health literacy Single question: Likert 1 |
scale
Comorbidities Other diagnosed comorbiditiesto  Yes 1 |
select from alist
Support needed Who has completed the question-  Patient/carer/staff/other 1 |
naire
Living arrangements Livesaone Yes/no 1 |
Previous episodes Number of previous pain episodes  Number 1 |

3NRS: numerical rating scale.

bGP T: GP template.

%: initial questionnaire.

d6FU: 6-month follow-up.

EMF: monthly follow-up.

*MDC: minimal data collection.

IMSK: muscul oskeletal.

hMsK HQ: Musculoskeletal Health Questionnaire.
RM DQ: Roland-Morris Disability Questionnaire.
INDI: Neck Disability Index.

KSPADI: Shoulder Pain and Disability Index.

IKOOS-PS: Knee Injury and Osteoarthritis Outcome Score-Physical Function Shortform.

MSF-12 PCS: Short-Form 12 Physical Component Scale.

Monthly SMSText or 1-Page Questionnairefor 3 1tems,
Including the Primary Outcome

In addition to the primary outcome (pain intensity), the monthly
SMStext or 1-page questionnaireincludes 2 potential mediating
variables using the following single items for psychological
distress and self-efficacy, which are taken and adapted with
permission from the validated MSK Health Questionnaire
(MSK-HQ) [34]:

“How much distress have you been experiencing because of
your pain, on average, over the last 2 weeks?’ (Responseswere
recorded on a scale of 0-10, where 0 is no distress and 10 is
extremely distress.)

“How confident have you felt about managing your pain by
yourself (eg, medication, changing lifestyle)?’ (Responseswere
recorded on ascale of 0-10, where O isnot at all confident and
10 is extremely confident.)

Clinician Behaviorsvia Linked Medical Records

Clinician decision making and behaviors will be examined
through areview of the practice computerized medical records
for al patientswho give consent for this (at the end of theinitial
questionnaire). This will alow data to be analyzed from (1)
individual patient outcomes, (2) the initial patient-clinician
consultation electronic template, and (3) further aspects of their

https://www.researchprotocol s.org/2020/7/€17939

medical record over 6 monthsfollowing the M SK consultation.
Variables of interest from the MSK consultation will include
the date of consultation, coded reason for the consultation, MSK
painintensity and location, Start MSK Tool (clinician-completed
version) individual itemsand total score (intervention arm only),
and information about the management decisions and other
actionstaken by the clinician. Other clinical behaviorsof interest
are described in the Outcomes section. Theinformation collected
on the patient’s risk subgroup and management options in the
intervention practiceswill be audited and fed back to clinicians
at regular intervals, allowing them to see how closely they have
followed the matched clinical management options. At the end
of the trial, we will also report the fidelity of cliniciansin the
intervention practices in terms of completing the tool and
choosing matched treatment options. The template MSK pain
intensity scorewill also providetheinitia scorefor the primary
outcome for participants in both arms of thetrial.

Physiotherapists treating patients referred from participating
practices will complete their usua clinical records. At the end
of the trial, we will collect details about the physiotherapy
treatment provided for consenting trial participantsto compare
between intervention and control.
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Practice-L evel Anonymized and Aggregated Data of
Musculoskeletal Read Codes

Each participating general practice will provide anonymized
medical record datafrom potentially eligible patientsfor whom
the template was activated through entry of an MSK Read code
(estimated n =5000). We will compare the following:

1. The characteristics of those patientsin which thetemplateis
activated with those who respond to the initial questionnaire
and provideindividual-level patient outcomes. Theinformation
examined will not involve any patient-identifiable dataand will
not be linked to any other data unless prior patient consent has
been provided.

2. Aspects of clinical behaviors for 6 months following the
index consultation to compareintervention and control practices
for key treatment processes for each risk subgroup. For example,
thiswill include requests for the following:

« Prescriptions (eg, categorized into simple analgesics,
nonsteroidal anti-inflammatory drugs, neuromodulators,
muscle relaxants, corticosteroid injections, and opioids)

« Referras(eg, categorized into physiotherapy/MSK interface
services, specialist services including orthopedics, pain
clinics, and rheumatol ogy)

« Imaging (eg, categorized into x-raysmagnetic resonance
imaging (MRI) scans, MSK ultrasound scans, and bone
density scans)

«  Sick certifications or fit notes (eg, categorized into number
per patient and mean length in days)

+ Repeat MSK genera practice visits.

The collection of anonymized and aggregated medical record
datais not uncommon within similar general practice research
studies that examine potential recruitment bias [35] or for
intervention studies examining clinician decision making and
behaviors during the consultation (eg, the Primary Care
Osteoarthritis Screening Trial [28] and the Study of Work and
Pain trial [30,36]).

Patient and Public I nvolvement Engagement

This study was discussed and shaped with patient and public
involvement engagement (PPIE) through dedicated workshops
before the funding submission. The PPIE group agreed with the
importance of developing a more robust research base for
treatments that can improve the primary care management of
MSK pain. Their discussions informed the design and piloting
of thetext message system and 1-page postal questionnaire used
to capture the primary outcome of pain intensity. They also
reviewed and improved the patient-facing documentation for
the study. Members of the group have expressed an interest in
being involved in the analysis of the qualitative data, and it is
intended to include them in that process.

Further PPIE meetings were held following the feasibility and
pilot trial to identify improvements for the main trial. Their
recommendations included the following:

« Updating the invitation pack to provide greater clarity to
patients about what isinvolved in taking part in the trial.

- Simplifying the consent form in the initial patient
guestionnaire.

https://www.researchprotocol s.org/2020/7/€17939
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« Removing the prize draw system used for participants in
the feasibility and pilot trial. This was considered to
potentially be confusing for patients and did not appear to
lead to a higher response rate to the questionnaires than
those in similar research studies.

Outcomes

Primary Outcome

The primary outcomefor thetrial isthe patient-reported clinical
outcome of pain intensity, measured monthly over 6 months.
Pain intensity is a recommended outcome for trials of MSK
pain [37] and had strong face validity among members of the
PPIE group. In addition, analysis of our previous MSK cohort
data confirmed that this outcome is sensitive to changesin this
population.

Secondary Outcomes

Secondary clinical outcomes captured at theinitial and 6-month
guestionnaire include body site—specific physical functional
measures, using the Roland-Morris Disability Questionnaire
for patients with back pain [38], the Neck Disability Index
[39,40] for patients with neck pain, the Shoulder Pain and
Disability Index [41] for patients with shoulder pain, the Knee
Injury and Osteoarthritis Outcome Score-Physical Function
Short form [42] for patients with knee pain, and the Short Form
12v2 Physical Component Scale[43] for patientswith multisite
pain. Other clinical outcomes will include patients’ risk of
persistent disabling pain using the Keele Start MSK Tool, and
the impact and severity of their MSK pain using the MSK-HQ
[34], which includes measures of pain interference with sleep,
physical activity level, hobbies/leisure activities, work and daily
routine, and quality of life with items for patients’ confidence
in managing their pain (pain self-efficacy) and emotional health
and understanding of how to deal with their condition. We will
also collect fear-avoidance beliefs using the 11-item version of
the Tampa Scae of Kinesiophobia [44], and the
patient-perceived level of reassurance from their clinician will
be captured using the Holt and Pincus [45] reassurance scale,
which has 4 subscales. information gathering, relationship
building, generic reassurance, and cognitive reassurance. Other
outcomes will include health-related quality of life using the
EQ-5D-5L to calculate QALYs in the health economic
evaluation [46] and single-item questions to capture patient
satisfaction with care received, receipt of written education
material from their clinician, and overall rating of change in
their MSK pain since their primary care consultation [47]. As
completion of theinitial questionnaire can occur up to 4 weeks
following the index MSK GP consultation, this means the first
measurement of secondary outcomesis after the commencement
of treatment. We chose the timing of the final outcome to be at
6 months as our pilot trial [21] demonstrated a plateau in mean
outcomes before thistime point. A summary of the patient data
collection variablesislisted in Table 1.

Baseline Population Descriptors

To help describe the population recruited, additional baseline
descriptors will capture health literacy using the Single Item
Literacy Screener [48], episode duration of MSK pain by asking
time since last whole month free from this pain, age, sex,
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employment, and their most recent paid job title (to calculate
their socioeconomic status).

Health Care Resource Use

Questions on additional health care resource use and
patient-borne costs including MSK pain—related hospital
inpatient stays, outpatient attendance (eg, physiotherapy), other
NHS and private practice heath care appointments, and
over-the-counter medicines and treatment will be included in
the 6-month questionnaire. Work performance will be assessed
through a single-item work presenteeism question, and time
(days) off work will be aligned to occupational information to
ascertain the cost of absenteeism.

Process Evaluation

A process evaluation is planned to explore arange of potential
factors that might influence differences between trial arms as
well as to better understand how stratified care is used and
perceived by patients and clinicians. Following recent Medical
Research Council guidance on process evaluations for complex
interventions[49], we have desighed amixed methods approach
[50]. This will use quantitative analyses focusing on a priori
hypothesized intervention targets and qualitative approaches
using focus groups and interviews.

A key aim of the process evaluation is to better understand the
role of potential intervention targets (mediators) on differences
in outcomes between thetrial arms[51]. The evidence from our
previous stratified caretrial (for back pain, the Start Back trial)
suggested that the identification and targeting of psychological
distress among patients at high risk led to improved outcomes
[52]. In addition, a systematic review has recently summarized
available evidence and identified pain self-efficacy as another
potential mediator [53]. Evidence from the Keele
Implementation to Improve Patient Care through Targeted
treatment Back study [20], which sought to implement our
stratified care approach for patients with low back pain
consulting in general practice, suggested that important clinical
behavior changes included more systematic identification of
patients who are at risk of persistent disabling pain who need
additional support (leading to more referralsto physiotherapy).
After careful consideration by the trial team, a number of
potential treatment mediators have been identified a priori,
including 3 potential factors at the patient level: (1) reduction
in levels of psychological distress measured each month with
asingleitem, (2) increasesin pain self-efficacy measured each
month with asingleitem, and (3) the extent of patient-perceived
reassurance during theindex primary care consultation measured
via the initial questionnaire. Changes in these potential
patient-level treatment mediators will be examined within a
mediation analysis using causal modeling techniques (eg,
structural equation modeling) to confirm if they arein the causal
pathway explaining any observed between-arm differences in
outcome with results also examined at each subgrouping level
(low, medium, and high).

In addition, we have identified a number of a priori potential
mediators at the level of clinical behavior, measured using the
medical record data, including the proportion of patients who
receive prescription medications for MSK pain, referrals to
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other services (eg, physiotherapy and secondary care specialists),
referralsfor investigations (eg, radiographs, M RI/Computerized
Tomography (CT) scans, blood tests), sick certifications (fit
notes), and further MSK-related consultations. We will test if
there are significant differences in these behaviors between
intervention and control practices and whether any of these
differences are associated with the resultsin terms of patients
pain intensity.

Sample Size

In an average-sized UK genera practice (6000 registered adults),
we expect that about 800 potentially digible patientswill consult
with the MSK pain sites of interest per year or 400 over 6
months. The feasibility and pilot trial showed that, on average,
the template was activated 375 times over 6 months in each
practice, and clinicians fully completed it in 41.1% (154/375)
of cases (6 times per week), leading to a letter inviting the
patient to participate in the data collection. From this, we expect
that 40% of patientsinvited will return their initial questionnaire
in the main trial, be eligible, and consent to further data
collection (or 62 over 6 monthsin 1 practice). However, to be
more cautious, given the general uncertainty in data and in
generalizability of pilot estimates, we have conservatively
estimated the average number of participants recruited per
practice within 6 months in the main trial to be around 33% of
those invited (or n=50 in 6 months or n=9 per month per
practice).

Thetria is powered at 90% to test the hypothesis of the overall
superiority of stratified primary care versususual care based on
an alpha of 5% (two-tailed) to detect a small effect size
(standardized mean difference) of 0.2 [54] in the primary
outcome (pain intensity). An effect size of 0.2 was considered
to be appropriate based on information from the feasibility and
pilot trial, in which the proportion of responders in the 3 risk
subgroups was 32% at low risk, 55% medium risk, and 13%
high risk. Our previoustria of stratified care for patients with
low back pain (the Start Back trial) found an effect size of 0.3
and 0.4 in the primary outcome (back pain—related physical
function) in patients at medium and high risk, respectively.
Therefore, we have assumed these standardized differencesin
thisnew trial [19]. In addition, the minimal clinically important
difference for the numerical rating scale (NRS) pain intensity
scoresin MSK pain has been reported to be 1 point [55], which
equates to an effect size of about 0.4, relative to an expected
SD of about 2.5 [54]. We expect that there would belittle or no
difference between stratified care and usual care for patientsin
the low-risk subgroup. Hence, by multiplying these effects by
the expected proportion within each subgroup, the overall effect
size of interest is 0.2 (equating to an absolute mean difference
of approximately 0.5 in pain intensity on a 0-10 scale).

The sample size calculation takes into account the clustering of
individual participantsby practice and likely participant dropout
over a 6-month follow-up (inflationary effects on sample size
requirement) aswell as repeated measurements and adjustment
for corresponding baseline pain intensity score (deflationary
effects). We have dlowed for an Intraclass correlation
coefficient of 0.01 based on previous patient-level data from
primary care trials [56] as well as expected variation in
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recruitment per practice using aguideline coefficient of variation
of 0.65 [57], and together with an expected loss to follow-up
across al time points of approximately 25%, these factors
combine to give a sample size inflation factor of x2.3 (based
on an average cluster size of approximately 50 participants per
practice in 6 months). The correlation of datawithin 6 repeated
measurements and correl ation of follow-up scoreswith baseline
scorearetypically 0.7 and 0.5, respectively [58], which combine
to give a sample size deflation factor of x0.5. The product of
inflation and deflation effectsresultsin amagnification of 1.15
compared with a conventional, individual patient, single
follow-up comparison, whereby the sample size requirement
would be 525 per trial arm (or 1050 in total). The adjusted
sample size target is, therefore, 600 patients per arm (1200 in
total) from 24 genera practices (12 per arm).

Statistical Reporting

Datawill be reported according to the Consolidated Standards
Of Reporting Trials (CONSORT) 2010 statement [59,60],
including extensions to cluster randomized trials [61] and
pragmatic trials [62].

Final analysiswill be carried out after all the dataare collected,
entered, and cleaned according to Kegle CTU SOPs. A flow
diagram will show the flow of participants through the trial,
including reasonsfor not taking part and lossto follow-up (split
by trial arm). For tria participants, summaries of continuous
variableswill comprisethe number of observations used, mean,
median, SD, and interquartile range as appropriate for the
distributional form of the data (in total and split by treatment
arm). Summaries of categorical variables will comprise the
number of observations used and the number and percentage
of observationsin each category.

Inferential analyses will include reporting of the main (point)
estimate for the mean between-arm difference (numerical
outcomes) or oddsratio (categorical outcomes) along with 95%
Cl and P values (two-tailed). Odds ratios will also be converted
to absolute risk differences (using the usual care prevalence as
the base reference in any conversion). Hypothesistestswill use
atwo-sided 5% significance level. The main analyses will be
performed independently by the trial statisticians using the
protocol, and the statistical analysis plan agreed with the TSC.
For any results discordance(s), if consensus agreement cannot
be reached, then athird (independent) statistician will be asked
to review and resolve any differences.

Methods of Analysis

Descriptive Statistics: Baseline Characteristics

The basdline demographicsand clinical characteristics of general
practices and individual participants will be reported. The
CONSORT guidelines generally do not recommend statistical
significance testing of baseline imbal ances between trial arms.
However, a more recent publication suggests baseline testing
of individual-level characteristics for cluster RCTs to examine
the level of selection bias asindicated by potential imbalances
in baseline covariates between arms [63].
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Main Analysis of Primary Outcomes

To avoid any potentia bias in the analysis, intention to treat
(ITT) will bethe primary analysis population (including primary
and secondary outcomes) unless otherwise stated in the detailed
statistical analysis plan (available from the authors). This is
defined as general practice clusters (and affiliated participants)
being analyzed as they are randomized regardless of the
intervention. Data for individuals who withdraw consent to
participate in data collection will beincluded up to the point of
withdrawal. Primary analysis will compare mean differences
in pain intensity scores between trial arms over a 6-month
follow-up using a hierarchical linear mixed regression model
evaluating repeated measures data at 1-, 2-, 3-, 4-, 5-, and
6-month follow-up (level 1) within individuals (level 2) and
taking into account clustering of individuals within general
practices—the unit of randomization (level 3). The analyses
will be adjusted for age, sex, and baseline pain intensity score
(recorded from the IT template at the point of consultation) at
the individual-patient level and genera practice size. This
analysis fulfillsthe ITT principle with analysis as randomized
and missing data being accounted for under the missing at
random assumption. Although the primary analysis will focus
on the average intervention effect across 1 to 6 months of
follow-up, we will also use treatment by time interaction terms
to evaluate between-arm differences in mean responses across
each of theindividual time pointsof 1, 2, 3, 4, 5, and 6 months.
Modél fit will be assessed across different covariance structures
(unstructured, independence, exchangeable, autoregressive) to
ascertain the best-fit model that will be implemented (ie, the
model that gives the lowest Bayesian Information Criterion,
Akaike Information Criterion, and highest log-likelihood
statistics). The monthly pain intensity scores will be used;
however, if, for any individual, the last monthly SMS/brief
guestionnaire response is missing but they have completed the
corresponding pain intensity questionin their returned 6-month
guestionnaire (if completed within 20 days of the date of issue
of their monthly SMS/brief questionnaire), then the available
painintensity score responsewill be used (asthe 6-month score)
for purposes of the primary outcome evaluation.

Analysis of Secondary Outcomes

Analysis of secondary outcomes will be carried out using the
ITT approach and using a linear mixed model for numerical
outcomes and generalized mixed logistic modelsfor categorical
outcomes (adjusted for age, sex, baseline pain, and
corresponding baseline score [where applicable] at the
individual-patient level and general practice size). For monthly
follow-up measures of distress and confidence in managing
pain, the analysis will follow that of the primary analysis with
initial focus on average scores over the 6 months of follow-up
and then the time-specific between-arm estimates. The focus
of the other secondary measures is on 6-month follow-up data
only, with the exception of perceived reassurance, which is
captured in the baseline questionnaire.

Sensitivity Analysis of the Primary Outcome

A sensitivity analysis will be carried out using a complier
average causal effect analysis (CACE) to provide an unbiased
estimate of intervention effect for patients treated according to
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the stratified care protocol, that is, the intervention arm protocol
is taken as clinical management in line with the recommended
matched treatment options for each risk subgroup. CACE will
be performed using a 2-step instrumental variable regression
modeling approach where the first step relates to model
prediction of compliance (at level 2 [individua patient level])
using trial arm only as afixed-effect predictor and practice and
participant | Ds as random effects, and the second step estimates
the between-arm difference in outcome (average pain intensity)
based on predi cted compliance—the endogenous (i nstrumented)
variable (from the first step) and the exogenous (instrumental)
variables of trial arm, age, sex and point-of-consultation pain
score using a mixed effects model as used in the primary
analysis.

Subgroup Exploratory Analysis of Primary Outcomes

Subgroup exploratory analysisof the primary outcome (average
painintensity) will be carried out by modeling intervention arm
interaction terms within the regression models for (1) risk
subgroups (low [reference category], medium, and high risk),
(2) single MSK pain (reference) site versus multisite pain, and
(3) pain site (back [reference], shoulder, knee, and neck).
Subgroup analysis was performed regardless of the results of
the primary analysis. The mean between-arm difference (and
95% CI and P value) will be computed for each subgroup
comparison and visually displayed via aforest plot. The main
focuswill be on the average pain intensity rather than on 3-way
interactions of intervention-subgroup-time, but the 3-way
interaction resultswill also be examined (and descriptive results
produced by subgroup).

Exploratory Mediation Analyses

If there is a significant between-arm difference in the primary
outcome (overall pan intensity), then we will carry out
exploratory mediation analysis by structural equation modeling
to examine (1) which potential mediators are causal in effect.
(2) if psychological mediators (psychological distress or pain
self-efficacy in months 1-5) are on the causal pathway for effect,
and (3) if patient-perceived reassurance mediates direct/indirect
associations of 6-month pain intensity outcomes.

Evaluation of the Process Outcomes

Process outcomes will be evaluated through comparison of
aggregated anonymized data at the level of the participating
general practices, by examining, for example, reconsultation
rates for MSK pain over 6 months and referral rates to other
services between practices in the stratified care versus usual
carearms. Inintervention practices, wewill also investigatethe
proportions of patients for whom the electronic template is
completed, and matched clinical management options are
selected overall and by risk subgroup.

A descriptive analysis will be undertaken of physiotherapist
data by the intervention arm (eg, waiting times, number of
treatment sessions, and clinica grade of treating
physiotherapist).

Examination of Bias

Selection bias will be examined through scrutiny of the
comparability of recruitment rates per trial arm and
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comparability in general practice and participant characteristics.
Further, a comparison will be performed examining the
characteristics of patients in which the electronic template is
activated but who did not take part in the data collection
(nonparticipants) with those who did participate in terms of
practice distribution; pain intensity scores; location of MSK
pain; and (within the intervention arm) the proportion of patients
at low, medium, and high risk of persistent disabling pain (from
the practice consultation IT template). Both crude descriptive
and inferential statistics will be reported.

Differential attrition between trial arms will be examined and
reported descriptively: frequencies for responses by trial arm
will be recorded in the descriptive tables. We will compare
baseline sociodemographic and clinical variables and (for
response >1) monthly NRS pain intensity scores across level
of completion of NRS pain intensity (level of completion is O
to 6, where 0 isnonresponse, 1 responded once, and 6 responded
to al 6 monthly follow-ups) to ascertain whether pattern of
missingness is likely to be missing completely at random,
missing at random, or not missing at random. If the overall
follow-up rate of the primary outcome is over 5% different
between trial arms and the pattern of missing datais missing at
random, then we will undertake a multipleimputation (Ml; via
chained equations) analysisinclusive of baseline variables that
are observed to be statistically associated with follow-up
response. Further, if the pattern of missingnessis seen to suggest
that it is nonignorable, the MI sensitivity analysis will address
missing dataimputationswith an incremented or reduced value
corresponding to the overall baseline SD (thereby mimicking
the nonignorabl e pattern).

Health Economics

The hedth economics anaysis will determine the
cost-effectiveness of stratified care in comparison with usual,
nonstratified care over 6 months. A cost-consequence analysis
will initially be reported, describing all the important results
relating to costs and consequences. Subsequently, cost-utility
analysis will be undertaken from an NHS/PSS perspective to
determine the cost per additional QALY gained. A broader
costing perspective will be considered in a secondary analysis,
taking into account NHS/PSS costs, private M SK -related health
care costs, and productivity costs associated with time off work.

Costs

Resource use information will be obtained on primary care
consultations (eg, general practitioners and practice nurses),
secondary care consultations (eg, hospital consultants and
physiotherapists), prescriptions, hospital -based procedures (eg,
diagnostic tests, injections, and investigations), length of
inpatient stay, and surgery. Patients will be asked to distinguish
between UK NHS and private provision. Cost data will be
collected viaaparticipant questionnaire at 6 months. Unit costs
will be obtained from standard sources and health care providers,
including the British National Formulary, Unit Costs of Health
and Social Care, and NHS Reference costs [64-66]. Given that
MSK pain is associated with significant lost productivity,
information will also be collected from participants on
occupation status, time off work related to their MSK problem,
and reduced work performance (presenteeism). Thiswill enable
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the calculation of productivity costs, allowing anaysis from a
broader societal cost perspective. The average wage for each
respondent will be identified using the UK Standard
Occupational Classification coding and annual earnings data
for each job type [67].

Outcomes

The outcome of interest for the economic analysisis QALYs
and will be generated from participant responses to the
EQ-5D-5L questionnaire at baseline and at the 6-month
follow-up. The crosswalk value set will be applied to patient
responses to obtain utility scores, in line with current National
Institute for Health and Care Excellence recommendations.

Data Analysis

The cost-utility analysis will be carried out on an ITT basis,
with the aim of estimating the difference in costs and QALY's
between the stratified care and usual, nonstratified care arms.
Missing EQ-5D-5L and cost data will be imputed using Ml
techniques [68] to ensure that all trial participants are included
in the final analysis. For each participant, a QALY score over
the 6-month follow-up period will be estimated using the area
under the curve approach [69]. Imbalances in baseline utility
(EQ-5D-5L) scores between the stratified care and usual
nonstratified care armswill be controlled for using aregression
approach [70].

The total health care costs over the study period will be
calculated by multiplying the resource items used by the
respective unit cost and summing over all items. Differencesin
mean costs and QALY s between the stratified care and usual
nonstratified care armswill be estimated. The datafor costsare
likely to have a skewed distribution; therefore, anonparametric
comparison of means (eg, bootstrapping) will be undertaken to
estimate 95% Cls around costs.

Due to the nature of the trial, methods are required to address
clustering in both costs and outcomes and to recognize the
correlation between individual- and cluster-level costs and
outcomes. The methods currently suggested in the health
economics literature are multilevel models (MLM) and the
2-stage nonparametric bootstrap, using the Stata 15 [ Stata Corp]
command TSB) [71]. For the base case scenario, MLM will be
used to estimate differential costs, differential QALY's, and
incremental net benefits. The analysis will also allow us to
control for covariates. The robustness of the results will be
explored using sensitivity analysis. This will explore
uncertainties in the trial data itself as well as the methods
employed to analyzethedata. A cost-effectiveness acceptability
curvewill be constructed to assessthe probability that stratified
care is effective at different willingness-to-pay thresholds. To
estimate productivity costs, self-reported days off work will be
multiplied by the average wage rate. The analysis will use the
human capital approach.

Planned sensitivity analysis will include (1) a complete case
analysis as an aternative to using an imputed dataset; (2) a
broader societal perspective; and (3) additional exploratory
analyses that will consider the cost-effectiveness of stratified
care versus usual nonstratified care for patients in the low-,
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medium-, and high-risk subgroups separately. All analyseswill
be performed using StataCorp 15 software.

Linked Qualitative Study

Theoretical Framework

Two theoretical frameworkswill underpin the evaluation. First,
the COM-B model [72] offersaway of understanding behavior
in the context of complex interventions around 3 key
determinants: capability (the psychological or physical ability
to enact the behavior), opportunity (the physical and socia
environment that enables the behavior), and motivation (the
reflective and automatic mechanisms that activate or inhibit
behavior). Second, normalization process theory provides a
framework for understanding how/why some new health care
interventions are accepted and taken up, whereas othersareless
successful [73]. Both frameworks emphasize the broader
sociopolitical contexts in which health behaviors and practices
are situated and the importance of taking these contexts into
account in understanding the adoption of new interventions
[73,74].

Aim
This study aimsto understand the waysin which stratified care
isperceived and operationalized, from the perspectives of health

care professionals and patients, taking into account individual,
local, and national contexts.

Objectives

The specific objectives of our linked qualitative research will
be asfollows:

« ldentify the acceptability and impact on the consultation of
using the clinician-completed version of the Keele Start
MSK Tool and the extent to which the matched treatment
options are viewed as being in line with clinical judgments
on best practice.

« Understand the impact of stratified care on (1) individual
clinicians; (2) general practice and physiotherapy services,
€] interprofessional and professional-patient
communication; and (4) patients at low, medium, and high
risk.

« Document any variation in experiences or views across
different practices and servicesin thetrial.

Methods for Linked Qualitative Study

An iterative, mixed methods approach will be adopted [50,75],
with the quantitative data informing the qualitative data
collection and analysisfrom both informing the overall findings
and conclusions. Datawill bedrawn from clinicians and patients.
Clinicians

GPs and physiotherapists involved in delivering stratified care
will be invited to participate in up to 3 separate focus groups
held at approximately 4 GP practices. Where clinicians are
unable to attend focus groups, arrangements will be made for
individual interviews. Initial focus groups/interviews will
exploreclinicians’ viewsand experiences of delivering stratified
care during the course of the tria. Follow-up focus
groups/interviews will be conducted at a later stage once trial
results are available to explore views on the tria results and,
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depending on these results, discuss potential implications for
practice, policy, and service provision beyond thetrial.

Patients

One-to-one semistructured interviews will be conducted to
exploreindividual patient experiences. Patients at low risk will
beinterviewed approximately 2 monthsafter their index primary
care consultation, whereas patients at medium and high risk
will beinterviewed at approximately 4 months. Thistimescale
will alow participantsto reflect on their experiences of clinical
management (including time to access any treatments),
communication with the clinicians involved in their care, and
their health care resource use over time.

Sampling

Clinicians and patients will be sampled from the stratified care
arm of the trial. GPs directly involved in the tria will be
identified based on the diversity of practice characteristics,
including size and geographic location. A sample of
physiotherapists in linked participating services will also be
invited to participate. Patientswill be purposively sampled from
baseline questionnaire responses to capture diverse
characteristics, such as pain scores and health-related quality
of life, risk subgroup, comorbidity, age, sex, and socioeconomic
status.

Sample Size of the Qualitative Study

Datacollection will continue until saturation isreached, defined
as informational redundancy, the point at which additional
data no longer offer new insights[76]. We estimate that around
20 to 30 clinicians and approximately 20 to 30 patients will be
required.

Recruitment to a Qualitative Study

Clinicianswill beinformed that as part of their participation in
thetrial, they may be approached to participate in focus groups
or interviews. Additional information explaining confidentiality,
anonymity, datastorage, and archiving will be distributed ahead
of each focus group/interview and individual written consent
obtained before the start of the discussion.

Patients will be informed that, as part of their participation in
the study, they consented to further research contact. An
invitation letter and detailed interview information leaflet will
be mailed to the patient, and after 2 to 3 days, a researcher will
telephone the patient to check if they are willing to participate
and, if so, make arrangementsfor theinterview. Interviews may
be face-to-face or by telephone, based on participant preference,
and will be arranged at a time/location convenient for the
participant. Once an interview has been arranged, aconfirmation
letter will be sent. Written consent will be obtained at the start
of the interview or audio-recorded if the interview is via
telephone and checked again at the end. Interviews are estimated
to last approximately 1 hour.

Trial Management, Study Administration, and Data
Storage

Thetrial manager assisted by the study coordinator will oversee
the day-to-day running of thetrial. General practice staff assisted
where necessary by the CRN will download details of patients
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who have acompl eted template (name, address, MSK pain site,
date of MSK consultation, and EMIS patient identification
number) on a weekly basis from each practice. Practice staff
will arrange transfer of patient details to the dedicated research
administrator in Keele CTU using nhs.net-to-nhs.net transfer
for mailing of the study invite packs to potential participants.
A unique study number will be applied to each potential
participant. On return of a completed initial questionnaire,
details will be entered into the research database to ensure that
Nno unnecessary remindersare sent. Details of informed consent
will be stored in the research database, including participants
names and contact details. In this database, participants will be
primarily identified by study number. Datawill be entered into
the research database by trained members of the administrative
team who will be blinded to general practice allocation. Access
to the database will be restricted to those members of the team
that require access. The coding schedule for the questionnaires
will be used to inform the database design and to facilitate data
entry. Details of dataentry accuracy will be kept by the research
data management lead and trial statisticians and reported.

Any requestsfor accessto the anonymized datawill follow our
data-sharing procedure. Requests for anonymized data will be
reviewed by our Data Custodian and Academic Proposals
Committee. The full statement on data sharing is publicly
available[32]. All information will be held securely and in strict
confidence. Each person in this study will be given a study
number so that datafrom the study will not have any identifiable
information, such as names and addresses, and cannot betraced.
Onthisbasis, these anonymized datawill be kept electronically
and may be used in other research studies.

Clinical Governance | ssues

To ensure responsibility and accountability for the overall
quality of carereceived by participants during the study period,
clinical governance issues pertaining to all aspects of routine
management will be brought to the attention of the TSC and,
where applicable, to individual participating practices or NHS
services. One potential issueisthat GPsin theintervention arm
may feel that the recommended matched clinical management
options are not appropriate for an individual patient, in which
case they will need to choose a treatment that is not among the
recommended options. Theclinician training sessionswill make
it clear that despite being part of aclinical trial, cliniciansretain
the responsibility to provide appropriate care to their patients.
Clinicians will be encouraged to report to the research team
where there are consistent difficulties with the stratified care
intervention.

Statement of Indemnity and Trial Sponsors

Keele University has in place clinical trial indemnity, which
provides coverage to the university for harm that comes about
through the university’s or its staff’s negligence in relation to
the design or management of the trial and may alternatively, at
the University’sdiscretion, provide cover for nonnegligent harm
to participants. The NHS has a duty of care to patients treated,
whether or not the patient is taking part in aclinical trial, and
the NHS organization (general practices and other services
involved) remains liable for clinical negligence and other
negligent harm to patients under this duty of care. The sponsor
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(Keele University) isresponsiblefor trial initiation management
and financing of thetrial as defined by Directive 2001/20/EC.

Oversight/Trial Monitoring

The Trial Management Group (TMG) comprises the chief
investigator, associate investigator, Keele CTU staff, and other
key trial team members. They are responsible for the clinical
setup, ongoing management, promotion of thetrial, and analysis
and interpretation of results. Specifically, the TMG is
responsible for (1) protocol completion; (2) study document
development; (3) obtaining health research authority approval;
(4) completing cost estimates and project initiation; (5)
facilitating the TSC and DMC; (6) reporting of serious adverse
events (SAES); (7) monitoring of recruitment, intervention, and
follow-up procedures; (8) data collection; and (9) database
development. The group will meet on aregular basis, typically
monthly, throughout thetrial. Thetrial does not incorporate any
apriori stopping rules, and hence, no planned interim analysis
of the outcome measures collected in the trial will be carried
out.

Financial Arrangements

Clinicians participating in the focus groups/interviews will
receive a reimbursement of their time using standard
professional rates. Patients participating in an interview will be
given a GBP £10 (US $12.2) Love to Shop gift token by way
of thanking them for their participation and will only receive
remuneration for travel if they participate in an interview at a
site other than their home.

Serious Breaches of the Protocol and Good Clinical
Practice

Keele CTU has systemsin place to ensure that serious breaches
of GCP are picked up and reported. A seriousbreachisabreach
that is likely to effect to a significant degree: the safety or
physical or mental integrity of the participants of thetrial or the
scientific value of thetria. All protocol deviations or breaches
of the GCP will be recorded and reported to the sponsor
according to the relevant SOP.

Serious Adver se Events

The NHS Research Committee approval reference is
16/EM/0257. Patient participants gave written consent to
participate. SAEs include death, hospitalization, significant
disability or incapacity, any life-threatening circumstance, or
any other medically significant occurrence that is believed to
berelated to thetrial or interventions. All participating practice
staff and physiotherapists will be asked to report as soon as
possible to the chief investigator any SAES among patient
participants, that are likely to be related to the trial. We have
discussed this issue with the independent TSC and agreed that
the potential harms of the study are considered to be minimal
and the stratified care information and matched treatment
options are considered not only to be evidence-based but also
have strong clinical community endorsement and credibility.
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Any SAEs will be brought to the immediate attention of the
trial team. The chief investigator will then assess whether the
event was related to or resulted from any of thetrial procedures
or interventions, according to the process laid out in Keele
CTU’s SOPs. Any unexpected SAE considered to berelated to
thetrial procedureswill be reported to the main research ethics
committee by the chief investigator within 15 days of becoming
aware of the event. In addition, all such eventswill be reported
to the trial sponsor, TSC, and DMC.

Confidentiality and Anonymity

All information collected during the course of the trial will be
kept strictly confidential. All identifying information will be
anonymized before being used for analysis. Information will
be held securely on paper and managed electronically by Keele
University through Keele CTU. Keele CTU complies with all
aspects of the 1998 Data Protection Act. The trial data will be
held on adatabase hosted on a secure server by Keele CTU. All
research staff involved in this study adhere to robust data
security procedures and have explicit duties of confidentiality.
These practicesare written into their employment contractsand
are equivalent to the duties placed on NHS staff. If aparticipant
withdraws consent from further collection of data, their data
collected to date will remain on file and will be included in the
final study analysis unless requested otherwise.

Results

The trial was funded as part of a 6-year research program in
June 2014, the pilot trial was undertaken from October 2016 to
May 2017 and the main trial was approved by research ethics
committee in February 2018. Data collection for the main trial
commenced in May 2018, and ended in July 2019, &fter a
recruitment period of 14 months in 24 GP practices, which
successfully recruited 1203 patient participants. All 6-month
follow-up and interview data collection was completed in
February 2020. Data analysis is currently in progress with
expected results to be published in summer 2020. There have
been no important changes to methods since tria
commencement.

Discussion

This study protocol describesthe details of the Start MSK trial,
which aims to investigate the clinical and cost effectiveness of
stratified primary care for patients with the 5 most common
MSK pain presentations compared with usual nonstratified care.
The intervention was designed to improve patient outcomes
including pain intensity, physical function, and quality of life
as well as clinician decision making to reduce treatment
variability and improve adherence to best practice. Thistrial is
the first attempt, as far as we know, at testing a prognostic
stretified care approach for primary care patients with MSK
pain. Theresults of thistrial should be available in the summer
of 2020.

Thefunding bodieshad no rolein the design of the study and collection, analysis, interpretation of data, or writing of the manuscript.
This paper presents independent research funded by the NIHR under its Program Grants for Applied Research scheme (grant

https://www.researchprotocol s.org/2020/7/€17939

JMIR Res Protoc 2020 | vol. 9 | iss. 7| e17939 | p. 18
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Hill et al

number: RP-PG-1211-20010) and the Center of Excellence funding from Versus Arthritis (grant reference: 20202). NF is an
NIHR senior investigator and was supported through an NIHR Research Professorship (NIHR-RP-011-015). EH is an NIHR
senior investigator, and CM isfunded by the NIHR Applied Research Collaborations (West Midlands), NIHR School for Primary
Care Research, and NIHR Research Professorship in General Practice (NIHR-RP-2014-04-026). The views expressed in this
study are those of the authors and not necessarily those of the NHS, the NIHR, our funding bodies, or the Department of Health
and Socia Care.

Conflictsof Interest
None declared.

Multimedia Appendix 1

CONSORT-eHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 1128 KB-Multimedia Appendix 1]

References

1.  Globa Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, prevalence, and years lived
with disability for 301 acute and chronic diseases and injuries in 188 countries, 1990-2013; a systematic analysis for the
global burden of disease study 2013. Lancet 2015 Aug 22;386(9995):743-800 [FREE Full text] [doi:
10.1016/S0140-6736(15)60692-4] [Medline: 26063472]

2. Jordan KP, Kadam UT, Hayward R, Porcheret M, Young C, Croft P. Annual consultation prevalence of regional
muscul oskeletal problemsin primary care: an observational study. BMC Musculoskelet Disord 2010 Jul 2;11:144 [FREE
Full text] [doi: 10.1186/1471-2474-11-144] [Medline: 20598124]

3. ThomasE, Dunn KM, Mallen C, Peat G. A prognostic approach to defining chronic pain: application to knee pain in older
adults. Pain 2008 Oct 15;139(2):389-397. [doi: 10.1016/j.pain.2008.05.010] [Medline: 18583051]

4.  Malen CD, ThomasE, Belcher J, Rathod T, Croft P, Peat G. Point-of-care prognosis for common musculoskeletal painin
older adults. AMA Intern Med 2013 Jun 24;173(12):1119-1125. [doi: 10.1001/jamainternmed.2013.962] [Medline:
23699833]

5. TheNational Archives. 2006. The Musculoskeletal Services Framework - A Joint Responsibility: Doing It Differently
URL.: https://webarchive.national archives.gov.uk/20130124073659/http://www.dh.gov.uk/prod _consum_dh/groups/
dh_digital assets @dh/ @en/documents/digital asset/dh_4138412.pdf [accessed 2020-05-15]

6. Margham T. Muscul oskeletal disorders: time for joint action in primary care. Br J Gen Pract 2011 Nov;61(592):657-658
[FREE Full text] [doi: 10.3399/bjgp11X601541] [Medline: 22054314]

7. Somerville S, Hay E, Lewis M, Barber J, van der Windt D, Hill J, et al. Content and outcome of usual primary care for
back pain; asystematic review. Br JGen Pract 2008 Nov;58(556):790-7, i [FREE Full text] [doi: 10.3399/bjgp08X 319909]
[Medline: 19000402]

8.  Goldberg DS, McGee SJ. Pain as aglobal public health priority. BMC Public Health 2011 Oct 6;11:770 [FREE Full text]
[doi: 10.1186/1471-2458-11-770] [Medline: 21978149]

9.  Henschke N, Ostelo RW, Terwee CB, van der Windt DA. Identifying generic predictors of outcome in patients presenting
to primary care with nonspinal muscul oskeletal pain. Arthritis Care Res (Hoboken) 2012 Aug;64(8):1217-1224 [FREE
Full text] [doi: 10.1002/acr.21665] [Medline: 22422737]

10. CarnesD, Parsons S, Ashby D, Breen A, Foster NE, Pincus T, et al. Chronic musculoskeletal pain rarely presentsinasingle
body site: results from a UK population study. Rheumatology (Oxford) 2007 Jul;46(7):1168-1170. [doi:
10.1093/rheumatol ogy/kem118] [Medline: 17488750]

11. Inouye S, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: clinical, research, and policy implications of a core
geriatric concept. JAm Geriatr Soc 2007 May;55(5):780-791 [FREE Full text] [doi: 10.1111/j.1532-5415.2007.01156.X]
[Medline: 17493201]

12. vonKaorff M, Miglioretti DL. A prognostic approach to defining chronic pain. Pain 2005 Oct;117(3):304-313. [doi:
10.1016/j.pain.2005.06.017] [Medline: 16153772]

13. Dunn KM, Croft PR, Main CJ, von Korff M. A prognostic approach to defining chronic pain: replication in a UK primary
care low back pain population. Pain 2008 Mar;135(1-2):48-54. [doi: 10.1016/j.pain.2007.05.001] [Medline: 17570585]

14. Muller S, ThomasE, Dunn KM, Mallen CD. A prognostic approach to defining chronic pain across arange of muscul oskeletal
pain sites. Clin JPain 2013 May;29(5):411-416 [FREE Full text] [doi: 10.1097/A JP.0b013e318257099€] [Medline:
23549065]

15. Turner JA, Shortreed SM, SaundersKW, Leresche L, Berlin JA, von Korff M. Optimizing prediction of back pain outcomes.
Pain 2013 Aug;154(8):1391-1401. [doi: 10.1016/j.pain.2013.04.029] [Medline: 23688822]

https://www.researchprotocols.org/2020/7/€17939 JMIR Res Protoc 2020 | vol. 9 |iss. 7| €17939 | p. 19
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=resprot_v9i7e17939_app1.pdf&filename=e45a63f9aff68f541a49489377d0333b.pdf
https://jmir.org/api/download?alt_name=resprot_v9i7e17939_app1.pdf&filename=e45a63f9aff68f541a49489377d0333b.pdf
http://europepmc.org/abstract/MED/26063472
http://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26063472&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-11-144
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-11-144
http://dx.doi.org/10.1186/1471-2474-11-144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20598124&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2008.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18583051&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2013.962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23699833&dopt=Abstract
https://webarchive.nationalarchives.gov.uk/20130124073659/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4138412.pdf
https://webarchive.nationalarchives.gov.uk/20130124073659/http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4138412.pdf
https://bjgp.org/cgi/pmidlookup?view=long&pmid=22054314
http://dx.doi.org/10.3399/bjgp11X601541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22054314&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=19000402
http://dx.doi.org/10.3399/bjgp08X319909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19000402&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-770
http://dx.doi.org/10.1186/1471-2458-11-770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21978149&dopt=Abstract
https://doi.org/10.1002/acr.21665
https://doi.org/10.1002/acr.21665
http://dx.doi.org/10.1002/acr.21665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22422737&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/kem118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17488750&dopt=Abstract
http://europepmc.org/abstract/MED/17493201
http://dx.doi.org/10.1111/j.1532-5415.2007.01156.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17493201&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2005.06.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16153772&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2007.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17570585&dopt=Abstract
http://europepmc.org/abstract/MED/23549065
http://dx.doi.org/10.1097/AJP.0b013e318257099e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23549065&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2013.04.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23688822&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hill et al

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

35.

36.

Linton SJ, Halldén K. Can we screen for problematic back pain? A screening questionnaire for predicting outcomein acute
and subacute back pain. Clin J Pain 1998 Sep;14(3):209-215. [doi: 10.1097/00002508-199809000-00007] [Medline:
9758070]

Hill JC, Dunn KM, Lewis M, MullisR, Main CJ, Foster NE, et a. A primary care back pain screening tool: identifying
patient subgroupsfor initial treatment. Arthritis Rheum 2008 May 15;59(5):632-641 [FREE Full text] [doi: 10.1002/art.23563]
[Medline: 18438893]

Foster NE, Hill JC, O'Sullivan P, Hancock M. Stratified models of care. Best Pract Res Clin Rheumatol 2013
Oct;27(5):649-661. [doi: 10.1016/].berh.2013.10.005] [Medline: 24315146]

Hill JC, Whitehurst DG, LewisM, Bryan S, Dunn KM, Foster NE, et al. Comparison of stratified primary care management
for low back pain with current best practice (STarT Back): arandomised controlled trial. Lancet 2011 Oct
29;378(9802):1560-1571 [FREE Full text] [doi: 10.1016/S0140-6736(11)60937-9] [Medline: 21963002]

Foster NE, Mullis R, Hill JC, Lewis M, Whitehurst DG, Doyle C, IMPaCT Back Study team. Effect of stratified care for
low back pain in family practice (IMPaCT Back): a prospective population-based sequential comparison. Ann Fam Med
2014;12(2):102-111 [FREE Full text] [doi: 10.1370/afm.1625] [Medline: 24615305]

Hill JC, Garvin S, Chen Y, Cooper V, Wathall S, Saunders B, et al. Stratified primary care versus non-stratified care for
muscul oskeletal pain: findings from the STarT MSK feasibility and pilot cluster randomized controlled trial. BMC Fam
Pract 2020 Feb 11;21(1):30 [FREE Full text] [doi: 10.1186/s12875-019-1074-9] [Medline: 32046647]

Babatunde OO, Jordan JL, van der Windt DA, Hill JC, Foster NE, Protheroe J. Effective treatment optionsfor muscul oskel etal
pain in primary care: a systematic overview of current evidence. PLoS One 2017;12(6):e0178621 [FREE Full text] [doi:
10.1371/journal .pone.0178621] [Medline: 28640822]

Protheroe J, Saunders B, Bartlam B, Dunn KM, Cooper V, Campbell P, et al. Matching treatment optionsfor risk sub-groups
in muscul oskeletal pain: a consensus groups study. BMC Musculoskelet Disord 2019 Jun 1;20(1):271 [FREE Full text]
[doi: 10.1186/s12891-019-2587-z] [Medline: 31153364]

Saunders B, Hill JC, Foster NE, Cooper V, Protheroe J, Chudyk A, et al. Stratified primary care versus non-stratified care
for musculoskeletal pain: qualitative findings from the STarT MSK feasibility and pilot cluster randomized controlled trial.
BMC Fam Pract 2020 Feb 11;21(1):31 [FREE Full text] [doi: 10.1186/s12875-020-1098-1] [Medline: 32046656]
Eldridge SM, Ashby D, Feder GS. Informed patient consent to participation in cluster randomized trials: an empirical
exploration of trialsin primary care. Clin Trials 2005;2(2):91-98. [doi: 10.1191/1740774505cn0700a] [Medline: 16279130]
Eldridge S, Kerry S, Torgerson DJ. Biasin identifying and recruiting participantsin cluster randomised trials: what can be
done? Br Med J 2009 Oct 9;339:b4006. [doi: 10.1136/bmj.b4006] [Medline: 19819928]

DziedzicKS, Healey EL, Porcheret M, Ong BN, Main CJ, Jordan KB, et al. Implementing the NICE osteoarthritis guidelines:
amixed methods study and cluster randomised trial of amodel osteoarthritis consultation in primary care--the management
of osteoArthritisin consultations (MOSAICY) study protocol. Implement Sci 2014 Aug 27;9:95 [FREE Full text] [doi:
10.1186/s13012-014-0095-y] [Medline: 25209897]

Mallen C. Keele University. 2016. POST Cluster Trial URL: https://www.keel e.ac.uk/pcsc/research/ctu/ourresearch/post/
[accessed 2020-05-15]

Foster N. Keele University. STEM S Cluster Trial URL: https://www.keel e.ac.uk/pcsc/research/researchthemes/

muscul oskel etal pai nandstratifiedcare/stems/ [accessed 2020-05-15]

Bishop A, Wynne-Jones G, Lawton SA, van der Windt D, Main C, Sowden G, SWAP Study Team. Rationale, design and
methods of the study of work and pain (SWAP): a cluster randomised controlled trial testing the addition of a vocational
advice serviceto best current primary carefor patientswith musculoskeletal pain (ISRCTN 52269669). BM C Muscul oskel et
Disord 2014 Jul 10;15:232 [FREE Full text] [doi: 10.1186/1471-2474-15-232] [Medline: 25012813]

Carter BR, Hood K. Balance algorithm for cluster randomized trials. BMC Med Res Methodol 2008 Oct 9;8:65 [FREE
Full text] [doi: 10.1186/1471-2288-8-65] [Medline: 18844993]

Keele University. URL: https://www.keel e.ac.uk/startmsk [accessed 2020-05-15]

Wensing M, Wollersheim H, Grol R. Organizational interventions to implement improvementsin patient care: a structured
review of reviews. Implement Sci 2006 Feb 22;1:2 [FREE Full text] [doi: 10.1186/1748-5908-1-2] [Medline: 16722567]
Hill J, Kang S, Benedetto E, MyersH, Blackburn S, Smith S, et al. Development and initial cohort validation of the arthritis
research UK musculoskeletal health questionnaire (M SK-HQ) for use across muscul oskeletal care pathways. BMJ Open
2016 Aug 5;6(8):€012331 [FREE Full text] [doi: 10.1136/bmjopen-2016-012331] [Medline: 27496243]

Boardman HF, Thomas E, Ogden H, Millson DS, Croft PR. A method to determine if consentersto population surveys are
representative of the target study population. JPublic Health (Oxf) 2005 Jun;27(2):212-214. [doi: 10.1093/pubmed/fdi017]
[Medline: 15774566]

Wynne-Jones G, Artus M, Bishop A, Lawton SA, Lewis M, Jowett S, SWAP Study Team. Effectiveness and costs of a
vocational advice service to improve work outcomes in patients with musculoskeletal pain in primary care: a cluster
randomisedtrial (SWAPtrial ISRCTN 52269669). Pain 2018 Jan;159(1):128-138. [doi: 10.1097/].pain.0000000000001075]
[Medline: 28976423]

https://www.researchprotocols.org/2020/7/€17939 JMIR Res Protoc 2020 | vol. 9 | iss. 7| €17939 | p. 20

(page number not for citation purposes)


http://dx.doi.org/10.1097/00002508-199809000-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9758070&dopt=Abstract
https://doi.org/10.1002/art.23563
http://dx.doi.org/10.1002/art.23563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18438893&dopt=Abstract
http://dx.doi.org/10.1016/j.berh.2013.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24315146&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60937-9
http://dx.doi.org/10.1016/S0140-6736(11)60937-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21963002&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=24615305
http://dx.doi.org/10.1370/afm.1625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24615305&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-019-1074-9
http://dx.doi.org/10.1186/s12875-019-1074-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32046647&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0178621
http://dx.doi.org/10.1371/journal.pone.0178621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28640822&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-019-2587-z
http://dx.doi.org/10.1186/s12891-019-2587-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31153364&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-020-1098-1
http://dx.doi.org/10.1186/s12875-020-1098-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32046656&dopt=Abstract
http://dx.doi.org/10.1191/1740774505cn070oa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16279130&dopt=Abstract
http://dx.doi.org/10.1136/bmj.b4006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19819928&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-014-0095-y
http://dx.doi.org/10.1186/s13012-014-0095-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25209897&dopt=Abstract
https://www.keele.ac.uk/pcsc/research/ctu/ourresearch/post/
https://www.keele.ac.uk/pcsc/research/researchthemes/musculoskeletalpainandstratifiedcare/stems/
https://www.keele.ac.uk/pcsc/research/researchthemes/musculoskeletalpainandstratifiedcare/stems/
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-15-232
http://dx.doi.org/10.1186/1471-2474-15-232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25012813&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-8-65
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-8-65
http://dx.doi.org/10.1186/1471-2288-8-65
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18844993&dopt=Abstract
https://www.keele.ac.uk/startmsk
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-1-2
http://dx.doi.org/10.1186/1748-5908-1-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16722567&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27496243
http://dx.doi.org/10.1136/bmjopen-2016-012331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27496243&dopt=Abstract
http://dx.doi.org/10.1093/pubmed/fdi017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15774566&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000001075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28976423&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hill et al

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

Deyo RA, Dworkin SF, Amtmann D, Andersson G, Borenstein D, Carragee E, et a. Report of the NIH Task Force on
research standards for chronic low back pain. Phys Ther 2015 Feb;95(2):e1-18 [FREE Full text] [doi:
10.2522/ptj.2015.95.2.e1] [Medline: 25639530]

Roland M, MorrisR. A study of the natural history of back pain. Part |: development of areliable and sensitive measure
of disability inlow-back pain. Spine (PhilaPa1976) 1983 Mar;8(2):141-144. [doi: 10.1097/00007632-198303000-00004]
[Medline: 6222486]

BenDebbaM, Heller J, Ducker TB, Eisinger JM. Cervical spine outcomes questionnaire: its devel opment and psychometric
properties. Spine (PhilaPa1976) 2002 Oct 1;27(19):2116-23; discussion 2124. [doi: 10.1097/01.BRS.0000025729.35559.28]
[Medline: 12394923]

MacDermid JC, Walton DM, Avery S, Blanchard A, Etruw E, McAlpine C, et al. Measurement properties of the neck
disability index: a systematic review. JOrthop Sports Phys Ther 2009 May;39(5):400-417. [doi: 10.2519/jospt.2009.2930]
[Medline: 19521015]

Breckenridge JD, McAuley JH. Shoulder pain and disability index (SPADI). J Physiother 2011;57(3):197 [FREE Full text]
[doi: 10.1016/S1836-9553(11) 70045-5] [Medline: 21843839]

Perruccio AV, Lohmander 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]

Ware Jr JE. SF-36 health survey update. Spine (Phila Pa 1976) 2000 Dec 15;25(24):3130-3139. [doi:
10.1097/00007632-200012150-00008] [Medline: 11124729]

Archer KR, Phelps KD, Seebach CL, Song Y, Riley LH, Wegener ST. Comparative study of short forms of the tampa scale
for Kinesiophobia: fear of movement in a surgical spine population. Arch Phys Med Rehabil 2012 Aug;93(8):1460-1462.
[doi: 10.1016/j.apmr.2012.03.024] [Medline: 22481127]

Holt N, Pincus T. Developing and testing a measure of consultation-based reassurance for people with low back painin
primary care: a cross-sectional study. BMC Musculoskelet Disord 2016 Jul 12;17:277 [FREE Full text] [doi:
10.1186/s12891-016-1144-2] [Medline: 27405870]

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011 Dec;20(10):1727-1736 [FREE Full text] [doi:
10.1007/s11136-011-9903-x] [Medline: 21479777]

Kamper SJ, Maher CG, Mackay G. Global rating of change scales: areview of strengths and weaknesses and considerations
for design. JMan Manip Ther 2009;17(3):163-170 [FREE Full text] [doi: 10.1179/jmt.2009.17.3.163] [Medline: 20046623]
MorrisNS, MacLean CD, Chew LD, Littenberg B. The single item literacy screener: evaluation of a brief instrument to
identify limited reading ability. BMC Fam Pract 2006 Mar 24;7:21 [FREE Full text] [doi: 10.1186/1471-2296-7-21]
[Medline: 16563164]

MRC Guidance. 2008. Developing and Evaluating Complex Interventions: Following Considerable Development in the
Field Since 2006, MRC and NIHR Have Jointly Commissioned an Update of This Guidanceto Be Published in 2019 URL :
https://www.mrc.ac.uk/documents/pdf/compl ex-interventi ons-guidance [accessed 2020-05-15]

O'Cathain A, Murphy E, Nicholl J. Three techniques for integrating data in mixed methods studies. Br Med J 2010 Sep
17;341:¢4587. [doi: 10.1136/bmj.c4587] [Medline: 20851841]

Oakley A, Strange V, Bonell C, Allen E, Stephenson J, RIPPLE Study Team. Process evaluation in randomised controlled
trialsof complex interventions. Br Med J2006 Feb 18;332(7538):413-416 [FREE Full text] [doi: 10.1136/bmj.332.7538.413]
[Medline: 16484270]

Mansell G. British Library EThOS. 2016. Methodological Challengesin Treatment Mediation Analysis : Examples From
Studies Targeting Psychological Factors in Patients With Musculoskeletal Pain URL: http://ethos.bl.uk/OrderDetalls.
douin=uk.bl.ethos.695633 [accessed 2020-05-18]

Mansell G, Hill JC, Main C, Vowles KE, van der Windt D. Exploring what factors mediate treatment effect: example of
the start back study high-risk intervention. J Pain 2016 Nov;17(11):1237-1245 [FREE Full text] [doi:
10.1016/j.jpain.2016.08.005] [Medline: 27565304]

Cohen J. Statistical Power Analysisfor the Behaviora Sciences. Second Edition. Hillsdale, NJ: Lawrence Earlbaum; 1988.
Busse JW, Bartlett SJ, Dougados M, Johnston BC, Guyatt GH, Kirwan JR, et al. Optimal strategies for reporting pain in
clinical trials and systematic reviews: recommendations from an OMERACT 12 workshop. J Rheumatol 2015
Oct;42(10):1962-1970. [doi: 10.3899/jrheum.141440] [Medline: 25979719]

Adams G, Gulliford MC, Ukoumunne OC, Eldridge S, Chinn S, Campbell MJ. Patterns of intra-cluster correlation from
primary care research to inform study design and analysis. J Clin Epidemiol 2004 Aug;57(8):785-794. [doi:
10.1016/j.jclinepi.2003.12.013] [Medline: 15485730]

Eldridge SM, Ashby D, Kerry S. Sample size for cluster randomized trials: effect of coefficient of variation of cluster size
and analysis method. Int J Epidemiol 2006 Oct;35(5):1292-1300. [doi: 10.1093/ije/dyl129] [Medline: 16943232]

Vickers AJ. How many repeated measures in repeated measures designs? Statistical issues for comparative trials. BMC
Med Res Methodol 2003 Oct 27;3:22 [FREE Full text] [doi: 10.1186/1471-2288-3-22] [Medline: 14580266]

https://www.researchprotocols.org/2020/7/€17939 JMIR Res Protoc 2020 | vol. 9 |iss. 7| e€17939 | p. 21

(page number not for citation purposes)


http://europepmc.org/abstract/MED/25639530
http://dx.doi.org/10.2522/ptj.2015.95.2.e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25639530&dopt=Abstract
http://dx.doi.org/10.1097/00007632-198303000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6222486&dopt=Abstract
http://dx.doi.org/10.1097/01.BRS.0000025729.35559.28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12394923&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2009.2930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19521015&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1836-9553(11)70045-5
http://dx.doi.org/10.1016/S1836-9553(11)70045-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21843839&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/10.1097/00007632-200012150-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11124729&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2012.03.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22481127&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-016-1144-2
http://dx.doi.org/10.1186/s12891-016-1144-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27405870&dopt=Abstract
http://europepmc.org/abstract/MED/21479777
http://dx.doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21479777&dopt=Abstract
http://europepmc.org/abstract/MED/20046623
http://dx.doi.org/10.1179/jmt.2009.17.3.163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20046623&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/1471-2296-7-21
http://dx.doi.org/10.1186/1471-2296-7-21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16563164&dopt=Abstract
https://www.mrc.ac.uk/documents/pdf/complex-interventions-guidance
http://dx.doi.org/10.1136/bmj.c4587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20851841&dopt=Abstract
http://europepmc.org/abstract/MED/16484270
http://dx.doi.org/10.1136/bmj.332.7538.413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16484270&dopt=Abstract
http://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.695633
http://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.695633
https://linkinghub.elsevier.com/retrieve/pii/S1526-5900(16)30188-2
http://dx.doi.org/10.1016/j.jpain.2016.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27565304&dopt=Abstract
http://dx.doi.org/10.3899/jrheum.141440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25979719&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2003.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15485730&dopt=Abstract
http://dx.doi.org/10.1093/ije/dyl129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16943232&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-3-22
http://dx.doi.org/10.1186/1471-2288-3-22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14580266&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hill et al

59.

60.

61.

62.

63.

65.

66.
67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelinesfor reporting parallel
group randomised trials. Br Med J 2010 Mar 23;340:¢332 [FREE Full text] [doi: 10.1136/bmj.c332] [Medline: 20332509]
Moher D, Hopewell S, Schulz KF, Montori V, Gatzsche PC, Devereaux PJ, et al. CONSORT 2010 explanation and
elaboration: updated guidelinesfor reporting parallel group randomised trials. Br Med J2010 Mar 23;340:¢869 [FREE Full
text] [doi: 10.1136/bmj.c869] [Medline: 20332511]

Campbell MK, Piaggio G, Elbourne DR, Altman DG, CONSORT Group. Consort 2010 statement: extension to cluster
randomised trials. Br Med J 2012 Sep 4;345:€5661. [doi: 10.1136/bmj.e5661] [Medline: 22951546]

Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B, CONSORT group, Pragmatic Trialsin Healthcare
(Practihc) Group. Improving the reporting of pragmatic trials: an extension of the CONSORT statement. Br Med J 2008
Nov 11;337:a2390 [FREE Full text] [doi: 10.1136/bmj.a2390] [Medline: 19001484]

Bolzern J, Mitchell A, Torgerson D. Baseline testing in cluster randomised controlled trials: should this be done? BMC
Med Res Methodol 2019 May 17;19(1):106 [FREE Full text] [doi: 10.1186/s12874-019-0750-8] [Medline: 31101078]
Joint Formulary Comm. BNF 73 (British National Formulary). London, UK: Pharmaceutical Press; 2017.

NHS England and NHS Improvement. Archived Reference Costs URL : https.//improvement.nhs.uk/resources/reference-costs/
[accessed 2020-05-15]

CurtisL, Burns A. The Unit Costs of Health and Social Care. Canterbury, UK: University of Kent; 2017.

Officefor National Statistics. 2010. Standard Occupational Classification (SOC) URL : https.//www.ons.gov.uk/methodol ogy/
classificationsandstandards/standardoccupational classificationsoc [accessed 2020-05-15]

Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York, USA: John Willey & Sons; 1987.

Matthews JN, Altman DG, Campbell MJ, Royston P. Analysis of serial measurementsin medical research. Br Med J 1990
Jan 27;300(6719):230-235 [FREE Full text] [doi: 10.1136/bmj.300.6719.230] [Medline: 2106931]

Manca A, Hawkins N, Sculpher MJ. Estimating mean QALY sin trial-based cost-effectiveness analysis: the importance of
controlling for baseline utility. Health Econ 2005 May;14(5):487-496. [doi: 10.1002/hec.944] [Medline: 15497198]
Gomes M, Ng ES, Grieve R, Nixon R, Carpenter J, Thompson SG. Developing appropriate methods for cost-effectiveness
analysis of cluster randomized trials. Med Decis Making 2012;32(2):350-361 [FREE Full text] [doi:

10.1177/0272989X 11418372] [Medline: 22016450]

Cane J, O'Connor D, Michie S. Validation of the theoretical domains framework for use in behaviour change and
implementation research. Implement Sci 2012 Apr 24;7:37 [FREE Full text] [doi: 10.1186/1748-5908-7-37] [Medline:
22530986]

May CR, Mair FS, Dowrick CF, Finch TL. Process evaluation for complex interventions in primary care: understanding
trials using the normalization process model. BMC Fam Pract 2007 Jul 24;8:42 [FREE Full text] [doi:
10.1186/1471-2296-8-42] [Medline: 17650326]

Bergold J, Thomas S. Forum Qualitative Sozialforschung. 2012. Participatory Research Methods: A Methodological
Approach in Motion URL: http://www.qualitative-research.net/index.php/fag/article/view/1801/3334 [accessed 2020-05-15]
Leech N, Onwuegbuzie AJ. A typology of mixed methods research designs. Qual Quant 2007 Mar 27;43(2):265-275 [FREE
Full text] [doi: 10.1007/s11135-007-9105-3]

Sandelowski M. Theoretical saturation. In: Given LM, editor. The SAGE Encyclopedia of Qualitative Research Methods.
Thousand Oaks, CA: Sage Publications; 2008:875-876.

Abbreviations

CACE: causal effect analysis

CRN: Clinical Research Network

CTU: Clinical Trials Unit

DALYs: disability-adjusted life years
DMC: Data Monitoring Committee

EMIS: Egton Medical Information Systems
EMR: electronic medical record
EQ-5D-5L: EuroQol-5D-5L

GP: general practitioner

ITT: intention to treat

MI: multiple imputation

MLM: multilevel models

MRI: magnetic resonance imaging

MSK: muscul oskeletal

MSK-HQ: MSK Health Questionnaire
NHS: National Health Service

NIHR: National Institute for Health Research
NRS: numerical rating scale

https://www.researchprotocols.org/2020/7/€17939 JMIR Res Protoc 2020 | vol. 9 |iss. 7| €17939 | p. 22

(page number not for citation purposes)


http://europepmc.org/abstract/MED/20332509
http://dx.doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332509&dopt=Abstract
http://europepmc.org/abstract/MED/20332511
http://europepmc.org/abstract/MED/20332511
http://dx.doi.org/10.1136/bmj.c869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332511&dopt=Abstract
http://dx.doi.org/10.1136/bmj.e5661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22951546&dopt=Abstract
http://europepmc.org/abstract/MED/19001484
http://dx.doi.org/10.1136/bmj.a2390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19001484&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-019-0750-8
http://dx.doi.org/10.1186/s12874-019-0750-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31101078&dopt=Abstract
https://improvement.nhs.uk/resources/reference-costs/
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc
https://www.ons.gov.uk/methodology/classificationsandstandards/standardoccupationalclassificationsoc
http://europepmc.org/abstract/MED/2106931
http://dx.doi.org/10.1136/bmj.300.6719.230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2106931&dopt=Abstract
http://dx.doi.org/10.1002/hec.944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15497198&dopt=Abstract
http://europepmc.org/abstract/MED/22016450
http://dx.doi.org/10.1177/0272989X11418372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22016450&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-7-37
http://dx.doi.org/10.1186/1748-5908-7-37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22530986&dopt=Abstract
https://bmcfampract.biomedcentral.com/articles/10.1186/1471-2296-8-42
http://dx.doi.org/10.1186/1471-2296-8-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17650326&dopt=Abstract
http://www.qualitative-research.net/index.php/fqs/article/view/1801/3334
https://link.springer.com/article/10.1007%2Fs11135-007-9105-3
https://link.springer.com/article/10.1007%2Fs11135-007-9105-3
http://dx.doi.org/10.1007/s11135-007-9105-3
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hill et al

PIL: patient information leaflet

PPIE: public involvement engagement
PSS: Personal Social Services
QALYs. quality-adjusted life years
RCT: randomized controlled trial
SAESs. serious adverse events

SOPs:. standard operating procedures
TMG: Tria Management Group
TSC: Tria Steering Committee

Edited by C Hoving; submitted 23.01.20; peer-reviewed by P Kent, J Hartvigsen; comments to author 19.02.20; revised version
received 25.02.20; accepted 26.02.20; published 05.07.20

Please cite as:

Hill J, Garvin S, Chen Y, Cooper V, Wathall S, Bartlam B, Saunders B, Lewis M, Protheroe J, Chudyk A, Birkinshaw H, Dunn KM,
Jowett S, Oppong R, Hay E, van der Windt D, Mallen C, Foster NE

Computer-Based Stratified Primary Care for Musculoskeletal Consultations Compared With Usual Care: Sudy Protocol for the
STarT MK Cluster Randomized Controlled Trial

JMIR Res Protoc 2020;9(7):€17939

URL.: https://www.researchprotocols.org/2020/7/€17939

doi: 10.2196/17939

PMID: 32442141

©Jonathan Hill, Stefannie Garvin, Ying Chen, Vincent Cooper, Simon Wathall, Bernadette Bartlam, Benjamin Saunders, Martyn
Lewis, Joanne Protheroe, Adrian Chudyk, Hollie Birkinshaw, Kate M Dunn, Sue Jowett, Raymond Oppong, Elaine Hay, Danielle
van der Windt, Christian Mallen, Nadine E Foster. Originally published in JMIR Research Protocols
(http://www.researchprotocol s.org), 05.07.2020. 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
inany medium, provided the origina work, first published in IMIR Research Protocols, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.researchprotocols.org, aswell asthis copyright and license information
must be included.

https://www.researchprotocols.org/2020/7/€17939 JMIR Res Protoc 2020 | vol. 9 | iss. 7| €17939 | p. 23
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2020/7/e17939
http://dx.doi.org/10.2196/17939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32442141&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

