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Abstract

Chronic pain (CP) is the leading cause of yeaedliwith disability globally. Treatment
within western medicine is often multi-componehg psychological element of treatment
varies, yet the optimal conditions for effectiveluetion of pain-related outcomes remain
unclear. This study used Qualitative Comparativalpsis (QCA), a relatively new form of

evidence synthesis in the field based on set-thoagcertain configurations of intervention



components and processes of psychological treatofi€@® in adults that lead to more
effective interventions. Data were extracted frdrs8idies identified in a concurrent
Cochrane Review and were then subjected to QCA. dnabyses were conducted, one to
examine what is most effective for reducing disabdnd one to examine what is most
effective for reducing distress. Analysis and corgoa of the 10 treatments with best
outcomes with the 10 treatments with poorest ouesoshowed that interventions using
graded exposure, graded exercise or behaviourehrsal Exposure / Activity and
interventions aiming to modify reinforcement cogtmcies $ocial / Operant) reduced
disability levels when either approach was apptietinot both. Exposure / Activity can
improve distress levels when combined with CogaitRestructuring, as long as Social /
Operant methods are not included in treatmenti@limmplications of this study suggest
that treatment components should not be assuniael $gnergistic and provided in a single

package.
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Introduction

Chronic non-cancer pain (CP) is defined as paihdb#dasts normal healing times or
that lasts for 3 months or more [62]. A global stsdggested 10% of the population
experience CP [23] and its economic impact is edeohat €441 billion in Europe [11].
Effective treatment to reduce CP and its impattésefore important.

Rehabilitative treatment, offered after attemptpaih relief fail, draw on multiple
psychological models [51]. Operant and behavioestment models [12,13] focus on
reducing pain behaviours and increasing ‘well’ hedars using interventions such as

response prevention, positive and negative reiefoent [42], and graded exposure to



decrease activity-inhibiting fear [57]. Cognitiveerventions aim to change unhelpful beliefs
and biases concerning pain by cognitive restruagui0]. Mindfulness Based Stress
Reduction focuses on cognitipeocesses, purposefully bringing attention to the present
moment in a non-judgemental way [26]. Acceptana@ommitment Therapy (ACT) [17]
mobilises an individual’s values to engage in meghil activity and de-fuses individuals
from their distressing thoughts. Various configimas$ of these interventions are often
combined with exercise, activity increase, relao@mtnd other rehabilitative techniques [24].

Meta-analyses of CP treatments to identify thecafly of different forms of
psychological therapies have found that CBT hadlgmrobust positive effects on pain,
disability and distress when compared to treatnasnatisual [60]. There is limited evidence of
small effects of mindfulness for pain, depresssieep, quality of life, pain acceptance and
analgesic use outcomes due to a lack of high-guidditge scale trials [4,19] and ACT meta-
analyses range from identifying aimost no bendfiefect on pain intensity, depression,
anxiety, pain interference, disability and quabtylife to small to moderate effects on
disability and distress; again further qualitylgiare needed [53,54].

Trials proliferate without evidence of progreswaods what treatments work best for
whom [35]. Dismantling studies (which evaluate dée components of a multi-component
therapy) assume an additive model that is poonypstted, and regression models tend to
overfit unigue models to the particular data setthier than seeking the perfect configuration,
the question of which are the sufficient componémt®ach outcome to improve might be
more productive. Delphi studies (most recently [48ed to define necessary components
can provide only low certainty of evidence [30].efé& can be more than one pathway to
effectiveness; components may not independentlgrgés a successful outcome but may
require the presence of others. Qualitative Conpardnalysis (QCA) represents a new

way to investigate which components result in cleang



QCA is an abductive approach that takes advantblgeterogeneity between cases,
first generating sets of effective and ineffectoegcomes. It then uses these sets to theorise
the possible configurations of conditions (aspettsn intervention and its context) that
provide the most logical explanation for the outesmsing Boolean algebra [39].

The present study aimed to use QCA to identifyisigiit components of
psychological treatment of CP by understanding patient characteristics, treatment

context, processes and content interact to infle@utcomes of distress and disability.

Method

Design

A Cochrane systematic review and meta-analysisrtaikbn in 2020 addressed the
psychological treatment of adults with CP [59]. Tnesent study drew on data from the
meta-analysis, using QCA. Both studies and thetqmols were registered on Prospero, the

International Prospective Register of Systematizié¥es [2,61].

Ethics

Ethics approval for the 2020 meta-analysis angtkeent study was unnecessary as

data were secondary and already published.

Search

! The authors acknowledge that since a QCA methodology is likely to be new to most readers, the

process and results will be, to some extent, taken on trust. Every effort has therefore been made to ensure that
this analysis is described in sufficient detail that the steps can be replicated.



Cochrane Review search and inclusion / exclusion criteria
The majority of studies included in this QCA weakdn from the aforementioned

Cochrane Review [60] that analysed studies medti@dollowing criteria:

randomised controlled trials published in peereesd science journals

» treatment of adults with CP of longer than threenths duration

» comparison of psychological treatment with waitiisg control, treatment as usual or

active treatment

» 20 or more participants in each arm by the endeatinent

Treatment was considered psychological if it hafihdble psychotherapeutic content
based on an extant psychological model and if & delivered or supervised by an individual
qualified in psychology.

Studies of participants with headache, or pairtedl#o life-threatening disease, were
excluded, as were treatments provided remotelgamaputer. All are subjects of separate
meta-analyses, published or in progress [16,28,58].

Studies were searched in the Cochrane Central fRegisControlled Trials,
MEDLINE, EMBASE and PsychLit databases from thegaption to February 2018 and
updated in April 2020, with no language restrict{®ee Supplementary Online File A,
search strategy, available at http://links.lww.cB&IN/B311). Further studies were
identified through examination of reference listsatrieved papers. Four authors reviewed
abstracts; each pair had to reach consensus fodat® be short-listed. Every paper was
then read in full by two authors and screened aganclusion / exclusion criteria before final

decision.



Modification of inclusion / exclusion criteria for QCA

Mindfulness studies were excluded from the Cochramew but included in the
QCA due to specific interest and to ensure sufficievels of heterogeneity needed for
analysis.
For the QCA, the number of studies in the Cochramgew required reduction, so (1) the size
criterion was modified: only papers with >30 papgants in each arm were included to
reduce the risk of bias [22,37]; (2) outcome at ehtteatment, not at follow-up, was used,
and (3) only comparisons of active treatment agareatment as usual or waiting list
controls were considered (as being most clinicalgvant), rather than those that used an
active control to distinguish specific from non-sjfie effects.
Search Results

38 papers were included in the analysis, eachntiesatcontrol contrast constituting a
‘case’. Supplementary online file B lists the papirat met inclusion criteria (available at

http://links.lww.com/PAIN/B311).

Risk of bias
Within the Cochrane review, the risk of bias in hoetologies of the included studies
was rated using Cochrane guidance that considiestisa, attrition and reporting bias [18],

modified for psychological trials [60].



Measures

Outcome Measures

The Cochrane review gathered quantitative dataaim gxperience, disability and
distress outcomes for each study. Pain reductiaotis universal aim of treatment trials,
although it often occurs; reduced disability anstrdiss were universal aims and so were the
target of investigation.

Where more than one scale sampled the same ouiocar@ngle study, authors
selected the more reliable or widely used by osiedie$. If data were missing, study
authors were contacted directly, and missing daqaested. Standard Mean Difference
(SMD) (effect size) was calculated from post-treatinintervention and control data for
pain-related disability and pain-related distressg RevMan 5.3 software [48], selecting
random effects given the heterogeneity betweenesud@hese two estimateSiMD distress
and SMD disability, were used as the two primary outcome measurewarelsubjected to
two separate QCAs.

To understandnaximum heterogeneity, other QCAs have excluded casestbatot
clear members or non-members of the outcome sgtTB#& present analysis created two
data sets, one that included only cases resultitigel top 10 and bottom 10 pain-related
distress outcome scores, the other included cases resuttitige top 10 and bottom 10 pain-
relateddisability outcome scores. If a case fell into the top 1@@uke scores, the outcome
was calibrated into the ‘effective’ membership dat,fell into the bottom 10 outcome
scores, the outcome was calibrated into the ‘icéiffe’ membership set. Cases featuring
neither top nor bottom outcome scores were thezefrcluded from the original set of 38

studies, resulting in 23 cases.

’The outcome measure scale adopted by each paper is shown in Appendices G and H.



QCA process

The QCA process involves six steps [39]:

1. Completion of a Data Table
A summary of the content of each study is madeg de¢ represented by a decimal from
0 to 1 where 0 represents absence of the conditiomtcome and 1 represents presence.

2. Generation of Truth Tables
All configurations of conditions in relation to @aimes are synthesised with data from
the data table.

3. Resolution of contradictory configurations
Studies with the same configuration of componesgsiiting in different outcomes are
resolved.

4. Boolean minimisation
Boolean logic is used to conclude which conditiares sufficient / necessary to produce
an effective outcome.

5. Consideration of logical remainder cases

Configurations for which no studies exist are expd using logic and theory.

6. Interpretation
Theory and case knowledge are used to ground erablimdings and check that the
solution makes meaningful sense.

Case Data

Data for the QCA were gathered using a groundedoagp [25], alongside
substantive theory to allow maximum heterogeneitthe data set and to avoid early
introduction of the authors’ bias into the analysis

Variables (known as conditions or components in Q@&re not specified prior to
familiarisation with the papers. Rather, as infaioraabout participants, research logistics,

8



treatment content and treatment process was uremwgrreading, details were noted in brief
gualitative terms but only if theoretical knowledajeo suggested that the conditions were
likely to have an influence on outcomes. As eagbepavas read, new conditions arose and
were added to the data pool. Once all papers hexl fead, condition names were allocated
to different columns in a spreadsheet and qualégadata for each paper and treatment arm
entered. Papers were then re-read so that missadod&very condition was gathered.
Further information about how missing data werecpssed is detailed in the Calibration
section below.

Multiple conditions were combined if they were sti#ntly similarin content (such
as stretching and physical yoga exercises) omteptually similar in theorised mechanism
of change (such as attention training and diswadi&chniques). These decisions are
described in Supplementary online file C (availedléttp://links.lww.com/PAIN/B311).

Some conditions were excluded from the analydess than a third of cases
illustrated their presence, as per QCA guideliddg;[examples of this are inpatient
treatment and treatment in a pain clinic. Some ttmms$ were excluded because there was
no heterogeneity and therefore that component caddidnothing to the analysis. For
example, psychoeducation was a component of alevasy treatment. Knowledge of pain
management programmes suggests that even thosesstuat did not mention the inclusion
of this component were more likely to have omiitsdiescription than to have omitted it
from their programme content. Such decisions ae déscribed in Supplementary online
file C (available at http://links.lww.com/PAIN/B3]1

The components could be described in terms ofggaaht-related conditions,

research process conditions, treatment contentittamsland treatment process conditions.



Condition selection

QCA guidance recommends conducting an analysisamithited number of
conditions, since the larger the number of condgjdhe more possible configurations. Too
many conditions create more configurations of comals than the number of cases.

To reduce the number of conditions, six speciglsh researchers or clinicians
selected the conditions that they thought wouléhBaential in generating negative or
positive outcomes. The responses were pooled ahdrédist of 22 conditions were compiled
based on those selected by three or more expémrsuge of such a specialist ‘steering’ group
is innovative within QCA. From these, CP theory anthnt evidence in the treatment of CP
guided a decision to include the following variahlat the level of the trial: patient age,
patient education level, patients recruitment seyetinical or general populations),
percentage attrition, baseline distress levelzlbesdisability levels, use of cognitive
restructuring, use of graded exposure, use of jaimilreatment, communication skills and
hours of treatment using exploratory QCA to seectwltomponents showed potential for
high levels of coverage and consistency (the cemteasures of confidence in QCAYhe
truth tables and minimisation tables output fromiahQCA exploration to define the final
conditions are reported.in Supplementary onlire Gil(available at
http://links.lww.com/PAIN/B311). This routine ap@ch in QCA enabled improvement of
model fit before settling on the combination of somponents for the final analysis; two
were baseline variables, three were interventiongoments and the final variable related to
the way in which intervention was implemented. éwfldiagram of the selection of

components can be found in Figure 1.

Coverage and consistency are explained in more detail within ‘Minimisation’.
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Baseline Distressvas quantified at baseline by a variety of insteais, although
checklists of depressive symptoms were most comiRaw. distress scores were then
indexed to a standardised score from O to 100, evh@® is worst.

The level ofBaseline Disabilitywas assessed by a variety of instruments, mainly
self-report checklists of function and activity.viRdisability scores were then indexed to a
standardised score from 0 to 100, where 100 istwaigability.

Cognitive Restructuring is a core element of most CBT programmes. It me®slthe
identification of negative automatic thoughts, ractured evaluation of the accuracy of these
thoughts and the development of alternative, mocerrate thoughts. It aims to address
‘catastrophising’ in particular.

Exposure / Activity: Avoidance of activity can occur because the imlial fears
that activity would exacerbate pain or cause injéyoidance of activity constitutes
disability, since where pain is believed to be dedi or minimised, the individual will
continue to avoid the activity. The Fear-Avoidaiedel of chronic pain posits that
exposure to feared activities (often physical moeethcan help patients overcome a vicious
cycle of pain behaviours and pain experience. Cases considered a member of this set if
they included practice in graded exposure, gradedcese or an element of behavioural
rehearsal of activities of normal life. Althoughaged exposure proceeds by decrements in
anxiety, and graded activity by increments in agtiguota, they are often merged in
practice.

Social / Operant Built largely on the operant behaviour princighat an individual's
(social) environment can either positively reinfoar punish her/his behaviours and thus
pain experience, interventions involving familyaarers in interventions aiming to improve
patient communication of support needs (often lsgdsre communication skills) or

interventions that focused on modifying reinforcetneontingencies (including self-
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reinforcement) were considered members of thisSsghe theorists in the pain field hold that
the role of social networks is supportive validatad pain, in contrast to the reinforcement
model, but none of the studies included were basdthis premise.

The number oHours of Treatment to which a patient is exposed was used, not

including homework tasks since they were not réfialssessed across all studies.

Analysis

Calibration

Interpretation of data in QCA is guided by caliwat where qualitative data are
transformed into quantitative data. Data were caléd into crisp-set and fuzzy-set data
(definitions of which are detailed below).

Crisp Set Calibration creates binary data; either a case is considerkdwve full
membership of a condition (recorded as 1) or no beeship (recorded as 0). For example, if
a study noted ‘graded exposure’ as part of treatntie@ case was given membership of the
‘graded exposure’ set (and marked as 1). A cagalitianot mention ‘graded exposure’ was
recorded as outside the ‘graded exposure’ sethgawd membership (marked as 0). Where
there was ambiguity as to membership, the autreoredo a consensus based on information
in the paper and their knowledge of pain treatmiéot.example, Castro [8] described
treatment as ‘Cognitive Behavioural Therapy’ budlundled little further description of the
content. The text referred to thoughts and belsdsye considered the case a member of the
‘cognitive restructuring’ set.

Fuzzy Set Calibrationtransforms data into a fraction between 0 andhis @llows
cases to be recognised as partial members of comg@iets. Four points were used to denote
the different levels of case membership within eseth according to guidance [34]; they

were calibrated in the following way:
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* 0 =the case was completely out of the set andtia member
* 0.33 =the case was mostly out of the set or motehan in the set
* 0.67 =the case was more in than out of the setastly in the set
» 1 =the case a full member of the condition set
The present study chose to use a direct methodlibration [38] that involved

defining, qualitatively, where the cut-offs lie fttte given condition using knowledge of the

subject and its theory. For example, the numbéoafs of treatment ranged from six to 154.

The Pain Society [47] recommended 36 as the minimumber of hours for a CP

management programme so this was chosen as theap@rhich a case is deemed “more in

than out” (0.67). The frequency distribution ofai@ent hour data related to treatment hours

was also examined, suggesting that there wasndisgpn in case frequency at 10 hours,

therefore any case with less than this level @ttrent was considered a “non-member of the

condition” (0). Cases with between 10 and 36 hofitseatment were considered “more out
than in” (0.33). There was also a large gap indis&ibution from 90 to 120 hours and as
such, any case with more than 120 treatment hoasscansidered a “full member of the
condition” (1).

Baseline Distress and Baseline Disability were altbrated into the fuzzy sets
detailed in Table 1. Disability and distress scaliésn use higher scores to reflect worse

symptoms, thus improvements are represented byinegdfect sizes.

Table 1: Fuzzy Set Membership scores for conditions

Missing Data
Some cases did not provide information in the papeut conditions. Where
information about study components was missingjraptions were made about set

membership based on other data available in the tex
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Rigour
Coding and calibration were completed by the faghor. When ambiguous data
occurred, the last author independently coded thieentwo decisions were compared and a
coding agreement was made through discussion toensliability and rigour.
The subsequent steps in QCA analysis were complisied R [40] and the graphic
user interface of the QCA package [10].
Robustness
Schneider [44] recommends conducting a separailgsas for the negated outcome
alongside the standard QCA, allowing the researtthsense-check any conclusions from the
initial analysis. The analysis was therefore sptiv four parts:
1. sufficient components in relation to Disability
a. positive impact
b. negative impact
2. sufficient components in relation to Distress
a. positive impact

b. negative impact

Truth table

A truth table was created that listed each possibitdiguration or configuration of
conditions and how many cases represented eaclyeation. The outcome (effective or
not effective) was then analysed in relation todbefiguration.
Logical remainders

There were some possible configurations where sescaxisted (called logical

remainders), a situation sometimes attributablertibed diversity. This can be dealt with in
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a number of ways, but the present study made ussn@inders by adopting ‘parsimonious
solutions’ that are explained belaw
Exclusion of cases

As explained within ‘Outcome Measures’, cases tldiot fall into the top 10 most
effective cases or bottom 10 least effective casae excluded to maximise heterogeneity
for both distress and disability outcomes.

Minimisation

Boolean minimisation was then carried out using@®AQThis resulted in a solution
that reflects the configuration of conditions aldences of conditions that produces an
effective outcome.

The present QCA made usepaf simonious minimised solutions. Parsimonious
solutions utilisdogical remainders in the minimisation process. Parsimonious solgion
assume that remainders agree with the solutiorhdmbeen observed.

The software describes the solution in termeaofsistencyrepresenting the strength
of the relationship between the condition set amdame set. All cases exhibiting the
condition of interest rarely fully trigger the ootoe of interest when using fuzzy-set QCA.
For this reason, a minimum consistency thresholtsésl to denote subset relationships.
Previous QCA have used minimum consistency scarggimg from 0.75 to 0.9 [39]. The
present paper chose a 0.8 consistency cut-off.

The software also describes the solution in terfit®wverage,indicating the degree to

which the configuration or solution explains alsea of the outcome. One case can feature in

* QCA can create complex, intermediate or parsimonious solutions. Complex solutions use no logical
remainders, parsimonious solutions utilise software to determine how remainders are incorporated,
intermediate solutions require the software to be guided by the researcher in determining how remainders are
incorporated. There is ongoing debate about which solution type should be used, however, parsimonious
solutions are used here because they are considered easier to interpret [3]. For transparency, intermediate
and complex solutions were also derived and can be found in Supplementary Online File E (available at
http://links.lww.com/PAIN/B311).
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more than one configuration of conditions; uniqoeerage represents the degree to which

that configuratioralone explains all cases of the outcome.

Resolution of contradictory configurations

Contradictory cases occur when one case exhil@tsdbcome and another exhibits the
negation of the outcome, but both have the samiigtwation of conditions. Resolution of

these contradictions would normally be necessartythe data set showed none.

Results

Description of Included Studies

The 23 RCTs we included were primarily undertakeRkurope, with four in the US,
and two in Australia. Studies were completed betwiE¥90 to 2019.

Seven studies used participants with fiboromyalfjve, with back or spine-related
pain, two with knee pain, one with rheumatoid atigyrone with neuropathic pain, one with
shoulder pain, the remainder of the studies (n=a8)hixed CP conditions.

The majority of the studies’ active treatment aadspted forms of Cognitive
Behavioural Therapy (CBT) or Behavioural Therapyresprimary basis of their active
treatment, four used Mindfulness Based Stress Riedu@BSR) and one used Acceptance
and Commitment Therapy.

The studies within the two distress and disabdiya sets overlapped; 48% of the
studies were used within both data sets, a dedreectdap seen within many conventional
meta-analyses.

Some studies also had more than one active arm, (feitexample, CBT in one arm
and Behavioural Therapy in another) in which caseh arm was considered a separate case.

There were therefore 27 different cases in theystud
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While most studies included participants of bothdge's, four papers recruited
females only and the majority of participants asrals studies were female (mean = 72%).
The mean age of participants was 50 years (SD years). Approximately half the
participants were not employed (mean = 51%) andniod@ttended school for at least the
mandatory number of years in their country (me&@9%).

The risk of bias of the included papers can broadlylescribed as low where
information was supplied, although it is uncleamany studies. A summary of risk of bias
can be seen in Figure 2. The main problems higtd@ym the risk of bias summary were
related to detection, attrition and reporting blastection bias occurred in a minority of
papers that did not report having made an effous® staff to collect patient self-report
outcomes who were blinded to patient allocatiortrihon bias occurred more frequently and
ranged from 2% to 34% in the included studies sotglintention-to-treat analysis. These
studies only analysed participants who completedriatment programme, possibly
producing misleading results. Some reporting b@sioed where studies either had not
registered their protocol in advance of the study did not fully report all outcomes detailed
in their study design, or where they had registéned protocol in advance but chose to
report different outcomes to those planned, resyith a presentation of results in a more

positive light than might have occurred with thaiiginal primary outcomes.

QCA results

Complete data sets showing the 10 cases resuttitigeihighest and lowest Standard
Mean Difference for Distress and Disability canftaend in Table 2 and 3 respectively with
the outcome measure scale adopted by each papeateu!
Table 2: Data set based on top 10 and bottom 10 paielated distress outcome measure

scores
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Table 3: Data set based on top 10 and bottom 10 parelated disability outcome
measure scores
For the purposes of readability and formatting,fil®wing shorthand is adopted
within minimisation tables:
A: Hours of treatment
B: Baseline Disability
C: Baseline Distress
D: Cognitive Restructuring
E: Social / Operant
F: Exposure / Activity
~: Absence of condition
1.a. Positive impact on SMD Disability
The truth table can be found in Table 4. Truthe@abdticated 48 condition
combinations for which no case example exists ¢igiemainders).

Table 4: Truth Table for Positive impact on Disabilty

No cases existed featuring the same combinati@omditions but a different
outcome (called contradictions), thereby avoidimg need for resolution. The parsimonious
minimisation of the truth table can be found in lEaly. Despite only one case supporting
each individual combination of conditions, it wasdent from the Truth Table that
minimisation was likely to progress beyond a dgdmn of individual cases towards a more
meaningful conclusion.

Table 5: Minimisation for Positive impact on SMD Dgability
Three candidate solutions were identified afterimization (Table 4), with a

common ‘essential’ configuration across all thremdels identified as triggering success

> Intermediate and complex solutions can be found in Supplementary Online File E (available at
http://links.lww.com/PAIN/B311)
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(‘Social / Operant without Exposure / Activity) The studies supporting this ‘essential’
configuration were Castel et al., 2013; Nicholaalgt2013 and the cognitive arm of Smeets
et al., 2006 [7,36, 46]. The three candidate smhgtdiffered according to an interchangeable
configuration (each involving the study by Garcedeios et al., 2015, [14]). Model 1 (M1)
is not interpreted here, as the interchangeablengat incorporated within ithad low
consistency (a measure of the degree of sufficibetyween the condition set and the
outcome set). Minimised solution M2 and Minimis@dusion M3 suggested that in addition
to ‘Social / Operant without Exposure / Activityhat either (‘Exposure / Activity with ‘low
Baseline Distress levels’ but without Social / Gyrel) or (‘Exposure / Activity without
Cognitive Restructuring and without Social / Opé&ravere sufficient to trigger a successful
outcome. Both had similar levels of ‘coverage’hattthey explained similar proportion of
successful outcomes (0.37 and 0.4 respectivelyg.pepers included in the solution covered
a range of CP diagnoses and patient characteritissvorth noting, however, that Garcia-
Palacios et al [14] used virtual reality withingteent, a variable that was not considered as
a condition within the QCA. Use of a parsimonioakison meant that combinations of

conditions for which no case existed (logical remdars) were accounted for.

1.b. Negative impact on SMD Disability
The analysis of an outcome adcrease or minimal improvement in disability
provides a robustness check for the solution fdondn outcome ofmprovement in
disability. The solution fodecrease or minimal improvement disability outcome is consistent

with the findings for the solution fomprovement in disability. The truth table and the

® Prime Implicant 1
7 Prime Implicant 2
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parsimonious minimisation of the truth table cathidze found in Supplementary Online File

F (available at http:/links.lww.com/PAIN/B32%1)

2.a. Positive impact on SVID Distress
The truth table can be found in Table 6. The ttatiie indicated 51 possible
combinations of conditions were unobserved in tia dlogical remainders).
Table 6: Truth Table for Positive impact on SMD Didress
No cases existed that featured the same combinaticonditions but a different
outcome (contradictions), thereby avoiding the needesolution. The parsimonious
minimisation of the truth table can be found in [Eal.
Table 7: Minimisation for Positive impact on SMD Dstress
Only one minimised solution M2 (High Hours of Tne@int combined with High
Baseline Disability and Exposure / Activity OR Cdgre Restructuring combined with
Exposure / Activity without Social / Operant) hatligh enough proportion of cases that
reflected both the condition combination and thsifpge outcome, thereby meeting the
consistency threshold with a consistency value.®14. The proportion of cases that reflect
the solution (raw coverage) was 0.433. The minichsaution suggests that the presence of
Exposure / Activity combined with either:
a) a high number of Hours of Treatment and high leséBaseline Disability as
exemplified by Bliokas et al., 2007; Thieme et 2003; van Koulil et al., 2011
pain avoidance arm [6,49,52]

OR

® Intermediate and complex solutions can be found in Supplementary Online File E (available at
http://links.lww.com/PAIN/B311)
® Intermediate and complex solutions can be found in Supplementary Online File E (available at
http://links.lww.com/PAIN/B311)
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b) Cognitive Restructuring without Social / Operaneaemplified by Bliokas et al.,
2007 and Cherkin et al., 2016 CBT arm [6,9] hassitjye impact on distress
levels.
The papers covered a range of CP diagnoses amhpeliaracteristics. It is worth noting,
however, that Thieme et al [49] and van Koulil ig52] both described unusual approaches
in their studies; the former usatpatient participants and the latter used participants éeem
to be at high risk of exacerbation of symptoms ab &as adopting an intervention tailored to
the particular unhelpful pain behaviours (pain daoice or pain persistence) displayed by
each patient. These variables were not consideredralitions within the QCA.
Consideration of combinations of conditions for @hno case existed was

unnecessary because a parsimonious solution wasealdo

2.b. Negative impact on SMD Distress

The analysis of an outcome ddcrease or minimal improvement in distress provides
a robustness check for the solution found for axaue ofimprovement in distress. The
solution fordecrease or minimal improvement distress outcome is consistent with the
findings for the solution formprovement in distress.

The truth table and the parsimonious minimisatibthe truth table can both be found

in Supplementary Online File F (available at httiks.lww.com/PAIN/B3113°.

1% Intermediate and complex solutions can be found in Supplementary Online File E (available at
http://links.lww.com/PAIN/B311)
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Discussion

Individual stand-alone components of psycholodicstment of CP were not
identified as necessary for effective interventjorather did we identify an additive effect of
the ‘more is better’ approach to designing treatnpeogrammes. Instead, findings indicated
that particular configurations of treatment compueeeeded incorporation into
interventions for effective changé/hereas meta-analysis complicated by heterogeneity
between studies concludes that behavioural treatnaone cannot demonstrate efficacy
[60], QCA takes advantage of heterogeneity, findingport foroperant behavioural

treatment.

Disability

The QCA found that Social / Operant and Exposutetivity treatments reduced
disability levels separately but not combined. Asswg synergy between different CBT
components needs challenging, as multiple compereentld confuse patients, impeding
therapy.

Interestingly, for Exposure / Activity to elicit jpnovement in disability levels,
patients should either have low baseliiress levels or it should be delivered without
Cognitive Restructuring (both without operant tneant). Might high levels of distress
undermine persistence in Exposure / Activity, cstesit with the FAM of pain; and might
Cognitive Restructuring, as argued by proponen&s@r [1], undermine behavioural work
by using introspection as experiential avoidance?

Surprisingly, Cognitive Restructuring was not foundcessary’ (in the QCA sense of

the word) in any solution with improvement in digiyp, suggesting that behavioural work
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outperforms Cognitive Restructuring in reducingadisity, fostering renewed interest in
behavioural exposure as intervention.
Taken together, findings support the argumentrgsgarchers cannot assume

additivity of gains from individually effective iatventions when combined [35].

Distress

According to our results, Exposure / Activity camprove distress levels when
combined with Cognitive Restructuring, as long aesi& / Operant methods are excluded. It
may be that it is too challenging for others, sastiamily, to adopt a consistent pattern of
positive reinforcement required for Social / Opé¢raethods, or for patients to adhere to this
method while increasing activity levels and refolating pain-related problems.
Interestingly, the ‘necessity’ of Cognitive Restiwring suggests that insight that helps
reduce distress is not only gained through expgaieiaxposure / Activity work (perhaps
because fears of activity are not extinguishedxmogptions [55,56]), but must be made
explicit through re-evaluating beliefs and enabkedf-talk that encourages activity.

Analysis also showed that Exposure / Activity &adras reduces distress when
patients with substantial baseline disability aeated over a high number of treatment hours.
Graded Exposure techniques may need focus, aghemhintensity situations and specific
contexts [57] often with expert physiotherapistdguice, such that attempts without expert
guidance may be unsuccessful. Patients with higgldeof disability may find such
behavioural work particularly anxiety-inducing amdly, perhaps initially, on expert guidance

and a gradual process.
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Strengths and limitations

The present study has adhered to a traditional @@todology as well as meeting
the vast majority of 26 guidelines listed by Schleeito ensure good quality QCA [44]; to
ensure transparency and replicability the methaglolas been justified and analytical
outputs have been reported according to QCA stdsganalysis has been developed from
cases and subject theory and conclusions linkekl toegaid cases and theory; effort has been

made to reduce bias and an adequate number ofjb@jity cases used.

Nevertheless, the following standard was not matessary and sufficient conditions
are ideally analysed in separate analytical stedp@vsufficient conditions are not indicated.
Further, resource restrictions meant that onlycsixditions could be incorporated, possibly
missing ‘key’ treatment components and their irtBoms. Thus some effective cases
exemplifying a minimised solution included conditsonot analysed within the QCA (for
example virtual reality techniques in Garcia-Pala@t al [14]). The choice of whether to
draw on parsimonious vs intermediate solutionsigsr@esolved debate in QCA
methodology. Although we present the parsimonialst®n here, following some of the
arguments made by Baumgartner and Thiem [3] fomga, we acknowledge that an
intermediate solution could bring several otheraadages and is favoured in a number of
other QCA syntheses. In addition, QCA itself hasrberiticised for limiting the number of
components that can be analysed [43], allowinglsiogses disproportionate influence [15],
using deterministic hypotheses and assuming ereerrheasures [20] that increase Type |

error [27] although QCA is not the only approactsudfer these limitations [29].

Although study quality was high, papers were limite population diversity and
methodology; the majority of papers came from whetducated, industrialised, rich and

democratic countries; variation in psychologicgbaach to treatment of pain was limited;
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and participants were largely white and spoke thgrnty mother tongue. This limits
generalisations that can be made from the QCA teerdiverse populations with chronic
pain. Inconsistent reporting of these variableslpied their incorporation as conditions in
this QCA.

The papers also demonstrated risks of detectitnitjat and reporting biases.
Detection bias only affected a minority of papeiace most used self-report of outcomes,
and reporting bias was rendered less importanegime present study focussed on outcomes
regardless of whether they were planned as primaigomes or not. However, the level of
attrition bias is of concern; estimated effect sigey have been inflated if those dropping
out of treatment did so because they made no Begneworsened on our chosen outcomes.
Of the papers with a risk of attrition bias, ong¢dénstituted a case that illustrated the exact
configuration of components found by the QCA takeessary for an effective reduction of
distress. This means that this case representethiagnation within the QCA process and
therefore, while it was not the only case reprasgrihe particular configuration of
components, any conclusions arising from this smhunust be tentative.

A further limitation is the use of the highest tamd lowest ten outcome measures
rather than the whole set of 38 papers, 23 of whiere used across all analyses. Despite the
fact that the number of cases is adeqdageneralisability is limited: we can say that “for
high levels of effectiveness this configuration of caments are necessary” and this is of
greater interest, but we have not answered whdtibates tomoderate levels of outcome
change.

Although decisions on content of studies are docuatkas transparently as possible,

there was inevitably some subjective interpretatiecessary; similarly, while outcome

" The median number of cases across QCAs has been found to be 22 [29].
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scales themselves may be reliable, validation asalsarement of subjective experience is
fraught [33].

Importantly, this QCA focussed on disability andtdess, but other outcomes may
more closely reflect patient priorities [5], in paualar pain intensity, that was excluded. This
was in part necessitated by feasibility, but algdlifficulty interpreting pain ratings and

change [59].

Implications for clinical practice

Specific recommendations for clinicians are harthekke because many aspects of
treatment were not included in the QCA, and fur@agloration in this field, using QCA, is
warranted.

This study suggests that when planning CP inteimesit treatment components
(Exposure / Activity, Social / Operant and CogrétiRestructuring) should not be assumed to
be synergistic until proven so. Clinicians shoujdaly not assume that all pain-related
outcomes can be improved at once; different condions of components are recommended
according to whether the target is distress orilisa Consideration may need to be given to
the severity of baseline disability and hours eatment when targeting distress, but further
research would be necessary to establish suchreggemts. In combination with a recent
meta-analysis [60], our findings suggest that whiterall, CBT is beneficial compared to no
or minimal treatment, larger gains may lie in depahg clearer relationships between
specific components and outcomes, in the contelkaséline scores and delivery variables, a

task for which QCA is well suited.

Implications for future research
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There remains data to explore from the presentysuthta gathering process to
continue to pursue the question of necessary @icguit conditions for improvement in
disability or distress or both.

It may be helpful to systematically introduce aftdraate further conditions beyond
those prioritised by the expert panel in the prestardy, possibly using single case methods
[30]. This would allow researchers to detect furtt@nditions that may be consistently
necessary for improvement in particular outcomes.

In order to inform theory, it may be helpful to orerge previously merged necessary
conditions into conditions aligned with one modepain and to incorporate granular
conditions into QCA using a larger data set, teegam which theoretical approach is
necessary for change.

The hypotheses generated relating to the interabigdween distress and disability
may need exploration with single-case studiesgnaktreatment or trajectory studies.
Qualitative exploration of these topics could asbunderstanding of how these factors

interact.

Conclusion

The present study implies that sufficient compos@ftpsychological CP treatment to reduce
distress and disability are predominantly behawabrather than cognitive, and that certain
components may act to nullify or undermine othatker than synergistically, as generally
assumed,; their benefits may also depend on bassdirexity. This study has also highlighted

the potential of QCA for exploring further treatmi@mponent interactions.
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Glossary of QCA Terminology

Calibration

Case

Condition

Complex

Consistency

Coverage

Crisp Set

Fuzzy Set

Intermediate

Process whereby fuzzy or crisp set membershigesare given to

cases

In the context of this study, a case refers toamive treatment arm of

a peer-reviewed Randomised Controlled Trial

(alsoComponeni An aspect of the case that could be used to expla
the outcome, In the context of this study this ddug the treatment
content, a descriptive aspect of the participante@research /

treatment process

A complex solution type that uses no logical rerdais in its

determination, also known as ‘conservative’.

The proportion of cases that reflect both the cioors and the

outcome

The proportion of cases in the analysis that reflee solution

A binary set that allows only full-membership omamembership of 1

or0

A set that allows levels of membership describe@ continuum of

fractions from O to 1

A type of solution that requires QCA software togogded by the

researcher in determining how remainders are ircatpd
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Logical remainders In a truth table, a configuration of conditions tbat no case exists and

Minimisation

Necessary

Parsimonious

Prime Implicant

Solution

Sufficient

Truth Table

therefore no outcome has been derived

Summary of the data set after application of Baolieagic to a Truth

Table

Used to describe a condition that ensures a spdaifitcome will

occur but which does not, alone, guarantee itsroecae

A type of solution that utilises software to deterenhow remainders

are incorporated

The end product of a logical minimisation process

The end result of QCA minimisation; a configuratmfirconditions

resulting in the specified outcome

Used to describe @ondition that, if present, guarantees an outcome’s

occurrence

Case data sorted into each of the different corditions of conditions

that they exhibit and to which a column of outcorakies is applied
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Figure Legend

Figure 1: Flow diagram of component selection steps

Figure 2: Summary of risk of bias in studies inéddvithin the QCA.

Tables

Table 1: Fuzzy Set Membership scores for conditions

Fuzzy Set | Hours of Treatment Baseline Disability| Baseline Distress

Membership (A) (B) ©
0 <10 score of < 20 score of < 30
0.33 >10 and < 36 score> 20 and < 50 score> 30 and < 5Q

0.67 > 36 andk 120 score> 50 and < 80 score> 50 and < 8Q

1 > 120 score> 80 score> 80




Table 2: Data set based on top 10 and bottom 10 parelated distress outcome measure

scores
SMD SMD Hours of | Baseline | Baseline
Distress| Distress treatment | Disability | Distress
SMD (Crisp | (Fuzzy | Hours of | (Fuzzy (Fuzzy (Fuzzy
Author Year | Distress| set) set) treatment | set) set) set) Ag
Jensen
(behaviouraf) | 2001 0.18 0 0 80 0.67 0.33 0.33| 4.
La CouP 2015 -0.01 0 0 28.5 0.33 0.67 0.33] 4
Heutink 2012 -0.03 0 0 33 0.33 0.33 0.33] 5
Glombiewski
(CBT +
biofeedbacl5 2010 -0.07 0 0 23 0.33 0.67 0| 4
Glombiewski
(CBT)d 2010 -0.07 0 0 23 0.33 0.67 0| 4
Smeetsc
(physical and
cognitivef 2006 -0.08 0 0 11 0.33 0.67 0| 4
Schmidt
(mindfulnessy | 2011 -0.1 0 0 27 0.33 0.67 0.33| 5
Helminerf 2015 -0.11 0 0 12 0.33 0.67 0| 6
Haldorsefi 1998| -0.15 0 0 120 1 0.501 0.67
Perez
(FibroQOLy | 2019 -0.16 0 0 16 0.33 0.67 0.33| 54
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Cherkin

(CBT) 2016/ -0.57 1 0.67 16 0.33 0.67 0| 4
Bliokad’ 2007 -0.6 1 0.67 66.5 0.67 0.67 1| 4
Van Koulil

(pain

persistencd) | 2010 -0.63 1 0.67 76 0.67 0.33 0| 4
Perez

(mindfulness) | 2019 -0.63 1 0.67 22 0.33 0.67 0.33| 52
Van Koulil

(pain

avoidancé) 2010 -0.75 1 0.67 76 0.67 0.67 0.33| 4.
Williams

(outpatienty | 1996| -0.76 1 0.67 315 0.33 0.33 0| 5
Castel 2013 -0.84 1 1 48 0.67 0.67 0.67
Williams

(inpatientf 1996| -1.03 1 1 90 1 0.33 0| 4
Thiemé 2003 -1.58 1 1 75 0.67 0.67 0.67| 4
Luciand 2014 -1.84 1 1 20 0.33 0.67 0.33] 4

a SF36 mental health; b HADS Depression; ¢ HADSigtyxd Beck Depression Inventory;

e HSCL Distress; f PHQ-8; g Depression Anxiety &ir8cale (Depression); h IRGL

Negative Mood; i HADS; j MPI Affective Distress
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Table 3: Data set based on top 10 and bottom 10 parelated disability outcome

measure scores

Hours | Baseli | Baseli
SMD | SMD
Hours | of ne ne Edut
SMD | Disab | Disabi Age
Ye of Treatm | Disabi | Distre | Ag tion
Author Disab | ility lity (Fuzz
ar Treat | ent lity Ss e (Cris
ility (Cris | (Fuzzy y set)
ment | (Fuzzy | (Fuzzy | (Fuzz set)
p Set) | set)
set) set) y set)
20 53.
Everd 0.14 0 0 10, 0.33 1 0 0.33
02 9
_ 19 62.
Keefé 0.08 0 0 15 0.33 0.33 0 0.67| 0.4
90 4
, 20 51.
Geraets 0.07 0 0 18 0.33 0.67| 0.33 0.33| 0.
05 2
20 43.
Jensen (CBT) 0.04 0 0 54 0.67 0.33| 0.33 0
01 8
20 45.
Bliokas 0.03 0 0 66.5 0.67 0.67 1 0.33
07 5
20
Casli 0 0 0 23.5 0.33 0.33| 0.67| 47| 0.33
15
20 39.
Ferrand@ -0.01 0 0 6 0 0.33 0 0] 0L
12 6
Perez 20 4.
-0.05 0 0 16 0.33 0.67| 0.33 0.33
(FibroQOLY 19 21
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Glombiewski 20 48.
-0.09 0 23 0.33 0.67 0 0.33
(CBT) 10 6
20 64.
Helminer! -0.11 0 12 0.33 0.67 0 0.67
15 5
Smeetsb 20 42.
-0.51 0.67 26.5 0.33 0.67 0 0
(cognitive} 06 5
20 74.
Nichola® -0.59 0.67 16 0.33 0.67 0.67 1
13 6
Perez 20 52.
-0.62 0.67 22 0.33 0.67 0.33 0.33
(mindfulness) | 19 96
Williams 19 50.
-0.81 1 31.5 0.33 0.33 0 0.33
(outpatient 96 4
Garcia- 20 50.
-0.87 1 12 0.33 0.67 0.33 0.33
Palacio8 15 5
Van Koulil
20 42.
(pain -0.96 1 76 0.67 0.67 0.33 0
10 3
avoidance)
20
Castef -0.98 1 48 0.67 0.67 0.67| 49| 0.33
13
Williams 19 48.
-1.24 1 90 1 0.33 0 0.33
(inpatienty 96 7
20 46.
Thiemé -2.03 1 75 0.67 0.67 0.67 0.33
03 6
20 48.
Luciand -2.31 1 20 0.33 0.67 0.33 0.33
14 9
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a Roland & Morris Disability Scale; b Roland & M@ Disability Scale (modified); ¢

Fibromyalgia Impact Questionnaire (revised); d BH#tient Rated; e Fibromyalgia Impact

Questionnaire; f IRGL Mobility; g MPI Interferenck;IRGL Functional Disability; i AIMS

physical disability; j Shoulder Disability Questimaire; k SF-36 Physical Function; | Pain

Disability Index; m Pain Interference; n WOMAC Plogd Function Self Report

Table 4: Truth Table for Positive impact on Disabilty

Conditions
Members
Social | Exposu
Hou Base | Cognitive hip in Numb Raw
Base / re /
rs Distre | Restructur ‘effective | erof | Consiste
Disabil Opera | Activit
SS ing interventi | cases ncy
ity (B) nt y
(A) © (D) on' set
(E) (F)

0 1 0 0 0 1 1 1 1
0 1 0 1 1 0 1 1 1
0 1 1 1 1 0 1 1 1
1 1 1 1 1 0 1 1 1
1 0 0 1 1 1 0 1 0.752
1 1 0 0 1 1 0 1 0.752
1 1 1 0 1 1 0 1 0.752
0 0 0 1 1 1 0 1 0.67
0 1 0 0 0 0 0 3 0.502
0 1 0 0 1 1 0 1 0.496
0 0 1 0 0 0 0 1 0.332
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D

1 0 0 0 0 0 0 1 0.332
0 1 0 1 1 1 0 1 0.33
0 0 0 1 0 0 0 2 0
0 1 0 1 0 0 0 2 0
1 1 1 1 0 1 0 1 0
Shaded areas indicate membership in ‘ineffectitervention’ set
Table 5: Minimisation for Positive impact on SMD Dgability
Raw | Unique
Consisten| Covera | Covera | (M | (M | (M
cy ge ge 1) 2) | 3 cases
E*~F +
Minimisati | (~A*~E*
on 1 (M1) F) 0.92 0.37
E*~F +
Minimisati | (~C*~E*
on 2 (M2) F) 1 0.37
E*~F +
Minimisati | (~D*~E*
on 3 (M3) F) 1 0.4
Smeets, 2006
Prime (cognitive
Implicant E*~F 1 0.3 0.3 0.3 03 0.3 arm);
1 Nicholas,
2013; Castel,
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2013
Prime Garcia-
~A*~E*
Implicant 0.67 0.07 0 0.07 Palacios,
F
2 2015
Prime Garcia-
"'C*"‘E*
Implicant 1 0.07 0 0.07 Palacios,
F
3 2015
Prime Garcia-
~D*~E*
Implicant 1 0.1 0.03 0.1 Palacios,
F
4 2015
Table 6: Truth Table for Positive impact on SMD Didress
Conditions
Members
Social | Exposu
Hou | Base | Base | Cognitive hip in Numb Raw
/ re/
rs | Disabili | Distre | Restructur ‘effective | erof | Consiste
Opera | Activit
ty SS ing interventi | cases ncy
nt y
(A) (B) © (D) on' set
(E) (F)
0 1 0 1 0 1 1 1 1
1 1 0 0 1 1 1 1 1
1 1 1 0 1 1 1 1 1
1 1 1 1 0 1 1 1 1
1 0 0 1 1 1 0 2 0.717
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1 1 1 1 1 0 0 1 0.67
0 0 0 1 1 1 0 1 0.602
0 1 0 0 0 0 0 5 0.4
0 0 0 1 1 0 0 1 0.33
0 1 0 1 1 1 0 2 0.33
0 1 0 1 0 0 0 2 0
1 0 0 0 0 1 0 1 0
1 1 1 0 1 0 0 1 0

Shaded areas indicate membership in ‘ineffectitervention’ set

Table 7: Minimisation for Positive impact on SMD Dstress

Raw | Unique
Consisten| Covera | Covera | (M1 | (M2
cy ge ge ) ) cases
A*B*F
+
Minimisati | (B*~E*
on1(M1) | F) 0.788 | 0.367
A*B*F
+
Minimisati | (D*~E*
on 2 (M2) | F) 0.814 | 0.433
Prime Van Koulil, 2010;
0.23| 0.23
Implicant | A*B*F 0.771 0.333 0.233 Thieme, 2003;
1 ’ ° Bliokas, 2007
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Prime

Cherkin, 2016

Implicant | B*~E*F 0.802 0.134 0 oo (CBT arm);
2 ’ Bliokas, 2007
Prime Cherkin, 2016

Implicant | D*~E*F 1 0.2 0.066 0.1 (CBT arm);
3 Bliokas, 2007
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Qualitative extraction of
components from study text

Consolidation: removal of
duplication, merging of
theoretically similar
components, exclusion of
components featuring in less
than a third of cases

Individual experts’
identification of key
components

Amalgamation of experts’
choices

Shortlist of 22 components
with more than three expert
‘votes’

Reduction of 22 shortlisted
components to six, via initial
QCA exploration

Copyright © 2021 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



Treatment expectations

Selective reporting (reporting bias})

Incomplete outcome data (attrition bias)

Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)

Random sequence generation (selection bias)

0% 50%

1 Low risk of bias Unclear risk of bias B Higl of bias

&
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