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Abstract

Introduction

Persistent low back pain (LBP) that is associated with high pain-related fear is disabling.
The personal impact is multi-factorial, affecting many aspects of people’s lives. Various
approaches have been proposed to manage this disorder, leading to a substantial increase
in health care costs. However, disability related to persistent LBP continues to increase,
with current interventions failing to make meaningful changes to individuals who live
with this condition. Modern pain science proposes that pain is an implicit protective
mechanism influenced by a complex interaction of multiple factors across the
biopsychosocial spectrum. This multidimensional interplay varies between and within
people over time, making pain a complex and individual experience. The fear avoidance
model proposes that pain that is interpreted as a sign of threat is underpinned by negative
pain-related cognitions and emotions driving protective behaviours, avoidance and
disability. However, how these factors interplay in people with pain-related fear is not
well understood. Furthermore, understanding how changes in these factors relate to
reductions in disability over the course of an intervention may provide insight in the

processes of change in people with persistent LBP and high pain-related fear.

Therefore, the aims of this doctoral thesis were: 1) To investigate implicit evaluations of
danger and physiological responses to images of people bending and lifting with a flexed
lumbar spine (round-back), in people with persistent LBP reporting different levels of
self-reported fear of bending. 2) To determine the current state of evidence concerning
the effectiveness (reduction in disability, pain and pain-related fear) of behavioural
interventions intentionally designed for people with persistent LBP and high pain-related
fear. 3) To evaluate temporal changes in pain-related fear (generic fear beliefs and
specific fear of bending) and pain (pain expectancy and experience related to bending
with a round-back) in a person with persistent LBP and high pain-related fear undergoing
a Cognitive Functional Therapy intervention. In addition, to explore qualitative factors
underlying the process of change using repeated clinical interviews. 4) (i) To evaluate
temporal changes in outcome (disability) and factors that underlie treatment response
(potential mediators from cognitive and emotional dimensions) during a Cognitive
Functional Therapy intervention in four people with persistent LBP and high pain-related
fear. (i1) To evaluate how changes in potential mediators related to changes in disability
at different timepoints during the intervention.
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Methods, Results & Discussion

Study 1

Methods: This study used an exploratory cross-sectional experimental design. Sample: A
convenience sample of 44 people (54% female) with persistent LBP, who differed in self-
reported fear of bending with a round-back. Procedure: Participants completed a picture-
viewing paradigm with pleasant, neutral and unpleasant images, and images of people
bending and lifting with a flexed lumbar spine (‘round-back’) to assess physiological
responses (eye-blink startle modulation, skin conductance). They also completed an
implicit association test (IAT) and an affective priming task (APT). Both assessed
implicit associations between (i) images of people bending/lifting with a flexed lumbar
spine posture (‘round-back’ posture) or bending/lifting with a straight lumbar spine

posture (‘straight-back’ posture), and (ii) perceived threat (safe vs dangerous).

Results: All participants displayed an implicit association between words meaning
‘danger’ and images of bending and lifting with a round-back (IAT (0.5, CI [0.3; 0.6]; p
< 0.001) and APT (24.2, CI [4.2; 44.3]; p = 0.019)). This implicit association was
unrelated to self-reported fear of bending (IAT (r=-0.24, 95% CI[-0.5,0.04],p=0.117)
and APT (r=-0.00, 95%CI [0.3, 0.3], p = 0.985)). Furthermore, levels of self-reported
fear of bending were not associated with eye-blink startle (F (3, 114) = 0.7, p = 0.548) or
skin conductance responses (F (3, 126) = 0.4, p = 0.780) to pictures of bending/lifting.

Discussion: These results support that self-reported pain-related fear may be more
cognitively driven; in which an unhelpful pain schema may influence avoidance
behaviour, and a physiological fear response may only occur when the person is exposed
to the task itself. This provides insight to the understanding of the relationship between

pain and fear of movement.

Study 2

Methods: A prospectively registered (PROSPERO CRD42016037175) systematic review
following the PRISMA statement was conducted. Search: two reviewers conducted the
search in five electronic databases; articles published to February 2018. Inclusion: RCTs
and SCEDs of interventions targeting adults (>18 years) with persistent LBP (>3 months)
and high pain-related fear (TSK>38/68, PASS-20>68/100, or PCS>24/52, either in
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isolation or combined with a more specific measure of fear of movement - e.g.
PHODA>50/100). Selection: two reviewers independently examined titles and abstracts
using Covidence. Outcomes: disability, pain and fear (converted to 0-100 scale) at
posttreatment (< 3months), short-term (3 to < 6 months) and medium-term (6 to 12
months). Methodological quality: the Cochrane Risk of Bias Tool and PEDro scale
(RCTs); and Risk of Bias In N-of-1 Trials scale (SCEDs) were used to assess
methodological quality of the studies. Data analysis: For RCTs, meta-analysis compared
change in disability, pain and fear between groups. For SCEDs, narrative synthesis of

outcomes was performed.

Results: This study included three RCTs (total n=167) and 7 SCEDs (total n=34, range 2
to 6 participants). All RCTs scored ‘moderate to high’ risk of bias; two studies were rated
as ‘fair quality’ and one was rated as ‘high quality’. Meta-analysis was possible for
posttreatment data only. RCTs provide ‘average quality’ evidence that exposure-based
interventions are more effective than wait-list control for disability (MD= -8.8; CI [-
17.47, -0.13]; p=0.05) and fear (MD=-8.48; CI [-13.16, -3.8]; p=0.0004), but the effects
size is small and less than minimal clinically important change. There was no evidence
for superiority of exposure-based over activity-based interventions for disability, pain or
fear. All SCEDs had moderate risk of bias, and were rated as low to moderate quality.
SCEDs provide evidence that exposure-based interventions are effective in reducing
disability and fear, and low quality evidence of its superiority over activity-based

interventions. Pain reduction was only reported in SCEDs, and only for half of the sample.

Discussion: Behavioural interventions for people with persistent LBP and high pain-
related fear are moderately effective in reducing disability and fear, but only modestly
effective on pain. Surprisingly, the widely held assumption that exposure-based
interventions are the treatment of choice for this group is only very weakly supported by
existing literature. Behavioural interventions for people with persistent LBP and high
pain-related fear could be optimized by enhancing their capacity to target and affect

change in pain.

Study 3

Methods: This study used a single-case report design with repeated measures over 18

months. This study evaluated temporal changes in pain-related fear, pain expectancy and
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experience related to bending with a round-back. Sample: n=1; the participant was a
retired manual worker with a twenty-five years’ history of LBP and high pain-related fear.
Measures: Self-report appraisals of bending in relation to fear, pain expectancy and
experience during bending scored on a Numeric Rating Scale (NRS), Orebro
Musculoskeletal Screening (OMPSQ), TAMPA Kinesiophobia Scale. Clinical interviews
at 6, 12 and 18-month follow-ups were used to explore qualitative factors underlying this
process of change. Intervention: An individualised exposure-based behavioural
intervention (Cognitive Functional Therapy) to target key drivers of persistent LBP, and

delivered over six sessions in a three-month period.

Results: The person experienced reduction in pain-related fear, pain expectancy and
experience related to bending with a round-back; and substantial changes in pain-related
fear (TSK: 47 to 33/68) and risk profile (OMPQ: 61 to 36/100). Clinical interviews
revealed the key aspects that helped him achieve independence were: learning new
behaviours that led to a new experience of control over pain, and a mindset change to a
biopsychosocial understanding of LBP that made sense; this process was underpinned by

a strong therapeutic alliance with the physiotherapist.

Discussion: Although the outcomes must be considered within the limitations of a single
case report, this design enabled frequent and in-depth repeated assessment to elucidate
elements of change over time. However, several other cognitive (e.g. self-efficacy) and

emotional (e.g. distress) factors that could have mediated change were not evaluated.

Study 4

Methods: This study used a three-phases (A-B-A’/B’) replicated single-case experimental
design was employed to evaluate how changes in potential mediators related to changes
in disability at different timepoints over the course of an intervention. Phases: A (8-week
baseline), B (12-week intervention), and A’ (12-week follow up with a criterion-based
booster B”). Sample: n=4; adults (>18 years old) with persistent LBP (=6 months); pain
intensity >4/10 on numerical rating scale (NRS); and high pain-related fear (>40/68 TSK
and >7/10 specific fear of bending and lifting with a flexed lumbar spine - pictorial NRS
scale). Measures: Weekly assessment of outcome (disability) and proposed mediators
(cognitive and emotional factors); and standardised outcome measures at single

timepoints (pre-post). Intervention: Cognitive Functional Therapy delivered weekly over



three months. Assessment of treatment effect: visual and statistical analysis (conservative
dual-control, and non-overlap Tau-U). Assessment of temporal association between
changes in disability and proposed mediators: a series of cross-lag correlation analyses

adjusted for autocorrelation using Simulation Modelling Analysis.

Results: Visual and statistical analysis indicated that all participants (n=4) undergoing
Cognitive Functional Therapy demonstrated reductions in disability and proposed
mediators. Cross-lag correlation analysis determined that, for all participants, changes in
most of the proposed mediators (pain, pain controllability, and fear) were most strongly
associated with changes in disability at lag zero, indicating that changes occurred
concomitantly and not before changes in disability. Importantly, there was individual

variability of the pattern and temporal process of change.

Discussion: This early temporal relationship between potential mediators and the
outcome, with changes occurring immediately or soon after the first treatment session
was an important and novel finding of this study. This study demonstrated how change
unfolded uniquely for each individual, highlighting that the process of change is as
individual as the experience of pain. These results lend support to a complex systems
model of understanding the therapeutic change process in persistent LBP in people with

high pain-related fear.

Conclusion

This doctoral thesis adds knowledge to the current understanding of the relationship
between pain, fear and disability, providing a view that people with persistent LBP and
pain-related fear may hold an unhelpful pain schema. This pain schema may be
conceptualized as an unhelpful response to a threatening experience. This body of work
has identified that current behavioural interventions have limited effectiveness for pain
reduction, and that targeting pain control may provide an opportunity for optimization of
exposure-based interventions for the treatment of people with persistent LBP and high

pain-related fear.

The process of change is complex, individual and variable as is the experience of LBP.
The results of this thesis indicate that pain-related cognitions, emotions and behaviours

are part of a pain schema, and when this schema is disrupted it appears that all components
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change simultaneously; rather than in a linear sequential manner. These results support a
complex systems framework for the understanding of clinical change. Although
speculative, interventions may be more effective when targeting all aspects of the schema
in an integrated manner, rather than its individual components. A safety learning model
is proposed as a theoretical framework to understand the disruption to a person’s pain

schema.
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Chapter 1  Introduction of Thesis

“Fear of pain is more disabling than pain itself’

(p.2821, Waddell 1996)

Pain is an individual experience that is dependent on an implicit evaluation of threat to
the person’s body (Taberetal. 2016; Wallwork etal. 2016; Moseley and Butler2016) Tyyi evaluation considers
the interaction of multiple interrelated systems that maintain a person’s health
homeostasis (-0 and Moseley 2015: Brodal 2017) 'y damentally, perceptions of threat to the body
and/or to one’s ability to pursue their values and goals urge protective responses such as
pain and avoidance to restore homeostasis V'*¥" 2°!5 These protective responses are
effective, precise and may be helpful in the context of acute tissue damage and pathology
(e.g. fracture; disc prolapse with neural compromise). However, when protection persists
beyond healing time or in the absence of tissue damage, this response is no longer precise
or helpful and it is thought to influence the persistence of pain, affecting a person’s daily
functioning (V12ven. Crombez, and Linton 2016; Viaeyen, Morley, and Crombez 2016; O'Sullivan et al. 2016; Moseley and
Viaeyen2013) © A ccordingly, modern pain science understands persistent low back pain (LBP)
as a protective response that is unhelpful and sensitive to any perceived signs of threat,

: 'Sulli 1. 2016; Mosel
which often represent a “false alarm’ of an overprotected system (©Sullivan etal. 2016: Moseley and

Butler 2016)

Over the last 25 years, LBP became the number one cause of disability worldwide H*iesen

ctal- 2018 persistent disabling LBP has a significant impact at a personal and public health

level with the costs associated with this condition being greater than cancer and diabetes

( Abajobir et al. 2017; Hoy et al. 2014)

combined . A lack of understanding of the cause of LBP, the

perceived adverse consequences of having LBP, and the inability to control pain or to get

better despite following the advice (‘rules’) received from various health care

practitioners, can result in an experience that is unpredictable and frightening "% Smith-

Sehutze, et al- 2015) ‘Not surprisingly, people with persistent LBP describe the experience as

having their ‘lives on hold> B MeEvoy. etal. 2013) " Apong those with persistent LBP,

people with associated high levels of pain-related fear are greatly affected B ¢t 2 2019

: . $1: Zal 1. 2013; 1. 1
commonly reporting greater levels of disability “*I¢ ¢ 2 2013: Crombez etal. 1999)

(Kroska 2016; Sullivan et al. 2009)

, pain severity

(Martel, Thibault, and Sullivan 2010; Braden et al. 2008)
b

, work absenteeism and

(Sullivan et al. 2009) (Thibault et al. 2008)

less physical and social participation than people with

persistent LBP and lower levels of pain-related fear. This, highlights the inherent
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complexity, as well as the social and health economic burden attributed to this challenging

group of patients.

The fear-avoidance model (FAM) describes how pain that is interpreted as threatening,
leads to a process whereby negative pain-related cognitions and emotions drive a vicious

cycle of protective behaviours, avoidance and disability. Conversely, it proposes that

when pain related tasks are gradually confronted without fear this leads to recovery 2"

and Linton 2000) " 5r5unded on this model and based on traditional behavioural interventions

(Fordyee 1976) " oxposure-based interventions emerged in the field of pain to manage people

with pain-related fear (V2" 22000 " Although initial investigations of exposure for the

management of people with persistent LBP and pain-related fear were promising "™

et al. 2004; de Jong et al. 2005; Vlaeyen, De Jong, Onghena, et al. 2002; Vlaeyen et al. 2001; Vlaeyen, de Jong, Geilen, et al. 2002)

later randomized controlled trials failed to reproduce the results of the original studies
(Leeuw et al. 2008; Woods and Asmundson 2008; Linton et al. 2008) However. because fear reduction is the
key principle underlying exposure, there is a widely held notion that exposure-based
interventions are the ‘gold standard’ for the treatment of pain-related fear. Remarkably,

not many studies have targeted people specifically with Aigh pain-related fear.

Onset of pain Recovery
A
Disuse,
depression,
/ disability
Avoidance
behavior
vy '
+ Pain Confrontation
\ experience of movement
Pain-related
fear
\ Pain No
catastrophizing catastrophizing
Negative affectivity

Threatening illness information

Figure 1.1 The fear-avoidance model (Vlaeyen & Linton 2000)

Although pain-related fear is one of the strongest modifiable predictors of disability in
people with LBP (Zale and Ditre 2015; Wertli, Rasmussen-Barr, Weiser, et al. 2014 the process by which pain-
related fear is modified to reduce disability is unclear. Attempts to validate the sequential
interaction between pain-related cognitive and emotional factors proposed by the fear-
avoidance model have not supported the linear nature assumed by this model Pedier et @k
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2018; Wideman et al. 2013; Bergbom, Boersma, and Linton 2012; Wideman, Adams, and Sullivan 2009) Furthermore. how
. b

these factors unravel in the treatment process remains poorly understood. Recently,
prospective qualitative data investigating pathways of change in people with persistent
LBP and high pain-related fear suggests that the process of recovery may vary between
people, and that a key component of this process related to the perception of gaining
control over pain "4 ¢! al 2016 However, this and how change unravels over the course
of treatment has not been quantitatively evaluated in people with persistent LBP and high

pain-related fear.

Understanding how changes in cognitive and emotional factors relate to reduction in
disability over the course of an intervention may provide insight in understanding
processes of change in people with persistent LBP and high pain-related fear. This may
have clinical implications by identifying what factors need targeting and when they
should be targeted in the treatment process. Furthermore, this knowledge may inform
future intervention trials and potentially indicate possible avenues to optimize existing

behavioural interventions.

In consideration of the challenges posed to the current understanding and management of
people with persistent LBP and Aigh pain-related fear, the body of work presented in this
doctoral thesis aims to better understand how individuals with persistent disabling LBP
and high pain-related fear evaluate danger at an implicit level; how effective behavioural
interventions are for this group; and how the process of change unfolds at an individual

level.
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1.1 Structure of thesis

This thesis is comprised of seven chapters and two appendices.

Chapter 1 provides an introductory overview of the problem that is persistent disabling
low back pain (persistent LBP), its relationship with pain-related fear and current gaps in
the understanding and management of people with persistent LBP and high pain-related

fear.

Chapter 2 provides a review of the scientific literature regarding the impact of persistent
LBP and pain-related fear, how to manage it and how to evaluate it at an individual level.

The chapter concludes by summarizing the gaps in the literature.

Chapter 3 describes a cross-sectional experimental study investigating implicit
evaluations and physiological responses to threat in people with persistent LBP with a
range of self-reported fear levels. This study was published in the Scandinavian Journal

of Pain, and it will be presented in its published format.

Chapter 4 reports a systematic review of the literature on the effectiveness of behavioural
interventions to promote reduction in disability, pain and fear, in people with persistent
LBP and high pain-related fear. This study was submitted to the Clinical Journal of Pain,

and it will be presented in its submitted format.

Chapter 5 presents a single case report with repeated measures (self-report and clinical
interviews) over 18 months to gain insight to the process of change in pain-related fear.
This study was published in the Journal of Orthopaedic & Sports Physical Therapy, and

it will be presented in its published format.

Chapter 6 describes a replicated single-case series to evaluate the process of change in
people with persistent LBP and high pain-related fear. This study was submitted to the

Behaviour Research & Therapy Journal, and it will be presented in its submitted format.

Chapter 7 presents the discussion of the main findings of this thesis. A safety learning
model is proposed to understand the process of disruption of a person’s pain schema. The
chapter concludes by describing the strengths and limitations of this body of work, future

research directions and the concluding remarks of this thesis.
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The appendices present two parallel studies that aimed to answer questions that

emerged from the experimental study in Chapter 3.

Appendix A reports a cross-sectional experimental study that evaluated implicit
associations between back posture and safety of bending and lifting in people without
pain. Furthermore, this study also analysed the participant’s qualitative descriptions of
the safest lifting posture. This study has been accepted for publication by the

Scandinavian Journal of Pain, and it will be presented in its submitted format.

Appendix B reports a cross-sectional experimental study that evaluated implicit
associations between images of bending and lifting with a round-back and words
representing danger, in physiotherapists that manage musculoskeletal conditions. This
study was submitted to the Musculoskeletal Science & Practice Journal, and it will be

presented in its submitted format.
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Chapter 2  Literature review

The aim of this chapter is to review the scientific literature regarding: (i) the burden of
persistent disabling LBP (i1) how pain-related fear relates to persistent disabling LBP,
(i11)) how pain-related fear is assessed clinically and experimentally, (iv) the current
management of people with persistent LBP and pain-related fear, (v) the role of an
individualised multidimensional intervention for persistent LBP that can be utilised for
people with high pain-related fear, and (vi) what factors underlie treatment response of
current approaches. Finally, it will discuss how changes over time at an individual level

are best evaluated.
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2.1 SECTION 1: Low Back Pain

2.1.1 The global burden of low back pain

Low back pain (LBP) remains one of the most prevalent and costly health problems and

has been estimated to affect 632 million people worldwide Mher- Underwood. and Buchbinder 2016:

Buchbinderetal. 2013) " A ¢cording to the Global Burden of Disease Project, LBP has the highest
global impact in terms of years lived with disability in both developed and developing

: Abajobi 1.2017; H 1.2014; Fl 1.2012 : : :
countries ( AbaioPiretal. 2017: Hoy etal. 2014; Vos, Flaxman, etal. 2012) ywhjle most people with LBP pain

improve rapidly, for many it becomes a persistent (often termed ‘chronic’, with pain

(Kongsted et al. 2016)

lasting > 3months) and highly disabling condition , with studies reporting

that 42% to 75% of people do not recover from an episode within a year (*# ¢ 2-2013: Scheele

etal. 2013 Those people reporting more painful or disabling LBP episodes comorbid with
poor general health are more likely to seek care. The resultant societal costs of persistent

disabling LBP (persistent LBP) are enormous, exceeding that of cancer and diabetes

combined (Hartvigsen et al. 2018; Hoy et al. 2014)

The personal impact of persistent LBP is multi-factorial, and it extends beyond function,
pervading many aspects of people’s lives F74 ¢ #2019 1t has been reported that people
with persistent LBP describe this impact as having their “lives on hold,” whereby they

don’t understand their pain problem, have few or none active strategies to manage it, and

eventually lose their ability to do the things in life that they value Bl McEvoy. etal. 2013)

This disengagement is commonly associated with escalating fear, distress, disability, and

depression (O'Sullivan et al. 2016; Vlaeyen, Crombez, and Linton 2016; Bunzli, Watkins, et al. 2013)

Various approaches to manage persistent LBP have been proposed, leading to a

: . . 1. 2012; D 1. 2 . :1:
substantial increase in health care costs (G°r ¢ @ 2012: Deyo et al. 2009 "However, disability

related to persistent LBP continues to increase (Buchbinder et al. 2018; Hartvigsen et al. 2018; Foster et al.

; Buchbi 2016; D 1. 2 . . . 12
2018; Maher, Underwood, and Buchbinder 2016; Deyo et a 009)’ with current interventions often falhng to

. . . . . . . ., F 1.2018; O'Sulli
make meaningful changes to individuals who live with this condition o ete! 2018 O'Sullivan

et al. 2016)
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2.1.2 The complex, multidimensional, individual nature of
persistent LBP

Modern pain science supports persistent LBP as an emergent protective response

(Wand et al. 2011; Gatchel et al. 2007) (Grace et al. 2014;

produced by the interaction of neuro

Marchand, Perretti, and McMahon 2005)

, Immune
(Generaal et al. 2016; Vachon-Presseau et al. 2013; Gatchel et al. 2007)

b

, endocrine

(van Dieen et al. 2018; Karos et al. 2017; van Dieen, Flor, and Hodges 2017; Hodges and Smeets 2015)

and motor systems,

in response to the person’s actual or perceived threat to their body, lifestyle and/or social

context that may disrupt their homeostasis (Moseley and Butler 2016; Tabor et al. 2016; O'Sullivan et al. 2016)

Fundamentally, the multiple and interrelated influences of all factors and systems (neuro,

immune, endocrine) that can modulate a person’s pain experience is here defined as a

(Brown 2009)

complex system — the person’s system.

A person’s system is modulated by a varying interplay of multidimensional factors

including, physical (i.e. loading exposure and demands as well as levels of conditioning)

Di F1 H 2017; Dank 1. 2009; O'Sulli 2 . : e
( van Dieen, Flor, and Hodges 2017; Dankaerts et al. 2009; O'Sullivan 005)’ psychologlcal (1.e. COgIllthl’lS and

. Y| i - Pinhei . . . . . .
em tl ns) ( aeyen, Crombez, and Linton 2016, inheiro et al 2016, Zale et al 20]3)’ ] ] i l i l (1 .
p t] tl l; IIP A i g 1 tl ) ( yne et al 0 8, Elsenbruch and Wo 0 5, Glombiewski et a

2015) Beales, et al. 2015; Rabey, Slater, et al.

, sensory (i.e. bodily sensations, tissue sensitivity) ®*°®:

2015; O'Sulli 1. 2014 . . . . .
013 O'Sullivan etal. 2014) "gycial (i.e. socioeconomic, cultural, work, home environment, and

Hestback et al. 2008; H 1.2 - . . 2011
stress) (Hestbaek et al. 2008; Hoogendoorn et al. 2000) , hfestyle (1.e. sleep, act1v1ty levels) (Kelly et al. 2011;

Shiri et al. 2010b; Bjorck- Dijken, Fjellman-Wiklund, and Hildi 2008 . .
iri et a jorck-van Dijken, Fjellman-Wiklund, and Hildingsson )’ comorbid health (1.e. mental

health, 0b€Sity) (Pinheiro et al. 2016; Shiri et al. 2010a)

life stage, culture) (Bartley and Fillingim 2013; Battie, Videman, and Parent 2004).

and non-modifiable factors (i.e. genetics, sex,

These multiple and interrelated interactions change over time and context ' ¢t - 2017:

Wieeh 2016) " influencing tissue sensitivity and pain perception through inflammatory

processes, neuro-immune-endocrine changes, altered body awareness, distress and

overprotective behavioural responses to pain that shape a person’s pain experience '

and Bishop 2018; Rabey et al. 2017b; Moseley and Butler 2016; Tabor et al. 2016; Elsenbruch and Wolf 2015; Marchand, Perretti,
d McMahon 2005; Gatchel et al. 2007 .

and Mchahon 200>, batehel et a ). Therefore, persistent LBP can be understood as an emergent

response of a person’s system in which the dynamic interplay and the relative contribution

from each factor is variable, interrelated, and fluctuates temporally, making persistent

1 (Brodal 2017; O'Sullivan et al. 2016; Brown 2009)

LBP a unique experience to each individua

2.1.

- Figure

41



Accordingly, people may present different sensitivity profiles ¢'ngim 2017: Rabey. Beales, et al

2015; Rabey etal. 2016) 'Ry instance, an individual may present with pain that is localized and
consistently provoked and relieved with specific postures, movements or functional tasks
(proportionate mechanical stimulus-pain response). This pain presentation may be
considered to have features of primarily peripherally-mediated nociceptive processes
(Hodges and Smeets 2015; O'Sullivan 2005) 5 4/0r associations between movement-related threat
perceptions and nociceptive processing at a cortical level Meseley and Viaeyen 2015 1, ¢ontrast,
another person may present disproportionate mechanical stimulus-pain response patterns.
This pain sensitivity profile is characterized by pain that is more widespread, and may be
associated with pain sensitivity to pressure, cold, movement and loading, likely reflecting

. . . . . . . R 1. 2016: R
primarily central nervous system amplification of nociceptive inputs Ry et al- 2016: Rabey,

Beales, ct al. 2015; OSullivan et al. 2014) g1 others, pain may be spontaneous and/or not clearly
reproducible with clinical examination, potentially indicating that central pain
mechanisms likely dominate (Backryd etal- 2018: Rabey etal- 2016) ¢y y6jdering the large variability
and multiple interactions within a person’s system , not all patients will present with a

clear pain presentation, in fact many will present with a mixed pattern of pain mechanisms
(Backryd et al. 2018; Fillingim 2017; Rabey, Beales, et al. 2015)

Understanding the complex multidimensional interactions associated with a person’s

persistent LBP presentation may provide an opportunity for individualized management
(O’Sullivan et al 2018)

Patho

Cognitions anatomy

Socio

Emotions - Neuro
immune

endocrine
Physical NON-

Capacity MODIEIABEE (LISEI MODIFIABLE

\ EaCTORS FACTORS

Loading o
it \ Co-morbid
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Culture
Past

history

Lifestyle Genetics

PERSON’s SYSTEM

INDIVIDUAL PAIN EXPERIENCE

Figure 2.1 Illustration of a person’s pain experience emerging from the complex, multidimensional
interaction of factors.

Note: Some factors such as socio-economic and patho-anatomy may be non-modifiable (e.g. disability retirement; spondylolisthesis)

or modifiable (e.g. sick leave; modic changes, disc prolapse) depending on the individual’s context and clinical presentation.
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2.2 SECTION 2: Pain-related fear

2.2.1 What is pain-related fear, and how it relates to
persistent LBP?

Fear is the anticipatory emotional response to a specific and imminent threat ®2<hma 199)
Fear may protect the person from danger because it activates defensive behaviours
associated with the fight or flight response (-ePoux 2014: Viaeyen et al. 2012; Cannon 1929) * by g
currently conceptualized as a sign of potential bodily threat that may require protection
(Tabor et al. 2016 Wallwork et al. 2016; Moscley and Butler 2016) ahon the threat is coming from within the
body such as in the case of LBP, people may fear the causes and consequences they
assume to be associated with their pain (osk? 2016: Bunzli, Smith, Watkins, etal. 2013) "paionts may
report fear of ‘interoceptive stimuli’ (e.g. sensations such as feeling ‘unstable’, feeling a
‘crack’, or feeling a ‘sharp’ or ‘hot’ pain), ‘proprioceptive stimuli’ (e.g. pain-provoking
activities, movements), and ‘exteroceptive stimuli’ (e.g. threatening information about
their body and consequences of pain received from health care encounters, imaging scans,
media, family and friends). These stimuli may be interpreted as a sign of damage (e.g. “I
will damage my disc”) or further suffering and further functional loss (e.g. fear to become

unable to play with kids, work, become wheelchair-bounded) Bt Smith. Watkins, et al. 2015)

(Bunzli, Smith, Watkins, et al. 2015)

Thus, pain-related fear is not an unitary construct , and can be

defined as a cognitive and emotional response to an evaluation that the body is in danger

. 1 Li 201
and needs protectmg (Vlaeyen, Crombez, and Linton 2016)

. Accordingly, avoidance (e.g. not
performing a movement and/or activity) and/or protective behaviour (e.g. bracing while
performing a movement) is a common sense protective response to reduce or prevent
unwanted pain experiences €°**2°' This protective response may be adaptive (helpful)
in the context of acute tissue damage and pathology (e.g. fracture). However, when
protection persists beyond the normal healing times or in the absence of pathology, this
response 1s considered mal-adaptive (unhelpful) and impacts on the person’s daily

functioning, limiting positive experiences and further sustaining pain and disability

(Vlaeyen, Crombez, and Linton 2016; Bunzli, Smith, Schutze, et al. 2015)

Pain-related fear mediates the pathway to disability in persistent LBP (¢t 2019 Hjoh

levels of pain-related fear have been identified as a predictor of increased disability levels

and poorer outcomes in people with persistent LBP ( George and Beneciuk 2015; Wertli, Rasmussen-Barr,

Weiser, etal. 2014: Zale etal. 2013) "payourably, pain-related fear is one of the strongest modifiable

predictors of dlsablhty in people with LBP (Zale and Ditre 2015; Bunzli, Smith, Schutze, et al. 2015)’
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suggesting that reduction of pain-related fear may influence the reduction of disability

(Wertli, Rasmussen-Barr, Weiser, et al. 2014; Wideman, Adams, and Sullivan 2009)

2.2.2 The fear-avoidance model

The prevailing model that explains the pathway to disability associated with persistent
LBP is the fear-avoidance model (FAM) (Vizeyen and Linton 2012; Crombez et al. 2012; Viaeyen and Linton
2099 The concept underpinning the fear-avoidance model was first described by Lethem
et al (1983)Lethem etal- 1983) 504 Slade et al (1983)512de<tal- 1983 4 later further developed
by Vlaeyen & Linton (2000) (Viaeyen and Linton 2000) 'y 5 introduced it as a model to describe
the cascade of events that can occur when pain is perceived as threatening. According to
the fear-avoidance model, the meaning assigned to pain influences the person’s
experience and response to pain; for instance, when pain is appraised as a threat, the
person perceives a lack of control over pain and its possible (catastrophic) consequences
(Viacyen and Linton 2012; Crombez et a. 2012; Viaeyen and Linton 2000) Tiyjs yinnredictability of pain creates
an expectation that future actions will cause pain, resulting in fear and avoidance of

e . . 1 Li 2016; Mosel
activities that do or might provoke pain and/or damage (V'2¥e™ Crombez and Linton 2016; Moseley

and Vaeyen 2013; Crombez et al. 2012) he fear-avoidance model presented in Figure 1.1 illustrates
how disability, distress and physical disuse develop as a result of learning avoidance
behaviours (protective and safety-seeking behaviours) elicited by pain that is perceived

as threatening (Vlaeyen, Crombez, and Linton 2016; Vlaeyen and Linton 2012; Vlaeyen and Linton 2000).

2.2.2.1 Fear acquisition through a learning perspective

Fear acquisition has been well documented in the literature through associative learning
(Pearce and Hall 1980) ' which occurs when a neutral stimulus (conditioned stimulus) is paired
with an aversive one (unconditioned stimulus), resulting in the conditioned stimulus
acquiring motivational properties and eliciting responses similar to the unconditioned
stimulus. Specifically, acquisition of movement-related fear has been demonstrated by
Meulders et al (2011) using a differential conditioning paradigm. Their results suggest
that fear of movement and avoidance behaviour can be acquired as a direct experience
through an associative learning process Mevders: Vansteenwegen, and Viaeyen 2011) {jgin g the same
paradigm, the authors found that similar responses were elicited by the mere intention to
perform a painful movement, preceding the actual performance of the movement M4’
and Viaeyen 2013) R ecently, it was demonstrated that fear of touch can be acquired through
associative learning, eliciting self-reported and physiological fear responses (indexed by
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skin conductance and eye-blink startle) when the context is unpredictable ige ¢t 2l 2017,

Pain-related fear can also be acquired by learning via observation, as well as verbal

(Goubert et al. 2011; Helsen et al. 2011; den Hollander et al. 2010)

threatening information . Olsson and Phelps

(2004) directly compared three different fear learning formats, whereby the conditioned
stimuli were paired with a painful shock (direct experience), with observed fear
expression in another person (observational learning) or with verbal instructions (learning
by verbal threat information) (?'s°" @4 Phelps 2009) "Boar responses to the conditioned stimuli
were of comparable magnitude across the three learning formats (O'sson and Phelps 2004)
Recently, Karos et al (2015) demonstrated that pain-related fear acquisition can be

facilitated when learning occurs in a threatening social context s Meulders. and Viaeyen 2013)

In Western society, there is a pervasive view that the lower back is easy to damage and
hard to heal (¥ ¢t 2019 Tt has been suggested that disability in people with persistent
LBP partly relates to negative and threatening information received during healthcare

Darl 1. 2013; Li 1. 201 . : .
encounters (PAriow etal- 2013: Lin et al. 2013) "y peatening information gathered from healthcare

practitioners and social environments may facilitate verbal learning (Periow 2016: Meier etal

201 ‘When the information provided has an unhelpful connotation (i.e. “you have poor
back stability”) it can lead to a negative interpretation (i.e. “my back can be easily
damaged”), resulting in hypervigilance (i.e. searching for bodily signs of danger),
catastrophising (i.e. “I will never be able to lift my child again”) and consequent fear and
avoidance of activities that are perceived as dangerous (i.e. “it is dangerous to move my

back™). Studies have shown that a large proportion of people with LBP believe that a

wrong movement could lead to serious negative consequences to their back (Hodees and Smeets

2019 The belief that there is something seriously wrong increases the expectancy of pain,

the perception of pain and pain-related fear, shaping people’s behaviour (s ¢ 2 2017: Biges

et al. 2017; Bunzli, Smith, Schutze, et al. 2015; Roussel et al. 2013; Boersma and Linton 2006) This behaviour is

associated with avoidance, excessive muscle guarding and altered movement s ta-2017:

Laird et al. 2014; K is et al. 2013; Geisser et al. 2004 - -
arceta arayanms eta eisseretal 2009 and often considered mal-adaptive (unhelpful)

(Dankaerts etal. 2009; O'Sullivan 2005) 1t hag heen postulated that unhelpful protective motor control

responses to perceived threat can abnormally load sensitised spinal tissues leading to

. . . Di 1. 2018; Di F1 H ; .
1ncreased paln and per51stence (van Dieen et al. 2018; van Dieen, Flor, and Hodges 2017; Dankaerts et al

2009:0%5ullivan 2003) ‘s might be modulated by central pain processes (@& Bishop 2018; Karos
etal. 2017: Gay etal- 2013) 1py50rtantly, these unhelpful behaviours are modifiable and may offer

: 'Sulli 1. 2018; K Lai Haines 2015; i .
an opportunlty for targeted management (O'Sullivan et al. 2018; Kent, Laird, and Haines 2015; Caneiro et al
2013; van Hooff et al. 2011)
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2.2.2.2 Fear generalization

When people in pain exhibit fear not only of an identifiable stimulus or threat, but also of
activities that are seen to be closely linked to the original stimulus, it is considered that
fear generalization has occurred to other situations, which are now recognised as being

potential threats (Meulders et al. 2017; Vancleef et al. 2007; Lissek et al. 2010) The 1nab111ty

to distinguish
what is safe from what is dangerous has been proposed as a core mechanism in the
spreading of protective responses that lead to disability ™4 €t al- 2018 "The extent of
generalization is inversely related to the precision by which the brain encodes the original
painful events Moseley and Vlaeyen 2013) " Thorefore, the less precise the encoding, the more
generalization occurs, meaning that pain is triggered by more functionally dissimilar
stimuli. An example of imprecise encoding of the original painful trigger is where
bending and lifting was associated with a LBP episode, that now results in generalization
of pain-related fear and LBP to similar (e.g. vacuuming, putting on shoes) and dissimilar
(e.g. walking, washing dishes) movements and activities (MOscley and Viaeyen 2013) i
generalization and subsequent avoidance response reduces the opportunities to challenge

and disconfirm a person’s feared expectations, reinforcing the behaviour and perpetuating

dlsablhty (Vlaeyen, Crombez, and Linton 2016; Vlaeyen 2016; Bunzli, Smith, Schutze, et al. 2015) This sustained
. . . . M
perceived lack of safety may play a role in the maintenance of pain-related fear Meders <t

al. 2018; Vlaeyen, Morley, and Crombez 2016; Elsenbruch and Wolf 2015)

2223 Challenges to the fear-avoidance model

While the fear-avoidance model has broad support in the LBP literature, some aspects of
the model have been questioned. Originally, the fear-avoidance model was conceptually
based on psychopathology (e.g. phobia) models, which describes the person’s fear
response as an abnormal reaction (e.g. irrational) to a normal situation. Recent research
however, suggests that pain-related fear beliefs are normative and culturally endorsed
(Darlow etal. 2015; Darlow 2016; Crombez etal. 2012) perefore, chronic pain is an abnormal situation to

which patients are responding normally, in a culturally endorsed manner B ¢t @l 2017:

Bunzli, Smith, Schutze, et al. 2015; Crombez et al. 2012)

The original fear-avoidance model was grounded on the notion that patients with
persistent pain endorse beliefs that pain equals harm, underpinning the threat value of
pain. However, recent qualitative work has challenged that notion, demonstrating that
people with persistent LBP and pain-related fear present varied beliefs, indicating

motivational heterogeneity fOI‘ avoidance (Bunzli, Smith, Schutze, et al. 2015; Bunzli, Smith, Watkins, et al.
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2019 Crombez et al (2012) proposed that fear avoidance behaviour may persist because
of repetitive goal failure (“™*<t3- 2912 Tndeed, repeated attempts to control pain and the
impact of pain on daily goals was reported by people ‘stuck’ in a cycle of pain and fear
(Bunzli et al. 2017; Bunzli, Smith, Schutze, ctal. 2015) perefore, it was suggested that the fear-avoidance
model included a motivational perspective in which the patient’s values and goals are
considered (Bunzli et al. 2017; Crombez et al. 2012; Viseyen, Crombez, and Linton 2009) Tpic mav have
implications for exposure-based interventions, which by targeting the belief that pain is a
sign of damage V%" ¢'#- 2012 have been successful at reducing pain-related fear in some,
but have failed to help others (Crombez et al. 2012 Leeuw et al. 2008; Woods and Asmundson 2008; Linton et a.
299%)Considering that avoidance may be learned through association between movement

and pain and used as a strategy to reduce pain (@ 22019

, it is plausible that for these
patients who use avoidance to minimize suffering, strategies that provide pain control
before and/or during exposure may be helpfu] (©Sulivan etal 2018: Bunzlietal. 2017) ' o wever this

warrants testing.

Another challenge was proposed by Wideman et al (2013), who suggested that the
cyclical nature of the fear-avoidance model fails to capture the complex interplay of
multidimensional factors and their variability over time (Videman et al. 2013; Wideman, Adams, and
Sullivan 2009 " y¢ jg argued that a broader range of processes (e.g. social, cultural and
environmental) influence disability in a dynamic and context-specific manner, leading to
individual responses to pain; of which avoidance of movement is only one of them 4™
<tal- 2013 1y line with that, Bunzli et al (2017) suggested that the process of ‘making sense
of pain’ is dynamic and informed by the interaction of cognitive, emotional, somatic,
behavioural and contextual factors that influence a person’s behaviour B et 2l 2017
Collectively, the above-mentioned remarks challenge the role of fear (i.e. characterised
as a phobia) and its relationship with pain in the fear-avoidance model, and might have
implications for promoting change and evaluating the process of change in people with

pain-related fear.
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2.2.3 The common-sense model

The common-sense model of self-regulation (CSM) was described by Leventhal (1980)
as a framework to explore the perceptual, behavioural, cognitive and emotional processes
involved in a person’s understanding and management of their health (-eventhal Meyer. and
Nerenz 1980) The common-sense model accommodates the complexity of persistent pain as
it describes a dynamic multilevel process that constitutes a person’s representation of their

: : L thal, Phillips, and B 2016
problem, their actions and responses (-¢venthal. Phillips. and Burns 2016)

Broadly, a person’s representation is comprised by five dimensions: identity (What is this
pain?), cause (What caused this pain?), consequences (What are the consequences of
having this pain?), time-line (For how long will this pain last?) and cure/controllability
(Can this pain be cured or controlled?) (-eventhal. Meyer. and Nerenz 1980) 1y54 5 nerson represents
their pain problem will influence how they respond to it from a behavioural and emotional
perspective (Leventhal. Meyer. and Nerenz 1980: Bunzli et al. 2017) e aetion taken will be directed by
the person’s goal. For instance, if a person’s goal is to prevent back pain when lifting, and
they believe that flexing their spine will cause pain, the person will avoid flexion while
lifting. If the outcome is coherent with their representation (i.e. avoiding flexion prevents
pain), then their behaviour will be maintained. In contrast, if the outcome is incoherent
with their representation (i.e. avoiding flexion does not prevent pain), then their
representation will be updated and the response (behavioural and emotional) likely

d (Bunzli et al. 2017; Leventhal, Meyer, and Nerenz 1980)

adjuste - Figure 2.2.

Although the application of the common-sense model is well-established in the study of

chronic diseases (Broadbent et al. 2006; Moss-Morris et al. 2002)

, and non-musculoskeletal chronic pain
(Donovan etal. 2007) 54 o311 in its infancy in the field of LBP (Chen etal. 2017 van Wilgen, van itersum, and
Kaptein 2013; Siemonsma et al. 2013; O'Hagan, Coutu, and Baril 2013) By 1i ot a] (2016) conducted a
prospective qualitative study in individuals with persistent LBP and high pain-related fear
and identified that a common narrative in this group was of an attempt to make sense of
a threatening pain experience that individuals perceived as uncontrollable "' 201
Thus, Bunzli et al (2017) proposed the utility of the common-sense model as a framework
to assist physiotherapists in the understanding and management of patients with pain-
related fear B2 2917 VWithin this framework, pain-related fear may be understood as
a ‘common-sense’ response based on a threatening LBP representation, and the lack of a
(Bunzli et al. 2017)

coherent representation may lead to perpetuation of a fearful experience

Participants from the prospective study who reported reduction in fear described that
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developing control over their pain experience helped them to aquire a new

conceptualization of their pain, leading to positive emotional and behavioural reposes
(Bunzli et al. 2016)

It was proposed that exposure-based behavioural interventions might be optimised by
including strategies that facilitate patients to make sense of their persistent LBP based on
a contemporary biopsychosocial perspective, and that enhance pain control while

. . o ey B 11 1. 201
engaging in valued activities 8" ¢t 2017,

Representation of low
back pain

* |dentity

+ Cause

+ Consequences

+ Timeline

+ Curability/control

A \

Onset Stage L. Interpretation Stage 2. Action Stage 3. Appraisal

of pain « Symptom perception + Was this action

+ Social messages effective?

« Previous experiences

Nt

Emotional response to
low back pain

Figure 2.2 The common-sense model (Leventhal, Meyer, and Nerenz 1980) adapted to LBP (Bunzli
et al. 2017).

Note: "Reproduced with permission from (Bunzli et al JOSPT Sep;47(9):628-636 [DOI 10.2519/jospt.2017.7434]). Copyright®

® n

Journal of Orthopaedic & Sports Physical Therapy".

2.2.4 Fear related to bending and lifting with a round-back

Bending and lifting are the most commonly identified triggers for the onset of LBP ¢

et al. 2016; Stevens et al. 2016; Coenen et al. 2013; Verbeek et al. 2012) These activities are commonly reported

as pain provoking and are feared by people with and without LBP, holding a high threat-

value in western society (Munigangaiah et al. 2016; Stevens et al. 2016; Darlow, Perry, Mathieson, et al. 2014; Pagare et

al. 2015; Briggs et al. 2010; Gross et al. 2006)

Bending and lifting, especially with a round-back posture (i.e. lumbar spine flexion) is

commonly believed to cause undue load to spinal structures, having been described as
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“pathogenic for the lower back” ®oier 14l 2008) Thiq phelief partly stems from interpreting

(Nachemson 1965, 1975)

the results of in vivo and in vitro studies, which have used direct

measures to investigate the effect of load on the spine (blauch 2015: Gallagher and Marras 2012;

laghan and McGill 2001; : o :
Callaghan and McGill 2001; Adams and Hutton 1982) ‘B dly, these studies suggest that repetitive spinal

flexion can lead to structural damage (e.g. disc injury), and based on these findings
extrapolations have been made that adopting straight-back postures such as the squat

lifting technique protects the spine from undue loads, minimizing the risk of injury (G*'2&her

and Marras 2012; Callaghan and McGill 2001; Nachemson 1965, 1975)

These studies have formed the basis for current ergonomic training, which commonly
teaches cautious lifting techniques, whereby individuals are advised to keep the back
straight and bend their knees (Noln et al- 2018 Verbeek et al. 2012) “Njgpetheless, ergonomic
interventions teaching people how to bend and lift, with the aim to reduce the risk of LBP,
have lacked empirical support (V2" Hoof et al. 2018; Driessen et al. 2010) “Preqiments directed at
postural modification and motor control training for attainment of a “neutral spine” have
been tested several times yielding disappointing results S*2¢toetal- 2016 ‘gecifically, core
stability exercises designed to protect the spine are not more effective than any other form
of exercise in the treatment or prevention of LBP (Smith Littlewood. and May 2014) "y 150k of
effectiveness of various interventions to target bending and lifting as a risk factor,
questions the interventions themselves as well as the exact role of physical loading of the

spine with regard to LBP risk during lifting (“oenen et 2! 2014: Gallagher et al. 2005)

Results from recent in vivo studies further question the assumption that the back is in

danger when hftmg with a round posture (Dreischarf, Rohlmann, et al. 2016; Kingma, Faber, and van Dieen

2019 gpecifically, beliefs related to the increased risk of LBP associated with lifting with

a round-back (vs. straight-back) have not been supported by biomechanical in vivo

measurements (Dreischarf, Rohlmann, et al. 2016; Kingma, Faber, and van Dieen 2010; Marras et al. 2001; Marras et al. 2004;

Lariviere, Gagnon, and Loisel 2000) (Ribeiro et al. 2012; Kwon et al. 2011; Roffey et

and several systematic reviews
1. 2010; i 1. 201 201 . : .
al. 2010: Wai et al. 2010, 20100) gy rthermore, no difference in spinal loads between round-back

and straight-back lifting techniques has been identified in pain-free people (Strker and Duncan

2000; Straker 2002; Straker 2003; Hagen and Harms-Ringdahl 1994) 1poroctinoly  adopting a round-back
posture while bending and lifting has been shown to be more efficient than adopting a
straight-back posture (older 2013: Hagen and Harms-Ringdahl 1994) o ygj dering the lack of in vivo
evidence that bending and lifting with a round-back posture is dangerous or that straight-
back is safe, it makes sense that teaching people how to lift cautiously has not been

effective in preventing LBP (Martimo et al. 2008; Hignett 2003; Maher 2000; Bos et al. 2006) Nolan et al
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(2017) suggested that educating patients with LBP to protect their backs by keeping a

straight-back when lifting may be unhelpful, and it might reinforce the belief that the

. : Nol 1. 201
spine is vulnerable MNoan et al-2018)

As discussed earlier in this chapter, beliefs about the vulnerability of the spine appear to

be in part informed by healthcare practitioners (Lin et al. 2013; Darlow et al. 2013; Darlow et al. 2012)

Healthcare practitioners self-report a common belief that the cause of LBP is attributed

to structural or biomechanical factors, such as ‘improper’ posture while bending and

(Stevens et al. 2016; Nijs et al. 2013; Darlow et al. 2012) Importantly
. 2

lifting fear-avoidant beliefs of

healthcare practitioners can strongly influence the beliefs of their patients (Lakke et al. 2015;

Darlow et al. 2013) " Threatening advice to patients suggesting vulnerability of the spinal

structures (e.g. ‘you have a slipped disc because of your lifting posture’), or providing an
explanation that does not make sense to the patient can create fear and uncertainty, which
can lead to, or reinforce avoidance and/or protective behaviours (-2kke et al- 2015: Darlow et al.
2013; Darlow et al. 2012; Bishop et al. 2008; Vlaeyen and Linton 2006). There is compelling evidence that people

with persistent LBP present excessive muscle guarding, lack flexion-relaxation during

- Dicen, Fl H 2017; Lai
bending, have reduced range of movement and move slowly " Picen. Flor. and Hodges 2017; Laird

et al. 2014; Geisser et al. 2004, McGorry and Lin 20]2) These altel‘ed behaVlOural responses tO bendlng

and lifting are likely to be influenced by levels of pain-related fear (odges and Smeets 2015;

McGorry and Lin 2012; Sullivan et al. 2009; Geisser et al. 2004)

Regrettably, the message that bending and lifting is dangerous and straight-back posture

is important to protect the back has been widely-disseminated in society M'mgangaiah et al

2016; Stevens et al. 2016; Darlow, Perry, Mathieson, et al. 2014; Pagare et al. 2015; Briggs et al. 2010; Gross et al. 2006) Not

surprisingly, people with LBP commonly avoid bending and lifting and report high
expectation of pain and harm prior to performing these tasks (T France. and Thomas 2008; Crombez

1.2002 . . - q-
etal 2002) Nonetheless, the underlying motive for avoiding these tasks vary between people
(Bunzli, Smith, Schutze, et al. 2015)

Together this body of work supports that fear related to bending and lifting with a round-
back may be a common sense response to a task widely perceived in society as threatening
to the back B 12l 2010 'Thiq is likely to be an important consideration for the treatment
of people with persistent LBP and high pain-related fear as understanding beliefs

underlying fear may play a role in promoting behavioural change.
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2.2.5 What is known about people with persistent LBP and
high pain-related fear?

Over half of those presenting with persistent LBP in primary care show high levels of
pain-related fear S ¢! 2002 "Hioh Jevels of pain-related fear have been associated with
avoidance of physical activities <ok 2016: Linton and Shaw 2011) * Ay 0idance behaviour leads to

an inability or unwillingness to pursue valued activities, a reduction of positive

. . . . . . li 1. 2018; C b t al.
experiences, affective distress and eventually, social isolation (Y Vieteta - rombez eta

2012; Vlaeyen and Linton 2012; Vlaeyen, Crombez, and Linton 2016) People with persistent LBP and hlgher

: L : Kroska 2016; Sulli 1.2
levels of pain-related fear commonly report greater pain intensity (<"sk? 2016: Sullivanetal. 2009)

(Jensen et al. 2009) (Zale et al. 2013; Crombez et al. 1999) 1
, 1ess

greater pain duration , greater disability

| (Sullivan et al. 2009) (Thibault et al. 2008)

physica and social participation
(Martel, Thibault, and Sullivan 2010)

, prolonged work disability

: Martel, Thibault, and
, and more work absenteeism and unemployment M2l Thibault.an

Sullivan 2010: Braden ct al. 2008) )y ) neople with persistent LBP and lower levels of pain-related
fear. This highlights the social and health economic burden attributed to this challenging

group of patients.

Although avoidance behaviour is common amongst people with high pain-related fear,
not all avoidance behaviour is driven by the same motive. A recent qualitative study
revealed that not all participants with persistent LBP and high pain-related fear believe
that movement is harmful. Some avoid physical activity because they believe it may cause
more pain, suffering and/or functional loss, using avoidance as a strategy to control the
intensity and functional impact of pain (v Smith. Schutze, etal. 2013) ‘Njooative LBP beliefs
and pain-related fear are more predictive of disability than pain intensity levels ®reesetak
2019 Negative beliefs influence a person’s perception about certain physical activities.
This is demonstrated in experimental studies which reported that people with persistent
LBP and high pain-related fear attributed higher threat value to pictures of common daily
activities (e.g. bending, lifting) than healthy controls (-eeW- Peters. et al. 2007: Kronshage, Kroener-
Herwig, and Pfingsten 200D) 1y yreparation to performing a reaching task, people with persistent
LBP and high pain-related fear reported higher levels of pain and harm expectancies, than
people with persistent LBP and low pain-related fear (TSt France. and Thomas 2009)
Furthermore, in anticipation to the performance of a task deemed harmful, and which they
were led to believe they had to perform, participants with persistent LBP and high pain-
related fear presented increased sympathetic response (indexed by increased skin

1 i ki 1. 201
conductance levels and heart rate) (Glombiewskietal. 2013)
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It 1s suggested that complex interactions exist between pain-related fear and pain
sensitivity profiles that may explain individual differences in behaviour (9% ¢ 2915 pain-

related fear beliefs are thought to influence sensory input, with negative beliefs being

associated with the development of an exaggerated pain perception (¥'aeyen and Linton 2000)

An experimental movement model showed that pain-related fear mediated differences in

perceived pain intensity in anticipation to and during hand movement (Mevlders and Viaeyen

2012) There is however, little research in sensory changes in people with persistent LBP,

specifically when comparing people with high and low pain-related fear (voscher etal- 2013)

Prolonged stress and fear have been associated with impaired endogenous pain

(Elsenbruch and Wolf 2015; Neugebauer et al. 2009)

modulation system , which might be potentially

related to changes to the hypothalamic-pituitary-adrenal axis function (¢2mpbell and Edwards
299 This may facilitate sensitization and pain response during the performance of
threatening tasks. For instance, Sullivan et al (2009) demonstrated that people with
persistent LBP and high levels of fear of movement had greater summation of pain in a
repeated lifting task S ¢ 2209 Rabey et al (2016) showed that people with high
psychological distress had lower pain pressure threshold and greater summation of pain
with repeated movement, than people with lower psychological distress R*eY ¢t al- 2016
People who are sensitized may also learn associations between movement and pain
(Meulders and Vlacyen 2012; Moseley and Vlaeyen 2015; Zusman 2008) o bi b could influence their behavioural
response towards avoidance as a form of pain control. The results of these studies suggest
possible neurophysiological mechanisms (peripheral and central), which can influence

individual behavioural responses in people with persistent LBP (Nis ¢t al- 2017: Sullivan et al. 2009;
Wand et al. 2011)

It has been recently demonstrated that fear of pain changes motor behaviour *sta-2017),

People with persistent LBP exhibit different movement patterns " Pieen et al. 2018: O'Sullivan

2095 and demonstrate increased trunk muscle co-activation and an inability to relax the

back muscles (Dankaerts et al. 2009; Geisser et al. 2004)

Higher levels of back muscle
electromyography correlate with a range of psychosocial factors, such as pain-related
anxiety, catastrophizing and pain self-efficacy ' ¢ 2 2912 gpecifically, people with
persistent LBP reporting high pain-related fear exhibit higher levels of trunk stiffness
(Karayannis et al. 2013) *roquced lumbar flexion range of motion, greater back muscle activity
and reduced flexion-relaxation response (95 <t #- 2999 1 an arm lifting paradigm, back

pain patients with catastrophic interpretations of pain and injury, did not restore normal
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back muscle activity even after the experimental pain stimulus was withdrawn Mosey and

Hodges 2006)

(Main et al. 2012)

Together these studies provide insight to the complexity and heterogeneity

of the drivers of pain-related fear response in this group of people Bl Smith. Schutze. et al.
219 highlighting the importance of developing assessments and interventions that are

tailored to the individual’s needs.

2.2.6 Pain-related fear assessment

Given the role of cognitions and appraisals in persistence of LBP, the assessment of
people’s beliefs and emotional attitudes towards activities perceived as threatening or
dangerous to the body (e.g. bending and lifting) is relevant. Beliefs and attitudes can be

assessed via explicit and implicit measures.

2.2.6.1 Explicit measures

Studies assessing beliefs of people with and without pain typically employed explicit
measures (eg self—reported questionnaires) (Bunzli, Smith, Schutze, et al. 2015; Leeuw, Goossens, et al. 2007).
Several questionnaires have been used to assess slightly different constructs of the fear-
avoidance model in people with persistent LBP, including: fear of movement/re-injury,

pain-related fear beliefs, pain-related anxiety and pain catastrophizing (F¢°ree ¢t#! 2009,

The Tampa Scale of Kinesiophobia-TSK (°r- Miller. and Todd 1990)

is widely-used to assess
fear of movement/re-injury B Smith, Watkins, et al. 2013) “goqre5 range from 17 to 68, with
higher scores indicating higher levels of fear of movement, and a cut-off of 40 typically
used to define a high degree of pain-related fear V2" €t2-2012) " A change of 8 points is
suggested as a minimal clinically important change (MCIC) -ndbere etal 200D pyegnite jts
wide use, there have been questions as to what construct(s) the TSK actually measures
(bundberg et al. 2011) "Therefore, Bunzli et al (2015) performed a mixed methods study aimed
to identify the beliefs that underlie high scores on the TSK to better understand what

COHStI'UCt(S) the TSK measures (Bunzli, Smith, Watkins, et al. 2015)

. The study described how
individuals scoring highly on the TSK (= 40/68) interpret the persistent LBP experience
and its consequences in qualitative one-on-one interviews. Results from that study
identified 2 distinct beliefs: (1) The belief that painful activity will result in damage to

their spine (‘damage beliefs’); and (2) The belief that painful activity will increase
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suffering and/or functional loss (‘suffering and/or functional loss’); with some people
presenting mixed beliefs. Bunzli et al (2015) proposes that rather than a measure of “fear
of movement/(re)injury,” the TSK is better described as a measure of pain-related fear
beliefs. Specifically, a measure of the “beliefs that painful activity will result in damage

: : : Bunzli, Smith, Watkins, et al. 2015
and/or increased suffering and/or functional loss™ B Smith. Watkins. etal: 2015) 14 a5 aroued

that this possibly relates to the differential discriminatory ability of the subscales ®*"*
Smith, Watkins, et al. 2015) ‘ywhjle the somatic focus subscale was able to discriminate the two
belief groups, participants of both belief groups would endorse similar items because of
ambiguous wording of the activity avoidance subscale. Meaning that items containing the
word ‘injure’, could be interpreted as synonymous of ‘damage’ by the damage beliefs
group, whereas the suffering/functional loss belief group could interpret the word ‘injure’

s B li ith ki 1. 201
as synonymous of ‘pain increase’ (B! Smith. Watkins, etal. 2015)

Pain-related anxiety can be assessed with the Pain Anxiety Symptoms Scale-PASS-20
(MeCracken and Dhingra 2002) T pPASS-20 is used to assess cognitive anxiety symptoms, escape
and avoidance responses, fearful appraisals of pain and physiological anxiety symptoms
associated with pain. The participant makes a frequency rating for each item (where 0 =
never and 5 = always). The PASS-20 has acceptable psychometric properties Mecrackenand
Dhingra 2002) Q¢ ores range from zero to 100, with higher scores indicating higher levels of

pain-anxiety

1li Bish Pivik 1 .
PCS (Sullivan, Bishop, and Pivik 1995) is used to assess

The Pain Catastrophizing Scale —
catastrophic thinking. The PCS consists of 13 statements that are rated on 0 to 4 Likert
scales to indicate the degree of a person’s thoughts or feelings about a painful experience.
This scale has a three-factor structure providing scores on subscales of rumination,
magnification and helplessness. The PCS has good psychometric properties, with scores
ranging from zero to 52, and scores over 20 are typically used as a cut-off to define a high
degree of catastrophizing S*!iven- Bishop. and Pk 1995) "o chanee of 9 points considered as the

.o lenci B iuk 201
minimal detectable change (MDC) (Georee: Valencia. and Beneciuk 2010)

A limitation of these questionnaires is that they do not provide information about which
specific movements and activities the patient fears or avoids. For that purpose, sets of
photographs were designed, each showing a person performing a specific movement or
activity of daily living (Fee"W- Goossens. etal- 2007 “The photographs of Daily Activities tool
(PHODA) is a valid and reliable measure of the perceived harmfulness of activities in

people with persistent LBP (Leev™: Goossens. etal. 2007 ‘tnterestingly, the PHODA does not ask
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directly about fear. Rather, it assesses perceived harmfulness as an indication of the belief
that an activity may cause harm or damage. However, based on the recent findings of
Bunzli et al (2015) some people with high pain-related fear may believe that physical
activity may not cause damage, but rather an increase in pain and incapacity to do the

(Bunzli,

things they love Smith, Watkins, etal. 2019) 'Thigs may be a limiting factor of this measure.

An adapted version of the PHODA is the Fear of Daily Activities Questionnaire
(FDAQ) (Ceoreeetal-2009) The FDAQ outlines 10 activities commonly reported as feared by
people with LBP (e.g. reaching to the floor, lifting 20 pounds or more). It also asks the
participant to nominate two additional activities that they fear that are not listed. The
person rates each item using an 11-item NRS scale (where 0 = no fear and 10 = maximal
fear). This questionnaire is practical for clinicians as it less time consuming than the
PHODA. The FDAQ has adequate internal consistency (Cronbach alpha=.91), adequate
48-hour test-retest properties (intraclass correlation coefficient= .90). A change of 12.9

points is considered the MDC (Georee et al- 2009)

2.2.6.2 Implicit measures

Current assessment of perceived danger to the body relies solely on explicit, or self-report,

measures (Leeuw, Goossens, et al. 2007; McCracken and Dhingra 2002; Kori, Miller, and Todd 1990). Self-reported

measures, however maybe susceptible to self-presentational strategies. That is, people

may be motivated to control their response to enhance social desirability (G2¥rorski and

Bodenhausen 2006; Greenwald and Banaji 1993) "R osearch in the field of social psychology has shown
that people might either be reluctant to report their evaluations, or the evaluations may

reside outside conscious awareness or control (Buhlmann, Teachman, and Kathmann 2011; Greenwald and

Banaji 1995) " Therefore, self-reported measures may assess beliefs that are deliberately

formed upon reflection and that require a certain amount of conscious reflection and

. . Fazi Ison 2003; VI 1. 2001
1ntrospect10n( azio and Olson 2003; Vlaeyen et al. 200 ).

In order to overcome such limitations, implicit measures have been suggested as an
g 1. 2 < . . .

additional tool (@euPert et 2l 2009 Iplicit measures assess beliefs based on ‘automatic’

associations in memory (e.g. bending posture and danger). These associations can be

assessed via computer-based reaction-time tasks, which are designed to reduce the

person’s ability to control their response, minimizing effects of social desirability (G2

and Bodenhausen 2006; Greenwald, McGhee, and Schwartz 1998) The 1mp1101t association test (IAT) (Greenwald,

McGhee, and Schwartz 1998) k (Fazio & Olson 2003)

and the affective priming tas are frequently used

paradigms to measure implicit associations (Grmm ¢t al- 2008 Goubert et al. 2003) "y [ypicit
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Association Test (IAT) measures differential associations of two target categories by

. . . . . . . 1d, McGh
comparing reaction times of two different combined classification tasks (Greenvald: McGhee.

and Schwartz 1998) * The Implicit Association Test (IAT), is a well-validated and extensively
used measure, which requires the person to associate words or images as quickly and as
accurately as possible (Harvard 2011: Greenwald, Nosek, and Banaji 2003) o gpeed with which the
person performs the task reflects the strength of the associations, and can indicate the
degree of implicit bias (Nsek- Hawkins. and Frazier 201D) "1y ) Affective Priming Task (APT) a
series of positive or negative target stimuli (words) is presented, which have to be
evaluated by the participant as quickly as possible as either “positive” or “negative”. Each
target is preceded by a prime stimulus (picture), which can be positive or negative, and
which has to be ignored by the participant. The time to evaluate the target stimuli is

moderated by the valence of the primes 242! 1986),

Previous explorations that investigated people with and without persistent LBP and high
fear of movement have not found evidence of implicit association between a wide range
of back-related movements and danger for the back ("™ Peters. et al. 2007; Goubert et al. 2003)
Goubert et al (2003) investigated people with persistent LBP and high fear of movement
in comparison to pain-free people (@bt < al- 2003 The authors found that only the pain-
free group displayed an implicit bias towards a range of back-stressing movement pictures
(e.g. driving, hanging a coat, carrying, digging, jumping, running) and negative words
(e.g. war, AIDS). Leeuw et al (2007) also assessed people with and without persistent
LBP, and did not find an implicit association between words representing back-stressing
movements (e.g. falling, bending, pushing, lifting, running) and threat-related words (e.g.
fatal, warning, terrible, dangerous, horrible) in either group (-e™- Peters. etal- 2000 © 5 goy
element of pain-related fear assessment is to identify the specific activity the person is
fearful of. Thus, an aspect which may have played a role in the results of these studies
was the use of a wide range of stimuli. In other words, the use of several words and images

that are not representative of a specific and personal threat may have been a limiting factor

in these studies.

Most studies investigating both explicit and implicit measures report no, or only moderate
relationships between these measures (Fazio and Olson 2003; Greenwald, McGhee, and Schwartz 1998) This
is not surprising when considered in light of the limitations described above. A meta-
analysis of correlations between explicit measures and the IAT across 126 studies in the
field of social psychology suggested that the association between these measures is

influenced by the conceptual correspondence of the constructs being assessed Hofmam etal
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2099 Therefore, implicit measures are suggested to be conceived as valuable additional

tools and not as a replacement to explicit measures (- Peters: et al. 2007: De Houwer and Beckers

2002)

2.2.6.3 Physiological threat-response

Fear is an aversive emotional state elicited by threatening cues that activate a person’s
defence system. In people with specific phobias (e.g. spider phobia) this defence system
seems to be over reactive, as it is easily activated even by symbolic representations of
their feared objects (e.g. picture of a spider) Ve 2209 Thig phobic defensive response
can be detected by physiological measures such as the eye-blink startle reflex and skin
conductance, which are used to assess physiological responses to threatening stimuli in a

picture-viewing paradigm (Bradiey and Lang 2007)

The eye blink startle reflex is an involuntary protective response originating in the
brainstem following presentation of a sudden and intense stimulus (“*eton et @l 2000) ¢
consists of the activation of the orbicularis oculi muscle surrounding the eye in response
to a startling stimulus (e.g. sudden noise burst via headphones) (Ceunen ¢ @l 2014: Lang, Bradley.
and Cuthbert 1990) Thjg response is modulated by the affective valence the person attributes to
the picture stimulus, that is, the response is potentiated by a negative emotional state or
inhibited by a positive emotional state relative to a neutral state ¢ =& Davis. and Ohman 2000:
Lang, Bradley, and Cuthbert 1999) © A ffoctive modulation of the eye-blink startle reflex is a well-

established physiological measure of emotion (Bradley and Lang 2007; Lang, Davis, and Ohman 2000; Lang,

Bradley, and Cuthbert 1999) ‘ywhjle the eye-blink startle indicates whether a stimulus is pleasant
or unpleasant, skin conductance levels reflect emotional arousal independent of stimulus
p p

valence (Lang Bradley, and Cuthbert 1990)

Autonomic arousal, can be measured by skin
conductance levels and heart rate changes in the presence of threatening stimulus
(Glombiewski et al. 2013) “ywhen presented with highly fearful stimuli, individuals prepare for
action by arousal of the autonomic nervous system, displaying enhanced skin
conductance responses (SCR) and heart rate acceleration (V% D¢ Cock. ctal. 2012; Bradiey and Lang
2099 Only two studies have used these methodologies to investigate physiological threat-
responses in people with persistent LBP (Glombiewski etal. 2015; Kronshage, Kroener-Herwig, and Pfingsten

299D These studies reported conflicting results.

Kronshage et al (2001) questioned the conceptualization of fear of movement as a phobia.
They hypothesised that if participants with persistent LBP are in fact phobic of certain

movements, they would show an enhancement of the startle response when confronted
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with pictures of back-stressing movements (e.g. bending, rotation) in comparison to
pleasant movement pictures (e.g. lying in supine) (ronshage. Kroener-Herwig, and Pfingsten 2001)
Furthermore, this effect would be larger in participants scoring high on a fear-avoidance
beliefs questionnaire. However, participants with persistent LBP and high or low fear
beliefs did not show the predicted startle potentiation while viewing pictures of back-
stressing movements. The fear beliefs questionnaire used to classify participants as high
or low fear was not specific to a task relevant to the person. The questionnaire includes
statements such as “Physical activity makes my pain worse” and “Physical activity might
harm my back”, but it does not specify what type of physical activity. Possibly, selecting
the sample a priori based on a specific task to which people have different fear

perceptions, with some being fearful and others reporting no fear of the task might yield

different results.

In contrast, Glombiewski et al (2015) investigated whether participants with persistent
LBP and high and low pain-related fear showed distinct physiological reaction patterns
when led to believe they actually had to perform a back-stressing movement (G/omPiewskiet
42019 Two response patterns were identified: 1) attention reaction (non-phobic response)
characterized by moderate increase in skin conductance and muscle reactivity, and
decrease in heart rate; and 2) a fear reaction (phobic response) characterized by high
increase in skin conductance, heart rate and muscle activity. Self-reported measures of
pain-related fear did not discriminate between the ‘non-phobic’ and ‘phobic’ participants.
These results suggest that pain-related fear may be conceptualized as a phobia for some,

but not for all individuals with persistent LBP and high pain-related fear, and that explicit

measures may not differentiate between these two groups.

Overall, studies investigating implicit evaluations or physiological threat-responses to
pictures of back-threatening movements in people with persistent LBP and pain-related
fear have found mixed results. A key element of pain-related fear assessment is to identify
the specific activity the person is fearful of. Therefore, threat-specificity is critical for
evaluating perceived danger to the body and/or to a person’s valued goals. These studies
may have been limited by a non-specific sample, selected based on a generic pain-related
fear beliefs questionnaire, and by not using task-specific or personally-threatening
stimuli. These limitations add to the challenges posed about the role of ‘fear’ and its

relationship with pain in the fear-avoidance model.
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2.2.6.4 Key Points

What is known and not known about pain-related fear?

» Pain and protective behaviour are dependent on implicit evaluations of danger to the

60

body. Thus far, studies investigating implicit evaluation have been limited by: (i)
selecting a non-specific sample based on a generic fear beliefs questionnaire; (ii) not
using task-specific or personally-threatening stimuli; and (iii) using only one of either
implicit or physiological measures, providing a narrow perspective on the assessment of

pain-related fear in people with persistent LBP.

Although, (1) threat-specificity is critical for evaluating perceived danger to the body,
and (i1) bending and lifting with a round-back are one of the most feared tasks for people
with and without LBP; it is not known how people with persistent LBP and fear of
bending with a round-back evaluate danger at an implicit and physiological level. A
study investigating both implicit and physiological evaluations of danger in people with
persistent LBP selected based on fear of bending with a round-back would provide a
broader understanding of the role of ‘fear’ and its relationship with pain in the fear-

avoildance model.

Pain-related fear affects multiple interacting factors that shape a person’s pain
experience. Nonetheless, how the multiple factors that influence a person’s experience

change over time has not been quantitatively evaluated.

Pain-related fear is one of the strongest modifiable predictors of disability in people with

LBP, however the pathway to recovery is not well-understood.



2.3 SECTION 3: Interventions and process of change

2.3.1 Current interventions for people with persistent LBP
and (high) pain-related fear

Results from clinical trials of physical, psychological, social or combined interventions
for people with persistent LBP have indicated at best moderate improvements in

outcomes when compared with minimal or no treatment, and with effects that are often

. . Buchbi 1.2018; F 1. 2018; O'Keeffe et al. 2016; K t
not maintained at long-term follow up( uchbinder et al. 2018; Foster et al. 2018; eeffe eta amper €

al. 2015; Artus etal. 2010) “gecifically, a recent systematic review reported no differences in the
reduction of disability and pain between these interventions (0% ¢t 2016 "Eailyre to
target appropriate risk profiles that may be more likely to benefit from a particular

intervention, and the lack of tailoring the treatment to the individual’s needs have been

. e . . 'Keeff 1. 2016; Willi
proposed as potential limiting factors for current interventions (©*ceffe et al. 2016: Williams,

Eccleston, and Morley 2012; Main and George 2011)

Pain-related fear has been identified as a key mediator to disability et Rasmussen-Barr, Weiser,

<tal- 2019 For people with (high) pain-related fear, behavioural interventions are considered

: 1.2010; Bail 1. 201 . : . .
optima] (den Hollander etal. 2010: Bailey etal. 2010) Bohayioural interventions have a well-established

(Butler 2017; Main et al. 2014)

history since the original work of Fordyce (1976) , Who was a pioneer

in the use of behavioural theory for the treatment of chronic pain. Fordyce described a

program for the extinction of unhelpful pain behaviours (®Buler 2017 Viaeyen 2019 - e of

Fordyce’s famous sayings was that patients with persistent pain often display

ss (Butler 2017)

“superstitious over-guarding , meaning that people would protect themselves

from a potential catastrophic consequence. Fordyce proposed that “a person cannot

. . . . . Butler 201
manifest two incompatible behaviours at the same time” 12917

, S0 his program would
focus on ‘normalizing’ these behaviours with the goal to increase functional healthy

behaviours.

. . . . . . . H hk 1.2010: V1
Behavioural interventions for pain do not aim to treat pain directly (enschke et al. 2010: Viaeyen

et al 1999 Instead, their aim is to modify unhelpful behaviours and their underlying

iy . $1: Mai 1. 2014; V1 t al. 2012; H hke et al.
cognitive processes, and thereby reduce disability ™™ ¢? acyen eta enselice eta

2019 Behavioural interventions often include a cognitive component aimed at educating
. . . . illi Eccl Morley 2012; Keefe 1982
the patient about the biopsychosocial nature of pain (V!!iams. Eccleston, and Morley cefe 1982)

and the interventions can be generally distinguished as operant and respondent treatment
(Henschke et al. 2010)
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2.3.1.1 Operant treatment

The most prominent and applied operant treatment is Graded Activity $*4*2%2 Graded
activity aims to build a person’s activity tolerance, and does not focus on pain reduction.
Instead, time-contingent quotas are used to encourage activity engagement despite pain.
Although this may include activities the person is fearful of and/or avoidant, Graded
activity does not explicitly target the person’s feared activity M¢cd<ta- 2019 [netead, GA’s
progression is based on meeting the activity quotas @' 22019 pacing and positive
reinforcement by the achievement of each quota are key features of Graded activity ™%

etal 2010 'por people with persistent LBP, systematic reviews reported that graded activity

i1s more effective at reducing disability than minimal or no treatment in the short-term

(Lopez-de-Uralde-Villanueva et al. 2016; Macedo et al. 2010) (Macedo et al 2010)

, intermediate term and long term

L -de- I1de-Vill 1. 201 . .
(Lopez-de-Uralde-Villanueva et al. 2016) -ty wever, when compared with other forms of exercise,

graded activity was not more effective at any timepoints (-0Pez-de-Uralde-Villanueva ctal. 2016; Macedo

et al. 2010)

2.3.1.2 Respondent treatment

Graded Exposure in vivo is a treatment approach that was developed by Vlaeyen et al
(2001) as an evolution of Fordyce’s behavioural program """ 2°'? to a specific group of
patients with pain-related fear V2¥er €2 200D Graded exposure is grounded on the fear-
avoidance model of chronic pain described by Vlaeyen & Linton (2000), which postulates
that fear and avoidance of movement contributes to the maintenance of pain via
mechanisms of classical conditioning (V'2eyen and Linton 2000) " iyifferent to graded activity,
Graded exposure specifically targets pain-related fear by repeatedly exposing the person
to their feared/avoided activity, while challenging unhelpful cognitions, disconfirming
threat expectations (performance of task without the occurrence of the feared outcome).
The use of behavioural experiments during exposure provide an experience in which
learned associations between threatening tasks and increased pain or harm may be

d (Vlaeyen, Morley,

201 . . .
correcte and Crombez 2016) This process follows a hierarchical order based on

the person’s perceived harmfulness for each task, starting from the least and progressing

to the most feared task, and each task is performed until fear reduces (V'een ¢tal- 2012; George

et al. 2010)
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Because fear reduction is at the heart of this intervention, there is a widely held notion
that graded exposure is the treatment of choice for people with persistent pain and pain-
related fear (Vlaeyen et al. 2012; den Hollander et al. 2010; Lohnberg 2007) Early single-case experimental
design studies (SCEDs) reported promising results. SCEDs demonstrated that graded
exposure was effective in reducing pain-related fear (measured as fear of movement,

perceived harmfulness of activity, or pain catastrophizing), and disability in individuals

with persistent LBP and hlgh pain-related fear (de Jong et al. 2005; Boersma et al. 2004; Vlaeyen, De Jong,

Onghena, et al. 2002; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001) Some of these SCEDs also claimed

. s 1 il 1. 2002;
that graded exposure was more effective than graded activity ( V'2eyen- e fong. Geilen. etal. 2002:

de Jong ct al. 2005; Viaeyen et al. 2001) " CEDg however, are limited in determining treatment
. . . . iqs Borck 1.2
effectiveness, and their results have restricted generalizability Bore<dtetal-2009) Therefore,

larger randomized controlled trials (RCTs) were conducted to investigate the comparative

. L. A 2
effectiveness of graded exposure to a wait list control group (W°0ds and Asmundson 2008) ¢,

(Leeuw et al. 2008) 1 (Linton et al. 2008)

graded activity and to treatment as usua These studies

reported that although graded exposure was more effective than any of the control
(Leeuw et al. 2008; Woods and Asmundson 2008; Linton et al. 2008)

2

conditions at reducing pain-related fear
only one study reported reduction in disability ™" € - 29%) Therefore, results from
RCTs have not been as positive as those from earlier single-case studies. Furthermore,
while all RCTs (Leeuw et al. 2008; Woods and Asmundson 2008; Linton et al. 2008) included participants with
pain-related fear, only two RCTs intentionally targeted people with high pain-related fear
selected by higher cut-offs of measures of fear (Voods and Asmundson 2008; Linton ctal. 2008) 'y o614y
et al (2008) performed a subgroup analysis of participants with higher pain-related fear,

reporting that the effects of graded exposure were not superior in this group e ¢t#} 2008)

The mixed results presented here suggest that graded exposure does not work for every
patient, and that the overall treatment effect is only moderate, indicating the need for
improvement of this treatment for people with persistent LBP (Vaeyen- Merley. and Crombez 2016:
Viaeyen and Linton 2012; Viaeyen etal. 2012) gy rthermore, considering the nature of graded exposure
as an intervention to reduce fear and disability, the mixed results between trials and earlier
single-case studies raise the question as to how effective graded exposure is for people

with persistent LBP and Aigh pain-related fear.
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2.3.1.3 Hybrid treatments

In light of the mixed results reported for graded exposure, and its foundation on the strong
theoretical framework of the fear-avoidance model, hybrid treatments have been
proposed to augment existing behavioural interventions for people with higher levels of

pain-related fear.

2.3.1.3.1 Contextual Cognitive Behavioural Therapy

Contextual Cognitive Behavioural Therapy (Contextual-CBT) was proposed as a hybrid
treatment for people with high pain-related fear, including principles of graded exposure
and Acceptance and Commitment Therapy "¢ €21 2013 A cceptance and Commitment
Therapy is based on concepts of mindfulness, acceptance and values-based action and is
thought to have the potential to reduce pain-related fear through a process called
psychological flexibility (VoWles: Sowden, and Ashworth 2014; MeCracken, Vowles, and Becleston 2005) Ty
process involves moving attention away from pain and its consequences towards valued
life goals (Yowles: Sowden, and Ashworth 2014; Vowles, McCracken, and Eecleston 2007) (3o t11a]-CBT thus
aim to increase psychological flexibility and pain acceptance to improve function. Similar

to other behavioural interventions contextual-CBT is not focused on pain reduction ™"

etal. 2013)

Contextual-CBT for people with persistent LBP and high pain-related fear was tested in
a feasibility trial against physiotherapy treatment " ¢ #2019 phygjotherapy involved
‘back to fitness’ group sessions with at least 60 % of exercise-based content, and up to 3
individual sessions (if required) " ¢ 2 2013 participants included in this study were
considered as ‘fear-avoidant’, reporting scores > 38/68 on the TSK (acceptable cut-off

) (Wertli, Rasmussen-Barr, Weiser, et al. 2014)

for high pain-related fear , and completing at least a single-

item on the psychological subset of the STartBack Tool as entry requirements " 2
2013 Results of the trial suggest that there was greater improvement in acceptance in the
contextual-CBT group from baseline to 6-months post treatment, than in the
physiotherapy group. However, there was no difference in reduction of disability,
comparing mean scores at baseline, three and six months post the interventions ¢ ¢t
219 When comparing mean differences between baseline to 6-months, there were greater
changes for disability and pain in the contextual-CBT group than in the physiotherapy

group. Considering this was a feasibility trial, inferential testing was not possible.
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Therefore, the authors suggest the results are promising, but they should be cautiously

. Pi 1. 201
1nterpreted( incus et al. 20 5).

2.3.1.3.2 Emotion-focused exposure

It has been proposed that movement may not be the only stimulus that is feared by people

with persistent pain (“nton and Fruzzetti 2004) “yhor factors such as emotional states ™Y ¢tk

299%) and pain itself P Pereretal 201D have been proposed as possible triggers for avoidance
behaviour (Hnton and Fruzzetti 2014 “ Cortain emotions may generate unhelpful responses and
patients may learn to avoid personally-relevant emotional stimuli Sz ¢t al. 2017: Flink,
Boersma, and Linton 2013) " nyeveloping skills to regulate emotional responses may empower
patients to engage in their valued goals, potentially enhancing generalisation of treatment
effects (Linton and Fruzzetti 2019) “nyjalectical Behaviour Therapy is an approach that aims to
develop emotion regulation skills to achieve personal goals “™*"2*'9 Therefore, a hybrid
treatment combining an emotion-regulation approach informed by Dialectical Behaviour
Therapy with a traditional exposure in vivo program was proposed and tested in a SCED
(Linton and Fruzzeti 2014) - qix neople with persistent LBP and high levels of catastrophizing
(PCS > 24/52) were included in the study. The results suggest that the hybrid emotion-
focused exposure treatment improved disability and pain catastrophizing for all
participants, and pain-related fear and pain intensity for most, with effects sustained up
to 5-months post treatment ("o 2 Fruzzett 2019) “yyhile the results are promising, the
authors indicate the limitations of a single-case design, and the need for further testing of

this hybrld intervention (Linton and Fruzzetti 2014)

2.3.1.3.3 Psychologically-informed physiotherapy practice

In order to improve the ability to manage patients with persistent LBP and higher levels
of distress and pain-related fear, physiotherapists were trained on how to integrate
cognitive behavioural skills to their traditional physiotherapy knowledge (Georee 20172 Main
et al. 2012; Main and George 2011) "o gnnroach, called psychologically-informed physiotherapy
practice, was tested on a large RCT M<3- 20D "Jging a prognostic screening tool (STarT
Back), Hill et al (2011) compared this targeted approach to non-stratified best care,
showing overall greater reductions in disability for patients with persistent LBP receiving

care targeted to risk strata, as assessed by the screening tool (Hill etal. 201D "However, for
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patients classified as high-risk, who were characterised by increased levels of
psychological distress (including those with high pain-related fear), the effects were not
sustained at longer term of 12 months (Hilletal. 2010 "The quthors suggest that CBT-trained
physiotherapists do not target psychological factors as effectively as the traditional CBT
treatment delivered by psychologists Mansell: Hill. Main, Vowles, et al. 2016) 11y ontragt, a recent
systematic review indicates that psychological interventions delivered by
physiotherapists improve pain and disability in people with musculoskeletal pain
conditions (Guerrere Sitva et al: 2018) ‘The integration of psychological skills to physiotherapy

. . . .. Keefe. Mai
practice bears merit, and presents a challenging and promising pathway (<efe- Main. and George

2018; Guerrero Silva et al. 2018; O'Sullivan et al. 2018; George 2017a, 2017b; Main and George 2011)

2.3.2 Proposed limitations of current treatment approaches
for persistent LBP and high pain-related fear

There is compelling evidence that pain is influenced by multiple interacting factors across
the biopsychosocial spectrum, making it an individual experience (R@°eY ¢t al- 2017a: Gatehel etal.
2007 " A possible limiting factor and potential reason for the modest effects of current
interventions relates to the uni-dimensional nature of current approaches Ry @l 20172
O'Sullivan et al. 2014; Gatehel et al. 200) N 1any approaches fail to consider the numerous interacting
factors known to be associated with persistent LBP such as: person’s motivation and
goals, pain sensitivity profiles, safety-seeking behaviours during feared movements and
activities (i.e. how a person performs a task) and unhelpful lifestyle behaviours. Another
potential limitation relates to the lack of individualised management (Seragiotte. Maher, Hancock,
t al. 2017; Foster et al. 2013) " ths failing to address the complex interplay of factors at an
individual level. Finally, not targeting pain as a modifiable experience may also be a

limiting factor.

Advancements of the fear-avoidance model suggest that the extent to which avoidance
behaviour impacts on disability is related to the individual’s underlying motives for such

(Crombez et al. 2012)

behaviour and the motives vary according to the individual’s beliefs,

emotions and the values attributed to their goals (V'deman et al- 2013: Viaeyen and Linton 2012 Crombez
etal 2012 “Wwhile some individuals may avoid lifting because they believe it may cause
damage to their spine, others may avoid lifting because it does hurt and the more they do
it, the more it hurts, (B Smith. Schutze. etal. 2019 Thege findings highlight the motivational

heterogeneity of patients with high pain-related fear. This has implications for fear
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reduction interventions in terms of the need for different strategies used for exposure
training (Bunzli, Smith, Schutze, et al. 2015; Wideman et al. 2013; Crombez et al. 2012)' For instance, for patients
who avoid lifting because they fear damage, exposure may be effective to disconfirm their
catastrophic expectations; whereas those who avoid lifting because they fear and/or
experience an increase in pain may need to modify their movement behaviour to gain

(Bunzli, Smith, Schutze, et al. 2015)

control over pain before and/or during exposure otherwise, their

expectations may not be disconfirmed.

A possible reason for the limitation of exposure-based interventions in this group may
relate to the fact that people with persistent LBP demonstrate variable pain responses to
repeated movement &% - 2017°) That is, while for some a pain response may be
momentarily provoked and relieved by specific spinal movements, for others pain may
be amplified or escalated with repeated movement (R20¢Y ¢tal- 2017b: Rabey, Beales, ctal. 2015; O'Sullivan
etal: 2019 Rabey et al (2017) assessed 300 people with persistent LBP and demonstrated
that people’s pain response to movement is varied, with many (50%) reporting pain
exacerbation with repeated spinal movement, and few (10%) reporting pain relief ®**< ¢
al 20170) "1 a study involving people with high fear of movement, repeated lifting was
associated with an escalation of pain intensity during the task (temporal summation)
(Sullivan etal. 2009 ‘Thyg, repetitive exposure to a threatening task that may lead to escalation
of pain could potentially lead to increased perception of threat related to the movement
and an unsuccessful outcome, of non-response or even dropping out of treatment.
Similarly, interventions that use a time quota to promote activity engagement despite pain

may also lead to pain escalation potentially hindering their effectiveness.

How a person performs a task is also an important consideration. During performance of
daily tasks such as sitting, bending and lifting, people with persistent LBP often present
with protective behaviours such as excessive muscle guarding and altered movement
patterns (Pankaers etal- 2009 gecifically, those with high pain-related fear present greater
trunk stiffness, reducing their ability to bend forward in a relaxed manner (¥@annis et al
2013: Geisseretal. 2009) B jnstance, when faced with a lifting task a person may breathe-hold
and brace their trunk muscles to avoid lumbar spine flexion while performing the task
because they are frightened that flexing the spine may cause pain or damage. It has been
suggested that these ‘overprotective’ safety-seeking behaviours may lead to increased
tissue loading and pain persistence, being often unhelpful and provocative (©*van 2005
Therefore, normalization of these behaviours could lead to reduction of pain during task

performance (O'Sullivan 2005)
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Pain intensity is positively associated with pain-related fear and avoidance behaviour
(Kroska 2016) " consideration of a person’s pain response to movement, and how they move
while performing a threatening task could provide opportunities for behavioural

modification and pain control ©3"" 2 2018 " Although symptom attenuation is an

P (Hush et al. 2009)

important construct of recovery for people with persistent LB ,painis not a

: . : i Mabher, T 1.
common target in the behavioural management of persistent LBP (S2ragiotto. Maher, Tracger, cta

2017 Behavioural interventions in particular, do not target pain directly (lensehke ctal. 2010)

This suggests that there is an underlying assumption that pain is not controllable or
modifiable. However, a review of 17 Cochrane systematic reviews, comparing the effect
of LBP treatments on pain and disability indicated that trials typically reported larger

effects on pain reduction than on disability (S#ragioto. Maher. Tracger. etal. 2017) ‘g qupnorts that

(Saragiotto, Maher, Traeger, et al. 2017)

pain is modifiable , and developing pain control is associated

with less future episodes of LBP (M- Foster and Buchbinder 2010) ‘¢ wwag recently supported
by a qualitative study, which reported that gaining control over pain was an important

step in the process of fear reduction for people with persistent LBP and high pain-related

fear (Bunzli, Smith, Schutze, et al. 2015; Bunzli et al. 2016)

Lifestyle factors such as chronic stress, inactivity and excessive activity levels, sedentary

behaviour, sleep impairment, poor diet, excessive alcohol and smoking can modulate pain

by acting both peripherally and centrally to sensitize spinal structures (G#che! ¢t al- 2007)

Identifying an individual’s perceived barriers to engaging in a healthy lifestyle with pain

control may facilitate achievement of personally-relevant goals. This may play a role in

generalization of effects to daily life, a common limitation with exposure therapy (Goubert,

Crombez, and Lysens 2005)

The above-mentioned limitations highlight how many current interventions may fail to

adequately target the complex and individual inter-relationships of factors in people with

persistent LBP and high pain-related fear. Considering the complexity Fnes et al- 2015: Main

etal. 2012) (Bunzli, Smith, Schutze, et al. 2015)

and heterogeneity of this group of patients, and the inter-

related multidimensional nature of factors affecting a person’s LBP experience,
individualised interventions that target multiple dimensions associated with the disorder

have been advocated (Keefe, Main, and George 2018; Rabey et al. 2017a; O'Sullivan et al. 2016; Foster et al. 2013;

O'Sullivan 2012; Gatchel et al. 2007; Main and George 2011)
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233 Cognitive Functional Therapy for people with
persistent LBP and high pain-related fear

In response to the limitations of current approaches for managing persistent LBP an
individualised multidimensional approach called Cognitive Functional Therapy (CFT)
was developed. Cognitive functional therapy is an integrated physiotherapy-led exposure-
based behavioural approach for individualising the management of people with persistent
LBP once serious (e.g. malignancy, infection, inflammatory disorder, and fracture) and
specific pathology (e.g. nerve root compression with progressive neurological deficit) has

been excluded (O'Sullivan et al. 2018)

Cognitive functional therapy was specifically developed as an approach for targeting
modifiable cognitive, emotional, physical and lifestyle behaviours considered unhelpful
and/or provocative of a person’s LBP experience. While evolving from an integration of
physiotherapy rehabilitation with foundational behavioural interventions (V'2eyen ¢t al. 2001
Keefe 1982; Fordyee 1976) | CRT differs from the other interventions, as it uses a multidimensional
clinical-reasoning framework to identify and target modifiable contributors to pain and

disability in a person-centred manner (©Sulivan et al 2018)

. This approach enables the
physiotherapist to take the person on an individual journey to effectively self-manage
their persistent LBP with a program that is tailored to their unique clinical presentation
and context. Cognitive functional therapy can be integrated with medical management
where pain levels dominate, and/or with psychological management where co-morbid

mental health disorders are a significant barrier to behavioural change (©S¢!van et al- 2018:

O'Sullivan et al. 2015)

The CFT intervention involves 3 key aspects, which can be briefly described as: (i)
Making sense of pain - a personally relevant multidimensional understanding of pain,
which occurs via experience, self-reflection and disconfirmation of previously held
unhelpful beliefs; (i1) Exposure with ‘control’ - exposure training directed to pain-
provocative, feared, and/or avoided personally relevant goals, during which pain control
is explicitly targeted by challenging negative cognitions and modifying how the person
physically performs the task (via body relaxation, body control, and discouraging safety-
seeking behaviours); and (ii1) Lifestyle change - individually designed plan addressing
unhelpful lifestyle factors such as sleep and activity levels (©SUvanetal 2018 1y cages of
people for whom pain is not controllable, reconceptualization of pain and its impact in

life is discussed within an acceptance framework, where the focus changes from
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controlling pain towards the engagement in meaningful activities despite pain. CFT is
described in more detail in Appendix 1) (©Sulvan etal 2018) ‘7o 3 a9pects described are
targeted in an integrated manner by the physiotherapist, rather than in separate stages by
different disciplines, as is common in multidisciplinary pain settings e etal- 2019 Tpe
intervention is underpinned by a strong therapeutic alliance and motivational interviewing

: . 'Keefft 1. 2015; Hall, Gibbi L 2012
style (open, nonjudgmental, reflective) (O*eeffe et al. 2013: Hall, Gibbie. and Lubman 2012)

, providing
validation (Mnton 2015 Edmond and Keefe 2015) "5 i3 haged on an increasing body of evidence
which demonstrates that harnessing a positive patient-therapist interaction that empowers
self-management has a positive effect on outcomes such as pain, disability and patient

satisfaction across many different health conditions, including persistent LBP (T2l

Manzoni et al. 2018; Testa and Rossettini 2016; Fuentes et al. 2014; Ferreira, Ferreira, et al. 2013; Hall et al. 2010)

The efficacy of CFT has been tested in a recent RCT (Vibe Fersum etal. 2013)

, which reported
that compared with a combined program of manual therapy and exercise CFT
demonstrated larger effect sizes for reductions in pain-related fear, pain intensity and
disability in people with persistent LBP and moderate disability (V¢ Fersum etal- 2013) 1y 5
recent case-series (05" €tal-2019) "\ CET hag also shown to be effective and long lasting
(one year), in a group of highly disabled people with persistent LBP waitlisted on a pain
clinic. CFT demonstrated large reductions in pain, disability, and fear of physical activity,
as well as development of positive back beliefs and self-efficacy enhancement @SV ¢t
42019 7o date however, this approach has not been specifically tested in people with
persistent LBP and high pain-related fear. Furthermore, the mediating factors

underpinning improvements observed in the CFT intervention are yet to be investigated.
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2.3.3.1 Key Points

What is known and not known about interventions for persistent LBP and high pain-

related fear?

>

It is not clear what intervention works best for people with persistent LBP and high
pain-related fear. Considering that there are not many studies specifically
investigating interventions for people with persistent LBP and high pain-related
fear, a systematic review study aimed to determine the current state of evidence
concerning the effectiveness of behavioural interventions in reducing disability,

pain and fear for this challenging group of patients would be valuable.

There is compelling evidence that pain is influenced by multiple interacting factors,

however, there are few interventions that are multidimensional in nature.

It has been suggested that unhelpful behaviours are modifiable, and that gaining
control over pain may offer an opportunity for targeted management in people with
persistent LBP. However, this has not been evaluated in people with high pain-

related fear.

The individual complexity and heterogeneity of people with high pain-related fear
highlights the importance of developing individualized interventions that are

tailored to the person’s needs (e.g. CFT).

Although the perspectives of people with persistent LBP undergoing CFT has been
studied qualitatively, the effectiveness of CFT has not been quantified in people
with persistent LBP and high pain-related fear. Considering the novelty of CFT and
the heterogeneity of the high-fear group, it would be valuable to investigate the

effectiveness of CFT in this group of patients.
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234 Evaluating temporal changes in people with persistent
LBP and high pain-related fear

2.34.1 The experience of LBP fluctuates over time

Low back pain has been historically viewed as one or few discrete acute episodes of pain
that occur independently at different time points; and that either resolved rapidly or that
became chronically painfu] (Pvm Hestback and Cassidy 2013) “phjs- qualistic view of acute and
chronic stages was potentially due do the belief that LBP is caused by an injury that causes
damage to spinal structures. Over the last decade, research groups conducting
longitudinal observational studies using frequent measures (daily, weekly or monthly)
identified that for many, LBP is a condition of persistent or fluctuating symptoms over

time (Chen et al. 2017; Kongsted et al. 2016; Axén and Leboeuf-Yde 2013; Dunn and Croft 2004) This

fluctuating
behaviour identified in many people living with LBP resembles the behaviour of long-
term conditions such as asthma, in that patients experience fluctuations of symptoms and
disability (O'Sullivan etal. 2016: Axén and Leboeuf-Yde 2013) " nidering this variability in a person’s
trajectory, intervention studies that collect data at single timepoints may capture LBP
experience at different ‘phases’ of the condition’s trajectory, which can potentially
portray a misguided representation of a person’s experience, and how this experience is
affected by the intervention @ Hestbsck, and Cassidy 2013; Axén and Leboeuf-Yde 2013; Borckardt et . 2008)
For example, if a person is going reasonably well at the time of pre-treatment data
collection, but goes through a period of temporary exacerbation of symptoms (flare up)
at the time of post-treatment data collection, the intervention may appear ineffective
(Kongsted et al. 2016) “Therefore, the use of repeated and frequent measures may provide a

representation that better reflects the person’s LBP experience over a period of time.

2342 The process of change

The process of change is here defined as the journey by which patients go through while
receiving treatment to modify their disabling LBP experience. Intervention studies are
often interested in answering questions of improvement such as, ‘Do people report
improvement after treatment?’ Other important questions, which are not so frequently
asked are: ‘How does change unfold during treatment?’ ‘What underpins this change?’
‘Is the process the same for each person?’ These questions provide insight to the process

of change, which informs on what changes when, for whom and why. Studies that
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consider these questions may provide a detailed description of the “anatomy of

therapeutic change” (Borckardt et al. 2008; Laurenceau, Hayes, and Feldman 2007)

Considering the complex multifactorial and individual nature of persistent LBP and high
pain-related fear this process is unlikely to be linear. Rather, the interplay of multiple

factors is likely to vary for each person, and fluctuate temporally ongsted et al. 2016: O'Sullivan

etal- 2016 making this process an individual experience. This inherent non-linearity is a
central feature of a complex system, in which the relationships between components are

(Brown 2009, 2006)  Therefore
. b

key to understanding change and adaptation over time
understanding how changes in factors across multiple domains relate to changes in the
selected outcome (disability and/or pain) may provide important insight about how
change unfolds during treatment for individuals with persistent LBP and high levels of

pain-related fear.

2343 Factors that potentially mediate treatment
response/change in outcomes

2.3.4.3.1 What are mediators?

When a person is exposed to a treatment, changes in the desired outcome may occur
directly, meaning that the treatment caused a changed in the outcome; or indirectly,
meaning the treatment caused changes in factors, which then caused changes in the
selected outcome. These factors are termed mediators. Mediators are defined statistically

as factors that ‘lie on the causal path between the exposure and the outcome” - ¢t 2017:

Mansell, Kamper, and Kent 2013b; Kazdin 2007) meaning that mediators change because of an
intervention and correlate with changes in the selected outcome. Conceptually, this
provides information regarding factors that contributed the most to the treatment effect
(Leeetal: 2017 Understanding the factors that underlie changes in treatment response provide
clinicians with an ability to identify which aspects of the management need to be

(Hill and Fritz 2011)

strengthened in order to target desired outcomes . It also provides

knowledge as to how treatment effects maybe occurring.

Specifically, in persistent LBP research, few studies have reported analysis of potential

M 11, K Kent 201 s e
(Mansell, Kamper, and Kent 2013) "4 those have been criticized

mediators for treatment response
for their quality ¢ * 2> The main criticism relates to the number of timepoints

assessed during the intervention period, with many studies often assessing a single factor
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at a single timepoint during the intervention (Lee et al. 2017; Mansell, Hill, Main, Vowles, et al. 2016)

Studies that do not include repeated measurement of both the proposed mediator and the

selected outcome, make it challenging to know the timing and the order in which the
Mansell et al. 2017; L H Feldman 2
change occurred (Mansell et al. 2017; Laurenceau, Hayes, and Feldman 007)'

2344 What are the potential mediators of treatment
response/change in persistent LBP?

The fear-avoidance model (Vlaeyen, Crombez, and Linton 2016; Vlaeyen and Linton 2012; Vlaeyen and Linton 2000)

proposes that pain-related cognitive and emotional responses to pain can fuel an unhelpful
cycle that leads to disability. Many studies (15) have investigated mediators of treatment

. . . " Fordh 1. 2017; Whittle et al. 2017;
response in people with musculoskeletal pain conditions Fordham et al. 2017: Whittle ct al. 2017;
Mansell, Hill, Main, Von Korff, et al. 2017; Mansell, Hill, Main, Vowles, et al. 2016; Tetsunaga et al. 2016; Hall et al. 2016; Robinson

et al. 2013; Wicksell, Olsson, and Hayes 2010; Seymour et al. 2009; Leeuw et al. 2008; Turner, Holtzman, and Mancl 2007; Smeets

1. 2006; Foch 1. 2005; inh 1. 2004; Ni i 1. 1 . . .
et al. 2006; Focht et al. 2005; Spinhoven et al. 2004; Nicassio et a 997)’ with Ol’lly elght spec1ﬁcally

investigating mediators of treatment response in people with persistent LBP (Fordham et al
2017; Mansell, Hill, Main, Von Korff, et al. 2017; Mansell, Hill, Main, Vowles, et al. 2016; Tetsunaga et al. 2016; Leeuw et al. 2008;
Smeets et . 2006; Focht et al. 2005; Spinhoven etal. 2004) (31 v of these studies conducted a mediation
analysis in interventions targeting specific groups of people with persistent LBP Msell
Hill, Main, Vowles, et al. 2016; Leeww et al. 2008) '\ 13n6e]] et al (2016) conducted a mediation analysis
on data from a randomized controlled trial (RCT) that compared stratified care (according
to risk of poor outcome) with non-stratified best care for people with persistent LBP in
primary care Mansell: Hill. Main, Vowles, etal. 2016) 11y the original trial, those reporting increased
levels of psychological distress (including those with pain-related fear) were classified to
the high-risk group, and received psychologically-informed physiotherapy (delivered by
physiotherapists trained in CBT skills) ®" ¢#-29!D) The analysis by Mansell et al (2016)
focussed on the high-risk group, and found that improvements in pain-related distress and
pain intensity mediated the relationship between treatment allocation and reductions in
disability, explaining a considerable proportion of improvement seen in those receiving
psychologically-informed physiotherapy treatment M?nsell Hill. Main, Vowles, et al. 2016) 'y o0,
et al (2008) conducted a multicentre RCT to compare the effectiveness of two behavioural
interventions, graded exposure in vivo and graded activity in people with persistent LBP
and moderate pain-related fear (TSK>33/68) (e ¢t2-20%) The results demonstrated that

graded exposure was more effective than graded activity in reducing disability, and these
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results were mediated by reductions in pain catastrophizing and perceived harmfulness of

daily activities (-eeuw etal 2008)

Collectively, these studies indicate that improvement in pain self-efficacy, and reductions

in pain-related fear, avoidance behaviour, pain catastrophizing, perceived harmfulness

and pain-related distress mediate treatment response for people with persistent LBP -

al. 2017; Mansell, Kamper, and Kent 2013) " gn0cifically, for people with high psychological distress

and pain-related fear, it appears that reductions in pain intensity may also be an important

treatment target (Mansell, Hill, Main, Vowles, et al. 2016) This

is supported by qualitative data from
individuals with persistent LBP and high pain-related fear (TSK>40/68) that indicated
that failure to control pain played a role in the maintenance of pain-related fear and

(Bunzli,

. .- ith. Sch L 201 . .. .
disability Smith, Schutze. et al. 2015) "pyrthermore, in a cohort receiving a variety of

interventions gaining control over pain and the effects of pain on daily life activities were
important factors in the reduction of pain-related fear and disability v ¢t al- 2016)
However, there is a paucity of studies that have used quantitative measures to evaluate
potential mediators of treatment response in interventions specifically designed for people

with persistent LBP and high pain-related fear.

2.34.5 Assessment of factors that potentially mediate treatment
response/change

Mediation analysis provides a useful method to investigate how multiple factors relate
over time. This method is used to explore the direct and indirect relationships between
treatment exposure and changes in the desired outcome Mansell- Kamper. and Kent 2013; MacKinnon
299%) " Randomized controlled trials present the most accepted framework to conduct

mediation analysis (VanderWeele and Vansteelandt 2014; Hill and Fritz 2011; Imai et al. 2011; Kazdin 2007)

, Whereby
large samples and inferential statistics are used to identify mediating variables that
partially or wholly account for the treatment effect in the outcome. This provides

. . . . D 1. 2015; MacKi 2 ;
information about mediation that are averaged over samples (Pu" et @ 2015: Mackinnon 2008;

Kazdin 2007)

However, there are some challenges for mediation analysis conducted in RCTs of
complex behavioural interventions. First, considering that mediation models assume a
causal order to the variables, meaning that changes in the mediator must precede
downstream changes in the outcome, several timepoints might need to be assessed to

capture the exact points in which change has occurred. However, RCTs are limited in the
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number of variables and timepoints that can be captured, rendering them insensitive to
the timing of mediator and outcome change, an important consideration in establishing
mediation (Mansell, Hill, Main, Vowles, et al. 2016; Riley and Gaynor 2014; Mansell, Kamper, and Kent 2013; Laurenceau,
Hayes. and Feldman 2007) ", gyercome this limitation some studies have added a long-term
follow-up timepoint, which provides information on the sustainability of outcomes over
a longer period, but does not inform on factors underlying the effect of the intervention
on the outcome whilst the treatment is being received Masetl: Hill: Main. Von Korff, etal. 2017 Mansell,
Hill, Main, Vowles, et al. 2016; Dunn et al. 2015) "¢ .54 in a complex system, the process of change
may not be steady over the course of an intervention for either the mediator or the
outcome, and between individuals. Unlikely the simple linear form of a pre-post treatment
change, change over multiple timepoints may be curvilinear and different for each person

(Morley, Vlaeyen, and Linton 2015; Emsley, Dunn, and White 2010; Laurenceau, Hayes, and Feldman 2007) Third complex
. b

systems involve feedback loops which means that changes in the mediator can change the
outcome, which in turn can change the mediator (VenderWeele and Vansteclandt 2014; Vanderweele 2012)
Although there are methodological advancements that accommodate non-linear models
(Lee et al. 2017; Daniel et al. 2015; Valeri and Vanderweele 2013) oo a0 not provide information at an
individual level. Fourth, in individualised interventions different factors are targeted for
each individual, which means that a summary mediation analysis conducted in a RCT
will inform on an overall trajectory of change, only capturing common pathways of
change at a group level (unless pre-planned subgroup analysis is conducted). How well a
group trajectory adequately represents the individual trajectories of change in a complex

intervention has been raised as a limitation (-renceau Hayes. and Feldman 2007) - pg R CTg

require large samples and thus large expenditure.

Collectively these challenges highlight the limitations of conducting mediation analysis
in RCTs to inform the process of change at an individual level using complex
interventions. It has been proposed that smaller scale studies may provide a robust
framework to evaluate the process of therapeutic change at an individual leve] ®orekardtet
4l 2008) “pyrthermore, the information gathered from these studies can be informative to

the design of larger scale RCTs (Morley 2018; Morley, Vlaeyen, and Linton 2015)
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2.34.5.1 Single-case experimental research design

Single-case experimental designs are an intensive, prospective and controlled study of the

. .. . . Morley 2018; T 1. 2017; Morl 1
individual, using each person as their own contro] (Merley 2018: Tate etal. 2017; Morley, Viaeyen, and

Linton 2015) "QCEDs are characterized by the following key features: a baseline period
demonstrating the outcome has a relatively stable behaviour over a period preceding the
treatment phase; the intervention is under experimental control across a series of discrete
phases; the targeted behaviour is assessed repetitively and frequently across all phases;

the behavioural outcome is robust, specific to the outcome and sensitive to change "'

al. 2017; Vlaeyen, Morley, and Crombez 2016; Kratochwill et al. 2013; Onghena and Edgington 2005) These features

enable SCEDs to answer questions of treatment effectiveness by strengthening the

inference that the intervention itself is responsible for changes from baseline il et

al. 2010)

Studies evaluating change over time are vulnerable to plausible rival hypotheses that may
explain the outcomes, thus threatening the design’s internal validity. Some of the
hypotheses are: (1) maturation (change could be caused by natural history or processes
that are coincidental, yet unrelated to the treatment); (ii) regression to the mean (when a
variable that is extreme on its first measurement, it will tend to be closer to the average
on its second measurement which could be interpreted as treatment response); (iii)
external factors (occurrence of an extra-treatment event that could plausibly cause a
change), and (iv) measures (repeated administration of the same measures may result in
participants recalling and recalibrating their responses, which can affect the reliability of
the measure) (Moriey: Viaeyen. and Linton 2015) “p T control several of these plausible rival
hypotheses by having a control group, randomly allocating subjects to treatment and
control groups, and using statistical analysis to account for any imbalance in confounding

: . : Morl 1 Li 2015; K hwill
factors that may have occurred despite randomisation MreY- Viaeyen. and Linton 2015; Kratochwill et

al 2013, 2010) "1y 3 single-case experimental design, confounding in the form of rival

hypotheses can be systematically controlled for within subject by using the person as their

own control, and by assessing the outcome of interest repetitively and frequently M

219 " Other strategies such as, replication over patients and clinicians, conducting
interviews with the participant and significant others (to identify potential external factors
that could affect treatment response) can increase internal validity of the design. Although
RCTs are the gold standard to determine treatment efficacy, SCEDs are used frequently
in the behavioural sciences, where systematic observation of one or a few patients can be

. . . . .. . T L. 2017:
scientifically sound and informative, providing a strong level of evidence (M ¢ @ 2017:
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Morley, Vlaeyen, and Linton 2015; Morley and Williams 2015; Borckardt et al. 2008) Therefore. SCEDs are not a
. 2

replacement but a complementary design in the process of building evidence for

behavioural change (Tate et al. 2017; Kratochwill et al. 2010; Borckardt et al. 2008) Indeed. SCEDs have been
. 2

recommended in the developmental stages of novel complex interventions for chronic

pain before pI‘OgI‘GSSil’lg toa RCT design (Norell-Clarke, Nyander, and Jansson-Frojmark 2011)

In relation to describing the process of change, SCEDs have characteristics that provide
a flexible framework, which may assist to overcome some of the above-mentioned
challenges presented by mediation analyses conducted in RCTs. A key advantage of
SCEDs over RCTs, lies in the richness of data captured via repeated measures. The
assessment of multiple timepoints allows identification of a systematic change in the
outcome and other factors (e.g. potential mediators) during the treatment phase in
comparison to a stable baseline, enabling an evaluation of treatment effectiveness.
Furthermore, it provides detailed information about the process of change in the outcome

and potential mediators of treatment response (Morley 2018; Morley, Vlaeyen, and Linton 2015; Kratochwill

et al. 2010; Borckardt et al. 2008)

As well as facilitating more detailed assessment at more frequent time points than larger
RCTs, single-case experimental designs involve the possibility to capture multiple
potential mediators which may be related to each person’s presentation and response to
a given intervention (¥'aeyen et al 2012: MacKinnon 2008) A ¢ gytlined earlier in this chapter, in a
complex problem such as persistent LBP different patterns of mediator-outcome
relationships may interplay temporally and vary at each timepoint (Figure 4). The
interplay of these factors may potentially shape a person’s response to treatment, leading
to different individual trajectories of change, which may be influenced by different
underlying factors (Morley 2018; Morley, Vlaeyen, and Linton 2015; Vlaeyen et al. 2012; MacKinnon 2008)' SCEDs
accommodate this interaction of multiple factors and the within-person temporal
variations, therefore reflecting individuality in the evaluation of the therapeutic change

process (Borckardt et al. 2008)
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Figure 2.3 Schematic representation comparing single and multiple mediator-outcome
relationships.

Note: Schematic representation comparing a mediator-outcome relationship at a single timepoint outlining
causal mechanism (linear model, group analysis; common methodological framework: RCT) versus,
multiple patterns of different mediator-outcome relationships at multiple timepoints outlining the process
of change (non-linear, individual, complex model; potential methodological framework: SCED).
Exposure: treatment intervention; outcome: selected outcome assessed post-intervention; 7: timepoint of
assessment during intervention (from 1 to the n™ possibility); O: selected outcome assessed during the
intervention; M: mediators assessed during the intervention (number indicates different potential
mediators); Pattern: describes different patterns of relationships between the potential mediators and the
selected outcome that can occur at each timepoint. Arrow: causal pathway.

Overall, the features of SCEDs accommodate within-person temporal variability,

between-person heterogeneity, the complexity of the problem and the complexity of

individualized interventions (Morley 2018; Morley, Vlaeyen, and Linton 2015; Tate et al. 2017; Norell-Clarke,

Nyander, and Jansson-Frojmark 2011; Borckardt et al. 2008) This is particularly relevant for the study of
people living with persistent LBP and high pain-related fear, who present heterogeneous
experiences influenced by different beliefs, lifestyle, social context, sensitivity profiles,

(Bunzli et al. 2017)

emotional and behavioural responses Larger group-level analysis

frequently conducted in RCTs may lose these person-specific effects, informing on a
summary or a common pathway to change, rather than a person’s individual journey ™"
Wiers. and Prins 2012) “Thyg, information gathered from SCEDs might be valuable to inform
development, refinement, targeting and ultimately the testing of mediators in future

RCTs.
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2.3.4.6 Key Points

What is known and not known about temporal changes in persistent LBP and high

pain-related fear?

>

80

Although pain-related fear is one of the strongest modifiable predictors of disability
in people with LBP the process by which pain-related fear is modified to reduce

disability is unclear.

Mediation analysis conducted in RCTs of complex interventions may be limited in
terms of the ability to adequately inform on the process of change at an individual

level.

Single-case experimental design studies are inherently tailored to the individual,
accommodating the between-person heterogeneity and within-person temporal
variability commonly described in persistent LBP populations. These features
indicate that SCEDs might provide an adequate framework to evaluate the change

. . Borck 12
process, unravelling “the anatomy of therapeutic change” (Borekardt etal 2008)

Thus far, no studies have used a SCED to specifically evaluate the process of
change and factors that underlie treatment response in people with persistent LBP
and high pain-related fear. This would allow to better understand “what changes
when, for whom and why”. Understanding this process and the factors that underlie

treatment response in this group would be informative and valuable.



2.4 Summary

Low back pain is the leading cause of disability worldwide, placing a significant burden
on society and impacting on people at various levels (i.e. cognitive, emotional,
behavioural, social and lifestyle). Persistent LBP that is associated with high pain-related
fear is disabling. The prevailing model that explains the pathway to disability is the fear
avoidance model, which proposes that pain that is interpreted as a sign of threat leads to
distress, avoidance, disengagement from valued activities and disability. However,
several challenges have been posed to this model including, but not limited to the
definition and role of fear and its relationship with pain. Modern understanding of the
relationship between pain and fear poses that both can be considered emergent protective
responses. This protective response is modulated by an array of influences across
biopsychosocial domains, and is dependent on implicit evaluations of danger to the body
and/or to a person’s valued goals. Previous explorations to understand the role of ‘fear’
in the fear-avoidance model might have been limited in that they failed to provide a
broader understanding of how people with persistent LBP and pain-related fear implicitly

evaluate and physiologically respond to threats that are personally meaningful.

Pain-related fear is thought to be a key mediator of the relationship between pain and
disability, supporting the notion that it is an important target for behavioural
interventions. However, it is not clear what behavioural intervention works best for
people with persistent LBP and high pain-related fear. Exposure-based interventions are
grounded on the fear-avoidance model, and provide an adequate framework to manage
pain-related fear. However, explorations of these approaches for people with persistent
LBP and pain-related fear have yielded moderate treatment effects, raising some potential
limitations to this approach. These include, the uni-dimensional nature of current
approaches, the lack of a motivational perspective, not considering pain responses to
movement and not targeting pain as a modifiable experience. Despite these limitations,
there is a widely held notion that exposure-based interventions are the treatment of choice
for people with high levels of pain-related fear. Nonetheless, the evidence for behavioural
interventions in general or, specifically for exposure-based interventions for the
management of people with persistent LBP and high pain-related fear has not been

evaluated.

There is compelling evidence that persistent LBP is an individual experience influenced

by multiple factors across the biopsychosocial spectrum. Recent studies have proposed
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that an individualized approach that is multidimensional in nature, goal-oriented and that
promotes control over pain or its impact on daily life might promote change in the
challenging group of people with persistent LBP and high pain-related fear. However,

this has not been explored specifically in people with high pain-related fear.

Considering persistent LBP is an individual experience, ‘how change unfolds’ and ‘what
factors underlie change’ at an individual level emerge as important questions. However,
these questions have not been evaluated at an individual level. This review of the
scientific literature suggests that a multiple SCED study is an adequate framework for
such an evaluation as it accommodates the between-person heterogeneity, within-person
variability over time, and enables assessment of multiple factors at multiple timepoints.
Information from this evaluation may give insight to the anatomy of the therapeutic
change at an individual level, and inform design, refinement and mediation testing in

future RCTs.
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2.5

Aims of Thesis

To investigate implicit evaluations of danger and physiological responses to
images of people bending and lifting with a flexed lumbar spine (round-back), in
people with persistent LBP reporting different levels of self-reported fear of
bending with a round-back. It was hypothesized that people who differ in self-
reported fear of bending with a round-back would also differ in implicit

evaluations and physiological responses.

To determine the current state of evidence concerning the effectiveness (in terms
of disability, pain and fear reduction) of behavioural interventions intentionally

designed for people with persistent LBP and high pain-related fear.

To evaluate temporal changes in pain-related fear (generic fear beliefs and
specific fear of bending), and pain (pain expectancy and pain experience related
to bending with a round-back), in a person with persistent LBP and high pain-
related fear undergoing Cognitive Functional Therapy intervention. The use of
clinical interviews at 6, 12 and 18 month follow-ups will allow to explore

qualitative factors underlying this process of change.

a. To evaluate temporal changes in outcome (disability) and factors that underlie
treatment response (potential mediators from cognitive and emotional
dimensions) before, during and after (three months) a three-month Cognitive
Functional Therapy intervention in four people with persistent LBP and high

pain-related fear.

b. To evaluate how changes in potential mediators related to changes in disability
at different timepoints during a Cognitive Functional Therapy intervention in

four people with persistent LBP and high pain-related fear.
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2.6 Significance of Thesis

This body of research is responding to challenges posed to the current understanding and
management of people with persistent LBP and high pain-related fear. The results of this
work will provide insight into the understanding of the relationship between ‘fear’ and
pain, and inform current practice about the current state of evidence concerning the
effectiveness of behavioural interventions for the management of people with persistent
LBP and high pain-related fear. This research will utilize an individualized
physiotherapy-led multidimensional approach called CFT, which is grounded on
foundational behavioural sciences and the common-sense model to promote change in

people that are disabled by LBP and high pain-related fear.

Thus far, no studies have evaluated the process of change in people with persistent LBP
and high pain-related fear at an individual level. The evaluation of temporal changes in
disability and factors that underlie treatment response will provide insight to individual

pathways and patterns of therapeutic change.

Overall, the results of this body of research will inform clinical practice by providing an
understanding of the key factors that need targeting to promote change in this challenging
group of patients. Furthermore, this study will inform the design, refinement of

interventions and mediator testing in future RCTs.
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Chapter 3  Experimental study - Implicit
evaluations and physiological
threat responses in people with
persistent low back pain and
fear of bending

Modern understanding of the relationship between pain and fear poses that both can be
considered emergent protective responses. This protective response is modulated by an
array of influences across biopsychosocial domains, and is dependent on implicit
evaluations of danger to the body and/or to a person’s valued goals. The fear-avoidance
model describes how pain that is interpreted as threatening leads to an unhelpful cycle of
fear, avoidance, and disability. Previous explorations to understand the role of fear in the
fear-avoidance model might have been limited in that they failed to provide a broader
understanding of how people with persistent LBP and pain-related fear implicitly evaluate

and physiologically respond to threats that are personally meaningful.

The aim of this study was to investigate implicit evaluations of danger and physiological
responses to images of people bending and lifting with a flexed lumbar spine (round-
back), in people with persistent LBP reporting different levels of self-reported fear of
bending with a round-back. It was hypothesized that people who differ in self-reported
fear of bending with a round-back would also differ in implicit evaluations and

physiological responses.

This chapter was published in the Scandinavian Journal of Pain.
Caneiro JP, O’Sullivan P, Smith A, Moseley GL, Lipp OV.
“Implicit evaluations and physiological threat responses in people with persistent low

back pain and fear of bending” SJP. 2017 Oct;, 17:355-366. doi:
10.1016/j.sjpain.2017.09.012.
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HIGHLIGHTS

o Self-report does not always reflect implicit associations of movement and threat.

* People with back pain showed implicit associations between bending and danger.

* Viewing a threat was not sufficient to elicit physiological defensive responses.

* Exposure to unavoidable movement may be needed to elicit physiological responses.
* Results are consistent with contemporary views on ‘fear’ in the fear-avoidance model.

ARTICLE INFO ABSTRACT

Article histary: Background and aims: Pain and protective behaviour are dependent on implicit evaluations of danger
Received 12 September 2017 to the body. However, current assessment of perceived danger relies on self-report, on information of
Accepted 13 September 2017 which the person is aware and willing to disclose. To overcome this limitation, attempts have been made

Available online 12 October 2017 to investigate implicit evaluation of movement-related threatening images in people with persistent

- low back pain (PLBP) and pain-related fear. Lack of specificity of the sample and stimuli limited those
Keywords: explorations. This study investigated implicit evaluations and physiological responses to images of tasks

ﬁ;’x;’: :ad( pain commonly reported as threatening by people with PLBP: bending and lifting. We hypothesized that
Fear of movement people who differ in self-reported fear of bending with a flexed lumbar spine (fear of bending) would also
Beliefs differ in implicit evaluations and physiological responses.

implicit bias Methods: This study used a convenience sample 0f 44 people (54% female) with PLBP, who differed in self-
Threat-response reported fear of bending. Participants completed a picture-viewing paradigm with pleasant, neutral and

unpleasant images, and images of people bending and lifting with a flexed lumbar spine (‘round-back’)
to assess physiological responses (eye-blink startle modulation, skin conductance). They also completed
an implicit association test (IAT) and an affective priming task (APT). Both assessed implicit associations
between (i) images of people bending/lifting with a flexed lumbar spine posture (‘round-back’ posture)
or bending/lifting with a straight lumbar spine posture (‘straight-back’ posture), and (ii) perceived threat
(safe vs. dangerous).

Results: An implicit association between ‘danger’ and ‘round-back’ bending/lifting was evident in all
participants (IAT (0.5, O [03; 0.6]; p<0.001) and APT (24.2, (1 [42; 443]; p~0.019)), and unrelated
to self-reported fear of bending (IAT (r--024, 95% Q [-05, 0.04], p=0.117) and APT (r--0.00, 95%
Q [-03, 0.3], p-0985)). Levels of self-reported fear of bending were not associated with eye-blink
startle (R 3, 114)=07, p- 0.548) or skin conductance responses (K3, 126)= 0.4, p-0.780) to pictures of
bending/lifting.
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Conclusions: Contrary to our expectation, self-reported fear of bending was not related to physiological
startle response or implicit measures. People with PLBP as a group (irrespective of fear levels) showed an
implicit association between images of a round-back bending/lifting posture and danger, but did not dis-
play elevated physiological responses to these images. These results provide insight to the understanding
of the relationship between pain and fear of movement.

Implications: The potential clinical implications of our findings are twofold. First, these results indicate
that self-report measures do not always reflect implicit associations between particular movements and
threat. Implicit association tasks may help overcome this limitation. Second, a lack of the predicted phys-
iological and behavioural responses may reflect that the visualization of a threatening task by people in
pain does not elicit the same physiological defensive responses measured in people with fear of specific
objects. It may be necessary to expose the person to the actual movement to elicit threat-responses.
Together, these results are consistent with current views of the role of ‘fear” in the fear-avoidance model,

in which a fear response may only be elicited when the threat is unavoidable.
© 2017 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Modern understanding of the relationship between pain and
fear poses that both can be considered emergent protective feel-
ings [1,2], broadly captured by the idea that pain emerges when
the organism concludes that a body part needs protecting and
fear emerges when the organism concludes that the entire body
needs protecting [3-5]. Within this conceptualization, pain and
fear are dependent on implicit evaluations of danger to the body
[3-5]. However, current assessment of perceived danger to the
body relies solely on explicit, or self-report, measures [6-8], which
require conscious reflection, only accessing information of which
a person is aware and which they are willing to disclose [19-11].
To overcome this limitation, attempts have been made to investi-
gate implicit evaluation of movement-related threatening images
in people with persistent low back pain (PLBP) and pain-related
fear[1,2,12].

Explorations of implicit attitudes of people with PLBP found
no implicit association between ‘danger words' and movement-
related threatening images, despite participants explicitly evalu-
ating the stimuli as aversive [1,2]. A common limitation of these
studies [1,2,12] was the use of a wide range of threatening images
(e.g. driving, hanging a coat, digging, running) [1,2] and words (e.g.
warning, AIDS, fatal) [1,2]. Those stimuli lack threat-specificity,
which is an important aspect of fear/danger assessment [13,14].

Investigations of physiological threat-responses in people with
PLBP and pain-related fear [ 12-14] report mixed results [14]. One
study found that people with high fear display enhanced autonomic
arousal (indexed by skin conductance) in anticipation of perform-
ing a task they perceived as harmful [ 15]. Different from autonomic
arousal measures, eye-blink startle modulation enables assessment
of the emotional valence of stimuli [16-18]. Thus far, only one
study recorded eye-blink startle as a measure of threat-responses
in people with PLBP [12], and found no difference between those
reporting high and low fear beliefs [12] when presented with pic-
tures of back pain-related movements (e.g. bending and rotation).
Although a pilot sample determined the images were sufficiently
aversive, participants did not report feeling ‘fearful’ of perform-
ing the depicted tasks [12]. That study may have been limited by
a non-specific sample, based on a generic fear-avoidance beliefs
questionnaire [12], and by not using task-specific or personally-
threatening stimuli.

Considering that threat-specificity is critical for evaluating
perceived danger to the body, the current study selected a group
of people with PLBP reporting different levels of explicit fear of
bending with a flexed lumbar spine (fear of bending). This move-
ment was chosen because bending and lifting are one of the most
feared tasks for people with and without LBP, holding a high
threat-value in western society [19-23]. To investigate implicit

evaluations of danger, we employed implicit measures of attitude
(affective priming task— APT 28], and implicit association test - IAT
[19]), and physiological responses (eye-blink startle modulation
[16-18], and skin conductance [15,18]) to images of people bend-
ing and lifting with a flexed lumbar spine (‘round-back’ posture).
We hypothesized that: (1) Higher levels of explicit fear of bend-
ing would be positively associated with higher levels of implicit
association between round-back bending/lifting and danger. (2)
Physiological threat-responses to pictures of round-back bend-
ing/lifting would be enhanced in people with higher self-reported
fear of bending.

2. Materials and methods

This section and Table 1 report only key aspects of the method-
ology. Full detailed methods are provided in Appendix.

2.1. Study design

Exploratory cross-sectional experimental study.

2.2, Participants and recruitment

Participants were sequentially recruited from a cohort who had
indicated willingness to participate in future studies [24], and via
physiotherapists and general practitioners. Adults aged 18 years
and older with dominant axial low back pain (LBP), greater than
6 months duration, and average pain in the past week =3/10
on the Numerical Rating Scale (NRS: 0-10 - Appendix), were
included in the study. Participants who reported red flags, dom-
inant leg pain, radicular pain with nerve compression, uncorrected
hearing impairment (restriction for the acoustic stimulus during
the eye-blink startle), pregnancy, taking opioids, or were unable
to read English were excluded. Long-term analgesics or medica-
tions for other co-morbidities were allowed, however participants
were asked not to take non-prescribed analgesics on experiment
day.

To ensure balanced sequential recruitment of equal numbers
of participants with and without fear of bending, potential partic-
ipants were screened over the phone with the question: “Are you
fearful of reaching to the floor without bending your knees? Yes or No™.
Recruitment continued until a minimum of 20 participants in both
groups was reached.

The study was approved by the Human Research Ethics
Committee of the Faculty of Health Sciences-Curtin University
(HR157/2015). All participants provided informed consent.
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Material and Methods

Table 1

Summary description of the implicit and physiology measures.

Measure

Stimulus

Procedure

Schematic representation

IAT

Target: back posture
(round-back and
straight-back)

Pictures of a person
bending and lifting
objects with a flexed
lumbar spine
(“Round-back"), and
with a straight spine
(“Straight-back”).

Attribute: perceived risk to
the spine (Safe and Danger)

Words® [32,33]:
“Danger": damaging,
vulnerable, threatening,
alarming, risky,
unpredictable.

“Safe": harmless, confident,
secure, protecting, certainty,
reliable.

The IAT consisted of 7 phases:

Phase1 (target-discrimination): 20
trials.

Phase 2 (attribute-discrimination):
20 trials.

Phases 3-4
(combined-discrimination): 30 and
40 trials/each.

Phase 5 (target-discrimination): 20
trials

Phases 6-7
(combined-discrimination): 40
trials/each.

Each trial started with the display of
a fixation cross for 1000 ms followed
by a word or image for 1000 ms and
an intertrial interval of 1000 ms.

To sort the stimuli, participants
pressed the left “Shift” key for
categories displayed in the left upper
corner of the screen, and the right
“Shift” key for categories displayed in
the right upper corner of the screen.
On each trial the participant was
given feedback (“correct” or
“wrong"). Categories remained on
screen throughout an entire phase.

Rownd-Back Straight-Back
Safe Danger
Harmless
Danger
Round Back
Stralght-Back Round-Back
~ Phase 2
|] Oanger safe
| St Rownd Back
Phase 5
Damaging
Danger Sate
Stralght Back Rownd Back
Phase 6 '
Phase 7

Phase 3

Safe
Stralght-Back

Dasger safe
Reund-Back Straght-Back

Vulnerable

Phase 4
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Table 1 (Continued)

Measure Stimulus

Procedure

Schematic representation

APT

Target: Words* [32,33] related Prime: images of a person

to safe and danger. standing adopting a flexed
lumbar spine posture while

“Danger”: damaging, bending or lifting.

vulnerable, threatening,

alarming, risky, unpredictable.

“Safe”: harmless, confident,
secure, protecting, certainty,
reliable.

The APT consisted of 8 blocks of 12
trials involving the presentation of a
negative or positive word that was
preceded by one of the prime
pictures. Each block consisted of 6
affectively congruent (straight-safe,
bending-dangerous) and 6
affectively incongruent image-word
pairs (straight- dangerous, bending—
safe).

Each trial began with the
presentation of two white fixation
crosses in the centre of a black screen
for 200 ms, a picture for 200ms, a
black screen for 100 ms, and a word
for 15 or until the participant
responded by pressing either button.
The intertrial interval was 1s.

A series of positive and negative
target words was presented.
Participants were instructed to
decide whether the word
represented the category “Safe” or
“Danger”, by pressing left “Shift” key
for “Safe”, and the right “Shift” key
for “Danger”. Each target was
preceded by a prime picture.

Four categories of pictures (neutral, pl le and b

Picture vielingres in the first three The bending and

categories were selected from  lifting-related pictures were
the IAPS® [35]: selected from PHODA-SeV*®
|6] and round-back lifting
neutral: rolling pin (7000), from IAT (as per example
towel (7002), mug (7009), depicted here).
wooden stool (70,025), lamp
(7175), clock (7211); Bending/lifting: shovelling
(2), lifting a pot plant (4),
pleasant: wedding (4626), 20 (lifting a heavy crate out
children (2347), ice cream of car), 27 (unloading
(7330), fireworks (5480), beachdishwasher), 29

(5833), man and (vac ing), 33 (.
kissing (4660); the floor), 83 (picking up a
toddler).

unpleasant: snake (1050),
spider (1201), shark (1930),
baby with eye lesion (3170),
aimed gun (6230), attack
(3530).

ing/lifting) were repr d by six imag; h.

Participants looked at the blank
computer screen for 3 minutes, while
baseline data were collected. After
baseline, the picture-viewing task
was initiated. Three startle probes
were administered to reduce the
novelty of the startle probe and the
24 pictures were presented pseudo
randomly such that no more than
two pictures from the same category
were presented in a row. Four picture
sequences were predetermined and
counterbalanced across participants.
Probes were presented at 3.5s or
4.5s after picture onset during four
of the six pictures per category as
well as during one third of the
inter-picture intervals.

Participants were asked to relate to
the bending and lifting pictures by
imagining they were performing the
action displayed.

Alarming

v

Pleasant

Neutral

Unpleasant

.

af

Threatening

Secure

* Words selected from interviews with people with PLBP and high pain-related fear [32,33].
b |APS - International Affective Pictorial System [35].

© PHODA-SeV - Photographs of Daily Living Activities-Short Electronic Version [6].

8SE
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2.3. Outcome measures

This study involved three computer-based tasks measuring
implicit attitudes (IAT, APT) and psychophysiology (eye-blink
startle modulation and skin conductance response) related to bend-
ing and lifting back posture and perceived threat to the spine.

23.1. Beliefs
2.3.1.1. Explicit measures. To minimize potential influence of self-
report assessments on results, the following questionnaires were
completed online a week prior data collection: fear of bending
(FearBend), pain-related fear (TSK) 8], pain-anxiety (PASS-20) [7],
disability (RMDQ) [25], and pain in the past week.

23.1.1.1. Fear of bending To assess fear of bending with a
flexed lumbar spine (herewith called fear of bending), participants
were presented with a side view picture of a person bending
forward with a flexed lumbar spine, straight knees and fingers
touching the floor, followed by the question: “How fearful are you
of reaching to the floor without bending your knees?" (NRS anchored
on "0: No fear of bending”, and "10: Maximum fear of bending").
This measure (FearBend) ensured specificity of the fear-provoking
task [6].

The FearBend question was adapted from the item “reaching
to the floor™ from the Fear of Daily Activities Questionnaire [26],
which has sound psychometric properties and adequate reliability
in determining fear of specific activities [26].

2.3.1.12. Pain-related fear, anxiety and disability. These meas-
ures were taken for sample descriptive purposes. Pain-related fear
beliefs were assessed with the Tampa Scale of Kinesiophobia-TSK
[8,27]. Pain-related anxiety symptoms were assessed with the
Pain Anxiety Symptoms Scale-PASS-20 [7]. Pain-related disability
was assessed with the Roland Morris Disability Questionnaire-RMDQ
[25,28]. Psychometric properties and descriptions of scoring ranges
for these well-established questionnaires are detailed in Appendix.

2.3.1.1.3. Demographic data. A questionnaire including age,
LBP duration and pain intensity (NRS: 0="no pain’ and 10="worst
pain’ - Appendix) was completed on experiment day.

2.3.1.2. Implicit measures, The IAT [11] and the APT [29] are well-
established measures, which were adapted for this study to assess
associations between bending/lifting posture and risk (Table 1).
In the IAT, five stimuli representing each target (“"Round-back”
and “Straight-back™) and attribute category (“Safe” and "Danger”)
were presented. Participants had to assign a single stimulus dis-
played in the centre of the screen to its proper category (displayed
at the upper corners of the screen), by pressing the left or right
“Shift” key as fast as possible while avoiding mistakes. A bias score
(IATp-score) Was calculated using the improved scoring algorithm
recommended by Greenwald et al. [63] with an error penalty of
2 standard deviations (see Appendix for details). The IAT exhibits
adequate reliability and, internal, construct and predictive validity
[11,30].

In the APT, a series of positive and negative target words was
presented (for 10s or until a response was made), which had to be
evaluated as either "safe” or "dangerous” by pressing the right or
left "Shift™ key, respectively. Each target word was preceded by a
prime picture of person standing or bending/lifting with a round-
back (for 200 ms) - see Appendix for APT priming score calculation.
The APT presents adequate predictive validity [10] and sensitivity
[31]).

The category “Danger” was represented by six words (selected
from interviews with people with PLBP and high-fear [3233])
frequently used to describe danger associated with movement.
Words matching in length, frequency, and emotionality repre-
sented the category “Safe” [34]. Twelve side view images of
males and females standing, bending and lifting with a straight

(“Straight-back™) and flexed lumbar spine (“Round-back™), were
developed for this experiment after piloting with people with PLBP
to confirm their suitability (Table 1).

23.1.3. Physiological measures. Using a picture-viewing paradigm,
participants’ eye-blink startle reflex and skin conductance were
assessed in response to four categories of foreground stimu-
lus: neutral; pleasant; unpleasant; and bending/lifting, represented
by six images each. Pictures in the first three categories were
selected from the International Affective Picture System (IAPS[35]).
Bending/lifting images (persons bending/lifting with a flexed lum-
bar spine) were selected from PHODA-SeV (Photographs of Daily
Activities-Short electronic version - a valid and reliable measure of
perceived harmfulness of activities) [6] (Table 1). During the pre-
sentation of bending/lifting images, participants were instructed to
imagine themselves performing the action displayed.

The primary outcomes for startle blink reflex were eye-blink
EMG magnitude and response latency (Appendix). The startle probe
used to elicit a response was a 105dBA burst of white noise with
instantaneous rise time, generated with a custom-built noise gen-
erator and presented to both ears for 50ms through Sennheiser
headphones (HD 25-1; 70 ©2). Orbicularis oculi electromyographic
activity (EMG) was measured using two 4 mm Ag/Ag(l electrodes
placed underneath the participant’s left eye (1cm apart), and a
ground electrode placed on the centre of the forehead. All elec-
trodes were connected to a BIOPAC EMG amplifier (amplification:
5000; filters: low pass of 500 Hz and high pass of 10 Hz). Skin con-
ductance response (SCR) was recorded with two pre-gelled Ag/AgCl
electrodes attached to the thenar and hypothenar eminences of
the participant’s non-dominant hand. Electrodes were connected
to BIOPAC SCR amplifier with a gain of 2 uS/V. The primary out-
come for SCR was the magnitude of the increase in skin conductance
(Appendix).

Picture rating: At the end of this task, each picture was rated
on dimensions of pleasantness and arousal, using a 9-point scale
(‘1’: unpleasant/low arousal; '9": pleasant/high arousal). The key-
board keys 1-9 were used to record the values for each image (Full
protocol in Appendix).

24. Experimental procedure

All data collection was undertaken in the Emotion, Learning
and Psychophysiology Laboratory, School of Psychology & Speech
Pathology, Curtin University, Western Australia, and lasted approx-
imately 80 min. Participants were told the experiment related to
measuring their body’s reaction and automatic thinking processes
while looking at words and images representing daily activities. To
minimize potential for task interference, assessment of physiolog-
ical response was performed first. The order in which the implicit
tasks were performed was counterbalanced using a Latin-square
design.

Data processing, scoring and response definition followed
standard procedure for each task (details in Appendix).

25, Statistical analysis

Descriptive statistics were used to describe participants’ charac-
teristics and scores on the self-reported questionnaires. Pearson’s
correlations between self-reported measures (TSK, PASS-20), and
fear of bending (FearBend) were calculated.

One-sample t-tests were used to evaluate the size (and 95%
confidence intervals) and significance of the sample mean devia-
tion from zero, which indicates the direction of the implicit bias.
A positive score indicates an implicit bias to associate “round-
back™ and “danger”. Pearson's correlation was used to evaluate
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associations between the magnitude of implicit bias (i.e. IATp_score
and APTpi score) and fear of bending (FearBend).

To test differences in eye-blink latency, eye-blink magnitude,
SCR magnitude and ratings across each picture conditions (pleas-
ant, unpleasant, neutral and bending/lifting) amixed model ANOVA
(RM ANOVA) with FearBend as a covariate was used. A picture con-
dition*fear of bending interaction was evaluated to test whether
the pattern of responses differed according to the degree of Fear-
Bend. The effect size measure rpﬁ is reported for significant effects.
For interpretative purposes only, graphical results are provided for
the interaction test of picture condition*fear of bending by splitting
the sample into groups based on fear of bending level. A score of
>5 indicates high fear of bending (23 participants; 52.3%), while <5
indicates low fear of bending (21 participants; 47.7%).

Greenhouse-Geisser corrections were applied when the
assumption of sphericity was violated. Corrected degrees of free-
dom and corrected p-values are reported together with < All
statistical analyses were run using IBM SPSS Statistics 24.

2.5.1. Power analysis

An a priori power calculation indicated a sample of 40 par-
ticipants would provide 80% power to detect small to moderate
effect size of r)f, = 0.05 to 0.08 for condition*fear interactions, at
«=0.05 and assuming a conservative intra-subject correlation of
0.3 between conditions (GPower Version 3.1.9).

3. Results
3.1. Demographics
Forty-four people with PLBP (54% female) participated in the

study. The mean (SD) age was 50 years (14; range 24-72), pain
duration was 16 years (13; range 1-50), pain intensity in the

JP. Canetro et al./ Scandinavian Journal of Patn 17 (2017) 355-366

week prior to the experiment was 4.8 (2.3), and pain on the day
was 3.7 (1.9). The mean disability index on RMDQ was 8.2 (34%)
(SD=5).

32, Beliefs

3.2.1. Explicit measures

The mean level of self-reported specific fear of bending (Fear-
Bend)was 4.4(SD= 3.3; range 0-10). The mean level of pain-related
fear (TSK)was 41.0(SD=9.0; range 22-59), and pain-anxiety (PASS-
20) 37.5 (SD=21.8; range 2-89).

There were high correlations between self-reported FearBend
and TSK (r=0.68, 95% C1[0.51, 0.81], p<0.001), between FearBend
and PASS-20 (r=0.62, 95% CI [0.40, 0.81], p<0.001); and between
TSK and PASS-20 (r=0.66, 95% C1 [0.45, 0.82], p<0.001).

3.22. Implicit measures

The mean [ATp score (Mean=0.46, 95% C1 [0.30, 0.61]) was sig-
nificantly larger than zero (t (43)=5.8, p<0.001), which indicates
an implicit bias towards the association between pictures of bend-
ing/lifting with a ‘round-back’ and ‘danger’ words. There was no
correlation between FearBend and the [ATp_score (r=—-0.24, 95% Cl
[-0.50, 0.044], p=0.117).

APT data from six participants were invalid due to response
times larger than 1000 ms, which suggests alack of automatic target
evaluation. The mean APTpi score (N=38, Mean=24.2, 95% CI [4.2,
44.3])was also significantly larger thanzero (t(37)= 24, p=0.019),
which indicates an association between pictures of bending/lifting
and ‘round-back’ and ‘danger’ words. There was no correlation
between FearBend and the APTpiyscore (r=-0.00, 95% CI [-030,
030], p=0.985).
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3.3. Physiological measures

3.3.1. Eye-blink response latency

Eye-blink response latency did not differ across picture con-
ditions (F(2.5, 81.8)=0.2, p=0.878). Similarly, eye-blink latency
across picture conditions did not differ according to self-reported
level of fear of bending (FearBend) (picture condition*fear of bend-
ing interaction F(2.5, 81.8)=0.6, p=0.614) (Fig. 1).

332, Eye-blink magnitude

As shown in Fig. 2, the eye-blink magnitude differed across
picture conditions (F(3, 114)=4.7, p=0.04, £¢=0938, r;f, =0.109).
Contrasts indicated larger eye-blink magnitude to probes dur-
ing unpleasant pictures than during pleasant (F1, 38)=8.2,
p=0007, n%=0.177), neutral (F(1, 38)=57, p=0022, ni=
0.131) and bending/lifting pictures (R1, 38)=123, p=0.001,
12 =0.245). The eye-blink magnitude across picture conditions
did not differ according to level of fear of bending (FearBend)
(picture condition*fear of bending interaction F(3, 114)=0.7,
p=0.548).

34. Skin conductance response

Participant’s SCR differed according to the type of picture viewed
(F(3, 126)=3.2, p=0.026, £=0.903, rﬁ, =0.070). As displayed in
Fig. 3, the SCRs to unpleasant pictures were significantly larger
than to bending/lifting pictures (F(1, 42)=7.4, p=0.009, £=0.903,
nf, = 0.150). However, there was no difference in emotional arousal
across picture conditions according to level of fear of bending ( Fear-
Bend) (picture condition® fear of bending interaction F(3, 126)=0.4,
p=0.780).

34.1. Subjective evaluation of picture conditions

Pleasantness(R2.5,99.8)=56.2,p<0.001,=0.831, ry,z, =0.584)
and arousal ratings (R2.3, 96.0)=21.0, p<0.001, £=0781, r)f, =
0.339) differed across picture conditions (Fig. 4). Contrasts indi-
cated that bending/lifting pictures were rated as less pleasant than
neutral (F(1, 40)=45.5, p<0.001, rr’? =0.532) and pleasant (F(1,
40)=205.0, p<0.001, nﬁ = 0.837) pictures, but more pleasant than
unpleasant pictures (A1, 40)=30.5, p<0.001, 52 = 0.433). Bend-
ing/lifting pictures were rated as more arousing than pleasant
(A1, 41)=26.75, p<0.001, 1),2, =0.395) and neutral pictures (F(1,
41)=62.945,p<0.001, nﬁ = 0.606), but less arousing than unpleas-
ant pictures (F(1, 41)=28.3, p<0.001, n = 0.408).

There was an interaction between FearBend and picture con-
dition for pleasantness ratings (2.5, 99.7)=6.7, p=0.001, ry}, =
0.144). As shown in Fig. 4, participants with higher FearBend rated
the bending/lifting pictures as less pleasant (F(1,40)=124,p=0.01,
n2 = 0.236). In contrast, there was no interaction for arousal ratings
(R2.3,96.1)=1.2,p=0319).

4. Discussion

This study investigated implicit evaluations and physiological
responses to images of bending and lifting in people with PLBP, who
differed in self-reported fear of bending with a flexed lumbar spine
(fear of bending). Contrary to our hypotheses, fear of bending was not
associated with implicit evaluations or physiological responses to
viewing images of people bending and lifting with a flexed lumbar
spine (‘round-back’ posture). Participants were faster to associate
images of bending/lifting with a ‘round-back’ with words repre-
senting ‘danger’ rather than with words representing ‘safety’. This
indicates that people with PLBP display an implicit ‘danger bias’
towards bending and lifting with a flexed lumbar spine. Critically,
that bias is unrelated to their self-reported fear of bending.
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Previous explorations that investigated people with and with-
out PLBP and high fear of movement have not found evidence of
implicit association between a wide range of back-related move-
ments and danger in PLBP [1,2]. In contrast, the current study
used images of bending and lifting for the implicit tasks, because
these have been reported to be the two most commonly feared
and pain-provoking movements for people with and without LBP
[36-39]. Specifically, we used images of bending/lifting in two
distinct postures that are often advocated as ergonomically safe
(‘straight-back’) and dangerous (‘round-back’) [40,41]. In addition,
the words representing ‘danger’ in our study are highly relevant for
this population, as they were selected from interviews with people
with PLBP and high pain-related fear [32 33]. Interestingly, despite
this enhanced level of stimulus specificity, there was no associa-
tion between higher self-reported fear and an implicit ‘danger bias”
to bending/lifting with a ‘round-back’. These findings suggest that
people with PLBP have discordant explicit beliefs but share con-
cordant implicit beliefs about bending and lifting back posture, and
danger.

In terms of physiology, participants’ responses across the picture
conditions was not associated with self-reported fear level. Blink
startle potentiation and skin conductance responses were higher
during unpleasant pictures than during other picture categories,
confirming the sensitivity of the picture-viewing paradigm [42].
However, despite the personally-relevant nature of the stimuli and
irrespective of self-reported fear, participants did not present a typ-
ical physiological threat response pattern to images of threatening
bending/lifting tasks. Such response would be typically represented
by enhanced eye-blink magnitude and skin conductance responses,
similar to or higher than those during unpleasant images [ 16,18].

These findings are at odds with previous work in specific
fears/phobias in which a defensive response is activated even by the
symbolic representation of the feared object (e.g. spiders) [43 44].
Nevertheless, this result is in line with other studies that inves-
tigated threat responses to images of threatening tasks in people
with PLBP using eye-blink startle [12], heart rate and back muscle
activity [13] and fMRI | 14]. Only one study has found physiological
response differences between people with high and low fear, and
notably, this was when participants with PLBP were led to believe
they had to actually perform the lifting task that they reported to
be harmful [ 15]. While recent fMRI studies have demonstrated that
viewing movement-related threatening images [45] and imagining
performing these movements [46] was sufficient to activate brain
regions associated with threat-processing, the findings in this study
confirm previous results using eye-blink startle modulation [12].
That is, simply viewing and imagining performing a threatening
task seems insufficient to activate a defensive response in persons
with PLBP, even when confronted with personally-relevant stimuli.
It appears that visual images of spiders still hold immediate pro-
tection value, but visual images of other people performing a task
do not. In order to induce a physiological response a person may
need to be confronted with the task [1547].

Contemporary understanding of threat-processing proposes
fear as an intertwined cognitive-emotional process, in which the
amygdala plays an important role [48 49]. In the presence of a
stimulus, a fundamental function of the amygdala, is related to
determining “what is it?", and also "what needs to be done?”, thus
guiding decision-making [48]. In this study, it is plausible to spec-
ulate that while the stimuli were implicitly detected, and likely
identified as threatening, there was no imminent threat to the
person and no protective action required. That is, in this context
the conclusion may have been that "nothing needed to be done”,
resulting in no physiological response. While the results of the
current study contradict our initial predictions, they lend support
to more recent views of the role of ‘fear’ in the fear-avoidance
model, in which defensive responses (physiology and behaviour)

vary according to context and motivation [50,51], and are most
prominent when the threat is unavoidable [15,50,52].

According to the common sense model of self-regulation [53],
when a person experiences pain, their behavioural response is
influenced by their pre-existing schema, which is informed by
media, healthcare providers, family, friends, their own experience
and that of others [33]. Considering the general belief that the
back is vulnerable [22,23 54 55], it is plausible to infer that a per-
son's schema includes information that is congruent with the idea
that bending and lifting with a round-back represents danger to
their back or to their goals. Experimental studies, investigating how
movements of the back are perceived by asymptomatic subjects
[2,45,56], suggest that “the back is vulnerable to bending and lifting’
may in fact be a common schema.

Modern conceptualization of pain would support that an
implicit association between danger and forward bending with a
flexed spine could potentially influence both pain and behavioural
responses to the ‘dangerous’ task | 3-5]. In the context of our results,
we speculate that once pain is felt during bending or lifting, it
provides a salient learning experience [33,50,57] in which a 'pro-
tect the back’ schema may be activated. In line with this thinking,
experimental studies have reported pain reduction during forward
bending following interventions that aim to de-threaten bending
via pain education |58], the use of visual observation of the spine
during the movement [59], or providing cognitive and functional
control during behavioural exposure [60]. Together, our results
provide support for the argument that self-reported pain-related
fear may be more cognitively-driven, in which an unhelpful schema
may influence avoidance behaviour, and a physiological threat-
response may only occur when the person is exposed to the task
itself [15,61].

A potential weakness of this study is the use of visual stimuli
only, rather than inducing participants to believe they would be
required to actually perform the tasks. Although the eye-blink
startle has been successfully used previously to assess physiologi-
cal responses in threat-specific picture-viewing paradigms [43 44],
people with PLBP may need to be exposed to the task itself to elicit
these responses. Future studies may benefit from investigating
physiological startle response in anticipation of and during perfor-
mance of back-related threatening tasks. Another limitation is the
lack of a pain-free group, which could have informed whether these
findings are unique to people with PLBP, although we were inter-
ested in how people with similar pain but different self-reported
fear of bending compare, not in how people with and without pain
compare. A unique aspect of this study was the use of combined
implicit and physiology measures to compare people with PLBP
with high or low fear of tasks relevant to PLBP (bending and lift-
ing), using stimuli specific to these tasks and that holds a societal
threat-value.

5. Conclusion

Contrary to our expectation, self-reported fear of bending was
not related to physiological startle responses or implicit meas-
ures. People with PLBP as a group showed an implicit association
between images of a round-back bending/lifting posture and dan-
ger, but did not display elevated physiological responses to these
images. These results provide insight to the understanding of the
relationship between pain and fear of movement.

6. Implications
The findings of this study suggest that independent of explicitly

reported fear levels, people with PLBP implicitly associate bend-
ing and lifting with a flexed spine with danger, but this is not
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accompanied by enhanced physiological threat-related responses.
The potential clinical implications of our findings are twofold. First,
these results indicate that self-report measures do not always
reflect implicit associations between particular movements and
threat. Implicit association tasks may help overcome this limita-
tion. Second, a lack of the predicted physiological and behavioural
responses may reflect that the visualization of a threatening task
by people in pain does not elicit the same physiological defensive
responses measured in people with fear of specific objects. It may
be necessary to expose the person to the actual movement to elicit
threat-responses. Together, these results are consistent with cur-
rent views of the role of 'fear” in the fear-avoidance model, in which
afear response may only be elicited when the threat is unavoidable.
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Appendix A. Methods - complementary details
A.1. Explicit measures

A.1.1. Painin the past week

The question "How would you rate the pain you have had on aver-
age during the past week?" on a Numerical Rating Scale anchored
on: 0="no pain”, 10="worst pain".

A.1.2. Pain today

The question “How would you rate the pain you have today?” on
a Numerical Rating Scale anchored on: 0="no pain”, 10="worst
pain”.
A.1.3. Tampa Scale of Kinesiophobia - TSK

The TSK is a widely-used measure of pain-related fear beliefs
[8,28]. Scores range from 17 to 68, with higher scores indicating

higher levels of fear of movement and a cut-off of 40 is typically
used to define a high degree of pain-related fear [37 38].

A.14. Pain Anxiety Symptoms Scale — PASS-20

The PASS-20 [7] was used to assess cognitive anxiety symp-
toms, escape and avoidance responses, fearful appraisals of pain
and physiological anxiety symptoms associated with pain. The par-
ticipant makes a frequency rating for each item (where 0= never
and 5=always). The PASS-20 has acceptable psychometric proper-
ties [ 7]. Scores range from zero to 100, with higher score indicating
higher levels of pain-anxiety.

A.1.5. Roland Morris Disability Questionnaire - RMDQ

The RMDQ measures effects of LBP on physical activities and
activities of daily living. It is valid, reliable, and responsive to change
[26,29]. Scores range from zero to 24, with higher scores indicating
higher levels of disability.

A.2. Implicit measures

Apparatus and stimulus material: The stimuli used in all tasks
followed a theme: forward bending and lifting, representing a
highly socially and clinically significant activity for people with
PLBP [41-43].

The category “Danger” was represented by the following six
words: damaging, vulnerable, threatening, alarming, risky, unpre-
dictable. The category “Safe”™ was represented by the following six
words: harmless, confident, secure, protecting, certainty, reliable. All
words were used in the affective priming task (APT), whereas only
the first five of each category were used in the implicit association
test (IAT).

Presentation of the tasks and reaction time recording was con-
trolled by DMDX |62]. The words were presented in bold, 20-point
Arial font in white lower case on a black background. The images
were presented embedded in a white square image of 800 x 800
pixels on a black background.

A.3. Implicit association test

Procedure: Following well-established guidelines [11], the
bending-IAT comprised seven phases separated by a pause for
instructions. In the first phase (20 trials), participants sorted
each of the 10 images twice, into the categories "Round-back™
and “Straight-back™ In the second phase (20 trials), partici-
pants sorted the 10 words twice into the categories “Safe” and
“Danger”. In phases, three and four (30 and 40 trials each) par-
ticipants sorted words and images into the combined categories
(e.g. Danger/Round-back and Safe/Straight-back or Danger [Straight-
back and Safe/Round-back). In phase five (20 trials) participants
sorted images with the location of the categories switched. Phases
six and seven (40 trials each) reversed category combinations of
phases three and four (e.g. Danger/Straight-back and Safe/Round-
back or Danger/Round-back and Safe/Straight-back). The sequence
of congruent and incongruent matches during phases three and
four and six and seven were counterbalanced across partici-
pants.

On each trial the participant was given feedback ("correct” or
“wrong”). Categories remained on screen throughout an entire
phase. Each trial started with the display of a fixation cross for
1000 ms followed by a word or image for 1000 ms and an intertrial
interval of 1000 ms.

A4, Affective priming task

Procedure: Participants were informed that the task was to cat-
egorize words. The APT consisted of 8 blocks of 12 trials involving
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the presentation of a negative or positive word that was pre-
ceded by one of the prime pictures. Each block consisted of
6 affectively congruent (straight-safe, bending-dangerous) and
6 affectively incongruent image-word pairs (straight-dangerous,
bending-safe).

Each trial began with the presentation of two white fixation
crosses in the center of a black screen for 200ms, a picture for
200ms, a black screen for 100ms, and a word for 10s or until
the participant responded by pressing either button. The intertrial
interval was 1s.

In order to validate the APT in this sample, each participant also
performed a standard animal-APT using pleasant and unpleasant
animal pictures as primes (snakes, spiders, fish and birds) selected
from the International Affective Picture System (IAPS [36]). Both
APT and animal-APT were performed consecutively; the order how-
ever was counterbalanced.

A5. Physiological measures

Apparatus and stimulus material; Four categories of pictures
(neutral, pleasant, unpleasant and bending/lifting) were repre-
sented by six images each. Pictures in the first three categories were
selected from the (IAPS [26]) (neutral; rolling pin — 7000, towel -
7002, mug - 7009, wooden stool — 70,025, lamp - 7175, clock -
7211; pleasant: wedding — 4626, children — 2347 ice cream - 7330,
fireworks — 5480, beach - 5833, man and woman kissing — 4660;
unpleasant: snake — 1050, spider — 1201, shark — 1930, baby with
eye lesion - 3170, aimed gun - 6230, attack — 3530). The bending
and lifting-related images selected from PHODA-SeV (Photographs
of Daily Activities-Short electronic version [6]) were images num-
ber: 2, 4, 20, 27, 29, 33, 83. The presentation of these stimuli was
also controlled by DMDX [62].

Orbicularis occuli electromyographic activity (EMG): The first
electrode was placed on the skin directly underneath the partic-
ipant’s left eye. The second electrode was placed approximately
1cm to the left below the corner of the participant’s left eye. A
ground electrode was placed on the centre of the forehead. All
electrodes were connected to a BIOPAC EMG 100C amplifier (ampli-
fication: 5000; filters: low pass of 500 Hz and high pass of 10Hz).

Skin conductance (SCR): The electrodes were attached to
the thenar and hypothenar eminences of the participant’s non-
dominant hand and connected to a BIOPAC SCR 100C amplifier with
a gain of 2 pS/V.

Procedure; Participants washed their face and hands with non-
allergic soap and water prior to the task to remove skin residue,
minimizing skin impedance in the areas where the electrodes
would be attached [44]. Electrode gel was applied under the par-
ticipant's left eye and on the centre of the forehead to facilitate
conductivity. The gel was allowed time to absorb into the skin and
any excess was wiped off. A respiration belt was fitted over the par-
ticipant's thorax. The participant was then asked to sit comfortably
on an adjustable chair and the electrodes were attached.

Once the set up was ready, the participant was left alone
in the room, while the researcher (JPC) controlled the experi-
ment and monitored the participants through a CCTV system from
the adjacent room. Participants looked at the blank computer
screen for 3 min, while baseline data were collected. After base-
line, the picture-viewing task was initiated. Three startle probes
were administered to reduce the novelty of the startle probe and
the 24 pictures were presented pseudo randomly such that no more
than two pictures from the same category were presented in a row.
Four picture sequences were predetermined and counterbalanced
across participants. Probes were presented at 3.5s or 4.5 s after pic-
ture onset during four of the six pictures per category as well as
during one third of the inter-picture intervals.

A.6. Data processing, scoring and response definition

A.6.1. Implicit assessment data

For each participant, two measures of implicit attitude were
obtained, one for the IAT (IATp.score) and one for the APT
(APTpitr-score - For both measures, response time was defined as the
time elapsed from the presentation of the stimulus (word or pic-
ture) to when the shift key was pressed. This time was recorded
and incorrect responses, responses shorter than 100 ms or longer
than 1000 ms, and trials on which the participant had pressed the
incorrect button were considered as errors.

A62. IAT

An [AT bias score (IATp_score ) Was calculated using the improved
scoring algorithm recommended by Greenwald et al. [63] with an
error penalty of 2 standard deviations. This algorithm has been
thoroughly tested and shown to outperform conventional scoring
algorithms, providing valid measures of implicit associations [63].
A positive score indicates an implicit bias to associate “round-back”
and “danger”.

A63. APFT

Preparation of the affective priming data began with the
removal of errors (as above) and outliers, which were defined
as response times deviating by more than three standard
deviations from the mean of the individual. Response times
were sorted into 4 variables based on prime (standing and
bending) and target (safe or danger word). A priming score
(APT i ccore) Was calculated as the difference in response time
between incongruent (Round-back/Safe + Straight/Danger)
and congruent (Round-back/Danger+Straight/Safe) trials.
(APTpitr-score = RTincongruent — RTcongruent). A positive score indicates
a bias to associate “round-back™ and "danger”.

A.7. Physiological measures

A.7.1. Eye-blink startle reflex

EMG data were recorded using a hardware bandpass 10-500 Hz
filter, and processed with a software 50 Hz notch filter, followed by
30-500 Hz bandpass filter. Baseline eye-blink activity was the aver-
age magnitude of EMG recorded during the period of 50 ms prior to
the startle stimulus. Response latency was determined as the inter-
val between the beginning of the startle stimulus and the onset of
EMG activity, visually-detected within 20-70 ms after startle stim-
ulus onset. Blink magnitude was defined as the peak of the rectified
and smoothed (moving average across three consecutive values)
orbicularis oculi EMG activity occurring within 20-120ms after
startle stimulus onset.

A trial was scored as missing if the EMG signal was unstable
due to noise, movemnent artifacts or if a spontaneous or voluntary
blink occurred within the latency response window (20-70 ms after
startle onset), or if the response lasted longer than 100 ms. Baseline
EMG (within 50 ms prior to startle stimulus onset) was inspected
to determine whether it was stable [34]. If visual inspection of the
waveform failed to identify a response onset, then the trial was clas-
sified as a nonresponse trial and a magnitude of zero was recorded
[44).

Given the interest in intra-individual rather than inter-
individual differences in response amplitude, startle responses
were standardized within each individual to T-scores with a mean
of 50 and SD of 10 [44].

A.72. Skin conductance

Using visual inspection, the SCR data were scored with consider-
ation of the respiration trace, where SCRs associated with atypical
respiration were removed. A SCR was considered stimulus-elicited
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ifit began within 1-4 s of picture onset. Zero responses were scored
if no response was observed within that window.

Data processing followed standard procedure, which involved
square root transformation and range correction of SCRs to approx-
imate to a normal distribution [18]. The average response of all
pictures (six) per condition was calculated and analysed.

A.7.3. Picture ratings

Measures of pleasantness and arousal for each of the four con-
ditions (neutral, pleasant, bending/lifting and unpleasant) were
analysed for all participants.
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Chapter 4  Systematic review -
Behavioural interventions for
people with chronic low back
pain and high pain-related
fear: a systematic review of
their effectiveness in reducing
disability, pain and fear

Pain-related fear is thought to be a key mediator of the relationship between pain and
disability, supporting the notion that it is an important target for behavioural
interventions. Behavioural interventions can be broadly grouped as exposure-based and
activity-based interventions. Exposure-based interventions are grounded on the fear-
avoidance model, and provide an adequate framework to manage pain-related fear.
Consequently, there is a widely held notion that exposure-based interventions are the
treatment of choice for people with high pain-related fear. Nonetheless, the evidence for
behavioural interventions in general or, specifically for exposure-based interventions in
the management of people with persistent LBP and high pain-related fear has not been

evaluated.

The aim of this systematic review study was to determine the current state of evidence
concerning the effectiveness of behavioural interventions (broadly grouped as exposure-
based and activity-based) that were intentionally designed to target people with CLBP

and high pain-related fear, on reducing disability, pain and fear.

Note: for search strategy purposes, the term Chronic LBP (instead of Persistent LBP) has been used in this chapter

This chapter was submitted as a manuscript to Clinical Journal of Pain.
Caneiro JP, Ng L, O’Sullivan P, Moseley GL, Bunzli S, Smith A.
“Behavioural interventions for people with chronic low back pain and high pain-related

fear: a systematic review of their effectiveness in reducing disability, pain and fear”
(under review)
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4.1 Abstract

Objective: To determine the current state of evidence concerning the effectiveness (disability,
pain and fear reduction) of behavioural interventions (broadly grouped as exposure-based and

activity-based) intentionally designed for people with CLBP and high pain-related fear.

Methods: Prospectively registered review (PROSPERO CRD42016037175). Two reviewers
conducted an electronic search in five databases, including randomized controlled trials (RCTs)
and single-case experimental designs (SCEDs). Methodological quality was assessed using the
Cochrane Risk of Bias Tool and PEDro scale (RCTs); and the Risk of Bias In N-of-1 Trials
scale (SCEDs). For RCTs, meta-analysis compared change in disability, pain and fear between

groups. For SCEDs, narrative synthesis of outcomes was used.

Results: RCTs provide moderate quality evidence that exposure-based interventions are more
effective than wait-list control for disability (MD= -8.8; CI [-17.47, -0.13]; p=0.05) and fear
(MD= -8.48; CI [-13.16, -3.8]; p=0.0004), but the effect size is small (less than the minimal
clinical important change). There was no evidence of the superiority of exposure-based over
activity-based interventions for disability, pain or fear. SCEDs provide low to moderate quality
evidence that exposure-based interventions are effective in reducing disability and fear, and
low quality evidence that they are superior to activity-based interventions. Pain reduction was

only reported in SCEDs.

Discussion: Behavioural interventions for people with CLBP and high pain-related fear are
effective in reducing disability and fear, but only modestly effective in reducing pain.
Surprisingly, the widely held assumption that exposure-based interventions are the treatment

of choice for this group is only poorly supported by existing literature.

Key-words: Chronic back pain; pain-related fear; behavioural interventions; exposure; activity
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4.2 Introduction

Chronic low back pain (CLBP) exerts significant personal and societal burden worldwide “"4°°" <

al. 2017; Vos, Flaxman, etal. 2012). e being associated with high disability and psychosocial co-morbidity

( Abajobir et al. 2017; Dunn and Croft 2004) "pyioh Jevels of pain-related fear have been identified as a predictor

of increased disability and poorer outcomes in people with CLBP (Wertlh Rasmussen-Barr, Held, et al. 2014; Zale

etal- 2013) people with CLBP and higher levels of pain-related fear’ commonly report greater pain

Kroska 2016; Sulli tal. 2009 Zale et al. 2013; Crombez et al. 1999 . Sulli t
(Kroska ; Sullivan et a ) (Zale eta ; Crombez et a ),lessphyswal(uwane

intensity
al. 2009)

, greater disability

1 (Thibault et al. 2008) t (Martel,

and socia
Thibault, and Sullivan 2010; Braden et al. 2008)

participation, more work absenteeism and unemploymen

,than people with CLBP who have lower levels of pain-related fear.

Pain-related fear is thought to be a key mediator of the relationship between pain and disability ¢

et al. 2015) (Bunzli et al.

, supporting the notion that it is an important target for behavioural interventions
2017)

P (Morley 2011)’ and

Behavioural interventions are widely used for the treatment of people with CLB
have a well-established history since the original work of Fordyce (1976) ™" ¢t2-219) " Behayioural
interventions for pain aim to modify unhelpful behaviours and their underlying cognitive processes,

(Main et al. 2014; Vlaeyen et al. 2012; Henschke et al. 2010)

and thereby reduce disability . For people with high pain-

. . . . . Holl 1. 2010; Bail 1. 201
related fear, behavioural interventions are considered optimal (den Hollander ct al. 2010; Bailey ct al. 2010) "y)
general, behavioural interventions include a cognitive component (e.g. education, cognitive
restructuring), and can be broadly distinguished as respondent or exposure-based (e.g. graded

(Pincus et al. 20]5)’ and

exposure in vivo — GEXP; contextual cognitive behavioural therapy (CCBT)
operant or activity-based (e.g. graded activity — GA; exercise-based physical therapy — PT Fincusctal
2013 Both these approaches are commonly advocated and recommended for people with CLBP. The
key difference between them, is that exposure-based interventions specifically target pain-related
fear by repeatedly exposing the person to their feared/avoided activity to disconfirm threat
expectations (performance of task without the occurrence of feared outcome). In contrast, activity-
based interventions encourage physical re-activation to build activity tolerance, but do not directly
target the person’s feared activity ™ ¢t al-2010) 1y Jioht of this difference, there is a widely held

notion that exposure-based behavioural interventions are recommended over activity-based

behavioural interventions as the treatment of choice for people with high levels of pain-related fear
(van der Giessen, Speksnijder, and Helders 2012; Vlaeyen et al. 2012; den Hollander et al. 2010)
. However, there has been no

5 Pain-related fear is here used as an umbrella term that describes key constructs of the fear-avoidance model (Vlaeyen & Linton 2000), including: fear of

movement/(re)injury, pain anxiety and catastrophizing.
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attempt to evaluate the evidence of either of these interventions specifically for people with CLBP

and high pain-related fear.

We aimed to determine the current state of evidence concerning the effectiveness of behavioural
interventions (broadly grouped as exposure-based and activity-based) that were intentionally
designed to target people with CLBP and high pain-related fear, on reducing disability, pain and
fear. To ensure comprehensive coverage of pertinent literature, we considered single-case
experimental designs (SCEDs) in addition to randomized controlled trials (RCTs), as SCEDs form

an important part of the historical development of behavioural interventions for pain-related fear in
CLBP (Vlaeyen et al. 2012; Vlaeyen et al. 2001)

4.3 Methods

This systematic review followed the recommendations of the PRISMA statement M°Pe #2009 a4

it was prospectively registered with the International Prospective Register of Systematic Reviews

(PROSPERO; http://www.crd.york.ac.uk/prospero/, reference CRD42016037175).

4.3.1 Search strategy

An electronic search was conducted by two independent reviewers (JPC and LN) on titles and
abstracts from inception to May 2016, and updated in February 2018, in the following databases:
PubMed, MEDLINE, CINAHL, EMBASE, PsycINFO; limited to trials that involved humans and
published in English. Table 4.1 displays the key terms used in this search strategy. The database
searches were accompanied by hand searches of the reference list of included articles. All references

were downloaded to referencing software Endnote, and duplicates removed manually.

4.3.2 Study selection

Two authors (JPC and LN) independently examined the titles and abstract that matched the inclusion
and exclusion criteria using Covidence (www.covidence.org), an online platform supported by
Cochrane. Where there were disagreements between the authors, a final decision was determined
through consensus by three authors (JPC, LN and SB). Two authors (JPC and LN) then

independently examined full-text articles; discrepancies were resolved through discussions with a
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third author (SB) until a consensus decision was reached. Where applicable, authors of original

studies were contacted to provide further details on their results.

433 Inclusion criteria

43.3.1 Study design

Randomized controlled trials (RCTs) and single case experimental designs (SCEDs) (T ¢t al- 2017: Tate

ctal. 2019) reporting interventions that had been completed were included. SCEDs form an important

part of the behavioural sciences literature " **2°'?_ The strength of SCEDs lie in the richness of
data captured via repeated measures over time Bor@rdtetal- 2008) “pyrthermore, SCEDs accommodate

the heterogeneity and intra-subject variability commonly described in CLBP populations by using

each person as their own control (Morley 2018; Vlaeyen, Morley, and Crombez 2016; Morley, Vlaeyen, and Linton 2015; Morley

and Adams 1989) "Tymical group design analysis that conveys information about aggregate benefit are

inappropriate for analysis of data from SCEDsg (Maggin and Odom 2014; Borckardt et al. 2008)

43.3.2 Population

Studies involving adults (>18 years) with CLBP (i.e. article reported participants’ pain as chronic
or stated that they had LBP for >3 months duration) " ¢ ? 2%0 and high pain-related fear
(herewith referred to as Fear). For the latter, we included studies that recruited participants based
(Wertli, Rasmussen-Barr, Weiser, et al. 2014)

on high scores on measures of pain-related fear (TSK>38/68)

(PASS-20 >68/100) Bredeetal- 201D 1 catastrophizing (PCS>24/52) Svllivan. Bishop, and Pivik 1995) "o ihor i

, anxiety

isolation or combined with a more specific measure of fear of movement (e.g. PHODA >50/100) ¢

Vlaeyen et al. 2012; Leeuw, Goossens, et al. 2007)

4333 Interventions

Studies that reported on interventions that were cognitive, behavioural, physical or of combined
nature, which aimed to reduce disability and/or pain in individuals with CLBP and high pain-related

fear.

4334 Clinical outcomes

Studies reporting on disability, function, and/or pain intensity (primary), and pain-related fear

outcomes (secondary).
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Table 4.1 Search strategy.

SEARCH TERMS

#1. PARTICIPANTS “Low back pain” OR “back pain” OR backpain OR “LBP” OR “NSLBP” OR “CLBP”
OR “NSCLBP” OR “back ache*” OR backache OR “low back syndrome” OR “lumbar
pain” OR “spine pain” OR “spinal pain” OR “lumbago” (title and abstract)
AND
Fear OR fearful OR "fear of movement" OR "fear of movement/re-injury” OR "fear of
re-injury” OR kinesiophobia OR “pain-related fear" OR "pain-related anxiety"” OR
"negative back beliefs" OR "negative back pain beliefs" OR avoidant OR avoidance OR
“fear-avoidant” OR “fear-avoidance” OR anxiety OR anxious OR catastrophi* OR
distress OR “pain-related distress” OR “psychological distress” OR “psychological risk"
(title and abstract)

#2. INTERVENTIONS therapy OR therapeutic OR training OR treat* OR approach OR program OR

intervention OR management OR psychological OR psychosocial OR psycho social OR
psychotherapy OR  “psychologically informed” OR “physiotherapy-led” OR
“acceptance-based” OR behaviour OR behaviour OR behavioural OR behavioural OR
care OR CBT OR CCBT OR cognitive OR operant OR “classical conditioning” OR
counsel®* OR exposure OR “exposure in vivo” OR “exposure treatment” OR graded OR
“graded activity” OR “graded in vivo exposure” OR advi* OR education® OR instruction
OR learning OR school OR teaching OR mindfulness OR mindbody OR “mind-body”
OR yoga OR physical OR physiotherapy OR “Physical therapy” OR exercise OR
functional OR rehabilitation OR “classification based” OR “cognitive functional” OR
interdisciplinary OR stratified OR multidisc* OR “person-centred” OR “person-
centered” OR “client-centred” OR “client-centered” OR personalized OR personalised

OR individualized OR individualized (title and abstract)

#3. OUTCOMES Disability OR Pain OR Function (abstract)
COMBINED TERMS #1 AND# 2 AND #3
LIMITATIONS Humans

English [la]

4.3.4 Data extraction

Two authors (JPC and LN) independently extracted and crosschecked the data using a standardized
form. This form was piloted in two studies prior to use. The following data were extracted: 1)
Characteristics of participants: sample size, gender, age, inclusion criteria; 2) Characteristics of
interventions: type, content and duration; 3) Outcomes assessed: primary (disability, function,
and/or pain), secondary (pain-related fear: kinesiophobia, fear-avoidance, anxiety and
catastrophizing) at a post-treatment timepoint (less than 3months after end of the treatment), and
follow-up period at two timepoints that were established for this review: Short-term follow up (from

3 to < 6 months), and Medium-term follow up (from 6 to 12 months); when multiple timepoints fell

104



within the same category, the timepoint that was closer to 3 months after the end of treatment for
the short-term, and closer to 6 months for the medium-term was used (1€ €4l 201D 4y Regylts
summary of each study. For the RCTs, mean score and standard deviations were extracted, or
calculated (when the information was not provided) by using methods recommended by the
Cochrane Handbook for Systematic Reviews of Interventions 18 ¢t @ 201D Qeres for disability,
pain and fear were converted to a 0 to 100 scale. Where more than one outcome measure was used
to assess disability, pain and fear, the outcome measure described as the primary outcome for the
trial was included in this review. For SCEDs, descriptive data for the main outcomes were extracted.
Heterogeneity regarding the timeframe of follow up assessments for both study designs, was

managed by providing descriptive synthesis of outcomes at short and medium-term follow ups.

4.3.5 Risk of Bias and Quality assessment

Assessment was completed by two independent reviewers (JPC and LN), using tools appropriate to

each study design. The criteria used to rate the risk of bias was based on recommendations from the

(Higgins et al. 2011) 1 (Tate et al. 2014; Tate et al. 2013)

Cochrane collaboration and Tate et a , in which: RCTs were

assessed using the Cochrane Risk of Bias Tool (RoB) (iggins etal 2011)

using the Risk Of Bias In N-of-1 Trials scale (RoBiNT) (Tate ctal- 2014: Tate etal. 2013)

, and SCEDs, were assessed

The methodological quality assessment of the included RCTs was performed using the PEDro scale,

(Maher et al. 2003) and valid @ Meron 209) Eollowing the PEDro criteria (11 items, of

which is reliable
which 10 are scored), each item was scored as ‘yes’ if it fulfilled the criteria, and ‘no’ if there was a
risk of bias or a lack of clarity. According to PEDro scores, quality of evidence was classified as
‘high’ (>6/10), ‘fair’ (=4-6/10) or ‘poor’ (<4/10). Quality of SCEDs (internal and external validity)
was assessed with the RoBiNT scale ™¢ ¢ @ 2919 For assessment of both risk of bias and
methodological quality, results were compared and discrepancies resolved through discussions with

a third author (SB) until a consensus decision was reached.

4.3.6 Data analysis

Two design-specific analyses were planned and conducted. First, for RCT studies only, meta-
analysis compared changes in disability, pain and fear between groups. Heterogeneity between
treatment studies was assessed using I’ (i squared) statistics. Substantial heterogeneity was

determined using the cut-off point [2>50% Higgins et al 201D g tials that were statisticall
g p y
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homogenous (I’<50%), pooled effects (weighted mean differences) were calculated using a fixed-
effects model. For trials that were statically heterogeneous (I>>50%), estimates of pooled effects
(weighted mean differences) were calculated using a random-effects mode] *iggns ¢t al- 201D "y
contrasts were conducted: exposure-based vs control (Figure 2), and exposure-based vs activity-
based (Figure 3). In one study where multiple contrasts were examined (e.g. exposure-based vs
activity-based intervention vs waitlist control) (WV°0ds and Asmundson 2008) 4o sample size in the shared
comparison was halved in order to avoid double counting of participants in the analyses. The
timepoints considered for meta-analyses were post-treatment, short-term and medium-term follow
ups. Analyses of the RCTs were conducted in Review Manager 5.3 (version 5.3; The Nordic

Cochrane Centre, Copenhagen, Denmark) ®evMan 2014)

Second, we analysed changes in disability, pain and fear in SCED studies. As there is not yet

consensus with regard to methods for meta-analysis of SCEDs (ratochwill et al. 2013)

, and given the
considerable heterogeneity of studies with regard to design and analysis, only a descriptive and
narrative synthesis of these studies was performed Mggin and Odom 2019) “qio16_subject studies are
designed to evaluate intra-person changes over time, using each participant as their own control
(Morley 2018; Morley, Vlaeyen, and Linton 2015; Onghena and Van Damme 1994; Morley and Adams 1989; Kazdin 1982). To evaluate

treatment effectiveness, multiple timepoints are necessary to allow identification of systematic

change in the outcome during the treatment phase in comparison to a baseline (Borekad etal-2008) 1y

this review, level of evidence gathered from SCEDs was considered according to the frequency of
timepoints in which the variable was measured. SCEDs reporting on data from multiple timepoints
were considered to provide a higher level of evidence than SCEDs reporting on data from single

timepoints (Tate et al. 2017)

4.4 Results

4.4.1 Literature search

The PRISMA flowchart is presented in Figure 4.1.

4.4.2 Description of studies

Three RCTs and seven SCEDs satisfied our a priori criteria and were included. Authors of one

(Linton et al. 2008)

study were contacted to provide data from participants with CLBP only. The details

and data extracted from each study are summarized in Table 4.2. Although one of the RCTs F"eus !

1. 201 el eqe . . . .. . .
Al 2019) was a feasibility trial, it satisfied our a priori criteria.
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ﬂ)tentially relevant articles identified through\

electronic database search

(n="17372)

CINAHL (148)
EMBASE (2970)
Medline (1725)
PsycINFO (859)

PubMed (1670)
\\ Other sources (0) /

[ Records after removal of duplicates

(n=3223)

l

Records screened for title and abstract : Excluded after screening of title and abstract
(n=3223) (n=3184)
/ Full-text articles excluded and reasons \
(n=29)

Not recruiting participants based on high fear

Full-text articles screened for eligibility 27
(n=139)
Non-experimental single-case design (only pre-post measures)
l ()
Participants with acute or subacute low back pain

SCEDs (n=7)
RCTs (n=3)

Records included for final review K (1)
(n=10)

Figure 4.1 PRISMA flow chart describing selection, screening and inclusion processes.
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Table 4.2 Characteristics of included studies (participants, interventions and measures)

OUTCOME MEASURES

STUDY DESIGN INTERVENTION SAMPLE INCLUSION CRITERIA
MT= multiple timepoints (daily, weekly); ST= single timepoints (end of phases)
Content Period Follow up N, agge;der, (Fear level”, LBP duration) Disability Pain Fear
Vlaeyen SCED GEXP M vsGA® 3 weeks per n/a N=4 TSK>40/68 RMDQ),, °T w/a for pain Fear appraisals ™"
2001 (AB) (in comprehensive intervention M: 1, F: 3 (High-fear) PCL-disability ST intensity (Fear of movement, Fear
(V‘azzz‘: etal. o rehabilitation program) (21 days of Age: 31-40 CLBP>6mo Measured&ain of pain, Catastrophizing)
! Baseline-A-B baseline) yrs. control TSKp *", PHODA *",
Baseline-B-A PCL-catastrophizing 5T
Vlaeyen SCED GEXP M vsGA® 4 weeks per 12 months N=6 TSK>40/68 RMDQ T vASMT Fear appraisals ™"
2002-A (AB) (in comprehensive intervention M:2,F: 4 (High-fear) Physical activity 5T PVAQST TSK 5T, PHODA 57
(Vlaeyen, de crossover: rehabilitation program) (28 days of Age 26-51 yrs CLBP>6mo
Jong, Geilen, et Baseline-A-B baseline) ° °
al. 2002) Baseline-B-A
Vlaeyen SCED GEXP 5 weeks n/a N=2 TSK>40/68 RMDQ T VASMT Fear appraisals ™"
2002-B (AB) (stand-alone) (15 sessions— F:2 (High-fear) PVAQ ST TSK,, 5T, PHODA 5T
(Vlaeyen, De 90min/each) . CLBP>6mo
Jong, Onghena, (1 week of Age 45 & 47
etal. 2002) baseline) YIS,
Boersma SCED GEXP ~ 3 weeks 3 months N=6 TSK>35/68 Function M7 vAS MT Fear-avoidance M7
2004 (MBD) (stand-alone) (6-10 sessions—60- (participant P4 Gender not (Moderate-fear (Avoidance items 20- (OMPQ, PAIRS, FABQ)
(Boersma et al. 90min/each) had follow up at stated All included had >40/68) 25 OMPQs) TSK ST PHODA ST
2004) (varied baseline week 9) . Fear-Avoidance*=60/90 s
length) Age: 34-61 yrs.
PHODA=30/98 cards >50
(with 15 of the 30 >80)
CLBP>6mo
De Jong SCED Bas™-EDU *-GEXP ) 6 weeks EXP 6 months N=6 TSK>39/68 Personally—regﬁfant VASMT Fear appraisals ™"
2005 (ABC/D) s . (24 hours) Gender not (High-fear) activities TSK, 5T, PHODA 5T
(deJon ctal crossover: Bas®- EDU ®-GA 8 weeks GA stated CLBP>6mo RMDQ *"
2009 s N (32 hours) Age not stated Physical activity
Baseline- A-B-D . ST
(3weeks no treatment monitor
2x)
Linton SCED Hybrid emotional 6-9 weeks 5 months N=6 PSC>24 QBPS T vAS MT pcs MT
2014 (AB) exposure (9-10 sessions—11-15h) M:1,F:5 (High-fear) TSK; 5T, HADS 5T
(Linton and -
GEXP + DBT (9-15 days :33- CLBP>3mo
Fruzzeti 2014) ( ) baseline) Age: 33-71 yrs.
Guck SCED Primary care 2-3 days 2 weeks N=4 TSK,>26/44 Speed walking time M© VAS ST TSK-11 5T
2015 (MBD+CCD)  walking exposure -  (2-6 days baseline) M:2,F:2 (represents 40/68 in full TSK) PAIRS ST CSQ-CAT ST
ot visual feedback Age: 42-64 yrs. (High-fear) MPI-IS ' BDI®'

(GEXP-based)

CLBP>6mo
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Linton RCT GEXP-TAU 13-15 sessions Post- N=34 TSK>35/68 Activities Daily OMPQ 3T TSK 3T, pCS 5T,
2008 vs (8-10 of GEXP) treatment M: 16, F: 18 (Moderate-fear) Living 5T (intensity, PHODA 5T
(Linton ctal WLC-TAU (between- Age: 46-49 yrs.  PHODA= substantial fear (PHODA >50/100) | (Sitems OMPQ - work, location,
2008) group (SD: 9.9-73) CLBP>3mo sleep, walk, hguse chores, duration)
comparison) U Sh‘)ppmg)ST
QBPDS
Sick Leave ST
Woods RCT GEXP vs GA vs 4 weeks 1 month N=44 TSK>38/68 pDI T SF-MPQ 5T TSK 3T, pCS 5T,
2008 WLC (2 sessions/week — M: 15, F: 29 (High-fear) PSEQ ST PASS-20 5T
(Woods and 45min/each GEXP:15 CLBP>3mo
Asmundson 8 sessions per S
2008) intervention GA:13,
WLC:16
Age: 43.78 yrs.
(SD: 9.88)
Pincus  Feasibility CCBT 8 sessions per 3and 6 N=89 TSK>38/68 RMDQ *T BPI T HADS T
2015 RCT* vs intervention months M: 35, F: 54 (High-fear) CPAQ ST
(pm:ou]s:; al, Physiotherapy (60min/cach) CCBT: 45, PT: Avoidance
(PT) 44 (single-item STarTBack)
(back to fitness group Age: 44.6 yrs. CLBP>3mo
with at least 60 % of (SD: 16.01)
exercise-based o
content; and up to 3
individual sessions if
required)

SCED: Single Case Experimental Design (includes repetitive measures); A, B, C, D: phases of design; MBD: Multiple Baseline Design; CCD: Changing Criterion Design; RCT: Randomized Controlled Trial;
GEXP: Graded Exposure in vivo; GA: Graded Activity; M: Male; F: Female; Ag: Age in years (yrs.); n/a: Not Assessed; TSK: Tampa Scale of Kinesiophobia; PCS: Pain Catastrophizing Scale; CLBP:
Chronic Low Back Pain; Fear Level : TSK cut off based on Wertli et al 2014 (TSK: High>38/68)(Wertli, Rasmussen-Barr, Weiser, et al. 2014), PCS cut off based on Sullivan et al 1995 (PCS:
High>24/52)(Sullivan, Bishop, and Pivik 1995); MT: measures taken at Multiple Timepoints (daily, weekly); ST: measures taken at Single Timepoints (end of phases); RMDQ: Roland Morris Disability

Questionnaire; PCL: Patient Cognitions List (dis: disability; cat: catastrophizing; con: pain control); Fear appraisals: short instrument containing items from TSK, PASS (Pain Anxiety Symptom Scale), PCS
(Pain Catastrophizing Scale) — measured daily; PHODA: Photograph Series of Daily Activities (SeV: Short electronic Version); VAS: Pain intensity; PVAQ: Pain vigilance and Awareness Questionnaire;
OMPQ: Orebro Musculoskeletal Questionnaire; MPQ: McGill Pain Questionnaire; QBPDS: Quebec Back Pain Disability Scale; PSC: Patient Specific Complaints; TAU: Treatment As Usual; WLC: Waitlist
Control; SF-MPQ: Short Form McGill Pain Questionnaire; PSEQ: Pain Self-Efficacy; PDI: Pain Disability Index; DBT: Dialectical behaviour therapy; CPAQ: Chronic Pain Acceptance Questionnaire; HADS:
Hospital Anxiety and Depression Scale; TSK-11: TSK short form (11 items); PAIRS: Pain and Impairment Relationship Scale; MPI: Multidimensional Pain Inventory (IS: interference scale); CSQ: Coping
Strategies Questionnaire (CAT: Catastrophizing subscale); BDI: Beck Depression Inventory; CCBT: Contextual Cognitive Behavioural Therapy; BPI: Brief Pain Inventory; ~Fear-Avoidance scale: consisted of
selected items from PAIRS, OMPSQ, FABQ and back pain worry questions — all scored from 0-10. Subscript D or S: language of questionnaire used — Dutch, Swedish. #: Feasibility trials are not often powered
to inform on the efficacy of either of the interventions. Nonetheless, the study had a larger sample size than the other RCTs included in this review, and it reported the outcomes adequately.
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4.4.3 Quality assessment

Quality assessments of included studies are presented at the bottom of Figures 4.2 and 4.3 (RoB)
(Higginsetal. 2010 "4 d in Appendix 4.1 (Tables 4.4 (RoBiNT) (Tt etal. 2014: Tate etal. 2013) 41y 4 4 5 (PEDro)
(de Morton 2009; Maher et al. 2003)y ‘ypitia] agreement of quality ratings was 91% (RoB), 86% (PEDro) and
89% (RoBiNT) between reviewers (JPC and LN). Following discussion with a third reviewer (SB),
consensus was reached on all items. All three RCTs scored ‘moderate to high’ risk of bias with most
common methodological limitations being selection bias (lack of allocation concealment),
performance bias (blinding of both therapists and patients, which are practically unavoidable in trials
using behavioural interventions), detection bias, and attrition bias (loss to follow up). According to
the PEDro scale, two studies were rated as ‘fair quality’ (scores of 5/10 (Woods and Asmundson 2008) ;) 4
4/1( (Linton etal- 2008y 54 one was rated as ‘high quality’ (score of 7/10 Fineus etal- 2019y " A ceording to
the RoBiNT, all SCEDs had moderate risk of bias, and were rated as low to moderate quality (mean

scores: 4.7/14 for internal validity, and 11.4/14 for external validity).

4.4.4 Population

All studies included participants with CLBP and high fear. The total number of participants over 3
RCTs was 167 (n= 34 (Hinton et al- 2008 44 (Woods and Asmundson 2008) and 89 *incus et al- 2015)
participants), and the total number of participants over 7 SCEDs was 34, with these studies ranging
from 2 to 6 participants. Two studies (one RCT *mon et 2008) 3 one SCED (Boersmaetal- 2000y yysed a
moderate cut-off score on a standard measure of fear (TSK>35/68) in combination with a fear profile
on a more specific measure (PHODA — details in Table 4.2). The RCT (- t2l-200%) 14 two stages,
the first was a between-group comparison between active treatment and usual care groups. The
second was a within-group comparison of participants that were offered to crossover from the usual
care group to the active treatment group. However, a proportion of participants in the second stage
of the RCT (o et 2l- 2008 (within-group comparison) were excluded because they did not have
substantial fear as determined by the PHODA. Therefore, we only included participants from the
first stage of that RCT (between-group comparison). Despite the lower inclusion criteria of
TSK>35/68, all 6 participants recruited in the SCED Boersmaetal- 2009 had high fear (TSK>38/68) V"

Rasmussen-Barr, Weiser, ctal. 2014) ‘The mean (range) age across all studies was 48 (26 to 71) years.
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4.4.5 Intervention characteristics

All studies reported on exposure-based behavioural interventions, including graded exposure in vivo

(GEXP) (Woods and Asmundson 2008; Linton et al. 2008; de Jong et al. 2005; Boersma et al. 2004; Vlaeyen, de Jong, Geilen, et al. 2002;

1 D h 1. 2002; V1 1. 2001 : . .o .
Viaeyen, De Jong, Onghena, et al. 2002; Viaeyen et al. 2000 " hyhrid emotional exposure (combining GEXP with

dialectical behaviour therapy - DBT) (Mnton and Fruzzetti 2014) " iipary care-based walking exposure (9

¢tal 2019 and contextual cognitive behavioural therapy (CCBT) Fineus etal- 2019 ‘Three RCTS (Woods and

Asmundson 2008; Linton et al. 2008; Pincus et al. 2015) and three SCEDs (de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002;

Viaeyen etal 2001) g150 reported on activity-based behavioural interventions, including graded activity

(GA) (Pincus et al. 2015; Linton et al. 2008; Woods and Asmundson 2008; de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et

4l 200D and physiotherapy (PT) Fneus etal-2019) (hack to fitness group exercises with at least 60 % of

(Pincus et al. 2015; Woods and Asmundson 2008)

content being exercise-based). Two RCT studies compared

exposure-based and activity-based interventions directly, and two RCTs compared an exposure-

based intervention to a waitlist contro] (-non ¢t al- 2008: Woods and Asmundson 2008) "y e SCED (4¢ 'one et

4l 2009 reported on the education component of behavioural interventions. The characteristics of the

interventions are described in Table 4.2.

4.4.6 Clinical outcome measures

All RCTs reported assessments of disability, pain and fear post-treatment (Fneus ¢t al- 2015 Woods and

Asmundson 2008; Linton et al. 2008) (Pincus et al. 2015)

, with only one presenting data from short and medium-term

follow up. Therefore, meta-analysis was only conducted on post-treatment data from the three RCTs.

) (Pincus et al. 2015)

Follow up outcomes for Pincus et al (2015 were reported descriptively.

. s . . . k
All SCEDs reported on disability, but only three reported assessments at multiple timepoints (“'* ¢
al. 2015; de Jong et al. 2005; Boersma et al. 2004) Six SCEDs reported on pain (Guck et al. 2015; Linton and Fruzzetti 2014; de Jong

et al. 2005; Boersma et al. 2004; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen, De Jong, Onghena, et al. 2002)’ with five reporting

assessments at multiple timepoints (Linton and Fruzzetti 2014; de Jong et al. 2005; Boersma et al. 2004; Vlaeyen, de Jong, Geilen,

et al. 2002 Vlaeyen. De Jong, Onghena. et al. 2002) * A1| SCEDs reported measures of fear, with six reporting it at

multiple timepoints (Linton and Fruzzetti 2014; de Jong et al. 2005; Boersma et al. 2004; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et

al. 2001a; Viaeyen, De Jong, Onghena, etal. 2002) ‘Thore was considerable variability in design, outcome measures
used, the frequency in which outcomes were collected, and the type of analysis utilised to evaluate
outcomes across SCEDs (details in Table 4.2 and Appendix 4.2). This heterogeneity precluded

(Maggin and Odom 2014; Bailey et al. 2010)

meta-analysis of these data , S0 we undertook a narrative assessment,

synthesis and descriptive frequency quantification of the available evidence from SCEDs.
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4.4.7 Intervention effects for Randomized controlled trials (RCTs)

4471 Post-treatment outcomes

Three RCTs reported on comparisons between: exposure-based behavioural interventions and wait

1 (Woods and Asmundson 2008; Linton et al. 2008),

list contro ; and between two types of behavioural interventions:

exposure-based (Woods and Asmundson 2008) 4 4 o otivity-based T et 2019 (Appendix 4.3 -Table 4.9).

4.4.7.1.1 Exposure-based Behavioural intervention versus Wait list control

Two trials with a total of 56 participants (31 (Voods and Asmundson 2008), 5 5 (Linton et al. 2008)y ¢y ypared an

exposure-based behavioural intervention (GEXP) with a wait list contro] (W°°ds and Asmundson 2008; Linton
etal 2008) ' A ccording to the PEDro scale, the methodological quality of these trials was fair (scores of
5/10 (Woods and Asmundson 2008) 5 4 47 (Linton etal- 2008)) ‘1yata for pooling were available for disability, pain

and fear post-treatment. Data were pooled using fixed-effects model for all outcomes (I* <50%).

The meta-analysis revealed a statistically significant difference for disability between exposure-
based interventions and wait list control, favouring the intervention (MD = -8.8; 95% CI, -17.47, -
0.13; p=0.05) (Figure 2). However, the effect was small; -8.8 points difference on a scale from 0 to
100, which is less than the minimal clinically important change (MCIC) for the QBPDS (15 points
change on 0-100 scale) Fritz and Ireang 2000 5, 4 RMDQ (10.4 points change on 0-100 scale) ®otand and
Morris 1983) ‘The outcome measure used by Woods & Asmundson (2008) (oods and Asmundson 2008) (pyjpy
Disability Index) does not have an established MCIC. No statistically significant difference was
found between exposure-based interventions and wait list control for pain (MD = -4.61; 95% CI, -
13.75, 4.53; p=0.32). Results for fear favoured the exposure-based intervention (MD = -8.48; 95%
Cl, -13.16, -3.8; p=0.0004), but the effect was small; only -8.5 on a 100 points scale, which is less
than the MCIC for the TSK (17.6 points change on 0-100 scale) -*neretal- 201D 14 5yt these effects
in perspective, recent studies have determined that people with LBP need to experience a minimum
change of 20 points on pain and disability (on a 100 points scale) to consider the intervention effect
worthwhile (Christiansen etal. 2018; Ferreira, Herbert, ctal. 2013) o re]atively small number of participants in both

(Woods and Asmundson 2008; Linton et al. 2008)

trials may have limited their statistical power and generalization

of results.
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44.7.1.2 Exposure-based versus Activity-based behavioural interventions

Two trials with a total of 77 participants (49 (Fincus et al- 2019), 5g (Woods and Asmundson 2008)y ¢ yyared
exposure-based (GEXP and CCBT) with activity-based behavioural interventions (GA and PT)
(Woods and Asmundson 2008; Pincus etal. 2015) 'pe methodological quality of these trials was high (7/10 et
al- 2015)) for one and fair (5/10 (Woods and Asmundson 2008)y £, the other according to the PEDro scale. Data
for pooling were available for disability, pain and fear post-treatment. Data were pooled using fixed-
effects models for disability and pain (I* <50%), and a random-effects model for the fear outcome

(I* >50%).

The meta-analyses revealed no statistically significant differences between treatment groups for
disability (MD = -5.5; 95% CI, -16.07, 5.08; p=0.31), pain (MD = -3.31; 95% CI, -9.84, 3.21;
p=0.32) or fear (MD =-5.62; 95% CI, -16.32, 5.07; p=0.30) (Figure 4.3).

4.4.7.2 Short and medium-term follow up outcomes

Only one RCT * assessed outcomes at both short and medium-term follow ups, therefore its follow
up data were synthesized, but not analysed. That study compared exposure-based (CCBT) and
activity-based (PT) interventions *°. Although it reported improvements for disability, pain and fear

for both interventions, there was no difference between them (CCBT and PT).
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Disability

Exposure-based

Wait list Control

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Linton et al 2008 42.4 155 9 47 19 16  29.7% -4.60 [-18.26, 9.16] ——
Woods & Asmundson 2008 {(EXP) 16 14.71 15 27.57 17 16  60.3% -11.57[-22.74, -0.40] ——
Total (95% CI) 24 32 100.0% -8.80([-17.47, -0.13] -
-100 -50 0 50 100
Favours [Exposure-based] Favours [WL Control]
Pain
Exposure-based Wait list Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Linton et al 2008 51.55 21 9 52.98 19 16  30.4% -1.432[-18.01, 15.15]
Woods & Asmundson 2008 (EXP)  22.78 14.44 15 29.78 16.67 16 £9.6% -6.00[-16.96, 4.96]
Total (95% CI) 24 32 100.0% -4.61[-13.75, 4.53]
-100 -50 0 50 100
Favours [Exposure-based] Favours [WL Control]
Fear
Exposure-based Wait list Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
Linton et al 2008 4926 11.18 9 55.29 10.44 16 27.5% -6.03[-14.95, 2.89] —T
Woods & Asmundson 2008 (EXP)  48.08 7.06 15 575 853 16 72.5% -9.41[-14.91, -3.91] : 3
Total (95% CI) 24 32 100.0% -8.48 [-13.16, -3.80] @
-100 -50 0 50 100
Favours [Exposure-based] Favours [WL Control]
Risk of Bias A B C D E F G
) A: Random sequence generation (selection bias) E: Incomplete outcome data (attrition bias)
Linton et al 2008 . . . ? . . . B: Allocation concealment (selection bias) F: Selective reporting (reporting bias)
C: Blinding of participants and personnel (performance bias) G: Other bias
HOOESAACNESOn 2008 . . . ? . ? ? D: Blinding of outcome assessment (detection bias)

Figure 4.2 Exposure-based Behavioural interventions versus wait list control on disability, pain and fear (post-treatment outcomes: <3 months).
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Disability

Exposure-based Activity-based Mean Difference Mean Difference
Study or Subgroup SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Pincus et al 2015 37.5 26.29 37.08 28.08 26 48.2% 0.42 [-14.81, 15.65]
Woods & Asmundson 2008 14.7 27 233 13 51.8% -11.00[-25.69, 3.69]
Total (95% CI) 39 100.0% -5.50[-16.07, 5.08]

Pain

-100 -50 0 50 100
Favours [Exposure-based] Favours [Activity-based]

Exposure-based Activity-based Mean Difference Mean Difference
Study or Subgroup SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Pincus et al 2015 37.25 14.5688 37.5 146073 26 B3.6%  -0.25[-8.43, 7.93]
Woods & Asmundson 2008  23.78 14.44 32.44 14.67 12 36.4% -8.66[-19.48, 2.16]

Total (95% CI)

Fear

39 100.0% -3.31([-9.84, 3.21]

~100 -50 0 50 100
Favours [Exposure-based] Favours [Activity-based]

Exposure-based Activity-based Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pincus et al 2015 26.67 14.10632 23 36.42 14.4545 27 46.4% 0.24 [-7.70, 8.18]
Woods & Asmundson 2008 7.1 58.8 12 53.6% -10.70[-16.18, -5.22] -
Total (95% CI) 40 100.0% -5.62 [-16.32, 5.07]
-100 -50 0 50 100
Favours [Exposure-based] Favours [Activity-based]
Risk of Bias E 6

Pincus et al 2015

Woods & Asmundson 2008

A
&
®

C
=
&

D
&
?

A: Random sequence generation (selection bias) E: Incomplete outcome data (attrition bias)
B: Allocation concealment (selection bias) F: Selective reporting (reporting bias)

C: Blinding of participants and personnel (performance bias) G: Other bias

D: Blinding of outcome assessment (detection bias)

Figure 4.3 Exposure-based versus Activity-based Behavioural interventions on disability, pain and fear (post-treatment outcomes: < 3 months).
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4.4.8 Intervention effects for Single-case experimental designs
(SCEDs)

The outcomes of seven SCEDs (Linton and Fruzzetti 2014; de Jong et al. 2005; Boersma et al. 2004; Vlaeyen, De Jong, Onghena, et

al. 2002; Viaeyen etal. 2000) (oith 3 total combined sample size of 34 participants with CLBP and high pain-

related fear are displayed in Table 4.3. There was considerable design heterogeneity among the

SCEDs. Specifically, there were four SCEDs that reported within-person eftects of exposure-based

(GEXP) interventions on dlsablhty pain and fear (Guck et al. 2015; Linton and Fruzzetti 2014; Boersma et al. 2004; Vlaeyen,
b

De Jong, Onghena, et al. 2002) 414 three SCEDs that reported between- person effects of exposure-based

. : : . . 2005: ilen, et al. 2002;
(GEXP) and activity-based (GA) behavioural interventions (4¢n€ et al- 2005: Viaeyen. de Jong, Geilen, et al. 2002;

Vlaeyen et al. 2001)

4.48.1 Narrative synthesis of outcomes for SCEDs
Post-treatment outcomes

4.48.1.1 Within-person design: Exposure-based behavioural interventions
alone

Four SCEDs with a total of 18 participants reported the within-person effects of exposure-based

(GEXP) interventions on dlsablhty pain and fear (Guck et al. 2015; Linton and Fruzzetti 2014; Boersma et al. 2004; Vlaeyen,
b

De Jong, Onghena, et al. 2002) ‘Thege studies had moderate risk of bias, and low to moderate methodological

quality (Appendix 4.1, Table 4.4).

(Guck et al. 2015; Boersma et al. 2004)

Two studies presented data captured at multiple timepoints , reporting

reductions in disability for most participants. These results were supported by results of three of the
studies (Linton and Fruzzetti 2014; Boersma et al. 2004; Vlaeyen, De Jong, Onghena, et al. 2002)

of disability (RMDQ, OMPQ, QBPDS) captured at single timepoints (pre-post).

, which used standard measures

. . . . ; Li 12014; B
Three SCEDs presented data captured at multiple timepoints (Gu¢k ¢t #l- 2015 Linton and Fruzzetti 2014; Boersma et

al. 2004; Vlaeyen, De long, Onghena, et al. 2002) ' 1oy yrting mixed results for reductions in pain after GEXP was

introduced. Vlaeyen et al (2002-B) (Vacyen. De fong, Onghena, et al. 2002) .oy yr0d sjgnificant reduction for

) (Boersma et al. 2004)

both participants. Boersma et al (2004 reported that pain reductions were large for

two of the six participants, minimal for three, and negligible for one. Linton & Fruzzetti (2014) ™"

and Fruzzetti 2014) *ronorted that four of the six participants had reductions that reached criteria after

treatment At single timepoints (pre-post) fOLlI‘ SCEDS (Guck et al. 2015; Linton and Fruzzetti 2014; Vlaeyen, De Jong,
. 9

h 1. 2002 . . .. . ..

Onghena, etal. 2002) Loy orted reduction in pain intensity for most participants.
. . : : Li F 12014; B 1.2004; V1

Three studies presented data captured at multiple timepoints (H™on @nd Fruzzetti 2014; Boersma et al. 2004; Viaeyen.

De Jong, Onghena, et al. 2002) "oy 1ting substantial fear reduction for most participants. These results were
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supported by standard measures of fear (TSK and PHODA) captured at single timepoints (pre-post)

in four studies (Guck et al. 2015; Linton and Fruzzetti 2014; Boersma et al. 2004; Vlaeyen, De Jong, Onghena, et al. 2002) (Table 4 3)

Considering only SCEDs that measured outcomes at multiple timepoints, these studies suggest that
an exposure-based behavioural intervention (GEXP) promoted improvements in most participants
for disability (22/25) and fear (26/27), and in about half of the participants for pain (14/23) (post-

treatment, short-term and medium-term).

448.1.2 Between-person design: Exposure-based versus Activity-based
behavioural interventions

Three SCEDs with a total of 16 participants compared exposure-based (GEXP) with activity-based

(GA) behavioural interventions (de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001) These studies

had moderate risk of bias, and low to moderate methodological quality (Appendix 4.1, Table 4.4).
In view of the methodological restrictions of these studies (see discussion), their results should be

considered with caution.

Overall, these three SCEDs (de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001) reported

(de Jong et al. 2005)

improvement in disability favouring GEXP. Only one of the three studies assessed

disability at multiple timepoints, reporting improvement for GEXP compared to GA. This was

supported by results reported on standard measures of disability (RMDQ) captured at single

: : 1. 2005; V1 il . ; . .
tlmepomts (pre-post) (de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al 200]). Two studies (Vlaeyen, de

il 1. 2002; VI 1.2 . : . 1: .
fong, Geilen. et al. 2002 Viaeyen et al. 200) oy yrted improvement in disability after GEXP (reduction greater

than pre-set criteria for RMDQ). This was supported by results reported on standard measures of
disability (RMDQ) captured at single timepoints (pre-post) that reported improvement after GEXP

(Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001)
, and

(reduction greater than pre-set criteria for RMDQ)
similar improvements in disability after both interventions (GEXP and GA) {“e’one ¢t 2099 However,
data from the activity monitor and self-reported difficulties in performing daily tasks indicated that

changes only occurred after the introduction of GEXP (¢ 1ong etal. 2005)

Two SCEDs presented data captured at multiple timepoints (¢ /oné et al- 2005: Viacyen, de Jong, Geilen, et al. 2002)

reporting statistically significant reductions in pain after GEXP was introduced. All three studies

measured fear at multiple timepoints (de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001)

, reporting
visual and statistical evidence that fear improved substantially after the introduction of GEXP. This
was not the case when GA was introduced as the treatment (¢ ’on¢ ¢t al- 2005: Viacyen, de Jong, Geilen, et al. 2002;
Viaeyen et al. 200D Dye Jong et al (2005) (¢ fong et al 2009 yenorted substantial reductions in fear for all
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participants after an education component (introduced before the start of each intervention),
followed by further reduction in participants that received GEXP, but not in those that received GA
(de Jong et al. 2005) ‘The regults from VAS scales at multiple timepoints were supported by standard

measures of pain-related fear (TSK and PHODA) captured at single timepoints (pre-post) in all three
SCEDs (de Jong et al. 2005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001) (Table 4 3)

4.48.2 Short and medium-term follow up outcomes
4.48.2.1 Short-term (from 3 to < 6 months)

Two SCEDs investigating exposure-based interventions (GEXP and GEXP + Dialectical Behaviour

i F i2014; B 1. 2004 . . .
Therapy) (Lntn and Fruzzetti 2014 Boersma et al. 2009) roygrted that exposure-based interventions improved

disability and fear in the short-term, with one also reporting improvement in pain (" 2nd Fruzzett

2019 The other study Boersma etal- 2009 434 ot report pain outcomes at this timeframe.
y portp

4.48.2.2 Medium-term (from 6 to 12 months)

Two SCEDs comparing exposure-based (GEXP) and activity-based (GA) interventions (¢ one et @

2005; Vlacyen, de fong, Geilen, etal. 2002) 1o yrted improvement in disability and fear only after the introduction

(Vlaeyen, de Jong, Geilen, et al. 2002) -

of GEXP, with one also reporting improvement in pain in the medium-

term. The other study ¢ '°"€ #2009 4id not assess pain at this timeframe.

118



Table 4.3 Summary of outcomes for SCEDs (ordered based on ROB)

STUDIES OUTCOMES ORIGINAL AUTHORS’ CONCLUSIONS
SCEDs Disability Pain Fear
Fear appraisals: visual inspection revealed reduction only
occurs after GEXP. A time-series analysis (AR1 “Using time series analysis on the daily measures of pain-related
T Not measured Not measured proc«?dure) suppqrted these findings. Significant reduction  cognitions and fears, 'we‘;'found that tmprévements only occ:ttr'red during
Vlaeyen in 3/4 participants for all three measures (Fear of the graded exposure in vivo, and not during the graded activity,
2001 movement, Fear of pain, Catastrophizing) - for one irrespective of the treatment order. Analysis of the pre—post treatment
(Vaeyen et al. patient, only catastrophizing did not reduce significantly).  differences also revealed that decreases in pain-related fear concurred
20012) This was supported by reductions in standard measures for ~ with decreases in pain catastrophising and pain disability, and in half of
T RMDQ: reduced in 3/4 based on preset Not measured 4/4 participants only after GEXP (TSK: from 80" to 10" the cases an increase in pain control.”
criteria (>=5-point reduction) percentile; PHODA: reduced 70%; PCL-Cat: reduced in (Vlaeyen et al 2001; Page 151)
3/4 participants (z-score of 0.5))
.StaFlsncal analys.ls re.veal.s Fear appraisals: visual and statistical analysis confirm “Compared with a nontreatment baseline period and a GA program, the
significant reduction in pain . - P . L .
MT Not measured intensity afier GEXP for all reduction only occurred after GEXP for all participants. individually tailored EXP treatment was superior in decreasing levels of
Y atter fear of movement/(re)-injury, fear of pain, and pain catastrophizing.
Vlaeyen participants ) ! g e
RMDQ: reduced greater than preset There was an overall improvement in self-reported disability after EXP,
(Vggg%i;‘j}“g o ' ‘8 . p suggesting that reductions of pain-related fear generalized to an
: g criteria for 5/6 participants in both groups . o e e
Geilen, et al. 2002) . . . improvement of functional ability in daily life. Last but not least, the
ST after GEXP. Not measured This was supported by reductions in standard measures treatment gains were intact at the 1-year follow-up, supporting the
Physical activity: considerable increase (TSK: to <10" percentile and PHODA) o . ’
robustness of the intervention.
after GEXP (z-score about 7SDs, (Vlaeyen et al 2002-A; Page 258)
compared to 1.5SDs for GA). 4 > g
Pain intensity: Visual and
. . « . . - .
statlgtlc.al analysis revealed Visual and statistical analysis revealed substantial clinical Wher'l applying a more S)./stem('zttc exposure in vivo trealment. with '
Vlaeyen MT Not measured significant, but slow improvements in fear appraisals in both participants behavioural experiments in patients with chronic low back pain reporting
2002-B reduction in both P PP P pants. substantial fear of movement/(re)injury, a dramatic decrease in pain-
(Viaeyen, De Jong, participants related fear occurs. Finally, the effects of the fear reduction appear to
Onghena, ctal. Descriptive analysis revealed substantial generalize toward a significant improvement of daily functional status as
2002) . . . . oqs. .
clinical improvements in disability for 2/2 . . th . measured with the RMDQ.”
ST . casure:
participants (RMDQ scores < Viaeyen Not measured Descriptive analysis revealed TSK (<10™ percentile) (Vlaeyen et al 2002-B; Page 150)
2001).
Reductions in pain (VAS)
0,
Function increased for 5/6 post treatment. C;V;Ireel.a:glzg())r;ggiﬁsls f/g . Fear appraisals: Visual inspection demonstrates 4/6 had
MT 1/6 only improved at 3-month follow up. L o considerable reduction and 2/6 less so (one was small and  “The results of this study demonstrated clear decreases in rated fear and
Boersma 1/6 did 3/6 (14-22%: 1-1.2/10) and L B g . Ay . RN . L
id not have follow up data. w146 (5% gradual, and the other negligible) — overall, 5/6 improved.  avoidance beliefs accompanied by significant increases in function. These
(Bogrgg?l al e 0.4/10) - improvements were seen even though rated pain intensity actually
: . ”
2004) This was supported by reductions in standard measures decreased. (Boersma et al 2004; Page 14)
(TSK: 5/6 had reductions beyond the criteria (25% - rag
ST Not measured Not measured

reduction), 1/6 didn’t have all data; PHODA: 6/6 reached
criteria of clinically significant reduction)
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Personally-relevant activities: decreased

Statistical significant
reduction of pain from

Fear appraisals: Visual and statistical analysis revealed

MT for 3/3 after GEXP and 1/3 after GA.  baseline to follow up (6mo) S‘;Zi;‘;?igi‘i‘;‘gf&;“gi i fsgt}glgirl’“;ferEﬁu'
in the GEXP group Y ’ “Randomization tests of the daily measures showed that improvements in
De Jong RMDQ: disability was reduced for 6/6 pain-related fear and catastrophizing occurred after the education was
participants in both groups beyond the introduced. The results also showed a further improvement when
- 200]52005) pre-set criterion Thi b forable reducti ) exposure in vivo followed the no treatment period after the education and
¢ Jong etal. .. . 1s was supported by considerable reductions in not during the operant graded activity program.”
ST ‘A"t"”?’ monitor and self-reported Not measured standard measures (TSK and PHODA) after GEXP and )
difficulties in performance of personal EDU) (De Jong et al 2005; Page 9)
relevant daily activities at home: changes
only occurred after the introduction of
GEXP
4/6 reached clinical
significance at follow up NP L
Not measured (criteria: pain <baseline, and Ca_tastrop htzmg ¢ substantial improvement for 6/6 “In summary, this study has demonstrated that a hybrid treatment
MT . . participants - sustained at follow up, for 5/6 (< cut-off of L ; Lo L .
. reduction >2 points from combining an emotion regulation-focused DBT inspired treatment with
Linton . 20) and 1/6 (at cut off level) . . . X . .
baseline to follow up) — standard exposure for patients with chronic low back pain resulted in
" 20‘11:‘ ) (descriptive) considerable improvements. It is striking that patients achieved clinically
inton and Fruzzetti - " . “« ”»
2014) QBPDS: 6/.6 improved f un.cFlon atpost TSK: 5/6 had substantial reduction in fear (<39) at post, :Zﬁ‘;%’;é;c’zpmvemems’ often to “normal” ranges, on key outcome
and 5/6 at follow up (criteria: change of 1/6 had a small reduction at post (baseline score already ’ . .
ST >=15pts, or score of <=30). However, 3/6 Not measured <39); 3/6 continue to improve to follow up (<28) (Linton & Fruzzeti 2014; Page 158)
had lower disability scores at baseline and ’ ] . ’
presented the smallest relative change. HADS-A: all had reduction post
Visual and non-overlap analysis revealed
MT increased speed walking times (4/4 Not measured Not measured « . . . . . o .
.. A multiple baseline across subjects with a changing criterion design
participants were faster at follow up). o o . X . .
Guck Comparison of means and indicated that speed walking times improved from baseline only after the
! f can PCB intervention was delivered. Six fear avoidance model outcome
2015 ~ inferential statistics Comparison of means revealed improvement in fear, measures improved from baseline to end of study and five of six outcome
(Guck etal. 2015) (inappropriate for SCEDs) . - . ] d fi d of study to foll »
ST Not measured revealed reduction in pain catastrophizing (CSQ-CAT) in 3/4 participants, post- measures improved from end of study to follow-up.
in t\(;nsi ty in 41; 4 pa rticig ants treatment and at follow up. (Guck et al 2015; Page 113)
at follow up.
Combined N ) Summar
(0=34) Disability Pain Fear u Yy
22/25 14/23 26/27
Exposure-based (GEXP) (88%) (60%) (96%) Number of participants (relative to sample size) that were reported to have improved after
the respective interventions. This summary indicates that GEXP promoted changes in a
Activity-based (GA) v 013 0/ 013 0/ 013 greater number of participants for disability, pain and fear than GA. Combined,
(8%) (0%) (0%) behavioural interventions promoted improvement in disability and fear for a large
COMBINED 23/28 14/26 26/30 proportion of participants, while only about half reported improvement in pain.
(82%) (53%) (86%)

MT: measures captured at multiple timepoints; ST: measures captured at single timepoints SCED: Single Case Experimental Design (includes repetitive measures); A,B,C,D: phases of design; SCNED: Single Case Non-Experimental Design (pre-post measure); MBD: Multiple Baseline Design; CCD: Changing
Criterion Design; GEXP: Graded Exposure in vivo; GA: Graded Activity; TSK: Tampa Scale of Kinesiophobia; CLBP: Chronic Low Back Pain; RMDQ: Roland Morris Disability Questionnaire; Fear appraisals: short instrument containing items from TSK, PASS (Pain Anxiety Symptom Scale), PCS (Pain
Catastrophizing Scale) — measured daily; PHODA: Photograph Series of Daily Activities (Sev.: Short electronic Version); PCL: Patient Cognitions List (cat: catastrophizing; con: pain control); OMPQ: Orebro Musculoskeletal Questionnaire; MPQ: McGill Pain Questionnaire; QBPDS: Quebec Back Pain Disability
Scale; SF-MPQ: Short Form McGill Pain Questionnaire; PDI: Pain Disability Index; DBT: Dialectical behaviour therapy; HADS: Hospital Anxiety and Depression Scale; TSK-11: TSK short form (11 items); BPI: Brief Pain Inventory; N: sample size
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4.5 Discussion

We aimed to determine the current state of evidence concerning the effectiveness of behavioural
interventions (broadly grouped as exposure-based and activity-based) that were intentionally
designed to target people with CLBP and high pain-related fear, on reducing disability, pain and
fear. To capture the breadth of knowledge in this area, this review included RCTs as well as SCEDs.

4.5.1 Summary of main findings

The results of this review suggest that behavioural interventions are effective in reducing disability
and fear (post-treatment, and at short and medium-term follow ups) in people with CLBP and high
pain-related fear, but the magnitude of this interaction varies across study designs (small in RCTs

and moderate-large in SCEDs).

Specifically, there is evidence from SCEDs that exposure-based behavioural interventions are
effective in reducing disability and fear (post-treatment and at short-term). This is weakly supported
by RCTs, in which exposure was compared to usual care and wait list control. SCEDs also reported
that exposure-based interventions are effective in reducing pain post-treatment in half of the cases,

and most cases at short-term. This however, is not supported by RCT outcomes.

There is no evidence from the RCTs of the superiority of one behavioural intervention over another
in reducing disability, fear and pain at any timepoints. In view of the methodological restrictions of
the SCEDs comparing the two interventions, there is only very weak evidence of the superiority of
exposure-based interventions over activity-based interventions for people with CLBP and high pain-
related fear (post-treatment, short-term or medium-term). The SCEDs presenting between-person

. d 1. 2005; V1 il 1.2002; V1 1.2001
Comparlsons(ejongeta 005; Vlaeyen, de Jong, Geilen, et al. 2002; Vlaeyen et al. 2001)

used a cross-over design, which
was strengthened by the use of sequence randomization, and randomization of treatment
commencement (MOTey> Vieyen, and Linton 2015; Onghena and Edgington 2003) 11w ever the lack of a no-treatment
period after the first intervention was introduced makes it difficult to determine if the first
intervention did (or did not) influence the second intervention <rochilletal-2013) " A g o evaluation of
carryover effects was possible with this design due to the small sample (2-3 participants in each
group) caution should be taken in interpreting the results of those studies Kraochwill et al. 2013; Macedo et al.
2019 Eyrthermore, in De Jong et al (2005) (¢ fong<tal- 2009 napticinants were randomized to two groups
to receive two different interventions (GEXP or GA). This was a limiting factor, as SCEDs are not
an adequate design to perform between-group comparisons, especially in such small samples (two

groups of 3 participants) (Kratochwill etal‘2013).
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Collectively, the results of this review suggest that exposure-based behavioural interventions are an
effective treatment in reducing disability and fear (post-treatment, short-term or medium-term), and
modestly effective in reducing pain (post-treatment and short-term) in people with CLBP and high
pain-related fear. However, there is no evidence to support that exposure-based behavioural
interventions are superior to activity-based behavioural interventions on reducing disability, pain

and fear in people with CLBP and high pain-related fear.

4.5.2 Why are the results of the RCTs different to the results of the
SCEDs?

RCTs sit higher than SCEDs on the hierarchy of evidence because of their capacity to control for
biases that cannot be controlled for in SCEDs. RCTs are undeniably the framework to test treatment
effectiveness, providing results at a population level that are more robust and generalizable than
SCEDsg (Borckardt et al. 2008) " yher potential reasons for the discrepancy between results of RCTs and

d (Vlaeyen et al. 2012)

SCEDs have been previously outline , and include the items listed here: 1) trials

lacking statistical power (Woods and Asmundson 2008; Linton et al. 2008)

, which may reflect some of the
complexities of designing RCTs in this population group; 2) the issue of high dropout rates in
exposure-based RCTs (30-50%) (Bailey etal. 2010; Linton et al. 2008; Woods and Asmundson 2008) e tino sample
size; 3) use of standardised outcome measures in RCTs versus more precise and individualised items
used in SCEDs (Vievenetal- 2012) "which potentially allow tailored treatment targeting; 4) frequency of
assessment in SCEDs potentially acting as a mechanism for behavioural change V'2¥en tal- 2012). 5
smaller studies with repeated measures may be influenced by ‘non-specific’ elements such as ‘care
factor’ due to their personalised nature, which may minimize attrition in SCEDs relative to RCTs;
6) clinician experience with the intervention and delivery setting (multidisciplinary versus stand-
alone) (inton et al- 2008: Viacyen et al. 200). 514 7) differences between RCTs and SCEDs in terms of the
criteria used for participant recruitment (fear ‘cut-offs’). Previous studies have argued that
exposure-based interventions in particular, may not have been as effective due to participants not
having ‘enough’ fear ("™ €2 2099 Thig gystematic review addressed this point by only including
studies that had strategies to recruit people with CLBP and high pain-related fear, using standardised
) (Woods and Asmundson 2008)

measures in isolation (e.g. TSK

such as the PHODA (Linton et al. 2008; Boersma et al. 2004)

or combined with more specific measures

These aspects highlight some of the inherent methodological differences between the two study
designs. Although SCEDs are informative, in particular when testing new interventions or specific

populations, RCTs are the framework to test treatment effectiveness at a population leve] (Borekardt«t

al- 2009) thus, providing more robust results than SCEDs. Considering the existing number of SCEDs,
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it appears that there is a need for more RCTs that are high-quality, using strict criteria to target
people with CLBP and high pain-related fear. Such trials may be informed by SCEDs to better
understand the process of change for an individual undergoing an intervention, potentially

.. . . . . . 1 Morl
optimizing behavioural interventions and their effectiveness (!*en Morley. and Crombez 2016)

4.5.3 Why are behavioural interventions not as effective in
reducing pain as they are in reducing disability and fear in
people with CLBP and high pain-related fear?

That the results suggest that behavioural interventions are not as effective in reducing pain as they
are at reducing disability and fear is not surprising. Since the emergence of psychological pain

management strategies, they have targeted unhelpful beliefs, emotions and behaviours, and pain

(Broderick et al. 2016; Henschke et al. 2010) (Saragiotto, Maher, Traeger, et al. 2017) (see

coping strategies , rather than pain
Moseley and Butler 2015 for a critique of this position)™escley and Butler 2015) = A otivity-based
interventions such as graded activity, use time-contingent quotas to increase activity engagement

despite pain and do not target the person’s feared activity (Viaeven et al 200D

. Exposure-based
interventions directly target avoidance of feared tasks as the key to promote disconfirmation of
erroneous beliefs, and behaviour change “™** !9 This is achieved by repeatedly confronting the
feared tasks without the expected catastrophic outcome occurring ="V € #- 29%) pain however, is

not directly targeted.

Pain responses to movement likely reflect complex sensorimotor interactions influenced by
physical, psychological, contextual and neurophysiological factors that account for the individual’s

Sensitivity proﬁle (Wallwork, Bellan, and Moseley 2017; Rabey et al. 2017b; Hodges and Smeets 2015)

. Thus, one possible
reason for the lack of efficacy for exposure-based interventions in this group may relate to the fact
that people with CLBP demonstrate variable pain responses to repeated movement (O'Sullivan et al.
2014; Rabey et al. 2017b). For example, in a cohort of 300 people with chronic low back pain,
approximately 50% reported pain exacerbation with repeated spinal movement, whereas only a
small group (approximately 10%) reported pain reductions with the same movements R ¢tk 20170),
In a study involving people with high fear of movement, repeated forward bending was associated

with an escalation of pain intensity during the tagk S*!!ivan etal 2009

. We speculate that escalation of
pain with repeated movement, during an exposure-based or activity engagement intervention could
potentially lead to increased perception of threat and distress related to the movement resulting in
an unsuccessful outcome or dropout. Therefore, considering the individual’s movement-related pain

responses could potentially enhance the efficacy of behavioural interventions in reducing pain.
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Another aspect for consideration is that during exposure specifically, people who are fearful or
anxious may often use safety-seeking behaviours in an attempt to prevent or minimise the feared
outcome Meulders etal: 2016) ' Thege hehaviours in many cases are considered to be unhelpful, because
they occur in response to an erroneous interpretation of cues that signal danger (feared outcome)

(Meulders et al. 2016; Tabor et al. 2016; Moseley and Butler 2016) _ see Tabor et al

during a situation that is in fact safe
2017 (Taboretal: 2017) 41 o statistical account of this idea. A recent meta-analysis investigated whether
engaging in safety-seeking behaviours during exposure-based interventions was beneficial or
detrimental in reducing fear Mevders etal- 2016 ‘The gtudy was inconclusive and could not support the
use or removal of safety-seeking behaviours during exposure treatment M4 t21-2010) That review
however, did not include studies of people with pain-related fear. Clinical studies in people with
CLBP and pain-related fear have reported that such ‘overprotective’ behaviours are common

(Karayannis et al. 2013; Geisser et al. 2009) 31 4 agsociated with tissue sensitivity profile, altered body perception

(Rabey et al. 2017b) (Bunzli, Smith, Schutze, et al. 2015; Bunzli, Smith, Watkins, et al. 2015) For

and motivation for avoidance
instance, people with back pain may move slowly, breath-hold and co-contract their trunk muscles
(Karayannis etal. 2013) ) ay0id lumbar spine flexion while bending and lifting because they are frightened

that ﬂexing the spine may cause pain or damage (Caneiro, O'Sullivan, Smith, Moseley, et al. 2017; Caneiro, Smith, et al.

2017: Bunzli, Smith, Schutze, et al. 2013) “hjg gtrategy may be considered protective in the presence of acute
tissue pathology and/or traumatic injury. Nonetheless, when it persists beyond tissue healing time,
or is disproportionate to the pathology or level of trauma, engaging in safety-seeking behaviours is

unhelpful, and can be provocative (sustained nociceptive input / tissue sensitivity) (©'Sullivan et al. 2018:

R 1. 2017b; Nij 1. 2017; Dank 1. 2009; O'Sulli 2005 : sy
abey et al. 2017b; Nijs et al. 2017; Dankaerts et al. 2009; O'Sullivan )’ potentlally hmltlng treatment response.

4.5.4 The ‘opportunity’ of targeting pain reduction

Taking in consideration that fear and pain intensity are positively associated *™**2°19 that pain is
modifiable (Saagictio. Maher, Tracger, etal. 2017) "y 4 that experiencing pain control reduces disability in future
episodes of back pain M Foster. and Buchbinder 2010) 'y, o5 vigural interventions for people with CLBP
and high pain-related fear could be optimized by enhancing their capacity to target and effect change
in pain. Consideration of the person’s pain responses to movement may promote individualized
strategies such as relaxation strategies prior to, and abolishing safety-seeking behaviours during
exposure (OSulvanetal 2018) gy rthermore, systematic reviews of a pain education approach concluded
that targeted pain biology education is probably effective for reducing pain and disability in people

with CLBP (Tegner et al. 2018; Louw et al. 2016; Moseley and Butler 2015; Louw et al. 2011; Clarke, Ryan, and Martin 2011) Therefore
. b

integrating pain education that aims at reconceptualizing pain as a marker of perceived danger rather
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than damage to change pain itself (Moseley and Butler 2015) with exposure may reduce the threat

. . . . . . 'Sulli 1.2018; L Moseley 201
associated with experiencing pain during exposure (©Sulivan etal. 2018; Lotze and Moseley 2015)

An exposure-based behavioural intervention that considers these aspects and explicitly targets pain
control during exposure to feared and/or provocative movements has showed reductions in pain and
disability in people with CLBP and moderate (V¢ Fersum etal- 2013) g 4 pjghy (O'Sullivan etal. 2015) giqapiity.
However, this intervention is yet to be specifically evaluated in the high-fear group. Qualitative data
from patients with CLBP and pain-related fear who received this intervention indicated that
enhanced pain control was a key to engage in valued activities and achieving independence
(generalization) B 21 2016) Taroeting pain control may be an opportunity to optimize exposure-

based interventions for people with CLBP and high pain-related fear.

Despite a common and intuitive view, our findings suggest that there is very limited, low quality
evidence to support the view that exposure-based interventions are the treatment of choice for people
with CLBP and high pain-related fear. Therefore, optimization of these interventions for the

treatment of this challenging group of patients is very much needed.

4.6 Strengths and limitations

A key strength of this study is that it comprehensively extends the previous reviews on behavioural

interventions for CLBP (Kamper et al. 2015; Macedo et al. 2010; Henschke et al. 2010)

and for pain-related fear in
chronic musculoskeletal pain B ¢! 2010 by gpecifically evaluating their effectiveness for people
with CLBP and high pain-related fear. This review was prospectively registered, and it was

conducted by two independent reviewers following the PRISMA guidelines.

Limitations also exist. First, this review included only studies published in English, therefore
potentially relevant studies in other languages may have been excluded. Second, only a small
number of studies were included, which may reflect the strict inclusion criteria (necessary to reach
the target population), and/or the small number of studies specifically targeting people with CLBP
and high pain-related fear (especially RCTs). Third, one of the included studies was a feasibility

1 (Pincus et al. 2015)

tria , and not powered to inform on the efficacy of the interventions. Nonetheless, the

study satisfied our a priori criteria, and it reported the outcomes adequately. Fourth, we did not

retrieve data specifically from people with high fear from studies that included patients with a range

. . : . i, R ‘Barr, Held, et al. 2014
of levels of fear. Pain-related fear is a key mediator to disability (et Rasmussen-Barr, Held. etal. 2014) "5 4

several studies target it to reduce disability in people with CLBP (Menticone et al. 2016; Marchand ct al. 2015;
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O'Sullivan et al. 2015; Monticone et al. 2014; Linden, Scherbe, and Cicholas 2014; Gremeaux et al. 2013; Monticone et al. 2013; Froholdt et al. 2012;

Hill et al. 2011; Leeuw et al. 2008; Walti, Kool, and Luomajoki 2015; Kernan and Rainville 2007; Smeets et al. 2006; Woby et al. 2004)

However, these interventions (cognitive, behavioural, physical or of combined nature) were not
specifically designed to target people with high pain-related fear, thus excluding those papers from
this review. Fifth, interventions were classified as exposure-based versus activity-based behavioural
interventions based on consensus in the authorship team. There remains some ambiguity in the field
about what exactly determines this classification and our own perspectives may have influenced the

comparative results.

4.7 Conclusions

Behavioural interventions for people with CLBP and high pain-related fear are effective in reducing
disability and fear, but only modestly effective on pain. Surprisingly, current rationale for
advocating exposure-based interventions for the treatment of people with CLBP and high pain-
related fear is poorly supported by existing literature. This is likely due to the average quality,
limited statistical power and small number of RCTs, and methodological limitations of SCEDs.
High-quality, adequately powered RCTs are needed to determine if one behavioural intervention is
superior to another on reducing disability, pain and fear in people with CLBP and high pain-related
fear. Behavioural interventions may be optimized by enhancing their capacity to target and affect

change in pain.
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4.8 Appendix 4.1

Appendix 4.1 Table 4.4 Risk of Bias in N-of-1 Trials (RoBiNT) Scale

4 a3
RS B .
S S S S X=
ROBiNT Scoring Key (Tate et al. 2014; Tate et al. 2013) g fn g ?n 2 g N z S E : a2
NI B I B B
i o: [ S St =3
5 5 QE Ed = QT
S Sfoa S [N S Xt
~Z &2 O~z E As Qe == S
1. Design: Does the design of the study meet requirements to demonstrate experimental control? 1 1 0 2 1 2 2
2. Randomisation: Was the phase sequence and/ or phase commencement randomised? 2 2 0 0 1 0 0
3. Sampling: Were there a sufficient number of data points (as defined) in each of baseline and intervention phases? 2 2 2 2 2 2 1
4. Blind participants/therapists: Were the participants and therapists blinded to the treatment condition (phase of study)? 0 0 0 0 0 0 0
5. Blind assessors: Were assessors blinded to treatment condition (phase of study)? 1 0 1 0 0 0 0
6. Inter-rater reliability (IRR): Was IRR adequately conducted for the required proportion of data, and did it reach a sufficiently high level (as defined)? 0 0 0 0 0 0 2
7. Treatment adherence: Was the intervention delivered in the way it was planned? 0 0 0 0 0 0 2
Internal validity subscale — score (max 14 points) 6 5 3 4 4 4 7
8. Baseline characteristics: Were the participant’s relevant demographic and clinical characteristics, as well as characteristics maintaining the condition adequately 2 2 2 1 0 1 1
described?
9. Therapeutic setting: Were both the specific environment and general location of the investigation adequately described? 1 0 1 1 0 0 2
10. Dependent variable (target behaviour): Was the target behaviour defined, operationalised, and the method of its measurement adequately described? 2 2 2 2 2 2 2
11. Independent variable (intervention): Was the intervention described in sufficient detail, including the number, duration and periodicity of sessions? 2 2 2 2 1 2 1
12. Raw data record: Were the data from the target behaviour provided for each session? 2 1 2 2 2 2 2
13. Data analysis: Was a method of data analysis applied and rationale provided for its use? 2 2 2 2 2 1 2
14. Replication: Was systematic and/or inter-subject replication incorporated into the design? 2 2 1 0 2 2 0
15. Generalisation: Were generalisation measures taken prior to, during, and at the conclusion of treatment 0 1 0 0 2 0 0
External validity and interpretation subscale — score (max 16 points) 13 12 12 10 11 10 10
19 17 15 14 15 14 17

TOTAL SCORE (max 30 points) Mod  Mod  Mod Mod Mod Mod  Mod
[ 0 0 0 0 0 0

Bias Scoring system: 0 = criteria not met (or item not stated); 1 = criteria met with restrictions; 2 = criteria met; High risk (0-10/30); Moderate risk (10-20/30); Low risk (20-30/30)
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Appendix 4.1 Table 4.5 PEDro quality assessment scores for included studies

Study Random Allocation Baseline Blinding of  Blinding of  Blinding of  Adequate Intention  Between group  Point Measures PEDro  Overall quality
Allocation  concealment  Comparability subjects therapists assessors Sfollow-up to treat statistical and Variability — Score of RCT
analysis comparison Data

Woods & :
Asmundson 2008 yes no yes no no no no yes yes yes 5/10 Fair
(Woods and Asmundson 2008)
Linton et al 2008 yes no no no no no no yes yes yes 4/10 Fair

(Linton et al. 2008)
Pincus et al 2015 yes yes yes no no no yes yes yes yes 7/10 High

(Pincus et al. 2015)
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4.9 Appendix 4.2

Appendix 4.2 Table 4.6 Primary outcome — Disability

MULTIPLE TIMEPOINTS
Study Design Disability Measures Visual Descriptive Statistical: Randomiz. tests Statistical: Time-series Statistical: Statistical:
analysis Pre-Post ARIMA PND HLM
(criteria)
Vlaeyen 2001 SCED X
(Vlaeyen etal. 2001) (AB)
Vlaeyen 2002-A SCED X
(Vlaeyen, de Jong, Geilen, et al. 2002) (AB)
Vlaeyen 2002-B SCED X
(Vlaeyen, De Jong, Onghena, et al. 2002) (AB)
Boersma 2004 Function
(Boersma et al. 2004) SCED (MBD) (proxy of avoidance: items 20-25 OMPQ) v v
De Jong 2005 Personally-relevant activities
(deJong et 2005 SCED (ABC/D) (daily ratings of difficulty) v v
Linton 2014 SCED X
(Linton and Fruzzetti 2014) (AB)
Eul:kc !;( aIZ?O%SS) SCED (MBD+CCD) Speed walking times (seconds) V \ \
SINGLE TIMEPOINTS
Study Design Disability Measures Visual Descriptive Statistical: Randomiz. tests Statistical: Time-series Statistical: Statistical:
analysis Pre-Post ARIMA PND HLM
(criteria)
RMDQ
Vlaeyen 2001 SCED N
(Vlaeyen et al. 2001) (AB) PCL-dis
(disability items)
Viaeyen 2002-A SCED RMDQ J
(Vlaeyen, de Jong, Geilen, et al. 2002) (AB) )
Physical activity (monitor 1 week) *
Vlaeyen 2002-B SCED RMDQ N
(Vlaeyen, De Jong, Onghena, ct al. 2002) (AB)
Boersma 2004 SCED Function N
(Boersmatal. 2004) (MBD) (proxy of avoidance: items 20-25 OMPQ)
RMDQ
D Jong 200 SCED (ABC/D) J J
Physical activity (monitor)
Pkt SCED Function (QBPDS) v
(AB)
Guck 2013 SCED (MBD+CCD) X
SCED: Single Case Experimental Design; A,B,C,D: phases of design; MBD: Multiple Baseline Design; CCD: Changing Criterion Design; Criteria: pre-set criteria based on existing cut offs from well-established questionnaires; ARIMA: Autoregressive Integrated Moving

Average; PND: Percentage Nonoverlapping Data; HLM: Hierarchical Linear Model; GEXP: Graded Exposure in vivo; GA: Graded Activity; TSK: Tampa Scale of Kinesiophobia; TSK-11: TSK short form (11 items); CLBP: Chronic Low Back Pain; RMDQ: Roland Morris
Disability Questionnaire; QBPDS: Quebec Back Pain Disability Scale PCL: Patient Cognitions List (dis: disability); OMPQ: Orebro Musculoskeletal Questionnaire; *: Physical activity was monitored for 1 weeks at three time points, however it was analyzed as a pre-post
measured; PVAQ: Pain vigilance and Awareness Questionnaire; PAIRS: Pain and Impairment Relationship Scale; MPI: Multidimensional Pain Inventory (IS: interference scale); PHODA: Photograph Series of Daily Activities; HADS: Hospital Anxiety and Depression Scale

(A — anxiety subscale); CSQ: Coping Strategies Questionnaire (CAT: Catastrophizing subscale). Subscript D or S: language of questionnaire used — Dutch, Swedish.
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Appendix 4.2 Table 4.7 Primary outcome — Pain

MULTIPLE TIMEPOINTS
Study Design Pain Measures Visual Descriptive Statistical: Randomiz. tests Statistical: Time-series Statistical: Statistical:
analysis Pre-Post ARIMA PND HLM
(criteria)
Vlaeyen 2001 SCED
(Vlaeyen et al. 2001) (AB) X
Vlaeyen 2002-A SCED Pain intensity J
(Viaeyen, de Jong. Geilen, et al. 2002) (AB) .(VAS)
(daily ratings)
Pain intensity
(Vlach lrﬁ?oy..ggnzghoe?g ;E 2002) S(i]é? (VAS) N ~
(daily ratings)
Pain intensity
Boersma 2004 sz AS y y
(daily ratings)
Pain intensity
De Jong 2005 SCED (ABC/D) (VAS) N
(daily ratings)
Linton 2014 SCED Pain intensity J
(Linton and Fruzzetti 2014) (AB) .(VAS)
(daily ratings)
Guek 2015 SCED (MBD+CCD) X
SINGLE TIMEPOINTS
Study Design Pain Measures Visual Descriptive Statistical: Randomiz. tests Statistical: Time-series Statistical: Statistical:
analysis Pre-Post ARIMA PND HLM
(criteria)
Vlaeyen 2001 SCED X
(Vlaeyen et al. 2001) (AB)
voaeyen 2002-A S(ig)) Pain vigilance (PVAQ) N
VI 2002-B SCED s
(Viaeyen, Dz:?oyng,l(l)nghcna, etal. 2002) (AB) Pain vigilance (PVAQ) v
Boersma 2004 SCED X
(Boersma et al. 2004) (MBD)
De Jong 2005 SCED (ABC/D) X
Linton 2014 SCED X
(Linton and Fruzzetti 2014) (AB)
Pain intensity
((j\}:kc cll( 312?!,}55) SCED (MBD+CCD) Pain beliefs (PAIRS) (pai (;/t test) N
Pain interference (MPI-IS) paired t-tes

SCED: Single Case Experimental Design; A,B,C,D: phases of design; MBD: Multiple Baseline Design; CCD: Changing Criterion Design; Criteria: pre-set criteria based on existing cut offs from well-established questionnaires; ARIMA: Autoregressive Integrated
Moving Average; PND: Percentage Nonoverlapping Data; HLM: Hierarchical Linear Model; GEXP: Graded Exposure in vivo; GA: Graded Activity; TSK: Tampa Scale of Kinesiophobia; TSK-11: TSK short form (11 items); CLBP: Chronic Low Back Pain;
RMDQ: Roland Morris Disability Questionnaire; QBPDS: Quebec Back Pain Disability Scale PCL: Patient Cognitions List (dis: disability); OMPQ: Orebro Musculoskeletal Questionnaire; *: Physical activity was monitored for 1 weeks at three time points, however
it was analyzed as a pre-post measured; PVAQ: Pain vigilance and Awareness Questionnaire; PAIRS: Pain and Impairment Relationship Scale; MPI: Multidimensional Pain Inventory (IS: interference scale); PHODA: Photograph Series of Daily Activities; HADS:

Hospital Anxiety and Depression Scale (A — anxiety subscale); CSQ: Coping Strategies Questionnaire (CAT: Catastrophizing subscale). Subscript D or S: language of questionnaire used — Dutch, Swedish.
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Appendix 4.2 Table 4.8 Secondary outcome — Fear

MULTIPLE TIMEPOINTS
Study Design ROB Disability Measures Visual Descriptive Statistical: Randomiz. tests Statistical: Time-series Statistical: Statistical:
analysis Pre-Post ARIMA PND HLM
(criteria)
Vlaeyen 2001 SCED Low Fear appraisals N N
(Viaeyen etal. 2000) (AB) (20/30) (Fear of movement, Fear of pain, Catastrophizing)
w&{?fdyf}?nf 2?.102"_‘331 SCED Mod Fear appraisals N N
2002) (AB) (18/30) (Fear of movement, Fear of pain, Catastrophizing)
(vyaﬁ?ﬁﬁ'ﬂ'&z{ﬁ?ﬁ;&‘ al. SCED Mod Fear appraisals N N N
2002) (AB) (15/30) (Fear of movement, Fear of pain, Catastrophizing)
Boersma 2004 Mod Fear-avoidance
Bosrmactal 2008 SCED (MBD) (1430) (OMPQ, PAIRS, FABQ) v
De Jong 2005 Mod Fear appraisals
(de Jong et al. 2005) SCED (ABC/D) (17/30) (Fear of movement, Fear of pain, Catastrophizing) v v
Linton 2014 SCED Mod Catastrophizing N
(Linton and Fruzzetti 2014) (AB) (14/30) (PCS _ dally ralings)
Guck 2015 Mod
utkeval 2013, SCED (MBD+CCD) a A 0 X
SINGLE TIMEPOINTS
Study Design ROB Disability Measures Visual Descriptive Statistical: Randomiz. tests Statistical: Time-series Statistical: Statistical:
analysis Pre-Post ARIMA PND HLM
(criteria)
TSK,
Vlacyen2on by 2on0) PHODA v v
PCL-catastrophizing
oaaeyen 2002 SCED Mod TSK ‘ v
2002) (AB) (18/30) PHODA
aeyen 20028 o SCED Mod TSK, J J
2002) (AB) (15/30) PHODA
Boersma 2004 SCED Mod TSKg N N
(Boersma et al. 2004) (MBD) (14/30) PHODA
De Jong 2005 Mod TSK,
(de Jong et al. 2005) SCED (ABC/D) (17/30) PHODA v v
Linton 2014 SCED Mod TSKg N N
(Linton and Fruzzetti 2014) (AB) (14/30) HADS'A
TSK-11
Guck 2015 Mod - V
Guhetat.201% SCED (MBD+CCD) (17/(;0) Catastrophizing v (paired t-test)
(CSQ-CAT) P

SCED: Single Case Experimental Design; A,B,C,D: phases of design; MBD: Multiple Baseline Design; CCD: Changing Criterion Design; Criteria: pre-set criteria based on existing cut offs from well-established questionnaires; ARIMA: Autoregressive Integrated Moving
Average; PND: Percentage Nonoverlapping Data; HLM: Hierarchical Linear Model; GEXP: Graded Exposure in vivo; GA: Graded Activity; TSK: Tampa Scale of Kinesiophobia; TSK-11: TSK short form (11 items); CLBP: Chronic Low Back Pain; RMDQ: Roland
Morris Disability Questionnaire; QBPDS: Quebec Back Pain Disability Scale PCL: Patient Cognitions List (dis: disability); OMPQ: Orebro Musculoskeletal Questionnaire; *: Physical activity was monitored for 1 weeks at three time points, however it was analyzed as a pre-
post measured; PVAQ: Pain vigilance and Awareness Questionnaire; PAIRS: Pain and Impairment Relationship Scale; MPI: Multidimensional Pain Inventory (IS: interference scale); PHODA: Photograph Series of Daily Activities; HADS: Hospital Anxiety and
Depression Scale (A — anxiety subscale); CSQ: Coping Strategies Questionnaire (CAT: Catastrophizing subscale). Subscript D or S: language of questionnaire used — Dutch, Swedish.
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4.10

Appendix 4.3

Appendix 4.3 Table 4.9 Summary of outcomes for RCTs (ordered based on ROB, from high to low)

ORIGINAL AUTHORS’ CONCLUSIONS

STUDIES OUTCOMES
RCTs Disability Pain Fear-Avoidance
GEXP vs WLC: NO difference PDI GEXP vs WLC: significant GEXP vs WLC: significant improvement in fear, pain ~ “The findings provide substantial (though not unequivocal) support for the efficacy of GivE over no
Woods & improvement in pain and self- anxiety, catastrophizing treatment or graded activity. Specifically, it was observed that individuals receiving GivE showed
Asmundson GEXP vs GA: NO difference PDI efficacy statistically significantly greater improvement on six out of the eight measures (TSK, FABQ, PASS-
2008 GEXP vs GA: sig. improvement in fear, pain anxiety 20, PCS, HADS, SF-MPQ) compared to wait-list controls, and four out of eight of the measures
(Woods and (TSK, FABQ, PASS-20, and PSEQ) compared to graded activity participants. It is notable that

Asmundson 2008)

GA vs WLC: NO difference PDI

GEXP vs GA: significant
improvement in self-efficacy

GA vs WLC: NO difference

GA vs WLC: NO difference

participants in the GivE condition did not demonstrate statistically significant improvements on the
primary outcome measure, the PDI, compared to the other treatment conditions.”

(Woods & Asmundson 2008; Page 277-278)

Linton et al
2008

(Linton et al. 2008)

GEXP vs WLC:

Significant improvement in
disability (ADL) for GEXP
NO significant difference in
QBPDS

Effect size: medium for QBPDS,

ADL

NO sig. difference in pain.
Effect size: small for pain

NO significant difference in TSK and PCS
Effect size: medium for TSK; small for PCS

“Compared to a group receiving usual treatment and waiting for exposure, the exposure in vivo
group demonstrated a significantly larger improvement on function. Overall exposure had
moderate effects on function, fear and pain intensity. We conclude that exposure may be important
in treatment, but is not recommended as a ‘‘stand alone” adjunct to usual treatment.”

(Linton et al 2008; Page 722)

Pincus et al
2015

(Pincus et al. 2015)

CCBT vs PT: NO difference in
reduction of disability (RMDQ),

comparing mean scores at baseline,

three and six months post the
interventions.

Greater improvement in acceptance

for CCBT

NO difference in reduction of
pain severity (BPI)

NO difference in reduction of anxiety (HADS-A)

and depression.

“In addition, despite the fact that small numbers did not enable inferential testing, changes in both
acceptance and disability were greater in the group receiving CCBT than the control
physiotherapy, suggesting that the intervention is promising. This was a feasibility trial, and as
such, was not powered to inform on the superiority of either of the interventions.”

(Pincus et al 2015; Page 9)

RCT: Randomized Controlled Trial; GEXP: Graded Exposure in vivo; GA: Graded Activity; TSK: Tampa Scale of Kinesiophobia; CLBP: Chrinic Low Back Pain; RMDQ: Roland Morris Disability Questionnaire; PCL: Patient Cognitions List
(dis: disability; cat: catastrophizing; con: pain control); Fear appraisals: short instrument containing items from TSK, PASS (Pain Anxiety Symptom Scale), PCS (Pain Catastrophizing Scale); PHODA: Photograph Series of Daily Activities (Sev:
Short electronic Version); PVAQ: Pain vigilance and Awareness Questionnaire; OMPQ: Orebro Musculoskeletal Questionnaire; MPQ: McGill Pain Questionnaire; QBPDS: Quebec Back Pain Disability Scale; PSC: Patient Specific Complaints;

TAU: Treatment As Usual; WLC: Waitlist Control; SF-MPQ: Short Form McGill Pain Questionnaire; PSEQ: Pain Self-Efficacy; PDI: Pain Disability Index; DBT: Dialectical behaviour therapy; CPAQ: Chronic Pain Acceptance Questionnaire;

HADS: Hospital Anxiety and Depression Scale; TSK-11: TSK short form (11 items); PAIRS: Pain and Impairment Relationship Scale; MPI: Multidimensional Pain Inventory (IS: interference scale); CSQ: Coping Strategies Questionnaire (CAT:
Catastrophizing subscale); BDI: Beck Depression Inventory; CCBT: Contextual Cognitive Behavioural Therapy; PT: Physiotherapy; BPI: Brief Pain Inventory; N: sample size.

132



Chapter 5  Clinical study one - Process of
Change in Pain-Related Fear:
Clinical Insights from a Single
Case Report of Persistent Back
Pain Managed with Cognitive
Functional Therapy.

There is compelling evidence that persistent LBP is an individual experience influenced
by multiple factors across the biopsychosocial spectrum. Recent studies have proposed
that an individualized approach (Cognitive Functional Therapy - CFT) that is
multidimensional in nature, goal-oriented and that promotes control over pain and its
impact on daily life might promote change in the challenging group of people with
persistent LBP and high pain-related fear. However, this has not been explored
specifically in people with high pain-related fear. A repeated measures single-case study
was used to explore this individualized approach in a person with persistent LBP and high
pain-related fear of bending, providing insight to some of the potential mediators linked

to reduction in pain-related fear.

The aims of this study were to evaluate temporal changes in pain-related fear (generic
fear beliefs and specific fear of bending), and pain (pain expectancy and pain experience
related to bending with a round-back) in a person with persistent LBP and high pain-
related fear undergoing CFT. The use of clinical interviews at 6, 12 and 18 month follow-

ups have allowed to explore qualitative factors underlying this process of change.

This chapter was published in the Journal of Orthopaedic & Sports Physical Therapy.
Caneiro JP, Smith A, Rabey M, Moseley GL, O Sullivan P.

“Process of Change in Pain-Related Fear: Clinical Insights from a Single Case Report of
Persistent Back Pain Managed with Cognitive Functional Therapy” JOSPT. 2017
Sep;47(9):637-651. doi: 10.2519/jospt.2017.7371.

"Reproduced with permission from JOSPT. 2017 Copyright “Journal of Orthopaedic & Sports Physical Therapy®."
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5.1 Abstract

Study Design: Single-case report with repeated measures over 18 months.

Background: Management of persistent low back pain (PLBP) associated with high
pain-related fear is complex. This single-case report aims to provide clinicians with an
insight to the process of change in a person with PLBP and high bending-related fear,
managed with an individualized behavioural approach - Cognitive Functional Therapy

(CFT).

Case Description: a retired manual worker with PLBP believed that his spine was
degenerating, that bending would hurt him and avoidance was the only form of pain
control. At baseline, he presented high levels of pain-related fear on the Tampa Scale of
Kinesiophobia (TSK: 47/68) and a high-risk profile on the Orebro Musculoskeletal Pain
Questionnaire (OMPQ score: 61/100). Unhelpful beliefs and behaviours led to a vicious
cycle of fear and disengagement of life-valued activities. Guided behavioural experiments
were used to challenge his thoughts and protective responses, indicating his behaviour
was modifiable and the pain controllable. Using a multidimensional clinical reasoning
framework (MDCRF), CFT management was tailored to target key drivers of PLBP, and

delivered over six sessions in a three-month period.

Outcomes: Over an 18-month clinical journey he demonstrated improvements in
bending-related fear, pain expectancy and pain experience; and substantial changes in
pain-related fear (TSK: -14 points to 33/68) and risk profile (OMPQ: -25 points to
36/100). Clinical interviews at 6 and 18 months revealed positive changes in mindset,

understanding of pain, perceived pain control, and behavioural responses to pain.

Discussion: This report provides clinicians with an insight to using a MDCRF to identify
and target the key drivers of the disorder, and using CFT to address unhelpful
psychological and behavioural responses to pain in a person with PLBP and high pain-

related fear.

Key Words: kinesiophobia, low back pain, behavioural interventions, clinical journey,

case-report.
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Introduction

| CASE REPORT |

JP. CANEIRO, PT, MSc, FACP*? « ANNE SMITH, PT, PhD* « MARTIN RABEY, PT, PhD, FACP*
G. LORIMER MOSELEY, PT, PhD, FACP? « PETER O'SULLIVAN, PT, PhD, FACP*

Process of Change in Pain-Related Fear:
Clinical Insights From a Single Case
Report of Persistent Back Pain Managed
With Cognitive Functional Therapy

ain-related fear in people with persistent low back pain
(PLBP) is associated with greater levels of pain and
disability,***" linked to reduced participation in work™ and
physical and social activities.* Disengagement from valued

One challenge relates to the com-
plexity of this group, as people within
it often present changes across multiple
dimensions, including cognitive,7sstss
emotional,** and behavioral respons-

Downloaded from www jospt.org at Curéin Uni of Technology on September 4, 2017. For personal use only. No aother uses without permassion.

Copyright © 2017 Journal of Orthopeedic & Sports Physical Therapy®. All rights reserved.

Journal of Orhopeedic & Sports Physical Therapy®

life activities can lead to distress and isolation.****% This high-fear
group poses a challenge to clinicians managing these disorders.®

# STUDY DESIGN: Single case report with
repeated measures over 18 months.

# BACKGROUND: Management of persistent low
back pain (PLBP) associated with high pain-related
fear is complex. This case report aims to provide
clinicians with insight info the process of changein
a person with PLBP and high bending-related fear,
who was managed with an individualizd behavioral
approach of cognitive functional therapy.

# CASE DESCRIPTION: A retired manual worker
with PLBP believed that his spine was degenerating,
that bending would hurt him, and that avoidance
was the only form of pain control. At baseline, he
presented high levels of pain-related fear on the
Tampa Scale of Kinesiophobia (score, 4768) and a
high-risk profile on the Orebro Musculoskeletal Pain
Questionnaire (score, 61/100). Unhelpful beliefs
and behaviors led to a vicious cyde of fearand
disengagement from valued life activities. Guided
behavioral experiments were used to challenge his
thoughts and protective responses, indicating that
his behavior was modifiable and the pain control-
lable. Using a multidimensional clinical-reasoning
framework, cognitive functional therapy manage-

ment was tail ored to target key drivers of PLBP and
delivered over 6 sessions in a 3-month period.

% OUTCOMES: Over an 18-month clinical jouney,
he demonstrated improvements in bending-related
fear, pain expectancy, and pain experience, and sub-
stantial changes in pain-related fear (Tampa Scale
of Kinesiophobia: 33/68; change, -4 points) and
risk profile (Orebro Mus culoskeletal Pain Question-
naire: 36/100; change, -25 points). Clinical inter-
views at 6 and 18 months revealed positive changes
in mindset, understanding of pain, perceived pain
control, and behavioral responses to pain

% DISCUSSION: This case report provides clini-
cians with an insight © using a multidimensiona
clinical-reasoning framework to identify and
target the key drivers of the disorder, and b using
cognitive functional therapy to address unhelpful
psychological and behavioral responses to pain in
a person with PLBP and high pain-related fear
#LEVEL OF EVIDENCE: Therapy, level 5.

J Orthop Sports Phys Ther 2017:47(9):637-65L
Epub 13 Jul 2017 doi:10.251%/jospt. 20177371

% KEY WORDS: behavioral interventions, case re-

es,™ lifestyle,**™* social,* and
pain processing. ™™

Management of people with PLBP and
high pain-related fear may therefore re-
quire an approach that considers multiple
dimensions and tailors treatment to the in-
dividual’s presentation and goals.**#* How-
ever, recent systematic reviews identified
that physical therapists feel unprepared to
deal with the multidimensional nature of
PLBP*"% and unsure of how to integrate
adequate interventions to their practice.!

Many studies have investigated ap-
proaches to reduce pain-related fear in
people with PLBP to more effectively
manage the disorder.627asssssa67100 Al
though no intervention is recommend-
ed over another,**™ graded exposure in
vivo*™#* and, to a lesser extent, graded ac-
tivity"*® and cognitive behavioral thera-
py-based approaches****7 are considered
the treatment of choice for people with
pain and high fear.*»s*

Cognitive functional therapy (CFT) is
another approach that can be employed

1School of Physiotherapy and Exercise Sci Curtin University, Bentley, Australia. 2Body Logic Physiotherapy Clinic, Shenton Park, Australia. %chool of Health Sciences,
University of South Australia, Adelaide, Australia. Mr Caneiro is supported by Australian Postgraduate Awards and Curin University posigraduate scholarships. Dr Moseley
has received support from Plizr A lia; Kaiser P te; Results Physiotherapy; Agile Physiotherapy; and workers' compensation boards in Austrakia, Europe, and
North America. He receives speaker fees for lectures on pain and rehabilitation. He receives royalties for books on pain and rehabilitation, including the Graded Motor kmagery
Handbook. He mceives research funding from the National Health and Medical Research Council of Austrakia. The authors certify that they have no affiliabons with or financial
involvement in any organization or entity with a direct financial interest in the subject matter or materials discussed in the articdle. Address correspondence to J.P. Caneiro,
Body Logic Physiotherapy Clinic, 215 Nicholson Road, Shenton Park, WA 6008 Australia. Emait: jp.canei roBposigrad.curinedu.au ® Copyright ©2017 Journal of Orthopaedic

& Sports Physical Therapy®
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5.3 Methods

5.3.1

Case description

in the management of people with high
pain-related fear. While evolving from an
integration of physical therapy rehabili-
tation with foundational cognitive and
behavioral interventions,**** CFT dif-
fers from the other interventions, as it is
physical therapist led and uses a multidi-
mensional clinical-reasoning framework
(MDCREF) to identify and target modifi-
able contributors to pain and disability
in a person-centered manner.55*% Jts
components include a personally rel-
evant multidimensional understanding
of pain; exposure training directed to
pain-provocative, feared, and/or avoided
personally relevant goals, during which

| CASE REPORT ]

pain control is explicitly targeted by chal-
lenging negative cognitions and modify-
ing how the person physically performs
the task (via body relaxation, control, and
extinction of protective and safety be-
haviors); and addressing unhelpful life-
style factors.®*#*5* Cognitive functional
therapy has shown promising results in
the reduction of fear, pain, and disabil-
ity.*5°#% TABLE 1 outlines key elements of
CFT compared to key cognitive behav-
ioral interventions.

To date, however, the process of
change in people with high pain-related
fear managed with CFT has not been spe-
cifically outlined. This case report pro-

vides insight into the process of change,
using CFT, in a person with PLBP and
specific fear related to forward bending.

CASE DESCRIPTION

57-YEAR-OLD RETIRED MANUAL
Aworker, Barry (fictitious name),

presented with a 25-year history of
PLBP. The pain, localized over the lum-
bar and upper gluteal regions, started
insidiously and gradually became worse,
affecting work and daily life. The explana-
tion Barry received for his pain was based
on computed tomography (CT) scanning,
which revealed lumbar spine disc degen-

:
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E TABLE 1 OvuTLINE OF THE KEY ELEMENTS OF CFT IN COMPARISON WITH OTHER MAIN COGNITIVE
3 3 AND BEHAVIORAL INTERVENTIONS FOR PEOPLE WITH PERSISTENT LOW BACK PAIN
4
§£ Cagnitive Beavioral
f Interventions Assessment Marage ment
; Shared principes
g CBU/PCST ACT GA, Person-centered inferview Collaborative and reflective exploraBon leads to identificabion of alemative
sg GEXR CFT + Collaborative, goalorented and motivational approach using waldating ways of thinking, reasoning, and be having, which are encouraged 1o be
'E communication, faciitating self-disclosup*SAs=s gradually leded n daly il Sases
2 + Explor a person’s beliefs, interpretation, and evaluation about his o Education
@‘gf‘ her health and symptoms, making the personmos amareof hisorher  +  Reduce the negative impact of unhelpful or misconceived beliets and
»; -] reasoning and automatic responses modify associated behaviors, providing the person with a pe sonalized
g;g « Explor aspects such aspain (eg, story, behaviog, impacton life), copng understanding of his or her pain and disability from a blopsychasocial
4 stalagies(eg avoidance, endurance), bopsychosocial factors and their perspectve, as well as identify b bachs tol p al goak
}g% relationship with pain experience and set targets for the intervention
g,,g. Ciical examination « Mostappmaches(CBT GEXP GA, ACT) provide educaion as an ndi-
gs A physical eamination isperformed to defermine the relexance of physi- vidual component of management, using a stand-alone sesson atthe
z§"'3 cal and radiological findings start of the program
q.ﬁ,! + Some approaches hawe the ecaminaton performed by a member ofthe  Physical activaon
2 §§ mutdisciplinary team (CBT ACT GEXP) as partof the referral process,  + Encourages physical activaion linked toa person's goals
§§'2 while others have it performed by the treating dlinician (GA, CFT) Litegyle
g: 2 + Encourges healthy lifestyle behaviors
3 § g Unique principles
2ec CavPCST Focuses on mental processes such as atienion, beliets, emotions, and Psychoeducation
E g § associated behavior considered o contribute to the persstence of pain,  «  Although the content varies, CBT inferventions can comprise fechniques
© dishess, and Gisabiliy ™ o enhance coping skils such as relaabon, attenbon diversion, reduction
of negative thinking and emotions, communicabion taining, and activity
pacng s
+ Provides instrucbon and guided pracBioe of new coping skill, followed by
home assignmentsand generalization of skil o other aras®
ACT Focuses on functionaland contextual psycholbgical experiences®™ Exposure-and experience-based methods targeting psychalogical flexbility
Uses the hexaflexdimensonal approach 1o diagnosics,®a framework (including acceptance, present-focused attenion, cognifive defusion,
that descrbes the interacton of the processes underlying psychological commitied action) to reduce suffering and allow behavior to be directed
flexbility 1 the achievement of value-based goals®*
Explicitly does not seek to control pain
GA Determinesactivity baseine by requesting the person fo engage in goal-re-  Educaon session explaning the eflectsof physicalinactivityactivlty
lated physical activibes until pain prevents him or her from confinuing™®  Usestime-confingent quotas o incrase activity engagement despite pain.
Pacing and positive reinforcement ar key features of GA™
Table continues on page 639
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eration, or “thinning of the discs,” as it
was explained to him. Barry related that
the “damage” to his spine was caused by
repetitive lifting and heavy manual work.
On the basis of the scan, the physician
advised Barry to be careful of his back
and suggested physical therapy. Barry
reported experiencing pain with physi-
cal therapy exercises involving bending,
which he believed to have caused more
pain and possibly harm to his spine: “I'm
not doing that [bending] again!”

Barry reported high levels of contex-
tual stress around the onset of pain from
a difficult relationship with his father,
with whom he worked, and the loss of his

brother. The pain worsened over the last
5 years, and was affecting daily life. Barry
reported that in response to his pain, he
had become fearful and avoidant of spe-
cific movements involving forward bend-
ing of the trunk and flexion of his spine
(eg, lifting, gardening, manual work in the
shed and the car) and of physical activities
(eg, bush walking, racing his car). Barry
described feeling stiff, fatigued, and sen-
sitive to cold most days and having poor
sleep, low energy levels, and low mood.
Most of his social interactions were with
a group of friends, which he described as
an “old men’s club,” as they often shared
their “aches and pains.” Barry reported co-

morbid neck pain and headaches. When
asked about the future, Barry believed he
was getting old and fragile, and there was
little he could do to reverse it. He also re-
ported a history of anxiety and panic at-
tacks throughout his life, and feelings of
anger, frustration, and depression, for
which he had previously sought psycho-
logical treatment. A high-risk profile for
pain persistence was identified with the
Orebro Musculoskeletal Pain Question-
naire (OMPQ; score, 61/100).% Based on
the screening tool and clinical interview,
the key multidimensional factors assessed
to be relevant to Barry’s presentation are
outlined in FIGURE1.

TABLE 1

OvuTLINE OF THE KEY ELEMENTS OF CFT IN COMPARISON WITH OTHER MAIN COGNITIVE

AND BEHAVIORAL INTERVENTIONS FOR PEOPLE WITH PERSISTENT LOW BACK PAIN (CONTINUED)

Cognitive Behavioral
Interventions Assessment Maragement
GEXP Determines hiechical peeived harmfulness using the Pholograph Series  Educaion sesson(s) explaining rationale for treatment based on a person’s
of Daily Acthities®= indinidual presentaon using the fearavoidance modef*®
Usesbehaviorl experments 1o expase a person to his or her feared.évoided
tasks while challenging unhelpful cognitions and safety behaviors,
disconfirming pain expectatons™
OFT Interview Making sense of pain

«+ Specific questioning regarding belie s about body pasture, activaion of
core muscles, and “protective” behaviors®s

+ Occurs atthe end of the fird session and & guided by findings from the
intenview and examinaBon, consdering the experiential leaming from
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« Identficabon of discrepancies in a person’s story between body control
(eg “| must st tall and brace my cor® )and his or her pain experience
(eg “Ithurtstosittall and | get relief when | rlax’)
Examination using guided behavior | experiments

.

about feared, avoided, or pain-related tasks linked 1o personally relvant
goals

+ (Obseve pain responses and “ protective® Aafety behaviors during feared,
avoided, or pain-rbiied tasks (FIGURE 3)

+ Assess whether prolective functional behavors during feared, avoided, or

pain-related tasks are modifia ble (FIGURE 4)
+ Assess whether the pain responsesduring feared, avoided, or pain-
related tasks are controllable when protective funcional tasis ar
modiied (RGURES 4 and 7)
Assess leve ks of bwer-limband trunk conditioning linked to provocative
tasks and goaks
Identify a new stralegy that enhances pain and movement contrl® and

.

Explom a person’s beliefs, emobons, expectatons, and body pe reptons

guided behavoral experiments®ss

« Usea person’s own sorywordsimetaphors and experience during the
be havioral experiments to provide a (new) understanding of hisor her
pan, disability, and distress: develop a new schema (beliefsand strate-
@es 1o contral pain response)

Exposum with “control”

+ Expasure to feamd, avoided, or pain-related tasks as direcled by the
be havioral experiments and guided by level of pain sensitivity (FIGURE 1)

« Expasure is preceded by body relaxation, visua lization, and reducing
protective funcbonal behaviors in order 1o explictly enhance emotional,
pain, and body contral during the task

+ New strategy is immediately incorported info reheasing walued func-
Bonal actvibes linked 1o goals

Targeted lifestyle modificaon

« Uses new strategy incorported in the performance of activitiesof prefer-
ence (linked 1o goals) and based on a person’s clinical profile (FIGURE 1)

reflect this back 1o the paent to disconfim his or herbeliefs that the
task is dangerous or thmalening

Abbrevtations: ACT, acceptance and commitment therapy; CBT, cognitive behavioral therapy; CFT, cognittve functional therapy; GA, graded activity; GEXF,
graded exposure; PCST, pain coptng skills tratning.

*In cases where the tissue sensittvity ts high and normalizing movement strategies does not promote patn reduction (eg, pain summation occurs during testing)
and/or the person is highly distressed, strategies such as diaphragmatic breathing, body relaration, positive affective labeltng, and exposure by visualtzation of
the threatening task are tnitially used to promote reduction of anxiety response and sympathettc arousal. In these tnstances, the person will be gradually taken
through a process to develop nonthreatening body awareness and relazation to control his or her response to patn. This often leads to patn control and distress
reduction, allowing progress of exposure with functional control. In the few cases for whom pain ts not controllable, the person s then encouraged to engage in
meantngful acttvities with a focus away from patn, while encouraging relared normaltzed functional movement to replace “pr

s fety behaut
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Multidimensional clinical reasoning framework

| CASE REPORT |

Trizge Process [uﬂagdsadqs Mo J¢—{ TRurGE PROCESS
: L ( Time course of isorder: persisent
- Highviskprofile — OMPQ (61/100)
i mudmum-M(ms)
g
€ | Pain Mechwisms Mixed pain profile (central and peripheralinfluences) v
- Pa.-mmmmmu Sensife i cokd Pain with mechanical behaior
! profile foentrl mechansms) local fissue sensiiviy to palpation mﬁh(pu'ﬂudmed’uisns)]
j Comorbid neck pain and headaches
-]
2 Drivers of Sensifization and Associated Behaviors -
3 Mo difisblepsychological fadors ) Modifisbie belioral factors )
g Cognitie Movement behavior
2 Biomedical beliefs Awidance of umbar spine flexion, hokling spine in extension
"My pineis degenerafing”; “Wearand tear” (active adension patiern)
Negafive thoughts Breath hotdingand beacing during bw-doad task
EE “Bening hurts my back'; Tm getngod” Pain bedier
Hg Emotional Knesfing, propping hands, musce guarding @
§ - Fear Grimacing, winang (communicathe)
,-:5 Moed pattem: fear that bending would cause damageand pain Sodal bebavior
= (leading o further sufieing and functional kass) Negative sodal interacBions: Toid men's chub”
< Amdiytenson Lifestyle behavior
-] Arficipaion of pain Sedentary behavior
¥ Lowmood Seep dishubance
sk Reduced joyin ife("... Idont have the mofatior) Pain-confingeant acfity perfomance
-? Negafie sdif-alk
E - > - >
@f’g CFT Management *
e g‘ Personaized management targetingun helpful modifiable fackors divingpain, disabilty, and fear
g'_i, Making Sense of Pain Exposure With Control Lifestyk Change
¢ % | Explanation defivered within context of FuncBional retraining targeting the unhelpkul behaviors associated with the avoided and Prmote achivity participation, sep hygine, and
ELs) b1 person’s story provocative posiu s, movements, and adtivbes linked to Bamy's functional goals. soaal nteacon in 2 postive, relaed, and
E,g- Dethreatening of adiobgical maging: “Disc Body relaxation and awareness confident manner
5‘8 degeneradion is common in the pain free «+ Leam dephmgmatic brathingto mlax abdominals and back musdes in supine Walk avery day
é $ population, itindicaies a normaladapiaton ~ » Shiftfocus fom back (pain) o the breath Goto bed eadier
Q,E.E avertime, and ithasa poorcorelafonwih  + Mentalimagery: imagne yourssif bending, and think positiely about it (‘bendings  Engage in positive iteacBions
o F pain and disability” pleasant’) with family and fiends —don't male your
’g_i 2 | Reconceptualization of pain within a mubidimen-  Buld confidence to =tum to provocative, feared, or avaided valued achiviies of daily fving back the topic of convesations
ES sional perspecive pain & mulfaciorel~in with paiin contot Work on your car
g-‘=§ your case, it is maintained by negtivethoughts, » 4-paint kneelinginio spinal flesion Parbapatein carracng
3§ ™~ fer, poor pain contral, ancety, mducedjoyin -+ Spinalfledon in siting Take controlof your ife
FLR | ieangerkustoton, lowmood, gid pan + Repch hands on floor in Sitting
ggg foar, and unheb il movemant behavios hat  + Sido-tand, while kesping hands on floor
leep your back sensifized. RQUREA (ckof  + Bending o reach the floox, from standing
pain and disabiity) wes prsented. + Aboiion of pain proteciive and communicative behaviors in tesetasks
Body-mind interaction focus + Useof manual, mirmr, and video feedbadk
* “Your houghts and emotions influence your * A strong cognifive component was iniegrated duringthe progression of hesetasks.
behaior” Focus on breathing into abdominal wall, slaxingbody, and fhinking postively about the
« Shift foaus away from pain experience
+ Positive houghts/affimations about your back  « Inisgraion of new learned behaviors into daily e
* Lookfor joy in your lle « Usedaiy adtivifies as an opportunity toa pply new behaviors
« Formation of new habits/naw memoares
FIGURE 1 The MDCRE™“%= determined via inferview and clinical examination. The MDCRF outlines the reasoning process by which the physical therapist identifies the factors
associated with Barry’s presentation, and designs a personalized CFT management approach. This figure describes Barry's dinical presentation and key aspects of targeted
management. Abbreviations: CFT, cognitive functional therapy; LBP, low back pain.
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Clinical examination and Findings

Contextual stress Pain experience
Paychologicaldisr >
Loss/grief

Low back pain representation

Identity: disc degeneration

Cause: bending and lifting

Comsequence:  degensradion

Timeline: worsening

Contrak: no pain contml/avoidance

-

Cognifions

Perceived vulnerability of spine

Negative thoughts:

«*I'm damaged”

«*I'm wearing ouf”

Focus on pain Emotions

Pain expectancy Pain relaied fear

Anxety/tension
Anger/frustration
‘ Lowmood
Confrol strategy ’
Increased avoidance and
protective guarding in Behavioral responses
attempt to control pain Protective response linked to
bending:
+Bracing back into hyperexiension

Low back pain « Avoiding flexing spine
Constant «Breath hokding
Widesprad Avoidance of walued activiies
Unpredictable ical and oci
— (physical cial)

AGURE 2. Schematic dagam that illustrates Barry’s vicious cydle of pain and disability as it was explained to
him. The arrows indicate the dynamic interplay across the different dimensions relevant to Barry's presentation.
This diagram is an adaptation of the fear-avaidance mode® based on the common-sense model 42

Barry reported that his goals were to
understand his pain and learn to manage
it, so that he could resume the activities
that gave him meaning in life (values),
such as gardening, manual work, reno-
vating his house, working on his car (all
involving bending forward), bush walk-
ing, and car racing.

Barry’s story illustrates the complexity
of a person’s journey related to his pain
disorder and the factors that can coexist
to maintain a vicious cycle of pain and
disability.**%*9% Using a validating"” and
motivational communication style,* Bar-
ry’s story was summarized verbally and
in a diagram (FIGURE 2) and reflected back
to him, highlighting how his fear of pain
and damage beliefs had led to him avoid-
ing valued activities,* in turn leading to a
negative cycle of declining functional ca-

pacity, leaving him feeling depressed and
disabled.*” Barry concurred with this ex-
planation. This diagram was used as the
basis for his management plan. Barry
took a copy with him so he could revisit
the aspects discussed in the first session.

Clinical Examination and Findings
Sensory Characteristics Palpation of the
lumbar and gluteal regions revealed ten-
derness to touch over the muscles, and
not the spine (L1-L5). This was used to
demonstrate to Barry that the location
of symptoms did not correlate well with
the findings of the CT scan, challenging
Barry’s beliefs (that his pain was linked
to his “damaged” spine).

Observation of Feared and Avoided Ac-
tivitles The examination focused on for-
ward bending and lifting, because these

were Barry's most feared/avoided and
provocative activities and were directly
related to his functional goals (ie, bend-
ing over while working under the hood
of his car and gardening and lifting tools
in the shed).

When asked to bend forward to touch

the floor, Barry reported feeling anx-
ious, as he thought it would hurt him
(TABLE 2, day 1). Barry was asked to pick
up his shoe off the floor; his strategy in-
volved kneeling with one leg and prop-
ping a hand on his knee, while keeping
his trunk erect and maintaining lumbar
lordosis (FIGURE 3A). Barry was asked to
repeat the task without kneeling, and
his strategy was to bend forward by flex-
ing the hips and knees, maintaining his
lumbar lordosis (FIGURE 3B). During this
movement, Barry held his breath, braced
one hand on his knee, and presented
overt communicative pain behavior (gri-
macing, wincing). Questioning about
his thoughts while performing the task
revealed that he was worried about the
“thin discs” and focusing on the feeling
of his back (“warning signs”). Palpation
of the abdominal muscles during these
tasks revealed high levels of muscle con-
traction. Active flexion of the hips in su-
pine lying (a less threatening position, as
described by Barry) reproduced a similar
pain response to previous bending tasks,
involving breath holding, abdominal
bracing, and thoughts that bending his
back would hurt him.
Guided Behavioral Experiments In or-
der to assess whether the strategies/be-
haviors used by Barry were modifiable
and the pain response controllable, the
clinician performed guided behavioral
experiments that challenged Barry’s
thoughts and protective responses re-
lated to bending.

Because his pain and protective func-
tional behaviors during bending in stand-
ing were not modifiable, he was placed
into supine. In supine, Barry was guided
on how to perform diaphragmatic breath-
ing and focus his attention on his breath
and relaxation of the back and abdominal
muscles (with palpation feedback from the
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Clinical reasoning

physical therapist). Barry was then asked
to repeat the active hip flexion task. He
reported feeling apprehensive about flex-
ing the hip, which would cause his lower
back to bend. The physical therapist ad-
vised Barry to flex the hip while focusing
on the breath, relaxing and thinking posi-
tively about the movement: “bending is
pleasant.” Barry reported no pain during
the task and that he was surprised at this.
This was repeated, and the same result
achieved, in more provocative positions
such as flexing both hips simultaneously,
into 4-point kneeling, sitting (touching
hands on floor), and moving from sitting
to standing (keeping hands on the floor)
(FIGURE 4).

| CASE REPORT |

Clinical Reasoning
Central to Barry’s story was the belief
that his spine was degenerating, bending
would hurt him, and avoidance was his
only way of controlling pain. Although
the CT scan demonstrated lower lumbar
disc degeneration, the changes reported
in the scan were consistent with pain-
free populations of his age,* correlating
poorly with pain and disability.**** This
was discussed with the patient (FIGURE 1).
The results from the guided behavior-
al experiments highlighted the unhelpful
beliefs (linked to perceived vulnerability
of his spine during bending) and behav-
ioral response related to bending and
lifting (bracing his back into extension

to avoid spinal flexion). These behavioral
responses were pain provocative and
functionally limiting (TABLE 2). Barry’s at-
tempts to make sense of his pain led to
increased fear avoidance toward valued
activities, promoting disability (TABLE 2).
It was clear from the guided behavioral
experiments that these protective behav-
iors were modifiable and, when modified,
reduced his pain. These interacting fac-
tors were used to disconfirm Barry’s be-
lief that flexing his back was dangerous.
The cycle, displayed in FIGURE 2, highlights
aspects of Barry’s presentation related to
his pain experience and behavioral re-
sponse. As suggested by recent calls,***
this cycle expands on the original fear-

:
B
g
s
F
g
=
1
=
B
<
z
>
b
v
]
E
]
E' g BARRY’S REPRESENTATION OF Hi1s BACK PAIN RELATED TO UNDERSTANDING,
g 2 TABLE 2 PERCEIVED PAIN CONTROLLARBRILITY, FUTURE CONSEQUENCES, AND BEHAVIORAL
-f§ AND EMOTIONAL RESPONSE TO PAIN*
2
. R BT "
SE Dayl 3mo 6 mo 12mo 18mo
-?'8 Boomedical, fed mindset: Biopsychosocial mindset Enhanced bopsychaso-  Biopsychasocal: Biopsychasociat
g'u + “Pain equals harm* change: cialunderstanding  + “Occasionally, | have some back-  + “| can geta bit sorer dur
@gf + “Thinning of the discs” * “| putmy scans in the bin— percepbon of other ground pain, but | geneally ignore ing the cold weather ...
Zw £ + “Pain means| shouldn't do they have no meaning o my factors thatinfluence 1 and get on with daing things. am also less consstent
Ef‘g it... | could be causing mom back" LBP: The level of pain varesand can with my walking when it
2 =§ damage® + “Experiencing less pain + “When|feelpainis ncrease mainly due 1o owverdoing & cold and wet"
- g = helped to undestand the mastly due 1o feelng things, or when feeling amdous/
Eug- body-mind ink ... Thatwas  amdious or tense" fens about tings"
&g‘s importanttome®
mg:z Lack of pain controk: Gained pain controk: Sustained paincontrot  Sustained pain control under Sustained pain controk:
2',’! « “Pain guides my every day* * “Painis ok... its under + in case ol a flare- farup + “|can gill suffer from a
Ei} + “Notbendingused b work;now  contral® w]ldeontnuewith + “Twoweeks ago, | was litingsome  certain amount of pain
g's‘ | have pain with most activities”  + | have a stralegy b manage the regime [strate- 2-kgbags of cement onomycar  and have minor flare-
g¢3 * “Theonly way of alleviatngpain it now” @es]. .. If hatdidnt and hurt my lower back fstabbing upsoccasionally butam
3§§ s not doing stuff* + “I'm more confidentin my work, | would seek pain]. | have continued waking able to manage it much
TEc body. | knowif | continue o help* and doing my usual activibes, better than before®
E g be active and move normaly, apartfom the mor strenuous
o
nothing bad willhappen . ... things | have been doing, and
because [ve done itmany Dme eecises with dumbbells
times and nothing bad hap- but|am gill suflering”
penedsofar* + “|ddn't seek help because | man-
+ “|siopped taking painkilers* aged 1 myself*
Worse with time/age: Manageable: Undercontrol Hopesit wil continue under contrat: ~ Undercontral
* Tmgetngold...notmuch | + “ldon't see myselfas anold * “Hopehuly in12 months | wil be
can do about it* man® the same, ie, sl with some back-
* "My spine isdegeneing” ground pain but able o manage it
% | can continue what | am daing,
which is far mor than | could
before this management program®
Reponse Unhelplul Hebful
Table continues an page 643
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avoidance model* by considering the
dynamic interaction of the somatic pain
experience, motive for avoidance, and be-
havioral strategy linked to performance of
valued activities (eg, avoidance of spinal
flexion).”* It also includes Barry’s rep-
resentation of his problem as a driver

Outcome measures

of sense-making processes to the main-
tenance of pain-related fear.5*%% The
MDCRF based on Barry’s presentation
outlines multiple factors driving his dis-
order (FIGURE1). The MDCRF was used by
the physical therapist and Barry to elab-
orate and guide management. Informed

consent was received directly from the
participant and his rights protected.

Outcome Measures

Repeated measures allow for temporal
evaluation of change in factors of interest
over the course of an intervention.” All

BARRY’S REPRESENTATION OF Hi1s BACK PAIN RELATED TO UNDERSTANDING,
TABLE 2 PERCEIVED PAIN CONTROLLABILITY, FUTURE CONSEQUENCES, AND BEHAVIORAL
AND EMOTIONAL RESPONSE TO PAIN* (CONTINUED)
| oot | Eworcm |
Dayl 3mo 6mo 12mo 18mo
Behaviorl Passive coping, polectiondvoid-  New behaviog enhanced pain~ Newbehanior more Continued active, awided specific Continued active, attempt-
ance movement, pain com- self-efficacy, actve coping atomabic: provoking tasks for first few days ng new tasks
municative behaviot reduced * “Immoreactiveand notas  + “I'mdoing more (adaptive), everts boldbehavior  + “lamin pretty good
social interaction, sedentary painful as | antcipated” nomal duff now ... 1 tired or doing too much fneed condibion®
Iifestyle: + “Bending wasgood because working in the shed, o refocus): + “['m] very active, walk-
* ‘| can'tdowhat | normally do | was not paying attention maoving a olierdoor, “No problems with the actualac- ng5km atlead 4 mes
anymore . ... ke gardening, tomy back . ... when | paid rde-on mowing, Bon of bending, and the pain level aweek. | have removed
walking workingonmy car... atiention tomy breath and elc. It gets sore doesn'tincmase” alot more vegetaon
normal stuff* used my lags, it hurt less® ometimes, butl do “lwas doing alotol hingswithmy  around the house o
* “ldon't goout asmuch either  « | raced my car last week the eercises and | tractor (| have done 50 hours with decrease the fire risk.
... | fear that the pain will get and | had no pain..... first recover quicker” tin12months), indudngdeaning  Renovations hawe slowed
worse' timeinyears* * “I'mwalking 5 days up ovegrown bushes and tmes abit due o the weathe,
+ ‘Anything that ivvolvesbending  + “I'm sieeping better” per week, hader {even chainsawing), moving large but there is s8ll much 1o
hurts me..... sol dont doit’ than iniially, andit ncksand bricks* &*
feels better* “l was chopping wood aboutevery  + | have useda chainsaw
second day and walking when | this week o cut a small
could. | have builta trailer fora amount of firewood”
firefighting unit, nstalled 50001 + | haven't cut firwood
water tank, built some rtaining for about 6 years due
wals (dgaing trenches andholes),  toworrying about
and backfilled them with earth my back pain. | never
and rocks using the tractor. Just thought | would be able
before Christmas, | started a o doit again, but this
project o mnovale and paint our program has givenme
house. Ths isgoing o beabigjob,  the confidence todo this
as itis a100-yearold weather- and many other things*
board house. [I'm] Walkinga 5-km
nute with 2 km of uphill sections
every weekday, except when itis
coldand wet*
Emosonal Highfear of mowement (bending-  Reporied o bemore hopeful,  Nobending-mbied fear, Low bending-mlated fear, frustraled  Low bending-melated fear,
related feacanxiety), low mood: less fearfu, and more en- nonspecific anxety: with pain flare, emotional controk: increased confidence
* “lfear that bending will male it gagedin his daly activibes:  + “'miningmynormal « “| think | became ove onfident
worse ... more painful® + “Bending isnot as scary ife again® in what | was able todo, as | had
* It makes me nenvous just now* + “lcan geta bit been ok for Gmonths . .. notideal,
waiching someone bendingon  + “My mood hasbeen better amdous about other butno needto panic*
s ... | hawe more enegy, bbo" things in life”
+ My mood s low most of the
+ “[Pain] isa weightonmy
shoulders®
Abbrevtations: CFT, cognitive functional therapy; LBF, low back patn.
*Excerpts from the cltnical tntervtews (before and after CFT) tllustrate changes tn Barry's representation over the perfod of 18 months.
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Intervention

A i .ﬁ
FIGURE 3. forward bending strategy adopted by
Barry. (A) IBustrates his habitual strategy of bending.
whereby he avaids flexing the lumbar spine to pick

up his shoe from the floar. Note his kneeling with the
right knee on the ground and a hand propped on the
left knee. (B) Mustrates a similar trunk movement
patiern when he was requested to bend forward to

pick up his shoe without kneeling. Note the propping
of weight on the knee.

outcome measures, described below, were
collected during at least 4 time points.
Self-reported bending-related ap-
praisals of fear and pain were measured
at the start of every physical therapy ses-
sion and immediately prior to and after
performing a bending task: “What is
your fear of bending?” (fear of bending),
“How much pain do you expect to have
if you were to bend?” (pain expectancy),
and “How much pain did you experience
when you bent?” (pain experience). These
appraisals were used as part of the guided
behavioral experiments to identify dis-
crepancies in pain expectancy versus pain
experience when an alternative move-
ment strategy was introduced. Each ques-
tion was scored on a numeric rating scale
(0-10, where 0 is “none” and 10 is “maxi-
mum”). The numeric rating scale has es-
tablished validity and sensitivity,** with
a 2-point change recommended as the
minimal clinically important change.®*

| CASE REPORT ]

A clinician who was not involved in
the treatment conducted clinical inter-
views after each physical therapy ses-
sion to capture the patient’s perspective
as changes occurred. Follow-up clinical
interviews at 6, 12, and 18 months were
conducted to identify the patient’s per-
ception of the intervention, beliefs and
attitudes about his back, perceived con-
trol and responses to pain, expectations
of the future, and the factors that poten-
tially facilitated change.

The Tampa Scale of Kinesiophobia
(TSK)* was used to assess pain-related
fear before and at 6, 12, and 18 months fol-
lowing the intervention. The TSK has ac-
ceptable psychometric properties, ™™ with
a suggested minimal clinically important
change of 8 points.s® Barry rated the ex-
tent to which he agreed with 17 items
on a 4-point Likert scale, from “strongly
disagree” to “strongly agree.” Considering
recent publications®*#57 and an earlier
validation study** a cutoff value of 40/68
was selected to represent high fear levels.

The short-form OMPQ* was used as
a multidimensional screening tool before
and after (6, 12, and 18 months) the inter-
vention. The OMPQ has predictive ability
for use in clinical and research situations.*
A cutoff value of 50/100 indicates moder-
ate to high risk for pain persistence.*

Intervention

Based on the MDCRF®%55 (FIGURE 1),
CFT was tailored to target cognitions,
pain-related fear, and movement and life-
style behaviors identified by the physical
therapist to be unhelpful and/or provoca-
tive to the patient’s disorder.®** The in-
tervention (more detail in TABLES 1 and 3)
involved 3 key aspects:

1. Making sense of pain: focused on
reconceptualization of pain within a
biopsychosocial context relevant to
Barry's story. This occurred as part of
the examination, and it was formally
presented to Barry at the end of the
first session. To facilitate this process,
Barry was directed to online resourc-
es, including similar patient stories.*

2. Exposure with “control™ guided expo-
sure to pain-provocative, feared, and/
or avoided activities with explicit focus
on controlling his responses to pain
(cognitive, emotional, and movement).
This functional retraining targeted
unhelpful cognitions, body relaxation,
and reduction of protective behaviors
in order to disconfirm that flexion is
dangerous and build confidence to re-
turn Barry to personally relevant activ-
ities of daily living, with pain control.

3. Targeted lifestyle modification: aimed
at increasing activity participation
(eg, bush walking), sleep hygiene (eg,
going to bed earlier), and social in-
teraction (eg, working on a car with
friends), integrating the new learned
understanding and strategy. The ac-
tivities (physical and social) were
directed by Barrys preference and
linked to personally relevant goals.
These 3 aspects were targeted in an in-

tegrated manner by the physical therapist,

rather than in separate stages by different
disciplines, as is common in multidisci-
plinary pain settings™ (FIGURE 5). The in-
tervention was underpinned by a strong
therapeutic alliance and motivational
interviewing style (open, nonjudgmental,
reflective),***® providing validation.'™

The initial session was 1 hour, and the 6

follow-ups were 30 to 45 minutes.

A B

[ —

C

FIGURE 4. Sequence of behavioral tests parformed Y challenge Barry's thoughts and pmotective responses related b bending: (A) double hip flaxion; (B) 4-point kneeling, sitting
on heels; (C) trunk forward bending from seated position; (D) trunk forward bending from standing with guidanoe; and (E) trunk forward bending from standing independertly.

E
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Outcomes

OUTCOMES

ry’s trajectory over 18 months, pro-
viding valuable insight to his process
of change (FIGURE6).

REPF.ATED MEASURES TRACKED BAr-

Bending-Related Appraisals

Barry demonstrated improvements in
bending-related fear, pain expectancy,
and pain experience at follow-ups of 3,
6,12, and 18 months (FIGURE 6). Although
not quantified, Barry’s forward bending

behavior presented observable changes
during the intervention (AGURE 7A), and
was maintained at 18 months (FIGURE 78B).

Clinical Interview Findings

At 6 months, the clinical interview re-
vealed that Barry had positively changed
his mindset, understanding of his pain,
perceived control over pain, and re-
sponses to pain. At the 12-month clini-
cal interview, Barry described having
had a pain flare, which he managed on
his own, resuming his valued activities.

At 18 months, Barry reported doing well
despite a slight increase in pain levels.
Barry attributed the increase in pain to
his inconsistency in exercising due to cold
and wet weather. TABLE 2 displays the con-
trast between excerpts from the clinical
interviews before (week 1) and after CFT
(6,12, and 18 months).

These findings were observational
assessments and interpreted from the
clinical interviews. Paraphrasing and re-
framing Barry’s responses to scientific
language, the clinical interviews revealed

TABLE 3 ’

DESCRIPTION OF THE CFT INTERVENTION USED IN THIS CASE REPORT*

CFT Intervention: Key B ements

1 (nitial consult, 60 min)
2 (45 min)

Consdering that Barry's findings from the initial consult were de<cribed in the body of the article and in FIGURE 1, weeks 212 are here described
Reported fesling more hopeful, less fearful, and more engaged in his daily activities: more active and notas painful as he anticipated
Reviewed mismatch of adiobgy findings and pain levels

4,2017. For p
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Reinforced body-mind interacBort anxiety, feat and muscle fension sensilizing back rather than damaged structures. Explainedin a wary that helped make
sen<e of the interaction of multiple factors (ie, simple language, eamplesand metaphors rievant to Barry's story)

Reinforced cessation of protective behaviors (brath holding bracing, and propping hand on knee)

Body ama reness of breathing to relax trunk muscle tension, followed by repe itive practice of bending with new, nonprovocative movement strategy for
formard bending (breathing into abdominal wal, flexing the lumbar spine, and using legs 1o return 1o uprght) until legs fatigued

Encouraged daily waks

Discussed flare-up, identifying that pain increase was related to worry and fension associaled with working on his car with a friend, who in Barry's view was
adopting “dangeous” postures for his back

Reported that breathing while bending and lifting was becoming more natural: he identified that e bxing and bending, even when in pain, helped him to
recover quicker from the flare-up

Practiced “reverse squats,” keeping his hands on the floor and ing his hips (RGURE 78) untl reduced worry and pain anticipation, continued until paint of
leg fabigue

Practiced sustained bending (mimics working under the hood of car) while breathing into abdominal wall which led to relaxaton of the back muscles
Practiced inge pick-up of 5kg weight, alle mating sides focus on breathing and using the lags until fatigue (mimics manual work, picking up tools)
Reinforced skep hygiene (20 to bed earlier) and daily walk

Reported fealing encouraged 1o be mos active after last session: walked hills every couple of days; improved mood

Reported negative social inteacBons with friends, which made him think negatively about his back and age

Encouraged o paricipate in positive social interac Bons: imit discussing health problems or pain; asked family not 1o ask about back; could ask about
achievements (e rise, house and car work)

Encouraged o work in shed, car, and gardert achivity engagement

Practiced picking up 5-kg weght off the floor while on 1leg without pain; repeated unil worry reduced: practived at faster peed

Reported feeling more confident: walking 5+m track with hills more active arund the house and garden (fding on mower, chainsawing, working under the
hood of car); some discomfort aftermard, but recovers wel afierdoing reloed movement routine

Practiced bending and lifting 10-kg and 15-kg weights off the floor repetitively (15 rpetitions 1o fatigue); moved weights from side 1o side (mimics iing and
moving heavy objects during manual work); increased peed during pracoe

Encouraged o increase speed of walk and “chage” up the hills for cardio and conditioning

Reported no fear of bending, no pain expectaion or experience with bending and lifting

Reporied that new movement strategy became a habit feeling confident in managing sympiom fluctuation and possible flare-up

Sillworking on condiboning: walking hills mast days

Discusseda “flare-up outine,” induding drategiesto relax body and restore awareness to breathe, postive thoughts during visualizaion of provocative
movements non-weight-bearing and weight bearing movements that encouraged reloed spinal flexion (RGURES 2,5, and 7C), sleep hygiene, and physi-
cal activation. Should the symptoms persist or worry increase, Bamy was instrucled 1o contact the clinic; this did notoocur

Abbr CFT, cognittve fi I therapy.

*A breakdown of the key el of each sesston is provided. Constdering that Barry's findtngs from the tnittal consult were described tn the body of the article
and tn AGURE 1, a standard CFT inttial assessment is not described here for week 1.

4 (45 min)

6(30mn)
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Discussion

[ CASE REPORT ]

By vicous cyce o1

Barysgmk

AGURE 5. Schematic representation of the CFT intervention (center of figure) and the interaction (indicated by
arow) with Barry's disorder and his ability to achiewe his valued goals. The diagram illustrates how CFT targets the
barrier created by the vicious cyde of pain, fear avoidance, and disability in which Barry is stuck (left of figure),
enabling him to achieve his goals (activifies that are meaningful to him right of figure). The dotied line forming the
components of the intervention reprsents the dynamic interaction between the CFT components. Abbreviation:
CFT cognitive functional therapy.
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AGLURE 6. The graph on the bottom of the figure outlines changes 1o bending-related appraisals of fear, pain
expectancy, and pain experience before, during, and after CFT management. Three baes display activities that were
feared.4wided by the parBcipant pre-CFT, physical achievement at 6months, and comments related 1o a flar-up
dos 1o the 12-and 18-month follow-ups. The diagram at the topof the figure is a schematic representation of the
proposed process of change for Barry. It outlines the key faclorsthat changed during and after CF T management. The
process fallows the timelne of the study. Abbreviaion: CF T, cognitive functional thempy.

that Barry’s perceived facilitators for
change were the therapeutic alliance, new
movement behaviors, and mindset change
(linked to person-relevant explanation,
dethreatening of radiology, and watching
videos of other patients’stories of change).

The TSK

There was a reduction of 16 points
in pain-related fear between the first
week (47/68) and 6-month follow-up
(31/68) (FIGURE 8). This change is double
the recommended minimal clinically
important difference®; the 6-month
score was below the cutoff for high fear
(40/68),"55%97 and later scores reached
moderate fear levels**** (12 months,
33/68; 18 months, 33/68).

The OMPQ

There was a substantial change, from
high risk (61/100) at the first week
to moderate to low risk (37/100) at

12-month follow-up, which was sustained
at 18 months (36/100) (FIGURE 8).

DISCUSSION

clinicians with insight to using a

clinical-reasoning framework to
identify key drivers of pain and disability
and address these drivers using CFT fora
person with PLBP and high pain-related
fear (FIGURE 1).

Barry was unable to make sense of his
pain, and his high level of pain-related
fear was associated with an escalation of
functional avoidance and distress. Barry’s
presentation reflects growing evidence
that high pain-related fear impacts a
person’s cognitive (pain and damage be-
liefs related to fear,* higher expectancy of
pain and perceived harm related to bend-
ing™**), emotional (anxiety related to
bending,® poor emotional regulation*®),
and behavioral responses (protective
movement behaviors while bending,*##*=*
activity avoidance, reduced social par-
ticipation*). The dynamic interaction of
these dimensions highlights that pain-
related cognitions and behaviors cannot

THIS SINGLE CASE REPORT PROVIDES
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be separated when managing high-fear
patients. Pain-related fear may be dy-
namic and responsive to changes in the
pain experience.” Bunzli® and Bunzli et
al” suggest that new iterations of the fear-
avoidance model should consider the per-
son’s somatic pain experience to better
understand the basis for fear avoidance
in the management of people with PLBP
and high fear.

This report used repeated measures
to capture temporal changes in bending-
related appraisals of fear, pain expec-
tancy, and pain experience in the longer
term, in line with recent trajectory re-
search in low back pain.* Use of a quali-
tative element via clinical interviews
provided insight into Barry’s perspective
on this process. In the 6-month follow-up
clinical interview, Barry reported the key
aspects of the intervention that helped
him attain independence: new behaviors
and mindset change, underpinned by
a strong therapeutic alliance. Drawing
from these findings and current knowl-
edge, the following builds an understand-
ing of the potential processes of change
for this patient.

New Behaviors

The use of guided behavioral experiments
to challenge Barry’s pain-related beliefs
was central to his management. The aim
was to gradually expose him, with pain
“control,” to threatening movements and
activities related to lumbar spine flexion
and forward bending, which he believed
would be “damaging and pain provoca-
tive.” Challenging his behavioral re-
sponses associated with these tasks using
relaxed diaphragm breathing, relaxation
of his back into flexion, and reassurance
that the movement was safe resulted in
pain reduction during bending. This con-
fronted his beliefs that bending was dan-
gerous, while developing body awareness.
Relaxed, mindful breathing directed to
the person’s awareness of the experience
has been linked to a reduction in pain
perception and autonomic arousal.? This
could have reduced protective responses
to the thought of bending.

FIGURE 7 lustrates a change in farward bending behavior. (A) Barry's new movement behaviar, demonstrating
spinal fledion at week 6 and (B) at 18-month follow-up (photo provided by Barry). Compare with FIGURE 38

100

40+

Qutcome Measurement Scores

20+

0 T T

Week 1 6mo

@ TSK (madmum score, 68) I OMPQ (maximum scare, 100)
|
FIGURE 8. Barry's outcomes of pain-related fear (TSK: blue circles) and multidimensional risk profile (OMPQ:
arange squares) before (week 1) and after (6, 12, and 18 months) CFT intervention. The arrows indicate the
cuoff paints for the respective outoome measures: OMPQ soores above 50 indicate moderate  high risk® and
TSK soores above 40 indicate high feac™™7 Abbreviations: CFT, cognitive functional therapy; OMPQ, Orebro
Musculoskeletal Pain Questionnaire; TSK, Tampa Scale of Kinesiophobia.

2mo 18mo

The experience of bending without
pain challenged Barry’s expectations,
illustrated by substantial change in
pain appraisals between the first and
second sessions (FIGURE 6). Inhibitory
learning theories suggest that a new
strategy that violates expected negative
outcomes and allows repetitive exposure
to a positive experience, without the use

of pain-protective responses (cognitive
and behavioral), can lead to formation
of new (safe) memories."#%2%¢ This sup-
ports that Barry’s experience in the first
session provided him with a safe op-
portunity for learning a new behavior™
(FIGURE 7).

This new behavioral learning was
challenged when Barry experienced a
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Proposed Considerations

pain flare in the fourth week of the inter-
vention. Despite an increase in perceived
threat, Barry continued the new behavior,
which he reported resulted in a quicker
recovery. This experience provided fur-
ther support that the new strategy was
effective in controlling his pain. This was
further challenged when Barry experi-
enced a second pain flare just before the
12-month follow-up. Barry self-managed
this episode, resuming normal activi-
ties soon after the flare (FIGURE 6, TABLE 2)
(12-month follow-up). Barry’s response
(behavioral and emotional) to both these
situations suggests that he has reached
independence and is living effectively
(FIGURE 6, TABLE 2) (12- and 18-month
follow-ups).

The experience of control over pain
is a predictor of reduced pain-related
anxiety™® and disability in future pain
episodes.” It is therefore possible that
perceived pain controllability reduced
the intensity and unpredictable nature of
pain, enhancing confidence and allowing
perseverance of the new behaviors. Flare-
ups offer an opportunity for learning, as
the person’s response to an aversive situ-
ation is tested.” In this case, Barry re-
sponded differently to flare-ups, and this
positive self-management experience
enhanced self-efficacy and facilitated
fear reduction, as observed in a group of
PLBP patients who improved with CFT.”
It appears that experiencing pain control
through behavioral learning was cen-
tral to Barry’s reduction in fear and pain
(AGURE 6, weeks 6-12 and TABLE2).

Mindset Change

Paraphrasing Barry’s responses, behavior-
al learning provided positive experiences,
helping him develop a new understand-
ing of the body-mind interaction (mind-
set change) (TABLE 2). This change evolved
slowly throughout the intervention pe-
riod and was influenced by cognitive and
behavioral components (FIGURE 6). The
provision of personalized, multidimen-
sional education to make sense of his
pain (a key element of CFT) was valued
by Barry, and likely played a role in his

| CASE REPORT |

adherence to the intervention.* Barry
reported that the dethreatening explana-
tion of his radiology was important for
his understanding of its relevance to his
problem,***5#% and that watching videos
of people with PLBP who had experi-
enced positive change® assisted him in
feeling more hopeful. Although educa-
tion may promote moderate reduction in
pain-related fear in PLBP patients,*%2%
it does not promote change in behavioral
response to fear when delivered alone.”
In Barry’s case, behavioral learning was
essential for self-efficacy enhancement
and mindset change, important steps
toward achieving independence.” This is
supported by Barry’s response to the pain
flares (TABLE 2, FIGURE 6) and results of the
outcome measures, which were sustained
at lower “risk” levels*#* at long-term fol-
low-ups (FIGURE 8). Despite the fact that
he still describes having “low-grade pain,”
Barry continues to perform activities that
he values (eg, “walking 5 km, garden-
ing, cutting firewood for the first time in
6 years ...”), suggesting that he is living
effectively.

Therapeutic Alliance
The collaboration formed by a trusting
relationship between physical therapist
and patient™ is considered central to
CFT.® A systematic review investigat-
ing factors influencing this relationship
demonstrated that physical therapist
communication and interpersonal (eg,
active listening, empathy, understand-
ing) and practical skills (eg, personalized
education, individualized care) were key
elements in enhancing treatment interac-
tion, adherence, and outcomes.* Strong
therapeutic alliance predicted positive
outcomes in musculoskeletal,** psycho-
logical,”” and medical interventions.**'
Therapeutic alliance has a role in
challenging a person’s beliefs through
effective communication.” The use of a
validating” and motivational interview
style* provided insight into discrepancies
in Barry’s beliefs, coping strategies, and
understanding about (his) pain, which
assisted the physical therapist in iden-

tifying modifiable barriers for targeting
behavioral change.**#* Clear and direc-
tive communication was used at times
to implement behavioral change, espe-
cially in relation to abolition of unhelp-
ful biomedical beliefs (eg, avoidance of
spinal flexion) and pain behaviors. Barry
reported that the physical therapist’s con-
fidence and “toughness” were important
to his adherence to CFT. This directive
communication style has been reported
to be important for treatment outcomes,
and is linked with higher enablement and
patient satisfaction,™ providing patients
with more confidence in taking an active
role in their journey to recovery.®*

Proposed Considerations

It is proposed that the new behaviors
and mindset provided a platform for
confronting avoidance behaviors and
returning to valued functional activities
with reduced pain. Although speculative,
this is likely to have modulated changes
in cognitive, emotional, behavioral, and
SENSOry Processes.

The proposed process of change for
this patient (FIGURE 6) is in line with hy-
pothesized mechanisms of change at-
tributed to CFT, which are likely to be
multifactorial given the personalized
body-mind behavioral approach, in-
fluencing factors known to affect pain
sensitivity and disability.***** This is
supported by previous work showing re-
duction in fear and improved mood in a
randomized controlled trial with moder-
ately disabled PLBP patients.* A recent
case series with disabled PLBP patients
demonstrated large reductions in pain,
disability, and fear of physical activity, as
well as development of positive back be-
liefs and self-efficacy enhancement.® The
authors value the importance of these
measures and acknowledge their absence
as a limitation of this case report. Cogni-
tive functional therapy may also have af-
fected physical-behavioral aspects, such
as relaxation of trunk muscles, normal-
ization of provocative movement, and
pain behaviors®* (FIGURE 7). Although
evidence for these changes is lacking, fur-
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Summary

ther studies are under way to test such
mechanisms.

Summary

The MDCRF enabled the clinician to
identify and target unhelpful cognitions,
emotions, and behavioral responses that
drive PLBP and disability,*#-* tailor-
ing the CFT intervention to the person’s
needs and goals. Although the outcomes
must be considered within the limita-
tions of a single case, this approach ap-
peared to assist Barry to reduce his fear
via enhanced pain controllability, provid-
ing alternative understanding and behav-
ioral response to his pain. This single case
report enabled frequent and in-depth re-
peated assessment to elucidate elements
of change over time. ®
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Chapter 6 Clinical study two - An
evaluation of the process of
change in four people with
persistent low back pain and
high pain-related fear managed
with Cognitive Functional
Therapy: a replicated single-
case experimental design study

Considering persistent LBP is an individual experience, ‘how change unfolds’ and ‘what
factors underlie change’ at an individual level emerge as important questions. However,
these questions have not been evaluated at an individual level. Chapter 2 features single-
case experimental design as an adequate framework for an evaluation of the process of
change at an individual level because of its flexibility that accommodates the between-
person heterogeneity, within-person variability over time, and because it enables
assessment of multiple factors at multiple timepoints. Thus far, no studies had used single-
case experimental designs to evaluate temporal changes in multiple potential mediators
of treatment response in interventions specifically designed for people with persistent

LBP and high pain-related fear.

The aims of this study were (1) to evaluate temporal changes in disability and potential
mediators from cognitive and emotional dimensions before, during and after a Cognitive
Functional Therapy intervention; (ii) to evaluate how changes in potential mediators
related to changes in disability at different timepoints during this intervention in four

people with persistent LBP and high pain-related fear.

This chapter was submitted as a manuscript to Behaviour and Research Therapy.
Caneiro JP, Smith A, Linton SJ, Moseley GL, O’Sullivan P.
“How does change unfold? An evaluation of the process of change in four people with

persistent low back pain and high pain-related fear managed with Cognitive Functional
Therapy: a replicated single-case experimental design study” (under review)
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6.1 Abstract

Purpose: To understand the process of change at an individual level, this study used a single-
case experimental design to evaluate how changes in potential mediators related to changes in
disability at different timepoints during an exposure-based behavioural intervention in four

people with persistent low back pain and high pain-related fear.

Results: For all participants, visual and statistical analysis indicated that changes in disability
and proposed mediators were clearly related to the commencement of Cognitive Functional
Therapy. This was supported by standard outcome assessments at single timepoints (pre-post).
Cross-lag correlation analysis determined that, for all participants, changes in most of the
proposed mediators (pain, pain controllability, and fear) were most strongly associated with
changes in disability at /ag zero, indicating that changes occurred concomitantly and not before
changes in disability. Importantly, these changes occurred at different rates and patterns,

highlighting the individual variability of the temporal process of change.

Conclusion: This study demonstrated the interplay of factors associated with treatment
response, highlighting “how change unfolded” uniquely for each individual. The findings of an
early temporal relationship between factors underpinning treatment response and outcome, and
the individual variability in the process of change challenge the linear understanding of

therapeutic change. Replication of these results is needed.

Key words: Process of change; mediators; low back pain; pain-related fear; behavioural

change.
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6.2 Introduction

Persistent low back pain (PLBP) that is associated with high pain-related fear is disabling

(Vlaeyen, Crombez, and Linton 2016) , physical (Martel, Thibault, and Sullivan

' i 1. 201
, impacting on work (Coggen et al- 2013)

2019404 social (Hocgendoom etal: 2000) yapticination. This high-fear group often presents with changes

(Bunzli, Smith, Schutze, et al. 2015)

across multiple interacting factors, including cognitive , emotional

Glombiewski (Glombiewski et al. 2015)’ behavioural (Karayannis et al. 2013; Thomas and France 2007; Geisser et al. 2004)’
. . Bunzli ki 1. 201 . . R 1 tal. 2015; O'Sulli tal. 2014
hfestyle andsocml( unzli, Watkins, et a 03)’ andpalnprocessmg( abey, Slater, et a R ullivan et a )

. The interplay of these factors is likely to vary for each person, and fluctuate over time (© "V

et al. 2016; Kongsted et al. 2016)

This inherent non-linearity is a central feature of a complex system, in which the relationships
between components is key to understanding behavioural adaptation over time " 2%,
Therefore, understanding how changes in these factors relate to fear and disability reduction
over the course of an intervention may provide important insight in change processes involved
in behavioural change in people with high levels of pain-related fear. Mediation analysis
provides a useful method to investigate how multiple factors relate over time. Mediators are
defined statistically as factors that ‘lie on the causal path between the exposure and the

outcome’ (Lee et al. 2017)

, meaning that mediators change because of an intervention and correlate
with changes in the selected outcome. This can provide information regarding factors that
contributed the most to the treatment effect. Randomized controlled trials (RCTs) are the most
common framework for analysis of mediators M2sell: Kamper. and Kent 2013) "ty 5wever, they require
large samples and expenditure and critically, they are limited in the number of variables and
timepoints that can be captured, with many studies often assessing a single mediator at a single
timepoint during the intervention Mansell- Hill. Main. Vowles. et al. 2016) " i5 an obvious limitation
when investigating complex systems because the time course of the mediator-outcome
relationship is likely to vary between individuals. RCTs may therefore be insensitive to the

.. . . . . . Ril 2014
timing of mediator and outcome change in relation to the intervention ®i'e¥ and Gaynor 2014)

(Kazdin 2007)

an

important limitation in establishing mediation

In contrast to mediation analysis conducted in RCTs, single-case experimental design studies
(SCEDs) facilitate detailed assessment at frequent time points, capturing multiple potential
factors related to an individual’s response to treatment M0rey 2018: Morley. Viaeyen, and Linton 2015; Borckardt

ct al. 2008; Gaynor and Harris 2008) ' QCEDg are an intensive, prospective and controlled study of the
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. . . . . o1 Morley 2018; Morl 1
individual, using each person as their own control to enhance reliability M°rey 2018: Morley. Viaeyen,

and Linton 2015) " QCEDs enable the adoption of a complex system perspective, which
accommodates interaction of multiple factors and within-person temporal variations, therefore
reflecting individuality in the evaluation of the therapeutic change process. Well-designed
SCEDs, that include repeated measures and a stable baseline, can answer questions of

. : Borck 1
improvement and change process, to unravel the anatomy of therapeutic change Borekardt eta

2008)

Considering the need to understand how change unfolds at an individual level, we employed a
SCED. The aim was to evaluate how changes in potential mediators are related to changes in
outcome (disability) at different timepoints during a behavioural intervention for people with
PLBP and high fear. A pre-requisite was that the intervention changed both the outcome and
proposed mediators. The intervention was an individualized exposure-based behavioural
approach for the management of people with PLBP called Cognitive Functional Therapy
(CFT). Although CFT has shown promising results in the reduction of fear, pain and disability
(Caneiro, Smith,etal. 2017; Bunzli ctal. 2016; Vibe Fersum etal. 2013; O'Sullivan etal. 2015) 41 16 e by which reduction
in disability is mediated is yet to be quantitatively investigated ®* ¢ @ 2019 The fear-

(Vlaeyen and Linton 2000)

avoidance model proposes that pain-related cognitive and emotional

. . [ . Mansell et
responses to pain can fuel an unhelpful cycle that leads to disability. We hypothesized ™M™e!'©
al. 2017; Caneiro, Smith, et al. 2017; Bunzli et al. 2016; O'Sullivan et al. 2015; Vibe Fersum et al. 2013; Leeuw et al. 2008; Lee et al. 2015)

that pain, pain controllability, fear, distress and sleep would mediate reduction in disability.

6.3 Methods

This study complies with The Single-Case Reporting guideline In BEhavioural interventions

(SCRIBE) 2016 (Tate et al 201 6).

6.3.1 Design

A single-case experimental design (SCED) with replication across 4 participants was
employed. There were three-phases (A-B-A’/B’) with a criterion-based phase changing (A’/B’)
sequence. Phase A consisted of an eight-week baseline period with no intervention. Phase B
was a twelve-week period of CFT. Behavioural interventions are non-withdrawable, meaning

their effect is expected to carry over after the intervention is terminated. Therefore, a
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subsequent Phase A’ was used as a follow up period of twelve weeks, with an embedded
criterion-based phase changing (A’/B’) sequence. A criterion was set a priori to trigger Phase
B’, a second treatment phase with up to 5 ‘booster’ sessions. The criterion was defined as:
disability scores during follow up (phase A’) that were equal or greater than the average
disability scores during baseline (phase A) + 1 point for two consecutive weeks. Phase B’

would allow a second manipulation of the outcome targeted by the intervention ("<t #! 2017

6.3.2 Participants

Participants were recruited from the cohort of a recently completed laboratory study involving
persons with PLBP and pain-related fear (C*n¢ire- O'Sullivan. Smith, Moseley. etal. 2017) 'y oJysjon criteria
were: Adults aged 18 years and older with dominant axial LBP (between T12 and gluteal fold),
greater than 6 months duration; pain intensity >4/10 on the numerical rating scale (NRS 0-10)
for average pain in the past week; and high pain-related fear (scoring >40 on Tampa Scale of
Kinesiophobia - TSK) (ori- Miller. and Tedd 1990) 51 4 have specific fear of bending and lifting with
a flexed lumbar spine (C2neire- O'Sullivan, Smith, Moseley. etal. 2017) ‘¢ wag operationalised as a score of
>7/10 on a pictorial NRS displaying a side view picture of a person bending and lifting a box
with a flexed lumbar spine followed by the question: “How fearful are you of performing this
task?” - anchored on “0: No fear”, and “10: Maximum fear”) - adapted from Caneiro et al
(2017). Exclusion criteria were: report of dominant leg pain, diagnosis of serious pathology
(infection, cancer, inflammatory disorders, fracture), radicular pain with neurological deficit,
grade 3 or 4 spondylolisthesis, pregnancy or inability to speak English. Fifteen people
responded and completed the criteria questionnaires. Nine met the criteria. Four agreed to
participate (Figure 6.1). Characteristics of the participants at baseline (week 1) are detailed in

Table 6.1.

This study was approved by the health research ethics committee at Curtin University —
approval number HRE157/2015. Written informed consent was obtained from each participant

prior to start of the study.

155



RECRUITMENT

= Cohort of recently
completed
laboratory study

= 15 responded
= 9 met criteria

= 4 consented

participation
= No drop outs
Phase A Phase B Phase A’ / B’
Baseline Intervention Follow up with criteria-based phase-changing sequence
( Criterion: pain or disability scores = average Phase A + 1 point for 2 consecutive weeks )
(no treatment) (CFT)
NO Phase A’ Follow up ( no treatment)
Met criterion
for booster ?
YES Phase B’ Booster (up to 5 sessions )
Weeks 9-20 Weeks 21-32
(12 data points)

Weeks 1-8

(8 data points) (12 data points)

(total of 32 data points)

Figure 6.1 Flowchart of recruitment procedure and study design.
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Table 6.1 Detailed characteristics of the participants at baseline (weeks 1 and 8)

157

P1 P2 P3 P4
Age (years) 66 40 52 67
LBP duration (years) 6 22 13 45
Person-specific disability (PSFS) Lifting and carrying heavy Bending and lifting heavy Bending and lifting/gardening Vacuuming/Mopping and gardening
Action (Past management - B-IPQ) Manual therapy, core work, Chiro, Physio, massage, Pilates, Rest, manual therapy, inversion Massage, exercise, medication,
Pilates, injections injections, Opioids++ table, TENS, injections injections+
Appraisal (Was the action effective?) ineffective ineffective ineffective ineffective
Standardised outcome measures BAS-W1 BAS-W1 BAS-W1 BAS-W1
Disability (RMDQ) 11 10 16 10
Pain-related fear beliefs (TSK) 48 45 55 50
Pain catastrophizing (PCS) 40 25 42 21
Pain-related anxiety (PASS-20) 51 42 67 32
Back beliefs (BackPAQ) -11 -7 -11 -10
Illness perceptions (B-IPQ) 61 58 63 55
Back awareness (FreBAQ) 18 13 15 3

PSFS (Patient Specific Functional Scale — most disabling activity for each participant is presented here); B-IPQ (score range 0-80): higher scores indicate more negative illness perceptions; Disability (score range 0-24. High
scores indicate higher disability); TSK (score range 17-68. High scores indicate higher fear of damage/pain); PCS (score range 0-52. High scores indicate higher pain-related catastrophic thoughts); PASS-20 (score range 0-

100. High scores indicate higher pain anxiety); BackPAQ;, (score range -20-20. Negative scores indicate negative beliefs); FreBAQ (2 items; score range 0-20. High scores indicate poor back awareness); BAS-W1:
assessment at first week of baseline (week 1).
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6.3.3 Assessment timepoints

(Tate et al. 2017; Kratochwill et al. 2010)

Following SCED guidelines , weekly assessments of the outcome

and proposed mediators were taken for each participant during the baseline (8 data points,

allowing for assessment of stability of data during this period) Merley- Viaeyen. and Linton 2015)

treatment phase (12 data points) and follow up phase (12 data points); a total of 32 data points
were collected. Establishment of stability over the baseline phase enhances the internal validity
of the design by controlling for time and thus maturation and regression to the mean, therefore

. .. . Aul 1. 2017; Polli 1. 2017; Morl 1
serving a similar function as a no-treatment control group (!4 ¢t @l 2017: Polli etal. 2017; Morley, Viaeyen,

and Linton 2015; Kratochwill et al. 2013; Moseley, Zalucki, and Wiech 2008) (Figure 6.1) The follow up period
provides information about the short-term maintenance of the intervention effect. Direct inter-
subject (original + 3 cases) and inter-clinician (2 physiotherapists) replication enhances the

strength and generalizability of the findings M- Viaeyen. and Linton 2015)

6.3.3.1 Assessment at multiple timepoints

A 23-item online questionnaire (Appendix 6.1) was developed to assess the primary outcome
(disability) and proposed mediators of change on a weekly basis. Each of the items was rated
on an 11-point NRS (0-10 anchored accordingly) P¥orkin et 2l 2009 The jtems are described

below.

6.3.3.1.1 Primary outcome

Disability was assessed with the Patient Specific Functional Scale — PSFS (Bevskens etal- 1999) - A ¢
the initial assessment, participants listed 3 activities of daily living, each item was rated on a
11-point NRS in response to the question “How difficult is it for you to perform this activity
because of your back pain?”, anchored with ‘0 = able’ and ‘10 = unable’. The activity with the
highest rating was selected and used as the personalised disability item for the remaining
weekly measures. The PSFS has a smallest detectable change (SDC) of 2.5 points, and has

been shown to be reliable (Beurskens, de Vet, and Koke 1996)

158



159

6.3.3.1.2 Proposed mediators

. . . M 11 1. 2017, i ith 1. 2017; Bunzli 1.
Potential mediators were hypothesised from theory Mnsell et al- 2017: Caneiro, Smith, et al. 2017; Bunzli et a

2016; Lee et al. 2015; O'Sullivan et al. 2015; Vibe Fersum et al. 2013; Leeuw et al. 2008) A total of ten potential mediators
(allocated into five ‘mediator groupings’) were assessed: (1) Pain: Pain intensity, Pain
interference; (2) Pain controllability: Pain control, Pain self-efficacy; (3) Fear: Fear of
damage/pain, Pain anxiety, Pain catastrophizing, Avoidance beliefs; (4) Distress: Depression,
Anxiety and Pain bothersomeness, and (5) Sleep: Sleep difficulty. This short instrument can

be seen in Appendix-A.

6.3.3.2 Assessment at single timepoints

The use of standardised outcome measures with established psychometric properties
provides information as to whether participants have made a reliable change ™"y 2018: Onghena
and Van Damme 1994; Morley and Adams 1989; Kazdin 1982) The fOllOWil’lg were assessed online at fOI/H"
timepoints: twice during baseline (weeks 1 and 8), at the end of the intervention (week 12 of

phase A) and at the end of follow up (week 12 of phase A’).

Disability was assessed with the Roland Morris Disability Questionnaire-RMDQ ®°'nd 3 Moris
1983) The RMDQ measures effects of LBP on physical activities and activities of daily living.
It is valid, reliable, and responsive to change. Scores range from zero to 24, with higher scores
indicating higher levels of disability, and a change of 2.5 points considered to be a minimal

clinically important change (MCIC) (Roland and Morris 1983)

Pain-related fear beliefs (fear of damage and/or pain) were assessed with the Tampa Scale of
Kinesiophobia-TSK e Miller. and Tedd 1990) ‘phe TQK s a widely-used to assess fear of damage

(Bunzli,

and/or pain Smith, Watkins, etal-2013) 'gcores range from 17 to 68, with higher scores indicating

higher levels of fear of movement and a cut-off of 40 is typically used to define a high degree

of pain-related fear V2" ¢ #2012 " A change of 8 points is suggested as a MCIC (-endbere etal

2011)

Pain-related anxiety symptoms were assessed with the Pain Anxiety Symptoms Scale-PASS-
2() MeCrackenand Dhingra 2002) ‘1 pASS-2() was used to assess cognitive anxiety symptoms, escape
and avoidance responses, fearful appraisals of pain and physiological anxiety symptoms

associated with pain. The participant makes a frequency rating for each item (where 0 = never
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and 5 = always). The PASS-20 has acceptable psychometric properties McCrcken and Dhingra 2002)

Scores range from zero to 100, with higher score indicating higher levels of pain-anxiety.

Pain catastrophizing was assessed with the Pain Catastrophizing Scale — PCS (Su!livan. Bishop. and

Pivik 1993) The PCS has good psychometric properties, assessing catastrophic thinking with 13
statements that are rated on 0—4 Likert scales. Scores range from zero to 52, with scores over
20 typically used as a cut-off to define a high degree of catastrophizing S"'a™ Bishop. and Pivik 1995),

and a change of 9 points considered as the MDC (Gecree: Valencia, and Beneciuk 2010)

Back beliefs were assessed with the Back Pain Attitudes Questionnaire (BackPAQ) (Darlow,
Perry, Mathieson, et al. 2014). The BackPAQ10 consists of 10 items using a five-point Likert
scale rating that ranges from ‘false’ to ‘true’, assessing five key components: relationship
between back pain and injury, vulnerability of the back, activity participation during back pain,
psychological influences on pain and recovery, and prognosis of back pain. The responses are
scored from -2 (‘true’) to +2 (‘false’), with scores ranging from -20 to +20. Negative scores
reflect beliefs that are unhelpful for recovery from back pain. Eleven (11) items are inverted
from the normal survey direction. BackPAQ has been shown to have acceptable internal

. : Darlow, Perry, Mathi 1.2014
consistency, with a Cronbach’s alpha of (.70 (P2row. Perry. Mathieson, etal. 2014)

Illness perceptions were assessed with the Brief Illness Perception Questionnaire (B-IPQ)
(Broadbent etal. 2006) The B_IPQ covers the five dimensions and has nine items, of which eight are
rated on a 11-point NRS. Five items assess cognitive illness perceptions: consequences (Item
1), timeline (Item 2), Control (Item 3), Curability (Item 4), and Identity or diagnostic label
(Item 5). Two items assess emotional perceptions: concern (Item 6) and emotional response
(Item 8) and one item assesses understanding of the condition or coherence (Item 7). Scores
range from zero to 80, with higher scores indicating more negative illness perceptions. Item
nine assesses causal beliefs; participants are requested to list the three most important causal
factors in their illness; this is treated as an open-ended response (Item 9). B-IPQ has good test-

. oqe B 1.2
retest reliabiljty (Broadbent etal- 2006)

(de Raaij et al. 2014)

, with a MDC of 3 points for items 1-8 for individual evaluation
purpose

Back Awareness was assessed with Fremantle Back Awareness Questionnaire (FreBAQ) V™

etal- 2019 The FreBAQ contains 9 items on 5-point Likert scale (0= never feels like that, 4=
always, or most of the time feels like that). Based on a Rasch analysis of the FreBAQ (Wand

et al. 2016) two of the best-performing items with the highest item-test correlations were
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selected: “When I am performing everyday tasks, I am not sure exactly what position my back
is in” and “I can’t perceive the exact outline of my back™. The scores were transformed to an

11-point NRS scale and summed (max= 20), with higher scores indicating poorer back

awarencss.
6.3.4 Intervention
6.3.4.1 Cognitive Functional Therapy (CFT)

CFT is an integrated behavioural approach for individualising the management of people with

PLBP once serious and specific pathology has been excluded. CFT has evolved from

(Vlacyen etal. 2001; Keefe 1982; Fordyce 1976) g pag

Bunzli et al. 2016;

foundational cognitive and behavioural interventions
shown promising results in the reduction of fear, pain and disability Ml etal- 2017:
Caneiro, Smith, et al. 2017; Lee et al. 2015; O'Sullivan et al. 2015; Vibe Fersum et al. 2013; Leeuw et al. 2008). Based on an
interview and examination, the clinician identifies and targets modifiable contributors to pain,
distress and disability in a person-centred manner ©SUvan et al 2018 “There are three broad

components to the intervention:

Making sense of pain: a reflective process that combined the person’s own narrative
(interview) and experience (during guided behavioural experiments) to disconfirm unhelpful
beliefs and responses to pain, developing a personally-relevant multidimensional

understanding of pain.

Exposure with ‘control’: a process of behavioural change through experiential learning.
Designed to violate expectations of pain and damage consequences via guided behavioural
experiments, in which sympathetic responses and safety-seeking behaviours that manifested
during exposure to painful, feared or avoided functional tasks are explicitly targeted and
controlled. The new strategies are immediately integrated to daily activities to build self-

'Sulli 1. 201
efﬁcacy (O'Sullivan et al. 20 8).

Lifestyle change: behavioural modification addressing unhelpful lifestyle factors aimed at

increasing activity and social participation, and regulation of tension and sleep.

CFT is underpinned by strong therapeutic alliance and motivational interviewing style (open,

non-judgmental, reflective) ©Sulivan et al- 2018) 1roviding validation and facilitating disclosure
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(Linton 2015; Edmond and Keefe 2015) “Phe jnjtjal session was lhour and the follow-ups were 3045
minutes. Treatment compliance was measured weekly during the treatment phase, with the

question: “Over the past week, how many days have you practised your management routine?

6.3.5 Treating clinicians and setting

Two experienced physiotherapists who were trained in CFT delivered the intervention. The
clinicians were trained by two specialist physiotherapists (POS and JPC) during a program
purposefully developed for this study. The training consisted of: theoretical and clinical
sessions, including observation and practice with real patients with disabling back pain and
high-fear. The treatment was delivered in a primary care musculoskeletal physiotherapy

practice in Perth, Western Australia.

6.3.6 Treatment fidelity

To ensure treatment fidelity, the developer of CFT (POS) was present as an observer in the
first session, as well as two follow-ups (week 6 and week 12), using a form previously used in
another CFT study (V¢ Fersum etal-2013) g o peutic alliance was also assessed as a measure of
treatment fidelity. The Working Alliance Theory of Change Inventory (WATOCI) has well-
accepted clinometric properties, and holds its one-dimensional characteristic when used with

LBP. Scores vary from 16-112, with higher scores indicating higher therapeutic alliance **™"™

Ferreira, et al. 2013)

6.3.7 Internal validity

Internal validity for attribution of any systematic change to the intervention was assessed by:
a) short interview with the participant (at the last week of the baseline), b) short interview with
participant’s spouse (at the end of the treatment phase), and c¢) therapist log to identify

explanations for change other than the intervention.
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6.3.8 Data analysis

Although there is no consensus regarding methods for analysis of SCEDg (Maggin and Odom 2014;

Kratochwill et al. 2013) " this study followed the recommendation that a combination of visual and

statistical analyses that consider design requirements and data assumptions be conducted
(Manolov et al. 2014)

6.3.8.1 Assessment of treatment effect

This study used three analysis methods to determine if changes had occurred once the

. . . . . . K hwill
intervention was introduced: visual analysis, conservative dual-control (CDC) %eboda- Kratochwill

Levin 2010; Fisher, Kell L. 2 . Park 1. 2011
and Levin 2010; Fisher, Kelley, and Lomas 003)’ and non-overlap analy51s (Tau-U) (Parker et al. 20 )' All three

methods were used for analysis of the primary outcome and all proposed mediators.

6.3.8.1.1 Visual analysis

This process involved a systematic analysis of the visual display of the data. Following well-
established guidelines in the field rochvill et al- 2010 qaty were visually examined for level
(stability of data within a phase); trend (slope of the best fitting straight line for the data), and
immediacy of the effects (comparison of last three data points from the baseline, phase A with

the first three data points from the treatment phase, phase B).

6.3.8.1.2 Statistical analysis

Conservative Dual-Control (CDC)

CDC uses a priori criteria to determine the occurrence of systematic change (treatment effect)
between baseline and treatment phases $"bods Kratochwil,and Levin 2010; Fisher, Kelley, and Lomas 2003) ;g
method was developed to refine visual inspection and interpretation of graphed data, and it was
used in this study for analysis of the primary outcome and all potential mediators. This was
done by: 1) plotting two lines (linear trend and mean of the baseline data points); 2) subtracting
0.25 of the standard deviation of the baseline mean from both lines, and superimposing them
on the treatment phase (these lines determined the predicted direction the data would take

should no intervention took place, or the treatment had no effect); 3) comparing the number of
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data points (observations) in the treatment phase that were below the criteria lines, to the
minimum number of points required by guidelines Fisher Kelley. and Lomas 2003) ¢, qotermine that
change occurred (effect). The CDC method allows multiple assessors to review a graph and
achieve the same conclusion about the pattern of the data, increasing interrater reliability of the

visual decision-making process (Swoboda, Kratochwill, and Levin 2010)

Non-overlap - Tau-U

Tau-U is the most robust non-overlap method for analysis of single-case research data e et 2010,

Tau-U uses pairwise comparison of individual data points across phases A and B to determine a

dominance index of the score of one data set over the other. This index provided the percentage of non-

overlap after controlling for baseline trend Foer et 201D,

6.3.8.2 Determining potential mediators of treatment response

Cross-lag correlation analysis

To assess the temporal association between changes in proposed mediators and disability, a
series of cross-lag correlation analyses adjusted for autocorrelation was performed using
Simulation Modelling Analysis (program freely downloaded

from http:/clinicalresearcher.org) Borekardtetal- 2008) ‘Thiq analysis estimates temporality (lag) of

changes in two variables over the course of a SCED (i.e. change in one factor preceded or
lagged change in the outcome) after adjusting for autocorrelation. Correlations between
mediators and disability were estimated and compared at lags -2 to +2, with negative lags
indicating that change in a proposed mediator occurred prior to a change in the outcome.
Positive lags indicating that change occurred after, and a /ag 0 (zero) indicating
contemporaneous change. As recommended Borekardt et al-2009) “thig analysis used the last data
point of the baseline phase (before introduction of the intervention) and all points of the

treatment phase.
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6.4 Results

6.4.1 Participant’s characteristics

Four people (1 male) with PLBP and high pain-related fear participated— see Table 6.1 for
detailed characteristics of the participants at baseline 1 (week 1), and Appendix 6.2 — Table
6.1 for details at baseline 2 (week 8).

All participants completed the treatment and assessments across the three phases of the study,
and there were no adverse events. None of the participants reached the criterion for booster
sessions. Therefore, Phase A’ served as a three-month follow up period, and only descriptive
analysis was performed for this phase. The mean number of sessions was 10.2 (range 7-12).
One participant (P1) had a break from treatment for two weeks because of illness. Nonetheless,
the weekly online assessments continued and this participant had 2 extra data points during
phase B (i.e. 14 weeks). The clinicians reported in the therapist log that for all participants,
behaviour was modifiable and pain was controllable via guided behavioural experiments used
in the first appointment. Therapeutic alliance, measured after the first session, was high across
participants (P1: 80; P2: 100; P3: 97; P4: 102 - score range 16-112) (Ferreir. Ferreira. et al. 2013)

Treatment compliance was also high across participants (see Appendix 6.2 — Table 6.1 for

details).
6.4.2 Treatment effect
6.4.2.1 Effect of CFT on Disability

For all participants, visual and CDC analysis indicated reduction in disability after the start of
the intervention (Figure 6.2 - see footnotes for detailed explanation). The Tau-U index
indicated that after controlling for baseline trend, a large proportion of the data from baseline
and treatment phases was non-overlapping and phase-dependent (Table 6.2), meaning that
disability improved significantly for all participants in the treatment phase. Together, these
results suggest the presence of treatment effect (i.e. reduction in disability) for all participants.
Attribution of change to the intervention was further supported by therapist log and interview
content (participant and significant other), which did not identify other explanations for change

other than the intervention.
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6.4.2.2 Effect of CFT on Potential mediators of treatment response

Visual and statistical analysis (CDC and Tau-U) indicated a treatment effect for proposed
mediators in the pain and fear groupings for all participants (Table 6.2 for details). In pain
controllability, pain control was enhanced in all participants, and pain self-efficacy improved
in three participants (P1, P3, P4). Distress was reduced in three participants (P2, P3, 4), and
Sleep was improved in two participants (P3 and P4). Appendix 6.3, Figure 6.1 illustrates the
CDC analysis process in one of the proposed mediators, indicating treatment was effective in

reducing pain intensity in all cases.
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(P4) Disability: Vacuuming/Mopping and gardening

Disability (baseline): baseline datapoints (8 weeks); Dotted line (baseline linear trend): least squares regression line of the baseline datapoints; Baseline Trend-SD: linear trend minus 0.25
SD of the baseline mean plotted across the treatment phase using linear equation; Baseline Mean-SD: mean of the baseline datapoints minus 0.25 SD of its mean plotted across the treatment
phase — both Trend-SD and Mean-SD determine the predicted direction which the data would follow should no intervention took place, or if the treatment had no effect. Disability (treatment):
treatment phase datapoints (15 weeks for P1; 13 weeks for P2-P4).

Figure 6.2 Graphical display of disability data across baseline and treatment phases, for visual and CDC analysis of treatment effect.
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Table 6.2 Statistical analysis of treatment effect on disability and proposed mediators employing CDC and Tau-U methods.

P-1 p-2 P-3 P-4
CDC TAU-U CDC TAU-U CDC TAU-U CDC TAU-U

foneron, Bl ool | peerion B Novowrky e | nereron Eltel Novowtep e | nereion Bl Novowter -y
Disability 13 Y 76 0.0045 12 Y 94 0.0004 13 Y 100 0.0002 12 Y 84 0.0018
Pain intensity 12 Y 63 0.0136 13 Y 99 0.0004 13 Y 100 0.0001 12 Y 92 0.0010
Pain Interference 13 Y 93 0.0002 12 Y 87 0.0012 13 Y 93 0.0002 13 Y 100 0.0003
Pain Control 13 Y 88 0.0018 13 Y 97 0.0002 13 Y 94 0.0002 13 Y 100 0.0002
Pain Self-Efficacy 12 Y 73 0.0097 7 49 0.0277 11 Y 76 0.0036 13 Y 100 0.0003
Fear of damage/pain 15 Y 100 0.0001 13 Y 100 0.0002 13 Y 100 0.0002 13 Y 100 0.0002
Pain Anxiety 13 Y 92 0.0004 13 Y 100 0.0002 13 Y 99 0.0002 13 Y 100 0.0002
Catastrophizing 14 Y 89 0.0007 13 Y 100 0.0002 12 Y 94 0.0002 13 Y 100 0.0002
Avoidance beliefs 12 Y 83 0.0023 13 Y 100 0.0002 13 Y 100 0.0002 13 Y 99 0.0002
Distress 10 55 0.0442 12 Y 99 0.0003 11 Y 91 0.0002 12 Y 95 0.0002
Sleep 8 37 0.3393 7 40 0.1733 13 Y 99 0.0002 12 Y 70 0.0160

P-1-4: participants 1 to 4; criterion: minimum number of data points required to reach a systematic change; n criterion: identified number of data points below the criterion lines; Effect: presence (Y) or absence (N) of a systematic change; Non-overlap (%): Tau-U index
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6.4.3 Temporal association between changes in proposed
mediators and changes in disability

Cross-lag correlation analysis indicated that most of the proposed mediators changed
concomitantly with disability, with the strongest correlations observed at lag zero. Appendix
6.4, Table 6.1 reports correlations between each of the proposed mediators and disability at
lag zero, and respective p-values; and Figure 6.1 displays all lag zero correlations between

proposed mediators and disability for each participant.

The three mediators with the highest correlation at lag zero for each participant were from pain,
pain controllability, and fear groupings. For summary visualization of the change process
across the three phases of the study and for discussion purposes, these results are graphically
displayed by mediator groupings in Figure 6.3. It illustrates that for all participants, changes
in pain, pain controllability, and fear were most strongly associated with concomitant changes
in disability after the first treatment session. In addition, Figure 6.3 illustrates that large
changes occurred immediately for P1 and P2, whereas changes occurred more gradually for P3

and P4.

6.4.4 Standardised outcome measures

Changes in standardised outcome measures assessed at single timepoints supported results of
assessments at multiple timepoints. Reductions in standardised measures of disability
(RMDQ), pain-related fear (TSK), pain anxiety (PASS-20), pain catastrophizing (PCS), illness
perceptions (B-IPQ), and improvements in back beliefs (BackPAQ), and back awareness
(FreBAQ) were observed over the treatment phase for all participants. Specifically, scores at
end of follow up are considered representative of minimal (P1, P2, P4) to low disability levels
(P3) with changes beyond the minimal clinically important change (MCIC of 2.5 points) in the
RMDQ for all four participants. Three participants (P1, P2, P4) had changes that were more
than double the MCIC for pain-related fear (TSK) and pain catastrophising (PCS). All
participants had substantial changes in standardized measures of illness perceptions, back
beliefs, back awareness and pain anxiety. At follow up, all but one participant (P3) had scores

below cut-off levels of fear, catastrophising and pain anxiety (see Appendix 6.2 for details).
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Figure 6.3 Illustration of the change process; ‘How change unfolds’ for each person across the phases of the study.

Note: This figure displays the top three ‘mediator groupings’ of factors associated with treatment response with the highest association at /ag zero. Pain control

and self-efficacy: for visualization purposes, original scores were reversed, so that reduction in scores indicate improvement. FT: full time work.
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6.5 Discussion

The aim of this study was to evaluate how change in potential mediators related to change
in disability at different timepoints during the intervention period, in four people with

PLBP and high pain-related fear of bending and lifting undergoing a CFT intervention.

First, it was verified that reductions in disability and proposed mediators (pain, pain
controllability and fear in all participants, distress in three participants and sleep in two
participants) were clearly related to the commencement of the CFT intervention. This was
identified via visual and statistical analyses, and supported by standard outcome
assessments at single timepoints (pre-post), which demonstrated changes beyond the
minimal clinically important change for disability (for all), and fear (for most). Therapists
log and interview content (participant and significant other), did not reveal any other

explanations for change during the study period other than the intervention.

Second, statistical analyses determined that, for all participants, changes in most of the
proposed mediators (pain, pain controllability, and fear) were most strongly associated
with changes in disability at /ag zero, indicating that the changes occurred concomitantly
and not before changes in disability. Furthermore, visual analysis indicated how these
changes occurred at different rates and patterns, highlighting the individual variability of
the temporal process of change. Specifically, two participants (P1, P2) had a fast response,
presenting large changes immediately after the first treatment session, whereas the other
two participants had a more gradual response, presenting moderate changes soon after the
start of treatment. While all participants presented changes in pain, pain controllability
and fear, the specific factors within these groupings that were associated with the
treatment response varied between individuals. For pain, three participants (P1, P2, P3)
had improvement in pain interference, and one (P4) in pain intensity. For pain
controllability, two participants (P1, P4) improved in self-efficacy, and two (P2, P3) in
pain control. For fear, two participants (P1, P3) presented a reduction in avoidance
beliefs, one (P2) in fear of damage/pain, and one (P4) in catastrophizing. In terms of
factors underpinning treatment response, our findings are somewhat in line with

results from RCTs using psychological interventions for people with PLBP that identified

(Mansell, Hill, Main, Vowles, et al. 2016; Leeuw et al. 2008) (Lee et al. 2015)

fear

(Mansell, Hill, Main, Vowles, et al. 2016)

, self-efficacy , pain and distress
as factors that underpin reduction in disability. This study

nonetheless, furthers this knowledge by providing evidence that several of these factors
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improved at the same time as disability, with changes occurring immediately or soon after
the first treatment session. The findings of an early temporal relationship between
potential ‘mediators’ and the outcome, and the individual variability in the process of

change challenge the linear understanding of therapeutic change.

In the analysis of mediator-outcome relationships, there is an assumption of temporal
precedence, in which the mediator must change before the outcome so causal inference
of therapeutic change is established ***" 2°) This assumption of linearity within the
process of change appears too limited to understand changes in a non-linear complex
system. From a complex systems perspective, different mediator-outcome relationships
may interplay in the process of change while varying for each person and over time.
Albeit from a small sample, our findings suggest that when the person’s system (pain
schema) was disrupted, the pattern of change was different for each person, but all the
changes occurred rapidly, and contemporaneously within the one week assessment
period. These findings challenge current assessment of clinical change, which posits that
changes in the mediator and the outcome follow a linear temporal sequence, and lends
support to a complex systems model of understanding the therapeutic change process in

PLBP.

A complex system is here defined as the multiple and interrelated influences of all

(Brown 2009)

factors that can modulate a person’s experience . Modulation occurs via

feedback loops, eliciting negative experiences (unhelpful cycle) or positive experiences
(helpful cycle). Complex systems are governed by simple rules and schemas ®V" 2%,
which are constantly updated by new information, experiences and perception of bodily
sensations, influencing ongoing behaviour "¢ 2917 T people with PLBP, rules such
as ‘bending is dangerous’ and ‘pain is an indication of harm’ may govern actions that
drive overprotection against perceived threats to the person’s goals. When the experience
is in fact threatening, and often painful, preventing goal achievement, the system is
updated confirming the expected threat. Lacking positive/safe experiences, this
confirmatory loop continuously updates the system, reinforcing a pain schema that
perpetuates an unhelpful cycle of fear, pain and disability B et al- 2017: Wiech 2016: Viacyen,
Crombez, and Linton 2016) "1y contrast, inhibitory learning theories suggest that a new experience
that violates expectations and allows repetitive exposure to a positive experience can lead
to formation of new memories that may form a safety schema (€7k¢ & 2014: Craske ctal. 2012)
A new experience that involves behavioural strategies that enhances the perception of

control over pain, reduces the threat associated with pain, and enables people to make
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sense of their pain has been proposed as a ‘way out’ of this unhelpful cycle B etal 2017:

Vlaeyen et al. 2001; Leventhal, Diefenbach, and Leventhal 1992; Leventhal, Meyer, and Nerenz 1980; Fordyce 1976)

The process described in this study provides insight as to how four people ‘stuck’ in a
chronic state of pain, fear and disability could change considerably over the course of a
twelve-week intervention, and subsequently be led on a pathway of self-management and
independence. Whether this relates to the specific intervention used in this study is
unknown, and this study design is unable to answer it. Different biopsychosocial
treatment approaches are likely to be effective through shared underlying mechanisms
(Bums 2016) "yt from the perspective of an exposure-based behavioural intervention such as
CFT, the rapid disruption in pain schema may be related to a new experience that violated
the system’s rules and expectations and promoted learning. This is supported by
qualitative data on people with PLBP and high pain-related fear that underwent a CFT
intervention " ¢t @ 2010 The new experience may have been facilitated by CFT’s
behavioural experimentation with a focus on violating pain expectations during exposure
to feared and avoided movements. Pain control may have been enhanced by the use of
body relaxation and explicit targeting of safety-seeking behaviours linked with a strong
therapeutic alliance during exposure (Bunzli et al. 2016; Bunzli, Smith, Schutze, et al. 2015) pp .
experiential learning that disrupted the person’s pain schema may be a plausible
mechanism for change soon after the first treatment session. Vlaeyen et al (2001)
proposed that changes that occurred quickly after exposure could only be related to insight
learning, which occurs when people make novel associations and recognize relationships
that can help them solve new problems V¥ ¢t2- 200D "pegyle who develop the capacity
to learn through experimentation may become able to adapt and self-regulate/manage
(Viacyen 2015; Brown 2009; Viacyen, de Jong, Geilen, et al. 2002) 1 §ortant aspect of generalization of
treatment response and independence. Follow up data from this study supports this. At
three-months post-intervention, all participants experienced reduction in pain and
development of more positive perceptions and back beliefs, which are important
predictors of long-term trajectory of people with LBP " <t#- 201D Dyyring the follow up
phase, it appears the four participants were able to self-manage, indicating generalization
of learning, increase in confidence and capacity for independent management of relapses.
In this process, all participants experienced transitory increase in symptoms (‘flare-ups’)
at variable intensities and duration. Interestingly, these were triggered by non-physical
factors (P1: viral illness and fatigue, P2: opioids withdrawal, P4: feeling of fatigue) and

changes in geographical context (P3). This may reflect the close link between immune,
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endocrine and nervous systems in the context of learning and adaptation in response to a

threat (Lenaert et al. 2018; Rubinow and Rubinow 2017; Davies 2016)

Data from this study raise some interesting questions in relation to promoting clinical
change in chronic disorders such as PLBP: What is necessary for change to occur? Is it
important to target specific ‘mediators’? Do several factors need targeting at once? The
individualized experience illustrated by the four participants in this study supports the
idea of a ‘pain schema disruption’ promoting change in several factors at the same time.
Furthermore, it suggests that how the system is disrupted, and which factors change vary
between and within individuals over time. Although speculative, we propose that
experiential learning that enhances pain control via adoption of a new behaviour may be
a potential underpinning mechanism of change in disability in people with PLBP and high

pain-related fear. This however, warrants further testing.

6.6 Limitations

This is the first study to use a SCED to analyse temporal associations of change in
outcome and proposed mediators in people with PLBP and high pain-related fear.
Although, this provided novel information of the relationship of change in outcome and

factors associated with treatment response, some limitations should be noted.

First, SCEDs are vulnerable to plausible rival hypotheses that may explain the outcomes
such as, maturation, regression to the mean and external factors. To enhance internal
validity and minimize the influence of such hypotheses this study used a stable baseline

o : Tate et al. 2017; Kratochwill et al. 2010
with eight data points (above the recommended five) (T ¢ 2 2017: Kratochwill et al. 2010)

,a
therapist log and interview content (with the participant and their spouse). Second, as
most studies investigating behavioural interventions, data were collected via self-report
which can be vulnerable to self-preservation bias. Third, most SCEDs in this field used
daily measures of the outcome, whereas this study used weekly measures. It has been
suggested that the use of repetitive (daily) measures in previous SCEDs, could be a

, , o 1. 2012
mechanism for behavioural change in itself (V2even et al 2012)

. Furthermore, repeated
administration of the same measures may have resulted in participants recalling and
recalibrating their responses, which would affect the reliability of the measure. Therefore,
the current study used weekly measures, which provided the necessary frequency to

(Kratochwill et al. 2013)

measure change , while minimizing its potential effect as a behaviour
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change mechanism and the participant’s ability to recall previous answers. However, this
cannot be confirmed in this study. Fourth, the use of weekly measures means that any
sequential changes that occurred within the week were not be captured. Future studies
evaluating mediator-outcome relationship may include more frequent measures to
enhance temporal resolution. Fifth, the fact that all of the measures were rated at the same
time may have increased their correlation. Although this was mitigated by the use of SMA
which accounts for the autocorrelation in each measure before estimating the cross
correlations (Borekardtetal- 2099) 1, 54dition, some of the measured constructs may overlap

conceptually, also potentially increasing their correlation.

6.7 Future directions

Future RCTs aiming to evaluate mediators of treatment effect may need to include
frequent and early measures (after each treatment session for instance) of the outcome
and proposed mediators to allow adequate temporal evaluation of change in the
mediators-outcome relationships. New technologies including online registries,
smartphone apps, wearable sensors may provide an avenue to enhance frequency of
measurement in larger trials. To minimize participant burden, the decision of which

factors to measure can be informed by well-designed SCEDs.

6.8 Conclusion

This single-case experimental design study demonstrated the interplay of factors
associated with treatment response, highlighting “how change unfolded” uniquely for
each individual. Changes in pain, pain controllability, and fear occurred concomitantly
to changes in disability, suggesting a disruption in the person’s entire pain schema.
Experiential learning that enhances control over the pain experience via adoption of a
new behavior, and that facilitates people to make sense of their pain, may be an underlying
mechanism for behavioural change in people with PLBP and high pain-related fear.

However, replication of these results is needed.
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6.9 Appendix 6.1

Online questionnaire — employed to assess outcome and potential mediators weekly.

NRS consisting of 11 numerical points (0 — 10) will follow the items derived from these questionnaires.
Anchored by words appropriately related to each question. Items were reversed accordingly, so lower
score indicate improvement.

Disability (adapted from Beurskens et al., 1999)

(1) In the last week, I had most difficulty with/or I was unable to perform (nominated activity”) because of my back pain.

Pain (from Dionne et al 2008)

(2) How bad has your low back pain been this week? (Pain intensity past week)

(3) How much has the pain limited your usual activities or changed your daily routine for more than one day?
(Pain interference)

Pain controllability
Pain control (developed from Bunzli et al 2015)
(4) How much control do you have over your pain?

Pain self-efficacy (PSEQ-2 - Nicholas et al 2015)
(5) Ican do some form of work, despite the pain (‘‘work’’ includes housework, paid or unpaid work)
(6) Ican live a normal lifestyle, despite the pain

Fear

Fear of damage/pain (adapted and modified from TSK):

(7) IfIexercise I might be in danger of reinjuring myself. (Harm)

(8) My body is telling me I have something dangerously wrong. (Fear)

(9) My pain complaints will decrease if [ were to exercise. (Exercise)

(10) I can’t do everything because it’s too easy for me to get injured. (4voidance)

Pain anxiety (adapted from PASS-20 — McCracken et al 2002):

(11) Pain seems to cause my heart to pound or race. (Physiological anxiety)

(12) During painful episodes, it is difficult for me to think of anything besides pain. (Cognitive anxiety)
(13) When I feel pain, I am afraid that something terrible will happen”. (Fear)

(14) T avoid important activities when I hurt. (Escape/avoidance)

Pain catastrophizing (adapted from PCS):

(15) When I am in pain I keep thinking about how badly I want the pain to stop. (Rumination)
(16) When I am in pain I wonder whether something serious may happen. (Magnification)
(17) When I am in pain I feel, I can’t go on with my daily activities. (Helplessness)

Avoidance beliefs (OMPQ — Linton et al 2010)
(18) An increase in pain is an indication that I should stop what I’'m doing until the pain decreases.
(19) I can do ordinary household chores that involve bending and lifting. (adapted)

Distress (Depression and Anxiety from OMPQ — Linton et al 2010, Pain bothersomeness from STarT Back Hill et al 2008)
(20) How tense or anxious have you felt in the past week?

(21) How much have you been bothered by feeling depressed in the past week?

(22) Overall, how bothersome has your back pain been in the