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ABSTRACT

INTRODUCTION: Low back pain is a frequently reported symptom and has turned

into a global problem. For people with severe chronic low back pain, spinal fusion
surgery can be a treatment option. The outcome of fusion surgery is not always
successful and some patients report having a low quality of life after surgery. The
overall purpose of this thesis was to develop and evaluate a prehabilitation pro-
gramme for patients scheduled for lumbar fusion surgery. In addition, the aim was

to investigate the pre-surgical level of physical activity in this group.

MATERIAL AND METHODS: In Study I, a person-centred prehabilitation programme
was developed in several steps and tested in a single case study design. In Study II,
the theoretical framework and the treatment manual for the active intervention
were described in detail in the format of a study protocol. In Study III the physical
activity level of 118 patients planned for surgery due to degenerative disc disease
was investigated objectively in a cross-sectional study. An association between
factors in the fear-avoidance model and physical activity were investigated. In Stu-
dy IV the effect of the prehabilitation programme was evaluated in a randomised
controlled trial comparing the active intervention to conventional care. A linear
mixed model was used to evaluate the outcome measures at six months after lumbar

fusion surgery.

RESULTS: The theoretical framework and the treatment manual of the prehabili-
tation programme were adjusted after the single case study (Study I). The revised
study design was published in a study protocol (Study II). Only 17% of the study
group fulfilled the WHO recommendations of physical activity for health benefits.

The variable “steps per day” was found to be associated with both fear of movement
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and disability (Study III). No statistically significant differences between groups
were seen in the primary outcome disability from baseline to six months (Study
IV). Among secondary outcome measures, a statistically-significant interaction ef-
fect was seen for EQ-5D index with the largest between-group difference seen one
week prior to surgery in favour of the active intervention. Both groups reached the
minimal important change for the primary outcome, and many of the secondary

outcomes already at 8 weeks follow-up.

CONCLUSION: These findings, indicate that patients planned for lumbar fusion sur-
gery have low physical activity level and are thereby at greater risk of poor health.
A prehabilitation programme leads to minimal important changes for the primary

outcome, and many of the secondary outcomes already at 8 weeks follow-up.

KEYWORDS: chronic low back pain, cognitive behavioural approach, lumbar fusion

surgery, physical activity, person-centred care, prehabilitation.
ISBN: 978-91-7833-267-0 (PRINT) 978-91-7833-268-7 (PDF)

http:// hdl.handle.net/ 2077/56913

PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING




PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

SAMMANFATTNING PA SVENSKA

Lindryggssmirta ir en av de vanligaste orsakerna till funktionsnedsittning. Aven

om en endast en liten andel av alla med lindryggsmirta genomgér kirurgi, sa har
antalet ryggkirurgiska ingrepp ©kat, och en del av patienterna ir tveksamma eller
missndjda med utfallet av kirurgin. Studier inom andra kirurgiska omraden har
visat att genom att férbereda patienten infor kirurgi, med sa kallad prehabilitering,

kan mojligheten till snabbare dterhimtning och bittre resultat paverkas.

Syftet med avhandlingen var att utveckla ett prehabiliteringsprogram fér perso-
ner med svér lindryggssmirta som skall genomga instrumenterad steloperation av
lindryggen och att utvirdera denna intervention i en randomiserad kontrollerad
studie. Vidare var syftet att undersdka den fysiska aktivitetsnivin hos denna pa-

tientgrupp innan och efter lindryggskirurgi med hjilp av en aktivitetsmitare.

I avhandlingen ingick fyra delstudier. Delstudie I och Il handlade om att utveckla ett
vetenskapligt vil férankrat prehabiliteringsprogram. Delstudie III undersckte hur
fysiskt aktiva patienter med kronisk lindryggssmirta 4r innan de genomgér plane-
rad steloperation av lindryggen. Vidare undersoktes om psykologiska faktorer som
rorelseridsla, katastroftankar och tilltro till sin férméga att bedriva fysisk trining
hade nagot samband med niva av fysisk aktivitet. Delstudie IV utvirderade effekten
av det utvecklade prehabiliteringsprogrammet gentemot konventionellt preope-
rativt omhindertagande i en randomiserad kontrollerad studie innefattande 118
patienter som skulle genomga steloperation av lindryggen. Utvirderingen gjordes
med hjilp av patientrapporterade frageformulir med avseende pa smirta, funktion,
psykologiska faktorer och hilsorelaterad livskvalitet, samt funktionella tester och

mitning av fysisk aktivitet med aktivitetsmitare bade fore och efter operationen.

I studie I rapporterades hur prehabiliteringsprogrammet utvecklades i flera steg och
testades i en pilot-studie. Interventionen justerades dérefter utifrin bade teoretiska
modeller och de praktiska lirdomarna. Detta arbete ledde fram till ett studie-proto-

koll av den aktiva interventionen, Studie II, som sedan anvindes i Studie IV.

I den randomiserade studien, Studie IV, pavisades ingen statistisk signifikant skill-
nad mellan grupperna— med avseende pi den primira utfallsvariabeln funktions-
nedsittning 6 manader efter operationen. Diremot pévisades en statistisk signi-

fikant skillnad mellan grupperna gillande hilsorelaterad livskvalitet mitt under
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perioden fran att studien startade till 6 méanader efter operationen. Den stdrsta
skillnaden mellan grupperna gillande hilsorelaterad livskvalitet sags en vecka fore
operationen till fordel for den aktiva interventionsgruppen. I bida grupperna sags
signifikanta férbittringar avseende smirta, funktion, och hilsorelaterad livskvalitet
relativt tidigt efter operationen. I Studie III konstaterades det att personer med svar
lindryggssmirta som skall genomga steloperationen i lindryggen har en lag fysisk
aktivitetsniva jamfort med WHO:s hilsorekommendationer fér fysisk aktivitet.
Vidare péavisades det att graden av fysisk aktivitetsniva infor kirurgin hade ett sam-
band bade med rérelserddsla och grad av funktionsnedsittning. Sex manader efter
steloperationen uppnadde gruppen som hade genomgatt den aktiva interventionen
storre forbittring avseende fysisk aktivitetsniva i jamforelsevis med kontrollgrup-

pen som fick sedvanlig behandling.

En stor andel av patienterna (78%) deltog i den aktiva interventionen och preha-
biliteringsprogrammet tolererades vil. Om en fysioterapeutisk intervention fére
kirurgi kommer att visa nagon effekt pé lingre sikt behover studeras vidare, samt
om patienter med hogre risk for simre utfall av kirurgi upplever en storre effekt av

interventionen.
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ABBREVIATIONS

BMI
LBP

I

CBT
DDD
ES
EQ-5D
HADS
T
MIC
MRI
oDI
PcC
PCS
PSFS
PHODA
PROMs
RCT
SEES
SD
SSRD
TSK
VAS
WHO

Body mass index

Low back pain

Confidence interval

Cognitive behavioural therapy
Degenerative disc disease
Effect size

EuroQol 5 Dimensions questionnaire

Hospital Anxiety and Depression Scale

Intention to treat

Minimal important change
Magnetic resonance imaging
Oswestry Disability Index 2.0
Person-centred care

Pain Catastrophising Scale
Patient-Specific Functional Scale
Photograph Series of Daily Activities
Patient-reported outcome measures
Randomised Controlled Trial
Self-Efficacy for Exercise Scale
Standard deviation

Single Subject Research Design
Tampa Scale for Kinesiophobia
Visual Analogue Scale

The World Health Organisation

PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

DEFINITIONS IN BRIEF

CHRONIC LOW BACK PAIN

DEGENERATIVE DISC DISEASE

KINESIOPHOBIA

SELF-EFFICACY

PERSON-CENTRED CARE

PHYSICAL ACTIVITY

PREHABILITATION

TREATMENT FIDELITY

Low back pain that lasts longer than 12 weeks
(Araksinen et al., 2006).

Disc degeneration and/or accompanying facet
arthrosis are considered to be the cause of chronic
low back pain (Fritzell et al., 2001).

An excessive, irrational and debilitating fear of
physical movement and activity resulting from
a feeling of vulnerability to painful injury or

reinjury (Kori et al., 1990).

A person’s confidence in his/her ability to per-

form a specific activity (Bandura 1977).

The importance of knowing the person behind
the patient-as a human being with reason, will,
feelings, and needs - in order to engage the per-
son as an active partner in his/her care and treat-
ment (Ekman et al., 2011).

Any bodily movement produced by skele-
tal muscles that results in energy expenditure
(Caspersen et al., 1985).

The phase before surgery (Carli et al., 2005).

Refers to the process of monitoring and impro-
ving the reliability and validity of the interven-
tion and includes the phase’s treatment integrity,
treatment differentiation, treatment receipt, and

treatment enactment (Bellg et al., 2004).
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TREATMENT INTEGRITY

TREATMENT DIFFERENTIATION

TREATMENT RECEIPT

TREATMENT ENACTMENT

Refers to whether the treatment was provided ac-

cording to the treatment manual (Bellg et al., 2004).

Refers to whether the treatments differ from each

other as expected (Bellg et al., 2004).

Refers to how well the participant understands
and shows knowledge of how to use the new tre-
atment skills (Bellg et al., 2004).

Refers to how well the participants apply the skills
learned (Bellg et al., 2004).
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THESIS AT A GLANCE

2. Use of the PREPARE (PREhabilitatlon,
Physical Activity and exeRclsE) program to
Improve outcomes after lumbar fuslon
surgery for severe low back pain: a study
protocol of a person-centred randomised
contrelled trail

1.Developing an evidence-based
prehabilitation programme designedto
improve functional outcomes after lumbar
fusion surgery - A feasibility study using
the Medical Research Coundil framework

4. A Person-Centered Prehabilitation

3. Patients with severe low back pain Pro
e - gram Based on Cognitive-Be havioral
exhibita low level of physical activity Physical Therapy for Patients Scheduled
before lumbar fuslon surgery: a cross- for Lumbar Fusion Surgery - A Randomized
sectional study Controlled Trial

FIGURE 1. Overview of the articles included in this thesis.

Lumbar degenerative disorders are the most commonly reported reasons for re-
ceiving elective lumbar spinal surgery. People with chronic low back pain due to
degenerative disc disease have usually tried different non-pharmacological inter-
ventions to reduce their level of pain and to achieve a higher level of function. If
these interventions have failed, lumbar spinal fusion surgery may be an option.
The outcome of lumbar spinal fusion surgery is not optimal, and some people may
continue to experience low back pain, disability, and a low quality of life. We there-
fore wanted to develop a new prehabilitation intervention to prepare these people

before surgery, with a view to optimising the outcome after surgery.
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1. INTRODUCTION

Low back pain (LBP) is a frequently reported symptom, and 80% of the population
experience pain in the lower back at some time during their life (Hoy et al., 2012).
For some people, it turns into a chronic condition with disability and reduced qua-
lity of life. Most people with severe chronic LBP have tried a plethora of treatment
options to reduce the degree of pain and to achieve a higher level of function. In
recent years, LBP has turned into a global problem and lumbar fusion surgery may
be an option if non-pharmacological interventions have failed. The rate of lumbar
fusion surgery for LBP has increased rapidly over the past 20 years (Kepler et al.,
2014; Rajaee et al., 2012).

Lumbar degenerative disorders are the most common reasons for performing lum-
bar spinal surgery. This group of disorders includes disc herniation, spinal stenosis,
spondylolisthesis, and degenerative disc diseases. The outcome of surgery is not
always successful and some people may still experience continuous LBP, an incre-
ased level of disability, and a low quality of life after surgery. The largest group of
patients to undergo lumbar spinal surgery, as recorded in the Swedish Spine Regis-
ter (Swespine) (www.4s.nu), is diagnosed with central and lateral spinal stenosis.
However, the patients who underwent lumbar fusion surgery due to severe chronic
LBP, as reported in Swespine until 2016, belonged to the group with the highest
intensity of back pain. This group also reported having a high level of disability and
a markedly reduced quality of life before surgery. The patients in this subgroup of
degenerative lumbar disorders are rather young, with a mean age of 46 years, and
they ought to continue to take part in the labour force and live an active life for a
number of years to come. Twenty three per cent of the patients who underwent
fusion surgery for LBP reported that they were uncertain or dissatisfied with the
outcome 5 years after surgery (Fritzell et al., 2016). There are no international or
national guidelines that could guide clinicians as to how to prepare people with
lumbar degenerative disorders who will undergo surgery for an optimal outcome
of lumbar spinal surgery (Gilmore et al., 2015; Rushton et al., 2012). However, it
has been suggested that for people with chronic disabling LBP, treatments inclu-
ding physical activity in combination with cognitive behavioural techniques have

proven to be effective (Kamper et al., 2014; Koes et al., 2010).

The studies in this thesis were initiated to develop an active prehabilitation inter-

vention in conjunction with lumbar fusion surgery, to objectively assess the level

21
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of physical activity, to determine psychological risk factors before spinal fusion sur-
gery, and to evaluate the prehabilitation intervention that was developed, using a

randomised controlled trial.

1.1 LOW BACK PAIN

One widely accepted definition of LBP is pain restricted to the back below the mark
of the twelfth rib and above the inferior gluteal folds; it is often associated with re-
ferred leg pain down one or both legs (Anderson, 1986). Generally, LBP is seen as
an activity-limiting pain with or without pain down the legs (Hoy et al., 2012). LBP
may include pain from several different anatomical structures such as the lumbar
vertebrae, intervertebral discs, facet joints, ligaments, muscles, and neural structu-
res (Deyo et al., 2001).

Acute LBP is usually defined as a period of pain lasting less than 6 weeks, and
sub-acute LBP is defined as pain with a duration of between 6 and 12 weeks (van
Tulder et al., 2006). More than 70-80 % of all people will have one or more episodes
of LBP during their lifetime (Hoy et al., 2010; van Tulder et al., 2006). LBP usually
improves considerably within 6 weeks and the pain decreases over time, but recur-
rence of pain within 12 months has been reported to occur in 57-71% of patients
(Itz et al., 2013). It has also been shown that a previous history of LBP is the most
dominant predictor of recurrent LBP (Taylor et al., 2014).

In a systematic review, the mean prevalence of LBP was found to be 31%, the mean
point prevalence to be 18.0% and the lifetime prevalence to be 39.0%. (Hoy et al.,
2012; Hoy et al., 2014). The number of years lived with disability caused by LBP
has increased globally by 54% since 1990, and today LBP is the leading cause of
years lost to disability in high-, and middle-, and low-income countries (Hoy et al.,
2014). LBP is most prevalent in women and in people between 40 and 80 years of
age (Hoy et al., 2010). LBP is also the most common cause of work-related disabi-
lity in people under the age of 45, which are usually the most productive years in a
person’s life (Andersson, 1999; Hoy et al., 2012). The global burden of LBP affects
the economy of both the individual and that of society as a whole (GBD 2016 Col-
laborators, 2017; Hoy et al., 2014; Rapoport et al., 2004).

22
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1.1.1 Chronic low back pain

LBP is usually defined as being chronic when the pain lasts longer than 12 weeks
(Airaksinen et al., 2006; van Tulder et al., 2006) or when the pain “extends beyond
the expected period of healing” (Loeser et al., 2008; Merskey et al., 1994a). The
exact time point is difficult to establish, but for LBP three to six months is most-
ly considered to be the time when the transition from acute LBP to chronic LBP
occurs (Airaksinen et al., 2006; van Tulder et al., 2006). Chronic LBP is seen as a
long-lasting condition with a different course and progression in different people
(Airaksinen et al., 2006). Different factors have been associated with the develop-
ment from acute to chronic LBP, for example symptom-related factors (Chou et
al., 2010), lifestyle factors (Chou et al., 2010; Hendrick et al., 2011), psychological
factors (Chou et al., 2010; Pinheiro et al., 2016; Wertli et al., 2014; Wertli et al.,
2013), and social factors (Chou et al., 2010).

Chronic LBP and other pain conditions can be categorised according to sympto-
matic severity differences such as mild, moderate, or severe pain (Boonstra et al.,
2014; Jensen et al., 2011). A person with severe chronic LBP may have an altered
pain-modulating system, e.g. central sensitisation (Melzack, 2001; Meyer et al.,
1994; Nijs et al., 2011), that has however not been investigated in this study.

The prevalence of chronic LBP is difficult to establish, but it has been suggested to
exceed 20% in the European population. Approximately 11-12% of this population
are disabled due to their LBP condition (Airaksinen et al., 2006).

1.1.2 Consequences of chronic low back pain

Disability and functional limitations have been identified as the major consequen-
ces of chronic LBP (Costa Lda et al., 2012). In another study, at least one out of five
individuals with chronic LBP reported having limitations in activity (Von Korff
et al., 1996). For most people with chronic LBP, the pain is constant and causes
difficulties in many daily activities such as dressing, standing, lifting, and walking.
Symptoms such as disturbed sleep, worries, and loss of some of the enjoyments in
life have been reported (Hoy et al., 2014). Chronic LBP has an impact on the overall
well-being of a person, since it affects both physical and psychological health, and
also social responsibilities such as work and family life (Manchikanti et al., 2009,
2014).

23
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1.2 DEGENERATIVE LUMBAR SPINE DISORDERS

Degenerative lumbar spine disorders include some well-defined diagnoses such as
disc herniation, central or lateral spinal stenosis, spondylolisthesis, and also less
well-defined diagnoses such as degenerative disc disease (DDD) (Fritzell et al.,
2016). In 2015, 8 049 patients in total had been included in the Swespine, and the
distribution of the diagnoses was disc herniation 27%, central and lateral stenosis
57%, spondylolisthesis 4%, and DDD 8% (Fritzell et al., 2016).

Lumbar disc herniation is defined as rupture of the annulus fibrosus, with disc
material localized beyond the limits of the intervertebral disc space (Fardon et al.,
2014), which means that the disc material has been displaced from its normal loca-
tion. This material may be a combination of the nucleus pulposus, cartilage from
the endplate(s), and annular tissue (Fardon et al., 2014). The displaced disc material
may affect nervous tissue and cause pain in one or both legs, and also neurological

symptoms involving weakness and/or reduced sensitivity in the lower extremities.

In spinal stenosis, the thickness of the structure ligamentum flavum plays a ma-
jor role. This structure can reduce the diameter of the spinal canal, or its lateral
recesses, by narrowing-often in combination with disc bulging and/or facet joint
hypertrophy (Deyo et al., 2001; Yoshiiwa et al., 2016). People with spinal stenosis
sometimes report having LBP, and more often radiating leg pain. The back and leg
pains get worse while standing up and the pain is reduced while sitting, or when
bending the back forward. Furthermore, these patients often have a wide gait and

reduced walking capacity (Allen et al., 2009; de Schepper et al., 2013).

Spinal stenosis is the most common condition affecting the lumbar spine, and is
also the major reason for spine surgery in older adults. The number of patients
diagnosed increases with age (Kalichman et al., 2009a) and the diagnosis is set from
the typical patient history and typical findings on radiological investigation (prefe-
rably magnetic resonance imaging (MRI)), together with clinical findings (Kalich-
man et al., 2009a).

A diagnosis of spondylolisthesis refers to the anterior displacement of a vertebra
in relation to the vertebra below. This can occur from a stress fracture or a cong-
enital defect in the pars interarticularis of the vertebra (isthmic spondylolisthesis)

(Kalichman et al., 2009b) or from degeneration of the facet joints and the disc in

24
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a motion segment (degenerative spondylolisthesis) (Deyo et al., 2001). Spondylo-
listhesis may contribute to narrowing of the spinal canal, as in spinal stenosis. The
degenerative processes of the spine increase with age and the highest prevalence of
degenerative spondylolisthesis has been observed in individuals aged 60-69 years
(Kalichman et al., 2009b). People diagnosed with degenerative spondylolisthesis
may report having severe LBP and radiating leg pain in one or both legs (Deyo et
al., 2001). However, the association between LBP and degenerative spondylolist-

hesis is somewhat controversial (Kalichman et al., 2009b).

1.2.1 Degenerative disc disease

For the purpose of this thesis, I have chosen to study patients with chronic LBP

who are classified as having degenerative disc disease.

Disc degeneration is characterized by loss of disc signal intensity and nucleus pulpo-
sus dehydration, and/or reduced disc height on MRI. Position-induced aggravation
is typical anamnestic information in these patients, indicating a mechanical origin
(Adams et al., 2006; Cloward, 1963), but signs of instability between the verte-
brae are usually not obvious (Axelsson et al., 2004). Several factors together can
contribute to chronic LBP, but in a meta-analysis it was found that MRI findings
of disc bulge, disc degeneration, disc extrusion, disc protrusion, Modic 1 changes,
and spondylolysis are more prevalent in younger people with LBP that in pain-
free people (Brinjikji et al., 2015). A number of studies have shown that different
factors can accelerate disc degeneration: genetic factors, female gender, age, and
lifestyle factors such as morbid obesity and cigarette smoking (Battie et al., 1995,
2004; Kujala et al., 1996). The same factors have also been shown to be associated
with LBP (Borenstein, 2001; Ferreira et al., 2013; Livshits et al., 2011; Shiri et al.,
2010a, 2010b; Zhang et al., 2016, 2018).

However, degenerative changes in the lumbar spine and in the disc can also be
found in asymptomatic people, and are regarded as an inevitable process in most
humans (Boden et al., 1990; Jensen et al., 1994; Kalichman et al., 2010; Powell
et al., 1986). Thus, the term lumbar degenerative disc disease (DDD) is used for
patients with chronic LBP when disc degeneration and/or accompanying facet
arthrosis are considered to be the cause of pain. DDD (Swedish designation “seg-
mental pain”) is reserved for the clinical entity, where pain history, physical exa-

mination, and radiological investigation (usually MRI) all point to the same source
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of pain, restricted to one or a few lumbar segments (Fritzell et al., 2016, 2001).

Fusion surgery for DDD with or without referred pain is controversial, but for
certain patients with severe chronic LBP it is considered a treatment option (Phil-
lips et al., 2013). Data from Swespine show that patients with DDD have functio-
nal limitations, with a mean score using the Oswetry Disability Index (ODI) of 45
points (severe disability); 50% reported having a walking capacity of less than one
kilometer, with a mean back pain intensity of 67 mm (VAS), and a mean leg pain
intensity of 44 mm (VAS), and 70% had had LBP for more than two years. One year
after spinal fusion surgery, the mean score on ODI had decreased to 24 points, 71%
reported having a walking capacity of > 1 kilometer, mean back intensity (VAS)
had decreased to 32 mm, and leg pain intensity had decreased to 20 mm (VAS).
Moreover, 72% of the patients were satisfied with the outcome of surgery (Fritzell
etal., 2016).

1.2.2 Lumbar spinal fusion surgery

In total, about 110,000 patients have been recorded in the Swespine register over
the last 20 years; approximately 10% of these patients had a primary diagnosis of
DDD or isthmic spondylolisthesis and underwent lumbar fusion surgery (Fritzell
et al,, 2016). In 2008, the most frequent diagnosis in the United States in patients
undergoing spinal fusion surgery was reported to be degenerative disc disease of a
lumbar disc segment, representing 14% of the spinal fusions performed (Rajaee et
al., 2012).

The rate of lumbar fusion surgery is increasing worldwide (Harris et al., 2009;
Rajaee et al,, 2012) and the highest rate has been found in the USA (Deyo et al.,
2005, 2010). From 1998 to 2008, lumbar fusion surgery increased by approximately
140% in the United States. In 1998, lumbar fusion surgery was performed in 64 of
100,000 adults and 2008 the figures had risen to 136 of 100,000 adults (Rajaee et
al., 2012). In the USA in 1992, lumbar fusion surgery represented 14% of the total
spending for back surgery, which increased to 47% in 2003 (Weinstein et al., 2006).
The number of complex fusion interventions (360° fusion, a combination of ante-
rior and either transverse process or posterior fusion techniques, or fusion at more
than two levels) had increased by almost 15% during the years from 2002-2007
in patients over 60 years of age (Deyo et al., 2010). The same pattern has been

described in different countries; for example, in Australia the fusion rate increased
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by 175% from 1997 to 2006 (Harris et al., 2009) and in the United Kingdom it in-
creased 14% from 2008 to 2010 (Rushton et al., 2015; The Health and Social Care

Information Centre, 2011).

1.2.3 Fusion surgery for degenerative disc disease

Results from a relatively recent systematic review suggested that lumbar fusion sur-
gery can be a treatment option for patients with a verified diagnosis of DDD, both
to reduce pain and improve function (Phillips et al., 2013). Most spine specialists
agree that fusion surgery may be considered in selected patients with longstanding
severe chronic LBP and high a disability level, preferably after an intensive and
active rehabilitation period of up to two years (Airaksinen et al., 2006; Livshits et
al., 2011; Phillips et al., 2013).

Several different surgical techniques
are used in spinal fusion surgery,
such as posterolateral fusion, with
or without instrumentation, trans-
foraminal or posterior lumbar inter-
body fusion, and anterior lumbar in-
terbody fusion. In later years, other
approches such as lateral approches
and minimally invasive fusion have
been added as alternatives (Noorian
et al., 2018; Wang et al., 2014). In a —

systematic review, Wang et al., con-

cluded that it is difficult to make any
recommendations regarding the su-
periority of any technique, partly due
to methodological differences in the fL
studies included (Wang et al., 2014). y

Lately, motion preserving techni-
ques, such as a disc prosthesis, have
also become an on option in selected
patients with chronic LBP (Skold et

al.,, 2013). FIGURE 2. Fusion surgery for chronic LBP
due to degenerative disc disease.
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1.2.4 Non-surgical factors that influence

the outcome of lumbar spine surgery

Several non-surgical factors that have an influence on lumbar surgical outcome
have been identified in different studies. Factors such as those that are patient-spe-
cific factors, e.g. smoking, age, and comorbidities (Adogwa et al., 2014; Bekelis et
al., 2014; McGirt et al., 2017, 2015); baseline functional status, e.g. higher baseline
disability score, higher LBP, and leg pain (Chotai et al., 2017; McGirt et al., 2017);
and occupation-related factors, e.g. unemployment and workers’ compensation
(Carreon et al., 2010; Gum et al., 2013; McGirt et al., 2017), have been reported to

influence the outcome after lumbar spinal surgery.

1.2.5 Psychological factors that influence
the outcome of lumbar spine surgery

Several studies have shown that the preoperative level of psychological disturbance
might predispose for poorer outcome after lumbar spine surgery (Abbott et al.,
2010, 2011; Adogwa et al., 2013; Celestin et al., 2009; Havakeshian et al., 2013; Mc-
Girtetal., 2017). Factors that have been shown to be of interest are anxiety, depres-
sion, fear-avoidance beliefs, coping strategies, pain catastrophising, mental health,
and expectations of surgical outcome (Abbott et al., 2010; Abtahi et al., 2015; Ar-
cher et al., 2014; Celestin et al., 2009; Mannion et al., 2007; Trief et al., 2006).

Depressive symptoms have been found to be a predictor of poor surgical outcome,
measured as continuous pain and disability, in patients who undergo lumbar fusion
surgery (Adogwa et al., 2014; DeBerard et al., 2001; LaCaille et al., 2005; Wahlman
et al,, 2014). Even though depressive symtoms are a strong predictor of poor out-
come after lumbar surgery, patients with depressive symptoms could benefit from
lumbar fusion surgery under certain conditions, and this type of problems is not
considered a contraindication for fusion surgery (Havakeshian et al., 2013; Higg et
al., 2003; Wahlman et al., 2014). It has, however, been suggested that alternative
interventions should strongly be advised for these people-both before and after

surgery-for improvement of outcome (Wahlman et al., 2014).

Fear-avoidance beliefs, have been found to be significant predictors of postope-
rative pain and functional outcomes for up to two years after surgery (Mannion
et al., 2007). Furthermore, Havakeshian et al. found that fear-avoidance beliefs

about physical activity were the only baseline psychological factors that predicted
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outcome using a disability score (Roland-Morris disability score) after lumbar spi-

nal surgery (Havakeshian et al., 2013).

For patients who underwent lumbar fusion surgery, Abbott et al., found that
pre-psychological variables (pain catastrophising, control over pain, and self-effi-
cacy) were significantly associated with both lower functional outcomes using di-
sability scores (ODI) and intensity of higher back pain at 2-year follow-up (Abbott
etal., 2011).

1.3 PHYSICAL ACTIVITY

Physical activity has a well-documented positive effect on health, and should be
recommended to everyone regardless of whether or not a person suffers from any
particular health condition (GBD 2016 Collaborators, 2017; Lee et al., 2012; May
et al., 2015; WHO, 2009; Wilmot et al., 2012). People who are physically active
have a lower rate of “premature” mortality and chronic diseases (Lee et al., 2012;
WHO, 2009; Wilmot et al., 2012). However, one quarter of the European popu-
lation does not fulfil the WHO recommendations for physical activity (Gerovasili
et al., 2015). There are various reasons in a general population for having a low
level of physical activity, and the factors that correlate most strongly are age, gen-
der, poor health status, low self-efficacy, and low motivation (Bauman et al., 2012;
Trost et al., 2002).

LBP has been suggested to be a barrier to physical activity (Ryan et al., 2009; Spen-
kelink et al., 2002). A stronger focus on health in relation to the huge LBP problem
worldwide has been promoted in a recent publication (Buchbinder et al., 2018).
There are known risk factors associated with LBP-such as high body mass index
(BMI), high blood pressure, and a low level of physical activity (Hoy et al., 2010;
Shiri et al., 2010a; Steffens et al., 2016). Lifestyle factors such as smoking (Shiri et
al., 2010b) and obesity (Shiri et al., 2010a; Zhang et al., 2016, 2018) are associated
with the occurrence of LBP episodes, and physical activity may reduce the risk of
developing chronic LBP (Shiri et al., 2017).

Furthermore, psychological factors included in the fear-avoidance model (e.g. pain

catastrophising, fear of movement, and poor self-efficacy) can also be barriers to, or
influence physical activity (Lundberg et al., 2011; Woby et al., 2007).
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A meta-analysis has shown that those with chronic LBP and a high level of disabi-
lity are most likely to have a low level of physical activity (Lin et al., 2011). Most
guidelines promote physical exercise as a central recommendation for people with
LBP and chronic LBP (O’Connell et al., 2016). It has, however, been suggested that
patients with chronic LBP may need extra support and tailor-made recommen-
dations to overcome barriers to physical activity in order to increase the level of
physical activity (Schaller et al., 2017).

Some studies have investigated physical activity levels in the lumbar spine surgical
population (Lindback et al., 2017; Mancuso et al., 2017; Mobbs et al., 2016; Rolving
etal., 2013; Smuck et al., 2018), but only a few studies have investigated the preope-
rative level of physical activity (Lindback et al., 2017; Mobbs et al., 2016; Norden
et al,, 2017; Rolving et al., 2013). Moreover, in most studies the reported physical
activity level has been collected using questionnaires, which is considered to be less
valid than using data that has been collected objectively with a movement device
such as an accelerometer (Slootmaker et al., 2009). None of the aforementioned
studies have assessed physical activity objectively in patients with degenerative disc

disease who undergo lumbar fusion surgery.

From a public health point of view, it is important to investigate how physically
active the group of patients who are offered surgical interventions for their severe
LBP are, in relation to guidelines on health-enhancing physical activity (WHO,
2009, 2010). Moreover, from a clinical perspective, such knowledge is important to

guide clinicians and also the patient in his/her prehabilitation phase.

1.3.1 Physical activity recommendations for adults aged 18-64 years
The WHO recommendation for adults aged 18-64 is that health-enhancing phy-

sical activity should be 150 minutes of at least moderate-intensity aerobic physical
activity (e.g. brisk walking) per week, or at least 75 minutes of vigorous-intensity
aerobic physical activity (e.g. running) throughout the week, or an equivalent com-
bination of moderate- and vigorous-intensity activity (WHO, 2009, 2010). Aerobic
activity (brisk walk, running) should be performed in bouts of at least 10-minutes.
Performance of muscle-strengthening activities involving major muscle groups is
recommended, on two or more days every week (WHO, 2009). Recommendations
of health-enhancing physical activity are based on a dose relationship between phy-

sical activity and health. The more active one is, the better the effect, but the highest
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health benefits are probably to be gained by an individual who goes from being very
inactive to being moderately physically active (WHO, 2010).

Step recommendations
Seven thousand five hundred steps per day are thought to be equivalent to the WHO
recommendations for health (Tudor-Locke et al., 2011). These recommendations
could be realistic for adults with a disability, but they might need to be adjusted to
the individual’s personal capacity and level of physical activity (WHO, 2010).

1.4 PREHABILITATION

Prehabilitation is defined as the concept of improving the person’s functional and
mental capacity to buffer against potential harmful effects of a significant stressor
(Carli et al., 2005). In the surgical setting, a prehabilitation phase aims to opti-
mise the patient’s health, both physically and psychologically. This prehabilitation
may enhance function before surgery, and also prevent a decline in function and
well-being after surgery (Carli et al., 2005). This concept has been evaluated in
certain patient groups undergoing different types of major surgery (Cabilan et al.,
2016; Le Roy et al., 2016; Lemanu et al., 2013), but there have been very few studies

to evaluate a prehabilitation period before lumbar spinal surgery.

Before surgery
- prehabilitation period

After surgery
— rehabilitation period

Level of functioning

L+

Lumbar fusion surgery

Low level of functioning
Prehabilitation

No prehabilitation

FIGURE 3. Overview of the concept of prehabilitation.
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1.4.1 Prehabilitation for patients undergoing lumbar surgery

Gilmore et al. completed a systematic review and concluded that the evidence for
preoperative or postoperative rehabilitation for patients undergoing lumbar spinal
surgery was questionable, and that there was a need for further research in this
area (Gilmore et al., 2015). Furthermore, a recent systematic review concluded that
there is a lack of evidence for physiotherapy before lumbar spinal surgery and fur-
ther research is needed to evaluate the effectiveness of prehabilitation to improve

function and pain after surgery (Gometz et al., 2018).

In 2010, Nielsen et al. published a randomised controlled trial (RCT) that investi-
gated a prehabilitation and early rehabilitation intervention for patients with de-
generative lumbar disease who were planned for lumbar fusion surgery. The active
intervention group underwent an intensive home-based exercise programme in-
cluding optimisation of analgesic management; this was compared with the control
group, which received the clinic’s routine care before surgery. The result of this
trial showed that the group with an integrated programme of prehabilitation and
early rehabilitation improved function and achieved the pre-defined recovery mi-

lestones more quickly than the control group (Nielsen et al., 2010).

To date, three randomised trials have been published comparing a period of pre-
habilitation for patients waiting for lumbar spinal surgery with conventional care
(Lindback et al., 2017; Louw et al., 2014; Rolving et al., 2015).

Louw et al., conducted an RCT with one group receiving a preoperative pain edu-
cation programme and one group receiving the usual care for patients undergoing
lumbar surgery for radiculopathy. These workers could not detect any significant
difference between the groups regarding pain intensity and function one year after

surgery (Louw et al., 2014).

Rolving et al., published an RCT evaluating a prehabilitation programme for pa-
tients with degenerative disease, spinal stenosis, or spondylolisthesis. The preha-
bilitation programme included standard treatment care and additionally, four pre-
operative and two postoperative group sessions. The content of the intervention
was based on the principles of cognitive behavioural therapy (CBT) and was de-
livered by a multidisciplinary team. The patients underwent spinal fusion surgery

and were followed up one year after surgery. No difference was found between the
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group participating in the preoperative CBT intervention and the control group
regarding outcome, as measured by Oswestry Disability Index (ODI) (Rolving et
al., 2015).

A recent RCT by Lindbick et al., investigated a prehabilitation programme for
patients with degenerative lumbar spine disorders who were on the waiting list
for decompression, disc herniation, and fusion surgery, with two different inter-
vention arms. The patients were randomised either to the physiotherapy group or
to the control group on the waiting list. The interventions were delivered as two
sessions per week for nine weeks. The physiotherapy group received individual
physiotherapy according to a treatment-based classification and a supervised exer-
cise programme with a behavioural approach to reduce fear avoidance. The control
group on the waiting list received one session of standardised information from
an orthopaedic surgeon about surgery, information of post-surgery rehabilitation,
and advice on keeping active. One year after surgery, no statistically significant dif-
ference between the two groups was found regarding disability score (ODI) (Lind-
back et al., 2017).

To summarise, these three studies evaluated a prehabilitation period for patients
with a variety of degenerative lumbar disorders who were on the waiting list for

lumbar spinal surgery.

The above prehabilitaton studies differed in their content, in the number of ses-
sions delivered before and after surgery, and in the theoretical models behind the
interventions. The results from these studies could not identify the best time point,
the optimum number of sessions, or the type of intervention most appropriate for

patients undergoing lumbar spinal surgery.

1.5 THE RATIONALE FOR THE CONTENT OF THE PREHABILITATION
PROGRAMME USED IN THIS THESIS

I have used the term “active intervention” to describe the person-centred prehabi-

litation programme that was developed during the work in the studies included in

this thesis.

National and international guidelines recommend that people with chronic LBP

should stay active (despite their pain), undergo supervised exercise therapy, to be
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given cognitive behavioural treatment, and be given multidisciplinary treatment
when such a treatment can be offered (Kamper et al., 2014; Koes et al., 2010; van
Tulder et al., 2006).

Chronic LBP, a high level of disability, and psychological factors such as fear-avoi-
dance beliefs and self-efficacy may be barriers to physical activity. A recent publi-
cation has recommended that all actions related to LBP should be in synergy with
the WHO recommendations, such as having people reach the recommended level
of physical activity (Buchbinder et al., 2018).

There was a gap in our knowledge of how to prepare people with chronic LBP who

are scheduled for lumbar fusion surgery.

We therefore wanted to develop and evaluate a prehabilition programme with the
aim of targeting fear-avoidance beliefs and self-efficacy, and to increase or maintain
the physical activity level of these people before lumbar fusion surgery with a view

to improving the functional outcome after surgery.

The main aim of developing the active intervention was to encourage the partici-
pant to stay active regardless of his/her severe LBP problem. The prehabilitation
programme was based on the theoretical framework of Vlaeyen et al., (Vlaeyen
et al,, 1995) and was developed further by Woby et al., (Woby et al., 2007), and it

involved different cognitive behavioural techniques (Kaver, 2006).
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2. AIMS OF THE THESIS

2.1 OVERALL AIM

The over-arching aim of this thesis was to investigate whether a physiotherapeutic
person-centred prehabilitation programme based on a cognitive behavioural app-
roach would improve functioning after lumbar fusion surgery in patients with de-

generative disc diseases, as compared to conventional care.

2.2 SPECIFIC AIMS/HYPOTHESES

This thesis has two parts. The first part is about developing and designing a phy-
siotherapeutic person-centred prehabilitation programme with a cognitive beha-
vioural approach, using the Medical Research Council framework for developing a

complex intervention (Craig et al., 2008), (Studies I and II).

The second part is about evaluation of the effect of the prehabilitation programme
developed in the first part (Studies III and IV).

The specific research aims were to:
+  describe the developmental process and study design of a physiotherapeutic per-

son-centred prehabilitation programme with a cognitive behavioural approach
(Studies I and II)

+  evaluate the feasibility of the prehabilitation programme in a pilot study (Study I)

+  investigate the preoperative level of objectively measured physical activity (Study
III), and to explore associations in the fear-avoidance model at this level (Study
I1D)

+  determine whether patients who receive the active intervention experience a
greater reduction in disability levels after surgery, compared to conventional care
(Study IV)

+ determine whether patients who receive the active intervention experience
a larger decrease in leg and back pain intensity, less pain catastrophising, less
pain-related fear, less depressive symptoms, increased self-efficacy for exercise,
better health-related quality of life, better patient-specific functioning, increased
physical activity levels, and an increased physical capacity after surgery compared
to conventional care.

All between-group differences were hypothesised to be greatest at 6 months after
surgery (Study IV).

37



METHODS

HANNA LOTZKE

Department of Ortopaedics,
Institute of Clinical Sciences,

Sahlgrenska Academy,
University of Gothenburg,

Gothenburg, Sweden, 2019

PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

3. METHODS

3.1 THEORETICAL FRAMEWORK

This thesis is based on a combination of philosophical standpoints, theoretical mo-

dels, and treatment principles.

3.1.1 Definitions and classifications

Pain is a complex sensory and emotional experience, and it is not just a signal of
tissue damage. Pain is defined as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such da-
mage” (Merskey, 1979; Merskey et al., 1994b). Pain is always individual and subjec-
tive, i.e. each one of us learns what pain is through experience from episodes of pain
earlier in life. Pain is the experiencing of actual or possible tissue damage in one or
several parts of the body, and is most often associated with an unpleasant feeling,
so it is connected to a negative emotional experience as well. A person can describe
and experience pain without actually having tissue damage or without there being
any other pathophysiological cause, but for that person, the pain is real and should
be acknowledged as being pain- in accordance with the definition of the Interna-
tional Association for the Study of Pain (Merskey et al., 1994b).

Our active intervention rested on the assumption that pain is a subjective pheno-
menon, so we decided to use a person-centred approach to care as the over-arching

philosophy of the intervention.

3.1.2 Person-centred approach

The person-centred approach to care is a multi-dimensional concept that takes into
account and addresses the patient’s unique combination of biomedical, behaviou-
ral, and emotional problems (Ekman et al., 2011). The focus of the person-centred
approach is concentration on the patient’s needs, preferences, and values. Knowing
the person behind the patient-a human being with reason, willpower, feelings, and

needs—is a central principle in the person-centred approach (Ekman et al., 2011).

The person-centred approach to care rests on the bio-psychological-social model
that takes into account all aspects of a person’s difficulties in the rehabilitation pro-
cess (Leplege et al., 2007). Every person is unique, different from any other, so even

when a person seeks help for the same problem, the intervention delivered should
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be unique and individualised (Ekman et al., 2011).

The central question is who the person behind the disease is, and the patient should
be involved as an active partner in his/her care and decision process (Ekman et
al., 2011). He/she should be treated with respect and dignity, and the view of the
person-centred approach is that the person is responsible for his/her own actions

and behaviour.

Firstly, the patient’s narrative (illness narrative) is used as the base of this approach,
with the aim of engaging the patient in the rehabilitation process. The narrative
is used to capture the person’s suffering in everyday life and the impact that this
has on his/her life. The idea is to capture the individual’s subjective experience,
personal history, and emotions, and all of these considerations should be taken into
account in the rehabilitation process. An individual assessment of each patient is
needed (Ekman et al., 2011).

Secondly, a partnership with shared decision making should be established, with
the aim of learning from each other. The patient should be involved as an active
partner in his/her rehabilitation, and the patient’s competence and expertise must
be acknowledged. The patient is considered to be an expert in his/her disease, and
a collaborative atmosphere with mutual decision making and goals that reflect the
person’s needs and preferences is central to this approach. Treatment options con-
cerning the patient’s illness should take his/her lifestyle, preferences, beliefs, values,

and health issues into account (Ekman et al., 2011).

Thirdly, documentation of the narrative should be done, and a health plan should
be decided upon together with the patient. This health plan should include both
short-term and long-term goals, together with the actions needed to achieve each
goal (Ekman et al., 2011).

3.1.3 Bio-psychosocial model
The bio-psychosocial model is widely accepted today, and it views pain and disabi-
lity as being a dynamic and reciprocal interaction between biological, psychological,
and sociocultural variables that influence the person’s reaction to pain (Engel, 1977;
Turk et al., 1999).
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This theoretical model highlights the different dimensions of pain and disability.
All factors in the model should be considered when treating a patient, since all of
them have an impact and influence the response to treatment (Engel, 1977). The
biological part of a disease is known to affect psychological factors and the social
context in which the person exists (Turk et al., 2002). The model decribes the re-
lationship between the pain problem our patients are seeking help for, their beliefs
and reactions about pain, and the nature of the interplay between these different
dimensions (Waddell, 2004).

Since pain has a multi-dimensional nature and is considered to be subjective, there
is a need to treat the whole person in all of his/her complexity, so it is necessary
to use a wide spectrum of treatment approaches to reduce pain and disability in a

patient who is seeking help for his/her chronic LBP problem.

FIGURE 4. The bio-psychosocial model (Engel 1977).

3.1.4 The cognitive behavioural approach

The cognitive behavioural approach has been recommended and used frequently in
rehabilitation of people with chronic LBP (Turk, 2003).

The cognitive behavioural approach takes into account how thoughts, memories
(cognitions), bodily reactions, and feelings (affective factor) all contribute to hu-
man behaviour. All of these factors are involved in the experience of pain (Turk,
2003). This approach considers that people are active processors of both internal
and external information, and psychological factors such as expectations and fe-
elings of self-efficacy are of importance for the experiencing and maintenance of
pain (Turk, 2003).
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The overall aim of using a cognitive behavioural approach is to shift focus from
pain relief to pain management by assessing thoughts about pain, avoidance beha-
viour, feelings, bodily reactions, painful experiences, and the consequence of these
(Eccleston et al., 2009; Williams et al., 2012). The basis of this approach is to in-
volve the patient in the rehabilitation process despite the pain condition that he/
she is seeking help for (Williams et al., 2012). Cognitive behavioural interventions
usually involve different cognitive and behavioural techniques, with the aim of re-
ducing and challenging unhelpful thoughts and feelings, and of changing behaviour
(Beck, 1995).

3.1.5 Cognitive behavioural intervention in

the context of lumbar surgery

Cognitive behavioural interventions addressing psychological factors such as fear
of movement and catastrophising thoughts associated with more pain and disa-
bility-before lumbar spinal surgery-could have a positive effect on postoperative
disability and pain (den Boer et al., 2006; Mannion et al., 2007). Otherwise, even
if these psychological risk factors are present before lumbar spinal surgery, one
could offer cognitive behavioural interventions—not only pre-operatively but per-
haps also postoperatively-to prevent reactivation/occurrence or to reduce these
factors further. Such interventions might have a positive effect on the outcome of
lumbar spine surgery (Abbott et al., 2010, 2011; Archer et al., 2011; Christensen et
al., 2003; Havakeshian et al., 2013). However, cognitive behavioural interventions
before surgery are not common in the context of lumbar spine surgery (Rolving et

al., 2015) and there is a need for further research in this area.

3.1.6 The cognitive behavioural fear-avoidance model

The cognitive behavioural fear-avoidance model is a theoretical model based on
the bio-psychosocial model (Lethem et al., 1983; Norton et al., 2003; Vlaeyen et al.,
1995). The fear-avoidance model was first used in the context of pain by Lethem
et al,, and it explains how fear of pain and avoidance behaviour contribute to the
maintenance of pain in the absence of identifiable organic pathology (Lethem et al.,
1983). During the last three decades, several adaptations of the fear-avoidance mo-
del have been developed and tested in different pain contexts (Fordyce et al., 1984,
1982; Lethem et al., 1983 ; Linton et al., 1984; Philips, 1987; Vlaeyen et al., 1995).
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These earlier fear-avoidance models have all contributed with important ideas to
the most generally recognized cognitive behavioural fear-avoidance model presen-
ted by Vlaeyen et al. (Vlaeyen et al., 1995). The basic principle of Vlaeyens's model
is the way in which pain is interpreted by the person who experiences it, and how
this interpretation can lead to two different paths, confrontation or avoidance (Vla-
eyen et al., 2000, 2012a). One pathway is when the acute pain is perceived as being
unpleasant but is not interpreted as a threat or catastrophe. These people will con-
front their pain and will maintain or take up their daily activities just as soon as hea-
ling of the tissue has occurred or as soon as it is possible to take on normal activities.
The other pathway is when pain is interpreted as being catastrophic, which will
cause pain-related fear (e.g. fear of pain, fear of harm, fear of movement). A vicious
circle may be initiated, in which catastrophising thoughts give rise to pain-related
fear and avoidance behaviour. This behaviour can be adaptive in the acute pain
stage, but worsen the problem in the case of long-lasting pain (Leeuw et al., 2007a;
Vlaeyen et al., 2000). The long-term consequences of avoidance behaviour regar-
ding daily activities may lead to disability, negative mood, and experience of further
pain, initiating a vicious circle (Vlaeyen et al., 2000). The underlying theory for this
model is based on learning theory with classical (Pavlovian) and operant conditio-
ning (Gatzounis et al., 2012; Turk, 2003). The cognitive fear-avoidance model can
be used to explain and understand the complexity of chronic pain and the pathway
that may lead to disability, a reduced level of activity, and depression (Leeuw et al.,
2007a; Vlaeyen, 2012b, Vlaeyen et al., 1995, 2000).

One treatment strategy that has been developed from the fear-avoidance model
is called “exposure in vivo”, and has been proven to be effective for patients with
LBP and fear-avoidance beliefs; it has been evaluated in different pain populations
and contexts over the years (de Jong et al., 2008; den Hollander et al., 2016; Leeuw
et al., 2008; Linton et al., 2008; Vlaeyen et al., 2001, 2002b; Woods et al., 2008).
During the treatment sessions, behavioural experiments are carried out with the
aim of challenging the person with activities that they fear or avoid (den Hollander
et al., 2010; Leeuw et al., 2008; Linton et al., 2008). If the person learns that his/
her expectations about the negative consequences of movements are not quite true,
the he/she will re-adjust his/her beliefs, and become less afraid and more physically
active. Several studies have shown that if the fear of movement decreases, the di-
sability and even the pain experienced decreases (de Jong et al., 2005; Leeuw et al.,
2008; Vlaeyen et al., 2002a).
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Disability Injury Recovery
Disuse
/ Depression
Avoidance
Pain-related fear Painful experiences Confrontation
Fear of movement
Kinesiophobia
Catastrophizing Non-catastrophizing

FIGURE 5. The cognitive behavioural fear-avoidance model by Vlaeyen et al. 1995.

Woby et al. investigated the cognitive-fear-avoidance model further and included
functional self-efficacy as a cognitive factor influencing disability and pain in this
model. He found that of the cognitive factors (pain-related fear, pain catastrop-
hising, functional self-efficacy) functional self-efficacy was most strongly related
to disability in a population of chronic patients with LBP who were referred for
physiotherapy (Denison et al., 2004; Woby et al., 2007).

Self-efficacy is a concept that explains a person’s confidence in his/her ability to
perform a specific activity (Bandura, 1977). In patients with LBP, both self-efficacy
and fear-avoidance beliefs are possible predictors of disability (Ayre et al., 2001;
Woby et al., 2007), and the variables are highly correlated to each other (de Moraes
Vieira et al., 2014). Modification of one variable may contribute to change in the
other variable (de Moraes Vieira et al., 2014). A higher level of self-efficacy has
been shown to be associated with lower levels of pain and disability in different
chronic pain populations (Costa Lda et al., 2011; Denison et al., 2004; Dohnke et
al., 2005). The degree of importance of the self-efficacy concept for outcome in

patients who undergo lumbar fusion surgery is not known (Abbott et al., 2011).

This modified cognitive behavioural fear-avoidance model was used as the theore-

tical model in our active intervention (see Figure 18).

44

PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

3.2 DESIGN OF THE ACTIVE INTERVENTION

The active intervention was designed in two phases, each involving several steps.

FEASIBILITY AND PILOTING
Testing procedures

Estimating recruitment and retention
Determining sample size
“STUDIES | and II”

DEVELOPMENT EVALUATION
Identifying the evidence base Assessing effectiveness
Identifying or developing theory Understanding change process
Modelling process and outcomes Assessing cost effectiveness
“STUDIES | and II" “STUDIES Il and IV”

IMPLEMENTATION
Dissemination
Surveillance and monitoring

Long term follow-up
“FUTURE"

FIGURE 6. Key elements of the development and evaluation process as described by
the Medical Research Council framework for developing a complex intervention (Craig
2008).

A complex intervention is usually described as an intervention that includes several
interacting components within the experimental and control intervention (Craig et
al., 2008). The components in the Medical Research Council (MRC) framework are
development, feasibility and piloting, evaluation and implementation. The deve-
lopment of our active intervention was assessed through the different phases of this
framework. The different phases in the framework are not expected to be seen as a
straight line from one phase to the other. Instead, they should be seen as belonging
to a process (Campbell et al., 2000). The procedure of the new intervention and the
theoretical framework was first tested in a feasibility study (Study I), and thereafter
described in detail in a study protocol (Study II). Finally, the active intervention was

evaluated in the form of a randomised controlled trial (Study IV).
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DEVELOPMENT OF THE PILOT INTERVENTION, STUDY I
Phase 1, Development

Best evidence practice is defined as the interaction between and combination of
clinical expertise, patient values, and best research evidence. All these factors are
important in the decision making process when planning and optimising an inter-
vention (Sackett et al., 1996).

Identification of the evidence base and development of theory

The first step was to gain an understanding of the best evidence-based practice.
This included review of the literature and collection of information from clinical
expertise and practice. By using the theoretical fear-avoidance model, Vlaeyen et
al. (Vlaeyen et al., 1995, 2000) and Linton et al. (Linton et al., 2001) developed
a cognitive behavioural treatment called “exposure in vivo”. This treatment has
been evaluated and developed further on the basis of new theoretical knowledge
and evidence from several clinical studies (de Jong et al., 2008; Hollander et al.,
2010, 2016; Leeuw et al., 2008; Vlaeyen, 2012b). When we started to plan our
study in 2012, we made contact with the researchers and clinicians in Maastricht,
the Nederlands Their research showed that “exposure in vivo” with a behavio-
ural cognitive approach—the aim of which was to reduce fear of movement and
pain catastrophising thoughts—could increase functioning in people with different
chronic pain syndromes (de Jong et al., 2008; Leeuw et al., 2008; Vlaeyen et al.,
2001, 2002b).

Modelling process and outcomes
The original treatment protocol for “exposure in vivo” was developed and evaluated
in Maastricht and involved 14 session; it was provided by a multidisciplinary team
at a rehabilitation centre. To learn more about their “exposure in vivo” treatment,
our research team made a visit to this rehabilitation centre before starting to de-
velop our new prehabilitation intervention. After the visit, the original treatment
protocol from Maastricht was adjusted in several steps in order to be feasible in an
orthopaedic surgical setting. The first draft of the pilot intervention was written for
patients with chronic LBP due to degenerative disc disease who were scheduled for

lumbar fusion surgery (Study I).

Phase 2, Feasibility and piloting

Our pilot intervention was evaluated in two steps. Firstly, the feasibility of our first
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draft, Study Protocol 1.0, of the pilot intervention was evaluated after we had tested
it on a few patients awaiting lumbar fusion surgery. Secondly, a new protocol of
the pilot intervention was written (Study Protocol 2.0) and tested in the form of a
Single Subject Research Design (SSRD) study (Lundervold et al., 2000; Zhan et al.,
2001).

Testing procedures and training of the therapist: Step 1
Treatment fidelity refers to the process of monitoring and improving the reliabi-
lity and validity of the intervention and includes the phase’s treatment integrity,
treatment differentiation, treatment receipt, and treatment enactment (Bellg et al.,
2004).

The process of evaluating treatment fidelity in our pilot study is described below (Study I).
Treatment integrity refers to whether the treatment was provided according to
the study protocol. Some strategies for evaluation of treatment integrity are wri-
ting a study protocol, monitoring of the therapist when delivering the intervention
(by an observer or from videotape recording), and testing whether new treatment
skills are attained by the therapist (Bellg et al., 2004). In our study, two of the re-
searchers from Maastricht came to Gothenburg and one of them looked on while
the therapist delivered the pilot intervention (Study Protocol 1). Information from
the therapist delivering the intervention together with the observer’s feedback was
collected. After discussions among the research group, a new treatment manual was
developed (Study Protocol 2.0) and was tested in a SSRD study.

Treatment receipt involves both an assessment part and an optimisation part, and
refers to how well the participant understands and shows his/her knowledge of
how to use the new treatment skills (Bellg et al., 2004). The first session in our
intervention included a behavioural analysis using the Photograph Series of Da-
ily Activities (PHODA) (Leeuw et al., 2007b). They were asked to place each of
the 27 photographs of daily activities on a scale from 1 to 100, to form a hierar-
chy of harmful activities. They were asked to place the photographs answering the
question “How harmful do you think this activity would be to your back?”, with 1
representing (=) not harmful and 100 = extremely harmful. The therapist noted
that it was difficult for some participants to place the photographs on the scale.
Most of the participants already thought that their back was injured and that the

activities shown on the photographs could not do further harm to their back. Thus,
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the opening question was changed to “How afraid are you of doing the activity the

person is doing in the picture?”.

Testing procedures, outcomes, and evaluation of the pilot intervention: Step 2
Treatment differentiation and treatment enactment. During step 2, the feasibility
of the pilot intervention (Study Protocol 2.0) was tested in an SSRD study. The aim
of this SSRD study was to evaluate treatment differentiation (whether the treat-
ments differed from each other as indented) and treatment enactment (how well
the participants applied the skills they learned) (Bellg et al., 2004). Both of these
parts were evaluated after the SSRD study, and the changes that were made were
included in a new treatment manual (Study Protocol 3), which is presented in this

thesis under the heading Summary of results.

Phase 3, Evaluation

The “Evaluation” phase was the second part of the work for this thesis, with the aim
of determining whether participants who received the active intervention (Study
Protocol 3) would have a better outcome after lumbar fusion surgery (Study IV).
One of the most important considerations when evaluating a new intervention is
to determine whether the intervention would be effective in everyday practice, and
how the intervention varies from participant to participant and at different study
sites (Craig et al., 2008).

Phase 4, Implementation

The phase “Implementation” will be part of my future research.
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3.3 STUDY POPULATION

ded in the thesis

Studies Study | Study IlI Study IV
. . . . Cross-sectional Randomised Con-

Study Design Single Subject Research Design Study study trolled Trial
Participants Patients with Chronic LBP due to Degenerative Disc Disease
Number of participants N=11 N=118
Time for inclusion January 2013 to November 2013 April 2014 to June 2017

. Data visually inspected in level, trend Multiple linear Linear mixed
Analysis s .

and variability regression model model

All the participants included in this thesis were patients with severe chronic LBP
due to degenerative disc diseases, who were scheduled for lumbar fusion surgery.
In Study I, the participants were recruited from one spine surgery clinic in Gothen-
burg, Sweden. The participants in Studies III and IV were recruited from two spine
surgery clinics and one university hospital, all in Gothenburg, Sweden. All the par-
ticipants had met a spinal surgeon who, after clinical examination and MRI, made a
medical diagnosis of degenerative disc disease and—after obtaining patient consent—
placed them on the waiting list for lumbar fusion surgery. The coordinators from
each spine clinic regularly had contact with the physiotherapist responsible for the
inclusion procedure in the study, who asked the patients questions concerning the
inclusion and exclusion criteria (see below) and their willingness to participate. The
patients who were eligible for the study got an appointment with a physiotherapist
(independent observer) for baseline evaluation, 8 to 12 weeks before surgery. Af-
ter the baseline assessment, the participants were randomised either to the active
intervention or to conventional care. All participants gave their written informed

consent before taking part in the study.
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Inclusion criteria, Studies I, II11, and IV

. 18 to 70 years of age

. Severe LBP with degenerative changes of 1 to 3 segments of the lumbar spine
. Additional minor radiating symptoms in one leg
. Lumbar fusion surgery with or without a surgical procedure for disc herniation,

foraminal decompression, or isthmic spondylolisthesis.
Exclusion criteria, Studies I, III, and IV
. Previous decompression surgery for spinal stenosis
. Spinal malignancy

. Dominating radiculopathy

. A confirmed neurological disorder or rheumatic disorder
. Severe deformities in the thoracolumbar spine (e.g. idiopathic scoliosis)
. Poor knowledge of Swedish.

3.3.1 Ethical approval
All participants gave written consent after being given oral and written informa-
tion, and the studies were approved by the Regional Ethical Review Board in Go-
thenburg (Dnr 586-11 with an amendment, Dnr 527-15). The study protocol was
registered in Current Controlled Trials (ISRCTN17115599) on 18 May 2015.
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3.4 PROCEDURE STUDIES I, 11, II1 AND IV

3.4.1 Procedure, Study I

TABLE 2. Baseline characteristics of participants included in Study |

‘ Gender Age Back P'ain, Leg P?in, BMI .
Patient W=Woman (years) Duration Duration (kg/m2) Sick- leave
M=Man (years) (years)
1 w 37 > 2 years > 2 years 27.8 100%
2 w 49 > 2 years No pain 23.2 0%
3 w 40 > 2 years > 2 years 27.3 100%
4 M 46 > 2 years > 2 years 24.0 0%
5 w 43 > 2 years > 2 years 211 0%
6 M 42 > 2 years No pain 36.0 0%
7 w 48 > 2 years > 2 years 25.1 50%
8 w 36 1-2 years 1-2 years 22.2 25%
9 M 45 1-2 years No pain 24.4 100%
10 M 49 1-2 years No pain 24.7 75%
1 W 34 > 2 years No pain 21.6 0%

Body Mass Index BMI, kg/m? Sick leave range 0-100%

The participants were recruited from January to November 2013. The sample size
of the pilot study was based on the recommendations in the literature for a pilot
study (Vet et al,, 2011).

The pilot study was set up as an SSRD study with an A-B-C design. The study used
a baseline phase (A), an intervention phase (B), and a follow-up point (C). Before
the SSRD study started, demographic data were collected (gender, age, BMI, pain
duration, and sick-leave) (Table 2) using the Swespine register baseline question-
naire (www.4s.nu). The dependent outcome measures used were Tampa Scale of
Kinesiophobia (TSK) (Lundberg et al., 2004), Pain-Catastrophising Scale (PCS)
(Sullivan et al., 1995), back and leg pain intensity (using VAS) (Price et al., 1983),
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and disability (using ODI) (Fairbank et al., 2000). These outcome measures were
finished both before the study started (before phase A) and after phase B was com-
pleted, at study point C.

During phase A and phase B, all 11 participants received a questionnaire covering
four items (1, 12, 13, and 16) from the TSK and four items (2, 6, 12, and 13) from
the PCS. The items from the questionnaires of the TSK and PCS were selected
based on the literature (de Jong et al., 2008; Vlaeyen et al., 2002b) and after discus-
sions among the research team. Furthermore, daily measures of patient-specific
functioning were used, (the Patient-Specific Functional Scale (PSFS)). The ques-
tionnaire including these items was sent to the participants by e-mail every mor-
ning. In addition, all participants were given an accelerometer to measure their
daily physical activity. They were told to wear the accelerometer during the time
that they were awake and to remove the accelerometer before any activities that
involved water. The participants started to wear the accelerometer on the day after

the baseline assessment (phase A) and during the whole of phase B.

The intervention phase (phase B) contained the pilot intervention (B1, 4 sessions)
and the conventional care intervention (B2, 1 session). The baseline phase (phase
A) was between eight and 14 days, and the intervention phase (B1 and B2) was
between 5 to 21 days, due to the different numbers of sessions and the participants’
individual time schedules. All the participants received both interventions but in
a different order. Six participants received the pilot intervention first, and five
participants received conventional care first. The daily changes are presented in
graphs with delineation of the phases (see example Figure 16, result section). One
physiotherapist (HL) delivered the pilot intervention, and two other physiothera-
pists—all working at the same spinal surgical clinic—delivered the conventional care
intervention. A description of the pilot intervention (Study Protocol 2) is given in
Figure 7. The conventional care intervention included one session of preoperative
information on the core exercise programme, and details of the postoperative reha-
bilitation routine. Also, the participants were encouraged to keep active and to start

the exercise programme before surgery.
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BASE-LINE

Dependent outcomes

* Kinesiophobia, TSK

* Catastrophising, PCS

¢ Pain intensity, back/
leg, VAS

¢ Disability, ODI

Dependent variables/

daily

¢ Kinesiophobia, four
questions

e Catastrophising, four
questions

® Functioning, PSFSP

® Physical activity,
counts/min

TIME 0

SESSION1(1 HOUR)
Individual behavioural
analysis

PURPOSE:

After this session

The therapist will iden-
tify and understand
the person’s pain and
avoidance behaviour
and goals

Techniques

® Semi structured
interview

* PHODA

 Diary — write down
reflections, questions

4-5 WEEKS
BEFORE SURGERY

SESSION 2 (1 HOUR)
Educational session

PURPOSE:

After this session

The patient will be able
to describe the com-
plexity of pain, and the
association between
avoidance behaviour,
activity level and pain

Techniques

* Follow-up diary

* CBT-model

¢ Fear — Avoidance
model

3-4 WEEKS
BEFORE SURGERY

SESSION 3 (1 HOUR)
Cognitive - behavioural
experiment

PURPOSE:

After this session

The patient will be able
to apply the complex-
ity of pain, and the
association between
avoidance behaviour,
activity level and pain

Techniques
* Follow-up diary
® Exposure in vivo

2-3 WEEKS
BEFORE SURGERY

SESSION 4 (1 HOUR)
Pre-op information

PURPOSE:

After this session

The patient will have
more knowledge about
the surgery and what
kind of core exercise
the physiotherapist will
introduce at the ward,
post-surgery

Techniques

* Follow-up diary

® Information

* Core exercise training
 Time for questions

1-2 WEEKS
BEFORE SURGERY

FIGURE 7. Study Protocol 2.0, tested using a single-subject research design.

3.4.2 Procedure, Study I1

The theoretical framework (see Figure 18), and the treatment manual (Study Pro-

tocol 3) for the active intervention is described in detail in Study II.
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3.4.3 Procedure, Studies III and IV

TABLE 3. Baseline characteristics of partici- Study Il Study IV §tud¥.IV .
pants included in Studies lll and IV N=118 - active |r;tervent|on - conventlﬁ:sg\tewentlon
Cross-sectional Randomised Controlled Trial
Age, mean (SD) 45.7 (8.3) 44.8 (8.2) 46.7 (8.5)
Gender (Men/women) 55/63 26/33 29/30
Body Mass Index, mean (SD) 26.3(3.7) 26.3(3.9) 26.4 (3.4)
Smoking 8(6.8) 3(5.1) 5(8.5)
Missing data 1(0.8) 1(1.7) 0(0.0)
Education, n (%)
Elementary school 7 (5.9) 1(1.7) 6(10.2)
High school 51(43.2) 24 (40.7) 27 (45.8)
University 42 (35.6) 23(39.0) 19(32.2)
Vocational education 17 (14.4) 11 (18.6) 6(10.2)
Missing data 1(0.8) 0(0.0) 1(1.7)
Sick leave, n (%)
No sick leave 75 (63.6) 39 (66.1) 36 (61.0)
Full-time 25(21.2) 13(22.0) 12(20.3)
Part-time 16 (13.6) 7 (11.9) 9(15.3)
Missing data 2(1.7) 0(0.0) 2(3.4)
Previous lumbar spine surgery, n (%)
0 occasion (no previous back surgery) 108 (91.5) 55(93.2) 53(89.8)
1 occasion 7 (5.9) 4 (6.8) 3(5.1)
2 occasions 3(2.5) 0(0.0) 3(5.1)
Pain duration, back >2 years, n (%) 87 (73.7) 41 (34.7) 46 (39.0)
Pain duration, leg >2 years, n (%) 52 (44.1) 28 (47.5) 24 (40.7)
Missing data 1(0.8) 1(1.7) 0(0.0)
Comorbidity, n (%) 13(11.0) 6(10.2) 7 (11.9)
Surgical Procedure, n (%)
Instrumented posterior fusion 103 (87.3) 53(89.8) 50 (84.7)
Instrumented anterior interbody fusion 1(0.8) 1(1.7) 0(0.0)
Instrumented combined posterior and interbody fusion 4(3.4) 0(0.0) 4(6.8)
Did not go through fusion surgery 10 (8.5) 5(8.5) 5(8.5)
Fusion levels, n (%)
1 level 62 (57.4) 32(59.3) 30 (55.6)
2 level 41(38.0) 20 (37.0) 21(38.9)
3 level 5(4.6) 2(3.7) 3(5.6)
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The recruitment started in April 2014 and the last participant was included in June
2017. All 118 participants met the independent observer 8 to 12 weeks before surgery,
completed the baseline questionnaires, and were given a triaxial accelerometer (Ac-
tiGraph GT3X+; Actigraph, Pensacola, FL). The patients were advised to wear the
accelerometer for seven consecutive days and to remove the device when using water

and at bedtime. The device was attached to the patient’s hip with a flexible band.

Study III, cross-sectional study

Study III was a cross-sectional study, and baseline data for the participants in the ran-
domised controlled trial (RCT) (Study IV) were used.

Study IV, RCT study

Study IV was a prospective RCT. The participants were randomly allocated either to
the active intervention or to conventional care. The randomisation procedure was
performed after the baseline assessments. Each participant received a numbered, se-
aled envelope, which had information about the allocation covered on coloured pa-
per. The envelopes were prepared by the project leader (ML) before the study started.
The allocation order was 1:1 and was determined by a computerised random list,
prepared by an independent statistician. The randomisation list was stored in a locked
fire-proof cupboard and was kept from those who were involved in the study, only
decoded for analysis until the final participant had reached the 6-month follow-up.
The independent observer who was responsible for assessment of the outcome mea-
sures will be kept blind regarding the treatment allocation until the 2-year follow-up.
Furthermore, the physiotherapists involved in the postoperative rehabilitation, the
spinal surgeons, the hospital staff, and the statisticians were also blind. However, the
physiotherapists delivering the active intervention or conventional care before sur-

gery and the participants could not be blinded regarding the treatment allocation.

o
Ll ™
Actres |
ABBFERLION | 2 T
preere L | o lice al
All patients Suigery post-operathee
care
Corventional | Proe-cope-rat e
= =t
(= |  information
- J

L
Conventional care

FIGURE 8. Overview of the intervention groups, Study IV.
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All outcome measures were gathered at baseline and one week before surgery. Af-
ter surgery, all outcome measures were gathered at 3 and 8 weeks, and at 3 and 6

months. All the data collected were registered in a coded electronic data file.

BASELINE FOLLOW-UP1,2,3 FOLLOW-UP 4,5
Primary: Disability (ODI) Primary: Disability (ODI) Primary: Disability (ODI)
Secondary: Secondary: Secondary:
* Back + leg pain intensity (VAS)  Back + leg pain intensity (VAS)  Back + leg pain intensity (VAS)
* Pain catastrophising (PCS) * Pain catastrophising (PCS) * Pain catastrophising (PCS)
® Fear of movement (TSK) ® Fear of movement (TSK) * Fear of movement (TSK)
o Self-efficacy for exercise (SEES) o Self-efficacy for exercise (SEES) o Self-efficacy for exercise (SEES)
* Anxiety (HADS) * Anxiety (HADS) * Anxiety (HADS)
* Depressed mood (HADS) * Depressed mood (HADS) * Depressed mood (HADS)
* Patient-specific functioning (PSFS) * Patient-specific functioning (PSFS) * Patient-specific functioning (PSFS)
* Health-related QoL (EQ5D) * Health-related QoL (EQ5D) * Health-related QoL (EQ5D)
o Physical activity (GT3X+ accelerometer)  Physical activity (GT3X+ accelero-
* Physical capacity (Timed up-and-go, meter)
5-minute walk, 50-foot walk, 1-minute stair * Physical capacity (Timed up-and-go,
climbing, One-leg stand) 5-minute walk, 50-foot walk, 1-minute stair
climbing, One-leg stand)
1WEEK PRIORTO SURGERY AND 3 AND
8-12 WEEKS BEFORE SURGERY 8 WEEKS AFTER SURGERY 3 AND 6 MONTHS AFTER SURGERY

FIGURE 9. An overview of the different time points of measurement, Study IV.
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Eligible patients on waiting list for lumbar fusion surgery
ENROLLMENT who were asked to participate (n=261)
Declined participation (n=143)
* Long travel distance (=62)
e Other reasons (n=81)

BASELINE ASSESSMENT (N=118)

RANDOMISATION (N=118)

J \?

Allocated to active intervention (n=59) ALLOCATION Allocated to conventional care (n=59)
Received allocated intervention (n=51)
Did not receive allocated intervention (n=8)
* Were not reached (n=8)

l

Lost to follow-up (n=8) FOLLOW-UP1(1WEEK PREOP) Lost to follow-up (n=6)
® Could not be reached (n=3) * Could not be reached (n=4)
¢ Cancelled surgery (n=5) ¢ Cancelled surgery (n=2)
Lost to follow-up (n=9) FOLLOW-UP 2 (3 WEEKS POSTOP) Lost to follow-up (n=9)
® Could not be reached (n=4) ® Could not be reached (n=6)
e Cancelled surgery (n=5) e Cancelled surgery (n=2)

* Withdrew (n=1)

| !

Lost to follow-up (n=10) FOLLOW-UP 3 (8 WEEKS POSTOP) Lost to follow-up (n=6)
¢ Could not be reached (n=5) * Could not be reached (n=3)
e Cancelled surgery (n=5) ¢ Cancelled surgery (n=2)

* Withdrew (n=1)

| !

Lost to follow-up (n=9) FOLLOW -UP 4 (3 MONTHS POSTOP) Lost to follow-up (n=5)
e Could not be reached (n=4) * Could not reached (n=2)
e Cancelled surgery (n=5) * Cancelled surgery (n=2)

* Withdrew (n=1)

| !

Lost to follow-up (n=9) FOLLOW-UP 5 (6 MONTHS POSTOP) Lost to follow-up (n=8)
® Could not be reached (n=4) ® Could not be reached (n=5)
¢ Cancelled surgery (n=5) ¢ Cancelled surgery (n=2)

* Withdrew (n=1)

| !

All data not lost to follow-up at each time point ANALYSIS All data not lost to follow-up at each time point
were included in intention-to-treat analysis were included in intention-to-treat analysis
(linear mixed model) (linear mixed model)

FIGURE 10. Flow chart of the patients included, according to the format of the
CONSORT statement, Study IV.
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Power calculation, Studies III and IV

The sample sizes for Studies Il and IV were calculated using a power analysis (80%
power, alpha = 0.05) with disability as the primary outcome, measured with ODL.
We determined that we would require a sample size of 55 participants in each
group in order to be able to show a statistically significant between-group differen-
ce of at least eight points in the ODI, with a standard deviation of 15 points, based
on earlier studies (Higg et al., 2002; Peacock et al., 2011). The difference of eight
points on the ODI was established in earlier reports of a minimal clinically impor-
tant difference in the range of 5.2 to 16.3 on ODI in a similar population (Higg,
2002; Higg et al., 2002).

3.5 OUTCOME MEASURES

All outcome measures in this thesis were based on the cognitive behavioural
fear-avoidance model described above. Different types of outcome measures were
used such as patient-reported outcome measures (PROMs), physical capacity tasks,
and objectively measured physical activity. These outcome measures were included
for the purpose of obtaining a comprehensive picture of the patient’s level of func-

tioning before and after the study.
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TABLE 4: Overview of the outcome measures in Studies |, lll and IV

Outcome measures Study I, SSRD Crosstslfe)::'lclilc;nal Study IV, RCT
Patient-reported outcome measures
Oswestry Disability Index (ODI) X X X
Pain intensity back (VAS) X X X
Pain intensity leg (VAS) X X X
Pain Catastrophising Scale (PCS) X X X
Fear of movement (TSK) X X X
Self-Efficacy for Exercise Scale (SEE) X X
Anxiety (HADS) X X
Depressed Mood (HADS) X X
Health Related Quality of Life (EQ-5D index) X X
Health Related Quality of Life (EQ-5D VAS) X
Patient-specific functioning (PSFS) X X
Physical activity measures (accelerometer)
Steps per day X X
Counts per minute X
Time spent in MVPA (total accumulated) X X
Time spent in MVPA (10-minutes bouts) X
Time spent in light physical activity per day X
Time spent sedentary X
Physical capacity measures
5-minute walking X
50-foot fast walk X
Timed Up-and-Go X
1-minute stair-climbing X
One-Leg stand Test, eyes open X
One-Leg stand Test, eyes closed X
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Demographic data
Demographic data were collected by using the baseline questionnaire of Swespine,
(www.4s.nu), including age, gender, self-reported weight and height (body mass
index (BMI) in kg/m2), smoking status (yes/no), level of education, sick-leave sta-
tus, previous spine surgery, duration of pain (back and leg), intensity of pain (back
and leg), and comorbidity. Type of surgical procedure of the spine and number of

fusion levels was obtained from the participant’s medical file (see Table 2 and 3).

3.5.1 Primary outcome
Disability

The Oswestry Disability Index 2.0 (ODI) was used to measure disability. The ODI
is a back pain-specific outcome measure of disability and is recommended for as-
sessment of chronic LBP (Deyo et al., 1998; Fairbank et al., 2000). It is a widely used
measure for people with severe LBP and disability (Fairbank et al., 2000; Grotle et
al., 2005). ODI version 2.0 covers 10 items (intensity of pain, personal care, lifting,
walking, sitting, standing, sleeping, sex life, social life, and travelling). Each item is
measured on a scale from O to 5, were 5 indicates the most severe disability. The
score is summed and multiplied by two to generate a total score from O (repre-
senting no disability) to 100 (maximum disability). Values on the ODI of 21-40
points represent moderate disability; 41-60 points mean severe disability; 61-80
points mean incapacitating disability; and 81-100 points mean being restricted to
bed (Fairbank et al., 1980; Fairbank et al., 2000).

The minimal important change (MIC) ranged from 5.2 to 16.3 points, and the MIC
value of 8 points was used in this thesis (Higg, 2002; Higg et al., 2002; Strémqvist
et al., 2009). The English version of the ODI has been shown to have high internal
consistency (Fairbank et al., 2000), high test-retest reliability (Davidson et al., 2002)
adequate content validity, and adequate responsiveness (Smeets et al., 2011) for

patients with chronic LBP.

3.5.2 Secondary outcomes
Pain
The level of intensity of back and leg pain over the previous week was measured
using a 100-mm horizontal VAS with the endpoints no pain (0 mm) and worst pain
(100 mm) (Price et al., 1983). An intensity score of 0 to 4 mm indicates no pain;

5 to 44 mm indicates mild pain; 45 to 74 mm moderate pain; and 75 to 100 mm
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severe pain (Jensen et al., 2003). The MIC value for intensity of back pain has been
reported to be 15 mm and that for leg pain intensity 17 mm (Asher et al., 2018)
in patients undergoing lumbar fusion surgery. There is adequate support for the

validity and reliability of the VAS in patients with chronic pain (Carlsson, 1983).

Pain catastrophising

The Pain Catastrophising Scale (PCS) was used to measure the degree of pain ca-
tastrophising. The PCS has 13 items and the total score ranges from 0 to 52, with
0 points indicating no pain catastrophising (Sullivan et al., 1995). A cutoff score of
20 points indicates a moderate level of pain catastrophising (Sullivan et al., 2006).
The MIC value for pain catastrophising with a reduction of 38% points has been
reported (Scott et al., 2014). The PCS has shown adequate internal consistency and
high construct validity in a Swedish population sample (Kemani et al., 2018).

Kinesiophobia
Fear of movement was measured using the Tampa Scale for Kinesiophobia (TSK).
The TSK has 17 items. The total score ranges from 17 to 68, with higher scores
indicating a higher degree of kinesiophobia. A cutoff score of > 37 points has been
defined as indicating kinesiophobia (Lundberg, 2006). The MIC value for kinesiop-
hobia has been reported to be 6 points in patients undergoing lumbar fusion surge-
ry (Monticone et al., 2017). The TSK scale has been found to have high test-retest
reliability and internal consistency, and adequate support for face validity, content

validity and construct validity in patients with LBP (Lundberg et al., 2004).

The Self-Efficacy for Exercise Scale
Self-efficacy related to exercise was measured using the Self-Efficacy for Exercise
Scale (SEES) (Resnick et al., 2000). The SEES consists of nine items that measure
how confident the person is in exercising three times per week (20 minutes each
session) under certain conditions—for example, “whether you had to exercise alone”
or “whether you were busy with other things”. The total score ranges from 0 to
90 points, with higher scores indicating a higher degree of self-efficacy for exerci-
se. The SEES has shown substantial test-retest reliability, and satisfactory internal

consistency and content validity with older adults (Rydwik et al., 2014).
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Anxiety and depression

Anxiety and depression were assessed using the Hospital Anxiety and Depression
Scale (HADS) (Zigmond et al., 1983). The HADS contains 14 items altogether: se-
ven items measure anxiety and seven items measure depressed mood. The total
score for each subscale ranges from 0 to 21, with a higher score indicating a greater
level of anxiety or depressed mood. Values of 0 points to 7 points indicate no anx-
iety or no depressed mood; 8 to 10 points indicate mild anxiety or mild depressed
mood: 11 to 14 points indicate moderate anxiety or moderate depressed mood; and
12 to 21 points indicate severe anxiety or severe depressed mood (Snaith, 2003). A
MIC value of —1.5 points has been reported for both anxiety and depressed mood
in a similar population (Lindback et al., 2017). HADS has shown moderate inter-
nal consistency and high construct validity in a Swedish general population sample
(Lisspers et al., 1997).

Health-Related Quality of Life

Health-Related Quality of Life was assessed using the European Quality of Life 5
Dimensions questionnaire (EQ-5D) ("EuroQol," 1990). The EQ-5D has two parts
that measure health-related quality of life ("EuroQol," 1990). The first part includes
a classification of the health status, with five items relating to mobility, self-care,
usual activities, pain or discomfort, and anxiety or depression. The response al-
ternatives range from 1 (= no problems) through 2 (= moderate problems) to 3
(=severe problems). The response alternative was calculated to form a health state
index for each participant. Each health state has a preference value that ranges from
-0.59 to 1.0, where 1.0 means optimal health. The MIC value has been reported to
be 0.17 in a similar population (Johnsen et al., 2013).

The second part of the EQ-5D is a vertical Visual Analogue Scale (EQ-5D VAS)
that measures the participant’s general health on a particular day, with the response
alternatives ranging from O points (= the worst possible health state) to 100 points
(= the best possible health state). The EQ-5D VAS is not used when calculating the
health state index. A MIC value of 4.4 points has been reported in a similar popu-
lation (Asher et al.,, 2018). The English version of the EQ-5D questionnaire has
acceptable test-retest reliability and recent findings support its construct validity

for patients with chronic musculoskeletal pain (Conner-Spady et al., 2015).
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Patient-specific functioning

Patient-specific functioning was assessed using the Patient-Specific Functional
Scale (PSFS). The participant lists three important activities that are difficult to
perform due to his/her LBP condition. He/she rates how difficult it is to perform
the activity on a scale from 0 to 10 points. Zero points indicate that the participant
cannot perform the activity at all. The three separate scores are averaged to genera-
te a total score. A MIC value of 2.0 points has been reported in a similar population
(Maughan et al., 2010). The English version of the PSFS is responsive to clinically
important changes over time (Maughan et al., 2010) and shows good test-retest
reliability and strong criterion validity (Stratford, 1995) for patients with chronic
LBP.

3.5.3 Physical activity measures

Physical activity was measured objectively using a digital triaxial accelerometer
(ActiGraph GT3X+; ActiGraph, Pensacola, FL). The variables of physical activity
used in this thesis were steps per day, time spent with at least moderate-intensity
physical activity (total accumulated or in 10-minute bouts), time spent with light

physical activity, time spent sedentary, and mean counts per minute.

The device measures acceleration in three planes and the raw output is called
“counts”. The raw data from the accelerometer were checked for wear time using
Actilife v6.13.0 software. Wear time was calculated by subtracting non-wear time
from 24 hours. Non-wear time was set to an interval of at least 60 consecutive
minutes of zero activity counts, with allowance for one to two minutes of counts
between 0 and 100 (Troiano et al., 2008).

A dataset for a particular participant was valid if the participant had worn the ac-
celerometer for at least 10 hours per day for a minimum of four days (Choi et al.,
2011; Trost et al., 2005). To classify physical activity into different intensities and
time spent sedentary, the number of “counts” per minute was used. Data were ana-
lysed on a minute-by-minute basis in the software. The threshold for the different
intensity variables recommended by Troiano et al. was set to counts per minute on
the vertical axis for sedentary (0 to 99 counts per minute); light (100 to 2,019 counts
per minute); moderate (2,020 to 5,998 counts per minute); and vigorous (5,999 to

oo counts per minute) (Troiano et al., 2008).
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The intensity variable “at least moderate-intensity physical activity” included the
two variables “moderate intensity” and “vigorous intensity”. The variable “at least
moderate-intensity physical activity” was calculated both in total time accumulated
per week (every minute over the threshold was counted) and as minutes per week
accumulated, in at least in 10-minute bouts (periods). The intensity variable in “at
least moderate-intensity physical activity” in 10-minute bouts was calculated and
defined as a 10-minute period with an allowance of an interruption of no more
than two minutes under the threshold of 2,020 counts (Troiano et al., 2008).

The variable “steps per day” was derived from the output data using the same
software the (Actilife v6.13.0). Steps per day is an easy variable to understand in
terms of total physical activity, and a cutoff point of 27,500 has been reported to be
comparable to the WHO recommendations for health (Tudor-Locke et al., 2004).

The device was attached to the participant’s dominant hip with an elastic band,
and he/she was instructed to wear the accelerometer during waking hours for 7
days. It was removed at bedtime, and during contact with water. The GT3X+ ac-
celerometer has shown high construct validity when measuring intensity levels of
physical activity (Kelly et al., 2013) and excellent criterion validity when measuring
the number of steps in healthy people (Gatti et al., 2015).

FIGURE 11. Accelerometer used in Studies |, Ill and IV.
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3.5.4 Physical capacity

Five different tests were used to measure physical capacity:

. Five-minute walk (the distance the participant could walk was measured)
(Simmonds et al., 1998; Smeets et al., 2006). A MIC value of 21.4 metres has
been reported for people with LBP (Andersson et al., 2010).

. Fifty-foot fast walking (the time in seconds that it takes to walk 50 feet) (Sim-
monds et al., 1998; Smeets et al., 2006). A MIC value of -0.7 seconds has been
reported for people with LBP (Andersson et al., 2010).

. Timed up-and-go (the time in seconds that it takes to rise from a chair, walk
three metres, turn around and walk back to the chair, and sit down) (Sim-
monds et al., 1998; Smeets et al., 2006). A MIC value of —3.4 seconds has been
reported for people undergoing lumbar spinal surgery (Gautschi et al., 2017).

. One-minute stair climbing (the number of steps the participants can walk in
one minute) (Simmonds et al., 1998; Smeets et al., 2006). A MIC value of 14.5
steps has been reported for people with LBP (Andersson et al., 2010).

. One-Leg Stand Test (the time
in seconds that a participant
can stand on one leg with eyes
open or eyes closed) (Maribo
et al., 2009).

The construct validity of these tests
has been shown, and they have ade-
quate test-retest reliability for pa-
tients with chronic LBP (Maribo
et al., 2009; Simmonds et al., 1998;
Smeets et al., 2006).

FIGURE 12. One-minute stair
climbing.
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3.6 THE ACTIVE INTERVENTION

The active intervention involved four individual sessions before surgery, and one
booster session 2 weeks after surgery. The active intervention started 8—12 weeks
before surgery. Every session lasted one hour, and the post-surgery booster ses-
sion that was held over the phone was about 30 minutes long. One physiotherapist

performed all sessions for all participants who took part in the active intervention.

The main aim of the active intervention was to encourage the participant to stay
active regardless of the severe LBP that he/she was seeking help for.

Several cognitive behavioural techniques were used to target fear-avoidance beliefs
and self-efficacy, and they included goal setting for physical activity before and af-
ter surgery, pain education, a behavioural experiment, and homework after each

session.

Session 1 — Person-centred analysis of functioning

Cognitive interview with a Socratic approach
A cognitive interview with a Socratic question technique was used, which means
that the physiotherapist used open-ended questions with the aim of helping the
participant to start reflecting about his/her thoughts, feelings, body sensations, and
behaviours in relation to pain and functioning (Kéver, 2006). The focus of this

discussion was about functioning rather than pain.

Modified PHODA - analysis of activity behaviour
To investigate the individual's activity behaviour, a modified series of PHODA with
27 photographs of daily activities was used (Leeuw et al., 2007b).

The physiotherapist discussed the activity hierarchy with the participant and the
underlying motives, cognitions, and feelings related to different activities. The ac-
tivity hierarchy helped the participant and the physiotherapist to understand the
impact that LBP had in daily life. In addition to PHODA, photographs of leisure-ba-
sed activities were added in order to gain an overview of how that participant could
handle more strenuous activities and the extent to which the participant engaged in
any leisure-based activities. A functional activity goal that the participant wanted
to reach after the operation was decided upon. Such a goal could be starting with

cross-country skiing again, riding a horse, or being able to drive a car to France.
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FIGURE 13. Photographs of daily activities FIGURE 14. Functional activity
(PHODA). goal.

Homework 1

The aim of the homework was to help the participant learn to be aware of cogni-
tions, feelings, behaviour, and body sensations related to a physical activity, and to

increase or maintain his/her physical activity level.

The participant made a list of physical activities that he/she would still like to do
but had stopped performing, or had performed less often or less intensely due to the
LBP. The participant selected one of these physical activities and monitored his/
her cognitions, feelings, behaviours, and body sensations related to that physical

activity—as homework until session 2.

Identification of psychological risk factors

To identify psychological risk factors for low functioning, the participant completed
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the Pain Catastrophising Scale (Sullivan et al., 1995), the Tampa Scale for Kinesiop-
hobia (Lundberg et al., 2004), and the Self-Efficacy for Exercise Scale (Resnick et al.,
2000) before session 2.

Session 2 - Educational session

Follow-up of homework 1
The physiotherapist discussed the physical activity that the participant had done as
homework and concentrated on cognitions, feelings, behaviours, and body sensa-

tions that might have occurred before and after the activity.

Pain education
An educational session about acute and chronic pain was held (Moseley, 2003; Mo-
seley et al., 2004). The underlying theoretical model for the pain education was the
fear-avoidance model, which served as a basis for explaining the rationale for being
active despite the LBP (Vlaeyen et al., 1995; Woby et al., 2007). The pain education
session was in the form of a discussion between the physiotherapist and the par-
ticipant. The participant’s thoughts, beliefs, and knowledge- and also what he/she
wanted to know about staying active despite the LBP-were discussed in detail. The
participant’s answers to the questionnaires completed after session 1 and informa-
tion from the homework assignment were used as a basis in this session. After this,

a health plan was formed together.

Goal setting — short-term goal before surgery
A person-centred short-term physical activity goal that he/she wanted to reach
before surgery was decided upon. This short-term goal was specific, measurable,
achievable, realistic, and time-targeted (a SMART goal) (Bovend'Eerdt et al., 2009).
For example, a short-term goal could be to “go for a walk in the nearby forest for 30
minutes every day”. The participant was encouraged to work towards that goal in

gradual steps to enhance self-efficacy related to that physical activity.

Homework 2
The aim of the homework assignment was threefold: to learn to be aware of cogni-
tions, feelings, behaviours, and body sensations related to a physical activity; to in-
crease the physical activity level; and to help the participant to reach his/her short-

term goal before surgery.
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The participant chose this physical activity from the list of physical activities that

was established during session 1.

Session 3 - Cognitive behavioural experiment

Follow-up of homework 2 and short-term goal before surgery
The physiotherapist and the participant discussed the progress towards the short-
term goal, as well as cognitions, feelings, body sensations, and behaviours related to

the physical activity that had been performed as homework.

Cognitive behavioural experiment
A behavioural experiment was performed, which had a twofold aim: to enhance
inhibitory learning by testing and violating negative expectations that the partici-
pant might have regarding a physical activity, and to explore avoidance behaviour.
For the behavioural experiment, the participant selected one physical activity from
the list of physical activities established during session 1. The activity had to be an
activity that the participant had stopped performing due to his/her back problem.
Before the behavioural experiment, the participant was asked about what cogni-
tions he/she had about the activity and what he/she expected would happen when
performing that physical activity. After the physical activity was performed, the
validity of the participant’s thoughts and the participant’s level of self-efficacy was

discussed in terms of both short- and long-term consequences.

Homework 3

The aim of the homework assignment was threefold: to learn to be aware of cog-
nitions, feelings, behaviours, and body sensations related to physical activity; to
increase the level of physical activity; and to help the participant to reach his/her

short-term goal before surgery.

The homework was either the same physical activity selected during session 2 or a

new physical activity from the list of physical activities established during session 1.

Session 4 - Goal setting after surgery
Follow-up of homework 3 and short-term goal before surgery
The physiotherapist and the participant discussed the progress in achieving his/her
short-term goal and the cognitions, feelings, and behaviours related to the physical

activity that had been performed as homework.
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Goal setting — 4 and 8 weeks after surgery
The participant chose two functioning-related goals to be reached at 4 and 8 weeks
after surgery, which should involve a physical activity that was important to him/
her. These goals were set as SMART goals (Bovend'Eerdt et al., 2009).

Enhancement of self-efficacy related to the short-term goal before surgery
The participant was encouraged to continue working towards his/her short-term
goal and was advised to take gradual steps towards enhancing his/her self-efficacy
related to that goal. If the participant had already reached the short-term goal, the
goal was modified by increasing the intensity, duration, or frequency of the physi-
cal activity, or by choosing another physical activity that he/she considered to be

important.

Session 5 - Booster session after surgery
Cognitive interview with a Socratic approach
The aim of the booster session was to capture the participant’s cognitions and fe-
elings regarding physical activities — particularly activities of daily living. The phy-
siotherapist identified tendencies towards fear-avoidance beliefs and encouraged

the participant to keep active.

Follow-up of goals 4 and 8 weeks after surgery
The participant’s goals were discussed and were adjusted with regard to duration,

intensity, or frequency in accordance with his/her current medical status.

Enhancement of self-efficacy related to goals 4 and 8 weeks after surgery
The participant was encouraged to continue with his/her progress towards the go-
als and was advised to take gradual steps towards enhancing his/her self-efficacy

related to that physical activity.

3.7 CONVENTIONAL CARE INTERVENTION

Conventional care included one single session with a physiotherapist. In this ses-
sion, the patient received information about the details of the postoperative mobili-
zation routine, and was introduced to a core exercise programme, to be initiated on
the day after surgery. Furthermore, the patient was encouraged to keep active and

to start performing the recommended exercises before surgery.
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3.8 STATISTICAL ANALYSIS

TABLE 5. Statistical methods used in Studies Il and IV

Methods Study Il Study IV
Descriptive statistics

Frequency (n), proportion (%) X X
Mean, standard deviation (SD) X X
Regression models

Univariate regression analyses X

Multiple linear regression model X

Linear mixed model X
Physical activity measures

Steps per day X X
Physical activity intensity (accumulated per week) X X
Physical activity intensity (10-minutes bouts) X

Effect size

Hedge's g X

Study I

Demographic variables collected at baseline are presented separately for each of the
11 participants (Table 2). The daily dependent outcome measures, four items of
TSK, four items of PCS, three activities using PSFS, and physical activity (variable
“mean counts per minute”) were analysed visually, describing the daily changes in
level, trend, and variability (Lundervold et al., 2000). To evaluate the effect of the
pilot intervention, the daily changes in phase B1 and B2 were compared to those in

phase A for each participant separately.
The dependent outcomes measured before the study started and at follow-up (TSK,

PCS, VAS back/leg, ODI) were evaluated and analysed. The score for each outcome

measure was calculated for the 11 participants, and the change from baseline to
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point C of each score is presented in Table 6. The numerical score for each parti-
cipant was analysed in relation to the cutoff points described under outcome me-

asures.

Study I11

In Study III statistical analysis was performed using the statistical software SPSS
version 24 (IBM Corporation, Armonk, NY). Descriptive statistics were used for
demographic data and all variables are presented as frequencies (proportions) or
means with standard deviation (SD). The numbers of internal missing data are
shown in the tables separately. Statistical significance was assumed at any p-value
of £0.05, and- where appropriate —95% confidence intervals (Cls) are given (Table
3) (Study IIT).

The physical activity data from the accelerometer were calculated using Actilife
v6.13.0 software. T'wo variables were calculated: “steps per day” and “at least mode-
rate-intensity physical activity”. The intensity variable “at least moderate-intensity
physical activity in 10-minute bouts” was used to calculate the proportions of pa-
tients who reached the physical activity recommendations for health, as put for-
ward by the WHO (WHO, 2009). The variable “steps per day” was divided into
three subgroups: = 7,500 steps per day (physically active lifestyle), 5,000-7,499 steps
per day (low active lifestyle), and < 5,000 steps per day (sedentary lifestyle) (Tud-
or-Locke et al., 2011, 2013). The proportions of patients who reached each level

were calculated.

In Study III, two different multiple linear regression models were used to investi-
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The second step in the analysis included a backward multiple regression analysis
where the remaining independent variables were excluded if they were associated
with the dependent variable with a p-value of > 0.15. The independent variables
were only excluded if the beta coefficient of the remaining independent variables in

the model did not change more than 15%.

The third step in the analysis was performed by adding the independent variables
that were excluded in the initial univariate regression analysis one by one and the
variable was only kept in the multiple regression model if it had a p-value of < 0.15
(Bursac et al., 2008). The confounders (age, gender, or BMI), if they remained in
the final model, were not interpreted in the results since they were only added to
adjust the model. The variables in the final model were controlled for multicolli-
nearity, and the standardised residuals from the model were checked for normality

and heteroscedasticity.

The standardised residuals in the multiple linear regression analysis of the vari-
able “steps per day” and the intensity variable at least moderate physical activity
in 10-minute bouts” were not normally

distributed, and the variables were the-

refore transformed into their natural lo- Catastrophising
garithms. After the transformation, the e
standardised residuals of the intensity Kincsislicsi
variable “at least moderate physical ac- (1K)
tivity in 10-minute bouts” were still not " Selfeffcacyto
normally distributed and the variable e()(seErE;e

Model 1: Steps per

gate the association between the fear-avoidance factors and the physical activity was therefore not investigated further.

Depression da
variables. The variable “steps per day” and the intensity variable “at least moderate (HADS) y o
Model 2: Time in at
physical activity in 10-minute-bouts” were used as dependent variables. To choose ) least moderate-
Disability (ODI) intensity physical

the independent variables for the final multiple regression model, a purposeful se- activity per week

lection method was used (Bursac et al., 2008). (10-minute bouts)

FIGURE 15. Overview of the variables in
The first step included univariate regression analyses and independent variables the regression models. PCS, pain cata-
were excluded if they were associated with the dependent variable with a p-value strophising Scale; TSK, Tampa Scale for
Kinesiophobia; SEES, Self-Efficacy for Ex-
ercise Scale; HADS, Hospital Anxiety and
Depression Scale; ODI, Oswestry Disability
Index; VAS, Visual Analogue Scale.

> 0.25. Independent variables were excluded irrespective of whether they were

fear-avoidance factors or potential confounders (age, gender, BMI).

i
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Study IV
Data analysis was performed with SAS 9.4 (SAS Institute, Cary, NC) and SPSS

version 22. All outcome measure values were interpreted in relation to reference
values and to the minimal important change (MIC) (Vet et al., 2011). If a MIC value
was not available for the same study population, we used a value that was as close

as possible.

Statistical analysis used to respond to the first hypotheses

We used an “intention-to-treat” (ITT) approach to compare the effects of the dif-
ferent treatment conditions on the primary (ODI) and secondary outcomes from
baseline to the 6-month follow-up. For subjects who were lost to follow-up, all
the available data were used. A linear mixed model with a heterogeneous Toeplitz
covariance matrix was used to evaluate the effect of the different interventions for
the various time points. This takes the correlated nature of repeated measures for
the same participant into account while allowing for missing observations. Each
outcome had a separate model that included the change scores as the dependent
variable. These were calculated by subtracting the baseline value for each outcome
from its follow-up values. Fixed factors were set to, time, treatment group, and
the baseline value of each dependent variable, and treatment centre was set as a
random factor. To detect differences in treatment effect between time points, an
interaction term for group and time was included as fixed factors. Confounding
factors (depressive symptoms, gender, and steps per day) was set a priori on the
basis of available evidence, and the baseline values of these factors were added to
the model as fixed factors (Adogwa et al., 2013; LaCaille et al., 2005; Mannion et al.,
2006; Pearson et al., 2013).

Statistical analysis used to respond to the second hypotheses
Hedge’s g for between-group effect sizes of the primary and secondary outcomes at
each time point was computed using standard errors from the mixed-model out-
put to derive pooled and weighted standard deviations (Hedges, 2007). Effect sizes
(ESs) were categorized as small (d = 0.20 to d < 0.50), medium (d > 0.50 to d < 0.80),
and large (d 20.80) (Cohen, 1992) and are presented with 95% confidence intervals
(Hedges et al., 1985). ESs at each time point (1 week before surgery and 3 weeks, 8

weeks, and 3 months after surgery) were compared with that at 6 months.
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Per-protocol analysis
All participants included in the per-protocol analysis had to have undergone lum-
bar fusion surgery. Furthermore, participants in the active intervention needed
to have received it in at least four out of five sessions. In the sensitivity analysis,

per-protocol data and ITT data were compared.
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4. SUMMARY OF RESULTS

Study I
Study I was a feasibility study with the aim of describing the process of developing
a physiotherapeutic prehabilitation programme based on a cognitive behavioural

approach, using a Single-Subject Research Design (SSRD).

Results regarding daily changes in the dependent variables measured on
a daily basis after the pilot or the conventional care intervention
Throughout the pilot intervention (B1), a decrease was seen in kinesiophobia
(two participants) and pain catastrophising (three participants) out of six partici-
pants compared to in phase A. An example of such decrease is shown in Figure 16.
Throughout the conventional care intervention (B2), none of the participants had
any change in kinesiophobia and one participant had a lower level in pain cata-

strophising out of five participants compared to in phase A.

4+—1 &

I
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Baseline/pilot intervention

FIGURE 16. Participant P6, daily measures of mean pain catastrophising (PCS), during
Phases A and B1 (pilot intervention).

Throughout the pilot intervention (B1), one participant out of five improved in
all three important daily activities (PSFS), and one participant improved in two
activities compared to in phase A. Throughout the conventional care intervention

(B2), one participant out of five improved in two activities compared to in phase A.

77

Bl



PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

Throughout the pilot intervention (B1), three participants out of six became more
physically active compared to in phase A. Throughout the conventional care inter-
vention (B2), one participant out of four became more physically active compared
to in phase A. One participant’s physical activity level measured on a daily basis was

lost due to a computer problem.

The daily physical activity patterns showed a high degree of variation among the
participants included in the pilot study.

Results concerning whether a cognitive shift could be detected in the
dependent variable PCS measured on a daily basis after the pilot or

conventional care intervention

Throughout the pilot intervention (B1), a cognitive shift in pain catastrophising
could be seen in three participants out of six. The change that occurred was de-
tected after the first two sessions. Throughout the conventional care intervention

(B2), a cognitive shift could be seen in one out of five participants.

The daily dependent outcome measures showed some changes in those participants

who received the pilot intervention first, but the changes were small.

Results regarding whether a change occurred in the dependent outcome
measures after the SSRD study

Six of the 11 participants reported a lower score on TSK and two participants
reached a minimal important change (MIC = -6 points reduction). Five of 11 parti-
cipants had a lower score on PCS and three participants reached a minimal impor-
tant change (MIC = 38% reduction). Two participants had a lower score in intensity
of back pain (VAS) and two participants had a lower leg pain intensity (VAS). One
participants reached a minimal important change in intensity of back pain (MIC =
-15 mm reduction). Eight participants had a lower score on the ODI and three par-
ticipants reached a minimal important change (MIC = -8 points reduction) (Table
6). The dependent outcome measures were suitable for detection of changes after

the SSRD study, but the changes were small.
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TABLE 6. Descriptive scores for the variables fear of movement, pain catastrophising, pain intensity and disa-
bility at baseline and after completion of the pilot study. Change scores are shown within parantheses.

Patient Kinesiophobia Pain Catastrophising Pain Intensity Pain Intensity Disability
(TSK) (PCS) - back pain (VAS) - leg pain (VAS) (ODI)
Baseline —End  Baseline — End Baseline — End Baseline — End Baseline —
(Change) (Change) (Change) (Change) End (Change)

1 55-51 (-4) 32-20 (-12) 60-60 (0) 35-35(0) 34-34 (0)

2 50-40 (-10) 40-35 (-5) 72-87 (+15) 0-0 44-42 (-2)

3 31-33 (+2) 5-10 (+5) 68-80 (+12) 58-67 (+9) 68-58 (-10)

4 34-30 (-4) 23-25 (+2) 68-68 (0) 65-62 (-3) 50-50 (0)

5 36-32 (-4) 28-28 (0) 78-72 (-6) 46-67 (+21) 46-40 (-6)

6 33-36 (+3) 10-9 (-1) 40-43 (+3) 2-4 (+2) 44-30 (-14)

7 42-45 (+3) 37-49 (+12) 80-86 (+6) 50-72 (+22) 36-44 (+8)

8 31-28 (-3) 14-9 (-5) 61-44 (-17) 31-45 (+14) 44-36 (-8)

9 32-35 (+3) 24-24 (0) 41-61 (+20) 2-0(-2) 38-34(-4)

10 48-52 (+4) 7-20 (+13) 70- missing 0- missing 44- missing

11 40-27 (-13) 32-21 (-11) 60-75 (+15) 0-7 (+7) 30-28 (-2)

TSK=Tampa Scale for Kinesiophobia, range 17-68; PCS=Pain Catastrophising Scale, range 0-52; VAS=Visual
Analogue Scale, range 0-100 mm; ODI= Oswestry Disability Index, range 0-100.

Important lessons were learned from delivering the pilot intervention and based on

this, the research team decided to modify the theoretical framework and the pilot

intervention.

The treatment integrity and treatment differentiation aspects of the pilot interven-
tion were evaluated. A new treatment manual (Study Protocol 3) was written for

the active intervention, to be used in the RCT (Study IV).
Modification of theoretical framework: the two pathways of the cognitive fear-av-

oidance with self-efficacy as a mediating factor and physical activity were ad-

ded to the original fear-avoidance model; a person-centred approach to address
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fluctuations in kinesiophobia and pain catastrophising, and to support self-efficacy

was included as the overall philosophy of the intervention.

Changes made in the cognitive behavioural techniques: more intense physical activi-
ties were added to the PHODA photographs; specific SMART goals were added as ho-
mework after each session; session 3 was changed to a behavioural experiment instead
of an in vivo exposure experiment; a booster session was added to follow up SMART

goals and enhance self-efficacy in relation to these goals after surgery.

Finally, the content of session 4 was adjusted to include goal setting 4 and 8 weeks

after surgery.
These modifications were made to strengthen the feasibility of the pilot interven-

tion and to contextually adjust the active intervention to the context of spinal sur-

gery, see Table 7.
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TABLE 7. Changes made after the pilot intervention.

Study Protocol 2.0 (tested
in SSRD)

Identified threats to treat-
ment fidelity

Study Protocol 3.0
Contextual change

PHODA was used.

The phrasing of the question
was contextually adjusted

original PHODA did not cover
intense physical activities

Hard to establish a fear
hierarchy

Theoretical Cognitive behavioural fear-av- | Hard to establish a fear Using the two arms (avoidance —
framework oidance theory. hierarchy (not all fearful) — ex- | confrontation) of the Cognitive be-
posure in vivo not possible havioural fear-avoidance theory, with
self-efficacy as a mediating factor.
Patients had “normal”
physical activity level, but Person-centred approach to address
fluctuating physical activity fluctuations and support self-efficacy
pattern
Adding physical activity to the theo-
retical model
Assessment The original version of the The activities included in the | PHODA was adjusted to include more

intense physical activities

Treatment integrity
was the treatment
delivered as inten-
ded?

Detailed treatment manual
used

Same treatment “dose” (same
number, frequency and length
of contact)

Patients set up personal
goals which demands person
centred approach

Treatment manual adjusted

Detailed study protocol

Treatment diffe-
rentiation was the

Based on previous studies

and clinical experiences it

A change was detected in
PCS, but it was considered to

The behavioural change techniques
were strengthened by:

intervention

Pre-op information the same
as the one session in conven-

tional care intervention

Preoperative information
needed to be personalised

active intervention | was assumed that the pilot be weak a) Refining the SMART goal to be

strong enough to intervention should lead to specific

detect a change? a cognitive shift as reflected b) Using Cognitive behavioural expe-
in PCS, whereas such a shift riment instead of exposure in vivo
should not be detected in con- c) Using well-defined and specified
ventional care intervention home work after each session

d) Adding a Booster session
post-operatively
Content of the Session 4 Session 4 The content of Session 4 was

adjusted

¢ Follow-up of home work and
SMART goal

* Goal setting

¢ Enhance self-efficacy in relation to
SMART goal
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Study II, Study protocol

The theoretical framework and content of active intervention was described in de-

tail and published in the format of a study protocol (Study II). The active interven-

tion is presented in Figure 17 and the modified version of the cognitive fear-avoi-

dance model is presented in Figure 18.

SESSION1(1 HOUR)
Person-centred analysis
of functioning

Aim

To perform an analysis
to identify the patient’s
ability to stay active
despite pain

Techniques

¢ Cognitive interview

* Modified PHODA

* Homework

* Identifying psycholo-
gical risk factors

12 WEEKS BEFORE
SURGERY

SESSION 2 (1 HOUR)
Educational session

Aim

To increase the
patient’s knowledge
regarding pain and the
association between
activity-related beha-
viours and underlying
motives for these
behaviours, and to
form an individualized
health plan

Techniques

* Follow-up of home-
work

* Pain education

* Goal setting

* Homework

8 WEEKS BEFORE
SURGERY

SESSION 3 (1 HOUR)
Cognitive behavioural
experiment

Aim

To challenge the
patient’s cognitions
and feelings regarding
performing physical
activity despite pain
while conducting a
behavioural experiment

Techniques

* Follow-up of home-
work and goal

* Cognitive behavioural
experiment

* Homework

6 WEEKS BEFORE
SURGERY

SESSION 4 (1 HOUR)
Goal setting after
surgery

Aim

To enhance the per-
son’s self-efficacy rela-
ted to their short-time
goal and formulate two
goals of functioning
after surgery

Techniques

* Follow-up of home-
work and goal

® Goal setting

® Enhance self-efficacy

4 WEEKS BEFORE
SURGERY

FIGURE 17. Schematic overview of the active intervention.
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SESSION'5 (30 MIN - 1 HOUR)
Booster session

Aim

To detect fear-avoidance
beliefs and increase the
person'’s self-efficacy in
relation to his/her goal of
functioning after surgery

Techniques

¢ Cognitive interview
* Follow-up of goals

¢ Enhance self-efficacy

2WEEKS AFTER
SURGERY

PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

High disability Low disability
Depressed mood Reduced depressed mood
Low physical Injury High physical activity level

activity
/ level T

Avoidance Confrontation

7 T

Low functional Painful experiences High functional self-efficacy

self-efficacy

High pain-related fear
(catastrophising and
fear of movement)

Low pain-related fear
(catastrophising and
fear of movement)

FIGURE 18. Modified Cognitive behavioural fear-avoidance model with self-efficacy
(Vlaeyen 1995, Woby 2007).

Study 111, Cross-sectional study

Study III was a cross-sectional study with the aim of investigating the preoperative
level of objectively measured physical activity, and of exploring associations with

the level of physical activity in the fear-avoidance model.

Demographics
One hundred and sixteen patients participated. At baseline, the participants had a
moderate level of disability, a moderate level of back pain, kinesiophobia (TSK),
moderate pain catastrophising thoughts (PCS), and reduced health-related quality
of life (EQ-5D index) (Table 8).
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Preoperative level of intensity of physical activity in relation
to WHO health recommendations
Only 20 participants (17%) fulfilled the WHO recommendations on physical ac-
tivity for health (= 150 minutes per week in 10-minute bouts). Consequently, 96
participants (83%) did not fulfil the recommendations, and out of those 32 patients
(28%) spent O minutes per week on "at least moderate-intensity physical activity"
(10-minute bouts) (Figure 19).

TABLE 8. Values for accelerometer data and fear-avoidance factors for all patients.

All Women Men
n=118 n=63 n =55
Accelerometer data’

Time spent in MVPA per week 81.7 (116.9) 87.4 (107.9) 75.1(127.1)

(10-minute bouts)

Time spent in MVPA per week 197.6 (141.3) 187.6 (134.1) 209.1(149.7)

(total accumulated)

Steps/day 7493.5 (2645.4) 7553.6 (2728.0) 7424.4 (2571.0)
Pain intensity — back (VAS) 61.1(19.4) 63.3(17.7) 58.7 (21.0)
Pain intensity - leg (VAS)? 35.4(29.7) 36.0 (28.8) 34.7 (30.9)
Disability (ODI) 37.8(12.4) 38.2(11.7) 35.3(13.0)
Pain catastrophising (PCS) 22.8 (8.1) 22.7 (8.1) 22.9 (8.2)
Fear of movement (TSK) 38.1(8.4) 35.9(7.7) 40.6 (8.6)
Self-efficacy for exercise (SEES) 61.2 (20.5) 62.6 (20.1) 59.5 (20.9)
Depression (HADS) 5.4 (3.6) 5.4 (2.9) 5.4 (4.3)
Anxiety (HADS) 6.6 (3.7) 6.5(3.7) 6.7 (3.7)
Health related quality of life (EQ5D index)? 0.49 (0.29) 0.51 (0.28) 0.47 (0.30)

"n=116,2n = 117. Values correspond to mean (SD). MVPA, physical activity of least moderate-intensity;
VAS, Visual Analogue Scale; ODI, Oswestry Disability Index; PCS, Pain Catastrophising Scale; TSK, Tampa
Scale for Kinesiophobia; SEES, Self-efficacy for Exercise Scale; HADS, Hospital Anxiety and Depression Scale;
EQ5D index, Health Related Quality of Life.
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60

Percentage
w
o

0 1-149 2150
Minutes per week in at least moderate-intensity physical
activity (10-minute bouts)

FIGURE 19. Histogram of “at least moderate-intensity physical activity”.

Preoperative level of total physical activity measured with

the variable "steps per day"

Nineteen patients (16%) were categorized as having a sedentary lifestyle, 44 pa-

tients (38%) had a low active lifestyle, and 53 patients (46%) had a physically active
lifestyle (Figure 20).

Percentage

45

40

30

20

15

Physically active

lifestyle
Low active
lifestyle
Sedentary
lifestyle
<5000 5000-7499 27500

Steps per day

FIGURE 20. Histogram of “steps per day”.
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Association between factors in the fear-avoidance model and

”

»

“«

steps per day” (dependent variable)

In the final multiple linear regression model, the dependent variable “step per day

(log-transformed) was found to be associated with both fear of movement (TSK)
10-point lower level of fear of movement (TSK) was associated with an 8.6% gre-
ater number of steps per day, and a 10-point lower level of disability (ODI) was

and disability (ODI). After the variable “steps per day” was back-transformed, a

Study IV, Randomised controlled trial
Study IV, was an RCT with the aim of investigating whether a person-centred

associated with an 8.6% greater number of steps per day.

physiotherapeutic prehabilitation programme based on a cognitive behavioural

approach would reduce disability and improve functioning after lumbar fusion sur-
gery in patients with degenerative disc diseases (DDDs) to a greater extent than

conventional care.

Out of the 59 participants included in the active intervention, 46 participants (78%)
attended four or more sessions. Eight participants declined participation in the in-
tervention for individual reasons such as: lack of time for the intervention; long tra-
velling distance; difficulty with transportation. The compliance with the interven-

xSIsjeue 1eau-01-uonualul Aq sjusiied ||e Ul a1ed [eUOIIUSAUOD
pue UOIUBAISIUI BAIIDE USSMISC seduslaylp dnoib-usemiaq 1oy sazis 10a)e s,96psH pue auljaseq wWo.l} sa1ods abueyd ‘se1ods INTTISVE ‘6 TTAV.L

care after surgery

tion was high, and no adverse events were reported during the active intervention.
Comparison between the active intervention and conventional

In the ITT analysis, no statistically significant difference in the primary outcome

“«

disability (ODI) was found between the active intervention group and the conven-
tional care group (see Table 9 “Group x Time”).
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Among the secondary outcome measures, a statistically significant difference
between groups in favour of the active intervention was only found in the EQ-5D

index in the ITT analysis (see Group x Time, Table 9).

Small effect sizes (ESs) could be seen at separate time points; the between-group
differences were not statistically significant and therefore the ESs must be treated
with caution. At six months after surgery, the largest ESs were seen in the variable
“at least moderate-intensity physical activity” (time spent in MVPA) (ES = 0.42,
95% CI: 0.00 to 0.83), one-leg stand test (ES = 0.36, 95% CI: -0.05 to 0.77) and “steps
per day” (ES = 0.25, 95% CI: -0.16 to 0.66).

Changes over time in each group separately

A statistically significant change from baseline to 6 months for each group separa-

tely was seen in the primary outcome (ODI) (see Table 9 “Time”).

From baseline to one week before surgery, changes were seen in health-related
quality of life index (ES = 0.57, 95% CI: 0.16 to 0.98), pain intensity back (ES = 0.21,
95% CI: -0.18 to 0.59), catastrophising (ES = 0.29, 95% CI: -0.11 to 0.69), fear of
movement (ES = 0.30, 95% CI: -0.10 to 0.70), depressed mood (ES = 0.25, 95% CI:
-0.14 to 0.65), and patient-specific functioning (ES = 0.23, 95% CI: -0.19 to 0.65)
in the active intervention group. The changes were small, and the between-group
difference was not statistically significant and should therefore be interpreted with

caution.

Both groups achieved early clinically relevant changes (MIC values) after surgery in
several secondary outcome measures (Table 9 Marked a). Furthermore, at 8 weeks
after surgery ODI had decreased by < 8 points (MIC = 8 points, ODI score) in both
groups and the ODI score continued to decrease. At 6-month follow-up after sur-
gery, the total ODI score of both groups was < 21.5 points. The active intervention
group reached the MIC value for PSFS (MIC = 2 points, PSFS) at three months and

the conventional care group reached it at six months (see Table 9).

When comparing the change score from baseline to six months in the variables “at
least moderate-intensity physical activity” and “steps per day”, the variables incre-
ased in the active intervention. In the conventional care intervention, the change

score from baseline to six months showed a deterioration, Figure 21.

90

PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

1

FIGURE 21. Graphs of
change score of the
intervention and the

s conventional care group

I of (A) minutes per day

in at least moderate-in-
tensity physical activity,
(B) steps per day, and
(C) minutes per day
spent sedentary.

Per-protocol analysis
Forty-six patients from the active intervention and 54 participants from the con-
ventional care intervention were included in the per-protocol analysis. No statisti-
cally significant difference between the groups using I'TT analysis and per-protocol

analysis was detected in the sensitivity analysis, for any outcome measure.
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5. DISCUSSION

In the work for the studies included in this thesis, we developed and evaluated one
of the first active prehabilition programmes for people with chronic severe LBP
due to degenerative disc disease who were scheduled for lumbar fusion surgery.
The studies discussed below contribute new knowledge about prehabilitation in the

context of lumbar fusion surgery.

5.1.1 Development of an active prehabilitation intervention

The development of the active intervention was performed as a process in several
steps, which finally resulted in evaluation of the active intervention in an RCT

study.

In our RCT study, no statistically significant difference in the primary outcome (ODI)
was found between groups, from baseline to six months after surgery (Study IV).
These findings are similar to the results of other prehabilitation studies in the context
of lumbar spinal surgery, which, similarly, have not shown any significant differences
between groups after surgery regarding the primary outcome disability (Lindback et
al., 2017; Louw et al., 2014; Nielsen et al., 2010; Rolving et al., 2015). There are several

possible reasons for the lack of statistical differences between groups.

It is important to understand non-statistically significant results, especially when
evaluating new interventions (Bellg et al., 2004; Moncher et al., 1991). In behavio-
ural change interventions, it is especially important to understand the treatment
fidelity. Treatment fidelity refers to the process of monitoring and improving the
reliability and internal validity of the intervention, and it covers several considera-
tions such as treatment integrity, treatment differentiation, treatment receipt, and

treatment enactment (Bellg et al., 2004).

A central point in treatment fidelity is that the intervention should rests on a sound
theoretical framework. The active intervention in this thesis was developed from
a theoretical framework, which we developed over a period of time. After the pilot
intervention, performed in Study I, we realized that some adjustments of the active
intervention were needed to suit this patient group. Furthermore, Woby et al. had
presented a revised fear-avoidance model including the mediational role of func-
tional self-efficacy (Woby et al., 2007). Moreover, a person-centred approach has

been shown in previous publication to have benefits for the patient’s self-efficacy
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(Ekman et al., 2012; Forts et al., 2016: Olsson et al., 2007). Based on this, we decided
to use the revised fear-avoidance model suggested by Woby et al. and to include
self-efficacy regarding exercise and physical activity in the theoretical model. Since
the start of our randomised controlled trial in 2014, a few other studies have been
performed to investigate a prehabilitation programme in the context of lumbar
spinal surgery using a theoretical basis for their intervention (Louw et al., 2014;
Rolving et al., 2015). Rolving et al. used a cognitive behavioural intervention with
a bio-psychosocial basis, incorporating the original fear-avoidance model (Vlaeyen
et al., 1995). Louw et al. performed a pain education intervention based on the
bio-psychosocial model and on new knowledge about neurophysiology, neurobio-
logy, and how pain is processed in the brain (Melzack, 2001; Moseley, 2003; Mo-
seley et al., 2015). Rolving et al. specified a priori that the aim of their intervention
was to target fear-avoidance beliefs using several behavioural and cognitive techni-
ques (Rolving et al., 2015). Compared to the study by Rolving et al., the theoretical
framework of our active intervention was contextually adjusted to be suitable in the

context of orthopaedic surgery, based on the findings in Study I.

Another aspect of treatment fidelity is treatment differentiation. With no statisti-
cally significant difference between the treatment arms, an understanding of treat-
ment differentiation is crucial for interpretation of an intervention’s effectiveness,
or lack of such (Bellg et al., 2004; Kazdin, 1986; Leeuw et al., 2008). This means
understanding how and if the two interventions that were delivered differed from
each other as intended (Bellg et al., 2004). In our study, we did not control how con-
ventional care was delivered since we wanted to keep this treatment arm as routine
preoperative conventional care. Since our study was an ongoing process over three
and a half years, conventional care might have changed over this time-since several
studies on prehabilitation were published in this time period and the topic was on
the agenda at conferences for physiotherapists during the years that our study was
performed. This may have influenced the conventional care to become gradual-
ly more active over the inclusion period. Moreover, a recent study showed that
Swedish spinal surgeons recommend a faster rehabilitation regime and more activi-
ties on the first day after lumbar fusion surgery than Dutch surgeons (van Erp et al.,
2017). To our knowledge, no other prehabilitation studies have specified how the
content of the conventional care intervention was controlled for (Lindback et al.,
2017; Louw et al., 2014; Nielsen et al., 2010; Rolving et al., 2015) in a standardised

way (e.g. using audio tape recording or a treatment protocol).
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Thus, it is not possible to know whether our treatment or other prehabilitation
treatments differed from each other as expected. Future studies with the aim of
evaluating two different interventions should therefore preferably include treat-

ment differentiation in the protocol to reduce random variability.

Reliability of the intervention

Another consideration with treatment fidelity is to understand the aspects of relia-
bility of the intervention delivered. Such components include the number of ses-
sions delivered, the length of time of the sessions, and the number of professionals
included in the intervention. Our active intervention included four one-hour ses-
sions and one booster session over the phone two weeks after surgery, delivered
by one physiotherapist. Roving et al. included six three-hours sessions of cognitive
behavioural therapy group meetings, delivered by a multidisciplinary team (Rol-
ving et al., 2015). Louw et al. included one session of pain education, delivered
by a physiotherapist (Louw et al., 2014). Furthermore, Lindbick et al. included 18
sessions of pre-surgical physiotherapy, delivered by several local physiotherapists
(Lindback et al., 2017), and Nielsen et al. included two sessions of physical exercise
delivered by a physiotherapist (Nielsen et al., 2010). None of the aforementioned
studies, nor ours, had a statistically significant between-group difference in the pri-
mary outcome “disability” after surgery (Lindback et al., 2017; Louw et al., 2014;
Nielsen et al., 2010; Rolving et al., 2015). Thus, based on our study and the afore-
mentioned studies, it is difficult to evaluate how many sessions, the length of time
of each session, and the number of professionals that would be sufficient to include

in a prehabilitation intervention before lumbar spinal surgery.

Treatment integrity

In the work included in this thesis, we used several strategies to control that the
intervention was delivered according to the treatment manual. The physiotherapist
who delivered the active intervention in our RCT study (Study IV) was coached
by an experienced psychologist in cognitive behavioural therapy before the study
started (Study I). Together, the research team developed and prepared a treatment
manual to be used in the RCT (Study I). The physiotherapist in our study followed
the pre-defined treatment manual, which included the same number of sessions
and treatment times for each participant. In retrospect, we could have done more
to check whether the active intervention was delivered according to the treatment

manual by, for example, using a recording device or an observer. This has been
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reported by Boden et al., who delivered a prehabilitation intervention in another
setting with a positive outcome (Boden et al., 2018). Regarding other prehabili-
tation studies in the context of lumbar spinal surgery, three research groups has
reported how the professionals delivering the intervention was trained before the
study started (Lindback et al., 2017; Louw et al., 2014; Rolving et al., 2015). To our
knowledge, none of these studies has reported how the content of the intervention
was controlled for or if the intervention delivered was contextually adjusted to the
spinal surgery context (Lindback et al., 2017; Louw et al., 2014; Rolving et al., 2015).

In our RCT study, we used strict inclusion and exclusion criteria to keep the study
group—and the surgery performed—as homogenous as possible. The rationale for this
approach was that we wanted to evaluate our active intervention for one of the smal-
lest subgroups of the degenerative spinal disorders recorded in Swespine (www.4s.
nu) and learn from those results before implementation into a more heterogeneous

population.

At the start of the work described in this thesis, we knew little about a prehabili-
tation phase for patients undergoing lumbar fusion, and only one study had been
published on this topic (Nielsen et al., 2010).

5.1.2 Evaluation of the active intervention

The baseline measures in Studies III and IV showed that patients with chronic
LBP scheduled for lumbar fusion surgery had kinesiophobia, moderate pain ca-
tastrophising (< 20 points), and reduced self-efficacy for exercise. The importan-
ce of addressing psychological risk factors before lumbar spinal surgery has been
suggested elsewhere. To offer treatment before surgery for patients with a high
number of psychological risk factors could be helpful instead of excluding patients
from undergoing lumbar spine surgery (Abbott et al., 2010; Dorow et al., 2017;
Havakeshian et al., 2013). In our RCT we found that after the intervention, but 1
week before surgery, the group receiving the active intervention reported a lower
intensity of back pain; a decrease in pain catastrophising, in fear of movement, and
in depressed mood; and also higher patient-specific functioning and health-related
quality of life. The tendency to have a favourable change in these outcome measures
seen here may have been an effect of the active intervention. However, the changes
were small, and the between-group difference was not statistically significant, so

this should be interpreted with caution.
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Two other prehabilitation studies have evaluated the effect of their intervention
phase before surgery and at discharge from hospital immediately after surgery
(Lindback et al., 2017; Nielsen et al., 2010). Lindbick et al. reported statistically
significant differences between groups in several secondary outcome measures in
favour of the intervention group, before surgery (Lindback et al., 2017). Moreover,
Nielsen et al. showed that the group that received the physiotherapy intervention
achieved the pre-defined recovery milestones faster than the control group (Niel-
sen et al., 2010). The difference in the results seen here between our study and the
studies described above might depend on several aspects of treatment fidelity and

the choice of statistical methods used.

The only statistically significant difference between the groups in our study was
seen in health-related quality of life (EQ-5D index). The largest effect size was seen
in EQ-5D-index one week before surgery (ES = 0.57), in favour of the active in-
tervention group. Compared to other prehabilitation studies, no such early effect
has been reported (Lindback et al., 2017; Louw et al., 2014; Rolving et al., 2015).
After surgery, the group that received the active intervention reached the minimal
important change value (MIC = 0.17) in the EQ-5D index as early as 8 weeks, and
the conventional care group reached this MIC value at three months after surge-
ry. At the six-month follow-up, the group difference had levelled out. This early
change seen in the EQ-5D index will be interesting to follow and analyse over time,
since this result could serve as a basis for future studies to improve the outcome of

lumbar fusion surgery.

In our work, no statistically significant differences in ODI score between the groups
were seen at any follow-up point after surgery. The only prehabilitation study that
has found a statistically significant difference in disability score (ODI) in favour of
the intervention group 3 months after surgery was the study by Rolving et al. (Rol-
ving et al., 2015). For the secondary outcome measures in our study, no statistically
significant difference between the groups was seen, except for in EQ-5D index in
the ITT analysis, and nearly all outcome measures reached a stable plateau in both
groups already at 3 months after surgery. In accordance with our findings, no other
prehabilitation studies have found any significant differences between groups in
secondary outcome measures after surgery (Lindback et al., 2017; Louw et al., 2014;
Rolving et al., 2015). Furthermore, no such stable plateau in secondary outcomes at

this time point have been reported in other prehabilitation studies (Nielsen et al.,
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2010; Rolving et al., 2015). Nevertheless, Louw et al. found a statistically significant
between-group difference in healthcare saving in favour of the group that received

a pain education programme one year after surgery (Louw et al., 2014).

In our study, already 8 weeks after surgery ODI had decreased > 8 points (MIC=8,
ODI score reduction) (Strémgqvist et al., 2009) in both groups, and at 6 months after
surgery the ODI score was < 21.5 points, which was interpreted as showing almost
no disability (Fairbank et al., 2000). None of the prehabilitation studies including
mixed spinal surgical diagnoses have reported such an early decrease in both groups
regarding disability (Lindback et al., 2017; Louw et al., 2014; Rolving et al., 2015).
The change in score from baseline to six months in our study was statistically sig-
nificant for almost all secondary outcome measures in both groups separately (Ta-
ble 9 Study IV, time x effect). Furthermore, both groups had reached the minimal
important change in most of the secondary outcome measures by the 6-months
follow-up. This suggests that spinal fusion in conjunction with both the active in-
tervention and the conventional care intervention led to important improvements
for the patients. The result of surgery without preoperative care was not studied, so

no conclusions how much this influenced the outcome is unknown.

One interesting finding in our work was the difference in change scores at six
months in the variables “at least moderate-intensity physical activity” and “steps per
day” in favour of the active intervention group. The level of physical activity was
measured objectively with an accelerometer which is considered to be one of the
most valid ways to measure physical activity (Slootmaker et al., 2009) The change
scores showed an increase in both variables. The change scores of these variables
in the conventional care group showed a deterioration. No statistically significant
between-group differences were seen in either back pain intensity (VAS) or disabi-
lity level (ODI) at this time point. This might indicate that the active intervention
with personalised physical activity goals before and after surgery had an impact on
the physical activity level 6 months after surgery. This will be analysed further and
investigated at the 1-year follow-up. One prehabilitation study has evaluated the
level of physical activity at one-year follow-up. The authors found a statistically
significant between-group difference in self-reported physical activity in favour of

the physiotherapy group (Lindback et al., 2017).
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5.1.3 Physical activity before lumbar fusion surgery

In study III, we found that a high proportion of the participants were not sufficient-
ly active. Only 17% of the study group adhered to the health-enhancing physical ac-
tivity recommendations of the WHO (WHO, 2009), as measured by the variable “at
least moderate intensity physical activity” (10-minute bouts). Furthermore, more
than half of the participants (54%) measured by the variable “steps per day” did not
reach the level of having a physically active lifestyle, which has also been found
elsewhere (Mobbs et al., 2016).

To our knowledge, these results are some of the first results regarding the level of
physical activity, measured objectively, in participants scheduled for lumbar fusion
surgery. No other prehabilitation study has assessed the physical activity level be-
fore surgery objectively, and has made comparisons with the health recommenda-
tions put forward by the WHO (Lindback et al., 2017; Louw et al., 2014; Nielsen et
al., 2010; Rolving et al., 2015; WHO, 2009).

Our results showed that 83% of our study group did not adhere to the WHO health
recommendations regarding physical activity, and they are therefore at risk of de-
veloping additional disease, which may increase the risk of reduced health status
over time (WHO, 2009, 2010). Others have shown that one quarter of the healthy
European population does not adhere to the WHO recommendations regarding
physical activity (Gerovasili et al., 2015). This indicates that the patients in our
study had an even lower physical activity level than the healthy population. In a
population with spinal stenosis, Norden et al. showed that only 4% of the patients
met the WHO physical activity recommendations in the variable “at least moderate
physical activity” (Norden et al., 2017). This difference between our studies is most
probably due to the difference in the study populations. Patients with spinal ste-
nosis report having a lower walking capacity than patients with degenerative disc
disease (Fritzell et al., 2016). Furthermore, in patients with lumbar degenerative
disorders, Mobbs et al. found that their study group had a mean value of steps per
day that was beneath the threshold for a physically active lifestyle (Mobbs et al.,
2016). These findings, together with the findings from our study, indicate that pa-
tients planned for lumbar spinal surgery or lumbar fusion surgery have a low level

of physical activity, which should be considered in any prehabilitation phase.
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It has been suggested that the largest health effect can be gained by stimulating this
subgroup of people into being more physically active (Haskell et al., 2007). If these
participants with the lowest physical activity levels remain physically inactive after
surgery, they may develop additional disease due to inactivity. This could lead to a
poorer health status and a reduced quality of life. Moreover, in a narrative review
including studies on patients undergoing lumbar spinal fusion surgery (Gaudin et
al.,, 2017), the authors found an association between the patient’s own positive im-
pression of good health and low cardiovascular comorbidity with better functional

capacity and greater patient satisfaction after fusion surgery (Gaudin et al., 2017).

In addition, both fear of movement and disability were found to be negatively as-
sociated with the variable “steps per day”. Since factors such as fear of movement
and low self-efficacy have been found to influence physical activity (Lundberg et
al., 2011; Woby et al., 2007) one of the aims of Study III was to investigate the
relationship between these factors. None of the studies that have investigated the
preoperative physical activity in patients undergoing lumbar spinal surgery (Lind-
back et al., 2017; Mobbs et al., 2016; Norden et al., 2017; Rolving et al., 2013) have
explored the association between the level of physical activity in relation to factors
in the fear-avoidance model (Vlaeyen et al., 1995; Woby et al., 2007) in patients
with chronic LBP.

We found that the variable “steps per day” showed a negative association with both
fear of movement (TSK) and disability (ODI). In other words, this suggests that
if the patient’s disability and fear of movement decrease, the number of steps per
day might increase. Similar results have been reported for patients undergoing
decompression and lumbar fusion surgery (Donnarumma et al., 2017). These au-
thors found a significant correlation between a low physical activity level (collected
by questionnaire) and higher levels of disability, and also a higher level of fear of
movement. It has been suggested elsewhere that predictive psychological factors
should be considered before surgery, to improve the outcome of lumbar fusion
surgery (Abbott et al., 2011; Gaudin et al., 2017). A better understanding of factors
that contribute to outcomes after lumbar fusion surgery is certainly needed. Iden-
tification of patients with a low physical activity level and fear-avoidance factors
in the prehabilitation phase could be of importance for patients awaiting lumbar
fusion surgery, for a better outcome of surgery. In a recent systematic review, the

authors concluded that more information regarding psychosocial and physical
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conditions for patients who are scheduled for first time lumbar fusion surgery is
needed. Without such information, it will not be possible to improve the pre- and

post-rehabilitation in the context of lumbar fusion surgery (Koenders et al., 2018).
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6. STRENGTHS AND LIMITATIONS

A major strength of our prehabilitation study was that we used the cognitive be-

havioural fear-avoidance model as a theoretical basis and we used several cognitive
behavioural techniques in our active intervention. Furthermore, we developed our
intervention in several steps and the treatment manual was adjusted to patients in
the setting of lumbar spinal surgery. In addition, we used a person-centred app-
roach and by doing so the active intervention was adjusted to the patient’s specific
needs and goals. In retrospect, however, we should have used a standardised pro-
tocol to check whether the active intervention and the conventional care inter-
vention differed in an important manner during our randomised controlled trial,

which is a limitation.

Another strength (Study III) was that we used an objective way of measuring phy-
sical activity before lumbar fusion surgery. A movement device such as an acce-
lerometer is considered to be one of the most valid ways to measure daily physical
activity correctly (Slootmaker et al., 2009). The accelerometer provides more ac-
curate estimates of physical activity than self-reported questionnaires, since recall
and response bias is reduced (Prince et al., 2008). However, some activities such as
swimming or group water exercise are difficult to measure, since the accelerometer
should be removed before such activities. Furthermore, an accelerometer worn on
the hip measures ambulatory activity and some activities may not be accurately
measured, such as cycling. Thus, for some participants the accelerometer data could

have been underestimated (Ham et al., 2007), which is a limitation.

Another strength (Study V) is that we used a mixed model to evaluate all the outco-
me measures between the two groups. This statistical analysis takes the correlated
nature of repeated measures for the same individual into account while allowing
for missing observations, thus keeping high power at each follow-up time point. We
used a structured protocol for collecting all outcome measures for each time point,
and the missing rate of our primary outcome at six-month follow up was < 15% and
internal missing items of the PROMs was < 5% (see flow chart, Study IV). A “missing
rate” below < 5% is considered to lead to little bias, and rates > 20% may lead to serious
threats to internal validity (Schulz et al., 2002). The outcome measures that were used

were reliable and have been validated for participants with chronic LBP.
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During the active intervention, no adverse events were reported, which means that
the intervention was well tolerated. We had high compliance with the active inter-
vention and 78% of the participants had four or more out of five sessions included
in the active intervention. This shows that the number of sessions was feasible for

the participants.

It has been suggested that more active and healthier people are more likely to take
part in an active intervention (Martin et al., 2000). Selection bias in a randomi-
sed controlled trial can produce a cohort of relatively healthy patients excluding
non-active patients with high comorbidities (Eisman et al., 2018). One hundred
and forty-three participants who were on the waiting list declined participation in
our study due to having a long distance to travel and due to other personal reasons
such as “not having time to participate” (see flow chart, Study IV). We did not fol-
low these participants, so we cannot present any data on these people-which is a

limitation.
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7. CONCLUSIONS

The work in this thesis has shown that a physiotherapeutic person-centred preha-
bilitation programme based on a cognitive behavioural approach did not improve

functioning at six months after spinal fusion surgery relative to conventional care.

No statistically significant between-group differences were seen in the primary
outcome “disability” from baseline to six months after surgery. However, a statis-
tically significant between group difference was found in health-related quality of
life (EQ-5D index) from baseline to six months after surgery. Both the active inter-
vention group and conventional care intervention had achieved clinically relevant
changes already at 3 months after surgery. Based on our findings, we cannot con-
firm what kind of intervention programme would be the most effective in impro-
ving outcome of surgery in this patient group. Whether or not physiotherapeutic
prehabilitation would have any effect on the long-term follow-up or on subgroups

of patients remains to be investigated.

The compliance with the active intervention was high and 78% of the participants
randomised to the active intervention completed at least four out of five sessions.
No adverse event was reported which indicates that the active intervention was

well tolerated by the participants.

This thesis also showed that patients who were planned for lumbar fusion surgery
had a low level of physical activity compared to the WHO recommendations on
physical activity for health benefits. Moreover, more than half of the study po-
pulation had a low active lifestyle as measured by “steps per day”. This group of
participants is therefore at risk of poor health due to insufficient physical activity.
The variable “step per day” was found to be associated with both fear of movement
(TSK) and disability (ODI). This suggests that if the patient’s disability level and
fear of movement decrease, the variable “steps per day” might increase in value. We
also found that there was a high variability both in psychological factors and in level
of physical activity among the participants before surgery. These findings support

the use of a person-centred approach in the prehabilitation phase.
Moreover, the change score in physical activity measured by “at least moderate-in-

tensity physical activity” and “steps per day” increased from baseline to six months

after surgery in favour for the group receiving the active intervention. In the group

107



PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING PERSON-CENTRED PREHABILITATION PROGRAM TO IMPROVE FUNCTIONING

receiving conventional care a deterioration in change score from baseline to six

months were seen.

To further evaluate the prehabilitation programme presented in this thesis, we will

continue to monitor all outcome measures at 1-and 2- year follow-up.
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8. FUTURE WORK

The findings in this thesis have given rise to several more questions that could lead

to further studies.

Our active intervention programme included a person-centred cognitive behavio-
ural approach that possibly would have had a larger impact on patients with high
fear-avoidance beliefs or other psychological risk factors undergoing lumbar fusion
surgery. We found that the patients in our RCT had a high degree of variability
in disability level, fear-avoidance beliefs and in the level of self-efficacy for exer-
cise. However, in the present RCT, the number of patients did not allow us to
study any sub-groups of patients. It would in the future be interesting to evaluate
our prehabilitation programme specifically on patients with a high psychological
risk profile for a poor outcome of lumbar spine surgery. For future studies, the
long-term aim would be to develop guidelines based on different risk factors with a
person-centred approach for this patient group, and the active intervention in our
study together with the interventions presented in the other prehabilitation studies

discussed in this thesis could be a foundation for such guidelines.

More than half of the patients who were asked to participate in the RCT were not
able to take part in the study according to practical issues such as, long travelling
distance sometimes in combination with difficulties to sit in a car, strong analgesics
preventing car driving, or difficulties to take time off from work. This may have
added bias to our study group together with other factors such as willingness to
participate in a study with an active intervention arm. To develop a person-centred
internet-based prehabilitation intervention based on our programme would be of
interest to evaluate and further study the effect of such a programme in a wider

setting.

Before lumbar fusion surgery, the variability of the level of physical activity and
several psychological factors that could be barriers to physical activity was shown
to be high. Being physically active affects one’s general health and people who have
a low level of physical activity can develop additional diseases if they remain physi-
cally inactive after surgery. In future studies it would be interesting to use physical
activity as an outcome measure both in studies, evaluating the effect of prehabilita-

tion but also surgical interventions.
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We did not include a qualitative study in this work, we therefore cannot tell what
the patients experienced as the most important in the prehabilitation phase. In or-
der to gather more knowledge about the patient’s point of view in the prehabilita-

tion phase, the aforementioned study is just to be initiated.

In our work, we did not monitor or include a uniform post-surgery rehabilitation
programme. All the patients were encouraged to make contact with a local physi-
otherapist 4 weeks following the surgery, in order to start the postoperative reha-
bilitation. It would be interesting to further investigate the prehabilitation phase
in conjunction with the postoperative phase in order to develop an evidence-based
treatment protocol including both preoperative and postoperative rehabilitation

guidelines for this patient group.

When economic resources are scarce, it is very important not only to investigate
the effect of a new intervention but also to take into account the economical aspects
of such an intervention. This would help the decision makers to allocate resour-
ces to treatments that are cost-effective. From an overall societal point of view,
the loss of productivity for chronic LBP patients is the largest expense. Health is a
function of length of life and quality of life, and an index “quality-adjusted life-year
index” (QALY) has been developed in an attempt to combine the value of these att-
ributes into a single index number. We are currently collecting data to evaluate at
what time-point the patients in our RCT started to work as well as costs for health
care resources, and prescribed drugs after surgery. The cost-effectiveness and the
cost-utility analysis will be included in the evaluation of our RCT (about the preha-

bilitation intervention) at the 1 year and 2 years follow-up.
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