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Not everything that can be counted counts,
and not everything that counts can be counted.

WILLIAM BRUCE CAMERON
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ABSTRACT

INTRODUCTION. Chronic low back pain
(LBP) can negatively affect health in terms of
disability and decreased levels of functioning
and physical activity. Chronic LBP due to de-
generative disc disease (DDD) is a subgroup
of LBP for which lumbar fusion surgery
(LFS) is a treatment option. LFS is usually
evaluated with patient-reported outcome
measures (PROMs) of disability, but physi-
cal capacity tasks measuring functioning and
accelerometers measuring physical activity
can complement the use of PROMs to better
understand patients’ health.

AIM. To investigate aspects of the measure-
ment of functioning and physical activity in
patients with LBP.

METHODS. In Study I, articles on physical
capacity tasks for patients with LBP were
systematically identified and the level of evi-
dence for the reliability, validity, and respon-
siveness of the tasks was determined. Studies
[I-IV included patients with chronic LBP
due to DDD scheduled for LFS. In Study I,
the responsiveness and minimal important
change of four physical capacity tasks were
investigated with hypothesis testing and the

optimal cutoff point method. In Study III,
patients’ preoperative level of physical ac-
tivity was studied with accelerometers. As-
sociations with potential barriers to physical
activity were investigated with regression
analysis. In Study IV, preoperative predictors
of the patients’ levels of physical activity and
disability six months after surgery were in-
vestigated with regression analysis.

RESULTS. Five-repetition sit-to-stand,
five-minute walk, 50-foot walk, progres-
sive isoinertial lifting evaluation, and timed
up-and-go demonstrated the best evidence
for reliability and validity for patients with
chronic LBP (Study I). Of these, five-rep-
etition sit-to-stand also showed adequate
responsiveness. One-minute stair climbing
demonstrated adequate results for both re-
liability and responsiveness. In Studies II-
IV, 118 patients with chronic LBP due to
DDD were included. Fifty-foot walk, timed
up-and-go, and one-minute stair climbing
demonstrated adequate responsiveness while
5-minute walk did not (Study II). Nine-
ty-eight patients did not fulfill the WHO
recommendations on physical activity, of
whom 32 did not accumulate a single min-



ute of the required 150 minutes per week of
physical activity. Moreover, high levels of
fear of movement and disability were associ-
ated with a low preoperative level of physical
activity (Study III). A low preoperative level
of physical activity and a high preoperative
level of self-efficacy for exercise were predic-
tors of a larger increase in the postoperative
physical activity. A high preoperative level of
disability and low preoperative levels of pain
catastrophizing and self-efficacy for exercise
were predictors of a more favorable outcome
for disability (Study IV).

CONCLUSIONS. Fifty-foot walk and timed

up-and-go showed adequate results for reli-
ability, validity, and responsiveness and are

vi

recommended for assessment of functioning
in patients with chronic LBP due to DDD
undergoing LFS. Future pre- and postoper-
ative interventions targeting fear of move-
ment and disability might increase the level
of physical activity in physically-inactive pa-
tients. The prediction model of physical ac-
tivity could possibly be used in clinical prac-
tice to predict which patients are in need of
extra pre- and postoperative interventions to
increase their level of physical activity.

KEYWORDS. Health outcome assessment,
reliability, validity, responsiveness, minimal
important change, accelerometry, predictors,
prognostic factors, lumbar spine surgery



SAMMANFATTNING PA SVENSKA

BAKGRUND. Langvarig lindryggssmairta
ar vanligt forekommande och kan innebi-
ra forsimrad hilsa i form av nedsatt fysisk
funktion och ldgre fysisk aktivitetsniva.
Endast en brakdel av alla med ldngvarig
lindryggssmirta genomgar kirurgi men an-
talet operationer Okar arligen. Segmentell
rorelsesmirta (SRS) ér en typ av lindryggs-
smirta dir steloperation av lindryggen ir
ett behandlingsalternativ. Resultatet av
steloperation utvirderas ofta med fragefor-
muldr men forskning pekar pa att funktio-
nella tester som miter fysisk funktion och
aktivitetsmitare som miter fysisk aktivitet
kan komplettera anvindandet av fragefor-
muldr for att bittre forsta patientens hilsa.

SYFTE. Det 6vergripande syftet med av-
handlingen var att underscka aspekter av
att mita fysisk funktion och fysisk akti-
vitet hos patienter med lindryggssmairta.

METOD. I studie I summerades tidigare
forskning gillande reliabilitet, validitet och
kinslighet for forindring hos funktionella
tester som anvinds for att mita fysisk funk-
tion hos patienter med lindryggssmirta.
[ studie II-IV inkluderades patienter med
SRS som skulle genomga steloperation av
lindryggen. I studie II undersoktes kinslig-
het for férindring hos fyra funktionella tes-
ter genom att testa fem hypoteser. Vidare
undersoktes den minsta kliniskt relevanta
forindringen hos testerna med hjilp av den
sa kallade "optimal cutoff point”-metoden. I
studie III undersoktes patienternas preope-
rativa fysiska aktivitetsniva med hjilp av en
aktivitetsmitare. Vidare anvindes regressi-
onsanalys for att undersdka hur patienternas
preoperativa fysiska aktivitetsnivd var re-
laterad till tdinkbara hinder for att vara mer
fysiskt aktiv, sisom rorelseridsla, katastrof-

tankar och depression. I studie IV anvindes
regressionsanalys for att studera om pre-
operativa variabler kunde forutsiga graden
av fysisk aktivitet och funktionshinder sex
ménader efter steloperation av lindryggen.

RESULTAT. I studie I uppvisade fem-repe-
titioners sitt-sta test, fem-minuters gangtest,
15-meters gangtest, “progressive isoinertial
lifting evaluation” och "timed up-and-go”
bist resultat for reliabilitet och validitet for
patienter med langvarig lindryggssmirta.
Av dessa tester hade fem-repetitioners sitt-
sta test dven positiva resultat for kinslighet
for forindring. En-minuts trapptest upp-
visade positiva resultat fér bade reliabilitet
och kinslighet for férindring. I studie [I-IV
inkluderades 118 patienter med SRS. I studie
IT uppvisade en-minuts trapptest, 15-meters
gangtest och "timed up-and-go” positiva re-
sultat for kinslighet for forandring. I studie
[II uppnadde 98 patienter inte WHO:s re-
kommendationer for fysisk aktivitet, av vilka
32 inte astadkom en enda minut av de 150
minuterna av fysisk aktivitet per vecka som
krivs for att uppna rekommendationerna.
Den laga fysiska aktivitetsnivan var relaterad
till graden av funktionshinder och rorelse-
ridsla. I studie IV var en lag preoperativ fy-
sisk aktivitetsniva och en hog tilltro till sin
egen formaga att trina signifikanta predikto-
rer till forindringen av fysisk aktivitetsniva
efter steloperation av lindryggen. Vidare var
en hog preoperativ niva av funktionshinder
och laga preoperativa nivaer av katastrof-
tankar och tilltro till egen férmaga att trina
signifikanta prediktorer till férindringen av
graden av funktionshinder efter operationen.

KONKLUSION. Femton-meters gangtest

och "timed up-and-go” uppvisade bra resul-
tat for reliabilitet, validitet och kinslighet for
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forindring och ir rekommenderade funktio-
nella tester for att mita fysisk funktion hos
patienter med SRS som genomgar stelopera-
tion av lindryggen. Mojligtvis kan framtida
pre- och postoperativa interventioner som
riktar in sig pa lagaktiva patienters rorelse-
ridsla och grad av funktionshinder 6ka pa-

viii

tienternas fysiska aktivitetsniva. Prediktions-
modellen for fysisk aktivitet kan mojligen
anvindas i kliniken for att forutsidga vilka
patienter som ir i behov av extra pre- och
postoperativa interventioner fér att na en

hogre fysisk aktivitetsniva.
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DDD
GPE
HADS
ICD-11
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LBP

MIC

ODI

PCS
PROM
PROSPERO
RMDQ
ROC
SEES
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TSK
WHO

Xii

Degenerative disc disease
Global perceived effect
Hospital Anxiety and Depression Scale

International Classification of Diseases, 11" Revision

International Classification of Functioning, Disability and Health

Low back pain

Minimal important change

Oswestry Disability Index

Pain Catastrophizing Scale

Patient-reported outcome measure

International Prospective Register of Systematic Reviews
Roland-Morris Disability Questionnaire

Receiver operating characteristic

Self-Efficacy for Exercise Scale

Swedish National Quality Registry for Spine Surgery
Tampa Scale for Kinesiophobia

World Health Organization



DEFINITIONS

Capacity

Construct validity

Content validity
Criterion validity

Exercise

Face validity
Fear of movement
Hypothesis testing

Interpretability

Kinesiophobia

Low back pain

Measurement error

Minimal important change

Pain catastrophizing

Performance
Physical activity
Reliability
Responsiveness

Self-efficacy

Smallest detectable change

Validity

The ability to execute a task or an action in a standardized environment (World
Health Organization, 2001)

The degree to which the scores of a measurement instrument are consistent with
hypotheses based on the assumption that the measurement instrument validly
measures the construct to be measured (Mokkink et al., 2010a)

The degree to which the content of a measurement instrument is an adequate
reflection of the construct to be measured (Mokkink et al., 2010a)

The degree to which the scores of a measurement instrument are an adequate
reflection of a ‘gold standard’ (Mokkink et al., 2010a)

A subset of physical activity that is planned, structured, and repetitive and has as
a final or an intermediate objective the improvement or maintenance of physical
fitness (Caspersen et al., 1985)

The degree to which a measurement instrument indeed looks as though it is an
adequate reflection of the construct to be measured (Mokkink et al., 2010a)

A specific fear of movement and physical activity that is (wrongfully) assumed to
cause reinjury (J. W. S. Vlaeyen et al., 1995)

The degree to which the content of a measurement instrument is an adequate
reflection of the construct to be measured (Mokkink et al., 2010a)

The degree to which one can assign qualitative meaning - that is, clinical or
commonly understood connotations — to a measurement instrument’s quantita-
tive scores or change in scores (Mokkink et al., 2010a)

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)

Pain and discomfort, localized below the costal margin and above the inferior
gluteal folds, with or without referred leg pain (van Tulder et al., 2006)

The systematic and random error of a patient’s score that is not attributed to true
changes in the construct to be measured (Mokkink et al., 2010a)

The smallest change score that patients perceive as important (Mokkink et al.,
2010a)

An exaggerated negative mental set brought to bear during

actual or anticipated painful experience (Sullivan et al., 2001)

What an individual does in his or her current environment (World Health
Organization, 2001)

Any bodily movement produced by skeletal muscle that results in a substantial
increase over the resting energy expenditure (Caspersen et al., 1985)

The proportion of the total variance in the measurements which is due to ‘true’
differences between patients (Mokkink et al., 2010a)

The ability of a measurement instrument to detect change over time in the
construct to be measured (Mokkink et al., 2010a)

The conviction that one can successfully execute the behavior required to pro-
duce the outcomes (Bandura, 1977)

The smallest change that can be detected by the measurement instrument, be-
yond measurement error (Mokkink et al., 2010a)

The degree to which a measurement instrument measures the construct(s) it
purports to measure (Mokkink et al., 2010a)
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INTRODUCTION

1.1 LOW BACK PAIN

Low back pain (LBP) has been defined as
“pain and discomfort, localized below the
costal margin and above the inferior gluteal
folds, with or without referred leg pain” (van
Tulder et al., 2006). LBP is often categorized
according to the duration of symptoms, with
acute pain being of < 6 weeks duration, sub-
acute pain being of 6-12 weeks duration, and
chronic pain being of > 12 weeks duration
(Loeser et al., 2011).

LBP is common in people of all ages (Hart-
vigsen et al., 2003; Hoy et al., 2012; Steve J.
Kamper et al., 2016), and a systematic review
of 65 prevalence studies reported that the
median lifetime prevalence of LBP was 42.0%
(25"-75% percentile: 15.1-60.4%) (Hoy et al.,
2012). This systematic review also showed
that LBP is slightly more common in women
than in men and most frequently occurs be-
tween the ages of 40 and 69 years.

Hoy et al. (2014) studied the global burden of
LBP and concluded that LBP appears to cause
more years lived with disability than any
other condition. This finding suggests that
LBP has major personal and financial conse-
quences globally (Hoy et al., 2014). Results of
a systematic synthesis of 42 qualitative stud-
ies have suggested that common psychosocial
problems for individuals with LBP are dam-
aged relationships, psychological problems,
problems with meeting social expectations
and obligations, and the inability to work
or participate in other meaningful activities
(Froud et al., 2014).

LBP can have many different causes, e.g.
fractures, tumors, or degenerative chang-
es (Maher et al., 2017). However, a specific

nociceptive cause of LBP is rarely identified
(Hartvigsen et al., 2018; Maher et al., 2017).
LBP that is believed to be caused by degen-
erative changes is commonly referred to as
degenerative lumbar conditions that include,
for example, lumbar disc herniation, lumbar
spinal stenosis, and motion-elicited chronic
LBP hypothesized to be caused by degen-
erative disc disease (hereafter referred to
as chronic LBP due to DDD) (Modic et al.,
2007).

Chronic LBP due to DDD defines a sub-
group of individuals with chronic LBP; it
is characterized by a combination of mo-
tion-elicited and clinically provocable pain
with corresponding (i.e. in the same region)
radiological findings of degenerative changes
in one or a few of the lumbar intervertebral
segments (de Schepper et al., 2010; Fritzell et
al., 2001; Modic et al., 2007; Willems et al.,
2011). The degenerative changes include disc
height reduction, Modic changes of the ver-
tebral endplates, and facet arthrosis in vary-
ing combinations (Modic et al., 2007).

1.1.1 Lumbar fusion surgery for patients
with chronic low back pain due to degen-
erative disc disease

Lumbar fusion surgery is a treatment op-
tion for patients with chronic LBP due to
DDD, and it is usually considered first after
non-surgical interventions have proven to
be unsuccessful (Brox et al., 2003; J. Fairbank
et al., 2005; Fritzell et al., 2001; Phillips et al.,
2013; Willems et al., 2011). The rationale for
lumbar fusion surgery is that pain originat-
ing from an intervertebral segment during
movement of the spine can be alleviated by

Outcome Measures of Functioning and Physical Activity in Patients with Low Back Pain 1



restricting the movement of that segment by
fixation (Phillips et al., 2013). Lumbar fusion
surgery is most often combined with a post-
operative rehabilitation program (Gilmore et
al., 2015; Madera et al., 2017) and sometimes
with prehabilitation programs that are used
before surgery, with the aim of optimizing
postoperative outcomes (Cabilan et al., 2016;
Gilmore et al., 2015).

Over the past two decades, the number of
lumbar fusion operations has constantly in-
creased worldwide, including the USA, the
United Kingdom, and Sweden (Deyo et al.,
2005; Fritzell et al., 2018; Kalakoti et al.,
2016; Rajaee et al., 2012; Stromgqvist et al.,
2013; The Health and Social Care Informa-
tion Centre, 2016). In 2011, lumbar fusion
surgery caused the highest aggregate hospital
costs of any surgical procedure in the USA
(Weiss et al., 2014). According to the Swed-
ish National Quality Registry for Spine Sur-

1.2 LOW BACK PAIN AND HEALTH

gery (Swespine), approximately 600 patients
per year undergo lumbar fusion surgery for
chronic LBP due to DDD in Sweden (Fritzell
etal., 2018).

The mean age of the patients with chronic
LBP due to DDD who undergo lumbar fu-
sion surgery in Sweden is 46 years, so most of
them have many years left in the workforce
(Fritzell et al., 2018). The patients often de-
scribe their symptoms as being dull pain in
the lower back that is aggravated by increased
mechanical loading and certain movements
of the spine (Modic et al., 2007; Willems
et al., 2011). Patients with chronic LBP due
to DDD have a higher preoperative level of
back pain intensity on average than the other
patient groups registered in Swespine who
undergo elective lumbar spine surgery (e.g.
patients with lumbar disc herniation and
lumbar spinal stenosis) (Fritzell et al., 2018).

Regardless of the cause of LBP, the condition
can have a significant impact on a patient’s
health (Froud et al., 2014; Hoy et al., 2014;
Shiri et al., 2010; Von Korff et al., 2005).
The ultimate goal of both conservative and
surgical interventions for patients with LBP
is therefore to improve the patients’ health
(Bernstein et al., 2017; Qaseem et al., 2017).
But what is health, and how can it be clas-
sified? There are many classifications of
health, but for the purpose of this thesis, the
International Classification of Functioning,
Disability, and Health (ICF) (World Health
Organization, 2001) will be used.

1.2.1 The International Classification of
Functioning, Disability, and Health

The ICF is a classification system for health
with a biopsychosocial perspective. In con-
trast to the biomedical perspective of health,

the biopsychosocial perspective incorporates
psychological and social factors in addition
to biological factors (Engel, 1977; Gatchel et
al., 2007; Waddell, 1992). The ICF was de-
signed to standardize the terminology and
measurement of health to facilitate collabo-
ration between different health profession-
als and between different countries (World
Health Organization, 2001). Information on
health provided by the ICF together with
information on diagnoses described in the
International Classification of Diseases, 11t
Revision (ICD-11) is thought to give a more
comprehensive picture of an individual’s
health than when using one of the classifica-
tion systems alone (World Health Organiza-
tion, 2001). In the ICF, a person’s health is
determined by an interaction between his/
her health condition (such as LBP) and his/
her functioning and disability.

Max Jakobsson



Functioning is divided into three domains
(Figure 1):

«  Body functions and structures refer to psy-
chological and physiological processes
and their anatomical structures, such
as pain, range of motion, and muscle
strength of the lower back.

 Activity refers to the person’s ability to
perform tasks in his/her daily life, such as
the ability to walk, lift, and rise up from a
chair.

«  Participation describes the person’s in-
volvement in a life situation, such as the
ability to work, to socialize with friends,
or to buy groceries.

Measuring aspects of the three domains of
functioning gives the healthcare professional

information about “neutral” or “positive” as-
pects of a patient’s health. Disability is closely
related to functioning, but instead concerns
“negative” aspects of health, i.e., impair-
ments, activity limitations, and participation
restrictions. By measuring several aspects of
the domains of functioning and disability,
the healthcare professional can gain a com-
prehensive overview of the patient’s health
(World Health Organization, 2001b). The
measurement of functioning and disability is
described in detail in sections 1.3.2 and 1.3.3.

Furthermore, personal factors (e.g. gender,
age, and coping strategies) and environmental
factors (e.g. family, work, and education lev-
el) can work as facilitators of or barriers to a
patient’s health (World Health Organization,
2001). Potential barriers to health for patients
with LBP are described in section 1.3.5.

Health

Health condition

Low back pain

Physical activity*

L 2

i Body functions and structures/

: Impairments

E * Pain located in the lower back *  Walking
\ Example measures: Visual analog

E scale of pain intensity le—»|

) * Decreased lumbar muscle strength * Lifting

! Example measure: Biering-Sorensen
] test

Activity/
Activity limitations

Example measures: 50-foot walk and
specific items of the ODland RMDQ |«

Example measures: Progressive
isoinertial lifting evaluation and
specific items of the ODI and RMDQ,

Participation/

Participation restrictions

* Socializing
Example measures: Specific items of i
the SF-36 and ODI
*  Working ability i
Example measure: Specific items of [
the SF-36 i

Personal factors

Environmental factors

Figure 1. Overview of the components of the International Classification of Functioning,
Disability, and Health, exemplified for a hypothetical patient with low back pain.

*Physical activity is not incorporated in the original ICF model. The current model is a modified

version of that of van der Ploeg et al. (2004).

ODI, Oswestry Disability Index; RMDQ, Roland-Morris Disability Questionnaire; SF-36, Short-Form

(36) health survey.
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1.2.2 Physical activity and health

Physical activity is another important concept
in relation to health, although it is not explic-
itly incorporated in the ICF. Physical activity
has been defined as “any bodily movement
produced by skeletal muscle that results in a
substantial increase over the resting energy
expenditure” (Caspersen et al., 1985). Phys-
ical activity has been considered to have an
effect on many aspects of the domains of the
ICF (Figure 1) (van der Ploeg et al., 2004).
For instance, an increased level (duration,
intensity, and frequency) of physical activity
can improve cardiopulmonary function and
muscle strength in the body function and
structures domain. In the activity domain, an
increased level of physical activity may lead
to better walking or lifting ability. In the par-
ticipation domain, an increased level of phys-
ical activity can result in increased working
ability (van der Ploeg et al., 2004).

There is a dose-response relationship be-
tween the level of physical activity and pos-
itive health benefits such as a reduced risk
of non-communicable diseases such as dia-
betes, cancer, and cardiovascular disease (I.
M. Lee et al., 2012; Wen et al., 2011; World
Health Organization, 2009a). This relation-
ship means that people with the lowest lev-
el of physical activity can gain the greatest
effects on health by increasing their level
of physical activity (Wen et al., 2011). Esti-
mates suggest that if sedentary individuals
were to increase their physical activity level
sufficiently, 3.2-5.3 million deaths could be
prevented annually (I. M. Lee et al., 2012;
World Health Organization, 2009a). Thus,
from a public health point of view, it is par-
ticularly important to reach those who have
alow level of physical activity (World Health
Organization, 2009a).

In the context of patients with LBP, physical
activity is usually described as a component
of LBP interventions to reduce disability and

improve functioning (Airaksinen et al., 2006;
Bernstein et al., 2017; Qaseem et al., 2017).
However, in this thesis, physical activity is
viewed from a broader health standpoint in
that physical activity can also reduce the risk
of non-communicable diseases (I. M. Lee et
al., 2012; Wen et al., 2011; World Health Or-
ganization, 2009a).

The authors of a recently published call
for action advocated a stronger emphasis
on health in the interventions of patients
with LBP, such that interventions would
be aligned with the World Health Orga-
nization (WHO) action plans to improve
health and prevent non-communicable
diseases (Buchbinder et al., 2018). This
also includes the WHO global recom-
mendations on physical activity for health
(World Health Organization, 2009b):

1. “Adults aged 18-64 should do at least 150
minutes of moderate-intensity aerobic
physical activity throughout the week or
do at least 75 minutes of vigorous-inten-
sity aerobic physical activity throughout
the week or an equivalent combination of
moderate- and vigorous-intensity activi-

ty.

2. Aerobic activity should be performed in
bouts of at least ten minutes duration.

3. For additional health benefits, adults
should increase their moderate-intensity
aerobic physical activity to 300 minutes
per week, or engage in 150 minutes of
vigorous-intensity aerobic physical activ-
ity per week, or an equivalent combina-
tion of moderate- and vigorous-intensity
activity.

4. Muscle-strengthening activities should
be done involving major muscle groups
on two or more days a week.”
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This thesis concerns points 1 and 2 of the
recommendations. Point 1 of the recommen-
dations is an indication of the fact that mod-
erate-intensity and vigorous-intensity phys-
ical activity results in greater health benefits
than lower intensities (World Health Orga-
nization, 2009b). Moderate-intensity physi-
cal activity can be compared to a brisk walk
(~4.0 km/h) and vigorous-intensity physical
activity is equivalent to running (~6.5 km/h)
(Ainsworth et al., 2011).

It is often assumed that patients with LBP
who report having a high level of disability

will be less physically active than patients
with no back problems (Lin et al., 2011). If
LBP does indeed cause patients to be less
physically active, this would mean that LBP
can increase the risk of negative health ef-
fects, considering that the patients might not
reach a health-enhancing level of physical ac-
tivity. However, research on physical activity
in patients with lumbar degenerative condi-
tions who undergo lumbar spine surgery is
scarce. Results of previous research on the
level of physical activity in these patients are
presented in section 1.3.4.

1.3 MEASUREMENT OF HEALTH IN PATIENTS WITH LOW BACK PAIN

So far, this introduction has described that
LBP is a possible threat to a patient’s health in
terms of disability, reduced functioning, and
a lower level of physical activity. But how can
health be measured in patients with LBP?

Up until the 1980s, the assessment of the out-
come of lumbar spine surgery was to a great
extent assessed from the surgeon’s point of
view (Deyo, 1988). For example, scales were
used in which the technical success of the
surgical procedure was scored “excellent,”
“good,” “moderate,” or “bad” (Getty, 1980).
During the 1980s and the early 1990s, sev-
eral patient-reported outcome measures
(PROMs) were developed (EuroQoL Group,
1990; J. C. T. Fairbank et al., 1980; Roland et
al., 1983; Ware et al., 1992). As the term sug-
gests, PROMs are designed to measure the
patient’s view of his/her health rather than
the clinician’s view (Food and Drug Admin-
istration, 2009). Examples of PROMs used
for patients with LBP are PROMs concerning
pain (e.g., visual analog scales and numerical
rating scales), disability (e.g., the Oswestry
Disability Index and the Roland-Morris Dis-
ability Questionnaire), health-related qual-
ity of life (e.g. the 36-item Short-Form and

EuroQoL-5D), and global assessment scales
(EuroQoL Group, 1990; J. C. T. Fairbank et
al., 1980; Fischer et al., 1999; Roland et al.,
1983; Ware et al., 1992).

PROMs are still among the most common-
ly used measures in the assessment of both
conservative and surgical interventions for
LBP (Chapman et al., 2011; Chiarotto et al.,
2016), but other approaches for measuring
health have emerged during the last three
decades. In the 1990s, researchers developed
and suggested the use of so-called physical ca-
pacity tasks, in which the patient’s function-
ing was assessed by having him/her perform
a standardized activity in the clinical setting
(Harding et al., 1994; Simmonds et al., 1998).
At the beginning of the 2000s, assessment of
physical activity in patients with LBP became
increasingly common, in part due to the
development of portable activity monitors
such as pedometers and accelerometers (van
Weering et al., 2009; Verbunt et al., 2001).

In summary, there are several different ways
of measuring health in patients with LBP.
In this thesis, [ will focus mainly on physi-
cal capacity tasks that measure functioning,
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and accelerometers that measure the level of
physical activity. However, before going into
more detail about these outcome measures, |
will first briefly cover reliability, validity, and
responsiveness—as it is essential to consider
these measurement properties in the mea-
surement of health.

1.3.1 Reliability, validity, responsiveness,
and interpretability of health outcome
measures

It is important that outcome measures in
clinical work and research have sufficient evi-
dence for reliability, validity, and responsive-
ness. If the evidence is insufficient, there is a
significant risk of getting imprecise or biased
results in the evaluation of health interven-
tions (Brakenhoff et al., 2018a; Brakenhoff et
al., 2018b; de Vet et al., 2011; Streiner et al.,
2008).

Reliability has been defined as “the degree to
which the measurement instrument is free
from measurement error’ (Mokkink et al.,
2010a). Measurements performed on two or
more occasions in the same individual may
yield different results due to many factors
such as biological variability, the mood of
the person, or characteristics of the outcome
measure itself (Streiner et al., 2008). Reliabili-
ty concerns how the variability of individuals
is related to the measurement error and in-
dicates how well participants can be distin-
guished from each other despite this measure-
ment error (de Vet et al., 2011). Measurement
error has been defined as “the systematic and
random error of a patient’s score that is not
attributed to true changes in the construct to
be measured” (Mokkink et al., 2010a). If the
measurement error is large, small changes in
a patient cannot be differentiated from mea-
surement error. Researcher and clinicians
therefore need to know the extent of this er-
ror in order to interpret the change in a pa-
tient correctly (de Vet et al., 2006).

Validity has been defined as “the degree to
which a measurement instrument measures
the construct(s) it purports to measure” (Mok-
kink et al., 2010a). Many constructs in the
health sciences are readily observable physical
quantities such as weight, blood glucose, or
body temperature. For such constructs, there
is usually a criterion measure (or ‘gold stan-
dard’) against which new outcome measures
can be compared. If the correlation between
the new measure and the criterion measure is
high, the validity of the new outcome measure
can be considered to be adequate. This way of
assessing validity is usually referred to as cri-
terion validity (Streiner et al., 2008). However,
criterion validity is often not possible to assess
for abstract constructs such as disability and
functioning, as there are rarely suitable crite-
ria to compare against. For such constructs,
the assessment of validity relies on posing and
testing hypotheses based on the knowledge
of the construct of interest. This way of as-
sessing validity is referred to as construct valid-
ity (de Vet et al., 2011; Streiner et al., 2008).
Content validity refers instead to the relevance
and comprehensiveness of an outcome mea-
sure. Relevance is about whether the items
of the outcome measure appropriately reflect
the construct of interest. Comprehensiveness
denotes the degree to which all aspects of the
construct are covered by items in the outcome
measure (de Vet et al., 2011). Face validity is a
subcategory of content validity, and reflects a
subjective view of whether the measurement
instrument “looks as if” it measures what it is
designed to measure. Face validity is therefore
considered to be a less strict form of content
validity (Mokkink et al., 2010a).

Responsiveness has been defined as “the abil-
ity of a measurement instrument to detect
change over time in the construct to be mea-
sured” (Mokkink et al., 2010a). Responsive-
ness is closely related to validity, but concerns
change scores instead of scores collected at
one time point (Streiner et al., 2008). As re-
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sponsiveness involves change over time, it is
an important measurement property to con-
sider when measuring the effect of a health
intervention (de Vet et al., 2011).

Interpretability has been defined as ‘the degree
to which one can assign qualitative mean-
ing—that is, clinical or commonly under-
stood connotations—to a measurement in-
strument’s quantitative scores or change in
scores” (Mokkink et al., 2010a). Put simply,
interpretability parameters help clinicians
and researchers to understand what scores
and change scores of an outcome measure re-
ally mean (Streiner et al., 2008). One of the
most common interpretability parameters is
the minimal important change. Minimal im-
portant change is used to interpret whether
the change scores of an outcome measure are
of importance to patients and not only statis-
tically significant (de Vet et al., 2006).

[t is important to note that reliability, validity,
responsiveness, and interpretability are not
inherent properties of an outcome measure.
Instead, these measurement properties de-
pend on an interaction between the outcome
measure itself, the individuals who are mea-
sured, and the context of the individuals (de
Vet et al., 2011; Streiner et al., 2008). Conse-
quently, it is not correct for researchers in a
reliability study to conclude that an outcome
measure is “reliable.” It is instead more correct
to state that the outcome measure has been
found to be reliable for a particular group of
patients in a certain context. Thus, the reli-
ability, validity, and responsiveness of health
outcome measures for patients with chronic
LBP should, preferably, be investigated spe-
cifically in patients with chronic LBP.

1.3.2 Measurement of disability with pa-
tient-reported outcome measures

Two of the most commonly used PROMs that

measure disability in patients with LBP are
the Oswestry Disability Index (ODI) (J. C. T.

Fairbank et al., 1980) and the Roland-Morris
Disability Questionnaire (RMDQ) (Roland
et al.,, 1983). These PROMs were recently
recommended in a recently-developed core
set of outcome measures for clinical trials of
patients with LBP (Chiarotto et al., 2018).

Relating RMDQ and ODI to the ICF frame-
work, the majority of the items of the
PROMs measure how the patient perceives
that his/her back pain affects common ac-
tivities, such as walking, lifting, and sitting
(J. C. T. Fairbank et al., 1980; Roland et al.,
1983). The ODI and RMDQ have therefore
been interpreted to mainly measure disability
in the activity limitation domain of the ICF
(Grotle et al., 2005; Smeets et al., 2007). The
PROMs have also been interpreted as being
in line with the ICF concept of performance
(Grotle et al., 2005; Smeets et al., 2007; Wit-
tink, 2005), which denotes what activities a
person does in his/her usual environment
(World Health Organization, 2001).

A strength of PROMs is that they give the
healthcare professional an indication of how
the patient perceives his/her health (Streiner
etal., 2008). Researchers have also recognized
the added value of PROMs in improving the
communication between caregivers and pa-
tients, and for detecting health problems that
would otherwise have gone unnoticed (Val-
deras et al., 2008). Moreover, PROMs are
time-efficient and do not require advanced
instruments or high administration costs (de
Vet et al., 2011).

However, previous research has raised con-
cerns regarding disability PROMs such as
low- to very low-quality evidence for con-
tent validity (Chiarotto et al., 2017) and floor
and ceiling effects (Brodke et al., 2017; Lau-
ridsen et al., 2006; Pekkanen et al., 2011).
Moreover, disability PROMs are not suitable
for all individuals, as they may be too chal-
lenging regarding the cognitive and language
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skills needed to fill them out (Gautschi et al.,
2016c¢; Guralnik et al., 1989). Furthermore,
while the subjective nature of PROMs is a
strength for obtaining the patient’s view of
his/her health, it may also constrain compar-
ison between patients (Gautschi et al., 2014;
Staartjes et al., 2018). Moreover, clinical ex-
perience and scientific evidence also suggest
that there are often discrepancies between
how patients score PROMs and how they
actually move and perform activities when
they are observed by others (Gautschi et al.,
2016¢; C. E. Lee et al., 2001; Simmonds et al.,

1998).

1.3.3 Measurement of functioning with
physical capacity tasks

Several researchers have recommended the
use of so-called physical capacity tasks in ad-
dition to disability PROMs (Gautschi et al.,
2014; Harding et al., 1994; Jespersen et al.,
2018; Simmonds et al., 1998; Smeets et al.,
2006; Wittink, 2005). In a physical capaci-
ty task, the patient performs a standardized
activity in the clinic instead of self-reporting
his/her ability to perform the activity (Hard-
ing et al., 1994; Simmonds et al., 1998). The
activities assessed in physical capacity tasks
usually involve those that are commonly
affected by LBP, such as walking or lifting
(Simmonds et al., 1998; Smeets et al., 2006).
An example of a physical capacity task is the
timed up-and-go, which measures the time it
takes for a person to rise from a chair, walk
three meters, turn around, walk back to the
chair and sit down (Simmonds, 1998). In
the context of lumbar spine surgery, physi-
cal capacity tasks have mostly been used for
patients with lumbar spinal stenosis (Deen et
al., 2000; Jespersen et al., 2018; Pratt et al.,
2002). However, in recent years, the tests
have received more attention for other di-
agnoses, including chronic LBP due to DDD
(Gautschi et al., 2014; Staartjes et al., 2018).

Physical capacity tasks have been given dif-
ferent labels by different researchers, such as
“physical performance tests” (Simmonds et
al., 1998) and “functional assessments tests”
(Wittink, 2005), but in this thesis, they will
be referred to as physical capacity tasks to be
in line with the ICF concept of capacity. Ca-
pacity is defined as the “highest possible level
of functioning of a person in a given domain
at a given moment, measured in a standard-
ized environment” (World Health Organi-
zation, 2001). By using outcome measures
that measure capacity (e.g. physical capacity
tasks) in addition to those that measure per-
formance (e.g. disability PROMs), the ICF
suggests that the healthcare professional can
acquire a comprehensive overview of a pa-
tient’s health status (World Health Organiza-
tion, 2001). There is also empirical evidence
supporting the idea that physical capacity
tasks and disability PROMs indeed measure
different aspects of a patient’s health (Con-
way et al., 2011; Gautschi et al., 2016b; C. E.
Lee et al., 2001).

Research also suggests that physical capacity
tasks have a number of benefits over disabil-
ity PROM:s. First, physical capacity tasks are
suggested to be relatively uninfluenced by
education level, language, and cognitive skills
(Guralnik et al., 1989; Simmonds et al., 1998;
Teixeira Da Cunha-Filho et al., 2010; Wand
et al., 2010). Second, they are usually not as-
sociated with the floor and ceiling effects of-
ten seen in disability PROMs (Brodke et al.,
2017; Lauridsen et al., 2006; Pekkanen et al.,
2011). Third, a recent study showed that pa-
tients with LBP who had undergone lumbar
spine surgery were more than six times as
likely to prefer performing a physical capaci-
ty task (timed up-and-go) than completing a
set of PROMs (Joswig et al., 2017).

Simmonds et al. (1998) performed one of
the first studies to investigate the measure-
ment properties of physical capacity tasks
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specifically for patients with chronic LBP.
The study showed that many of the phys-
ical capacity tasks had support for adequate
reliability and validity. Several studies with
similar results followed, such as Pratt et al.
(2002), Magnussen et al. (2004), and Smeets
et al. (2006).

Identified research gap #1: To the best of my
knowledge, no study has made a synthesis
of previous findings of reliability, validity,
and responsiveness of physical capacity
tasks that measure functioning in patients
with LBP.

1.3.4 Measurement of physical activity
with accelerometers

Physical activity can be described and quan-
tified in terms of four principal dimensions:
type, frequency, duration, and intensity
(Strath et al., 2013). Type denotes the activ-
ity performed, e.g. walking, running, or lift-
ing. Type can also refer to the biomechanical
or physiological demands, such as strength
training, plyometric training, and aerobic or
anaerobic activities. Frequency describes the
number of sessions of an activity in a given
time period. Duration is simply the length of
the activity. Intensity denotes the energy ex-
penditure or approximate effort in perform-
ing an activity (Welk, 2002).

Measurement of the level (frequency, dura-
tion, and intensity) of physical activity can be
achieved through, for example, PROMs (e.g.
the Baecke physical activity questionnaire) or
wearable monitors (e.g. pedometers and ac-
celerometers) (Welk, 2002). Accelerometers
are motion sensors that measure body move-
ment from changes in velocity in relation
to time. The raw data of the accelerometer
can then be transformed into the time spent
per day with different intensities of physical
activity, usually light-, moderate-, or vigor-
ous-intensity physical activity (Troiano et
al., 2008). Accelerometers are recommended

over self-reports, since they are not reliant
on accurate recall of the frequency, duration,
and intensity of physical activity and are less
subject to overestimations and social desir-
ability (Cerin et al., 2016; Prince et al., 2008;
Slootmaker et al., 2009). Accelerometers also
provide advantages compared to pedome-
ters because they measure several aspects of
physical activity such as duration and inten-
sity, and not just the number of steps (Chen
et al., 2005).

The research on physical activity in pa-
tients with lumbar degenerative conditions
who undergo lumbar spine surgery is scarce
(Lindbick et al., 2017; Mobbs et al., 2016;
Norden et al., 2017; Rolving et al.,, 2013;
Smuck et al., 2018). Of the studies that used
accelerometers, one is difficult to draw con-
clusions from as it had a small sample size
(n = 30) and used an accelerometer with lim-
ited support for validity (Mobbs et al., 2016).
Another study showed that 4% of patients
with lumbar spinal stenosis scheduled for
decompression surgery fulfilled the WHO
recommendations on physical activity, which
indicates a very low level of physical activity
(Norden et al., 2017). A follow-up study that
included the same patients did not show any
statistically significant change in the patients’
level of physical activity after surgery (Smuck
et al., 2018). These results can, however, not
be extrapolated to patients with LBP due to
DDD who undergo lumbar fusion surgery.
First, patients with LBP due to DDD who
are scheduled for lumbar fusion surgery are
on average younger, do not have severe leg
symptoms such as neurogenic claudication,
and can walk longer distances than patients
with lumbar spinal stenosis (Fritzell et al.,
2018; Strémgqvist et al., 2013). Second, the
previous studies that used accelerometers
were performed in a non-European context,
which may also affect the level of physical ac-
tivity (Hagstromer et al., 2010).
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Identified research gap #2: To the best of
my knowledge, no studies have used ac-
celerometers to investigate the level of
physical activity in patients with chronic
LBP due to DDD scheduled for lumbar fu-
sion surgery.

1.3.5 Measurement of fear-avoidance
variables to identify barriers to and pre-
dictors of health

Improved health is usually the primary goal
of interventions for patients with LBP (Ber-
nstein et al., 2017; Qaseem et al., 2017), and
[ explained in the previous sections that
high-quality outcome measures are needed
to evaluate the effectiveness of health in-
terventions. Previous research suggests that
the effectiveness of such interventions can
be increased by targeting specific barriers to
health in patients with LBP (J. W. Vlaeyen et
al., 2012; J. W. S. Vlaeyen et al., 1995; Woby
et al., 2007).

The ICF states that personal and environ-
mental factors can work as barriers to a pa-
tient’s health (World Health Organization,
2001). High age and high BMI are examples
of personal factors that can act as such bar-
riers (Bauman et al., 2012). A lack of social
support and restricted access to exercise facil-
ities are examples of environmental barriers
(World Health Organization, 2001). For the
purposes of this thesis, variables in the cogni-
tive behavioral fear-avoidance model devel-
oped by Vlaeyen et al. (J. W. S. Vlaeyen et
al., 1995) and modified by Woby et al. (2007)
and Lotzke et al. (2016) are considered to be
potential barriers to the health components
functioning, disability, and physical activity.

The cognitive behavioral fear-avoidance
model by Vlaeyen et al. (1995) was devel-
oped from a biopsychosocial perspective.
The version of the model in this thesis is
the modification presented by Lotzke et al.
(2016) (hereafter referred to as “the modi-

fied fear-avoidance model”). The modified
fear-avoidance model includes self-efficacy
for exercise and physical activity in addition
to the variables in the original cognitive be-
havioral fear-avoidance model. The modified
fear-avoidance model describes two possible
trajectories, depending on how a patient in-
terprets a pain episode. In the trajectory pic-
tured to the right in Figure 2, patients who
view the pain as non-threatening and transi-
tory will go back to their usual activities and
experience a gradually reduced level of dis-
ability and depression, and a higher level of
physical activity. In the other trajectory, the
model suggests that patients who respond to
pain with catastrophizing thoughts, such as
incorrectly interpreting the pain as a sign of
serious injury, may develop a fear of move-
ment (kinesiophobia in its extreme form).
The model also proposes that the fear of
movement gradually results in avoidance be-
havior regarding activities. If the avoidance
behavior persists, the model suggests that it
will lead to disability, depression, and a lower
level of physical activity (Lotzke et al., 2016).
In line with Woby et al. (2007), the model
suggests that individuals with low self-effica-
cy are more likely to develop avoidance be-
haviors, disability, and depression.

The
investigated extensively in patients with
chronic LBP in a non-surgical context (Den-
ison et al., 2004; Glombiewski et al., 2018;
Peters et al., 2005; Pincus et al., 2002; Turner
etal., 2000; J. W. Vlaeyen et al., 2012;]. W. S.
Vlaeyen et al., 1995; Woby et al., 2007), but
there has been less research in patients who
undergo lumbar spine surgery.

fear-avoidance variables have been
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Figure 2. The modified cognitive fear-avoidance model by Lotzke et al. (2016), based on the
models of Vlaeyen et al. (1995) and Woby et al. (2007)

Reproduced from BMC Musculoskeletal Disorders, CC permission.

A few studies have shown that fear-avoidance
variables appear to be barriers to health in pa-
tients undergoing lumbar spine surgery (Ab-
bott et al., 2010b; Lundberg et al., 2011), but
other studies have not (Grotle et al., 2004b;
Johansson et al.,, 2016). One study showed
that preoperative pain, fear of movement, and
depression accounted for 67% of the explained
variance in disability in patients with lum-
bar degenerative conditions (Lundberg et al.,
2011). In another study, on patients with lum-
bar degenerative conditions who were sched-
uled for lumbar fusion surgery, fear-avoidance
variables accounted for 50% of the explained
variance in disability (Abbott et al., 2010b).

Fear-avoidance variables have also been in-
vestigated as barriers to being physically ac-
tive (Carvalho et al., 2017; Elfving et al., 2007;
Verbunt et al., 2005). The rationale for doing
so was that the avoidance behavior caused by
pain catastrophizing and fear of movement

could cause a decreased level of physical activ-
ity (Verbunt et al., 2005; Verbunt et al., 2010).
The empirical evidence for the idea that the
fear-avoidance variables would be barriers
to physical activity in patients with LBP is,
however, limited. One study found that a high
level of fear of movement or catastrophizing
was significantly associated with a low level of
physical activity in patients in a non-surgical
context (Elfving et al., 2007), whereas another
study did not (Carvalho et al., 2017).

Identified research gap #3: To the best of
my knowledge, no previous studies have
investigated whether fear-avoidance vari-
ables are barriers to physical activity in pa-
tients with chronic LBP due to DDD who
undergo lumbar fusion surgery.

The fear-avoidance variables have also been
used to predict health outcomes following
lumbar fusion surgery (Abbott et al., 2011;
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DeBerard et al., 2003; den Boer et al., 2006;
LaCaille et al., 2005; Trief et al., 2000). The
outcome of lumbar fusion surgery for chronic
LBP is a topic of much debate (Hedlund et al.,
2016; Mannion et al., 2016), and randomized
controlled trials have shown conflicting evi-
dence as to whether lumbar fusion surgery is
superior to non-surgical interventions (Brox
et al., 2003; Bydon et al., 2014; J. Fairbank
et al., 2005; Foster et al., 2018; Fritzell et al.,
2001; Mannion et al., 2016). It is therefore im-
portant to develop prediction models that—
already before surgery—can help healthcare
professionals to identify individuals who are
less likely to have a successful outcome of sur-
gery (Mannion et al., 2006). Prediction models
can thereby support clinical decision-making
to optimize treatment benefit and cost-effec-
tiveness (Mannion et al.,, 2006; Steyerberg,
2009).

Traditional prediction models for predicting
postoperative outcomes following lumbar fu-
sion surgery include variables such as gender
(van Susante et al., 1998, smoking (Andersen
et al., 2001; Glassman et al., 2000; LaCaille et
al., 2005; Trief et al., 2006), and pain duration
(Trief et al., 2000; Woertgen et al., 1999).
Modern prediction models usually take a bio-
psychosocial approach using variables such
as work status, social support, and variables
found in the cognitive behavioral fear-avoid-
ance model (Wilhelm et al., 2017).

Previous studies investigating the predic-
tive value of fear-avoidance variables have
demonstrated that high levels of preoperative
fear of movement (den Boer et al., 2006), pain
catastrophizing (Abbott et al., 2011), and de-
pression (DeBerard et al., 2003; LaCaille et
al., 2005; Trief et al., 2000) can predict a less
favorable postoperative outcome after lumbar
fusion surgery. Self-efficacy is a fear-avoid-
ance variable that has not been investigat-
ed as a predictor of the outcome of lumbar
spine surgery. However, self-efficacy has been

shown to be predictive of clinical outcomes
in patients undergoing various types of oth-
er surgeries such as anterior cruciate ligament
reconstruction (Everhart et al., 2015) and hip
and knee arthroplasty (van den Akker-Scheek
et al., 2007; Wylde et al., 2012).

Most studies on the predictive values of
fear-avoidance variables have aimed to predict
disability and not physical activity (Abbott et
al., 2011; DeBerard et al., 2003; den Boer et al.,
2006; LaCaille et al., 2005; Trief et al., 2000;
Wilhelm et al., 2017). However, considering
the beneficial health effects of physical activity
(I. M. Lee et al., 2012; World Health Organi-
zation, 2009a), it is important to also identify
predictors of the patient’s level of physical ac-
tivity after lumbar fusion surgery.

As the variables in the fear-avoidance mod-
el have been hypothesized to affect physical
activity and not only disability (Lotzke et al.,
2016; Verbunt et al., 2005; Verbunt et al,,
2010), they appear to also have the potential
ability to predict physical activity following
lumbar fusion surgery. Furthermore, walking
capacity could also be a possible predictor of
postoperative changes in both physical activi-
ty and disability. The rationale for this is based
on findings in previous prediction studies
(Gunzburg et al., 2003; Soriano et al., 2010)
and also because there is a high correlation
between walking capacity and health status
(Blain et al., 2010; Montero-Odasso et al.,
2005; Ostir et al., 2007; Tabue-Teguo et al.,
2015).

Identified research gap #4: To the best of
my knowledge, there has been very little
previous research on the predictive value
of fear-avoidance variables and walking
capacity in predicting the postoperative
outcome of physical activity and disability
in patients with chronic LBP due to DDD
who undergo lumbar fusion surgery.
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AIMS

The overall aim of the work described in this thesis was to investigate aspects of the measure-
ment of functioning and physical activity in patients with low back pain. The specific aims
were:

[.  To systematically review the level of evidence of reliability, validity,
and responsiveness of physical capacity tasks that are designed to
assess functioning in patients with LBP (Study I)

II. To investigate the responsiveness and minimal important change
of four physical capacity tasks used to assess functioning in patients

with chronic LBP due to DDD who undergo lumbar fusion surgery
(Study II)

[II. To investigate the preoperative level of physical activity in pa-
tients with chronic LBP due to DDD scheduled for lumbar fusion
surgery, and furthermore to investigate whether fear-avoidance
variables are associated with this level (Study III)

IV. To investigate the predictive value of preoperative fear-avoidance
variables, walking capacity, and traditional predictor variables for
prediction of postoperative changes in physical activity level and
disability six months after lumbar fusion surgery in patients with
chronic LBP due to DDD (Study IV)
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METHODS

An overview of the methods of the four
studies in the thesis is given in Table 1. The
methods of Study I are presented in a sepa-
rate section (Section 3.2) while the methods
of Studies II-IV are presented together in the

same section (Section 3.3). The rationale for
this is that Study I was a systematic review
and the methods used in this study therefore
differed considerably from those that were
used in the other studies.

Table 1. Overview of study designs, recruitment, study populations, type of data, and data

analysis

Study |

Study I

Study Il

Study IV

Study design

Recruitment

Study population

Type of data used
in data analysis

Data analysis

Systematic review of
reliability, validity, and

responsiveness

N/A

25 articles containing
patients with low back
pain of > 6 weeks
durafion

Results of reliability,
validity, and
responsiveness found
in the included articles

Bestevidence synthesis
to determine the
level of evidence for

Clinimefric study

Cross-sectional siudy

Prediction study

Recruitment from surgical waiting lists for lumbar fusion surgery at one
university hospital and two private spine clinics, as part of a randomized
controlled trial (Lotzke et al., 2016)

118 patients with chronic low back pain due to degenerative disc
disease scheduled for lumbar fusion surgery

PROMs and physical
capacity fasks
(baseline and &-month
posfoperative data)

Responsiveness
analysis and minimal
imporfant change

PROMs and
accelerometers
(baseline data)

Physical activity
analysis and
regression analysis

PROM:s, physical
capacity fasks, and
accelerometers
(baseline and &-month
postoperative data)

Physical activity
analysis and
regression analysis

reliability, validity, and

responsiveness

analysis

PROMs, patient-reported outcome measures

3.1 ETHICAL APPROVAL

Study I did not need ethical approval, as
it was a systematic review. Studies II-IV
were approved by the Regional Ethical Re-
view Board of Gothenburg (Dnr.586-11 and
amendment T 527-15). All the studies in the
thesis adhered to the Code of Ethics of the

World Medical Association (Declaration
of Helsinki). Ethical considerations are dis-
cussed in Section 5.5.
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3.2 STUDY |

3.2.1 Protocol and registration

A protocol was registered at the Interna-
tional Prospective Register of Systematic
Reviews (PROSPERO), http://www.crd.
yor.ac.uk/PROSPERO (registration number:
CRD42016042011).

3.2.2 Eligibility criteria
Articles that met the following criteria were
included:

« Target population: The study population
had LBP of > 6 weeks duration and was
aged > 18 years (van Tulder et al., 2006).
Articles that contained pregnant partici-
pants or participants suffering from con-
firmed rheumatic diseases, fibromyalgia,
tumors, infections, osteoporosis, struc-
tural deformities (e.g. scoliosis), frac-
tures, or cauda equina syndrome were
excluded unless data were presented spe-
cifically for patients who adhered to the
eligibility criteria.

«  Construct: The test was a measure of “ca-
pacity” of the ICF activity domain, de-
fined as “the ability to execute a task or an
action in a standardized environment.”
(World Health Organization, 2001).

+  Outcome measure: The test was a physical
capacity task, defined as (i) a standardized
test that is used for an evaluative purpose
and that (ii) is administered by an ob-
server, (iii) includes an activity as classi-
fied by the ICF that (iv) is performed in
a standardized setting, and (v) requires
low-cost and readily available portable
equipment. Articles that exclusively in-
vestigated test batteries and did not pres-
ent results for individual physical capaci-
ty tasks were excluded. If an article cited
an original test manual that could not
then be obtained, the test was excluded.

«  Article type: The article presented origi-
nal data reporting the reliability (includ-
ing reliability, measurement error, and
internal consistency), validity (including
content validity, construct validity, and
criterion validity), and responsiveness
(Mokkink et al., 2010a).

3.2.3 Classification of reliability, validity,

and responsiveness

The Consensus-based Standards for the Se-
lection of Health Measurement Instruments
(COSMIN) taxonomy was used to classify
measurement properties (reliability, validi-
ty, and responsiveness) found in the articles
included (Mokkink et al., 2010a). The COS-
MIN taxonomy was developed by Mokkink
et al. (2010a) through an international Del-
phi study to clarify and standardize the ter-
minology of measurement properties. Figure
3 shows an overview of the interrelation-
ships between the measurement properties
in the COSMIN taxonomy.
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Figure 3. Overview of the interrelationships between measurement properties in the Consensus-
based Standards for the Selection of Health Measurement Instruments (COSMIN) taxonomy

(Mokkink et al., 2010a).

Reproduced from Journal of Clinical Epidemiology with permission from Elsevier.

*Interpretability is not considered a measurement property in the COSMIN taxonomy because it
does not refer to the quality of a measurement instrument. However, interpretability was considered
to be sufficiently important to be included in the COSMIN taxonomy.

3.2.4 Information sources

Electronic information sources were MED-
LINE (through the interface of Ovid), CI-
NAHL (EBSCOhost), PsycINFO (Ovid),
Scopus (Elsevier), and the Cochrane Library
(Wiley). Additional information sources
were the reference lists of articles from the
electronic database search that were iden-
tified for full-text reading. We developed
a search strategy in collaboration with two
medical librarians working at a university li-
brary, who then performed the search. The
search strategy included three main filters,
specifically tailored for each electronic da-
tabase: the construct of interest, the target
population, and measurement properties. No
restrictions were applied regarding language.

The last search was performed on August 29,
2018.

3.2.5 Study selection

Two authors screened—independently of
each other—titles and abstracts of studies
from the database search and hand search.
A consensus was reached on which arti-
cles should be reviewed in full-text. If con-
sensus could not be reached, a third author
was consulted to resolve the disagreement.
Subsequently, two authors independently
reviewed the full-text articles for eligibility.
A third author was consulted if consensus
could not be reached regarding the inclusion
of full-text articles.
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3.2.6 Data collection

One author developed a data extraction form,
which was then piloted on five randomly-se-
lected included studies, by three authors.
The data extraction form was modified after
the pilot procedure, to cover the following
items: (i) patient sample characteristics, (ii)
eligibility criteria, (iii) setting, (iv) procedure
and equipment for performing the physical
capacity tasks, (v) results of the measure-
ment properties, and (vi) minimal important
change. Then, relevant data from the studies
included were extracted by one author and
checked independently for accuracy by an-
other author.

3.2.7 Assessment of methodological quality

Two authors independently assessed all the
articles for methodological quality with the
COSMIN 4-point checklist (Mokkink et al.,
2010b; Terwee et al., 2012). In this checklist,
each measurement property investigated in
a study is given a separate rating (excellent,
good, fair, or poor) using the “worst score
counts method” (Terwee et al., 2012). If con-
sensus could not be reached between the two
authors, a third author was consulted to al-
low consensus to be reached.

3.2.8 Data synthesis

A “best-evidence synthesis” (de Vet et al.,
2011) was performed by consensus between
all authors. First, the result ratings per mea-
surement property per physical capacity task
were determined to be “adequate,” “inade-
quate,” or “indeterminate” according to cri-
teria accepted with consensus in an interna-
tional Delphi study (Table 2) (Prinsen et al.,
2016). Second, the level of evidence for the
result ratings was assigned as follows (Kro-
man et al., 2014):

« Strong evidence: consistent result ratings
in at least two good-quality articles or at

least one excellent-quality article, with a
total sample size of eligible articles > 100.

« Moderate evidence: consistent result rat-
ings in at least two fair or one good-qual-
ity article, with a total sample size of eli-
gible articles > 50.

+ Limited evidence: at least one fair, good,
or excellent-quality article, with a total
sample size of eligible articles of 25-49.

« Unknown evidence: indeterminate re-
sult ratings OR all eligible articles were
of poor methodological quality OR total
sample size of eligible articles < 25 OR
conflicting result ratings.

« Conlflicting evidence: conflicting find-
ings.

Multiple studies were only combined in the
data synthesis if the studies included a sam-
ple with comparable characteristics and if the
same measurement property was evaluated
for the same physical capacity task. For in-
stance, the data synthesis of tasks that con-
cerned walking was performed separately
for samples with patients with back-related
diagnoses known to severely affect walking
capacity (e.g. lumbar spinal stenosis) and
samples without such diagnoses. If an article
lacked a priori hypotheses for construct va-
lidity and responsiveness, we extracted what
the authors had expected in relation to those
measurement properties from the descrip-
tion found in the article. We generated our
own hypotheses for construct validity and
responsiveness based on these descriptions,
which were then added to the data synthesis.
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Table 2. Criteria for result ratings of measurement properties used in the data synthesis in Study |

(Prinsen et al., 2016)

Measurement property Rating

Criteria for result ratings

Reliability +

ICC or weighted Kappa > 0.70

ICC or weighted Kappa not reported

= Criteria for '+’ not met

Measurement error +

SDC or loA < MIC*

MIC not defined

- Criteria for '+’ not met

Hypothesis testing for +
construct validity

75% of the results are in accordance with the hypotheses

No hypotheses defined

= Criteria for '+ not met

Criterion vo|idity +

Correlation with gold standard > 0.70 OR AUC > 0.70

Not all information for '+ reported

- Criteria for '+’ not met

Responsiveness +

75% of the results are in accordance with the hypotheses OR

area under the ROC curve > 0.70

? No hypotheses defined

= Criteria for '+’ not met

*This evidence may come from different studies.

ICC, intraclass correlation coefficient; LoA, limits of agreement; MIC, minimal important change;
ROC, receiver operating characteristic; SEM, standard error of measurement; SDC, smallest
detectable change; +, adequate rating; -, inadequate rating; ?, indeterminate rating.

3.3 STUDIES II-IV

3.3.1 Protocol and registration

Studies II-IV were based on data from pa-
tients participating in a randomized con-
trolled trial (RCT) that compared the effects
of a prehabilitation program and conven-
tional preoperative care (Lotzke et al., 2018;
Lotzke et al., 2016). The RCT was registered
in the ISRCTN registry (www.isrctn.com,
registration number: 17115599).

3.3.2 Eligibility criteria
We prospectively included patients aged 18-
70 years who were on the waiting lists for

lumbar fusion surgery at one university hos-
pital and two private spine clinics. Patients
diagnosed with motion-elicited chronic LBP
due to DDD in 1-3 segments of the lumbar
spine were included. The patients’ main sur-
gical procedure was lumbar fusion surgery
with the aim of alleviating back pain, but
patients could have minor radiating symp-
toms with or without a simultaneous surgi-
cal procedure for lumbar foraminal stenosis,
isthmic spondylolisthesis, or disc herniation.
We excluded patients who had previously
undergone decompression surgery for lum-
bar spinal stenosis or who had a confirmed
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neurological or rheumatic disorder, spinal
malignancy, deformities of the thoraco-
lumbar spine such as idiopathic scoliosis,
or dominating radiculopathy, or who had a
poor understanding of the Swedish language.

3.3.3 Procedure

The patients visited one of three outpatient
spine clinics to undergo a clinical examina-
tion by an orthopedic surgeon. The orthope-
dic surgeon made a medical diagnosis based
on the clinical and radiological findings, and
judged whether lumbar fusion surgery was
a treatment option. Patients who agreed to
undergo lumbar fusion surgery were placed
on a waiting list for surgery. The clinic co-
ordinators continuously informed a phys-
iotherapist in the research group about pa-
tients on the waiting list who were potential
candidates for inclusion in the study. The
physiotherapist then determined whether
the patients fulfilled the eligibility criteria.
When in doubt about a patient’s eligibili-
ty, the physiotherapist discussed the patient
with the orthopedic surgeons in the project
group, to reach consensus.

The physiotherapist contacted eligible pa-
tients by telephone and informed them about
the study. Patients who were interested in
participating met with an independent ob-
server 8—12 weeks before surgery at one of
the spine clinics. The independent observer
once again provided the patient with infor-
mation about the study. If the patient agreed
to participate, he/she signed an informed
consent form provided by the independent
observer. Patients were included between
April, 2014 and June, 2017.

3.3.4 Data collection

After a patient had agreed to participate, the
independent observer guided the partici-
pant in performing physical capacity tasks
and provided him/her with PROMs and an

accelerometer (all outcome measures are de-
scribed in detail in Section 3.3.5).

Study coordinators contacted patients by
telephone to book appointments for fol-
low-up visits 3, 6, 12, and 24 months after
surgery. If the study coordinators could not
reach a patient, they persevered with tele-
phone calls, voicemail, and e-mail, accord-
ing to a standardized protocol. If the study
coordinators reached a patient but he/she
was unable to visit the clinic for follow-up,
the study coordinators mailed PROMs and
the accelerometer (all outcome measures de-
scribed in Section 3.3.5). If the study coordi-
nators could not reach a patient, they mailed
only the PROMs and not the accelerometer.

Studies II and IV used baseline and 6-month
data, while Study III used baseline data. Thus,
the follow-up visits 3, 12, and 24 months af-
ter surgery were only for the purpose of the
RCT (Lotzke et al., 2018; Lotzke et al., 2016).

3.3.5 Intervention

As part of the RCT, the patients were ran-
domly assigned either to participate in a
prehabilitation program in preparation for
surgery or to receive conventional preoper-
ative care as part of the RCT (Lotzke et al.,
2018; Lotzke et al., 2016). In Studies II-IV,
the patients were studied irrespective of the
preoperative intervention assigned to them.

3.3.6 Outcome measures

Data in Studies II-IV were collected through
the use of PROMs, physical capacity tasks,
and accelerometers (Table 3).
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Table 3. Outcome measures used in Studies lI-1V

Outcome measure

Patient-reported outcome measures
Oswestry Disability Index 2.0
Visual analog scale for back pain intensity
Visual analog scale for leg pain intensity
Pain Catastrophizing Scale
Tampa Scale for Kinesiophobia
Self-Efficacy for Exercise Scale
Hospital Anxiety and Depression Scale
Constructspecific global perceived effect scale
Generic global perceived effect scale
Physical capacity tasks
Five-minute walk
One-minute stairclimbing test
50-oot walking test
Timed upand-go
Measurement of physical activity

GT3X+ accelerometer

Studies

Il Il v
X X X
X X X
X X X
X X X
X X X

X X
X X X
X
X
X
X X
X X
X

X X

Demographic data

Gender, age, self-reported height and
weight, education level, smoking status,
sick-leave status, previous spine surgery,
pain duration (back and leg), and comor-
bidity were collected from the preoperative
questionnaire used in Swespine (Fritzell et
al.,, 2018). The type of surgical procedure
was obtained from the patients’ medical re-
cords.

Patient-reported outcome measures

Disability was measured with the Swedish
version of the Oswestry Disability Index
2.0 (ODI) (J. C. T. Fairbank et al., 2000).
In the ODI, patients rate their perceived
disability for ten items concerning pain in-
tensity, personal care, lifting, walking, sit-
ting, standing, sleeping, sex life, social life

and traveling. Total scores of the ODI is
interpreted as follows: 0-20 represents no
disability, 21-40 moderate disability; 41-60
severe disability; 61-80 incapacitating dis-
ability; and 81-100 being restricted to bed
(J. C. T. Fairbank et al., 1980). The ODI
has shown adequate reliability, construct
validity, and responsiveness in patients
with chronic LBP in a Scandinavian con-
text (Grotle et al., 2004a; Grotle et al., 2003;
Lauridsen et al., 2006).

The intensity of back and leg pain over the
previous week was measured using 100-
mm visual analog scales, with 100 mm
meaning maximum pain intensity. There is
published support for the validity and reli-
ability of visual analog scales for pain inten-
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sity in patients with chronic pain (Carlsson,
1983; Price et al., 1983).

Fear of movement was rated using the
Swedish version of the Tampa Scale for
Kinesiophobia (TSK). In the TSK, patients
rate 17 items assessing subjective thoughts
of fear of movement. The Swedish version
of the TSK has shown adequate test-retest
reliability and internal consistency, and
there is support for its face validity, content
validity, and construct validity in patients
with chronic LBP (Lundberg et al., 2004).
Total scores range from 17 to 68, with
higher scores indicating a higher level of
fear of movement.

Pain catastrophizing was measured using
the Swedish version of the Pain Catastroph-
izing Scale (PCS). In the PCS, patients rate
13 items assessing catastrophizing thoughts
about pain. The PCS has shown adequate
internal consistency and structural validity
for Swedish patients with chronic pain (Ke-
mani et al., 2018). Total scores range from
0 to 52, with 0 meaning no catastrophizing.

Self-efficacy for exercise was measured us-
ing the Swedish version of the Self-Effica-
cy for Exercise Scale (SEES). In the SEES,
patients rate their confidence regarding the
suggestion that they could exercise three
times per week (20 minutes each session)
under nine different conditions - for ex-
ample, “if you would experience pain while
you exercised” or “if you would feel tired”.
The SEES has shown adequate test-retest
reliability, internal consistency, and con-
tent validity in a Swedish population sam-
ple (Rydwik et al., 2014). Total scores range
from O to 90, with higher scores indicating
a higher level of self-efficacy.

Depression was assessed using the Swed-
ish version of the Hospital Anxiety and
Depression Scale (HADS). In the HADS,

patients rate seven items related to symp-
toms of depression. The HADS has shown
adequate internal consistency and construct
validity in a Swedish population sample
(Lisspers et al., 1997).

Perceived postoperative changes in walking
ability, stair-climbing ability, and ability to
rise from a chair was self-reported with
global perceived effect (GPE) scales (which
were only used at the 6-month follow-up).
The scales comprise the following question
and response alternatives (exemplified here
for walking ability):

How is your walking ability now compared
to how it was before you entered the study?

Much better.
Better.
Somewhat better.
Unchanged.
Somewhat worse.
Worse.

Much worse.

Nk wb =

Similar GPE scales have been shown to
have adequate reliability and validity for
patients with chronic LBP (S. J. Kamper et
al., 2010; Ward et al., 2015).

Perceived postoperative change in the in-
tensity of back pain were measured with a
generic GPE scale (which was only used at
the 6-month follow-up) with five response
alternatives:

1. Pain-free.

2. Much better.

3. Somewhat better.
4. Unchanged.

5. Worse.

The scale has shown good responsiveness
for patients with chronic LBP who undergo
lumbar fusion surgery (Higg et al., 2002).
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Physical capacity tasks

In the five-minute walk, participants are
asked to walk as fast and as far as possi-
ble (without running) for a period of five
minutes (Simmonds et al., 1998). The cir-
cuit is 15 meters long and octagonal. The
distance covered is recorded in meters. The
five-minute walk is not to be confused with
the 6-minute walk test, which was devel-
oped to evaluate pulmonary function in pa-
tients with chronic heart failure (Guyatt et
al., 1985).

In one-minute stair climbing, the patient
is asked to ascend and descend a flight of
stairs for one minute, as fast as possible
(Smeets et al., 2006). The total number of
steps is recorded. The stairs in the current
studies had ten steps (each 16 cm high).

In the 50-foot walk, the patient is asked to
walk as fast as possible (without running)
until he/she gets back to the starting point
(Simmonds et al., 1998). The circuit is 15
meters long and octagonal. The time need-
ed to complete the test, in seconds, was re-
corded.

In timed up-and-go, the patient is asked
to rise up from a chair (45 cm high) as fast
as possible (without running), walk three
meters to a marked line on the floor, turn
around, and finally walk back to the chair
and sit down (Simmonds et al., 1998). The
task is to be performed as quickly as possi-
ble. The time needed to complete the test,
in seconds, is recorded.

The physical capacity tasks were chosen
based on previous research on reliabili-
ty, validity, and responsiveness, and their
clinical usefulness (Andersson et al., 2010;
C. E. Lee et al., 2001; Ocarino et al., 2009;
Simmonds et al., 1998; Smeets et al., 2006;
Teixeira Da Cunha-Filho et al., 2010). At
first, we aimed to also include the progres-

sive isoinertial lifting evaluation (Mayer
et al., 1988) as a measure of lifting, but we
found that the test was too time-consuming
to be able to be used in the context of the
RCT. We also wanted to include the for-
ward-reach test (Simmonds et al., 1998) as
a measure of spinal flexibility, but we found
that the test was too difficult to standardize.

Measurement of physical activity
Physical activity was measured with the
triaxial accelerometer GT3X+ (ActiGraph,
Pensacola, FL, USA). Patients wore the
accelerometer for seven consecutive days
during waking hours. They were instructed
to remove the accelerometer when bathing
or swimming. The GT3X+ measures accel-
eration in three planes, and the raw output
is “counts.” Based on the number of counts
per minute, the raw output can be classified
into time spent at different intensities of
physical activity by appropriate cut-points
in the complementary software, Actilife 6
(ActiGraph). The accelerometer also mea-
sures steps per day. The GT3X+ has been
shown to have adequate reliability and con-
struct validity for measuring the intensity of
physical activity (Kelly et al., 2013; Ozemek
et al., 2014) and adequate reliability and cri-
terion validity when measuring the number
of steps in healthy adults (Gatti et al., 2016).
Moreover, the GT3X+ has shown adequate
responsiveness in healthy adults (Swartz et
al., 2014).

3.3.7 Statistical analysis

All statistical analysis was performed with
SPSS 24.0 for Windows (SPSS Inc., Ar-
monk, NY, USA). An overview of the sta-
tistical methods that were used in Studies
[I-1V is given in Table 4.
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Table 4. Overview of the statistical methods used in Studies II-IV

Statistical method Study I Study Il Study IV
Descriptive statistics

Frequency and percentage X X X

Median and interquartile range X X X

Mean and standard deviation X X X
Parametric tests

Independentsamples test X X
Non-parametric fests

Mann-Whitney U-est X X

Fisher's exact test X X
Responsiveness analysis

Area under the ROC curve X

Spearman correlation X
Minimal important change analysis

Optimal cutoff point of the ROC curve X
Physical activity analysis

Steps per day X

Minutes/day of > moderate intensity in 10-minute bouts X

Minutes/day of > moderate intensity (non-bouted) X
Regression analysis

Univariate linear regression X X

Multiple linear regression X X

ROC, receiver operating characteristic

Descriptive statistics

Frequencies, means, medians, and their re-
spective variations (percentages, standard
deviations, interquartile ranges) were cal-
culated to characterize the participants at
baseline (Studies II-IV) and at the 6-month
follow-up (Studies IT and IV).

Parametric and non-parametric tests

Independent-samples t-test, Mann-Whit-
ney U-test, and Fisher’s exact test were used
to test for statistically significant baseline
differences between patients who were in-

cluded and excluded in the analyses of re-
sponsiveness and minimal important change
(Study II) and the prediction analyses (Study
IV). The choice of methods depended on the
data level and distribution of each variable.

Responsiveness analysis (Study II)

We investigated responsiveness by testing
five responsiveness hypotheses (Table 5), as
recommended by the developers of COSMIN
(de Vet et al.,, 2011). According to recom-
mendations, an outcome measure is usually
considered to have adequate responsiveness
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if at least 75% of the hypotheses have been
confirmed. In the current study with five hy-

potheses, we adopted a criterion of at least
80% of the hypotheses being confirmed.

Table 5. Hypotheses for investigating the responsiveness of the physical capacity tasks in Study I

1. The change scores (differences between baseline and &-month assessments) of a physical capacity
task will be able to distinguish between patients with and without meaningful improvement, as
classified by a constructspecific GPE scale (area under the ROC curve > 0.70) (Prinsen et al.,
2016; Scott et al., 2015; Ward et al., 2015).¢

2. The change scores of a physical capacity task will yield greater misclassifications of improved and
unchanged patients in a ROC curve when that classification is based on a generic GPE scale rather
than constructspecific GPE scales (Prinsen ef al., 2016; Scott ef al., 2015; Ward et al., 2015).°

3. The change scores of the four physical capacity fasks will be correlated > 0.50 fo each other in the
expected direction (Filho et al., 2002; Prinsen et al., 2018; Simmonds ef al., 1998; Teixeira Da
CunharFilho et al., 2010).5

4. The correlations between change scores of physical capacity tasks and the ODI will be at least
0.10 weaker than the correlations between the change scores among the physical capacity tasks
themselves (Filho et al., 2002; Gautschi et al., 2016¢; C. E. lee et al., 2001: Prinsen et al.,
2018).

5. The correlations between change scores of a physical capacity fask and VAS for intensity of back
pain will be atf least 0. 10 weaker than the correlations between change scores of the physical

capacity task and the ODI (Filho et al., 2002; Gautschi et al., 2016c; Prinsen et al., 2018;
Simmonds et al., 1998).

@ For timed up-and-go, hypotheses 1 and 2 were tested separately for the construct-specific GPE
scales on walking and chair rise, respectively, since the task includes both of these activities.

b The expected direction depends on whether a negative or positive change score of a physical
capacity task indicates improvement or deterioration. The correlations between five-minute walk and
one-minute stair climbing and also the correlations between 50-foot walk and timed up-and-go were
expected to be positive. The other possible correlations among the four physical capacity tasks were
expected to be negative.

GPE scale, global perceived effect scale; ROC curve, receiver operating characteristic curve; VAS,

visual analog scale

We tested responsiveness hypothesis 1 by
calculating the area under the receiver op-
erating characteristic curve for improved
and unchanged patients, as classified by the
construct-specific GPE scales matched for each
particular physical capacity task. Improved
patients were considered to be those who had
scored the response alternatives “much better”
or “better” on the construct-specific GPE scales
and unchanged patients were those who had
scored response alternatives “somewhat bet-
ter,” “unchanged,” or “somewhat worse.” The
area under the receiver operating character-
istic curve can vary from 0.5 to 1, and signi-
fies the probability of correctly distinguishing

improved patients from unchanged patients,
with 1 indicating perfect ability to distinguish
improved patients from unchanged patients
(de Vet et al., 2011). Hypothesis 1 was accept-
ed if the area under the ROC curve was > 0.70.
For timed up-and-go, we tested hypothesis
1 separately for the construct-specific GPE
scales on walking and chair rise, respectively,
since the task includes both of these activities.

Hypothesis 2 concerned the area under the
receiver operating characteristic curve for im-
proved and unchanged patients, as classified by
the generic GPE scale. Improved patients on the
generic GPE scale were considered to be those
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who had scored response alternatives “pain-
free” or “much better” on the generic GPE
scale, and unchanged patients were those who
had scored response alternative “somewhat
better” or “unchanged.” Hypothesis 2 was ac-
cepted if the area under the receiver operating
characteristic curve for the generic GPE scale
was lower than the area under the area under
the receiver operating characteristic curve for
the construct-specific GPE scales. For timed
up-and-go, we tested hypothesis 2 separately
for the construct-specific GPE scales on walk-
ing and chair rise.

Hypotheses 3-5 were investigated with Spear-
man’s rho, as the change scores of the physical
capacity task were not normally distributed (de
Winter et al., 2016).

Minimal important change analysis
(Study II)

We determined the minimal important change
(MIC) for improvement (hereafter referred to
only as MIC) with the optimal cutoff point of
the ROC curve based on the classification of
improved and unchanged patients according
to construct-specific GPE scales. We matched
the GPE scales for each specific physical ca-
pacity task. MICs for timed up-and-go were
calculated separately for the construct-specific
GPE scales for walking and chair rise. The op-
timal cutoff point of the ROC curve represents
the change score of each physical capacity task
that yields the smallest number of misclassi-
fications between improved and unchanged
patients (de Vet et al., 2006). We calculated ab-
solute MICs based on the ROC curve plotted
with the absolute change scores of each phys-
ical capacity task. We calculated relative MICs
based on the ROC curve plotted with the per-
centage of change from baseline for each phys-
ical capacity task. We did not calculate MIC for
deterioration, since only two patients reported
deterioration on the construct-specific GPE
scales.

Physical activity analysis (Studies III
and IV)

We processed accelerometer data on a min-
ute-by-minute basis in the software Actilife, to
generate three variables:

1. Steps per day.

2. Minutes per day of at least moderate-in-
tensity physical activity accumulated in at
least 10-minute bouts. A 10-minute bout
was defined as a 10-minute period with
an interruption of no more than two min-
utes below the threshold of 2,020 counts
(Troiano et al., 2008).

3. Minutes per day of at least moderate-inten-
sity physical activity regardless of whether
or not the physical activity was performed
in 10-minute bouts (non-bouted) (Troia-
no et al., 2008).

In Study I1I, the variable steps per day was used
as a measure of total physical activity regard-
less of the intensity at which it was performed.
Minutes per day of at least moderate-intensi-
ty physical activity (in 10-minute bouts) was
used as a measure of the intensity of physical
activity. The rationale for the 10-minute bout
criterion was to enable comparisons with the
WHO recommendations on physical activity
(World Health Organization, 2009b). To fur-
ther enable comparisons with the recommen-
dations, the 10-minute bout variable was mul-
tiplied by seven to yield the number of minutes
per week.

In Study IV, the variable minutes per day of
at least moderate-intensity physical activi-
ty (non-bouted) was used. The rationale for
using the non-bouted variable instead of the
10-minute bout variable was that the results
of Study III showed that the 10-minute bout
variable was not appropriate for regression
analysis (see Section 4.4.2).
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Patients had to have > 4 days of > 10 hours
wear time per day of the accelerometer to be
included in further analysis (Trost et al., 2005).
Wear time was defined according to Choi et
al. (2011).

Adherence to physical activity recom-
mendations (Study III)

We calculated the proportions of patients
who reached the WHO physical activity rec-
ommendations (> 150 minutes per week of
at least moderate-intensity physical activity
performed in bouts of at least 10 minutes) by
dividing the number of patients who fulfilled
the recommendations by the total number
of patients with sufficient wear time. In the
same manner, we calculated the proportions
of patients who achieved > 7,500 steps per day
(physically active lifestyle), 5,000-7,499 steps
per day (low active lifestyle), or < 5,000 steps

per day (sedentary lifestyle) (Tudor-Locke et
al., 2013).

Regression analysis investigating associ-
ations between fear-avoidance variables
and health outcomes (Studies III and IV)
In Study 3, we investigated the associations be-
tween fear-avoidance variables and the preop-
erative level of physical activity in two multiple
linear regression models: one model with steps
per day as the dependent variable and one with
minutes per week of at least moderate-intensi-
ty physical activity (in 10-minute bouts) as the
dependent variable (Table 6). The selection of
potential independent variables in the mod-
els was based on the modified fear-avoidance
model of Lotzke et al. (2016). The maximum
number of potential independent variables
was set to ten based on the sample size of 118
(power level = 0.8, alpha level = 0.05, effect
size = 0.15 (“moderate”)) (Cohen, 1988).

Table 6. Overview of the potential independent variables and the dependent variables in the

regression models in Study |l

Potential independent variables
Baseline disability (ODI)
Baseline back pain intensity (VAS)
Baseline leg pain intensity (VAS)
Baseline fear of movement (TSK)
Baseline pain catastrophizing (PCS)
Baseline selfefficacy for exercise (SEES)
Baseline depression (HADS)
Confounder: Baseline age
Confounder: Baseline BM|
Confounder: Gender

Dependent variables

Model 1: Steps per day (GT3X+)

Model 2: Minutes per week of at least moderate-intensity physical activity

(in 10-minute bouts) (GT3X+)

HADS, Hospital Anxiety and Depression Scale; ODI, Oswestry Disability Index 2.0; PCS, Pain
Catastrophizing Scale; SEES, Self-Efficacy for Exercise Scale; TSK, Tampa Scale for Kinesiophobia;

VAS, visual analog scale.
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In Study IV, we investigated the associations
between potential predictors and change
scores (the difference between baseline and
6-month assessments) of physical activity
level and disability in two separate multiple
linear regression models: one model with
minutes per day of at least moderate-inten-
sity physical activity (non-bouted) as the de-
pendent variable and one with disability as
the dependent variable (Table 7). We based
the selection of the predictor variables on the

modified version of the fear-avoidance mod-
el as described by Lotzke et al. (2016) (Figure
2). Other variables were included, based on
the empirical evidence presented in other
studies investigating predictors for the out-
come of lumbar spine surgery (Abbott et al.,
2011; Carreon et al., 2009; Gunzburg et al.,
2003; LaCaille et al., 2005; Mannion et al.,
2006; Soriano et al., 2010; Trief et al., 2000;
Trief et al., 2006).

Table 7. Overview of the potential predictors and the dependent variables in the prediction models

in Study IV

Potential predictors
Baseline value of the dependent variable
Baseline back pain intensity (VAS)
Baseline leg pain intensity (VAS)
Baseline pain cafastrophizing (PCS)
Baseline fear of movement (TSK)
Baseline selfefficacy for exercise (SEES)
Baseline depression (HADS)
Baseline walking capacity (five-minute walk)
Baseline walking capacity (504oot walk)

Baseline sick leave [yes/no]

Baseline duration of back pain [< 2 years/> 2 years]

Baseline age
Baseline BM
Gender

Dependent variables

Physical activity model: Postoperative change from baseline in minutes per day
of at least moderate-intensity physical activity (non-bouted) (GT3X+)

Disability model: Postoperative change from baseline in disability level (ODI)

HADS, Hospital Anxiety and Depression Scale; ODI, Oswestry Disability Index 2.0; PCS, Pain
Catastrophizing Scale; SEES, Self-Efficacy for Exercise Scale; TSK, Tampa Scale for Kinesiophobia;

VAS, visual analog scale.

In both Study II and Study IV, we used a pur-
poseful selection method with three steps to
select which of the independent variables
would be retained in the final regression

models (Bursac et al., 2008; Hosmer et al.,
1999):
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1. Only potential independent variables as-
sociated with the dependent variable at
a p-value < 0.25 in univariate regression
analysis were brought forward to the sec-
ond step of the analysis.

2. The remaining independent variables
were included in a backward multiple re-
gression analysis along with the baseline
equivalent of the dependent variable. In-
dependent variables with a p-value > 0.15
were removed in the backward multiple
regression analysis if the beta coefficients
of the remaining independent variables
did not change more than 15%.

3. The independent variables that were ex-
cluded in the first step were added back
to the multiple regression model one by
one, and were only kept if they had a
p-value <0.15.

The independent variables in the final mod-
els were controlled for multicollinearity with
correlation analysis (Pearson’s r or Spearman
rho depending on data level and distribu-
tion). The standardized residuals from the
regression models were checked for nor-
mality and heteroscedasticity with normality
and heteroscedasticity plots (Fahrmeir et al.,
2013).

In Study III, the findings of any remaining
confounders (age, gender, or BMI) in the
final models were not interpreted, as they
were only added to adjust the model. In Study
IV, age, gender, and BMI were considered to
be potential predictors and not confounders.
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SUMMARY OF RESULTS

4.1 STUDY |

The aim of Study I was to systematically re-
view the level of evidence of reliability, valid-
ity, and responsiveness of physical capacity
tasks that are designed to assess functioning
in patients with LBP.

4.1.1 Study selection

The electronic search and hand search result-
ed in 7,900 articles after the removal of dupli-
cates (Figure 4). Twenty-five of these were
included (Andersson et al., 2010; Armstrong
et al., 2005; Campbell et al., 2006; Conway et
al., 2011; Deen et al., 2000; Gautschi et al.,,
2016a,2016b; Gautschietal.,2017; Kahraman
etal., 2016; C. E. Lee et al., 2001; Magnussen
et al., 2004; Ocarino et al., 2009; Odebiyi et
al., 2007; Pratt et al., 2002; Rainville et al.,
2012; Simmonds et al., 1998; Smeets et al.,
2006; Soer et al., 2006; Staartjes et al., 2018;
Strand et al., 2011; Strand et al., 2002; Taylor
et al., 2001; Teixeira Da Cunha-Filho et al,,

2010; Tomkins et al., 2009; Whitehurst et al.,
2001). One article comprised patients with a
pain duration of > 6 weeks (subacute LBP)
(Magnussen et al., 2004), while the remain-
ing 24 articles comprised patients with a pain
duration of > 12 weeks (chronic LBP). Elev-
en of the articles comprised patients with
chronic LBP who had back-related diagnoses
known to severely affect walking capacity. Of
these, one article included patients with lum-
bar spondylolisthesis and post-laminectomy,
six articles included patients with lumbar spi-
nal stenosis, three articles included patients
with lumbar disc herniation and lumbar spi-
nal stenosis, and one article included patients
with lumbar disc herniation, lumbar spinal
stenosis, and spondylolisthesis.
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12,301 articles identified through 2,302 articles identified through 1,557 articles identified through
the first database search the second database search hand search of 362 reference lists
[Inception —May 11, 2017] [Jan 1, 2016 — Aug 29, 2018]

|
!

7,900 articles after duplicates removed

Abstracts of 7,900 articles screened —> 7,440 articles excluded

435 full-text articles excluded:

460 full-text articles assessed for eligibility —> 1. Original data not included: 201

2. Wrong condition or not fulfilling inclusion criteria for

l age: 47
3. Tests not adequately described or original reference
for test procedure not obtained: 14

25 articles included in the data extraction

) 4. Wrong construct: 65
(of which 5 were from hand search)

5. Tests not evaluated by an observer: 15
l 6. Insufficient standardization/expensive equipment: 18
7. Aim was not to evaluate measurement properties: 69

25 articles included in the methodological 8. Results only presented for composite score of a test

battery: 5
quality assessment _\ K

3 articles not included in the data synthesis
22 articles included in the data synthesis - for any measurement property

Full-text articles not found: 1

(poor methodological quality)

Figure 4. Flow chart of article inclusion in Study I.

The 25 articles included covered 18 physical  lifting (3 tasks), rising from a chair (2 tasks),
capacity tasks (Table 8). The physical capac-  a combination of walking/rising from a chair
ity tasks involved the following activities: (1 task), and a combination of walking and
walking (10 tasks), stair climbing (1 task), carrying (1 task).
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Table 8. Brief descriptions of the physical capacity tasks that were included in Study I.

Physical
capacity task

Quantification measure

Equipment needed

One-minute stair
climbing

30-second chair stand
test

Five-repetition sit-to-
stand

50-foot walk
50-foot walk, preferred
speed

Five-minute walk

Lift test

Lift test, modified

Motorized treadmill
test

Progressive isoinertial
lifting evaluation

Self-paced walking fest

Shuttle walking test

Timed up-and-go

Treadmill examination,
1.2 miles per hour

Number of stairs climbed in 1 minute

Number of repetfitions (sitting — standing)
performed in 30 seconds

Seconds to complete five repetitions of sitting o
standing

Seconds o complefe a 50Hoof course at
maximum speed

Seconds to complete a 5000t course at preferred
speed

Meters walked in 5 minutes

Ordinal scale of the number of repetitions lifting
box with sandbag from floor fo table and back

Number of repetitions liffing a box from floor to
fable and back in 1T minufe

Total walking time and distance walked at
preferred speed [non-modifiable during the fest] af
the moment walkingrelated symptoms make the
participant stop

Weight in kg of the box during the last completed
cycle (Strand et al., 201 1)/Number of complefed
lifting cycles (Andersson ef al., 2010; Smees et
al., 2006)

Total walking time, speed, and distance walked
af the moment walkingrelated symptoms make the
participant stop

Number of meters walked until the participants
fail to complete a predefined “shutile” in the time
allocated

Seconds fo complete rising up from a chair,
walking 3 meters, turning around, walking back o
the chair, and sitting down.

Total time walked at 1.2 miles per hour on a
freadmill at the moment walkingrelated symptoms
make the participant sfop [fime limit: 15 minufes]

A flight of stairs with
handrails, stopwatch

Chair, stopwatch
Chair, stopwatch

Measuring tape,
stopwatch, markers for
indicating track endpoints

Measuring tape,
stopwatch, markers for
track endpoints

Measuring tape,
stopwatch, markers for
indicating track endpoints

Table, 1.35 kg box with
5kg sandbag

Table, 1.35 kg box with
5kg sandbag, 4kg for

women

Treadmill, stopwatch

Standardized box and an
assortment of weights

Distance instrument,
stopwatch

Standardized audio

tape, measuring fape,
markers for indicating track
endpoints

Chair, stopwaitch

Treadmill, stopwatch

[cont.)
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(Table 8 cont.)

Treadmill examination,
preferred speed

Total time walked at preferred speed on a
freadmill at the moment walking-related symptoms

Treadmill, stopwatch

make the participant sfop [time limit: 15 minutes]

Treadmill protocol

Total distance, time, and average speed walked

Treadmill, stopwatch

on a freadmill at preferred speed [modifiable
during the fest] the moment symptoms of lumbar
spinal stenosis or other reasons make the
participant stop [time limit: 30 minutes]

Treadmill walking test

Distance walked on a treadmill at 53.6 meters/
minufe at the moment that pain or fatigue make

Treadmill, sfopwatch, heart
rate monitor

the participant stop, or when 70% of the predicted
maximum heart rate (70 [age — 220]) is reached

Weight-carrying test

Time needed to walk 20 meters as quickly as
possible while carrying dumb-bells weighing

Stopwaitch, an assortment

of dumb-bells

equivalent to 10% of the person’s weight

4.1.2 Assessment of methodological quality

The majority of the articles were scored fair
for methodological quality. Three studies of
reliability in one of the articles (Strand et
al., 2011) and nine studies of measurement
error in three of the articles (Andersson et
al., 2010; Gautschi et al., 2017; Strand et
al., 2011) were rated as poor and therefore
excluded from the best evidence synthesis.
The poor scores were due to the fact that
patients received treatment between the
first and second administration of the tasks.
Five studies of construct validity in two of
the articles (Ocarino et al., 2009; Odebiyi et
al., 2007) were rated as poor and therefore
excluded from the best evidence synthesis.
The poor scores were due to an absence
of a priori validity hypotheses (such as the
hypothesized correlation between two out-
come measures required for adequate valid-

ity).

4.1.3 Data synthesis

The articles investigated five measurement
properties: reliability, measurement error,
construct validity (hypothesis testing), cri-
terion validity, and responsiveness. The
physical capacity tasks that had adequate re-

sults for more than one measurement prop-
erty are summarized below.

Five-repetition sit-to-stand was the only
physical capacity task that had adequate
ratings for more than two measurement
properties: test-retest reliability (strong
evidence), construct validity (moderate
evidence), and responsiveness (limited ev-
idence) (Table 9). Fifty-foot walk, five-min-
ute walk, progressive isoinertial lifting
evaluation, and timed up-and-go showed
moderate to strong evidence for adequate
test-retest reliability and construct validity.
The above-mentioned tasks, however, also
showed moderate to strong evidence for
inadequate measurement error. One-min-
ute stair climbing and shuttle walking test
displayed adequate responsiveness (limited
evidence) as well as adequate test-retest re-
liability (moderate evidence for one-min-
ute stair climbing and limited evidence for
shuttle walking test).

The level of evidence for walking tasks that
were investigated for patients with diagno-
ses known to severely affect walking capac-
ity is marked in italics in Table 9. Of these
tasks, timed up-and-go and shuttle walking
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ment property. The level of evidence for
those ratings was, however, limited.

test were the only ones that showed ade-
quate ratings for more than one measure-

Table 9. Summary of the level of evidence per measurement property of the physical capacity
tasks included in Study |

Construct
validity
Physical capacity ~ Test-retest Inter-rater  Intra-rater Measure- (hypothesis ~ Criterion ~ Responsive-
task reliability reliability reliability ment error  testing) validity ness
One-minute stair ~ Moderate (+) O 0 Moderate (-] O 0 Limited (+)
climbing
30-second chair 0 0 Limited (+) O Limited (+) 0 0
stand
Five-repetition Strong (+) Unknown 0 Strong (-) Moderate (+) O Limited (+)
sitto-stand
50400t walk Strong (+] Unknown 0 Strong (-] Moderate (+) O Moderate (-
50Hoot walk, Conllicting Unknown 0 Unknown Conflicting 0 0
preferred speed
Fiveminute walk — Strong (+) 0 0 Moderate (=) Moderate (+) O Limited (-)
Lift test Limited (- Llimited (+) O 0 0 0 Limited ()
Lift test, modified ~ Unknown 0 0 Unknown Moderate (+) O Moderate ()
Motorized 0 0 0 0 Limited (+)* O Limited (—)
treadmill test
Progressive Moderate (+) O 0 Moderate (=) Moderate (+) O Moderate (-
isoinertial lifting
evaluation
Self-paced Limited (+)* 0 0 0 Conflicting* 0 Limited (—=)*
walking test
Shuttle walking Limited (+), 0 0 Unknown 0 0 Limited (+),
test Limited (+]* Limited (+)*
Timed upandgo  Moderate (+]  Unknown 0 Unknown Moderate (+), O Limited (+]*
Limited (+)*
Treadmill Limited (+)* 0 0 0 0 0 0
examination, 1.2
miles per hour
Treadmill Limited (+)* 0 0 0 0 0 0
examination,
preferred speed
Treadmill profocol O 0 Limited (+)* O
Treadmill walking O 0 Limited (+)* O 0
test
Weightcarrying O 0 0 0 Limited (+)* 0O 0
test

*The level of evidence in italics primarily concerns patients with back-related diagnoses that are
known to severely affect walking capacity (e.g. lumbar spinal stenosis and spondylolisthesis);

+, adequate result rating; —, inadequate result rating; O, no information
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4.2 PATIENTS IN STUDIES |-V

Studies II-IV included 63 women and 55
men (Figure 5) with a mean age of 45.7 years
(Table 10). Of these, 108 underwent lumbar
fusion surgery, while seven declined surgery
and three underwent other lumbar spine sur-
gery. The proportion of men and women and
the patients’ mean age were similar to those

of patients with chronic LBP due to DDD in
Swespine (Fritzell et al., 2018). The patients’
baseline levels of disability and intensity of
back pain were lower compared to those in
the Swedish Spine Registry (Fritzell et al.,
2018) (Table 11).

Patients on waiting list for lumbar fusion surgery
who fulfilled the inclusion criteria (n=261)

ENROLLMENT

Included (n=118)

Declined participation (n=143)

P - Long travel distance (n=62)
- Other reasons (n=81)

DATA ANALYSIS OF PREOPERATIVE BASELINE DATA

STUDY Il
Included in data analysis (n=116)
Excluded from data analysis (n=2)
- Insufficient accelerometer wear time (n=2)

!

SURGERY
Went through lumbar fusion surgery (n= 108)
Did not go through lumbar fusion surgery (n=10)

- Cancelled surgery (n=7)

- Surgical procedure changed (n=3)

DATA ANALYSIS OF POSTOPERATIVE 6-MONTH FOLLOW-UP DATA

(" STUDY Il h

Responsiveness analysis”

Included in data analysis (n=93)

Excluded from data analysis (n=25)

- Did not go through lumbar fusion surgery (n=10)

- Quit participation (n=1)

- Reoperation collided with follow-up (n=1)

- Did not perform the tasks due to knee pain (n=1)

- Declined follow-up visit (n=7)

- Could not be reached to schedule follow-up visit (n=5)

Minimal important change analysis™

Included in data analysis (n=55)

Excluded from data analysis (n=63)

- Did not go through lumbar fusion surgery (n=10)

- Quit participation (n=1)

- Reoperation collided with follow-up (n=1)

- Did not perform the tasks due to knee pain (n=1)

- Declined follow-up visit (n=7)

- Could not be reached to schedule follow-up visit (n=5)

- Were classified as ”deteriorated” by the
construct-specific GPE scales (n=2)

- Attended follow-up visit but did not fill out the

-

construct specific global perceived effect scales (n=36)

STUDY IV h
Prediction analysis of physical activity
Included in data analysis (n=90)
Excluded from data analysis (n=28)
- Did not go through lumbar fusion surgery (n=10)
- Quit participation (n=1)
- Reoperation collided with follow-up (n=1)
- Could not be reached to designate accelerometer
start date — accelerometer not sent (n=5)
- Insufficient accelerometer wear time (n=9)
- Patients did not return accelerometer (n=1)
- Accelerometer lost in mail handling (n=1)
Prediction analysis of disability
Included in data analysis (n=100)
Excluded from data analysis (n=18)
- Did not go through lumbar fusion surgery (n=10)
- Quit participation (n=1)
- Reoperation collided with follow-up (n=1)
- Patients did not return questionnaires (n=6)

Figure 5. Flow chart of patient inclusion and data analysis in Studies [I-IV.

*The number of patients concerns the responsiveness analysis for hypotheses 2-5. In the data analysis for
responsiveness hypothesis 1, only 57 patients were included due to missing data on the construct-specific global
perceived effect scales. Moreover, since one patient had missing baseline data for 5-minute walk, the number of
patients in the responsiveness analysis for all hypotheses was one less for this task than for the others.

**For 5-minute walk, 54 patients were included in the minimal important change analysis since one patient had

missing baseline data for that physical capacity task.
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Table 10. Sociodemographics of the patients included in Studies II-IV

Variable All patients
(n=118)

Age, mean (SD) 457 (8.3)
Gender, n (%)

VWomen 63 (53.4%)

Men 55 (46.6%)
Body mass index, mean (SD) 26.3 (3.7)
Education level, n (%)

Elementary school 7 (6.0%)

High school 51 (43.2%)

University or college 42 (35.6%)

Vocational education 17 (14.4%)

Missing information 1 (0.8%)
Work status, n (%)

Working 73(61.9%)

Partial sick leave/absence 15(12.7%)

Fulltime absence 22 (18.7%)

Unemployed 5(4.2%)

Missing information 3(2.5%)
Back pain duration, n (%)

3-12 months Q(/.6%)

> 1 vear fo < 2 years 20 (17.0%)

> 2 vears 87 (/3.7%)

Missing information 2 (1.7%)
Previous lumbar spine surgery, n (%)

Yes 11 (2.3%)

No 107 (90.7%)
Current surgical procedure, n (%)

Instrumented posterior fusion 102 (86.5%)

Instrumented combined posterior 5(4.2%)

and inferbody fusion

Instrumented anterior interbody fusion 1(0.8%)

Did not go through lumbar fusion surgery 10 (8.5%)

SD, standard deviation.
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Table 11. Baseline characteristics of the patients included in Studies II-IV

Variable All patients Reference values
(n=118)
Patient-reported outcome measures

Disability, ODI, mean (SD) 37.8(12.4) Swespine: 43.0 (Fritzell et al., 2018)

Back pain intensity, VAS, mean (SD) 61.1(19.4) Swespine: 69.0 (Fritzell et al., 2018)

leg pain intensity, VAS, mean (SD) 35.4(29.7) Swespine: 42.0 (Fritzell et al., 2018)

Pain cafastrophizing, PCS, mean (SD) 22.8(8.1) > 20: threshold for pain catastrophizing (Sullivan

et al., 2000)
Fear of movement, TSK, mean (SD) 38.1(8.4) > 37: threshold for kinesiophobia (Lundberg et
al., 2004)
Selfefficacy for exercise, SEES, mean (SD) 61.2 (20.5) -
Depressed mood, HADS, mean (SD) 5.4(3.6) O-7: normal level of depression (Zigmond ef
al., 1983)
Physical capacity tasks
Five-minute walk, mean (SD) 418.6(81.8) Pain-free population, USA: 518 meters
(Simmonds et al., 1998)
One-minute sfair climbing, mean (SD) 104.1 (24.6) -
50400t walk, mean (SD) 9.3(2.8) Painfree population, USA: 8.4 seconds
(Simmonds et al., 1998)
Timed up-and-go, mean (SD) 7.9 (3.0) Painfree population, USA: 5.2 seconds
(Simmonds et al., 1998)
Physical activity

Minutes per week of at least moderate-intensity 197.6(141.3)  Swedish norm values for individuals aged

physical activity [non-bouted], GT3X+, mean (SD) 40-59 years: 233.1 minutes* (Hagsfromer ef
al., 2010)

Minutes per week of af least moderate-intensity 81.7(116.9) WHO recommendations: = 150 minutes per
physical activity [in 10-minute bouts], GT3X+, week (World Health Organization, 2009b)
mean (SD)

Steps per day, mean (SD) 7,493 (2,645) < 5,000: ‘sedentary lifestyle’;

5,000-7,499: low active lifestyle’;
> 7,500: "physically active lifestyle’ (Tudor-Locke
etal., 2013)

*The original article presented mean values for men and women separately (Hagstromer et al.,
2010). For the purpose of this table, the separate means for men and women were recalculated to

give a single mean.

HADS, Hospital Anxiety and Depression Scale; IQR, interquartile range; ODI, Oswestry Disability
Index 2.0; PCS, Pain Catastrophizing Scale; SD, standard deviation; SEES, Self-Efficacy for Exercise
Scale; Swespine, the Swedish National Quality Registry for Spine Surgery (preoperative values for
patients with degenerative disc disease who underwent lumbar fusion in 2017 are presented); TUG,
timed up-and-go; TSK, Tampa Scale for Kinesiophobia; VAS, visual analog scale.

4.3 STUDY II

The aim of Study II was to investigate the

responsiveness and MIC of four physical

capacity tasks used to assess functioning in
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patients with chronic LBP due to DDD who
undergo lumbar fusion surgery.

4.3.1 Responsiveness

One-minute stair climbing, 50-foot walk,
and timed up-and-go showed adequate re-

sponsiveness (80% of the hypotheses con-
firmed for one-minute stair climbing and 50-
foot walk, and 100% for timed up-and-go),
whereas five-minute walk did not (40% of
the hypotheses confirmed) (Table 12).

Table 12. Summary of the results of responsiveness hypothesis testing of the four physical capacity tasks in Study I

Physical capacity tasks  Construct-specific GPE used in Results of hypothesis testing Number of
hypotheses 1 & 2 hypotheses
2 3 4 5 confirmed
Five-minute walk GPE ..o = + + - | 20f5=40%
One-minufe stair GP oo e e | - 4of5=80%
c||mb|ng stair climbing
50-foot walk GPE,,\..o + + + — |40f5=80%
GPEwa\kmg +
Timed up-and-go* + + + |50f5=100%
GPE,y e +

*For timed up-and-go, hypotheses 1 and 2 were tested separately for the construct-specific GPE
scales on walking and chair rise, respectively, since the task includes both of these activities.

—, rejected hypothesis; +, confirmed hypothesis; GPE, global perceived effect scale.

4.3.2 Minimal important change

Absolute MICs were 45.5 meters (five-min-
ute walk), 20 steps (one-minute stair climb-
ing), —0.6 seconds (50-foot walk), and —1.3

seconds (timed up-and-go). Absolute and
relative MICs along with their associated
sensitivity and specificity are presented in
Table 13.

Table 13. Absolute and relative values for minimal important change (MIC) and their associated
sensitivity and specificity for the four physical capacity tasks in Study I

Physical capacity 5-minute walk ~ 1-minute stair 50-foot Timed up-and-go  Timed up-and-go
tasks climbing walk (GPE, g ) (GPE,_. ..)
MIC,,,..(95% Cl) 455 m 20.0 steps -0.6s -1.3s -1.3s
(8.5 to 62.0) (10.5t0 48.0) (=0.7 to =0.2) (-2.4 t0 =0.5) (-2.4 10 -0.3)
Sensitivity 0.63 0.63 0.73 0.67 0.73
Specificity 0.75 0.76 0.83 0.71 0.79
MIC.,...(95% Ci) 9.0% 12.5% ~6.1% 17.3% 17.6%
(4.510 11.8) (7.2 to 48.4) (—7.1 to =3.4) (—29.4 to =10.2) (-20.7 to =10.2)
Sensitivity 0.69 0.70 0.76 0.73 0.79
Specificity 0.75 0.72 0.88 0.71 0.79

GPE, global perceived effect scale
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4.4 STUDY I

The aim of Study III was to investigate the
preoperative level of physical activity in pa-
tients with chronic LBP due to DDD sched-
uled for lumbar fusion surgery, and further-
more to investigate whether fear-avoidance
variables were associated with this level.

60

4.4.1 Preoperative level of physical activity

Twenty patients (17%) fulfilled the WHO
recommendations on physical activity for
health. Thirty-two patients (28%) spent zero
minutes per week on moderate-intensity
physical activity (in 10-minute bouts) and 64
patients (55%) spent between 1 and 149 min-
utes per week on moderate-intensity physi-
cal activity (in 10-minute bouts) (Figure 6).

Did not fulfill the WHO
50 recommendations on
physical activity

40
(]
Qo
83
$ 30
bt
(O]
o Did not fulfill the WHO
recommendations on
20 physical activity
10
0

0

1-149

Fulfilled the WHO
recommendations on
physical activity

>150

Minutes per week of > moderate-intensity physical activity (in 10-minute bouts)

Figure 6. Histogram of the preoperative level of physical activity (measured as minutes per
week of least moderate- intensity physical activity (in 10-minute bouts)) in Study III.

Nineteen patients (16%) walked less than
5,000 steps per day (sedentary lifestyle), 44
patients (38%) between 5,000 and 7,499 steps

per day (low active lifestyle), and 53 patients
(46%) walked > 7,500 steps (physically active
lifestyle) (Figure 7).
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Figure 7. The preoperative number of steps per day according to the classification of steps per

day by Tudor-locke et al. (2013) (Study IIl).

4.4.2 Associations between fear-avoid-
ance variables and the preoperative level
of physical activity

The standardized residuals in the multiple
linear regression analysis of steps per day and
minutes per week of at least moderate-in-
tensity physical activity (in 10-minute bouts)
were not normally distributed, and the vari-
ables were therefore transformed into their
natural logarithms. The standardized resid-
uals of minutes per week of at least moder-
ate-intensity physical activity (in 10-minute
bouts) were still not normally distributed af-
ter the transformation, and the variable was
therefore not investigated further.

The final regression model for steps per day
(log-transformed) as the dependent variable

contained back pain, fear of movement, dis-
ability, and BMI (Table 14) (R*= 17%). Of
these, fear of movement, disability, and BMI
were found to be significantly negatively
associated with the dependent log-trans-
formed variable steps per day (p < 0.05). At
the group level, a 10-point lower level of fear
of movement (TSK) was associated with an
8.6% greater number of steps per day, as was
a 10-point lower level of disability (percent-
ages given by back-transforming the unstan-
dardized beta coefficients). The results for
BMI were not interpreted, as the variable
was only added to adjust the model.
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Table 14. Results of multiple linear regression analysis with the dependent variable steps per day

(log-transformed) in Study Ill (R? = 17%)

Variables Unstandardized beta  p-value 95% Cl for beta
Lower Upper
Constant 9.930 0.000 2.390 10.470
ODI -0.009 0.006 -0.015 -0.003
TSK -0.009 0.034 -0.017 -0.001
BMI -0.021 0.020 -0.038 -0.003
VAS 0.002 0.293 -0.002 0.006

Back

BMI, body mass index; Cl, confidence interval; ODI, Oswestry Disability Index; VAS

soci Visual

analog scale for back pain intensity; TSK, Tampa Scale for Kinesiophobia.

4.5 STUDY IV

The aim of Study IV was to investigate the
predictive value of preoperative fear-avoid-
ance variables, walking capacity, and tradi-
tional predictor variables for prediction of
postoperative changes in physical activity
level and disability six months after lumbar
fusion surgery in patients with chronic LBP
due to DDD.

4.5.1 Prediction of physical activity

The preoperative levels of physical activity
and self-efficacy for exercise were significant

predictors of the change in the level of physi-
cal activity from baseline to the 6-month fol-
low-up (R? = 25.1%) (Table 15). These results
indicate that patients with a low preoperative
level of physical activity were more likely to
increase their level of postoperative physical
activity, relative to those with a higher pre-
operative level of activity. This relationship
is illustrated in Figure 8. The model also
demonstrated that patients with high preop-
erative self-efficacy for exercise were more
likely to increase their postoperative physical
activity level.

Table 15. Overview of the prediction models for physical activity and disability in Study IV

Model Predictor Unstandard-  p-value 95% Cl for beta R
ized beta
Lower Upper
Model 1: Constant -0.081 0.987  -9.931 9.770 -
Physical
acz\slli:; Preoperative physical -0.349 <0.001 -0.482 -0.216 Partial R? = 20.4%
activity level
Preoperative 0.176 0.021 0.027 0.325 Partial R? = 4.7%¢
selfefficacy for
exercise
Total R?=25.1%
(cont.)
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(Table 15 cont.)

Mode! 2 Consfant -7.150 0.287  -20416 6.116 =
Disabilty Preoperative disability ~ ~0.790 0000 -1.026 -0.553 Parfial R? = 27.8%
Preoperafive 0.152 0.024 0.020 0.284 Partial R? = 3.1%°
Preoperative pain 0.383 0.030 0.038 0.728 Parfial R? = 3.3%¢
catastrophizing
Total R? = 34.2%

“Refers to the explained variance above the explained variance of the physical activity model when
only the preoperative level of physical activity was included.

bRefers to the explained variance above the explained variance of the disability model when only the
preoperative level of disability was included.

Refers to the explained variance above the explained variance of the disability model when only the
preoperative level of disability and self-efficacy for exercise were included.

Cl, confidence interval; ODI, Oswestry Disability Index; R?, explained variance; SD, standard
deviation.
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Figure 8. Scores at baseline and at 6-month follow-up for physical activity level (minutes
per day of at least moderate-intensity physical activity (non-bouted)), for all patients and for
quartiles based on the patient’s preoperative physical activity level (Study V).

Reproduced from World Neurosurgery, CC permission.

4.5.2 Prediction of disability to be significant predictors of the change in

Preoperative disability, self-efficacy for ex- disability from baseline to the 6-month fol-
ercise, and pain catastrophizing were found low-up (R? = 34.2%) (Table 15). These results
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demonstrate that patients with a high pre-
operative level of disability were more likely
to have a larger reduction in postoperative
disability than those with low preoperative
disability. This relationship is illustrated
in Figure 9. The model also indicated that

60.0

50.0 *e.

40.0

30.0

Disability level
(Oswestry Disability Index score)

20.0

10.0

0.0
Baseline

patients with lower preoperative levels of
self-efficacy for exercise and pain catastro-
phizing tended to have a larger reduction
of postoperative disability than those with
higher preoperative levels.

=@ /|| patients

== @== 1st quartile (lowest preop
disability level)
2nd quartile

== «p == 3rd quartile

oo o oo 4th quartile (highest
preop disability level)

6-month follow-up

Figure 9. Scores at baseline and at 6-month follow-up for disability (Oswestry Disability Index,
OD]), for all patients and for quartiles based on the patient’s preoperative ODI level (Study V).

Reproduced from World Neurosurgery, CC permission.
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DISCUSSION

The overall aim of the thesis was to inves-
tigate aspects of the measurement of func-
tioning and physical activity in patients with
LBP. Studies I and II concerned aspects of the

measurement of functioning with physical
capacity tasks and Studies III and IV con-
cerned aspects of the measurement of physi-
cal activity with accelerometers.

5.1 MEASUREMENT OF FUNCTIONING WITH PHYSICAL CAPACITY

TASKS

The first research gap identified in this the-
sis was that no previous study had made a
synthesis of previous findings of reliability,
validity, and responsiveness of physical ca-
pacity tasks for patients with LBP.

In Study I, the physical capacity tasks
five-repetition  sit-to-stand, five-minute
walk, 50-foot walk, progressive isoinertial
lifting evaluation, and timed up-and-go had
the strongest evidence for adequate test-re-
test reliability and construct validity for the
measurement of functioning in patients with
chronic LBP. Of these, five-repetition sit-to-
stand also showed adequate responsiveness.
Of the other tasks in Study I that showed
adequate responsiveness, one-minute stair
climbing had the strongest evidence for ad-
equate reliability. A number of tasks that
involved walking were investigated specif-
ically for patients with diagnoses known to
severely affect walking capacity (see the lev-
el of evidence in Table 9 marked in italics).
Of these tasks, timed up-and-go and shuttle
walking were the only ones that showed ad-
equate ratings for more than one measure-
ment property.

During the course of Study I, a systematic
review of the reliability of physical capacity
tasks was published (Denteneer et al., 2018).
The authors used parts of the COSMIN
framework in their methods, but they did
not, however, provide the level of evidence

for their findings, making comparisons with
Study I more difficult. Nevertheless, a large
part of the findings in Denteneer et al. are
in line with reliability results of Study I—
as five-repetition sit-to-stand, five-minute
walking, and 50-foot walk had the best re-
sults for test-retest reliability.

In Study I, we concluded that five-repeti-
tion sit-to-stand, five-minute walk, 50-foot
walk, progressive isoinertial lifting evalua-
tion, timed up-and-go, and one-minute stair
climbing were promising physical capaci-
ty tasks to measure functioning in patients
with chronic LBP. The reason for labeling
the tasks “promising,” and not giving a final
recommendation on which of the tasks could
be used in research and clinical practice, was
that more research on responsiveness and
measurement error was needed. In Study I,
we aimed to gain knowledge of the respon-
siveness of four of the promising tasks from
Study I: five-minute walk, 50-foot walk,
timed up-and-go, and 1-minute stair climb-
ing. As Study II investigated the responsive-
ness of the tasks specifically for patients with
chronic LBP due to DDD who underwent
lumbar fusion surgery, I will give recom-
mendations later in this discussion section on
which tasks to use for measuring functioning
for this patient group. However, I will first
briefly summarize the results of Study II and
relate them to previous research.
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In Study II, we found that 50-foot walk, timed
up-and-go, and one-minute stair climbing
showed adequate responsiveness. In contrast,
5-minute walk showed inadequate respon-
siveness. In line with our results, Gautschi
et al. (2016) found adequate responsiveness
for timed up-and-go. That study comprised
a mixed sample of patients with lumbar de-
generative conditions undergoing lumbar
spine surgery, with only a small proportion
of patients with chronic LBP due to DDD.
One other previous study has investigated
the responsiveness of five-minute walk and
one-minute stair climbing (Andersson et al.,
2010) and two have investigated the respon-
siveness of 50-foot walk (Andersson et al.,
2010; Strand et al., 2011). These studies con-
cerned patients with chronic LBP who un-
derwent non-surgical interventions. In line
with Study II, Andersson et al. (2010) found
that one-minute stair climbing had adequate
responsiveness. Moreover, Andersson et al.
found that five-minute walk had inadequate
responsiveness. They reasoned that the find-
ing might be a result of the possibility that the
tasks are not challenging enough for patients
with chronic LBP. Patients might therefore
only show small improvements in this task
after an intervention, which could limit the
task’s responsiveness. This reasoning is also
in line with clinical experience regarding pa-
tients with chronic LBP due to DDD, which
indicates that the patients do not usually have
any major problems with walking on flat sur-
faces. Instead, walking on uneven surfaces is
usually more challenging.

In contrast with Study II, Andersson et al.
(2010) and Strand et al. (2011) found that
50-foot walk had inadequate responsive-
ness. This discrepancy may be due to dissim-
ilarities in patient characteristics. Patients
with chronic LBP due to DDD often have
motion-elicited back pain, so that they can
have difficulties with quick movements of
the spine. As such, 50-foot walk could be

challenging for these patients, as the task re-
quires them to make a quick turn after hav-
ing walked 25 feet. In contrast, the patients
in the previous responsiveness studies (An-
dersson et al., 2010; Strand et al., 2011) may
have found the task less challenging.

So, which physical capacity tasks are recom-
mended for assessing functioning in patients
with chronic LBP due to DDD who under-
go lumbar fusion surgery? At this point,
50-foot walk and timed up-and-go can be
recommended. First, the recommendations
are mainly based on the results for respon-
siveness in Study II since the study is the
only that has investigated the responsiveness
of physical capacity tasks specifically for pa-
tients with chronic LBP due to DDD who
have undergone lumbar fusion surgery. Sec-
ond, the recommendations are supported by
the findings for reliability and validity of 50-
foot walk and timed up-and-go investigated
for patients with chronic LBP in Study I:

+ In addition to showing adequate respon-
siveness in Study II, 50-foot walk showed
strong evidence for adequate test-retest
reliability and moderate evidence for ad-
equate construct validity in Study 1.

+ In addition to the adequate responsive-
ness seen in Study II, timed up-and-go
demonstrated moderate evidence for ad-
equate test-retest reliability and construct
validity in Study I.

One-minute stair climbing was not includ-
ed in the recommendations even though it
demonstrated adequate responsiveness in
Study II and moderate evidence for adequate
reliability in Study I. The rationale for that
decision was that the validity of the task has,
to the best of my knowledge, not been inves-
tigated before. I would therefore suggest that
future studies aim to investigate the validity
of 1-minute stair climbing for patients with
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chronic LBP due to DDD who undergo lum-
bar fusion surgery.

In Study II, we also investigated the MICs
for one-minute stair climbing, 50-foot walk,
timed up-and-go, and five-minute walk
(Table 13). The MICs can be used to judge
whether the postoperative change scores of
the physical capacity tasks are perceived as
important by patients (de Vet et al., 2006).
In research, the MICs could, for example, be
used to evaluate the proportion of "respond-
ers" to treatment, where patients with change
scores larger than the MIC values are classi-
fied as responders (Guyatt et al., 1998). It is,
however, important to acknowledge that the
MIC is a group-based statistic and that the
value for MIC might not always reflect an in-
dividual patient’s view of the change (de Vet
et al., 2010). Thus, when comparing an in-
dividual patient’s change score in relation to
the MIC in clinical practice, it is essential to
interpret the change score in relation to the
patient’s reported experience of the change
and not only the MIC. Comparing individual
change scores with the MICs might, for in-
stance, serve as a reference for what the “av-
erage” patient finds important and could pos-
sibly aid the shared decision-making process
in the patient’s postoperative rehabilitation.
However, the 95% confidence intervals of the
MICs were wide, and they should therefore
be viewed with some caution.

In order to detect changes that are as small as
the MIC, it is crucial that the latter is larger
than the smallest detectable change (defined
as “the smallest change that can be detected
by the measurement instrument, beyond
measurement error’ (de Vet et al., 2011)).
Of the recommended tasks, only one-minute
stair climbing showed a measurement error
that was smaller than the smallest detectable
change observed in previous studies (Sim-
monds et al., 1998; Smeets et al., 2006). Thus,
if patients show a change that is equal to the
MIC of 20 steps, the healthcare professional
can be fairly certain that the change is both
important and statistically significant (de
Vet et al., 2006). In contrast, for the 50-foot
walk and timed up-and-go, the MICs were
smaller than the smallest detectable change
found in previous studies (Andersson et al.,
2010; Gautschi et al., 2017). Consequently,
when patients show a change that is equal to
the MICs for these tasks, the change is most
likely not statistically significant even though
that change may be perceived as important
by the patients (de Vet et al., 2006). The pre-
viously derived values for the smallest detect-
able change were, however, not investigated
for patients with chronic LBP due to DDD
scheduled for lumbar fusion surgery. As the
smallest detectable change is context-depen-
dent (C. B. Terwee et al., 2010), I encourage
researchers to investigate the smallest de-
tectable change specifically for this patient

group.

5.2 MEASUREMENT OF PHYSICAL ACTIVITY WITH ACCELEROMETERS

The second research gap identified in this
thesis was that no previous studies had used
accelerometers to investigate the level of
physical activity in patients with chronic LBP
due to DDD who undergo lumbar fusion sur-

gery.

Study III showed that patients with chronic
LBP due to DDD had a low level of physical
activity relative to the WHO recommenda-
tions (World Health Organization, 2009b),
with only 17% of them fulfilling these rec-
ommendations. The patients’ adherence
to the WHO recommendations on physi-
cal activity is comparable to that found in
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population-based studies in Norway (20%)
(Hansen et al., 2012) and Germany (14-20%)
(Krug et al., 2013; Luzak et al., 2017). Fur-
thermore, the patients had a slightly lower
level of physical activity than individuals in
a Swedish population-based study (measured
as minutes per day of at least moderate-in-
tensity physical activity (non-bouted)) (Hag-
stromer et al., 2010) (Table 11).

Thus, at a group level, the patients’ level of
physical activity was similar to that found in
population-based studies. However, a pro-
portion of the patients had a very low level
of physical activity. More specifically, 28% of
the patients did not spend a single minute on
at least moderate-intensity physical activity
(in 10-minute bouts). If these patients were
to continue with their low level of physical
activity, they would have an increased risk
of developing additional diseases such as di-
abetes, cardiovascular disease, and cancer (1.
M. Lee et al., 2012; Wen et al., 2011; World
Health Organization, 2009a).

So, how did the patients’ level of physical
activity change six months after surgery? As
seen in the descriptive statistics in Study IV,
the patients with the lowest level of preop-
erative physical activity (the 1% quartile in
Figure 8) increased their level of physical
activity by the greatest amount after surgery.
However, the patients still had a low level
of physical activity in compared with rec-
ommendations on physical activity and the
general population in Sweden (Hagstrémer
et al., 2010). It therefore appears that these
patients may need extra interventions to
increase their level of physical activity fur-
ther. The largest health effects of physical
activity can be gained by encouraging those
with the lowest level to be more physically
active (World Health Organization, 2009a).
By measuring the level of physical activity in
clinical practice, the patients with the lowest
level could, theoretically, be identified and
then invited to participate in pre- or postop-
erative interventions aimed at increasing the
patients’ level of physical activity.

5.3 MEASUREMENT OF FEAR-AVOIDANCE VARIABLES TO IDENTIFY
BARRIERS TO AND PREDICTORS OF HEALTH

The third research gap identified in this
thesis was that no studies had investigated
fear-avoidance variables as possible barriers
to physical activity for patients with chronic
LBP due to DDD who undergo lumbar fu-
sion surgery.

In Study III, the preoperative levels of fear
of movement and disability were negative-
ly associated with the patient’s preoperative
level of physical activity (steps per day). This
finding implies that patients with the high-
est levels of fear of movement and disability
had the lowest preoperative levels of phys-
ical activity. Both fear of movement and
disability have been shown to be modifiable
variables in pre- and postoperative interven-

tions for patients with chronic LBP (Abbott
et al., 2010a; Cabilan et al., 2016; Gilmore
et al., 2015). Future pre- and postoperative
interventions that target disability and fear
of movement in patients with chronic LBP
due to DDD might therefore increase the
patients’ levels of physical activity. However,
no certain conclusions can be drawn on such
a cause-effect relationship since Study III had
a cross-sectional study design. Researchers
are recommended to use longitudinal study
designs to investigate further the role of fear
of movement and disability in relation to
the level of physical activity in patients with
chronic LBP due to DDD who undergo lum-
bar fusion surgery.
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The final research gap identified in the the-
sis was that there had been very little previ-
ous research on the value of fear-avoidance
variables and walking capacity in predicting
postoperative change in physical activity and
disability in patients with chronic LBP due to
DDD who undergo lumbar fusion surgery.

Study IV showed that a low preoperative
level of physical activity and high preoper-
ative level of self-efficacy for exercise were
predictive of a more favorable postoperative
outcome in physical activity. Furthermore, a
high preoperative level of disability and low
preoperative levels of pain catastrophizing
and self-efficacy for exercise were found to
be predictive of a more favorable outcome
regarding disability. Walking capacity, as
measured with five-minute walk and 50-foot
walk, was not predictive of the postoperative
outcomes in either physical activity or dis-
ability. The finding that a low preoperative
level of pain catastrophizing could predict
a more favorable postoperative outcome of
disability is in line with a previous study on
patients with chronic LBP undergoing lum-
bar fusion surgery (Abbott et al., 2011). By
contrast, self-efficacy for exercise has, to my
knowledge, not previously been investigated
as a potential predictor of the postoperative
outcome of lumbar spine surgery previously.

Thus, a number of fear-avoidance variables
were found to be significant predictors of
physical activity and disability. However, the
fear avoidance variables accounted for only a
limited proportion of the explained variance
of the models. Nevertheless, even though a
variable only adds a small proportion of the
explained variance of a model, research sug-
gests that it is still important to include it in
the full prediction model, to yield better esti-
mates (Steyerberg, 2009).

So, how could the prediction models be
used in clinical practice? The explained vari-

ance of the physical activity model was low
(25.1%), and research suggests that this val-
ue would probably be lower when applying
the model in a context different from a clin-
ical study (Steyerberg, 2009). Therefore, the
model should, foremost, be viewed as a first
step in the development of a more robust
model. I therefore recommend researchers
to investigate additional variables that could
further increase the explained variance of the
model. For instance, one promising variable
is the intention to be more physically active,
which has been shown to be one of the most
robust predictors in population-based stud-
ies (Rhodes et al., 2015).

Nevertheless, despite the low explained vari-
ance, the prediction model for physical activi-
ty could possibly be used already at this point.
A healthcare professional might use it to get
a rough estimate of the postoperative level of
physical activity in patients with chronic LBP
due to DDD who are scheduled for lumbar
fusion surgery. This information might help
the healthcare professional to personalize
pre- and postoperative interventions for a
patient. As an example, a healthcare profes-
sional might want to provide more intensive
pre- and postoperative interventions for pa-
tients who are predicted to have a low level
of physical activity after surgery. However, as
the prediction model provides only a rough
estimate, the healthcare professional should
obviously use his/her clinical experience
regarding the postoperative outcome—and
not only the predicted estimate.

An important distinction is that the predic-
tion model for physical activity concerns the
change in postoperative outcomes, and not
the actual level of physical activity or disabil-
ity six months postoperatively. For instance,
a patient who demonstrates a significant
postoperative increase in physical activity
may still have a low level of physical activ-
ity six months after surgery. Consequently,
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when using the prediction model of physical
activity, the predicted estimate should be in-
terpreted in relation to the patient’s preop-
erative level of physical activity, as shown in

Equation 1. The intercept of the prediction
model was not included in the equation as it
was rounded off to zero.

Postop PA = [Preop PA] — 0.349 x [preop PA] + 0.176 x [preop SEES]

Equation 1. Equation for estimating the 6-month postoperative physical activity measured as
minutes per day of at least moderate-intensity physical activity (non-bouted)

PA, physical activity measured as minutes per day of at least moderate-intensity physical activity (non-
bouted) with the GT3X+ accelerometer; SEES, total score on the Self-Efficacy for Exercise Scale

What, then, are the implications of the find-
ings from the prediction model of disability?
The explained variance of the prediction
model of disability (34.2%) was compara-
ble to that of other prediction models for
patients undergoing lumbar fusion surgery
(25.0-41.6%) (Abbott et al., 2011; Ekman et
al., 2009; Trief et al., 2006). However, there
are concerns regarding the contradictory
results for self-efficacy for exercise. The re-
sult that a higher preoperative self-efficacy
for exercise was predictive of a worse re-
sult for disability is namely opposite to what
would be expected in relation to the modified
fear-avoidance model (Lotzke et al., 2016).
An explanation might be that the fear-avoid-
ance model by Woby et al. (2007), on which
Lotzke et al. (2016) based their model, in-
cluded functional self-efficacy whereas we

used a scale that measured self-efficacy for
exercise. It is possible that self-efficacy for
exercise might be a construct that is too unre-
lated to functional self-efficacy, and therefore
also too unrelated to disability. Researchers
should certainly be careful when using a pre-
diction model if a variable predicts an out-
come in the opposite direction to what is ex-
pected (Steyerberg, 2009). At this point, the
findings regarding the predictors of the dis-
ability model are therefore recommended to
be used to guide future research rather than
be used in clinical practice. First, researchers
investigating the prediction of postoperative
disability are encouraged to include pain cat-
astrophizing as a potential predictor. Second,
functional self-efficacy is suggested to be a
better candidate for prediction of postoper-
ative disability than self-efficacy for exercise.

5.4 METHODOLOGICAL CONSIDERATIONS

5.4.1 Internal validity

Internal validity refers to the degree to which
the results of a study are attributable to the
independent variables included, and not to
some rival explanation (Shadish et al., 2002).

Internal wvalidity is closely connected to
the quality of outcome measures (de Vet et
al.,, 2011; Shadish et al., 2002). The use of
high-quality outcome measures with support
for reliability and validity strengthens the in-

ternal validity of the thesis. In addition, most
of the outcome measures were investigated
for reliability and validity specifically for pa-
tients with LBP.

Study I followed the recommended pro-
cedure of the COSMIN initiative for con-
ducting a systematic review. In addition to
this procedure, a third author was consulted
to resolve discrepancies in the screening of
abstracts, selection of full-text articles, and
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assessment of methodological quality. We
believe that this additional methodological
precaution strengthened the internal valid-
ity of the study. Moreover, the author who
resolved discrepancies in the assessment
of methodological quality (L.B. Mokkink)
is one of the developers of the COSMIN
4-point checklist, and she made sure that we
used the checklist appropriately. There are
also threats to the internal validity of Study
I. First, possible publication bias may have
affected the results, as unpublished studies
are more likely to report unfavorable results
(Dwan et al., 2013). As there are, no regis-
tries for studies of reliability, validity, and
responsiveness as there are for RCTs, we did
not perform any analysis of publication bias
in our review. Second, the COSMIN 4-point
checklist for assessment of the methodologi-
cal quality was developed for PROMs (Mok-
kink et al.,, 2010b; C. Terwee et al., 2012)
and not for physical capacity tasks. However,
the authors of the checklist stated that they
phrased the items of the checklist in a general
manner, and that it could be used for types
of measurement instruments other than
PROMs, including physical capacity tasks
(Mokkink et al., 2010b). Furthermore, to our
knowledge, the checklist is the only consen-
sus-based quality assessment tool for studies
on measurement properties, so it appears to
have been the best available quality assess-
ment tool for Study L.

The use of accelerometers in the measure-
ment of physical activity strengthened the in-
ternal validity of Studies III and IV. Acceler-
ometers have been shown to yield less biased
estimates of the level of physical activity than
physical activity PROMs. More specifically,
researchers have recommended accelerom-
eters over physical activity PROMs, since
they are not reliant on accurate recall of the
intensity, frequency, and duration of daily ac-
tivities—and they appear to be less subject to
overestimations and social desirability (Cerin

et al., 2016; Prince et al., 2008; Slootmaker et
al., 2009). However, measurement of phys-
ical activity with accelerometers has certain
limitations. First, accelerometers worn on
the hip mainly measure ambulatory activi-
ties, and cannot accurately record activities
that cause little movement of the body’s cen-
ter of gravity, such as cycling and weightlift-
ing. However, research suggests that walking
is the major contributor to the individual’s
level of physical activity (Hagstrémer et al.,
2006), and I therefore believe that the accel-
erometer provided adequate estimations re-
garding most of the patients in our studies.
Second, assessment of physical activity with
an accelerometer relies on the assumption
that the wear period (seven days in Studies
IT and IV) reflects the patient’s habitual phys-
ical activity. Nevertheless, wearing an accel-
erometer may have motivated the patients
to be more physically active, a phenomenon
termed “reactivity” (Baumann et al., 2018;
Davis et al., 2016). Despite these limitations,
research suggests that accelerometers pro-
vide relatively unbiased estimates of the level
of physical activity compared with physical
activity PROMs (Cerin et al., 2016; Prince et
al., 2008; Slootmaker et al., 2009).

In Study III, the level of physical activity was
measured as minutes per day of at least mod-
erate-intensity physical activity performed
in bouts of at least 10 minutes. Researchers
have, however, raised concerns about the
10-minute bout criterion. One concern is
that certain types of physical activity, such
as interval training, are excluded from the
measurement of physical activity using this
criterion (2018 Physical Activity Guidelines
Advisory Committee, 2018). The 10-minute
bout criterion may therefore lead to under-
estimation of an individual’s level of physical
activity, including that of the patients in this
thesis. In line with this reasoning, recently
updated recommendations on physical activ-
ity have removed the 10-minute bout crite-
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rion (2018 Physical Activity Guidelines Ad-
visory Committee, 2018). However, as Study
III compared the levels of physical activity
in patients with the WHO recommendations
on physical activity, we argue that using the
10-minute bout criterion was appropriate.

The explained variance of the regression
models of physical activity in Studies III and
IV was low. This indicates that there were
other important factors concerning phys-
ical activity that the models did not cover
(Fahrmeir et al., 2013). So-called multilevel
ecological models of physical activity have
shown good results in explaining the vari-
ance in physical activity in population-based
studies. These models include intraperson-
al, interpersonal, environmental, regional,
national, and global factors (Bauman et al.,
2012; Sallis et al., 2008). One possible threat
to the internal validity of Studies IIl and IV is
that we included only intrapersonal variables
and not other factors from the multilevel
ecological models. However, the purpose of
Studies Il and IV was above all to investigate
associations between the level of physical ac-
tivity and fear-avoidance variables. Adding
additional factors from multilevel ecological
models, such as the accessibility to recreation
facilities and social support (Baumann et al.,
2018; Choi et al., 2017; Sallis et al., 2008),
would nevertheless have strengthened the
internal validity of the studies, and these
should preferably be included in future stud-
ies using larger sample sizes.

Studies III and IV used a purposeful selection
method for regression analysis that was de-
veloped by Hosmer et al. (1999) and further
developed by Bursac et al. (2008). The meth-
od is one of many so-called “stepwise” meth-
ods for regression analysis, which aim to
increase the statistical power of the analysis
by removing independent variables that are
insufficiently associated with the dependent
variable (Fahrmeir et al., 2013). The method

in Studies III and IV was chosen due to hav-
ing a few benefits over traditional stepwise
methods. First, the threshold for the p-value
in the initial univariate analysis (0.25) was
higher than in traditional stepwise methods
(such as 0.05 or 0.10) (Fahrmeir et al., 2013).
When the threshold for the p-value is high,
the risk of wrongly excluding important in-
dependent variables will be lower than when
using lower thresholds (Bursac et al., 2008;
Fahrmeir et al., 2013). Second, in the last step
of the method, independent variables that
were excluded in the univariate analysis were
added back to the multiple regression model,
one by one, to see if they were significant-
ly associated with the dependent variable.
This step was performed to identify inde-
pendent variables that were associated with
the dependent variable only in the presence
of other independent variables but not to the
dependent variable alone. Traditional step-
wise methods do not usually include this step
(Fahrmeir et al., 2013) and they may thereby
fail to identify important independent vari-
ables (Steyerberg, 2009).

5.4.2 External validity

The external validity denotes the extent to
which the results of a study can be general-
ized (Shadish et al., 2002).

A representative sample is required if find-
ings are to be generalized beyond the re-
search setting. Patients with LBP are a het-
erogeneous patient group, and the eligibility
criteria of the studies in the thesis were cho-
sen to reduce heterogeneity and potential
confounding bias. Even so, the patients in
Study I were a heterogeneous sample, which
is partly reflected in the differences in lev-
els of pain and disability seen in the articles
included. Although I acknowledge that such
heterogeneity can influence the results of
physical capacity testing (e.g. the number of
meters walked or the amount of weight lift-
ed), there appears to be little evidence that
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the heterogeneity would affect the results of
measurement properties. This is not least seen
in the almost unanimous positive results for
test-retest reliability and construct validity,
regardless of the characteristics of the study
populations. A smaller proportion of the re-
sults from Study [ is, however, generalizable
mainly to patients with back-related diagno-
ses that are known to severely affect walking
capacity, such as lumbar spinal stenosis (see
the level of evidence in italics in Table 9).

The patients in Studies II-IV had similar
characteristics to those of patients with LBP
due to DDD registered in Swespine in terms
of age, duration of symptoms, and the rela-
tive proportion of men and women (Fritzell
et al., 2018). This observation strengthens
the external validity of Studies II-IV. How-
ever, there is reason to believe that the results
in Studies II-IV are most likely not general-
izable to all patients with LBP due to DDD
who undergo lumbar fusion surgery. First,
selection bias may limit the generalizability.
The patients were part of an RCT that re-
quired them to travel to one of the spine clin-
ics to see a physiotherapist on four occasions
before surgery (Lotzke et al., 2016). Patients
with higher preoperative levels of disability
and pain intensity may therefore have de-
clined participation in the study due to the
probable burden of traveling to the clinic.
This assumption is supported by the fact that
the study sample reported having lower pre-
operative levels of disability and intensity of
back pain compared to patients in Swespine
who were scheduled for lumbar fusion sur-
gery for chronic LBP due to DDD (Fritzell
et al.,, 2018). Moreover, the proportion of
patients undergoing instrumented posterior

5.5 ETHICAL CONSIDERATIONS

fusion of 1-2 segments instead of more in-
vasive types of lumbar fusion procedures was
higher than in Swespine.

Second, attrition bias may also have limited
the external validity of the results of Stud-
ies II and IV. Patients who were lost to fol-
low-up in the responsiveness analysis in
Study II (n = 25) reported having significant-
ly higher preoperative levels of depression,
fear of movement, and pain catastrophizing
than did the patients who were included in
the responsiveness analysis. Moreover, lost
to follow-up in the physical activity analysis
in Study IV (n = 28) had a significantly high-
er preoperative level of back pain intensity
and a significantly lower preoperative level
of physical activity than did the patients who
were included in the prediction analysis. Pa-
tients who are lost to follow-up reporting
worse preoperative scores is nevertheless a
common phenomenon seen in orthopedic
clinical studies (Somerson et al., 2016).

Third, half of the sample in Studies II-IV
was randomized to participate in a preha-
bilitation program before surgery (Lotzke et
al., 2016). The participation in the prehabil-
itation program might have affected the pa-
tients’ postoperative outcomes and thereby
reduced the external validity of the results in
Studies II-1V. There were, however, no sta-
tistically significant between-group differ-
ences seen in the RCT at follow-up, except
for health-related quality of life (Lotzke et al.,
2018). Based on these results, the participa-
tion in the prehabilitation program appears
to have been a minor threat to the external
validity.

Even though ethical approval is not needed
for systematic reviews, there are still ethical

considerations. First, studies included in a
systematic review could have some ethical
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insufficiencies, and re-publishing the results
from such studies in a systematic review
would be questionable from an ethical point
of view (Vergnes et al., 2010). However, we
did not encounter any methodology in the
studies that appeared to violate the Decla-
ration of Helsinki. Second, studies included
in a systematic review may have conflicts of
interests, and authors of systematic reviews
should therefore try to report them (Vergnes
et al., 2010). To our knowledge, there were
no conflicts of interests in the included stud-
ies for us to report.

According to the principle of individual au-
tonomy, participants in a study need to be
provided with sufficient information to make
an informed decision about participation in a
research project. All the patients in Studies
II-IV received oral and written information
about the purpose and the procedure of the
project, potential risks and benefits regarding
participation, data handling, and procedures
for preservation of privacy. Moreover, the
patients were informed that they could end
participation at any moment without giv-
ing any reason for doing so. All the patients
who participated in the projects signed an
informed consent form after having received
the written and oral information about the
project.

A potential risk regarding the physical capac-
ity tasks was that performing the tasks might
have caused the patients more back pain.
However, the physical capacity tasks includ-
ed only activities commonly performed in
daily life (walking, climbing stairs, and rising

up from a chair), and we therefore consid-
ered the risk of sustained pain to be small.
Moreover, the physical capacity tasks were
performed at a spine clinic with experienced
healthcare professionals who could be of
help in the unlikely event of sustained pain.
There was, however, no need for this—as
there were no adverse events related to per-
forming the physical capacity tasks. Another
potential risk of participating in the project
was the time it took the patients to visit one
of the spine clinics for the follow-up assess-
ments (3, 6, 12, and 24 months after surgery).
However, visiting the clinic as frequently as
this might also be considered a benefit. The
routine postoperative assessment of patients
in clinical practice only occurs six months
after surgery, and the follow-up assessments
for the project would possibly identify prob-
lems related to the surgery that would other-
wise have gone unnoticed.

The procedures for the collection and han-
dling of data were designed from an ethical
point of view. Regarding the collection of
data, the set of PROMs was kept as short
as possible while still including all relevant
data, and the booking of appointments for
follow-up was performed according to a pro-
tocol that stipulated the maximum number
of attempts for reaching a patient. The pro-
cedure for the handling of data was designed
to keep data safe and confidential. Electron-
ic data were stored on a password-protect-
ed computer and routinely backed up. Data
from PROMs were stored in a locked, fire-
proof cupboard. All data were coded, and the
code key was stored separately from the data.
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FUTURE RESEARCH

Physical capacity tasks and accelerometers are
not routinely used to evaluate the outcome of
lumbar spine surgery, although these outcome
measures can give knowledge of a patient’s
health that disability PROMs do not (Gautschi
et al., 2016b; Lin et al., 2011; Simmonds et al.,
1998). It is desirable that future studies should
investigate the feasibility and cost-effectiveness
of implementing the use of physical capacity
tasks and accelerometers in clinical practice.

[ can also see the benefits of developing a “health
battery” made up of several types of outcome
measures, including physical capacity tasks, dis-
ability PROMs, and measurements of physical
activity. Using such a battery would possibly fa-
cilitate shared decision-making with the patient,
to focus the intervention on the aspects of health
that are most important. This type of battery
could be partly based on the results of reliability,
validity, and responsiveness in Studies I and II.
It would be important to assess the content va-
lidity of such a battery, since this measurement
property was not assessed in any of the articles
included in Study I and also because the mea-
surement property has hardly been investigated
for disability PROMs (Chiarotto et al., 2017).

Furthermore, I encourage researchers to inves-
tigate the postoperative level of physical activity
in patients with LBP due to DDD for follow-up
periods greater than six months. Results from
studies with, for example, 1-year and 2-year
follow-up might provide knowledge of when
patients tend to reach a plateau in changes of
physical activity. Such knowledge could be used
to determine the optimal time point for measur-
ing the postoperative level of physical activity in
patients who have undergone lumbar fusion
surgery.

I would also recommend that future studies
should aim to measure the level of physical

activity in a spinal orthopedic surgical context
from a broader perspective. First, more knowl-
edge is needed on the pre- and postoperative
level of physical activity in patients with lumbar
spinal stenosis. Patients with lumbar spinal ste-
nosis comprise the largest patient group under-
going elective lumbar spine surgery in Sweden
(Fritzell et al., 2018), but little is known of their
level of physical activity. Second, more knowl-
edge is required of the physical activity of pa-
tients with chronic LBP who are denied surgery
due to poor health. Clinical experience indicates
that many of these individuals have a very low
level of physical activity and are in need of inter-
ventions in order to be more physically active,
but there has been little or no research on this
matter.

It is desirable that future research should contin-
ue to develop prediction models of physical ac-
tivity and disability. First, researchers should be
encouraged to investigate the prediction model
of physical activity in this thesis in a different
setting, thereby testing its external validity (Seel
et al., 2012; Steyerberg, 2009). Second, based on
the results of Study IV, preoperative self-effica-
cy for exercise appears to be a promising pre-
dictor to consider in future prediction models
of physical activity. Third, based on the results
of Study IV, preoperative pain catastrophizing
would appear to be a promising predictor when
using future prediction models of disability.

Finally, I would also recommend that future
studies investigate to use longitudinal study
designs to investigate further the role of fear of
movement and disability in relation to the lev-
el of physical activity in patients with chronic
LBP due to DDD who undergo lumbar fusion
surgery. These variables could be important to
target in pre- and postoperative interventions
aimed at increasing the patient’s level of physical
activity.
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CONCLUSIONS

. Fifty-foot walk and timed up-and-go showed adequate results for reliability,
validity, and responsiveness and are recommended for measurement of func-
tioning in patients with chronic LBP with DDD who undergo lumbar fusion
surgery.

. Patients with LBP due to DDD who had the highest levels of fear of move-
ment and disability had the lowest preoperative level of physical activity. Future
pre- and postoperative interventions targeting fear of movement and disability
might increase the level of physical activity in patients who have a low preop-
erative level of physical activity.

. Patients with LBP due to DDD with a low preoperative level of physical activity
were more likely to increase their level of physical activity after lumbar fusion
surgery than those with higher preoperative levels. However, the patients with
a low preoperative level of physical activity still had a low level of physical ac-
tivity after surgery, and may therefore need extra pre- and postoperative inter-
ventions to reach a higher level.

. The prediction model of physical activity in this thesis could possibly aid
healthcare professionals to—already before surgery—identify which patients are
in need of extra pre- and postoperative interventions in order to reach a higher
level of physical activity after lumbar fusion surgery.
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