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Preface

This thesis is arranged in ten chapters, written so that each chapter is able to be read
independently. The work in this thesis involves two topics: motor control exercise
(Chapters 2-5) and clinimetrics (Chapters 6-9). The University of Sydney allows
published papers that arose from the candidature to be included in the thesis.
Chapters 2, 6, 7, 8 and 9 are the PDF files of the published papers and Chapters 3, 4

and 5 are the submitted manuscripts.

Chapter One is an introduction to the thesis and provides an overview of the relevant
low back pain literature. Chapter Two is the full published protocol for the
randomised placebo-controlled trial described in Chapter Three. The paper is
presented as published in BMC Musculoskeletal Disorders. Chapter Three describes
the results of a randomised placebo-controlled trial investigating the efficacy of
motor control exercise in patients with chronic low back pain. The paper is presented
in the format required by PLoS Medicine where it was submitted for publication.
Chapter Four is a systematic review investigating the reproducibility of rehabilitative
ultrasound imaging for the measurement of abdominal muscle activity. The paper is
presented in the format required by Physical Therapy where it has been accepted for
publication. Chapter Five is a reproducibility study of ultrasound measures of
abdominal muscle activity in patients with chronic low back pain. The paper is
presented in the format required by the European Spine Journal where it was
submitted for publication. Chapter Six is a narrative review about the relevance of
cross-cultural adaptation and clinimetrics studies for self-report outcome measures.
This paper is presented as published in Revista Brasileira de Fisioterapia (Brazilian
Journal of Physical Therapy). Chapter Seven is a systematic review describing the
available cross-cultural adaptations of low back pain self-report outcome measures
and the clinimetric testing that has occurred for each adaptation. This paper is
presented as published in Spine. Chapter Eight is a cross-cultural adaptation and

clinimetric testing of the Brazilian-Portuguese versions of the Functional Rating
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Index and the Roland Morris Disability Questionnaire. This paper is presented as
published in Spine. Chapter Nine is a head-to-head comparison of the clinimetric
properties of the Brazilian-Portuguese versions of the Patient-Specific Functional
Scale, the Functional Rating Index and the Roland Morris Disability Questionnaire.
This paper is presented as published in Spine. Finally, Chapter Ten consists of an

overview, clinical implications and directions for further research.

Each chapter contains its own reference list. Appendices which were published as
online supplementary material are included at the end of the relevant chapter. A copy
of the “Guidelines for publication” for the journals PLoS Medicine, Physical Therapy
and European Spine Journal are included at the end of the thesis. Ethical approval
was gained from the Human Research Ethics Committee of the University of Sydney

for all studies prior to commencement.
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Abstract

Low back pain is a significant public health problem in many countries of the world
being one of the major causes of work absence and disability. Although the outlook
for evidence-based management of low back pain has greatly improved over the past
decades, many questions remain. Questions related to treatment options, underlying
mechanisms of treatment effects and optimal assessment of low back pain have yet to
be fully addressed by researchers. The broad aim of this thesis therefore was to
contribute to a better understanding of the contemporary management of low back

pain by performing studies in these key research areas.

Most clinical practice guidelines recommend exercise as an effective treatment
option for chronic low back pain. However the evidence for this recommendation
comes from trials that are not placebo-controlled and so this may potentially provide
biased estimates of the effects of exercise. Therefore a randomised controlled trial
testing the effect of motor control exercise versus placebo in patients with chronic
low back pain was conducted. Chapters 2 and 3 describe the trial protocol and the
report of the trial respectively. A total of 154 patients with chronic low back pain
were randomised to receive a motor control exercise program, or placebo (i.e.
detuned short-wave therapy and detuned ultrasound therapy). Primary outcomes
were pain, function, and the patient’s global impression of recovery measured at 2
months. The exercise intervention improved function and patient’s global impression
of recovery, but not pain, at 2 months. The mean effect of exercise on function was
1.1 points (95%Cl, 0.3 to 1.8), the mean effect on global impression of recovery was
1.5 points (95%Cl, 0.4 to 2.5) and the mean effect on pain was 0.9 points (95%ClI, -
0.01 to 1.8), all measured on 11 point scales. Secondary outcomes also favoured

XV



motor control exercise. This is the first study ever to demonstrate that motor control
exercise is better than placebo for patients with chronic low back pain. Most of the
treatment effects were maintained at 6 and 12 months follow-up. These results
suggest that this intervention should be considered for patients with chronic low back
pain in order to improve disability, function, and global impression of recovery, and

to improve pain intensity in the long term, but not in the short term.

Rehabilitative ultrasound imaging (RUSI) has been increasingly used by
physiotherapists in order to identify impairments in motor control as well as to
monitor progress of patients with low back pain. As with any other clinical measure
it is important to know how reproducible the RUSI measures are, and although there
are some reproducibility studies in the literature, no systematic review on this topic
has been conducted. Therefore a systematic review was performed with the objective
of assessing the reproducibility studies of RUSI for abdominal wall muscles (Chapter
4). Eligible studies were indentified via searches in CINAHL, EMBASE and
MEDLINE with citation tracking via the Web of Science Index. A total of 21 studies
were included. Due to heterogeneity of the studies’ designs, pooling the data for a
meta-analysis was not possible. RUSI measures of thickness of abdominal wall
muscles were found to be reliable. Few studies analysed the reliability for the
measurement of thickness changes (reflecting the muscle activity) finding good to
poor results. Evidence for the reproducibility of the difference in thickness changes
over time (necessary to evaluate improvements in muscle activity with treatment)
was not available. A limitation of the existing literature is that studies typically had
suboptimal designs and analysis. The current evidence for the reproducibility of

RUSI for measuring abdominal muscle activity is mainly based upon studies with
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suboptimal designs that included mostly healthy subjects, making generalisability to

clinical settings uncertain.

Some questions about the reproducibility of RUSI measures of abdominal wall
muscles are still unanswered; this is mainly due to design issues, such as inadequate
statistics, inadequate sampling and lack of control of sources of bias (e.g. blinding
and absence of controlling for ordering effects). In addition the clinically important
questions about the reproducibility of thickness changes (reflecting the muscle
activity) and differences in thickness changes over time (reflecting the improvement
or deterioration of muscle activity) have not been adequately investigated. Therefore
a reproducibility study that aimed to answer these questions was performed (Chapter
5). Thirty-five patients seeking care for chronic low back pain participated in this
study. RUSI measures were taken at baseline and eight weeks post-baseline.
Replicate measures of thickness, thickness changes and differences in thickness
changes over time were analysed. The reproducibility of static images (thickness)
was excellent (ICC,,1 = 0.97, 95%CI = 0.96-0.97, Standard Error of the
Measurement (SEM) = 0.04cm, Smallest Detectable Change (SDC) = 0.11cm), the
reproducibility of thickness changes was moderate (ICC,; = 0.72, 95%CI 0.65-0.76,
SEM = 15%, SDC 41%), while the reproducibility of differences in thickness
changes over time was poor (ICC,1 = 0.44, 95%CI 0.33-0.58, SEM = 21%, SDC =
66.5%). Improvements in the test protocol should be undertaken in order to enhance
the reproducibility of RUSI measures, especially for differences in thickness changes

over time.
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Self-report outcome measures (questionnaires) are widely used by health care
providers for measuring patient’s health status or treatment outcomes. Most of the
questionnaires related to low back pain were developed in English and therefore their
usefulness in non-English speaking countries is considerably limited. Cross-cultural
adaptation and clinimetric testing are possibly the most efficient methods for solving
this problem. Although there are many publications on the topic, a simple guide on
how to perform a cross-cultural adaptation and clinimetric testing was not available.
Therefore a “clinician-friendly” narrative review for Brazilian physical therapists
(Chapter 6) was written. This review aimed firstly to explain the concepts and the
relevance of cross-cultural adaptation and clinimetrics testing, secondly to
summarise the current guidelines on the topic, thirdly to provide advice on how to
choose a relevant questionnaire and finally how to evaluate the quality of an adapted
questionnaire. Some examples of cross-cultural adaptations and clinimetrics testing
of relevant low back pain questionnaires in the Brazilian-Portuguese language were

also provided.

Although the number of international versions of low back questionnaires is
growing, to date it is unclear which questionnaires have been cross-culturally
adapted and into which specific language. To answer these questions a systematic
review was conducted in order to describe the available cross-cultural adaptations of
low back pain self-report outcome measures and the clinimetric testing that has
occurred for each adaptation (Chapter 7). Searches were performed in MEDLINE,
EMBASE, CINALH and LILACS; these searches were supplemented with
information from experts in the field of low back pain from 27 different countries to

ensure that the results were comprehensive. Sixty-one adaptations were identified.
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While there are a large number of low back pain questionnaires available, very few
have been adapted into other languages, particularly commonly spoken languages
such as Mandarin, Hindi and Portuguese. The quality and comprehensiveness of
clinimetric testing varied considerably, with the evaluation of reliability and
construct validity most common. Further cross-cultural adaptation and clinimetric
studies are clearly needed and special consideration must be given to study designs

for clinimetric testing.

The final aim of this thesis was to cross-culturally adapt self-report instruments
relevant to the management of low back pain in Brazil. This was achieved by two
independent studies. The first study (Chapter 8) aimed to cross-culturally adapt the
Functional Rating Index (FRI) into Brazilian-Portuguese and to test the clinimetric
properties of the FRI and also of an existing Brazilian-Portuguese version of the
Roland Morris Disability Questionnaire (RMDQ) which was not fully evaluated in
the original study. Both instruments were tested for internal consistency, reliability,
construct validity, ceiling and floor effects and internal responsiveness in 140
chronic low back patients presenting for physiotherapy treatment in Brazil. Both
instruments were considered reliable and valid for the measurement of disability in
Brazilian-Portuguese speakers with low back pain, no ceiling or floor effects were

detected, but the internal responsiveness of both instruments was considered small.

The second study (Chapter 9) aimed to cross-culturally adapt the Patient-Specific
Functional Scale (PSFS) and to perform a head-to-head comparison of the
clinimetric properties of the PSFS, RMDQ and FRI. All instruments were tested for

internal consistency, reliability, construct validity, ceiling and floor effects, internal

Xix



and external responsiveness in 99 acute low back patients presenting for
physiotherapy treatment in Brazil. In order to fully test the construct validity and
external responsiveness, it was necessary to cross-culturally adapt the Pain
Numerical Rating Scale and the Global Perceived Effect Scale. The results of this
study demonstrate that the Brazilian-Portuguese versions of the RMDQ, FRI and
PSFS have similar clinimetric properties to each other and to the original English
versions; however the PSFS was the most responsive instrument. The results from
the studies in Chapters 8 and 9 will benefit the understanding of low back pain by
enabling international comparisons between studies conducted in Brazil and English-
speaking countries. In addition it will encourage researchers to include Brazilian-

Portuguese speakers in their future clinical trials.

Overall, the studies included in this thesis have provided an important contribution to
the contemporary management of low back pain. Firstly the use of motor control
exercise could be considered for patients with chronic low back pain as it produces
improvements in global impression of recovery, function, disability and pain.
Secondly RUSI measures of abdominal wall muscles in patients with low back pain
were considered reproducible for the measurement of muscle activity, but not as an
outcome measure to detect improvement/deterioration of muscle activity over the
course of treatment. Thirdly just a few high-quality cross-cultural adaptations and
clinimetrics testing for self-report outcome measures relevant to the management of
low back pain are available, and clearly more studies in this area are needed. Finally
the Brazilian-Portuguese versions of the Functional Rating Index, the Roland Morris

Disability Questionnaire and the Patient-Specific Functional Scale have acceptable

XX



clinimetric properties and could be used in clinical practice as well as in research

studies in Brazil.
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Chapter One

Introduction



1.1 Introduction to low back pain

Low back pain is a major health and socioeconomic problem and is associated with
high costs in care, work absenteeism and disability worldwide®?. A systematic
review of prevalence studies reported estimates for point prevalence of low back pain
ranging from 12% to 33%, the one-year prevalence ranging from 22% to 65% and
the lifetime prevalence ranging from 11% to 84%°. Small differences were found for
these estimates in patients from African countries®. This wide range of estimates
could be explained by differences in study designs and differences in low back pain

definitions®.

1.2 Economic burden of low back pain

In the context of such a prevalent problem, low back pain is now considered a major
public health problem in many countries such as the United States®, Australia® and
European countries’. The costs associated with low back pain are substantial, with
the costs in Australia being approximately A$1 billion a year®, while in the United
States the total annual cost associated with low back pain has reached 50 billion>’. In
Europe approximately 90% of the total costs are indirect costs due to work
absenteeism and disablement. Although the economic costs vary among different
countries®, it is clear that low back pain represents an important economic burden

worldwide.

1.3 Low back pain classification
Low back pain is defined as pain and discomfort, localised below the costal margin
and above the inferior gluteal folds, with or without referred leg pain*. Low back

pain is often classified using a diagnostic triage approach where patients enter one of



three categories: non-specific low back pain, serious spinal pathology and nerve root
compromise®. Nerve root compromise can arise from a disc prolapse, spinal stenosis
or surgical scarring and can be identified by a careful neurological examination.
Serious spinal pathology includes diseases such as tumours, fractures, infection and
inflammatory diseases such as ankylosing spondylitis. Finally the remaining patients
are classified as having non-specific low back pain. Most of the low back pain cases
are classified as non-specific, less than 1% are due to serious spinal pathology and
less than 5% are true nerve root compromise®. For the rest of this thesis the term non-

specific low back pain will be used interchangeably with low back pain.

Low back pain is often classified in three stages (acute, sub-acute and chronic)
according to its duration and this provides some information to the clinician with
regards to treatment and prognosis. Acute low back pain is usually defined as an
episode persisting for less than 6 weeks; sub-acute low back pain as low back pain
persisting between 6 to 12 weeks and chronic low back pain as low back pain

persisting for 12 weeks or longer™.

Another approach to classification of low back pain is the use of treatment-based
classification such as those advocated by McKenzie'® and by Fritz and
colleagues'*2. The McKenzie method was based on Robin McKenzie’s clinical
observations of patients with low back pain®®. The McKenzie classification
assessment involves history-taking and a screening examination for serious spinal
pathology followed by a comprehensive clinical examination consisting of an
analysis of posture, range of movement and an assessment of symptom response to

different loading strategies. The combination of the history-taking and physical



assessment allows the therapist to classify the patient into one of three syndromes
(derangement, dysfunction and postural)™®. The treatment is then tailored for each
specific syndrome. Another low back pain classification system was developed by
Dellito and colleagues®® which was updated later by Fritz and colleagues***2.
Similarly to the McKenzie method, this classification system involves screening
patients for serious spinal pathologies followed by history-taking and physical
examination to place a patient into one of four treatment-based categories:

manipulation, specific exercise (flexion, extension, and lateral shift patterns),

stabilisation and traction.

1.4 The prognosis of low back pain

Clinical guidelines suggest that acute low back pain has an extremely favourable
prognosis, for example the UK guideline states that 90% of patients will recover
completely in 6 weeks™. A more accurate (but less optimistic) picture about the
prognosis of acute low back pain is now available from a recent systematic review.
This review concluded that pain decreased rapidly within one month (pooled mean
58%) with pain intensity levels continuing to decrease slowly up to three months and
then remained constant until 12 months. Additionally it was observed that most
people will have at least one recurrence within 12 months™. A similar figure was
observed in a large inception cohort study of patients with acute low back pain*® in
which 39% of the patients recovered completely in 6 weeks. By 12 weeks the
probability of recovery was 57.4% increasing to 71.8% by 12 months. This study
also indentified that older age, back pain associated with compensation cases, higher
pain intensity, longer duration of low back pain before consultation, more days of

reduced activity because of low back pain before consultation, feelings of depression



and a perceived risk of pain becoming persistent were associated with poorer

prognosis™®.

The prognosis of chronic low back pain is, to date, poorly investigated. Most of the
available studies about prognosis of chronic low back pain have enrolled
unrepresentative samples that were not recruited at the onset of the low back pain

1718 or have large losses to follow up*®?. A recent inception cohort study of

episode
406 chronic low back pain patients found that thirty-five percent of patients had
recovered completely within 9 months and forty-one percent of patients recovered
from their initial episode of chronic low back by 12 months. Despite the common
view that recovery from an episode of chronic low back pain is unlikely, this study
shows that an important proportion of patients recovered within a period of one year.
Patients with higher disability levels at the onset of chronicity, previous sick leave
due to low back pain, lower levels of education and higher perceived risk of
persistent pain were more likely to have delayed recovery from their pain. Those
born overseas (i.e. born outside Australia), with high disability levels at the onset of

chronicity and higher perceived risk of persistent pain were more likely to have

delayed recovery in terms of disability?.

1.5 Treatment possibilities for low back pain
There is a wide range of treatment possibilities for patients with low back pain,

2421 physical modalities®®

including education?, behavioural therapy?*, medication
31 ‘manual therapy®, exercise®® and others. One factor that may be considered when
choosing the best treatment is the duration of low back pain’. There is a consensus

from guidelines that patients with acute low back pain should receive advice about



the favorable prognosis of this condition and to remain active as much as possible.
Additionally education booklets and pain management are also indicated™?. For
subacute low back pain, guidelines recommend interdisciplinary rehabilitation and
functional restoration as evidence-based options®. A recently published randomised
placebo-controlled trial demonstrated that a combination of supervised exercises and
advice was also efficacious for subacute low back pain®. Finally for chronic low
back pain, the European Guidelines’ recommend a range of conservative options
such as cognitive behavioural therapy, exercise, educational interventions and

multidisciplinary treatment.

Another approach to choosing the best treatment for an individual patient is to
classify the patients into groups and treat them accordingly. This approach has been
suggested by some authors such as McKenzie'® and Fritz'2. Although there is some
preliminary evidence available about the effectiveness of the McKenzie classification
system™®, a systematic review concluded that the effectiveness of this method is yet
to be established®. Fritz and colleagues have been testing and adjusting another
classification method"*? which involves classification of patients with low back pain
in 4 different categories (traction, stabilisation, specific exercise and manipulation).
The results from a range of studies using this treatment classification approach
provide some indication that assigning patients to subgroups and treating them

accordingly could provide better results then a generic approach to treatment®” 2.

1.5.1 Exercise as a treatment for chronic low back pain
Exercise is possibly the most advocated treatment option for chronic low back

pain™?*3, This is not a surprise given the fact that there is a good biological rationale



for the use of exercise for patients with chronic low back pain (i.e. exercise has the
potential to improve spinal mobility, muscle strength, motor coordination, spinal
stabilisation and general aerobic conditioning®). Additionally, the costs for exercise

therapy are reasonably low and exercise providers are readily available.

The latest Cochrane Review of exercise for the treatment of low back pain*
identified 43 randomised controlled trials specifically dedicated to the management
of chronic low back pain. This review found strong evidence that exercise therapy is
at least as effective as other interventions and conflicting evidence that exercise
therapy is more effective than other treatments for chronic low back pain. The effects
on pain and functioning were considered clinically meaningful in studies from
healthcare populations (i.e. patients seeking care for low back pain) in which
improvements were significantly greater than those observed in studies from general
or mixed populations (i.e. patients recruited from the community, advertisements,

etc).

The conclusions from randomised controlled trials and systematic reviews of
exercise for low back pain (such as the Cochrane review®) have influenced most of
the available clinical practice guidelines that consistently recommend exercise as an
important component of the treatment of chronic low back pain'*'*3, Although this
sounds promising it is important to state that the recommendations from the
guidelines are based heavily on trials that compare exercise against treatments with
unknown efficacy**. Moreover limitations in the quality and reporting of trials are
notable®. These features can overestimate the effects of exercise and therefore high-

quality trials are still needed. This need is confirmed by the European Guideline®



which recommends that “effectiveness of specific types of exercise therapy needs to
be further evaluated. This includes the evaluation of spinal stabilisation exercises,
McKenzie exercises and other popular exercise regimens that are often used but

inadequately researched (p.S196)”.

1.5.2 Motor control exercise for chronic low back pain

Motor control exercise (also known as specific stabilisation exercise) was first
considered as a treatment for low back pain about 13 years ago, when a group of
researchers from The University of Queensland in Australia published the first
manuscript on this topic*®. Since then the number of studies about this topic has

increased*®® as well as its popularity and use in clinical practice.

The biological rationale of motor control exercise is fundamentally based on the idea
that the stability and control of the spine are altered in people with low back pain®.
Physiological studies have demonstrated that patients with low back pain may
present with a delayed onset of activity of the deep trunk muscles (such as the
Transversus abdominis and Multifidus) when the stability of the spine is challenged
in dynamic tasks***°. Morphologically a lower cross sectional area> and larger
percentage of intramuscular fat in the multifidus muscle®® were found in patients
with low back pain compared to asymptomatic controls. Moreover it was found that
patients with low back pain tend to increase the spinal stiffness to compensate for the
lack of stability from the deep muscles by increasing the activity of the superficial
muscles®. Finally it was demonstrated that patients who recovered from an episode
of acute low back pain are more susceptible to recurrence and chronicity if the above

changes were not treated with motor control exercise™*.



Given the findings from physiological studies, a treatment model was developed™.
Firstly patients should be comprehensively assessed for suitability. If suitable the
clinician would prescribe an individualised exercise program based on the patient’s
presentation. The first stage of the treatment would be to retrain the muscles whose
role is considered to be that of a primary spine stabiliser (e.g. Transversus abdominis
and Multifidus)>™’. These exercises are usually supplemented with exercises for the
pelvic floor muscles, breathing control and control of spinal posture and
movement™®, Patients should be taught to contract the deep muscles independently
without substitution of the superficial muscles. The progression of the training is
made by starting from easier positions (e.g. supine or four-point kneeling)
progressing to harder ones such as sitting and standing. Physiotherapists should be
able to stop the exercises as soon as any substitution from the superficial muscles
occurs, breathing control is lost, muscle fatigue occurs or pain intensity increases™. It
has been suggested that when the patient is able to sustain an isolated contraction of

the deep muscles 10 times for at least 10 seconds each, a progression for the second

stage should be made®®.

The second stage involves most of the principles of the first stage, but a more
dynamic approach is now emphasized™. Functional activities that stimulate trunk
coordination in association with limb movement (such as walking, reaching and
work-related movements) are encouraged™>*°. Patients must be supervised on an
individual basis in order to monitor the exercises properly as well as the progression
of the treatment. Home exercises are prescribed during the whole course of treatment
and ideally patients should be able to perform the functional exercises while

contracting the muscles that control and support the spine®®.



1.5.3 Efficacy of motor control exercise for chronic low back pain

It seems logical that the presence of a number of laboratory studies evaluating
mechanisms of action of motor control exercise and its popularity in clinical practice
would stimulate studies evaluating the effectiveness of this type of intervention. In
fact a good number of clinical trials on this topic have been performed and three
systematic reviews are now available*®*®, The most recent systematic review is
confined to clinical trials of motor control exercise for chronic low back pain

4648 3 meta-

patients*’ and as an advantage from the two previous systematic reviews
analysis approach was used. This review identified thirteen randomised controlled
trials and one quasi-randomised controlled trial, all being studies comparing motor
control exercise against other treatments (such as spinal manipulative therapy, other
exercise regimes, education, surgery, etc) or no treatment. Notably no placebo-
controlled trials were identified. The conclusions from this review were that motor
control exercise is superior to minimal intervention and benefits of adding motor
control exercise to another therapy were observed. However motor control exercise

is not more effective than manual therapy or other forms of exercise in patients with

chronic low back pain®’.

To date there are no trials of exercise for chronic low back pain patients that are
placebo-controlled®**’. This type of study design has the advantage of providing the
least biased estimates of effects of the intervention® as it controls for important
sources of bias such as placebo effects, change of patient behavior caused by
knowledge of allocation, measurement bias, treatment non-compliance and loss to
follow up®. As a consequence, a high-quality randomised placebo-controlled trial of

exercise for patients with chronic low back pain is needed. Chapter 2 presents the

10



published study protocol of a randomised placebo-controlled trial of motor control
exercise in patients with chronic low back pain and the results of this trial are

described in Chapter 3.

1.6 The assessment of motor control changes

Many of the treatment outcomes in clinical practice are measured by self-report
instruments. Some features, like flexibility and strength, are usually measured by
instruments such as goniometers and dynamometers. The reference standard for
measuring motor control changes is fine-wire electromyography, which has been
used in laboratory studies to identify motor control patterns in patients with low back
pain and asymptomatic controls*“*®-®2 However, as an invasive procedure,
electromyography is painful, uncomfortable and has associated risks such as
infection. Additionally electromyography is costly. All these features make its use in

clinical practice and in clinical studies difficult.

1.6.1 Rehabilitative Ultrasound Imaging

Rehabilitative Ultrasound Imaging (RUSI)®® has been used as a non-invasive
alternative to electromyography as abdominal muscle activity could be indirectly
measured by morphologic changes (thickness changes)®®. There is evidence that
RUSI measures of thickness changes are correlated with electromyography measures
of muscle activity at low levels of contraction force® and also that RUSI measures
are able to distinguish patients with low back pain from normal controls®®. The
results of these studies provide some indication of the validity of RUSI as an indirect

measurement of abdominal wall muscle activity.
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1.6.2 Reproducibility of Rehabilitative Ultrasound Imaging

Reproducibility can be defined as the degree to which repeated measurements in
stable persons (in a test-retest design) provide similar answers®’. Reproducibility is
also considered an umbrella term for reliability®® (i.e. the extent to which patients can
be distinguished from each other, despite measurement errors - relative measurement
error) and agreement®® (i.e. the extent to which the scores on repeated measures are
close to each other - absolute measurement error). There are different ways for
considering reproducibility of RUSI measures. The first and most common, is to
measure the reproducibility of single muscle thickness. The second is to measure
muscle activity by thickness changes and finally to measure the improvement or
deterioration of muscle activity by differences in thickness changes. Several studies
aimed to determine the reproducibility of RUSI measures of abdominal wall muscles
have been conducted; however there is no systematic review available on this topic.
Chapter 4 describes a systematic review of reproducibility studies of RUSI measures

of abdominal wall muscles.

The available studies of RUSI measures answer some, but not all, of the questions
about its reproducibility. Most of the studies have recruited young and healthy

69-711 |n

participants and just three studies recruited patients with low back pain
addition numerous limitations in terms of design and statistical analysis were
observed™. Finally the systematic review in Chapter 4 revealed that there is no study
in the literature that aimed to investigate the reproducibility of differences in

thickness changes over longer periods of time. Therefore a well designed

reproducibility study of RUSI measures of abdominal muscle activity in a clinical
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relevant population of low back pain patients was needed. This study is described in

Chapter 5 of this thesis.

1.7 Self-report outcome measures for low back pain

Clinicians and researchers commonly use questionnaires to assess treatment
outcomes’®, to estimate prognosis’*, to collect information about patient’s feelings or
thoughts” and for screening purposes (for example screening for contra-indications
for exercise prescription’®). Questionnaires are convenient, cheap and in most cases
their measurement (clinimetric) properties are superior to measures made in the
physical examination’”. In 1997 a panel of experts made a series of recommendations
about the use and the standardisation of self-report outcome measures for low back
pain’®. Since then the use of this type of measurement has increased considerably in

clinical research.

1.7.1 Availability of self-report measures for low back pain

Most of the available self-report outcome measures for low back pain were
developed in English-speaking countries. In fact just four (out of forty) low back
pain questionnaires were developed in a language other than English’. This is not a
surprise as English-speaking countries contribute substantially to research output; on
the other hand just 6-7% of the whole population speaks English as their first

language. This dilemma raised some questions such as:

1. *“How clinicians and researchers from non-English speaking countries would

be able to assess their patients or research participants properly?”
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2. “How can the results of studies from non-English speaking countries be
compared against studies from English-speaking countries?”

3. “How can we avoid the exclusion of non-English speakers from clinical trials
performed in countries like the United States, Canada or Australia, where a

substantial number of residents speak languages other than English?”

Possibly the most efficient way to solve these issues is to choose an existing popular
and relevant questionnaire (for example, the Roland Morris Disability
Questionnaire” or the Oswestry Disability Index®®) and then cross-culturally adapt it
into the target language and culture. A consensus about how to perform studies on
cross-cultural adaptation is easily available from two guidelines on this topic® 2. But
this is only the first step; the second step (and certainly the most complicated) is to
check if the new version retains similar clinimetric properties (such as reliability,
validity and responsiveness) to the original questionnaire. Chapter 6 presents a
narrative review on the relevance of cross-cultural adaptation studies and clinimetric
testing, it also offers examples of international versions relevant to low back pain
that were adapted and tested as suggested by the current guidelines of cross-cultural

8182 and clinimetric testing®”.

adaptation
A recent systematic review of back-specific outcome questionnaires® has identified
thirty six different instruments dedicated to monitoring outcomes in patients with low
back pain. Most of these questionnaires were classified as having acceptable
clinimetric properties. However it is not clear which of the low back pain-related
questionnaires were cross-culturally adapted and in which languages. Chapter 7

presents a systematic review that aimed to describe the cross-cultural adaptations
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relevant to the management of low back pain that are available and to describe the

clinimetric testing that occurred for each adaptation.

1.7.2. Cross-cultural adaptation and clinimetric studies in Brazil

One of the conclusions of Chapter 7 was that there was no association between the
number of people who speak a specific language and the number of adaptations to
that language’®. One interesting example is Brazil, a country with a population of
more than 180 million who speak Portuguese as their first language. Portuguese is
the sixth most spoken language in the world however there is just one low back pain
related questionnaire (the Roland Morris Disability Questionnaire®) adapted in
Portuguese. Brazil is currently in 17" place in the world ranking of scientific
publications®® with a great potential for developing studies in low back pain and it
could be argued that this research gap must be filled. Chapter 8 presents a cross-
cultural adaptation and clinimetric testing of two self-report outcome measures for
low back pain: The Roland Morris Disability Questionnaire’ and the Functional
Rating Index®®. A second cross-cultural adaptation study with a head-to-head
comparison of clinimetric properties of three self report outcome measures for low

back pain in Brazil was also undertaken and is described in Chapter 9.

1.8 Aims of the thesis
The broad aim of this thesis was to contribute to a better understanding of the
contemporary management of low back pain through a series of high-quality studies.

The specific aims of this thesis were to:
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Conduct a randomised controlled trial to confirm whether motor control
exercise is better than placebo for the treatment of patients with chronic low
back pain (Chapters 2 and 3).

Perform a systematic review to summarise the current evidence of the
reproducibility of Rehabilitative Ultrasound Imaging for the measurement of
abdominal wall muscle activity (Chapter 4).

Determine the reproducibility for static images, muscle activity and
improvement/deterioration of muscle activity measured by Rehabilitative
Ultrasound Imaging in patients seeking care for their chronic low back pain
(Chapter 5).

Produce a “clinician-friendly” review about the relevance of cross-cultural
adaptation and clinimetric testing of self-report outcome measures (Chapter
6).

Identify the available cross-cultural adaptations of self-report outcome
measures for low back pain and describe the clinimetric testing that has
occurred for each adaptation (Chapter 7).

Cross-culturally adapt the following low back pain-related questionnaires into
Brazilian-Portuguese: Functional Rating Index, Patient-Specific Functional
Scale, Global Perceived Effect and Pain Numerical Rating Scale and test the
clinimetric properties of the Functional Rating Index, Patient-Specific
Functional Scale, Global Perceived Effect, Pain Numerical Rating Scale and
the Roland Morris Disability Questionnaire in patients with low back pain

(Chapters 8 and 9).
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Abstract

Background: While one in ten Australians suffer from chronic low back pain this condition
remains extremely difficult to treat. Many contemporary treatments are of unknown value. One
potentially useful therapy is the use of motor control exercise. This therapy has a biologically
plausible effect, is readily available in primary care and it is of modest cost. However, to date, the
efficacy of motor control exercise has not been established.

Methods: This paper describes the protocol for a clinical trial comparing the effects of motor
control exercise versus placebo in the treatment of chronic non-specific low back pain. One
hundred and fifty-four participants will be randomly allocated to receive an 8-week program of
motor control exercise or placebo (detuned short wave and detuned ultrasound). Measures of
outcomes will be obtained at follow-up appointments at 2, 6 and 12 months after randomisation.
The primary outcomes are: pain, global perceived effect and patient-generated measure of disability
at 2 months and recurrence at |2 month